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1IPOAOI'OX

To pifiio mov Kkpatate ota yépio. oo Exel YPOPTEL COUPWVO UE TO VEO OVAAVTIKO
wpoypouua e B’ Avkeiov.

H doun xou ™ ooumepipopd twv agpiowv, o1 facikés opyés e Geprodvvouirns kol n
opxn Aertovpyiog TV Oplik@v unyovov, 10 NAEKTPOTTOTIKO, TO POPUTIKO KOl TO UOYVHTIKO
TEDL0, N NAEKTPOUQYVHTIKI] ETXOYWYN KOI KATOLES OPYIKES YVTELS YIO. TO. EVOLAATOOUEVA PEDUATO
EIVAL 01 EVOTNTES OV AVATTOOOOVTIOL OTIS GEALOES AvTOD TOV Sifliov.

Baown pog emdindn nrov va ypagtei évo. Pifrio 6oo o dvvatov o prlikd oo uodnty.
Ipoorobnooue vo drampoyuatevtodue to. Géuato e kobopotnto. koi MToTnTo. Kai va unv
avoilovue dpopovS IOV T0 ETITEO THS TALNS OEV EMITPETEL Vo, arxoAovOnoovue ugypt tlovg. Eyive
rpoondbeia vo. ovvoedovy to. Oéuato YLOIKHG TOV TPAYUOTEVOUOTTE UE TV KAONUEPIVI] suTELpiO,
v podntov. Ta pabnuartixe tov Pifliov eivar arnda, aviiororya tov emTEIOD THS TALNS OTHY
omoia omevfivera.

o 0 ovuPforiouo axorovBnooue tigc mpodiaypapés mov €lnkay arxo to lloidaywyixo
Ivotitodro. To diaviouoro mwopiotavovior Ue oYL UODPO YPOUUATO, EVE TO. UETPO. TOVS UUE
Kavovikoig yopoxtipes. Etor o obufolo F mopiotver to ddvoouo s odvouns, eveo to

obuforo F to uétpo me. 2ta yeipoypopa ypnoyiomoleizal to aoporo F.

KOs kepdlono Cexivaer pe wio § 000 E100YWYIKES TOPAYPAPOVS TOV TEPLYPOPOVY TO
avtkeiuevo ue 10 omoio Go. acyolnBodue xou vrevlvuilovv kamoieg mpoyevéotepes Pooikég
waoelg. O1 faoikés oyéoelc kabe kepaiaiov eivor toviougves ue yololio poveo. Or amodeilels
KGTTOIWV GYETEMY TOV KPIVOVTOL TOLDTAOKES EYOVY YPAPTEL UE UIKPOTEPOVS YOPOKTHPES KAl KOAO
elvar va ueletwvrar oe pia dsvtepn avayvaor. To lvuéva mopadeliyuato VIRPETODY dDO TTOYOVG.
Dépvooy 10 palbnti oe ETaPn e TIC TPOYUOTIKES O10GTATELS TV UEYEDDV Kol DTOJEIKVDOVY EVva.
TPOTO EPYOCLAS VIO TV EXIAVGN TWV AOKNOEWY. 2T0 T6A0¢ KGbOe Kepaiaiov vrdpyel cOVOyn TO
meprloufaver to fooikd GOUTEPAOUOTO. TOV Kepolaiov. AxolovBodv o1 dpaotnpiotyres, o1
EPWTNCELS, 01 AOKNOTELS KOl Ta. TPOSARuaTa.

O1 dpooTHPLOTNTES EIVOL ATTAG TEPGUOATO. 1 EPYOCIES TOV O UOBONTHS UTOPEL VO, KAVEL GTO
onitt 10v. O EPWTHOELS LAPOPWY TOTWV TPOCPEPOVTAL Y10, EAEYYO TV YVvoewY oty Bewpio ko
yio. KpITikY okEWn Tove ota Géuato tov kepoloiov. O1 aoKNoels Eival OTAES KOl OVapEPovTal o€
L0 70 TIC EVVOIES TTOV TPAYUATEDETOL TO Kepdloto. Ta mpofinuata ovviBwg givar ovvletika kol
KATo10, a0 avTd, avnuevng ovokoAiag.

2710 télog kabe kepaloiov Ba Ppeite éva n dvo évleta mov dev amotelodv uépog g
eletaotéac VANG ka1 amevfdvoviar o 6o0vS HAONTES BEAODY Va dievpDVODY TIS YVWDOELS TOVG.

2o mopoptiuota tov Pifiiov Bo cvvavtioete évo wivoko ue TIS Paocikés araldepéc mov
xpnoiuomomnkoy, évo, alpafntixo evpetipio kobwgs ko Evo AeC1Adyio opwv.

Elrilovue ot Bo pog dobei n evkoupio vo épBovuc oc emopn pe TNV KPITIKY TV
ovvadelpwv mov Oa dioaovy to Piflio kor aliomoidviog v va 10 Pedticdoovue.

AOnva, Xertéufprog 1999 O1 ovyypogeis
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Ew. 1.1 'Evo popo aegpiov xveiton
010 Y®OPO TOL KotoAopPdver TO
0€Plo, OCLYKPOLOUEVO LUE  GAAQ
puopua katd ™ dSadpour] Tov. Av
KO OTNV €IKOVO, GOIVOVTOL GTOTIKA,
To GAAo popa Kivovvton emiong W’
&vav avaioyo tpomo.

Ew. 1.2 Ot kol tov cpaipt-
diov péoa oto kovti powafovv pe
mv toyaia Kivinon tov popiov evog
aepiov.

1-1  EIZATQI'H

TToAAEG amd TG ONUEPIVEG OVTIAMWELS LOG Yo TV VAN Kot T Bgppotnta
£YOLV TNV 0QPETNPI0. TOLG 0TI UEAETT) TNG CVUTEPLPOPAS T®V AEPIV, Yo, TNV 0ol
EPYACTNKOAV HEPIKOL QIO TOLG MO GTUOVTIKOVG BempnTIKODG Kol TEPAUATIKOVG
QLGKOVGE, 5T SIEPKELD TOL OUMVE TTOL TEPAGE KOL OTIG OPYES TOV CLDVOL LLOG.

To evdwpépov vy TN CLUmEPLPOPH T®V oepiwv Ogv eivar povo
Beopntcd. Ot unyavég TV avToKviToOV, ol 0THooTpdfiiol g AEH oA
Kol gl oglpd amd epyodein, OT®MG Ol 0gPOGPULPES (KOUTPECEP) OV
YPNOUWOTOIOVHE Yot Vo Tpumaue  mETpes, Pacifovv T Asrtovpyle Tovg o€
S1001KOGIEG OTIG OTTOTEG CLUETEXOVLV AEPLOL.

210 aépla ol omooTtdoelg petald twv popiov elvar peydieg kot ot
duvapelg neta&d Toug ToAD UIKpEG. Avtd e€nyel yloti To aépla dev EYOvV OO
TOVG OYNUO Kot OYKO AL «daveilovTo To GYNLO Kot TOV OYKO TOL doyeiov
OV TO TEPLEYEL.

Ta uépla Tev agpimv Ppiokoviol o€ dlopkn Kivnon Kot cuyKpovovTal
Ue To. GAAC poplo M pe o oy dpato tov doyeiov. H kivnon tov popiov tov
aepiov, petagd VO ovykpovoewv, elvar guBOYpauun OpaAn, M «péom
glevbepn Sdpo» TOVG OYETIKA HEYOAN KOl Ol TOYVTINTEG WE TIG OMOleg
Kwvovvtotl gival tng taéng tawv 1600 yilopétpaov v dpa!

Ye oavtifeon pe 6,T1 ovuPoivel ota aéplo, TO HOPLO TOV OTEPEDV
Bpiokovtol og PiKpn HETOED TOVG ATOGTAOT] Kol Ol LETAED TOVG SVVANELS Eivat
woyvpéc, YU avtd to oteped £xovv opiopévo oynua kot 6yko. To poplo tov
oTepe®V Og  petTotomifovral aAAG TaAavT®VOoVTOL YOp® arnd optopuévn Béon.

v eVOlAUEST] KATAOTOOT, GTO VYPA, Ol OQUVAUELS OVOUESO OTO
uoplo etvor oNUOVTIKEG, O)L OULMG TOGO UEYAAEG OGO OTO OTEPEQ, L€ GUVETELL
T VYPE Vo £XOuV 0pIoUEVO GYKO AL Oyt d1KO TOVG GYT L.

210 KEPAAMO aVTO OpyIKd B0 LEAETNGOVLE TOVG VOLLOVG IOV SLETOVY
TN GLUTEPLPOPE TV aEPiV, OTMG LT YIVETAL AVTIANTT LOKPOCKOTIKA. XTN
ocuvéyeln Ba dovpe TAC, e TV VITOBECT OTL TO, AEPLO ATOTEAOVVTAL OO UOPLAL
OT0 OTOl0L OMOOMCOUE OPICUEVES 1OLOTNTES, KATUPEPOUE VO EENYNOOLUE T
GLUTEPLPOPA TOVG.

MoKpOOGKOMIKT KOl HIKPOGKOTIKT NEAETT).

H meprypaen] - Kot ka1’ enéKTaom 1 LEAETN EVOC QOLVOUEVOD - UTOPET
va givol €lte HOKPOOKOTIKNY €1T€ WKPOOKOMIKY. MOKPOOKOTIKY AEYeTal M
peAéTN O0Tav 67 oty dOgv vrelsépyovtol vtobéoelg, Oewpieg N kol peyébn mov
&yovv oyéom pe T doun 1 TN cVOTUCT T®V OVTIKEWWEV®V TOV GUUHUETEXOVV
070 QUIVOLEVO. TNV avtifetn TepimTmon 1 Helétn AEYETAL KPOGKOTIKY].

Mo mopdderypa, ov cLVOEGOLUE UL AGUTO GTOVG TOAOLG WUIOG
purotopiog n Aduma Bo avéyet. To pawvopevo propei va peketndei av petpndet
N téon, N €viaon Tov peduaTog, N Beppokpacio Tov GUPUATOG TNG AAUTOS, TO
oGl OeploOTNTAG TOV EKTEUTEL KA. AVTN €lval 1 HOKPOOKOTIKN HEAETY. AV
avtifeta, mwpoomabmvtag vo eEnynoovue to QavOuEVO, avapepBodue oTO
€100¢ TV cOUOTVOIOV TOV KvouvTal HEGH GTO GUPUA, GTNV TUYVLTNTO TOVG,
OTIG KPOVGELS TOVG KAT, LEAETALE LUKPOGKOTIKE TO POLVOLEVO.



210 YOPO TOV QULOIKOV EMCTNUOV 1 HOKPOCKOTIKY] KOU 1
UIKPOGKOTIKN UEAETN TOV QOIVOUEVOV GLVIO®MG cLuVLTTAPYOLY. XTO aéplo M
LOKPOOKOTIKY HEAETN TTponynOnke ¢ Hikpookomiknc. Xta péoo tov 17
ol1OVE Kol UETE OO HOKPOOKOMIKY WEAETY, OTum®bnkav ot vOpol Tov
agpiov omd tovg Boyle, Charles kon Gay-Lussac. Apyotepa (tékn tov 19%
o1OVa) APYLGE N LIKPOGKOTIKN TOVG LEAETN.

H kpookomikr, pekétn Ponbnoe va  epunvedcovps  Tovg
LOKPOGKOTKOVS VOLLOVG, Vo, EENYNCOVLE TN CUUTEPLPOPE TV aepiov (). Ue
OO UNYOVICHO TO aéPLo ONHIOVPYEL TEGELS) KL, YEVIKA, VO KOTOVO|GOVE GE
Baboc v aépla don.

-2 OI NOMOI TQN AEPIQN

H «xotdotaon oty omoia Ppioketor €va  aéplo  mepryplpeTal
LOKPOCKOTIKG amd TNV TieoT), TOV OYKO Kot TN Beppokpacio Tov.

Ta peyébn ovtd (mieom - Oykog - Oepuokpocio) Yo OplopHEVT
mocoTNTA aepiov dev glvan aveEdpnta peta&d toug aAld cvoyetioviat. [
TOPAOELYLLO, AV AVENCOLLE TN BEPLOKPAGIN GE L0 KAELGTH PLIAN TTOV TEPLEYEL
aéptlo Ba avéndel ko n wigon.

Ot oyéoeic mov ouvvdéovy To pEYEON ovTtd TpocdlopicTKay
TEWPUUATIKA KO OTOTEAOVV TOVS VOLOLS TOV aepimv.
Nopog Tov Boyle (Mnow, 1627-1691)

H nmigon opiopéving mocsdtnTag agpiov Tov omoiov 1 Ogppokpacia
mapopével oTaOEPT] Eival aVTIGTPOPA AVALOYY] LE TOV OYKO TOVL.

H pabnpatikn dwetonwon etvat:

pV =orald na T =orad
F g
| g
> = p
- =1
aéplo @ =
N T,>T,
o <
3 B
=1 J
Q vepod T,
= T
LV
o §

H petaforn omv omoio 1 Oeppokpocio mapoapéver otabepn ovoudletor

1660gpp).

Xy 1.1
OKETOL LEGH GE OYKOUETPIKO

o) To aépo Ppi-

doyelo. To doyeio pe o aéplo
mepIdiletan amd Aovtpd e
vepd TOoVL omoiov m Oeppo-
kpaoio dotnpeitor otadepn.
210 doyelo vrapyel Tpooap-
LOCUEVO LOVOUETPO YOl TN
péTpnomn Tng mieong Tov ae-
plov. P) Zto ddypoppo mo-
ploTAvETOL YPOOIKE 1 Tigon
Tov aepiov og cuvapTNOoN LE
OyKo
Oeppokpacieg T; xor T,

oV oV, Yo

TG omoieg woyvet Tp > T;.



Xy 1.2 o) To aépro Ppioxe-
Tt péca og doyelo otadepov
oykov. Kabog Oeppaiveton
ovédvetor n  mieon  ToL.
B) ZXto Sudypappo maplotd-
VETOL YPOQIKO 1M HETUBOAN
¢ mieong o€ cuvdptnon He
™ Oepuokpacio, 7y 600
SL0POPETIKES TIUEG TOV OYKOL
Vl Kot Vz ne V1<V2.

O vopog Tov Charles (Zoph, 1746-1823)

H migon opwopévng mocoétnTag agpiov 10V 0omoiov 0 GyKog
owtnpeital otadepog sivar avaroyn pe Ty amdivtn Ogppokpacio
T0V agpiov.

H pabnpatikni tov dwotomoon givat:

P _ 5ra0. na V =orab.

3 “T ’
g [] < \ Vi<V,
E &
g e

=

@ 3 v
D
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a B
H petafoin oty omoia o dykog mapapével otafepog ovopdletal iedywpn.

Y10 oynua 1.2.0 ot dwoxekoppéveg ypappés vrodnidvouy 0tL 1 gvbeia tng
YPOPIKNG TOPACTOONG TPOEKTEVOLEVT TEPVAEL OO TNV apyn Tov atdvov. To
drokekoppévo Tuqua ¢ gvbeiog avtiotoryel og Oepuokpacieg otic omoieg ta
aépia Ogv LTAKOVOVYV GTO VOLO.

Tn Oepuokpacio ™ petpape oe Pabpovg KéAPv (K). H Bepuokpocio avtn
ovopdleton amdivtn Oeppokpacia.

H Ogppokpacio omv xiipaxe Kelvin mpokdmter av omn Oeppokpacio 0,
petpnuévn oty kMpoko Kedsiov, mpooBécovpe 1o 273, T=273 + 6.

To undév g xhipaxag Kelvin ovtiotoryei otovg —273 °C kau givar 1
Oepuokpacio kat® omd TNV omoio eivar advvato vo  @Tacovpe. Tn
Oeprokpacio oVt T AELE KO «UTOAVTO PNOEV ».

O vopog Tov Gay — Lussac (T'kéi-Aovodk, 1778-1850)

O éyxog opropévng moGOHTNTAG GEPiIOV, OTAV M TTiEGT] TOV SraTpPEiTAN
otaOepn, eivar avaioyog pe Tnv amdéivty Oeppokpacio Tov.

H pobnpoatikn dtatdmwon tov vopov ivar :

N
Roo=9q VN .Qmm={

10



g > \%
]
g D P P<P:
I

W _
L . p:

]
' T
B¢purovon
a p

H petofor otnv omoio m wicon mapopiver otadepi] ovopaleron
wofapng.

Idavika aépra

O1 tpe1g mponyoHUEVOL VOLOL 1GYHOLV Y1 TO SIAPOPA AEPLOL LLE LUKPEG
N neydieg amokAicelc. ZuyKekpIUEVA 1GXDOVV UE LEYOADTEPT oKpifela Yo Eva
LOVOOTOMIKO Topd Yoo €vo. TOALOTOUIKO aéplo mov PpiokeTon oTig 101Eg
ouvOnkes. Emiong woybovv pe peyolotepn akpifelo yio to Oepud ko apoid
aéplol amd O,TL Y10 TO TUKVA KoL Yuypd.

Ag vmoBécovpe TOpa OTL KATOWO 0£PL0 VIOKOVEL LE OKPIPEID GTOVG
vOpoLS avTovg aveEdptnta amd 1o av givar Oepud M yoypo, TLKVO N apotd.
‘Eva 1ét010 0éplo okpipdg €mewdn omnv TPOYUATIKOTNTO dev vIdpyel Ba
ovoudletot 10avikd 0éplo.

Mokpookomikd Waviké aépro, £ivolr 0VTO OV VTAKOVEL GTOVG
TPELS VOROVS TOV 0EPIMV 68 0TT01E60NTOTE GLVOTKES KL av PpiokeTar.

Xnueioon : O ypoogkég mapaotdoels p-T (oy. 1.2B) ko V-T (oy. 1.3B) av
avaQépovtay o€ 100vikO 0aéplo Ba MTav cuveyelg YPOUMES, Yo OAEC TIG
Oeppoxpaciec.

KATAXTATIKH EZIZQYXH TQN IAANIKQN
AEPIQN

1-3

Ao 10 GLVOLACUO TOV VOUWOV TV aepimv Tpokvmtel 1| e€lcwon:

pV =nRT (1.1)
H (1.1) ovopdleton koTaoToTIKN €£I6MON TOV OUVIKOV 0EPIOV.

H R ovopdaletar 6ta0epd TV 100VIKOV agpimv Kot 1 Tiun g eEaptatot omd
g povadeg tov p, V, T. 1o ovotnua SI, dmov povada misong eivar to N/m?
Kot povado  Oykov  givalr 1O m’, n muy g R eivou

R=8,314J/mol-K

11

2y 1.3 o) Kabog 1o aépro
Oeppaivetar o  dykog TOL
ovéavetor. H micon tov aepi-
ov dwrnpeiton otabepn pe

éva  Pdapog tomobeTnuévo
miveo oto éuporo. P) Zrto
Suarypoppial TOPIGTAVETOL

ypaewd m petofory Tov
OYKOL G€ GULVAPTNOY UE TN
Oeprokpacio, yio dvo TG
™me mieong pr KoL Py e
P1 < P2



YuvnBwmg m mieon peTpétan o atpodcParpeg (atm), o 6ykog oe Adtpa (L) kot n
TN ¢ R etvon :
R=0,082 L-atm/mol-K

O apBpdg tv mol tov agpiov Bpicketal amd To TNAIKO TNG OAKNG HALOG M)
TOL 0.gpiov TPOC T Ypappopopaxy tov pale M.

moﬂ
n Y, (1.2)
H oyéon (1.1) pmopei pe Baon v (1.2) vo tapel T LOpen
moﬂ
pV Y RT (1.3)
To mnAiko ¢ ocvvolkng palog Tov aepiov Tpog tov OYKo TOL divel TV
’ ‘ moﬂ
TUKVOTNTE TOL : p= Vv

'Etot, 1 oyxéon (1.1) pmopei va mdpet t popon;:

Yol
_PRrrT
P=

H xotootatikn e&iowon pmopel va pog ddoel Kot €vav amAodoTeEPO
LOKPOGKOTIKO OPIGUO TOV 100VIKOV agPiov :

Idaviké aépro givar To aépro Yo TO 0TOi0 LGYVEL 1] KOTAGTOTIKY
eCicwon axkpfacg, og 6ieg TG MEoELg Kol Ogppokpaciss.

X ovvéyela, Omov avapepopacte o€ oéplo Ba Bewpodue OTL oL
ouvOnkeg eivol TéTOleg OTE 1 KATOOTOTIKY €&lomon va 1oydeEl Yopig
OTOKAIGELS.

ITAPAAEII'MA 1-1

Ty opyny evoc tafdod 1 Beppokpacio ToV EAACTIKGOY £vog avtokviTov givar 7 °C. Kotd
dapketo Tov Tafdon To ghaoTikd Beppaivovion otovg 27 °C. Av oty apyf Tov Tadon o aépog 6To
ECMTEPIKO TOV EAUCTIKOV Pplokotav o€ migon 3atm, moon Ba €xel yiver | mwieon oto téhog Tov TaE15100;
YroBétovpe OTL 0 6YKOG TV ELAGTIKMV TOPAPEVEL AUETAPANTOG.

Andavtnon :

AoV 0 0YKOG TV EAUCTIKOV Tapapével otabepoc, N petafoin eival 1ooxwpn Kot loydel p / T =oral.

Av py, T} etvan n apykn wwieon ko Beppokpacio kot p, T 1 teMk mieon kot Oeppokpacio TOV ELAGTIKOV,

éyovue

TE emopivag p, =5 p,

T, 300K

3atm = 3,2atm
T, T

12



I[TAPAAEII'MA 1-2

No Bpedei n mokvotna tov oépa o Kehokawpwy pépa mov 1 Oeppokpocia eivar 27°C.

Yrnobétovpe 6T M atpooeapiky mieon eivar lamm (1 atm=1,013x10° N/m*) xa 611 0 0épag

GUUTEPLOEPETOL GV 18AVIKS P10 pE ypaypopoplaky palo 29x107 kg /mol .

Andavinon :

H xotactatikn e€icmon ypaeetot pe tn popon :

M
p= ﬁRT amd Vv onoio TPOKVLRTEL P = P

RT

Avtikafietovrag oto SI £yovue

I[TAPAAEII'MA 1-3

_1,013x10°N/m* -29%x10" kg / mol

=1,18kg/m’
8,314 /(mol K)-300K

0,2 mol H, Bpiockovtar ce doyeio pe kwvntd éuPoro oe Bepuokpacio T;=300 K kor mieon 2 atm

(xatdotoon A). Atatnpoviag otabepn v Tieon tov Beppaivovpie to aéplo uéxpig 6tov N Beppokpascio Tov
viver T,=400 K (katdotaorn B). Ztn cvvéyelo 1o aéplo ektovavetatl 1060epua Léypig 6Tov N wieon tov yivel
ton pe 1,5 atm (katdotoon I') Ko petd yoyeton pe otabepd dyko péypt n Bepuokpacio tov va yiver T=300K
(xatdotoaon A). Téhoc, To aépro cupmiéleton 1600eppa PEYPL VO PTAGEL GTNV OPYIKT TOL KOTAGTAOT).

Na Bpeite T1g TYWEG TOL OYKOL TNG Tieonc, Kat TG OeproKpaciag Tov avTIeTOLYoVV 6TIg Kotaotdoslc A, B, I
Kot A Kot vo, amoddoeTe TNV Topandve dtadtkacio og daypappata pe d&oveg P-V, P-T, ko V-T.

Aiveton ) i g otabepdc R = 0,082 L -atm/ mol - K

Amévtnon :

1.

A. Ymv katdotaon A, 10 aéplo €xel mieon pa=2 atm kot TAa=300 K. Tov 6yko tov agpiov
UTTOPOVLE VO TOV VTTOAOYIGOVLE amtd TNV KATAGTOTIKY e€icmOoT).

nRT, 0,2mol-0,082L-atm/(mol-K)-300K

P4V, =nRT, n V,=

12 2atm
and OOV TPOKVTTEL V,=2,46L.
B. Ymv katdotaon B, to aépro €xel mieon pg=pa=2 atm ka1 Ogppokpacio Tg=400 K. O dyKkog
TOV VoAoYileTon amd TN GYEon
vV, V T 400K
4 _"B f V,=-LV, =——246L,
r, T, T, 300K
amd MOV TPOKVTTEL V,=328L.
I. Ymv katdotaon I to aépro éxet Oepuokpacio Tr= 400 K kot wieon pr = 1,5 atm. O dyKog
ToV VoAoyileTon amd T Gyéon

2 atm

PsVs =piVr AR 3281,

- Satm
amd TNV onoia TPOKOTTEL Ve =437L.
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A. 2mv koatdotaon A 1o aépro €xel Bepuoxpacio To=300 K kot 6yxko V4, = Vr =437 L. H

nieon Tov vroloyiletal amd TN oxéon

T 300K
Pa _Pr ﬁ pa="Lp. = 1,5 atm
T, T; y. 400K
amd TNV Onoia TPOKOTTEL P, =L125atm.

Ot TIég IOV PPAKOLE POIVOVTOL GUYKEVIPOTIKA GTOV VKO,

|pm VL) TK
A 2 2,46 300
B 2 3,28 400
r 1,5 4,37 400
A 1,125 4,37 300
2. Me Bdion Tig TIHEG TOV TIVOKO UTOPOVLLE VO KATAGKEVUGOVUE TO SIOYPAUUOTA.
p(atm) p(atm) V(L)
) A .. B S A B 437 A T
PN r 1 4+ L. v
1.5 -2 b ) ] R 3,28 ' B
> | - 400 K > r o a4l 7
DR 1,125} - A 2,46 g
1129 A 300k e A
i V(L) T(K) i T(K)
oo > (8] é (U8) g
52 A e S S 3
Xy 1.4
1-4 KINHTIKH GEQPIA

H axpipng pétpnon g Oepuoxpaciog N g mieong 1, oKOUn 7o
TEPA, 1 YVAOOT TOV GYEcE®V avaroyiag HETAED Tigong, 0ykov, aplfpod mol
Kot Oeppokpaciog dev apkobV Yo vo. EPUNVEDGOVUE TN CLUTEPLPOPE TV
aepimv.

H poxpooxomkny ocvpmepipopd TtV oepiov  EPUNVEVLTNKE
TKOVOTIOTIKA, PLOALG 6TO TEAOG TOV 190V audva, Le Ty KivnTiki] Osopio Tov
agpiov. H emruyla g kivntikng Bempiog £dwoe T0 EvavoHo KOl Yo TNV
avamtuén Wwedv Yo TN doun g VANG yevikotepa. Emiong, 6mwg ovuPaivel
ouYVA oV 1oTopio. TNG EMOTAUNG 1 OVAYKN EMIALONG TOAVTAOK®V
VROAOYIOTIKOV TTpoPAnpdtov mov £€0ete 1 véa Bempia 0dMynoe oty aviamtuén
evog véov KAAdov g Puoikng, ¢ Xtotiotikng Duoikng, mov amotédece
apyotepo. moAvTIHo epyoleio Yo tn Oepedioon tng ovyypovng Dvoikng, e
€QOPLOYES OV Eemépacay Katd ToAD Tov apykd Adyo VTaPENG TS,

Ynueio ekkivnong tng KvnTikng Bewpiog givar n vwdBeon 611 10 aépra,
omoTELOVVTOL amtd TOAD peydio TA00g amelpoeldloTOV GOUPLdiV TOV
KiwvoOvTol Toyaio (dtokto) péco oto YOpo mov KataAdpuPdver o aéplo. Ta
o@oipidia avtd dev gival Timote GALO OO AVTO TOV CLEPQ ATOTEAEL Y10 TOV
Kaféva Koo tono, To popLa Tov agpiov.
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[T ovykekpéva, vy To WBOVIKE 0EPLO, TOL  TPONYOVUEVMS
opioTNKOV HOKPOOKOTIKA MG TO 0EPLOL Y10, TOL 0ol 1oYVEL VIO OTOLEGONTOTE
ouvOnkeg N katactatikn e€icmon, N kwvntikn Bewpia ompiytnke otic €€Ng
TOPAOOYEG

1. Ta pépre TOoL 0EPiOL OCLUTEPLPEPOVTOL CUV HIKPOOKOTIKEC,
oo VTA ELAOTIKES, 6Qaipes. ' ETol 0 cuvolikdc 0YKoG TV popimv
Tov agpiov pmopel va Bempnbel apeintéog oe oyéon pe tov dyKo
ToV d0Yelov 6TOo omoio Ppicketal.

2. X710 pépua dgv a.oKOOVTOL SLVAUELS TAPd pévo TN oTiypun TG
Kpovong pe drilo popro 1 pe Ta TOLONATE TOL 00)Eiov. 'ETol, 0
Kivnon tovg, oto pecoddotnua peta&d ovo Kpovoewv, &ivol
gv0vYpapL OpOAN.

3. OLKpOVGEIS TV POPIMV UE TA TOYYONATO £ivol ELacTikES. 'ETol
1 KWWNTIKN EVEPYELX TOV LOpiov dev PETUPAALETOL HETA TNV KpOohGT
TOV LLE TO TOLYLLA

1-5 TATIPQTA 2HMANTIKA AIIOTEAEXMATA

Yyéom wicong (p) ko Ogppoxpaciog (T) pe Tig TaYOTNTES TOV popiov.

Bacwouévolr otic mopamdve mopadoyss Kotapépape vo  Ppodue
OYECEIC TOV GLVOEOVV TO LOKPOOKOTIKG HEYEOM, OmmG M mieom Ko 1
Oepuokpacio, mov PEYPL TOPO UTOPOVCAUE VO TO TPOGOOpicovpE UOVO
TEPOUOTIKG, LE TIG HECEG TILEC TV TAYVTHTOV TOV LOPi®mV TOL aegpiov.

H mieon eivar to povopetpo péyebog mov opiletor g o mnAiko Tov
pétpov g 6Ovaung mov aokeitol kdbeta oe KAmow EmMPAvVE TPOG TO
epuPaddv g emedveog (oy. 1.5).

AF

P

Xmv mepintwon evog aepiov mov elval kKiewopévo ¢' éva doxeio m
nieon mov aokeitor oTo TOYMHOTO TOL doyelov opeldetar GTIC SLVAELS TOVL
OOKOVUV TO LOPLOL TOV GEPIOL GTO TOLYMHOTH KOTAE TIC KPOVOELS TOVG LE QLT
(oy. 1.6).

H npdtn oyéon mov mpokdzmtel omd v €QOPUOYT] TOV VOUWOV TNG
UNYOVIKNG KO TV TOpadoYDV Tng KivnTikng Bewmpiag, eival ovtr Tov cuvoiel
v mtieon (p) Tov agpiov pe TG TayHTNTES TV Hopimy TOL aepiov.

BpéOnike ouykekpuéva oti

N mv?

1
- 1.4
e (1.4)

Omov 0 ap1BudG TV popimv Tov agpiov,
N pnéla ke popiov,
0 0YKO0G TOL doyEiov Kot

CN|<5 z

1 HEOT TN TOV TETPAYDOVOV TOV TAYLTHTOV TOV HOPIi®mY TOL
agpiov.
H am6deién g oxéong (1.4) yivetar 6to T€A0G TNG TAPAYPAPOV.
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AF

Xy. 1.5 To AA eivon éva otoryet-
®Oeg TUNRO. TG empavelag kot AF
1 dhvaun mov aokeital o€ AVTO.

Xy. 1.6 H xpovon tov popiov pe 1o
toiyopo Oewpeiton edaoctikny. To
HETPO TNG TAYVTNTOS TOL LOpPiov
givar 10 00 mpw KoL pETE TNV
Kpovo.



Mo dAAN, o Kopyn, popen g oxéong (1.4) mpoxvmtel av Adfovpie
voéyM O0TL T0 Yvopevo Nm givor n ohkn pélo tov agpiov, Kot 0TL TOo TNAiKO
g OAKNG palag mpog tov 0yko V mov katoiouPdaver to oépro sivor M
TUKVOTNTA P TOL 0EPIOV, OTOTE :

_1
p 3 P
[oAroamhacialovtag kot dtoapdviag To devtepo pnérog g (1.4) pe Tov apBud
2 TPOKVTTEL 1] TOPAKATO LOPPY] TOL GLVOEEL TNV TEST LE TN KEST KIVNTIKN
gvépyeLl TOV Hopilov.

2N(1 —
=——| —mv 1.5
P=3 (2 j (1.5)
Amo v (1.5) mpokdntel
2 1 —
V==N|—mv 1.6
o -2x{ Lo w0
Ouwg amod v kataototikn e&icwon yvopilovue 6Tt
N

pV =nRT =—RT
NA
0mov N, 0 apBpog tov popiov avé mol (ctabepd Avogadro).

R
To wnAiko N_ eneavifetor cuyva oty kvntikn Oempia. Etvar to mniiko 600
A
otabepov, ovopdletar otabegpd Tov Boltzmann (Mmoitluov) ko
cuppoirileton pe 1o k.

k :Niz 1,381x107% J /(uépro - K)

A

Mmropovpe ooy va YpAWouLE TNV KOTACTATIKN Kot oG €ENG :
pV = NkT (1.7)

E&iodvovtag ta devtepa péAn tov oyéoemv (1.6) ko (1.7) kot Advovtag og
npog T Bpickovpe
21(1 —
T==~—mv’
3k\2

H oyéon avtn givarl Told onpovtikn yati cuvdéet tn Oepuokpacio pe ) péon
LETOPOPIKT KIVNTIKT EVEPYEL TOV LOPI®V TOV aepiov.
A7 T oxéon A, Yio T LECN KIVNTIKY EVEPYELN TV popiov Bpickovue

Low? =341 (1.8)
2 2

H tetpayovikn pila g v’ ovopaletor gvepyds TaXLTNTO KoL
oLpPoArileTar ve,. Ao ) oyéon (1.8) mpoxvmTel

v, _or = [ (1.9)

m
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1 2
Am6oEEN TG oYfoNg p = EN#U

Oewpovpe éva kKuPikd doyeio axung d. (oy. 1.7). To doyeio Ba éxer dOyko V =d 3 Ko

eupaddv Edpag A4 = dz . YnoOétovpe 61t 610 doyelo mepiEyeTal mMOAD peydhog opduog N
TovopowTLTAY  popiov agpiov, palog m to kabéva, TOL TANPOOV TIC TPoVmOBECES TG
mponyodpevng mapaypdeov. Ta toryydpata tov doxeiov eivor tedeing dxapmto, Eyovv  TOAD
peydin pélo kot e PETAKIVOOVTAL.

Katd ™ didpreto Tov KpoOoE®MV TOV HOPImV GTO TOYMUATA, TO. LOPLO ACKODV SUVALES 6° auTd.
2’ awtég g duvapelg opeidetar n wigon mov ackel To aépro. Ot Suvdpelg avtég eivon avtibeteg pe
TIG SUVOUELS TOL OCKOVVTOL OO TO TO{Y®OUO OTO. HOplo.  katd Tnv Kpovon (apyn Spdong-
OVTIOPOIONG) KO TPOKOAOVV T1] HETOPOAT THG OPUNG TOV LOPI®V.

Amd 1o dghtepo vopo tov Newton yvopilovpe 6t F = g , Gpa, ov KOTOPEPOLUE VO

At

VIOAOYIGOVLLE TN GUVOALKT HETAPOAN TG OPUIG TOV VPICTAVTOL TOL LOPLOL GTN HOVASA TOV YPOVOL
(OnA. 10 VOO peTaPforng TG OPUNS TOVG) AOY® TV KPODGEDY TOVG TAVM e pio amd TigG £0peg
Tov doxeiov Ba Bpodue kot To pETPO TG SVvVAUNG TOL acKeiton omd To pHop G° AT TV £6pal.

F
Metd, yio. va. Bpodpe Ty mieom p, 0pKel vol SLopEGOLLE T SV LE TNV ETPAVELD ( p= —j .
A

(TIpoooyn :  ypnoponoovpe kepaiaio P yo v opun kot pikpd p yuo Ty migon.)

"Eoto éva pdpro mov kveitor pe taydmTo V1. AVOADOLUE TV ToOTNTE TOV GE TPELG GUVICTMGES
(vix, Viy, V1) (0. 1.8). E&etalovpe T1g kpovoelg 670 Toixmua Tov doyeiov mov eivon kébeTo oTn
Vix -
Epdcov ot kpodoelg gival amoAdtog ehaoTikés To Hopto avaridror pe taydtnta idov pétpov. H
vy KOL M Uy, O& petafdrioviar evad 1 v, 0AAALEL POpAL.
H petapor g opung mov veictatot To popto katd tnv kpovon Oo gtvorn
AR

x = MU —mup = =2mu

O ypdvog mov pecorafel avipeca oe dV0 SOSOYIKES KPOVGELS TOL 510V cOpTIdioL otV 1dto

€0pa Oa eivar At = —— dapo. 0 op1BIdg KPOVGEMV GTN LOVASA TOV ¥POVOL Y10l AVTO TO HOPLO GTNV

Y1x

v
oo €dpa. Oa. eivarn iKou o pvbuds petafoing ™mg opung Tov (1 petafodn ™G opung o

2d
. , AR, Y1x moyy
povada tov xpovov ) Ba etvar =2mop, ——=-——""
At 2d d
API muo
H 80vapn mov Séxetan 1o popto and to toiyopa o stvar £, = =- Kot avticTolyo
At d
2
mo|
, . . . . . X
oTh oV 3éETaL TO ToixMp 0o TO Hopto B tvar — Fy = ———
d

H &ovapn (XFy) mov aokeiton ndveo oto toiympa mov peletdpe eivar to dOpoopo OAmV TV
aVTIGTOL(®V OP®V OV APOPOVV KAOE LOPLO YOPIETA.

XF

H mieon (p) mov déxetonn ev Adym €dpa o6 To aépio Ba eivon p = X bmov A=d 2 .

A
mu2 mo mu2
Lx + 2x + . + L By
, d d d m(U1x+U2x+ ..... +UNX)
Apa p = 2 = 3
d d
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Xy. 1.7 'Eva popro tov aepiov mov
Kweltor pe toydmTo v, pécO of
KLPd doyeio akpng d.

Xy. 1.8 H toydmro avaideton oe
TPEIS CLVICTMOES G€ TPLoopboydvio
GUGTNHLO GUVTETAYHEV®V.

v, 1)1).
'1)]\ N
N
~
N
AN
“—O0—> -
y Fl\’ s le
s
e
s
s
Dly v,
Dlx

Xy. 1.9 H xivnon tov popiov oto
eminedo xy.



Ew.1.3 Ot dvvauelg mov ackodvtat
Katé TG KPOVGES T®V Hoplov Tov
aepion, TOV TEPLEXOVY TOL UTAAOVLD, LLE
TO TOLYOUOTO TEVIOVOLV TO EAACTIKO
TEPIPANUA TOV UTAAOVIDV.

ITAPAAEII'MA 1-4

ToAMomhactélovpe kot dtapodpe to kKAdopa pe N (to Tinbog tov popiov) ondte

2 2
i le + sz + . + UN)C
O 6pog
N
0a tov cvpporiCovpe l)j .
le)f
Tehkd p= 3
d

(1.10)

Ta popla Kvovvtor GToKTo, dgv €(ovv ONANSY KOG TPOTIUMOoN ®G TPog TV katevhuvon

KIVNOTG TOVG, EMOUEVMS

222
v, =0, =V,

. , . 2 2 2 2
I'vopilovpe 611 yeviKa VT =Ux TU) +U;
Evrola amodetkvoetor 6Tt v-=v, +0v ) +0;
enEdN l)f = U; = l)z2
KOTOAYOUHE 0T oYéon v°-=3v apa

Avtikafotdvtag to icov TG Uf otm oyxéon (1.10) ko

d 3= V mpoxtnrer
p_leuz
3V

AopPavovtog vmoyn Ot

Na Bpebei n evepydc taydvta TV popinv tov vdpoydvouv ot Bepuokpacio 27°C. Aivetor 6t 1

YPappOpOpIoKkh pala Tov vpoyovoL eivon 2x107° kg / mol .

Amavnon :

I'vopilovpue 611

HoAhomhaciGlovtag apt@unt Kot TapovoraoTy Tov voppilov pe tov aptipd Avogadro (N,) TpokiOmTel

3kT
UEV = -
m
3kN , T
U(‘.‘V = Ty
N m

R
Ouwg k =N— emopévog kN , =R xou N ,m = M (M: n ypoppopopraxi pala)

A

Apa n oyéon (1.11) yiveron

Avtikafietovrog oto S

/3RT
USV =
M

o _ [G314TTmol K) T3+ 21K
gv 2x10" kg / mol

H toyvmto avtn) ivor told peydin, eivon tepimov 6900 km/h.

(1.11)

=1,93%x10° m/s
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-6 KATANOMH MOPIAKQN TAXYTHTQN

To weipopa Tov Zartman (Zaptpav)

O oapBudég tov popiov evog oepiov, 000 LUKPY KOl av givar m
ToGOTNTA Tov, €ivor tepdotiog. To kdbe poplo cvykpovetar kot oAAdlet
TayVTNTO TEPIMOL €va  SIGEKATOUUVPLO PopEG To devteporento. 'Etot givan
Qavepd OTL M epMTNON TOGO LOPLO. EXOVV KOTOLOL GTIYUY| 0L GUYKEKPUUEVT
TOYOTNTO v Oev €xel vomuo. Mmopodue Opmg va Ppovpe tov aplud tov
popiov dN mov €xovv TaydTNTeS amd v PEYPL v+dv.

To 1920 éywve to mPOTO TEIpOA Yo TN UETPNOT] TAOV HOPLOKDOV
tayvtntov. To melpapa mov Ba meprypdyovpe eivat To meipapio e To 0moio o
Zartman TpocdlOpIoE TEPUUATIKA TIC TAYVTNTEG TOV HOpimV EVOG agpPiov.

Méoa oe éva  @ovpvo efaepdvetan pia ovsia. Ta poplo Tov aTpov
dtopebyovv amd £va Gvorypo Tov ovpvoL TTpog v BdAapo kevol (oy.1.10).
Y10 OGAapo mepLoTPEPETAL (e GTAOEPT YOVIOKT TAXDTNTA @ &VOG KOAVOPOG
OV PEPEL, TAPAAANAQ 0TOV AEOVA TOV, AENTH GYICHN KOl GTO E0MTEPIKO TNG
KUPTNG TOL eMPAVELNS PEPEL €101KO gvaictnto @idp. Ta popa tov atpod mov
gloépyoviol omd T OYIoU HEGO GTOV KOLAWIPO cvveyilovv va KvovvTtol
evOVvYpappo PEXPL VO GUVOVTHGOLY TO QIAL, GTO OTOI0 TPOGKOAAMVTOL Ko
a@RVoLV Ta iyvn Tovg o€ amodotact d omd To onueio Tov P mov PpickeTan
aKpIP®OG amévavTt amd TV oIouN.

AV u 1 YPOUUIKT TOYDTNTO TOL QIAW Kal f 0 ypdvog TTov ypetdleTol
TO LOP1O Y1 VoL St TPEEEL TN SAUETPO TOV KLAIVIPOL

N amdotacn d 16ovTaL pe d =ut
ouog t=2r/v
OOV U M TaYVTNTA TV popiov
Ko U=wr
OTOV ¥ 1 0KTiVO TOV KVAIVOpOUL.
2
Enopévac, d=ut= a)r2 = 20r
v v

H toyomta tov popiov vrokoyiletar and m oxéon L =20r" /d . Anhady, N
péTpnon g todInTog TV popiev Paciletal otn pétpnon g andotaong d .

2y Tpaén, avtd Tov UTOPOVLE Vo VTOAOYIGOoLLE glval TOc LoPLL
TEPTOVV o€ KGOe onueio ToL QAN Kol ETOUEVMOG VO DTOAOYIGOLUE TNV
KOTOVOUT TOV HOPIV OTIC S1APOPES TAYVTNTEC.

Ifuepa givar duvaTn 1 LETPNOT TOV LOPLOKAOV TOYLTHTOV TOV AepPinv
LE PeYain axpifeta.

ToUN TOL KLALVOpOL

i\
Odhapog P u
KEVOD o VBP0 ¥y.1.10 To povtéro g
0 §00% 036 ﬁé’} | - TEWPAUATIKNG S1ATAENG TOL
HE TO pLAM ‘ Zartman
/ d |
@ovPVOG Béapn

%> © nopLa
uopiov KUNTpog

OTLYHMOTUTO KOTA TNV
TEPLGTPOPT] TOV KVAIVOPOL
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ITAPAAEII'MA 1-5

Amo éva melpopo ovaloyo LE
0 TOPOKATM TIVOKOLG.

7O Telpapa Tov Zartman, peTpnOnkav ot TayHTNTES TOV HOPI®MV Kol TPOEKVYE

v (m/s) 100 200 300 400 500 600 700 800 900 1000 1100
Av (m/s) 04 025 0,2 0,1 0,2 0,2 0,4 0,5 0,8 1,2 5
AN (nopo) 200 240 400 220 360 240 200 200 160 120 250

AN/Av (népro/m/s) 500 960 2000 2200 1800 1200 500 400 200 100 50

Omov

v : TaYOHTNTES TOV popimV

Av : TEPLOYEG TOYLTATOV YOP® Ao kabe TaydTNTa O1 TEPLOYES TAYVTATOV dEV EYOLV OAES TO 1d10
ebpog dote vo eEacparileTor 6TL o KABE TEPLOYN VILAPYEL £VOC IKAVOTONTIKOG, LETPNGULOG
apOpog AN popiov mov KvohvTol Pe TayVTNTEG EVTOG TG TEPLOYNG.

AN : apOpog popiv Tov Exovv TayVTNTEG HESH 0TO Opla NG kaBe meproyng TayvtiTov. [a
Tapadeypo otny TpdTn otnAn 200 popa Exovv Toydreg and 99,8 m/s émg 100,2 m/s.

AN/Av : 0 apBpdc TV popimv ava povadiaio TepLoyn ToyOTNTAG.

Me Bdon to otoryeio avtd T0 S1dypoppe A%U =f (U), TNG KOTOVOUNG TOV TOYVTATOV TOV Hopiov Tov

aepiov givor:

AN/Av (nopia/m/s)

2400
== ®

2000(— @ |
_,,,,1,,\,,.

1600 | S

12001~~~ /-~ TN

g0 — /% .
j,.,,‘,,‘,,L,Jr,J,,

400 T e
j:i:q‘::r::T::‘;:%::r::\::l‘::’, D(m/S)

100 400 700 1000
Ty 1.11

Kortavop) kata Maxwell — Boltzmann (Md&yovel - MroAtlpav)

O Maxwell ka1 Boltzmann yopo oto 1860, moAd mpwv yivel pikto va
LeTpNBoHV TEPOUATIKA Ol TAXVTNTES TOV HOPlmV, VTOAGYIoAY BE®PNTIKA THG
KOTOVELOVTOL TO LOPLOL EVOG aepiov OTIG SLAPOPES TOYVTNTEG,

Y10 oynuo 1.12 mapiotdveror ypoeikd 1 cvvéptmon dN/dv=f(v) twov

Maxwell kou Boltzmann yioo N=10" pépra aldtov otic Oeppokpacieg 300 K
rort 900 K.
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dN/dv (uopro/m/s)
200 —

/\T1=300 K
160

120 —
T,=900 K

40 \ dN
/ | \ ‘ | / v(m/s)

400 V: 800 1200 v v+dv 1600

80 —

Ty 112

O toyvTeg KaAvmTovy gvupeia meployn. H ovvapmon dN/dv teivet
oto punodév 6tav v —> 0 kot 6tav v —> ©. H tayvTo TOVL OvTIcTOYEL GTO
UEYIGTO TG KAUTOANG givor 1) o mlavi TaydtnTe Ko supforleTon e v;.

AVO dAlec ToyLTNTEG TOL TAPOVOIAloVY evOlOPEPOV Elvar 1 péom
TOYXOTNTO U KoL 1 EVEPYOC TAYVTNTO U,y .

H péon toydmta U givar | péon TIU TOV TAXVTHTOV TOV HoPinv Tov
aepiov. Anhadn av ot ToYVTNTEG TOV HLOPlOV EvaL vy, V), ..... Kol o aptOpdg Tov
popiov N
U, +0, +0; +....

N

U=
H evepyog taydra sivan

\/vf +0, +0] +....
USV =
N

Yuyvd, o S1APOPEG KATAVOUEG, M WECT) TN €vOg peyéBovg tavtiletan e v
mBavoTepn T TOoL peyéBovg. v katavour] Maxwell-Boltzmannm U givat
UEYOADTEPN TG 0, YWOTE TPOPAETOVTOL HOPLEL, £0TM Kol Alyo, PE TOAD PEYAAES
TayOTNTES (OEV VIAPYEL AV OP1O OTIC TAYVTNTES TV popimv). Ocov apopd
Dgy OTOOEIKVVETAL PaONUaTIKd 6Tt M evepydg T €ival peyoAdtepn omd )
péon TN (PAéne €vbeto ot cerida 32). 'Etol petadd tov Tpiddv ToyvuTtHToV
IOV TPOOVAPEPAE 1OYOEL 0 < U < vy,

Av 10 TUqUOL TOv €yel kitpwvo ypopo pmopel va  Bempnbet
TapoAAnAdypappo -kKou uropei va Beopnbel av 1o dv givarl amelpoostd piKpo-
T6TE T0 EUPAdOV TOL givar dv x dN/dv = dN dnAadn| divel Tov apBud dN tov
popiov mov £yovv TaydTNTES Ao v G v+dv. To gpPfaddv Tov mepikieieTor
o6 TNV KopmOr) KoL Tov dEova Tev v divel T0 6LUVOMKG apBpd TOV
popiov Tov agpiov.

B\émovpe 6tt 6Ttav M Ogppokpocio Tov agpiov avidveror m
Kopuoin peraronileTor wpog o 0eE1d Kol N KOPLQT] TNG YOpNA®VEL. AVTo
ocupPaivel yuti 6co avédvetor 1 Bgpuokpocic o apBuodg Tov popiov mTov
€youv Tay\LTNTO UEYAAVTEPN Ao pia dedopévn T av&avetat, 1 HeETOTdmIoN
OUMG TNG KAUTVOANG 0e&10TEPaL dtevphvel TV Paon g Kat, kabdg T0 eUPadov
oV TEPIKAELEL TapapéveL apeTtdfAnto (Guvolikdg aptBpog popimv), 1 Kopuen
™G YOUNA®VEL
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1906) Avotproxodg Bempntikdg @o-
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pnyovikn vanpée peyain.



Xy. 113 Zmv e&atpion popa
gykataieimovv v vypn edon pévo
oo TNV EMLPAVELD, TOV VYPOL.

1-7  TA ZXYMIIEPAXMATA THX KINHTIKHXE OEQPIAX
EXOYN EYPYTEPH EOAPMOI'H

H xwntikn Oempio avamtdyOnke yuoo vo epUnvedoeL T GUUTEPIPOPA
v aepiov. Oumg Kamowe amd To. CLUTEPAGUATO TNG, TOLOTIKG TOVAGYIOTOV,
woYvoLV YL OAeG TIC HOpPES TG VANG. To ocvumépacpo pe v guputepn
QopuoyN elval n 6YXE0N AVALESH GTN LEGT KIVITIKN EVEPYELDL TV LOPIOV KOl
T Beppokpacia.

Y’ éva oteped TO LOPLEL AGKOVV TO £va 6TO GANO 1GYLPEG SUVALELS, e
omotélecpa va mapapévouy otabepd «depévay oe kdmoleg Béoelg. H povn
KivNon oL TOVG EMTPENETAL EIVOL L0 TOAGVTMOGT YOP® OO T GUYKEKPLUEVN
0¢om tovc. Av avénoovpe T Beppokpacio TOV GTEPEOD, Ol THANVIMGELS TOV
popiov tov yivovtal o évtoveg (He peyoAdtepo TAATOC), TAVTO OU®S YOP®
amo v i01a B€om. BAEmovpe 0TL kat €00 1) KIVITIKOTNTO TOV HOopiov avédvel
pe v avénon g Beppokpaciog. Otav n Oepuokpacio wépel opropévn Tun-
mov T Aéue Beppoxpacio 1 onueio ™MENG TOL OTEPEOV - TO HOPLEL TOV
TAAOVTAOVOVTOL LE TOGT EVEPYELD DGTE VO, LITOPOLV Vo, “EekoAcovy” amd
0éon tovc. H opyavopévn dour tov otepeod kotaotpépetal. To oteped
TAKETAL, TEPVAEL dNANST GTNV LYPR GACT).

H ggagpioon Tov vypov

H dopn tov vypodv givor oAb mo Kovtd otn doun Tov aepiov ar’
0,TL 611 OoUN TOV oTEPE®V. EOD TO popla dev £x0vv GLYKEKPIIEVES BEGELS, Ol
duvapuelg peta&d Tov popimv OUmg gival 1060 1oYVPEG DGTE VAL U1 UTOPOVUE
va Tig ayvonoovpe. Oa éheye kaveig 01l Ta popla €xovv tnv ehevbepia va
ta10evovy, e O18Popeg TayHLTNTES, GTO YMPO Tov KatalauPdvel to vypd. H
glevbepia TV popimv dev givarl amdAvTn OTOS GTaA WAVIKG aéPLol Kot 1) Kiviion
Tovg dev eivar evBVuYpauun oparn. Tlapdia avtd, ol TayvTNTEG TOV HOPiOV
oT0 VYPA aKoAovBovv Katovoun mov poldlel apkeTd pe avt tov Maxwell-
Boltzmann yi ta aépia. Avtd onuaivel 6Tt UG GTo VYPO TAVIA VITAPYEL
évag aplBuog popiov mov  €YovvV OpPKETA HEYAAES TOXDTNTEG, TOV TOLG
enupémovv  vo  “Opamereboovv”’ omd Tig Swpoplokés €AEEG kol va
gykataielyovv 0 VYPO amd TV eAedBepn emupdveld tov. IlpodKettan Yo To
pawvopevo g eEaTuionc.

Avo mapotnpnioelg and tnv kabnuepwn Con  emoAnBedovv Vv
v60eoT| HOg.

a. Onotodnmote VYO e&atuileton evrovatepa 6Tav 1 Oeppokpacio Tov
givar peyarvtepn. (Ta podyo oteyvdvouV Yp1yopoTEPO TO KoAoKaipL).
B. Orav e€atpiletar éva vypd 1 Bepuoxpacio tov méptetl. (Otav Kamolog

€xel Topetd 100 Palovue Koumpéoeg pe vepd oto 0moio mpocHETovpe
Kdmoto vypod mov e&atuiletan ypryopa ot Bepokpacio Tov dwpatiov,
(. owomveL ), [’ OTOTEAEG LA TO VYPO Va ST peitan dpocepd).

Eidape 6t dtav av&aver 1 Oepuokpocio n KOUTOAN TG KOTOVOUNG
TOV TAYLTNTOV TOV poplov Tov aepiov petotomiletol mpog Ta dedld. Avtd
onuaivel 011, Katd pEGO Opo, Ol ToYLTNTES TV Hopimv avEdvovtol. Kdtt
avéioyo cvufaivel Kot pe TIg TaxdTNTES TOV Hopi®v Tov vYpov. Eivar Aowtov
avapevopevo, 6tav Bepuaivetatl To vYPO va aLEAVETOL 0 aplBUdg TV Hopimv
g ehevbepng EMEAVELDG TOL VYPOL TOL E£YOLV TNV ALOPOITNTY KLVNTIKN
EVEPYELD Y10 VO EYKATAAENYOLV TO VYPO.
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Kobnhg 1o mo ypiyopa popid tov eykatoleimovv to LYPO, 1 pEO
KWWITIKT €VEPYELD TOV HOPIOV 7OV ATOUEVOLV IKPOiveEL ZOUQOVO UE TN

1 3
oyéon Emu2 = EkT OV GLVOEEL TN PEOT KIVITIKN EVEPYELD TOV LOPIOY TOV

Wovikov aepiov pe ™ Oeppokpacio Ko, am’ 0,TL QOiveTAl, 1GYVEL TOOTIKA
KoL y1o, To, vYpd, givot kot 0PN TIKE OVOUEVOUEVO VO WOYETOL TO VYPO.
Edv tdpa avénoovpe ) Bgpuokpacio tov vypol, @TavovLUE GE [

Oeppokpacia, T Beppokpacio 1 enpeio Léoemg, oty omoio  Evag mOAD ™ .
peydrog aptBpog popiwv amd 6A0 Tov 6YKO TOL Kal Oyl LoVo amd Ty eAevbepn I |
EMPAVELL TOL OTOKTA TNV AmOPAiTNTY] KIVITIKY EVEPYELD Y10 VO EYKOTOAENYEL ° ¢
70 VYPd. 'Exovue To @arvépevo tov fpacpov. 0‘9 ° ...-
H &&dtpon kot o PBpaocuds eivar 60O HOPPEC TOL QUIVOUEVOD TNG - oS .q"
eEagpimong tov vypov. “ ] f.
Ao 0. TPONYOOUEVEH TPOKVTTEL OTL OTOLOONTOTE VYPO, LLE TNV TAPOSO i:q' 0? ®
oV ¥pdvov, Ba mtpénet va eEatebel mAnpwc. O ypdvog mov Ba ypelaotel yU “u “n‘ “"

avtd egaptaror and ) Beppokpacio Tov mEPPAALOVTOG, TNV TOGOTNTO TOV
VYpoY, To guPaddv tng erevBepng empdveldg Tov KaBmg Kot To €100¢ TOV

Xy. 1.14 Z10 Bpooud poépua eyko-
TaAgimovv ™V VYPN| @domn amd To
GUVOAO TOV OYKOV TOL VYPOV

VYPOV (OGO 1GYVPEC vl 01 SLVAUELG LETOED TOV LOPI®MY TOV).
Yrapyer Opmg €va eowvopevo mov KAoviler Aiyo ™ Pefordotntd  pog.

I'vopilovpe 610t 6T1 €4V amobnkedcovpEe Eva VYPO HEGH G EVO LITOVKAAL TTOV
KAelvel KOAQ, 0oa ¥poOvie KL av TEPACOVV, aKkoOuN Kot av 1 Beppokpacia sivol
ynin kKo 10 vypd omd avtd mov eéatpilovionr €0koAd, TO VYPO MOG OEV
npoketol va eEatpiodel TANpmg.

' owTd T0 001EE000 PTACHLLE Y1OTL GTOVG GUAAOYIGHOVG LOG OEV TT|POLULE
oy kATl Bactkd. Edv kdmowo péplo Tov vypod pmopovv va Stapedyovy amd
70 VYPO oynpatiloviag atud TAve amd TV eLedbepn EMPAVELD TOV, V0TI VA
unv pmopet v cupPel Kot To avtioTpoPo, dNANOT KATOoo LOPLo VoL TEPVOVV OO
™V aépla pdon oty vypn; EEGALOL TO @avopEVO TG LYPOTOINOTG TOV ATUMV
givor g&ioov owkelo pe avtd tng e&dtuionc. Ot vOpUTHOl TG ATHOGEOLPAS
VYPOTOLOVVTOL 6TO TEALL OTAV AVTA ivat KpOA.

"Exovpe Aomdv 300 avTay®vIGTIKA GavOUEVa, avTo TG eEATIIoNG Kot
oVTO TS VYPOTOINGTC.

Ortav vrdpyel o SuvopK 1oppomio avapeso oty e£ATUIoN Kot
v vypomoinon (N mocodNTa VYpoy mov eEartuileTon eivonr ion pe Vv
TOGHTNTO TOL OTHOV OV VYPOTOLETOL GTOV 1010 ¥pdvo), 1 TOGOTNTH TOV
VYPOD KOl 1 TOGOTNTO, TOV OTHOD TAVO amd TNy eAevbepn emAveld TOL
napopévouv otabepéc. Axpipag avtd copPaivel oty TEPITTOGT TOV VYPOD
HEGO GTO KAEIGTO UTOVKAAL.

H tayvmto pe v omoia vypomoteitan o atuog e&aptdrol amd To OG0
YOUNAR eivar 1 Beppokpacio Kot Ao TV TOGOTNTA TOV ATUAV TAVEO ond TNV
elevbepn emupdvela Tov VYPOL.

Otav n e&drpon ko M vypomoinon Ppiokovial ce 1coppomion M
TOGOTNTO TOV OTUOV oL Ppickoviol TAve omd TNV EMPAVER TOL VYPOD
glvar 1 péytotn dvvatn yuo TG dedopéves cuvOnNKes Kl Tov dlBEGILo XDPo.
Tote ot atpoi Aéyovtol Kopespévor.

ATOKOADYOUE TOPO, EUUECO, €va VEO TPOTO VO EMLTAYVVOVUE TNV
e&atpion evog vypov, ekTog amd To va Tov avénoovpe tn Beppoxpacio. Apkel
Vo OTOUAKPOVOVLE GLVEYDG TAV® omd TNV €hevbepn TOL EMUPAVELD TOVG
OTHOVC Y10t VO EACYIGTOTOLOVUE TO QOIVOUEVO TNG vypomoinone. Towg tdpa
kataiofaivovpe yioti 0 KaAHTEPOS Kapdg Yo VoL GTEYVAOCOVY TO. OTAMUEVOL
povya etvar va kévetl LEoTn aALG Kot Vol QUGAEL.
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~YNOYH

I660epun eivar m petaforny otnv omoia 1 OBepuoxpacio Tov aegpiov dwotnpeiton otabepn. O voOpog g
1000epung petafoing ivor
pV =oral. na T =oral.

Ioéympn ovopdletar m petaforn otnv omoic 0 Oykog Tov aepiov dwtnpeitar otabepdc. O vOROG ™G
160YOPNG LETOPOANG elvar

? =orab. yia V =orab.

IooPapiig ovopaletonr n petrafoin otnv omoio m mieon Tov aepiov dwnpeiton orabepn. O vOROg ™G
1ooPapovc petafoing sivor

; =orab. yia p=orab.

H kataotatiki) e&icmon cuvdéel Ty wieon, tov Oyko kot T Beppokpacio o€ £va 180viKd aéplo.

pV=nRT
Moxpookomikd, 100VIK6 Oswpeital To aEPLo 6T0 0Toio 1 KoTaoTATIKY e&icMON 16YVEL TAVTO.

Mikpookomikd, Wavikd Oswpeitor To 0éplo TOL OmoOioL To pOPL €ivor VAKE onueic mov Ogv
aAAnAemdpodv mapd povo 6tav cuykpovovtal. Ot KpoOGELG TOVG UE To GAAG LOPLOL KO LLE TO TOLYMLLOTO TOV
doyelov BewpodvTon ELUGTIKEC.

H zieon mov aokel éva aéplo mov Ppickerorl péca oe Eva doyelo 0PEIAETAL GTIG KPOVGELS TV LOPIOV TOL GTA
TordpaTo Tov doyeiov. H mieon tov agpiov cuvoéeTan e T LEGT] TIUN TOV TETPAYDVOV TV TAXVTHTOV TOV
popiov tov, pe T oyeon
2
1 Nmv
3 7

H Beppoxpacio tov agpiov cuvdceton Le T UEST] TIUN TOV TETPAYDOVOV TOV TOXLTHTOV TOV HOpiov UE TN
oyéon
2111 —
T===|—mv’
3k|2

H péon kwvntikn evépyela tov popimv tov 18avikov agpiov glvar avdioyn pe v amdivtn Beppokpascia.
1 — 3
—mv® ==kT
2 2

H evepyog taydtra tov popiov wovikol aepiov gival

UEVZ\/U:2= /3k_T: /3RT
m M

Ta popla evog aegpiov dev €yovv v 1d1a TaydnTa. Ot TaydtnTeg TV popiov Kdmolag TocoTnTaG 0EPiOL O
Oeppokpacio T akolovBodv v katavoun Maxwell - Boltzmann.

And v katavou Maxwell -Boltzmann ywo to aépia pmopodv va fyovv COUTEPAGLOTO TOV EPUNVEDLOLYV,
TOLOTIKA, PUVOUEVA OT(G 1 EEAEPI®ON TOV LYPOV 1} | VYPOTOINGN TOV ATLMOV.
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APAYXTHPIOTHTEX

1. Emoin0gdote To vopo tov Boyle pe éva ....kolapdkt

Bubiote évo kalapdkt tng moptokoAddog péEco e €va
motipt pe vepd. Khieiote 10 emdivw pépog tov pe Alyn mlaoteAivn
(ox.1.150). Bydite to amd to motpl. Oa SomoTdoeTe OTL £XETE
népetl poli cog Kot pa rosdTnTa vEPoD.

[Iog to eényeite avtd; [1don eivar n wieon tov aépa mov
éxel eykhoBiotel oTto KaAapaKt;

Avanodoyvpiote 10 koropdkt. Topa o oaépag mov &gl
eykhoBiotel €yel pikpotepo dyko. [1don elval tdpa 1 mieon Tov
0épaL;

Metpfiote 0TI dVO TEPITTAOCELS TNV TECT] KOL TOV OYKO TOV
agpa kat eréyEte av woydeln oxéon pV = oral.

Tnv atpoceatpiky mieon Oa ) Bsopicete 1,013 10° N/m? kat (@)

70 £181K6 Bépog Tov vepod 10* N/m

Ynoden: O oykog tov aépo oto kohopdkt givar V, =[S

V, =1,S, é6mov S n dwropn mov el 1o koAapdkt. H migon mov
dnuovpyel pa oTAAN vYPOY, otn Pdon e eivar £ 4 (& : 1o €181k PBApog Tov
VYPOD Kot /1 TO VYOG THG GTHANG TOL VYPOL). Ene1dn| 1o kodapdkl, 6To avouyto
oV dxpo €xel kbBe otiyun mieom ion pe v atpoceapkn (p), n mieon Tov
aépa mov eivan eyKAmPIopéVos Héca 6to KoAapdkt givar p, = p—& h btav
70 avotytd Gkpo Ppioketar mpog ta katw (o). 1.15B) kv p, = p+&h otov
Bpioketon mpog ta whvo (oy. 1.157)

2. Emain0edote To vopo g wooPapoic petapfoing

[Mapte éva kaiapdrl Tng TopToKAAGdAG Kol KAEIGTE TO €val AKPO TOV
ue mAacterivn. Ilpootabnote va 1o yepiceTe e vepd. B S10MGTAOCETE OTL TO
vepo mov Ba pigete dev yepilel 10 coAva aob eykimBiletal por oTHAN aépa.
Bdite 10 koAopdkt o€ éva pmpikt pe vepd, Ue TO KAEIGTO TOL GKPO TTPOG TO
Kdt®w. Me éva  papKadOpo CNUEIDCTE TO VYOG TNG GTAANG TOL Oépa Yio
dlapopeg TpéG TG Bepupokpaciag (B tn Ppeite pe éva Beppouetpo) kot

V
dokiudote av 1oydel N oxéon ?ZO'TOCH. (Apxel vo oyoer — = orab.
Tarti;)

Inueioon: Tlpocoyn, un Parete to KOAOUAKL GO o€ TOAD (€0TO vepd. Eivat
oA mBavo va mapopopewbel. EE dAlov oe yniég Beppokpacieg n téon tov
OTLLAOV TOL VEPOD givan GuYKpicUn LE TV TieoT TOL aépa.
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1.1

1.2

1.3

1.4

EPQTHXEIX

Noépor Tov agpimv

[Towo amd mo mapaxkdTo dypdupata aviictowyel 1) oe 16ofapn, Kot
2) o€ 1000epun peTaforn;

Ty 1.17

H petaporry ABI'A 7mov 7mapiotdvetol 61O OITAOVO  OLAYPOLLL
(0y.1.18) amoteieitat:

o) Ao 000 106)mpeg Kot dVO 1600ep e pLeTaPOAEC.
B) A7d dVo 1o0Papeig Kot dVo 1660epuec peTaforLc.
Y) Amd 600 100Papeic Kat 600 16oywpes LeTaPorEC.

No emiAé€ete ™ cwOTH amdvInon.

Na avtiotoryicete T LeTAPOAES TNG 0PLOTEPNG GTNANG OE GYECELS TNG
de&lic oG,

1) Io6Bepun petaforn o) 5 =oral
. , P _
2) Iooympn petaforn B) T oral
, , V
3) IooPapnig puetaforsy ) T =orab.
d) pV=oral

[Mocotnrta agpiov Beppaiveral pe otabepd dyko. H mokvomrd tov
o) AvEdvetat.

B) Mewwvetat.

v) Mével otabepn.

ITow andvinon sivor cwot;
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pVvV

1.5 Y10 ddypoppa p-V tov oyfuotog 1.19 ot kapumdreg (1) kot (2) mov P
avaeépovtal og 1060epun petaforny 600 aepiwv AvVTIGTOLOLY TNV )
810, Ogppokpacio. Avtd pmopel vo opeiletor 610 6TL (1)
o) Agv 1oy0€el 6N TTEPINTOON Mo 0 VOROS Tov Boyle.
B) Ta aépla Egovv dlapopeTikd aptdpd mol.
v) Ta aépro Egovv SLOPOPETIKN poplaxn Lala.
Emélte T owot amdvinon Kot SIKoloA0YNGTE TV,
. . . , . Xy. 1.19
1.6 [oteg and 116 emMOUEVES TPOTAGELS Eival COOTEG;
o) H xotactatikn egicmon toydel povo av to aéplo amotereiton
amd éva €idoc popimv.
B) Ta aépo yoo To omoio woyvel M Kotaotatiky e&icwon
ovopdlovtot 1aviKd.
v) Xe oplopévn TosOTNTA WOVIKOD 0EPIOL 1 TOPACTUCN pT
TOPALEVEL GTOOEPT].
d) H xataotatikn e&icmon 1oyel Ldvo 6To LOVOOTOUIKE aEPLaL.
1.7 [Towo omd to emdpevo SlypappoTo ToploTdvel to ywvouevo pl
OpPIOUEVNC TOGOTNTOC OEPIOV GE GUVAPTNON HE TNV  OTOAVTY
Bepokpacia Tov;
PV pV pV pV
T T T T
a B Y )
Ty 1.20
1.8 Avo TocOTNTEG OEpiv e aplBud ypapUopopioy 717 Kol 71 EKTEAOVV
woPapn petaforny otnv O wieon. Ilowo amd To TOPOKAT®
Swypdippata eivol o cwoto; (17 > ny).
A% v \Y
nl b n2
n, n,
nZ 1,11
T T —
o B Y
Ty 121
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Kwntuc) Ocopia

1.9
1.10

1.12

1.14

ITog opiletor o WWoviKd 0€PLo o) LOKPOOKOTIKE Kol B) LIKPOOKOTIKA;

[Moteg amod T1g emdOUEVES TPOTAGELS EIval GMOTEG;

o) H Oepuoxpacio evog oaepiov eivar avdioyn pe tn péon
KIWVITIKH EVEPYELD TOV LOPI®V TOV.

B) H nieomn evdg aeplov eivan avdioyn pe tn péon toydTnTa TOV
popiwv tov.

Y) Ot evepyéc TOLTNTEG TOV HOPI®V TOL 0ELYOVOL KOl TOV
almtov eivon ioeg, av ta 6vo aépla Ppiokovial otnv idla
Oepuoxpacia.

d) H droxkm xivinon tov popiov tov aépa gival mo ypiyopn ™’

TO KOAOKOIPL amd O,TL TO YEUDVOL.

Awbétovpe 000 doyeia icov dykov. To TPMOTO TEPLEYEL VIPOYOVO KO
10 debTepo o&uydvo, otnv 10 Beppokpacia. H péon xwmrtikn
EVEPYELD TOV LOPImV TOL VOPOYOVOD Elval:

o) ‘Ton pe ) péon Kivntikn evépyesto Tov popiev tov o&uydvou.

B) H o g péong kivnTikng evépyetog Tv Lopimv Tov o&uydvou.

v) AmAGolo TG HEONC KIVNTIKNG EVEPYELNG T®V HOPlOvV TOL
o&vuyovou.

d) Tetpamidoilo TG HEONG KIVNTIKNAG EVEPYELNS TOV HOPI®V TOV
o&vuyovou.

Emiéére ™ oot amdvinon.

H nieon mov aokel éva aépio doyelo elvar avdioyn pe

o) TN HEST] TIUN TOV TOYXVTNTOV TOV popiov.
B) TOV 0YKO TOV 00YEIOL TTOV TO TEPLEYEL.

v) TNV TUKVOTITO TOV aEPiov.

d) TNV mieon mov vdpyeEL E£® amd To SoyElo.

Emélre T cwot amdvinon.

Aépo ovumiéletar 1060epua 610 GO TOL OpPYKOL Tov OyKov. H
€VEPYOGS TaXVTNTA TV Hopiv TOV

o) dumhacialetat.

B) Tapopével otodep).

Y) vrodmAaGLalETaL.

) To, otoyeion Oev emopKoLV Yo vo kpivovue av m evepydg

ToOTNTO PETAPAAAETOL KOL TTAOG.
EméEre T cwot amdvinon.

IToeg amd T1g €mMOUEVEG TPOTAGELS TOV CAPOPOVV GTNV KOTOVOUY|

Maxwell — Boltzmann givat cooTé;

o) H xatovoun napiotdvetal ypoeikd e d1aypaio 6To 0Toio o
évag a&ovag avapépetal otig taxvnteg (V) TOV HopioV TOV
aepiov kot o GAhog otov oplBud TV popiov mov €xovv
Ko Tay\LTNTA L.

B) H xarovopn Maxwell — Boltzmann d&iyver 6Tt vapyel kamoro
Oplo OTN UEYLOTN TOYVTNTO TOV UTOPOLV VO EYOLV Ta LOPLL
ToVL aepiov o€ Kamown BeprokpacioL.

Y) Ta mep1ocoTEPL HOPLO. EXOVV TOXDTNTEG UEYOADTEPES OO TNV
TAOTNTO TOV OVTIGTOLYEL OTO PEYIOTO TNG KOUTOANG.
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) H xatavopn tov toyuttev Tov popiov evog agpiov givat idwa
yio OAeC TG TIEG TG Beprokpaciag Tov agpiov.

[og epunvedeton n ehdttoon g OBepuokpociog otav €va vYpoO
eCatpileron;

AYXKHXFEIX

Nopor Tov agpiov - KatasToTikn e€icmon

1.16

1.17

1.18

1.19

1.20

1.21

Aoyeio otabepov dykov mepiéyel aépa oe Oeppokpacio 27 °C xai
mieon latm. Ogppoivovue to doyeio date N Beppokpacio Tov aegpiov
vo avénei katd 60 °C. T1oon Ba yivel n wicon;

[Az : 1,2atm]

Aépro Ppioketon péoca og KATOKOPLEO KLAWVOPIKO doyeio. To doyeio
KAeivetar pe epoppootd €uporo, mive oto omoio TomoBetovvTOL
dbpopa otobud. To oéplo PBpioketar oe Oepuokpacio 27 °C xon
KotohapBaver oyko 0,20 m’. Whyovpe to aéplo otovg -3 °C. Idcog O
glvat 0 véog 67KoG Tov 0epiov;

[An: 0,18 m’]

Aopdtio éyel dootdoeg 4m x 4m x3m . H Bgpuokpacio 610 SopdTo
gtvar 27 °C kon ) wieon latm. No vroloyiotel o apiBudg twv mol tov
0épo 010 dmpdrio. Atvovrat :

latm =1,013x10° N/m?*, R=8,314J/mol K .
[Am : 1950 mol ]

KvoAwdpuwd doyeio pe owbepuikd TO®OUOTO QPACCETOL  E
epopuootd éuPforo. To doyxeio mepiéyel aépa mieong latm Ko
Bpioketor péoa oe Aovtpd vepol otabeprg Oeppokpaociog. [MiéCovue
10 éuPoro ®cote 0 Oykog TOv ogpiov va ghattwbel oto 1/3 tov
apyKoV. YTOAOYIGTE TNV TEAMKN TIUN TNG TieoNC TOV aepiov.

[Am : 3atm ]

2x107° mol vdpoyévov Ppickoviar oe doygio dykov V=0,25m’ o
Oeppokpacio 27 °C. Ymohoyicte tnv micon tov ogpiov. Aivovtat:

R=8314J/mol-K , latm =1,013x10° N/m".
[Am: 0,2 N/m’]

Aépo Pploketon péco oe kvAvopikd doyeio. To mhveo pépog tov
doyelov Khelverar agpooteymdg pe Euporo. O 6ykog Tov aepiov péca
610 doyeio givar 0,4m’, ) Oeppokpacio 300 K kat 1 wieon tov latm.
MiéCovpe 0 éuPoro GOTE 0 HyKog TOL agpiov va yiver 0,1m’ omdte
mapatnpovpe 0Tt 1 Begpuokpacio tov €ytve 600 K. Ymoloyiote v
TEMKT TiEOT] TOV OEPiOV.

[Am : 8 atm |
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1.22

1.23

1.24

1.25

1.26

210 gpyootnplo pmopolv va emrtevyfovv moAD YoUnALS TEGELS
(oymAd kevo), émc 13x107° atm. Ymohoyiote tov aplbpd tov
popiov evog aepiov oe éva doyelo 1L oe avt) v mieon Ko o€
Beppokpacio dopatiov (300K). Aivovtar R = 0,082 L - atm/ mol - K ,
N, =6,023x10% uépio/ mol .

[A7: 3,18 x10% uopa]

No vrohoyiotel m mokvotnto tov Jdo&ewdiov tov dvBpaxa oe
Oeppokpacia 185°C kon mieon latm (latm =1,013x10° N/m?).
Aivovtalr M  ypoupopoprokny udlo tov dro&ewdiov Tov  AvOpaka
44 %107 kg/mol xau R =8314J /mol K .

[A7:1,17 kg/m’]

‘Eva aéplo Oepuaiveton pe otabepn micon. Na yiver 1 ypaoikn
mapdotoon g oxéong p=f(0), 6mov p 1 mokvotnTe Kot 6 M
Oepuokpacia oe Pabuovg Keioiov.

Ye Oeppokpocio 6=27 °C kot mieon p=10°’N/m’ 1 mokvomta evdg

agpiov eivar 8x10 " kg/m’. Na vmoloyioTel 1 YPOpHOHOPIOKT TOV
pala. Atveton R =8,314J /mol K .

[An: 2x107 kg /mol ]

‘Eva mol oepiov Ppioketon og s.t.p. Auwhocidlovpe v mieon

dwutnpovtog  otabepr] TN Ogpupokpacios Kol o1 GLVEYEWN
tpumiacidlovpe tov Oyko dwtnpovrog otabepn tnv mieon. Na
Bpebovv o1 telkég Tipég mieong, 6ykov, kot Beppokpaciog.

[Am: 2 atm, 33,6 L, 819 K]

Kwvntuc Osopia

1.27

1.28

1.29

Bpeite T evepyéc taydtmreg (v.,) TV popiov tov He ko twv
vopatpdv otovg 27°C. Ot avtiotoyeg ypoupopoplakés palec sivor
4x107 kg /mol w1 18x107° kg /mol .

Atvetan R =8314J/mol K .

[Am: 1368 m/s, 644,8 m/s |

Evvid 6poto copatidw Eyovv tayvtnres 3, 5, 8, 8, 8, 12, 12, 16, 20.
O)eg o1 TovTnTEG Elvon petpnuéveg € m/s. Yroloyiote :

o) TN H€OT TaYVTNTA TOVG,.

B) ™V evepyd TOVG TOXOTNTA Vg

[An:10,2m/s 11,4 m/s ]

YroAoyiote TNV €vEPYO TOXLTNTO TOV OTOU®OV TOL VOPOYOVOL GTNV
empavela Tov ‘HAov 6mov 1 Beppoxpacia givor S800K. Aivetar 6t 1

ypoppoatopky péla tov vdpoydvov eivar 1x107° kg/mol wa
R=8314J/molK .
[Am: 12028m/s |
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1.30

1.31

1.32

1.33

1.34

1.35

[TPOBAHMATA

[Téca praidvia dykov 3 L pumwopodpe vo QOVCKOCOVLE LE TO NALO TOL
mepExeTol o€ QAN oykov 12 L; To A0 otn @uddn Ppicketol vo
nieon 120 atm, evd oto pmaiovia vro wieon 1,2 atm. YrnoBéote 0Tt
T6GO 1M PLAAN 660 Ko To praAovia Bpickovtal otnyv it Beprokpacio.
[Am : 400]

O Aentdg KOTAKOPLOOG COANVAG TOV oypaTog 1.22 kielvetat and pia
otaydvo VOPaPYLPOL X Kot 010 TN AX, Dyovg h=27 cm, mepiéyet
aépa. Beppokpaciog 6=27 °C. Av n Bepupokpacio Tov aépa yivel
0'=127 °C néco Ba petakwndei n otaydva; H petaforn tov dykov
TOL COANVA e TNV avénon g Bepprokpaciog Oewpeital apeintéa.
[AT : 9cm]

KvAwdpwed doyeio, pe tov a&ovd Ttov KOTOKOPLEPO, KAEIVETOL

0EPOGTEYMS GTO TAVE® PEPOC TOL pe EPoro dtatopnic A=0,02m* Kat

Bapovg w=374 N. To aépo péco oto doyelo KataAapPdver Oyko

0,01m’ xat Ppioketar oe Beppokpacio 27°C. H atpoceoipiky mieon

givol pe=latm.

o) I16om etvon n wieon Tov aepiov;

B) [T6c0 Ba avéndel o 6yKkog Tov agpiov, av 1 Beppokpacio TOV
yiver 207 °C; (latm = 1,013x10° N /m*)

[An:a) 1,2 x10°N/m*> ) 0,006 m’ ]

Aoyelo Oykov V, mov mepiéysl aépa, €YEL 6TO MAV® HEPOG TOV
oTPOPLYYQ. ApYIKA 1 TPOPLYYO EIVOL AVOLYTN KOL O 0EPOS TOV SOYEIOV
emwovavel pe to mepipdiiov. H atpoceaipikni mieon sivar pe=latm.
Oepuaivoope 10 doyelo, HE ovoyTH TN OTPOQLYYd, MEXPL T
Oeppoxpacio 610 gomtepikd Tov va yiver 410 K. Kheivoope 1
oTpOQPLYYa, Tomobetovue 1O doyelo oe Aovtpd vepov — mhyov. Na
vmoAoylotel 1 TEMKN Tieon o©T10 eowtePkd TOv doyeiov. H
Oepuokpacio otV omoia cuvuTapyEL vepd Kot Tayog eivor T=273 K.
[Am: 0,66 atm |

O wbdvdpog tov oyfuoatog 1.23 ywpiletor oe dvo pépm, péow
euPorov mov Kwveitan ywpig tpPn. Xto tunpa 1 sweodyovion 2 mg H,
evd oto 2 godyoviar 8 mg O, . IMowg givar o Adyog [, /1, oty

Katdotaorn 1ooppormiog; Ta aépo omv KOTAGTAOT 1GOPPOTIOG
Bpiokovtor omnv idwa Beppoxpacio. Ot ypappopoplokés ndleg yo to

H, xau 10 O, givar 2x107° kg/mol won 32x107 kg/mol,

avticTotya.
[Amt: 4]

Avo doyela pe oykovg Vi=0,3 L ko V,=0,2 L cvvdéovion pe Aemtod
ocwlvo apeAntéov oykov. Ta doyeio mepi€éyovv aépa Bepupokpaciog
T=300 K (oy. 1.24). AvEdvooue 1 Oeppokpacio oto mpmto doyeio
katd 100 Babuovg kol 6to devtepo katd 50. Av 1 apyikn mieon NnTav
latm va vtoloyiotel 1 TEAKN TNG TIUN.

[Am: 1,26 atm]
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(o) B) 1.36  To wkvhvdpikd doyeio tov oynuotog 1.25 éxer tov GEovd Ttov
— KATOKOPVQO, TEPLEYEL aépa Kot kKAgivetar pe éuporo. Otav to doyeio

tonofetnBei pe t Pdon tov wpog Ta Kdtw (oy.1.25a) TO VYOG TNg
oTAng tov eykAwPiopévov aépa eivar h,=40 cm. Av 10 doyeio
— avaotpoget (ox. 1.25B) 1o vyog g oming yiveton hg=60 cm. Na
T h, VoAOY1oTEL TO PApog Tov EUPOAOL.
Atvovtar  p,,, =1,013x10° N/m*> xoa n Swtopy tov £pforov
b, l A=10cm*. H petaBolrn Oa Ocwpndei 1660eppun.
i — [An : 20.26 N]
3y 125

H ENEPI'OX TAXYTHTA TQN MOPIQN AEPIOY EINAI
MEI'AAYTEPH THX MEXHX ( AIIOAEI=ZH)

EN@ETO ‘Ectw 601t ot o0 TEG TV popiov sivar v, , omov i =1,2,....N

N
v tu,+.o, 1 Z
Ui

YrevBopiloope 611 p= TN
N N =
7 2 2 2 1
U] +U; ..t 1 &
KOl Ugv :\/ 1 - N = _ZUIZ
N NS
Yymuotilovpe v Tapdotaon
N

1 —\2
A= I Z (Ul. - l)) ywo v omoia oyvet A =0
i=1

H nopdotaon ypdestar pe T pHopoen
1 & - =2
A =—Z(ui2 -2v,0+0v
N3

l
PELE SR SHILE L
NS NGNS !
-1 & 1(, —
A=0], 20— UA+—(NU) f
NZ N
P -2 =2 P —2
A=v,, -2v +v =v,, -v
—2 —2
opog  A>0 apo v, -v 20 7 vl >v
enewdn v,,>0 Ko v >0 TEMKA
USVZB

H w6t ta 1oydel povo oty mepintmon mov Oio T LOplo £Y0VV TNV
010 kaTd PETPO TaXDTNTA, KATL TOV Yio Leydlovg TANOLGLOVS popimv givat
amoATOG advvato. Amd TN pabnuoTikn emefepyacion NG oLVAPTNONG

dN

d_ = (U) 7ov divel v katavour] Maxwell-Boltzmann wpoxvmntet, yio éva
v
aéptlo ypappopoprokng nalag M oe Beppoxpacio 7, 0Tt

[2RT — 8RT /3RT
U;r =L, UV=,—"+ Uav =1 .,
M M M
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I'TATI AEN YITAPXEI YAPOI'ONO XTHN ATMOXZ®PAIPA
THX I'HX

H xwnricn Beopia tov agpiov pag enttpénetl va enynoovpe yioti dgv
VIApYEL VOPOYOVO otV atpdceapa TS I'mg, omv omoio deomdlovv TO
o&vydvo kai to afmTo.

H epunveia oyetileton pe v tayvtnto dtopuyng amd ™ I'n, két wov
0o pog amacyoinoel oty Tapdypago 3-13 avtov tov BifAiiov.

Ortav éva copo BadAletor amd éva onpeio g emdvewog g I'mg pe apykn
TaYHTNTO V, KAVEL EVBVYPAUUN 1 KOUTLAOYPOUUN KIVIoN KOl ETICTPEPEL GE
avt (oy. 1.26). Aev Oa enéotpepe ot I'm povo av n apytkn tov ToydTnTa
émopve v T 11,2 km/s.  Avti v taydtnto ™ AEHE TOYXOTNTO SOPVYNS
amd v emedveln ¢ I'me. Xto dyog tov 600 km, ota Opa dSnAadn g
atpoceapag e I'mg n toyvta dapuyng Exet tiun 10,8 km/s (oy. 1.27).

H Bgppokpacio g atpndceaipac oto Vyog avtd givar mepinov 1500 K.

f3RT
Oeppokpocio avt, OTwg TPOKLITEL N6 TN GYEoN V., = I, T poplo Tov

o&uydvov B giyov evepyo toydtra 1,1 km/s ko ta puodpa Tov vEPOYOVOL
evepyod toyvtnta 4,4 km/s.

Ac vobécovpe 0t 6”7 awtd TO Vyog Ppioketon o mocodtTa N popiov
o&uyovov kot N popiov vdpoydvov. Amd 1o Sdypoppo TNG KOTOVOUNAG TV
ToyuTTev Kotd Maxwell- Boltzmann, yo ta d0o aépia (oy. 1.28) mpokimtet o1,
TPOKTIKG, KOVEVOL LOPLO TOL 0ELYOVOL Ogv €XEL ToyDTNTOL ion PE TNV TOYVTNTO
SLopUYNG KoL £TGL OAN 1] TOGOTITO TOL OEVYOVOL TOPUUEVEL GTN YNIVI] OTULOGPALPOL.
Avrtifeta, vdpyel peydhog apbudc popimv vdpoydvoL Ta, omoin Eyovv TayHTNTES
peyordtepeg omd v TayvmTa deuyng. Ducikd Ot dlapedyouy OAN OLTO Ta
popla.  Atpedyovy poOvVo ekeiva TOv 1 TOXOTNTA TOUG €XEL TOV KATOAANAO
TPOGAVATOMGUO, UE TNV TTPoDTOOEST OTL OE GLYKPOVOVTOL E GAAN LLOPLOL.

dN/dv (nopro/m/s)
0, T=1500 K

H,

o

|
1,1 4.4 10.8 v (x10°'m/s)
Iy 1.28

Y10 ST TV 4 X 10° ety mov TEPAGAV amd TOTE TOL ONLoVPYNONKe
TO TAOVNTIKO HOG OVGTNUO, TO VOPOYOVO TIOV VLTNPXE OPYIKK, OLUYEOUEVO OTA
OVATEPO CTPAOLOTOL TNG ATHOCPAPOS,IEPLYE GV - OLyd amd To PopuTiikd medio.
Hopatipnon: Me tov id10 tpdémo e&nyeitar ywoti n Xehfvn - omnv omoia n
TOYOTNTO SLELYNG amd TV empavela sivor 2,37 km/s - dev €xel kaboA0L
aTpoceape. Kol yti otov Apn (TaydTnTo SPLYNG OO TNV ETUPAVELL
4,97km/s) | atpdéc@arpa gival moAd apou).
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Xy. 1.26 Edv 1o odpo PAnOei pe
TayvTO PKPOTEPN amd TV ToY -
™mTo  JQLYNG  EMIOTPEQPEL  GTNV
emoavewo g I'ng.

O,
%
2

1)0

~
~
AN
N\

Xy. 1.27 Edv to ocdpo PAnbel pe
toydmte peyoaivtepn 1 ion amd
mv  ToyOTNTO  SlpUYRS Kot M
katevhuvon G apyIKNS ToYLTNTOS
givar KoTdAANAn, TOTE Slopedyel
OpPLOTIKA GTO SLAGTNA.




EEQOPYAAO
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2-1 EIZATQI'H

O 6po¢ Beppodvvauxn mpoépyetor amd Tig eEAANVIKEG AéEelg Beppotnta
Kot dSvvaun.

Av kot M mpodt Bepukny unyovy, wov gival 10TOPIKE  YVOOTY,
Kataokevdomke ond tov ‘Hpwva tov AkeEavdopwvo mepimov to 100 p.X.,
apetpio yio v avamtuén g 0eploduVOLUKIG oTABNKE 1 €PELPEST] TNG
ATUOUNYOVNG kol ot mpoomdbeleg mov axoiovOnoav ywo ) Peltioon Kot
TEAELOTOINON TOV UNYOVAV OV PETETpERAY TN Oeppotra oe weéhpo épyo. H
Oeproduvopkn peketdel T LETOTPOT TNG BEpUOTNTAG G UNYOVIKO £pYO Ko
TOVG TTEPLOPLGHOVE TOV 1 pUGT EXEL EMPAAEL

Ao TV €moyN WOV €PEVPEDNKE M TPMTY CTUOUNYOVI
uéypl onuepa £xovv mepdost moAAG ypovia. H mpdodog g
Oepuodvvopkng  odfyNoe otV KOTOOKELY]  OAQV  T®V
oLYYPOVOV Beppikmv Unyovaov, Bevlvoxivntipov,
TETPEAAOKIVITI POV, KIVTHPOV 0.EPOCKAPDV, ATUOGTPOPIAMV.

2-2 ©@EPMOAYNAMIKO XYXTHMA

210 KePAAOO 0VTO 00, YPNOUYOTOOVUE GUYVA TOV OPO
Oeppodvvapkd cvompa. [evikd, edotype sivor évo Tunpa
TOL QULGIKOV KOOUOL 7oL dlaywpiletor amd TOV VLIWOAOITO
KOGUO e TpoayuaTikd 1 vontd totyouata. O vrdhoumog
(QLOIKOG KOOUOG amotelel TO TEPPAALOV TOV GUGTHLOTOG.

Av Katd TN HEAETN €VOG GUOTILOTOC, Yol TNV TEPLYPAOT
TOV YPNOWOTOIOVUE HOVO UEYEDN NG uUNYOVIKNG, T.YX.
dvvaun, ToYLTNTO, EMITAYVVOY, OPUN KA. TO GUGTHUO
yopaxtnpiletor pnyovikd. Xty mepimtmon mov yw TNV
TEPLYPOPN TOL YPNOLUoTotovVTOL Kot Bgppoduvapikd peyéon,
oOmm¢ Beppotnta, Beppokpacio, ECWTEPIKY EVEPYELD KoL GALA,
TO GVOTNNA YopaKTNPileTon OgpprodvvapiKo.

Ew. 2.1 Xyé610 t0v atpootpofilov mov emvonce o
apyaiog EMAnvog epevpétng Hpov (Ale&avdpeta, mep.
100 p.X.). To doyelo etvor khewotd Ko emkovmvel pe
™ oQoipa PE TOLG dVO KOTUKOPLPOLS COAVeES. Me
Bpaocud vepod mopdyetor aTtwdg ©TO  doyElo OV
EIGEPYETAL OO TOVG COANVES 6TN ceaipa Ko e&€pyeTan
He peydAn toydmto amnd To 600 axpoPvcia BéTovtag oe
TEPIGTPOPT] TN GOAUIPOL.

Epeic 8o aoyoAnbovue pe ta amhovotepa OEPLOSVVOUIKA
cvotipata, dnAadn aépla mov Ppiokoviol péca o doyeio 6To
€0MTEPIKO TOV 0molmV Og yivovtol ynukég avtidpacels. 'Eva
tétol0 ovotnua Ba yopaktpiletar Oepuikd povopévo 1M
ATAG HOVOUEVO OV TO TOLYMUOTO TOV O0YEIOV dEV EMTPETOVY
TN HeTaPOopd BepUOTNTAC AId TO 0EPLO TPOG TO TEPIPAIAOV N
avticTpoQa.

2-3  IXOPPOIITA OEPMOAYNAMIKOY XY2XTHMATOZXZ

Mo va meprypagel éva Beppodvvopikd ocvotnuo ypeldletol vo

yvopifovue kamoa ototyeia tov. o mopddetypa, opiopévn TocoOTNTO 0EPiOV
oL Ppioketon o€ éva doyeio pmopet va meptypagel av yvopilovpe tov 6YKo
Tov, T Beppokpacio Tov kot v mieon Tov. Ta oToKEio avtd ovopdlovTot
Ogppodvvapikég petafintéc.
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O o6ykog, n wieon Kot 1 Beppokpacio opouévng TocoHTNTAS aepiov
oyetilovtor peta&d toug e TV Kotaotatikn e€iocwon. [a va meprypdyovpe
TNV KOTAGTACN GUYKEKPIUEVNG TOGOTNTOG O.EPIOV APKOVY dVO amd VTE APOD
10 Tpito MpokvAITEL OMd TNV Kataotatikn e€icmon. Ov 8v0 mocedTNTEG TOL
givor IKavég Yo TNV TEPLYPAPN TG KATAGTOONS OPLOUEVIS TOGOHTNTOG
agpiov amotelovv TG avelEdptnTteg Ogppodvvopkéc petafintéc TOL
GUGTI|LATOG.

Otav ¢’ éva Begppoduvapkd cuotnuo ot Oepuodvvapikég petafintég
OV TO TEPLYPAPOLV dwuTnpovvtal otabepég pe 1o ypdvo, 10 cHOTNUN
Bpiloketon oe katdotacn Oeppodvvapikilg ooppomios. Xe  avtifetn
TEPIMTO®OT TO GVOTNUA LETOPAALETAL.

Ewdwotepa, Aépe ot

po. wocoTNTe O0Epiov PpiokeTon 6€ KOTAGTUGY] OEppRodVVOMIKIG
16oppontiag - 1 0mAd 1ooppomias - 6tav N wicon (p), N wokvoTnTo (p)
Ko 1 Ogppoxkpacio tov (T) £govv Ty 010 TIRY 68 OAN TNV éKTOGT TOV

agpiov.
A B
T, ps Po T, p, p,
a p v

H «xotdotoon Oeppodvvoapukng icoppomiog evog aepiov pmopel va
napootodel ypopikd pe €va onueio e cOOTNUO GUVTETAYUEVOV LE GEoveg
ovo avebaptnreg Oeppodvvapikég peTafAnTég TOV GLOTNUATOG. AV TO
ocvotnua de Ppioketal o 1GOPPOTIA 1| KATAGTAGY] TOL O Umopel va amodobel
YPOPIKA apoh Og umopobue vo WANGOLUE Yo Tieon 1 Oepuokpocio. Tov
ocvotiuotoc. H wieon ko m Oeppoxpacio €xovv S10QOPETIKEG TIUES OTA
dtapopa onpueio Tov agpiov.

H xotdotacn O0gppoduvopikis 100ppomiog €VOS GUGTIHOTOS

pumopei va mapactadel ypagika pe éva onueio. ‘Eva cvotnpa mov
o¢ PpiokeTon o€ 1ooppomio dev TAPLOTAVETAL YPUPLKA.

2-4  ANTIZTPEIITEX METABOAEX

Orav og éva Beppoduvapind cOGTNIO TPAYLOTOTOEITOL o HETAPOAN
aALalovv T6G0 To GVLGTNA OGO KOl TO TEPIPAAAOV TOV GUGTLOTOG,.

Avtiotpenti] ovopaletor ekeivy 1 petaforn] kotad TNV omoia

VIAPYEL N OVVATOTNTA ETEVAPOPES TOV GUOTIHNOTOS KOl TOL
nEPPAALOVTOC 6TV APYLIKI] TOVG KATACTAGT).

37

Xy. 2.1.(0) To aépro Bpioketan o
Kotdotoon Oeppoduvopukng 1eop-
pormioc. (B) To aépro de PpiokeTan
oe  Kotdotoon  OepUOdLVOIKNG
wopponiac. H Oeppoxpacia, n mie-
o1 Kol 1 TOKVOTNTA OEV EYOLV TNV
O T og OAn TOL TNV €KTOOM.
(y) To aépo Ppioketon oe véa
KATAGTOOT IGOPPOTHNG

p
P o B
A
Po °
T, T, T

Yy. 2.2 H apywn katdotoorn tov
agplov Tov oynuatog 2.1 mapiotd-
vetor pe évo onueio to A kor m
TEMKN KaTAoTOoN TOV, TOVL givol
KOTAGTOON  oOpPOoTminG, E TO
onueio B.



Ew 2.2 Tw 1o afyd mg eotoypapiog
dev  vmapyelt Kopd dvvatdtTo Vo
enovéLDEL GTNV aPYIKT] TOL KOTAGTAGT.

Xy. 2.3 ITiéCovpe amdtopa to £uporo
®ote 10 0éplo vo upetoPel oty
katdotaon B. H petafoin dev eivon
OVTIOTPENTN. 210 Stdypappe pmopel vo
mopactadel LoVo M apytkn Kot 1) TEAKN
KOTAGTOO™ TOV aEPiov.

O petapoirég oty @von oev givar avriotpentéc. H avtiotpoen mopeia
evog @atvopévou etvor avtd mov Bo PAETOUE €AV KIVILOTOYPOPOVGALE TO
eowopevo kot moilope v towvio  avamodo -mpog To  wicw. Edv
Kivnuatoypaeovoape £va kKepi mov Koiyetor Oo MTav amodextn 1 aviicTpoen
mopeia, ONAad” éva kepl mov to pfKog tov avéavetor, H avtiotpoen mopeia
oV avantuén evoc gutov Ba NTav 0 EUTO va pkpaivel péxpl va Eavoayivel
onopog. Eipaote 1000 e£01KEIOUEVOL LIE T 1N AVTIGTPETTOTNTO TOV HETAROADY
oTn POON MOTE 1 ovTioTpoPn mopeia vOg avouévov eaivetotl va mopoPialet
TNV KON AOYIKY|.

Ouwe,  évvowo g avrnietpentiis petafoing sivon ypioyn. ‘Eoto
howmdv, éva aéplo mov Ppioketon péca og KOAVOPo. O kOAOpog Kheivetal oto
AV UEPOC TOL UE EQapuootd EuPoro. To aéplo péoa oto doyeio Ppioketar oe
wooppomio. H Beppokpacio tov givar Ta, 0 0yKog mov katodapBavel V kon 1 migon
IOV OOKEL Pa. Qo UETOPAAOVLE TV KOTACTOGT) TOL 0EPIOV DOTE O OYKOG TOV VOl
ueimbel oe Vi ko n mwigon kot 1 Oeppokpacio va épovv TeEMKA Tic TIHES pp Kot T,

ATO TOLG TOAAOVS TPOTIOVG E TOVG OTTOI0VG UTOPEL Vo TparypLortomomn el 1
petafoln emAEYOVLE SVO UKPOIES TEPUTTMOGELS:

Xmyv np@dTn TECOVUE amOTOpa TO EUPOAO DOTE O OYKOG TOL O.EPIOV Vo
peimbel oty embount) TN Kot TEPEVOLLE PEYPL VO amoKaTaoTadEl 1G0ppoTTiol
OTO 0£P10. TN OLIPKEL TNG UETAPOANG QLTS TO P10 PpioKeTon og avaTapoyn, M
mieom Ko 1) Beppokpacio Tov dev etvan id1ec oe OAN TV £KTOON TOL KO EMOUEVAC OE
UTOPOVLE VO TOPUGTHGOVHE T UETAPOAT GE SAypopplo. Ze S1irypopLe Umopet va
mopootadel HOVO M OpyIK Kot 1 TEMKN KOTACTHOTN TOL 0Ogpiov, 7oL &ivon
KOTOOTAGELS 1GOPPOTTIOC,

@]

>
\
\
o

38



21 dgbvTepn Tepintmon piyvovpe TpmdTa Aiyoug KOKKOLS Ao Tévo
oto éuporo. Avtd Ba peiwoel eddylota tov dyko tov agpiov. Ilepuévoope
AMyo dote vo 1eopponnoel to aépro. H véa katdotaomn tooppomiog Ppicketal
TOAD KOVIA oTn apykn. Av amewovifope ypopukd Tn véo KOTAoTOoN
woppormiag Ba mpoékvmte éva onueio WOAD KOVIA O©TO ONpElo TOL
amEKOVILEL TNV aPYIKT KATACTOOT) 1GOPPOTING. XTN GUVEXELN PlYVOVUE TAAL
Alyoug KOKKOLG GUUOV TAVE 6TO EUPOAO, LELDVOVTOG KOO Alyo TOV OYKO,
meplpévoope  méAl vo  omokataotafel Kotdotaom 1coppoming, K.0.K.
EnavaiapPdvovtag cuveydc avt tn S1odkoasioo @EPVOLLE TO GOGTNLN TNV
TEAIKT] KOTAGTOGN.

Koata ™ dudpkera avtig g petapforig to cvotnpa tepvasl and
OLO0YIKES KUTUGTAGELS TOV UTOPOVUE VO, TIS Oempricovpue KaTaoTdoeg
160pPOTTiG.

Kdabe o and avtéc umopei vo mopoactabel ypapikd pe évo onueio.
Epocov 1 o katdotaon woopponiog dadéyeton tnv AN, ta onpelo oto
odypappa Bo Ppiokovtar 1o évo OimAd 01O GAAO LE OTOTEAECUA VO
onovpyeitor por ypappu mov Eekivder amd TNV apyIKn] KATACTOCN Kot
oomnyei 6TV TEAIKY. Mg avTIoTPOPOLE XEIPIGLOVS, OPUPOVTOS ONANST GO
amo to €uPforo, To chotnue Ba 0dNyNOel TAAL 6TV 0PYIKH TOV KOTAGTAGT.

_—— ——— =
_— B
N ©
A
A N o
B
= = e V

H petrapoin mov meprypayape amoterel pia e&davikevon, oev sivat
duvatov évo cOoTUo vo BpiokeTol dlopKOS GE 1G0PPOTIN Kol TovTdHYPOVa
olyd - o1yd vo petafdAreTol.

Mo, tétola e€davikevpévn petaffoin Katd Ty omoia £va cOoTNRd
petafaivel amd po apyikn KOTAGTOO] 6€ PO TEMKI] PHEGE® OO0 IKOV
KoT0oTdoe®V wooppontiag 0o tnv ovopdlovpe avriotpenti. Mo této10
petafoin eivar duvvatov va TpaypotoromOsi ko avrictpo@a.

Mo avTioTpenTi| PeETABOAN TUPLGTAVETAL YPUPIKA NE PO GLVEXT]
ypopp). Ov pn  ovriotpentés petoforéc o0&  pmopodv  va
TapaoTadovv Ypoeukd.
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Xy. 2.4 IlpocOétovpe oto Epfo-
A0 apYa KOKKOLG GOV HEXPL TO
0éplo VO QTOOEL GTNV TEMKN
katdotaon B. To aépio petafoi-
velr and v katdotacn A ot B
LS SIS0 KOV KOTAOTACEDV
mov pmopovv  vo.  BewpnBovv
Kataotdoels  1ooppomiog.  H
petoforn ovth eivanl aviioTpe-
TN KOl TOPLOTAVETOL HE i
ypoupy mov odnyel omd v
OPYIKY OTNV TEAIKT KOTAGTOON.



L)

Ax

Xy. 2.5 To aépro ektovdveton Kot TO

éuporo petatomileton wath  Ax.

H

Sovaun F mov ookel 10 0éplo oto

£upoiro mapdyet Epyo AW.

V, VAAV

Xy. 2.6 Xe o Toyoio avTIoTPETTN
petafoln 10  épyo  katd TNV
€KTOVOON TOoV agpiov and 6yko Vi
oe O0yko V|+AV egivar ico pe to
eupadov G emavelng pe TO
KITPVO YpDLLaL.

Xy. 2.7 Ze o toyoio ovTIGTPENTN
petoforn to épyo tov aepiov KoTd
™ petaforn tov and 10 A oto B
givar ico pe to guPfaddv kato amd

TNV YPOUUT TOV S1OYPEUUATOC.

2-5 EPI'O ITAPATOMENO AIIO AEPIO KATA TH

ATAPKEIA METABOAQN OI'KOY

‘Eoto éva aéplo oe kOAvOpo mov kAeivetor and eappoctd EpPoro.
Ot unyavég ecmTEPIKNG KAHONG, Ol ATUOUNYOVES, Ol GUUTIESTEG GTO WuyEin
KOl TO KALLOTIOTIKG UNYOVALOTO YPTCYLOTOI00V KATOlo TOPaAAAy] TETOL0V
GUGTNLOTOG,.

Koabd¢ ta poplo tov aegpiov pé€oa 6Tov KOAVOPO GLYKPOVOVTOL LE TO
TOUYMUOTO TOV KVAIVEpOL aokobv duvauels o avtd. Eoto F n olikr dbvaun
ov ooKel To aéplo oto EuPoro. Av 1o éufolro petaxwvnBel mpog ta £ katd
™V TOAD pukpt amdotaon AX, 1o £pyo mov mapdyel  dOVaUN TOL OOKEL TO
aéplo givat:

AW =F Ax 2.1
Av 10 guPaddv Tov euforov gival A kai n Tieon Tov agpiov p, IGYLEL
F
=— ; F=pA
y n p
Ko 1 oyéon (2.1) yiveton
AW =p A Ax (2.2)
Oumg AAx =AV

omov AV n mold pukpt| petafoir) tov dykov Tov aepiov. ‘Etol pmopodue vo
EKPPAGOLLLE TO £pY0 IOV TOPAYEL TO AEPLO

AW =p AV 2.3)

Xoppova pe tm oxéon (2.3) to épyo givan OeTikd av TO aépro

EKTOVAOVETOL (ALEAVEL O OYKOG TOV) KOl UPVITIKO av TO dépro ovpmiEleTan.

Ipocoyn: oto éuPoro pmopel va aokobvtol Kot TOAAEG GAleg duvapels. H
oyéon (2.3) diver 10 épyo g SvvauNg oV acKel TO AEPLO.

‘Eoto topa pio tuyaio oviiotpent HETOPOAN KOTG TNV omoio TO
aéplo petafaivel omd TV apylkn Kotdotaon A oty TEAKN Katdotoaon B
(0%.2.6). Av n Baon (AV) g emedavelog pPe to Kitptvo ¥podua 6Tto oynue 2.6
glvar moAy pikpn, M empdveln. pmopel va Bewpndei maporinidypaupo. To
guPadOV TG, mov ovTaL e TO Yvopevo Baon x vyog = AV - p = AW, diver
TO £pYO0 TOV agPiov KOTd TNV EKTOVMOT| TOV, Ao OyKo Vi og 6yKo V+AV.

AV Y0pIGOVE TNV EMPAVELN KAT® OO TN YPOUUN TOV SL0yPALLATOS
G€ OTOLYELMOELG TETOLEG EMPAvELEG Kol afpoicovpe Ta epfadd 6o mépovpe T0
épyo tov ogpiov Kotd TNV petaPfoAn Tov omd TV Katdotoon A oty
katdotoon B (oy. 2.7).

To épyo evog agpiov o€ Mo avtioTpenti) MeToforn] €ival
apOpunTikd ico pe To epPadov TG ETLPAVELNG OO TNV YPOUNY] TOV
dwaypapporog péypr tov aova V, oto owdypappa p-Vv.
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2-6 OEPMOTHTA

Av épbovv cg emapn 600 copata pe dpopetikés Beppoxpacieg Ty
kol T, (T, > Ty), petd and kdmoto ypdvo Ba amoktnoovv idwo Oeppokpacio T,
petaéd tov Ogppokpaciov Ty kot T (T; > T > T,). daiveror cav kdtt va
UETAMEPETAL amd TO OgpproTEPO TPOG TO WYUYXPOTEPO OCOUN. AVTO TOL
LETAQEPETOL EIVOL EVEPYELDL.

H evépyera mov peta@épetar AOyo tng owwgopdg Oeppokpaciog
0v0 copatmv ovopaletar Ogppotnta Kot cvpporileTon pe Q.

H Bepuodmra, og popen evépyelag, oto SI petpiétan oe Joule. ITwo
ocovnBopévn  povado tg elvar M OBepuida  (cal amd tO calorie).

lcal=4,186 J .

[pocoyn: H Oepuodtmro dev mpémer va ovyyéetonr pe tn OBepuoxpacio. H
Oepudtto elvar evépysin eved m Oepuoxpacio eivor 1o péyebog mov
EMIVOTNGOLLE Y10 VO LETPALE OVTIKELEVIKA OGO {e0TO N KpvO £lvor éva GO

2-7 EXQTEPIKH ENEPI'EIA

‘Eva aépro oe vynin mieon €yl t dvvardtnTo vo Topdyst €pyo,
EMOUEVOG TO OEPLO eumepleéyel evépyela. Tnv evépyswr avty Oa v
ovopdoovpe e6mTEPIKI evépyera (cvpforiletar pe U), yuo va tn dwakpivoope
ond omoladNmote eEWTEPIKN evEPYELd umopel va €xel 10 aéplo (Y. T0 0€pPLo
Umopel va €el Ko KIVITIKT EVEPYELD AOY® UETAPOPIKNG KIVNone Tov eKTeAel
10 doyeio puéoa oto omoio PpiokeTar).

ATO KPOCKOTIKY GmOy™, 1 EVEPYEWD OV EUTEPLEYEL VAL GVGTN LA
opeileTal otV gvépyslo Tov EYovv To. couaTidl mov to omaptilovv. Ta
uopla, to atopo M To 1WOVIO OTOOLONTOTE CAOUATOG, GE OTOW PACN Kol oV
Bpioketor (otepen, vypn N oépur) OPKOS Kiwvovvtal. Exovv emopévag
Kivntikn evépysw. EmmAéov, ota oteped kKo oto vypd TO copatiow
oAAMAETIOPOHY PETAED TOVE, ETOUEVMG EYOVV KO SUVOULKT EVEPYELX.

Kda0s ocopo gpumepréyer evépyela, mov givar to GOpowocpa TtOV
EVEPYELDV TOV CORATIOIOV TOV TO 0napTiLovV, MG OTOTELEGHT. TG
GYETIKNG TOVS KIVIIGNG MG TTPOG TO KEVTPO RALHS TOV GOUATOS KL
TOV arliniemdpdoe®v petald TOVS. AVTH TNV EvépyElw TNV
ovOpLALOVUE ECMTEPIKI] EVEPYELD.

H sootepiki) evépyela 100vikoy agpiov

Ta popla Tov 1Wovikod agpiov O0ev aAANAEmOpoHV UETAED TOLG,
emopévmg dev Exovv duvapikn evépyeto. H ecmtepikn] evépyela evog 100VIKOD
aeplov 0QeIAETAL 0TI KIVNTIKEG EVEPYELEG OV £YOVV T LOPLAL TOVL Kot eivat
ion pe To ABPOIoLA AVTAOV TMV EVEPYELDV.

H ecotepkn evépyeln evog 1davikod oaepiov eival dvvatd  va
VTOAOYIOTEL.
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Xy. 2.8 Zta (o) xkou (B) éva aéplo
cVoTNUO peTafoivel omd TNV KOTOoTO-
on A ot B pe, dtapopetikd kébe popd,
avtiotpentd tpoémo. Xto (y) to 1id10
cvonua petaPaivel amd TV KoTdoTo-
on A om B pe pun avtiotpentd tpomo.
H petoforn dev pumopel va mopoaoctadet
ypaewd. H petaforn g eocwteptkng
EVEPYELNG TOV GLOTNHOTOG gfvan Bl o€
OAEG TIG TEPITTMGELS.

Xy. 2.9 [Mocodmra aéplov Bepuaivetar.
To aépo katd v JSbpKew NG
petafoing tov mapdyet £pyo.

H péon kivnrikn evépyela evog popiov 10avikol agpiov VIOAOYIoTNKE
1 - 3
otV mopdypaeo 1-5 kot Bpédnke Emu2 = EkT .

Av 10 0ép1o mepiExel N popa, 1 E6MTEPIKT TOL gvépyeta Ba ivar

1 —_
U=N—mv’ :NikT (2.4)
2 2

AMG N =nN, onov n o apiBuds tov mol tov aepiov. Emopévec

3
U=nN, EkT Kat, av Adfovue vadyn 6tt N k=R, tehkd

U =§nRT 2.5)

H (2.5) delyvel 611 n e6@TEPIKI EVEPYELX OPIGUEVIIG TOGOTNTOS LOUVIKOD
agpiov eEaptator pévo and T Oeppokpacia Tov.

‘Eoto éva 1dovikd aéplo mov Ppioketon opylKd ©€ 100ppomio. otV
Kotdotaon A. Av 1o 0éplo petafel oe ol GAAN Kotdotoon tcoppomiog B, n
eomTeEPIKN TOL gvépyeta Ba petafAndet. Zoppmva pe ™ oxéon (2.5) n petoforn g
ECMTEPIKNG EVEPYEIDS TOVL agpiov eEoptdtar UOVO omd TNV OPYIKT KOl TEAKY
Oeppokpacio kot L 0md Tov TPOTo OV TparypoTomomOnke 1 petaoln. [evikdtepa
M HeTAPOAN OTNV ECMTEPIKY EVEPYELD £VOG BEPLOSUVHLIKOD GUGTHUOTOG EE0PTATOL
LLOVO 0t TNV opyIKT) KoL THY TEMKT] KOTAGTOOT] TOV GUGTILOTOC.

P P P

() ® 0]

H petapforny g somtepikils evépyswog &£vog Oeppodvvapikov
oVoTIROTOS ££0pTaTOL pOvVo Omé TNV GPYIKN Kol TNV TEAKN
KOTAGTOGY] TOL OUGTIHOTOS Kol Oyt 0mwé TOvV TpOmO mov
npaypatomou)Onke n perafoin).

2-8 TIPQTOX OEPMOAYNAMIKOX NOMOX

"Eva aépro petaPaivel amd o apyikn kardotaon o€ po GAAN. ‘Ecto 6Tt
KOTA TN OLAPKELD 0VTNG TNG LETAPOANG TO 0P amoppoProe Tocd Beppotntag Q
KoL OTL TO £PY0 TTOL TAPAYEL TO 0EPLO KATA TN peTafodn avth ivon W.

H Beppomra mov mpocpépbnie oto aépo petacynportileton og evépyeio
AN HOpENG. ZUYKEKPIUEVD, EVOL LEPOG TG LTopel va ypnotpomom el yio vo, owénoet
TNV ECOTEPIKT EVEPYELDL TOV CEPIOV KOl TO VIIOAOUTO PETATPETETOL GE LINYOVIKO £PYO.

To mocd g Beppomrog mov TPOSEEPETOL GTO 0éPlo, 1 UETafoA| TG
ECMTEPIKNG EVEPYEING TOV O.EPIOV KOl TO £PYO 7OV TTOPGYEL TO OEPLO GLVOEOVTOL UETOED
TOUG HE TN GEoM

O=AU+W (2.6)
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H oyéon (2.6) amotelel Tov mpdTo Ogppodvvakod vopo.

To mood Oeppotnrog (Q) mov amoppopd 1 omoPfairer Eva
Ogppodvvapikd cvotnuo givol ico pe to aryefpikd dOpowocpa g
RETUPOMIC TNG ECMTEPIKIG TOV EVEPYEWNS KOL TOV £PYov 7OV
TaPayEL 1| OUTAVA TO GUGTILC.

O mpdTog OePUOSVVOUIKOG VOHOG €lvol 1 €QOPUOY NG OPYNS
dttnpnong g evépyelag ot Beprodvvopik.

To mapdderypa mov akoAovBel amotedel Eva UNyOVIKO 1GOOVVALO TOV
TPAOTOV OEPLOSVVOLLKOD VOLLOV.

vepd TOL petafoin onv vepd mov
umaivetl otn TOGOTNTA VEPOD | £QUYE TPOG
dekapevn ™G de€apevng 70 JiKTVLO

|ﬂ:_’ npog to SikTvo

TPoPodoacio

Av 10 ovomnuo aroppoed Beppdtra, o Q oty oxéon (2.6) sivan
OeTikd, av amoPdAdlel Oeppotnta sivor apvntikd. H petafoln e ecmteptkng
evépyewg elvan Betikn otav av&dver M Beppokpacio Tov CLGTAHOTOS Kot
apvnTik o6tav pewwvetal. To épyo tov agpiov eivar Oetikd dtav to aéplo
EKTOVAOVETOL KO apvnTiKd 0tov cupmEletal.

2-9  EOAPMOI'H TOY ITPQTOY GEPMOAYNAMIKOY
NOMOY ZE EIAIKEX I[TEPITITQXEIX

A) Io00gppn avticTpenti petapfoin

‘Eoto po 1060epun avtiotpent] peTaPoAr] opiopévng moocoTNTag
aepiov amd TNV apyIKn KoTaoTacon A, 0yKov V, , 6TV TEAMKN kotdotacn B,
oykov V..

H petaPoin yivetar oe otabepr] Oeppoxpacio T. To oyqua 2.11
TOPLGTAVEL YPOUPIKA TN LETOPOAT.

To eufadov kbtom amd TNV Ypapun Tov dloypaupatog ival i6o pe 1o
€pYo TOL TOPAYEL TO AEPLO. ATO TOV VITOAOYIGHO TOL gUPadov, mov dev gival
duvaTov va, yivel yopic tn xpron OAOKANPOUATOV, TPOKVTTEL OTL

y
W =nRT In—=
V(Z
Enredn n Beppoxpacia tov aepiov de petafdrietar, Ux=Up emopévmg
AU=0, omdte 0 mpd1og OeproduvapIKOc VOUOG, otnv 1600epun peTaforn,
TOipVEL TN LOPOT

14
o=Ww i Q=nRTIn.:

v 1660gppun €kTOVOGT 6h0 TO TGO OEPPUOTNTAS TOV ATOPPOPE.
70 0EPLO PETUTPETETAL GE PNYOUVIKO £pPYO.
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Xy. 2.10 H dc&apevny Tpo-
@odoteitol omd KAmow mNyn
kot divel vepd og diktvo, pHEcm
ayoyob. H de&apevn mailer o

polo 1oL  BgppoduvapKov
ovotnuatog. To vepd péoa ot
deapevn  avtotoyyel otV

E0MTEPIKN EVEPYELN, TO VEPO
mov gleépyeTarl otn BeppotnTa
Kot To vepd mov e&épyetal 6To

pnyovikd €pyo.

Plo\a

[

[

[

[

‘ B

[

| | T

[ [

l |

\A V. Vv
Yy.2.11 To Sudypappo TOPLETAVEL
mv  1000epun  ektdvoon  evog

ogplov amd v apykn KatdoToon
A oy teln xatdotaon B.



A%

Xy. 2.12 H woyopn petafoin evog
aeplov amd Vv katdotacn A oty
katdotoomn B.

p

\Y v v

Xy. 2,13 H 106Popng petaforn
evog aepiov amd v Katdotoon A
otV Katdotaon B.

(0

Xy.2.14 To  toydpoto  TOL
doyeiov kabdg kot To EpPoro givar
oo LOVAOTIKO VAKO. T didpketa
mg  petofoAn g to  0éplo  dev
avtoAldooel  Ogppotnta  pe  To
mepPaArOV.

B) Iol0yowpn avriotpenti) perafoin

‘Eoto 1 106)0pn avTioTpenti UETOPOAN OGS TOGOTNTAG 0EPIOV, OO
v Katdotaon A oty katdotoon B. To aépro Oeppaivetal pe otabepd dyko
kot 1 Beppoxpacio Tov avéavetal. To oynua 2.12 mapioTdvel ypoeikd T
UETAPOAN.

Amo to oynua eaivetal 6Tt To £pyo ToL agpiov ivat undév. Avto sivar
OVOLUEVOLEVO Y1OTL EpY0 €xovpE LOVO OTAV O OYKOG TOV aepiov HETOPAALETOL.

"Etot and tov mpd1o Bepproduvoptkd vouo TpokimTEl

0=AU

2y w6éy0pn 0éppavon 610 To 066 OeppdTnTOS TOL ATOPPOPNGE
TO a.£PLo YPNOUOTOMONKE Y10 TNV AOENOT TS ECOTEPIKIG TOV EVEPYELUG.

I') Ioofapnc avrioTpent) perafoin

‘Eva aépro Beppuaiveton 1cofapmdg amd v apyikn Katdotoon A, OyKov
V., otV 1eMKn katdotaon B, oykov V.. To oynua 2.13 wapiotdvel ypopika
 petaforn. To eufadov KAt amd TV YPOUUN TOV dloypaupatog divel To
£€pYo0 TOL Ogpiov.

w=pW.-v.) @  W=nR({ -T,)

O mpd10G BEPLOSVVALIKOS VOLLOG TTAPVEL TN LOPON
0=AU+p(V. -V,)

X1V wofapi 0éppaven éva pépog and to wocd BeppéTnTac MOV
amoppoeNoE 1o aépro amd TOo TEPIPAAlov yprcpomomOnke Yo TNV
a0EN 61 TG ECOTEPIKIG TOV EVEPYELUGS KOL TO VITOLOITO 00d60NKE €K VEOV
oto epfairov pe T pop@i £pyov.

A) Adwpatikn petafoin

Adwpatikyy ovopalovpe TN petoPorr] koTG TNV OMOid OF
ovvteleiTol peta@opa Ogppotnrog amd to mepfdriov mPog TO
cvotnra 1 avticTpoa.

‘Eoto éva aéplo mov EKTOVAOVETOL LLE OVIIGTPENTO TPOTO UECH OF
doyeio pe £pPoro amd v Katdotacn A (pe, V,) oty kotdotaon B (p., Vi)
(oy. 2.14). To doyeio kot T0 EUPOAO VOl KOTUCKEVAGUEVA £TGL AGTE VO PNV
emuTpémouvy TNV avtodiayn OepuodTntog avapesa 6To aéplo Kot 6To TEPPAiov
(éva 1éto10 doyeio eivar To Bepudg mov YPNOYOTOLOVE GTO ontitia pog). H
petafoAn avtn ivol Lo avTioTPEnT odBoTIK LETAPOAN.

O vopog mov diémet T petafoin eival

pV’ =om. [Nopog tov Poisson (ITovacov)]
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omov v évag Kabapdg apiuds, peyadhtepog tng povadag, mov e&aptdror amod
TNV ATOUIKOTNTO TOV 0EPIOV Kot amd TO €100¢ TV dEGUMY TOV GLYKPATOVV TO
dropa 6to uopto. [ tov apBpd avtd Ho rANGoLE GTNY ETOUEV EVOTNTA.

Epoapuoloviac tov mpmdto Oeppodvvapkd vopuo kot Adpfdvovtog
vrdyn 0t Q=0 mpoxvnTEL

0=AU+W 7

W=-AU

2.7)

2y adwpotikn petafoin] 1o £pyo sivor ico pe To avrifeTo TG
RETAPOIS TG ECOTEPIKNG EVEPYELUG.

Enedn ot petaforn mov meprypdyope to épyo givar Betikd, amd
oyxéon (2.7) TpoKLTTEL OTL 1] ECOTEPIKT] EVEPYELD LEUDVETUL, EMOUEVAOS TO 0EPLO
YOYETAL.

To oyfua 2.15 mapiotével ™y avriotpenty odwPfoticr petaPfory mov P A
neprypdyope. Emeion n tekun Beppoxpacio eivar pikpotepn omd mv apykn, - P | 1 -
KOUTTOAN TNG £XEL HEYOADTEPT] KAL) 0O TNV 1000€pUN OV TTEPVAEL OO TO GTLEID |
A. Zmv adofartiki LetafoAr to €pyo pmopel vo vTOAOYIOTEL o TN GYEoT }
szTVT_paVa : B TA
1-y pof o T ST,
\'2 V. A%

Xmv wpdén oOtav éva aépro ovumiEletoan (1] EKTOVOVETAL) TOAD

YPAYOPQ, TOAD UIKPO OGO OepUOTNTOG UETOKIVEITAL OO TO OEPLO0 TPOG TO
nepipaiiov N avtictpoa. H diepyacia avtn eivar oxeddv adwPatiky. Tétoleg

Xy.2.15 'Eva aéplo ektovavetaol
adofaticd amd TNV apyIKn KOTd-
otoom A oty TeMkT| Kotdotaon B.

dtepyacieg cupPaivovv otov KHAMVOpo Tov PevivokivnTipa.

E) Kvukhkn avrietpenti petafoin

Kvkikn ovopdlovpe puo perafoin otnv omoia 10 cOoTNpA pPeTd
and o oepyacio EMGTPEQPEL 6TV 1010 KATAOTAGT).

To oynuo 2.16 7maplotdvel o KUKAIKY] OVTIOTPENTH UETAPOAN
oplopévng mocsotntog aepiov. To aéplo apyd Bpiokdtav oty Kotdotaon A
KoL JLETA amd [o OlEPYAciol EMGTPEPEL TAAL GTNV APYIKT KATACTOCN A.

To épyo tov aeplov pmopei va vroroyiotel wg e&ng: To €pyo tov
aepiov katd T petafodr amd 10 A oto B eivar ico pe to eufaddv tov
TUNHOTOG TTOL €ivol OKOGUEVO [E KOKKIVO kol gtvon Bgtikd, yatl 1o aéplo
exktovavetol. To épyo, katd t petaforn omd to B 610 A, givor ico pe 1o
eUPaddV Tov TUNUOTOC TOL €lval OKIOGUEVO LLE TPAGIVO KOl €ival apvnTiko
ywti to 0épro ovumiéletar. To €pyo tov aepiov oe OAOGKANPN TNV KLKAIKN
petafoin mov givar to alyePpikd ABpoOIGUA AVTOV TOV £pY®V, glval 160 Ue TO
eUPadOV mov mEPIKAELEL 1| KAEIGTN YPOLLLY| TOV TEPTYPAPEL TN LETAPOAT.

p p p p
B B _.B B
P L L L e
\Y \Y \" \"
o B Y 3
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Xy 2.16 To oynuo a mopt-
GTOVEL YPOPIKA [0, OVTIGTPE-
n KukAMkn petoforn. To
euPadov ™G XPOUATIGHEVNG
EMEAvELNG 6TO GYNLo. B divel
70 £pyo TOL 0gPiov KaTd TV
petaporn A—B. To épyo
kotd TN petofory B—A
glvon kat' amoéALTN T (00
pe o eufadov g ypmuoTL-
GUEVNG EMPAVELLG GTO GYNLLOL
¥, M OAYERPIKT TOL TN OU®G
gtvar apvntikn. To cuvorud
£€pyo mpokLITEL OV OO TO
eupaddv  tov oynfuatog B
aQapEGOVLE TO EUPASOV TOVL
oYNUaTOg v. AT TV apaipe-
on oVt TpokLATEL TO EUPa-
50V mov mepuchelet 1 ypoppn
Tov drayplppatog (o). d).



To olk6 £pyo 6€ plo KVKAMKI AvTIOTPERTI] peTAfoin givan ico pe
170 gufoddv mov mepikieieTan 06 TN YpOppU) TOV OWOYPAUNATOS, OTI)
YPOQIKI) TopdcTaon p-V.

Edv n xokAikn petafoin dtaypaeotav Kotd v avtidet eopd, yio vo
vroloyicovpe to €pyo Ba agaipodoope and to HKpO eUPaddv To peydAo.
‘Eto1, 10 ovvolikd épyo Oa MToav apvntikd. Emopéveg og o avtiotpentn
KUKAIKT] pETOPOAN, TO épyo eivar OeTikd OTOV 1 YPAPIKN TOPACTOOT] TNG
UETAPOANG OLyPAPETAL LUE TNV POPE TOV SEKTMOV TOL POAOYIOV KoLl OPVITIKO
otov dtaypdpetol pe tnv avtibetn gopd.

Ene1dn to 0éplo emoTpiépel 0TV 0PYIKN TOV KATAGTACTY|, 1| LETABOAN
oTNV E6MTEPIKN TOL evépyela sivar undév AU =0 .

Epappoloviag tov mpdto Oeppoduvapikd vOpo otnv KLKAIKN HETOPOAN
&yovpe

o=W

2NV KUKAIKT peTafoin n 0eppotnta mwov aroppo@d 1 amwodiost To
a€PLo L60VTOL UE TO £PYO TOVL TAPAYEL 1| OUTAVA.

2-10 TPAMMOMOPIAKEX EIAIKEX @EPMOTHTEX
AEPIQN

"Exel Bpebel mepapatikd 6Tt 10 1066 OepproTNTAG TOL CTOUTEITOL Yo VO
avénBel n Beppokpacio evoc copotog palog m, katd AT divetal and  oxéon
O=mcAT (2.8)
01OV ¢ gival 1 €101k1| BeppdTNTA TOV LAIKOD. XTO VYPE KOl OTO GTEPEA 1) EIOIKN
BeppoTnTa T0L COPOTOG EEUPTATOL LOVO OO TO VAKO TOVL.

Av avti o T pélo Tov COUATOG YPTCLLOTOGOVUE TV TOGOTNTA
Tov og mol, enedn m=n M , bmov M 1 ypappopopakn palo, uropodue va
ypayovpe  oxéon (2.8) pe ™ popen

O=nMcAT (2.9)
To ywouevo M ¢ ovopdletal ypappopoplaxi 1ok Oeppétnra woi
ovpPoirileton pe C. AvtikaBiotdvtag to yvopevo M ¢ pe to C 1 oxéon (2.9)
yiveton

O=nCAT

H ypappopopraxi 1okt 0eppotnrta C, oto SI, pertpréton o€ J/(mol K) ko
ekQpalel 1o mood Beppotnrog mov mpémer vo. TpooPepOdel 6 1 mol Tov
oOpaTog Yo, va, avénosi n Oeppoxpacio Tov kota £va fadpo.

Evd 1 e1dwkn Oeppotnra oto vypd Kot ota oteped eEAPTATAL LOVO OO
TO VAKO, OTO aéplo. M YPOLULOUOPLOKY €101k Oeppotnta eEaptdTor Kot amd
TOV TpOTO L€ TOV 0Toi0 Oeppaivetal To aépto.

Amd O6AOVG TOL dUVOTOVG TPOTOLG He TOLG Omoiovg pmopel va
Oepuaviel va aéplo, Kot TG OVTIOTOLYEG YPOULOUOPLOKES EOKEG BeproTNnTEG
OV TPOKVTTOVV, 101{TEPO EVOLPEPOV TTapovstdlovy dvo, M Oépuaven pe
otabepd Oyko ko 1 Bépuavon pe otabepn| mieon.

46



Oéppaven agpiov pe otabepod 6yKo

To aépo tov oynuatog 2.17 Ppioketor péco oe doyeio otabepov
oykov kot Bgpuaivetan mote 1 Beppokpacio Tov va avénbel katd AT. Av
ovpPoricovpe pe Qv t0 mocd BepuodTTOg TOL AMOPPOPA TO aépro kot pe Cy
TN Ypoppopoploky €1kn Oeppotnto katd v 10oympn avty 0épuavon
éyovpe

0, =nC,AT (2.10)
Aol o0 dykog Tov aepiov de petafdiietal To Epyo ToL agPiov eivar PNdEv.
Epappolovrag tov mpdto Oeppoduvaptkd vouo £xovue

0, =AU (2.11)
H oyéon (2.11), Aoym ¢ (2.10), yiveron

AU =nC, AT (2.12)

[Ipénel va toviotel OTL €med] M €0MTEPIKN EVEPYEW €VOG Oepiov
e€aptaton pdévo amd v apykn Kot TeMkn Beppokpacio Tov agpiov n oyéon
(2.12) divetl tn petafoln g ecOTEPIKNG EVEPYEWNG OE KAOE mepinTmON OV 1|
Oeppoxpacio gvog aepiov petafdrieton katd AT, pe 6molov TpdmO KoL OV
TPOYLLOTOTOLELTAL QVTN 1) LETAPBOAN.

Oéppaven agpiov pe otabepn) wicon

‘Eoto 611 1 1010 mocotnta aepiov Beppaivetan wwoPapag (oy. 2.18)
wote 1 Oeppokpoocio Tov va petafAndel katd 1o do mocod AT. Av
ocvuporicovpe pe Q, xar C, ™ OepudnTo Kot TN YPAUUOUOPLOKT] E01KN
Oeppomta Tov aepiov oty woPapn OEppaven, uropovue vo, ypayoouue

Q,=nC, AT
To £pyo mov mapdyet to aépio givar W= p AV .

Amo v katactatikn e&iowon Egovpe p AV =n R AT, ondte n oyéon mov
dtvel to épyo yiveton

W=nRAT (2.13)

And tov npdTo Beppodvvopkd vopo Q=AU+ W, av AaPovpe veoyn Tig
(2.12) ko (2.13), mpokdmTet

nC,AT=nC, AT+nRAT
o
C,=C,+R (2.14)

H oyéon 2.14 deiyver 6min C, eivon peyorvtepn and m Cy xatd v
mocotta R.
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Xy. 2.17 Oépuavon aepiov pe otabepd
oyko. O muBuévag tov doyeiov eivan
owefeppuikdg emtpémel dSnladn ™ pe-
Tapopd Oeppotrag amd TV eoTia
0éppavong oto aépto.

-

g

Xy. 2.18 Oépuavon aepilov pe otabepn
mieon.



Ynohoyiopog tov C, ko Cy

H eowtepikn evépyesia Wdavikod agpiov divetor and ) oxéon U = En RT.
Otav n Beppokpacio Tov aepiov petafdireTon katd AT M eowTEPIK) TOL

3
evépyel  petaParieton kot AU :EnRAT . Amo 1t oyéon (2.12)

TPOKVTTEL
nC, AT = %n RAT
apa
3
C, == R=12,47 J/mol -K (2.15)
2
3
I'a ™ C, woydet : CP=CV+R=§R+R
. 5
ondte C,= ER =20,78 J/mol -K (2.16)

H mocotnta ¥ mov cuvavtioape 6To vOpo g adofatikng petafoing
glvat 0 Adyog TV dV0 YPOULOHOPLOK®Y EWIKAOV BEpULOTATOV.

70 ¥ givan kaBapdg aptOUog PEYOADTEPOC TNG MOVASAG KOl GTO WOOVIKA 0EPLol
cvppava e Tic oxéoels (2.15) wat (2.16) et v yun ¥ = > 3-
Mo 1o mpaypotikd oéplo 1 TR TOL AOYOL C—p eCaptdton amd TNV

OTOUIKOTNTA TOV KOl TO €00G T®V JEGUMV TOL GLYKPATOVV T GTOUO GTO
uopto.

O mivokag mov akoAovBel dlvel TIg ypappopoplokés €dwég Beppotnreg
OPICUEVMV 0EPI®V OTTMG LETPNONKOV TEIPOUOTIKA.

, , , Cy C, C,-Cy _
Tomog azpiov Agplo (J/mol')K)  (J/mol-K)  (J/mol-K) =Gy
Movoartopko He 12,47 20,78 8,31 1,67

A 12,47 20,78 8,31 1,67

Awtopukd H, 20,42 28,74 8,32 1,41

N, 20,76 29,07 8,31 1,4
0, 20,85 29,17 8,31 1,4
CO 20,85 29,16 8,31 1,4
IMolvatopkd CO, 28,46 36,94 8,48 1,3
SO, 31,39 40,37 8,98 1,29
H,S 34,6 34,6 8,65 1,33
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[Moapatnpodpe 611 n Bewpnticy TpoPreyn o to Cy ko C, pe Bdon to
WoVIKO 0€P10, GUUPOVEL ATTOAVTA LLE TOL TELPOUATIKA OEGOUEVO OV TPOKELTAL Y10
LOVOOTOIKO 0€PL0, EVA AmOKAIVEL 01GONTA Y10 TO SIOTOMKA KOl TOAVOTOMLKE,
aépta. Avto 0QEIAETOL GTO YEYOVOG OTL EVD TO LOPLOL TOV LOVOUTOUIK®V OlEPiV
npooeyyilovv To HOVTELO TOL 10aVIKOD agpiov Ta UOPLO TOV OTOTEAOVVTAL OO
TEPLOGOTEPQ (TOpO EPPaVIfovV doun TToL dev Yivetal va, ayvonOet.

[To ovykekpéva, 6To 1B0vVIKO aépto Bempnoape Ta HOPL LAIKG onEia,
omdte M HOVN dvvatdTNT Kivnomng €ivol 1 HETAQOPIKT Kivnorn Kot VIToAOYIGHUE
TNV E0MTEPIKN TOL EVEPYEIWD OC TO (OPOIGHO TOV HETAPOPIKADOV KIVITIKMDY
EVEPYEIDV TV HOpi®V Tov. Ta dloropKkd popia, 6mwg ta pdpta tov Ny kot tov O,
npénel vo. BecpnBovv 6Tt anotedobvton amd 600 copATIO cuvdedelEva LETAED
tovg. Extdc amd 1 duvardtnta mov £xel £va TETO0 LOPLo VoL KAVEL PLETOPOPTKN
Kivon, To GOUATION TOVL TO ATOTEAODY £YOVV TI| SUVOTOTITA VO, TTEPIOTPEPOVTOL
YOP® OO TO KOWO KEVIPO LALHG TOVG KoL, KATM 0md Opiopéveg cuvinikeg (bymin
Beppoxpacia), va taravidvoviol. Oleg avTéG Ol KIVAGEIS GUVEIGGEPOVY GTNV
eomteptKn evépyeln. 'Etat, av 0€hape va kdvoupe To axpiPeig vmoloyiopode dtov
vroAoyilovpe TV eomTEPIKY] evEpyeld Ba TpEmeL Yo T€Tow aépio (SroTopKd-
TPLOTOMIKA) Vo Adfovpe VIOYT OAEG TIG KIVIGELS,

Ouwg, 6Tm¢ aivetol 6ToV Tivaka, OKOWO KOl G~ OUTEC TIG TEPIMTMCELS
(Swatopukd 1 moivatopkd popua) n dogpopd Cy-Cy ovupovel, pe peydin
TPOGEYYION, LE TN oyéon 2.14.

2-11 OEPMIKEXZ MHXANEX

Oepuikés pnyovés ovopalovpe Tig dw0TdEels mov peroTpémovy TN
OeppoTNTO 68 PNYAVIKO £pYoO.

H wropio toov unyavav avtov apyilet to 1712
otav o Thomas Newcomen (Topag Niovkdpev) emvonoce
mv TpoOT atpopnyovi. H atuopnyovny tov Newcomen
NTAV OPKETA YOVTIPOKOUUEVT] KOL XPNOLUOTOONKE Yo TNV
dvtinon vepov omd ta opvyeia. To 1769 o Watt, Beitinoe
™V unyovi tov Newcomen Kol TOPOVGIOGE Lol LYoV Yol
moAAég ypnoelg. H epebpeon g atpounyovig Kot ot
ouvéyeln N d1ddoor TG YPNOoNG NG €lxe MG OMOTEAECUA
Babiéc alhayéc otn {on TV avOpOTOV KOl 0TI KOWMOVIKEG
dopés. H meplodog mov axolovOnoce ovopdoTNKE
Brounyovikn erovactaon.

Amo v gmoyn tov Newcomen kot tov Watt péypt
onuepa ot Beppuxég pnyoavég éxovov peydho opopo. Ot
aTpopnyovég TeEAetomomOnkay, emvondnkav véeg Deppikég
punyovég, Ommg ot unyavég vrileA, ot Pevivokvntipeg, ot
0.EPOGTPOPBIAOL TOL YPNGULOTOLOVVTOL GTA AEPOTAGVA KOt Ol
OTHLOGTPOPIAOL TTOV YPNCUOTOIOVVTAL GTO EPYOCTAGLN TOPAYWYNS NAEKTPIKNG
evépyewng. To HeyoADTEPO PEPOG TNG EVEPYELNG TTOV YPTCLUOTOLOVUE CHUEPD
oyetiletar pe tn ypnon TV Beprkdv pnyovov.

To oynpa 2.19 mapiotdvel To HOVTELD HOG OTHOUNYXOVIG. XT0 AEPnTa
mopayeton Oepprog atuodg vynAng mieong, o omoiog - péow g PoAPidag A
(BoABida elcaymync) - SlOXETEVETAL GTOV KUAVIPO, OTPAOYVEL TO EUPOAO Kot
napdyet £pyo. Kabmg o atpdg ektovavetal HEGa 6Tov KOAVOPO, 1) Tieon Kot 1)
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Ew. 2.3 H atpounyovn tov Watt.



Xy 2.19 Apyn Aewrtovpyiog g
OTHOUNYOVIG.

Ew. 2.4 Kvkhog Bevivoxwvnmpa
tecadpmv ypdvev. (1) To éuforo
kotefaivel. H PorPida  e106d0v
givon avowkr, piypa Peviivng -
aépa yepiler tov koAvopo.(2) To
éuporo avefaiver. Ot Podfideg
glvor  KAewotég Kou TO piypa
oopméletar (3) To  piyua
avopAEyeTon pe to omvinipa mov
mpokoAel To pmovli Kon Tor oépio
™G Kavong ommbovv Ploo TO
éuforo mpog to. Kbt (4) To
éuporo avePaive.. H PodPida
efayoymg efvor ovowkT Kot T
KOVGOEPW  ATOUOKPOVOVTOL OO
ToV KOAWSPO.

Ogpyun SeEapevi
Ogppokpacio T,

unyavn

Qe

Yoypn delapevr|
Ogppokpaocio T¢

Xy 2.20 Apyn Aettovpyiog piog
Oeppucng pnyovig. H xorchn
mepl-oxN oLUPOAILEL T pnyovn
n omoior  déxetor  mOGH
Beppomrog Qp oamd ™ Oepun
dekapevn, mapdyet £pyo W kot
oamoPdirel Tocd Beppotnrag Q.
oV Yyoypn de&apevn.

Bepurokpacio Tov EAATTOVOVTOL XT1 GUVEXELN O OTHOG TTOV TP EXEL YOUNAN
mieomn amofdAietal and Tov KOAWVSpo, amd T ParPida B (BaiPida e&aywync),
Kot dloyeteveTal o€ pia didtaén mov ovopdleTal cupmvkveotc. Exel o atuog
YOYETOL LE TPEYOVUEVO VEPO 1 OO TOV ALEPO KOl GUUTVKVAOVETOL TOAL GE vepPO.
To vepd odnyeitor Ticw oo AEPnTa.

GUUTUKVOTNG

Ytovg Pevivokivnnpeg, ta Beppd aéploe OV TOPAYOVTOL OO TV
Kkavon g Peviivng pe tov aépa ompdyvouv 10 £UPOAO TOL KLAIVOpOL Kot
TOPAYOLY £pY0. XN GLVEXELD OTOPAAAOVTOL OO TOV KOAWVOPO KOl HECH TNG
e&atuiong dloyetedovral 6to TEPIPAAAOV.

Yymuotikd Oo pmopovcape vo Tovpe OTL 1 Ogppukn punyavh givar g
owdtaén mov vmofdAiel éva «uécovy oe o petaforr. Emewdn n pmyoavi
peETATPEMEL oVVEDG TN OeppoTNTa o€ £pyo mpémer  petaforn otV omoia
vaofdileTor To pécov vo £ivol KUKAIKY, ©O0TE, OTOV OAOKANpmOel m
UETAPOAN, M UNYOV VO EMGTPEYEL GTNV OPYIKA TNG KATAGTOOT Kol Vo
emovalafet Tnv 1d1a Sadikacio Eavd kot Eova. XTnv atuopnyovn T0 LVAKO Tov
voPaAAeTOl TNV KUKAMKT diepyacia givatl To vepd. To vepd apov yivel atuog
Kol OAOKANPMOGEL TNV TOPEID. TOV PECHO TOV KLAIVOPOL KOl TOL CUUTLKVOTNH
EMOTPEPEL 6TO AEPNTa 6TIG 1018C GLUVOTNKEG.

Koatd ™ owapkera g KOKMKNG petafoing Tov pécov, 1 punyovy

1. oamoppo@d Ogppétnte (Qn) omé o degapeviy vynMig
Oeppoxpaociog Th.

2. mopayel épyo.

3. amofdrier Oeppétnra (Q) o0& o osfopevi) younioTepng

Oeppoxpaociog T..
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[Iponyovpévemg ypnowomomcope tov Opo dggapevi) Oeppuétnroc. ‘Etot
cuvnBiCouvpe va Aépe Eva oML TTOL TOPOUEVEL G 6TOBEPT] BEpLoKpaTio oKOuUN KL
av maipvel 1 divel Bepuotnta. Xy atpounyovn de&apevi VYnANng Oeppokpaciog
givor o AéPnrac, tov omoiov 1M Bepuokpacio Swtnpeiton otafepn pécw TG
EAEYYOUEVIIC KOOGS KATO00 KOGipov, eved dekopevn youning Oepuokpociog
£ivoll 0 GLUTVKVOTIG, 0 0TTOI0C PPioKETAL GE ETAPN 1 LE TNV OTUOCPALPA 1) LE UIO
palo vepov, omdte 1 Beppokpacio Tov datnpeitan eniong otabepr|. XTI UNyoveg
ECMTEPIKNG KOOONG TO KOOUEVO VYpO KaOGWO péca oto Odiopo kodong -
KOAWOpo- eivor M defapev vyming Bepuokpaciog kot 0 mepParlov, Omov
dloyeTevovTal To Kawoaépta, 1 de&apevn yauning Oepuokpaciod.

O ocvvreleotic 0m600061G (€) 0TOLUGONTOTE UNYAVIG

givar 0 L0yog Tov @@EMpoV £pyov mov pag divel 1

UNYOvV] TTPOS TNV EVEPYELD TTOV OUTAVOUUE Yud VO

Aertovpynoet.

21 Ogpukn unyovin 1 EVEPYELD, TOL dATOVOVUE givol M)
Oepuota Qy pe TNV omoia TPOPOSOTOVUE TN UNYaV amd T
de€apevn vyning Beppoxpaciog.

w

o,

To xaBapd mocd Bepuodmrag @ TV OTOPPOPE TO HEGOV
glvar t0 mocd Bepudtnrag mov maipvel amd T deapevi
vynAng Beppokpaciog peiov avtd mov amofdiAer o

de&apevn yapumng Oeppoxpaciag, O, — |Qc| . NV KUKAIKN peTofoAn To €pyo
OV TAPAYEL TO AEPLO 160VTAL [E TO Kabapd Tocd Beppotntag mov amoppopd
smhash W =0, —|0,|.
Avtikafietovrag ot (2.17) Bpickovue

_9 19|

Emopévag e (2.17)

QC

0,

M e=1-—

o O,

Ot atpounyavég Exovv amoddoon £mg 18%, evd oTig atpounyaveég mov gival

€POd10CoHEVEG te oTpOPIro, avTl Yo KOAWVIPO Kat EUPoro, 1 amdS0oT PTAVEL

péxpt kot 40%. Ot Bevivopnyovég éxovv amddoon mepimov 20%, evd ot
punyaves viileh amd 35% wc 40%.

(2.18)

ITAPAAEII'MA 2.1

Ew. 2.5 Bev{ivokivntipog 0uToKiviTov.

Mnyovi e0@TEPIKNG KOOGS KATOVOA®VEL 68 KABe KOuKAo Agitovpylag g Beppotnta 5000 J ko
amoPaiiel oty e€dton Beppotnta 3500 J. YroAoyiote 10 cuvieleoth) amdO0GNG TG UNYXOVIC.

Anévtnon :

O cvvteheotc 0mdd0ooMG oG Unyavig divetat amd Ty oyéon (2.18)
0. 3500

e=1- =1-
0, 5000J

=03 7B 30%
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Ewc. 2.7 TTupnvikd epyoctdoto mapay@yng NAEKTpg evépyewng ot Biptlivia tov
HILA. ITopéyet niektpuc 1oy 900 MW ko o tdypova amoBaAlel 6T0 KOVTVO TTOTALL

o — Beppodta pe puoud 2100 MW. To epyootdoto ontd Onmg Kot o VITOAOUTEL TOL EIB0VG
Ew. 2.6 Atpoctpopirog oe epyostdoto TOV «TETAED TIOAD TEEPLOCOTEPT] EVEPYELDL 0T OCT| ATTOSIBEL GE YPIOUT LOPPT).
TOPOY®YNG NAEKTPIKNG EVEPYELAGS.

ITAPAAEII'MA 2.2

—_— —

Ogppukn unyovn €xet amddoon 25%, kot oe kKabe KOKAO Tapdyel wpédipo Epyo 2000 J. Yroroyiote
TNV gvEPYELD TOL domavaTot Yo kdbe khkho Agttovpyiag TG Unyovng.

Andvtnon :
O ovvtedeotng amddoong (og pnyavng divetat amod ) oyéon (2.17)
w W 2000J
e=— 64po Q,=—= =8000J
O, e 025

Mo ™ Aerrovpyia g unyavig damavdrtal Oepudtnta 8000 J o kdbe kvKLO.
ITAPAAEITMA 2.3

O xwnmpag Diesel g ewovag ypnoponolgitol oe PKpd
eoptnyd mAoio. O ovvieleotg amdO0CNG €VOG TETOLOL
kwnmpa givor 0,25. To mhoio mov tov @épet TaEdevel L
15 képPovc. Or de&apevég tov mhoiov mepiEyovv 150
tovovg Kavoipov. Ioo andotaon pmopel va S10vdcEL TO
mAOI0 PE 0T TO KOG

[1 képPog = 1 vavtiko pid /h = 1852 m/h. 1 kg kowcipov
amodidet katd v kovon Tov 39800 kJ].

Amévtnon :
O xvnnpag anodidet woyd P =12x220kW =2640kW
H omddoon tov xwvnmpa eivar o Adyog NG UNYOVIKNAG

ox00g  (P) mov amodider o kvnthipag katd t Aewtovpyion  p e Dvhavdtkog KLVT]TﬁpOL Diesel Wartsila
oV mpog Vv Oepukry oxd (Ph) mov maipver Kotd TV 12 korwdpor oe Sdtadn V.

KOG TOV KOVGIHOV. Ecotepikn 1dustpog kukivspov : 200 mm.
P P Awdpopn uporov : 240 mm.
e=— onote P, =—=10560 kW KvAwvdpiopog : 7,54 L avé kolvdpo.
Ph e Toy0g : 220 kW avd kdAvdpo o toxdta 15 koupmv.
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Amd T Koo, o€ Ypoviko ddotnua At=1h amodidetar Oepudtnra

0, =P,At =10.560kW -3.600s =38.016.000 kJ

H paga tov kavsipov mov amodidel toon Beppdtnta Katd tnv Koo g eival

_ 38.016.000 &J

m=""""""" ~955kg
39.8004J / kg

Te o dpa 1o mhoio dtoavoer 15v.p./ hx1852m/v.u.x1h =27780m = 27,78 km

Ao pe 955 kg kaveipov to mhoio dtovdel 27,78 km pe toug 150 td6voug Oa dravicet

150000 kg

27,78 km
Skg

~ 4363 km

I[TAPAAEII'MA 2.4

Kvxkhog Otto (Bevivoxtvntipog) p

To Wavikd aépro Oeplkng unyaving eKTEAEL TV KUKAMKTN HETABOAY TOV
oyfparog 2.21 mov mephapfavet Tic To KAT® 1000 KES HETAPBOAES.
AB : 166ympn Béppavon o€ 6yko V.

BI' : adwBatikn ektdvmon.

I'A : w6oyopn yHéN og 6yKo V,.

AA : adwPatikn copmieon.

No Bpebel 0 cuvteELETTNG ATOS0ONG TNG UNYOVIG.

Andavnon :

O = nCV(TB _TA)

T,>T, ométe 0, >0 (0moppo@aTOL 0T TO GLGTNILOL)
H petafoin BI' eivon adiafotikn omote Oy =0

Oy = nCV(TA _Tr)

T, <T- omoéte  Qp, <0 (omodidetan oto mepPaAlov)
H petapoin AA elvar adiaforikn omoéte Q,, =0
H Beppomra mov amoppo@drtal cuvorkd givol 0, =0, =nC, (T s =T A)
H Beppodtnra mov anodidetar oto neppdrlov eivor Q. =0, =nC, (T =1 )
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Kot |QC ——nC,,(TA—Tr):nC,,(Tr—TA)

e:K:Qh_|QC _1_ = =l_nc,,(Tr—TA)

0, 0, 0, nCV(TB _TA)

T.-T
omoTE e=1-—2~ (2.19)
TB TA
Amo to vopo tov Poisson yia tnv adafatikn petaporny B—I yvopilovpe 6T
pVV =pVy (2.20)
. e , nRT, nRT,
AT TV KotaoToTIKY| EEI6WOT TPOKLTTTEL P = v Ko Pr= ~
1 2

Avtikabiotdvtog ot (2.20) ta p, ko pp pe ta {oo tovg mpokdmrer TV, -

=TV} (2.21)

Me 1oV 1610 axpid¢ Tpdmo TPOKVHTTEL EMIONC TV - =T, V)" : (2.22)
Apapdvrog kotd pén tig (2.22) kot (2.21) Bpiokovpe Vlyf1 (TB -T, )= szf1 (Tr -T, )
, T, r — TA Vlyil
n =
Ty -T, szi1
7Y
Kot TeMKd amd T (2.19) mpokdmtel e=1- [—1j
2
2,2 Altpa oT0
eEopTpoTo
ATdAELEG 521 oTa
100 ™S Kovong 40 ¢ Mtpa 0 EMIOTIKG
M’Epa {n El Anmkalag 18,6 ATdAelES, 'fi 14.81 —=
AA00 e BB ) o5
ggﬁﬁ Knnmpa 1TPA petédoong — =/ ATpa 4,89
- AlTpa aepOSLVOLIKT
4,71 ot

}\f‘tp(‘l © (ppéva

Ew. 2.9 Otov éva ovtokivinto kweitar, POMG TO éva €KTO TNG EVEPYELNG TTOVL TOPEXETOL OO TO KOVGULO GTN UNYovN

a&lomoteital yo v TpodOnon Tov.
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2-12 O AEYTEPOXZ @EPMOAYNAMIKOX NOMOX

H Beppodvvopikn €ékave to tpodta g Prpota otig apyés tov 1900
a10Vva, TPocTafdVTIC Vo dSMGEL AVOT| 6TO TPOKTIKA TPOPANaTe Tov eXEPare
n xpnon Tov Bepuikov unyoavav. Otwg eoivetal kot and ) oxéon (2.18), o
GLVTEAESTNG amOO00NG LG BepUikng pnyovng elvar pkpotepog amd €va. Oa
Nrav éva av 1 pnyovn HETéTpene OA0 10 TOcO NG Beppdtroc 6€ OEEMUO
£€pY0, MOTOCO KOVEVOS OEV KATOPOMOE VO KOTOOKELAGEL LUid TETOWO, UIYOvN.
Oleg o1 pnyovég expetaidevovior povo éva pépog g Bepuotnrog Kot
amoBdAiovy onuavtikd Tocd Beppdtrag oto meptPdilov. Ot emavelAnupéveg
OTOTVYIEC TOV EPEVVNTAOV VO, KOTOOKEVAGOLV TNV “TéAEl0” Ogppukn pmyovi
nmov o petétpeme mANPOG TN OeppoTnNTo 08 MPEAUO €pyo E€mElcAV OTL 1)
advvapio opeiletarl 6e mePLOPIGHOVE OV BETeL N} 101  evomn. H dwamictwon
0T 0ONYNCE OTI JTVIOGT TOV JEVTEPOV BEPUOSVVOUIKOD VOUOD, OO TOVG
Kelvin ko Planck (K& ko [TAavi):

Eivan advvato vo kotookevaotei Ogppikn pnyoviy wov  va
petatpiner €€ ook pov TN OcppoTTO 68 GPEMpPO £pYyo.

Mulovtag yuo T Oepudtnra, gimape 0T, omd poOVN NG, LETAPEPETOL
mhvTo amd To BepproTepa TPOG Ta Yuypotepa copota. H avtiotpoen mopeia
amortel  oamavn evépyelag. To yoyeio Kol T0 KALOTIOTIKO Vol UnyovioTa
ov avaykalovv TN BOegpudtmra vo upetapepbel amd yoypd oopoto e
Bepuodtepa. To yoyeio, yio mopddetypa, petapépet Beppdtnra and To TPOPLLO
010 TepIPdriov, Tov eival Bepuotepo. Opmg yio T AglTovpyio. OLTOV TOV
unyovav damavodpe evépyela. Aev glvar dSuvatov Vo KOTOOKEVAOTEL Yyuyeio
OV VoL AELTOVPYEl pig vo damavatar evépyeid. Avth 1 SlOTIGTOGT 001YNCE
0€ o GAAN OTOTOON TOL OgvTEPOL BEPLOSVVAUIKOD VOUOL amtd TOV
Clausious (KAiaovliovg):

Eivar 000voTo0 VO KOTOOKELOGTEL UNYOVI] 7OV VO HETOPEPEL
Osppotnra amd éva yoypoé ocopo oe éva Ogppotepo yopic va
damavaTal EvEpyeia Yo TN Agttovpyia TNG.

OtL o000 OdlTuIdoEl TOL dgvTEPOL BePLOdUVAIKOD VOUOL TTOV
(QOIVOLEVIKA €lvOl EVTEAMG 0.OVVIETESG, gival 10o0dvvapes. Av ainbevel 1 pio
a6 avtég Bo aAnbevet kot 1 GAAY.

O TpdTOg BepodUVOpIKOG VOLOG dEV BETEL TEPLOPIGLOVG OTIC LETOTPOTES
™G EVEPYELNG. ZOUO®VO, LE TO O0TEPO, OUMS, 1 PVOoN BEtel meplopiopods ot
LETOTPOTY EVEPYEWNG OO TN Lo Hopen otnv dAAn. H Beppomta de pmopet va
petooynuotiotel kot 100% oe pnyovikn evépyea. Emiong o dgdtepog
Beppoduvapkog vopog, kabopilovtag 6t 1 BeppotnTa HETOPEPETOL TAVTO OTd TO.
Beppotepa Tpog T YoypoTEpa copata, kabopilel v katevBuvorn mpog TNV
omoia Ta povopeva cupPaivouy avddpunta ot EOGT).

2-13 H MHXANH TOY CARNOT

20UV e To deVTEPO BepLOdLVOLIKO VOLO, [ BEpLukh punyovn O
umopel va €yel amddoon 100%. Ilotog eival OU®OE 0 PEYOADTEPOG GUVTEAEGTNG
amOO00NG OV UTOPEl va £xel oL unyovy, otav divovtor ot Beppokpaocieg Ty
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Ew. 2.10 Aodpdog KérPw (Ovikwap
Toucov) (1825-1907). Ayyiio. Amod
OKOYEVELDL €VTOPT] CAAGL TOTEWNG
Kataymyng o veapodg Ovilap Mtav
éva wondi Oavpo. Xe niikia 22 etdv
kateiye v &6pa g DuoKNng
D1A0coPing GTO TOVETIGTAO TNG
IMookoPng. Aoyorndnke oxeddv pe
To TovTa, He TOALOVG KAASOoLG TNg
(QUOIKNG, HE emyelpnoels (eyKoté-
OTNCE TO TPAOTO TNAEYPAPLKO
KoA®DS0 peta&y Apepucis - Evpo-
mG) Kol pe TNV ToMTIKY (Tnpe
Titho guyevelog kot NTov pELOG TG
BovAng t@v Adpdwv). Mo and Tig
deondlovoeg TPOSOTKOTNTEG TNG
gmomung oto 19° awdve, oe o
emoyn mov M AyyAla kporovoe ta
CKNTTPa mg EMGTNUOVIKNG
TPOTOTOPLOG.



kot T,

tov oegapevav Begpudtmrag g unyovig To epodtmuo avtd

amavtnOnke to 1824 amod to ['ddio punyavikd Carnot (Kapvo).

o
OVOUAoT

Carnot 7epléypaye U0 KUKAIKY OVTIGTPENTH WETAPOAN, 7OV
ke KUkAog Carnot, kot omédeiée 0tTL o Bepuikn pnyovn mov Oa

aKoAovBovoe aVTOV TOV aVTIOTPENTO KOUKAO Ba giye T peyaldteprn duvath

amodoom.

Mio. této10, vrobetikn, eE10aVIKELUEVT] UNYOVY OVORALETOL Py ovi

Carnot kot 1 amd63061 TNG AMOTEAEL TO AVAOTEPO OPLO Yo TNV ATOS0CT OA®DV
TV AoV unyavov. To copnépacpa avtd eivar yvootd og Bedpnuo Carnot:

Agv pmopei va vraper Oeppiki] pnyoviy wov va £yl peyaivTepn
am6docn a6 o punyavi Carnot 1 omoia Aettovpyel avdpeca oTig
iolec Oeppokpacisc.

o

KkOKAog Carnot amoteAeiton and 1écoepig petoforéc, 500 1660epueg

Ewc. 211 Savii Kapvo (1796-1832). KO 61)(? a&a[ﬁ(n’msg. @ar MEPLYPAWOVLE TOV KOKAO ’Carnot Y 100viKd aéplo
7ov Ppioketal péca og KOAVOPO, Tov PpacceTat pe EUPoro.

FoAMo.ZTpatiotikdg Kot unyovikoc.
Andéportog g mepipnung  Ecole
Polytechnique mov idpvoe o Namoréwv
ywo vo ovimopotefel oty ovo-
TepOTNTO TOV AYYA®V OTIG EMIGTNLES.

Xy, 2.22 Ot téo0epic PAGELS TOV
KkOKkAov Carnot. To aépio Ppioketar
oe doyelo mov Kheivetar pe  €upo-
Ao. To €éuPoro kot Ta mAgLPKA
Toyyopato etvar adofotikd eved M
Baom Tov doyeiov Srabeppikn

1. Katd t petofoin A—B, 10 aéplo Ppioketol og emapn HE T
Oepun defopevn kol extovoverar 1660eppa oe Beppokpacio Ty,
amoppoeavTag BeppdtTnra Q.

2. Katd ™ petafoin B—I, 10 aépro elvar Beppuxd povouévo kot
extovaveTol adfotikd péypt 1 Bepuokpacios Tov vo TAPEL TNV
TN T..

3. Katd 1t petaforn I'>A, 1o aépro Ppiloketor oe emapn pe
deapevn yaunng Bepuokpaciog T, ko copmiéletatl 1660eppo o€
Oepuoxpacia T., amopdirovrog Beppotta Q..

4. Kotd ™ petaforn A—A, 10 aéplo givor Oeppikd povopévo kot
ovumieletar adPatikd ®ote vo emavEADEL OTNV apyIKY] TOV
KOTAGTOON).

A-B
[o6Bepun ||,
£KTOVOON T
{U}Qh
BT
Qeppn Sefapevi Aﬁlqﬁartxﬁ A [
A-A oe Oepuokpocio T,  €KTOV@ON | |- T --

Adwfatikn v - i
ocourmieon || ("/K()KMQ“YJ
””” o/

Q=0 r-A N Q=0

Io6Bepun | |--¢--
copmieon ||
IQc

v Poypn Selopevi
o¢ Oeppoxpaocio T,
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O ovvteleoThg amddoonG oG BepUkig Unyavig etvoan

e:1—|Q—C
h

Amodeicvietal 0Tt yio tov kKOkAo Carnot 1oybel

lo]
0 T,

(2.23)

(2.24)

Avtikafiotovrag ) (2.24) ot (2.23) Ppiokovpe 6Tt 0 GVVTELESTNG 0mdd00oTg

™g unyavng Carnot givo

eCarnot = 1

T,

(2.25)

To amotéleopo ONAMVEL, OTL O GUVIEAESTNG ATOS0CNG 0L UNYOVIG
Carnot e€aptator povo amd Tig Beppokpacieg tv dvo de&apevav Bepudtnrag.
H oamddoon eivar peyddn 6tav n dapopd Beppokpaciog eivar peyain kot givort
ToAD puKkpn Otav ot Beppokpacieg dapépovv Atyo. Emeldn ov mepiocdtepeg
TPOKTIKEC €QUPUOYEG Exouv Gov yoypn Oe&opevn To mepifdiiov, dniadn
Beppoxpacio mepinov 300 K, 6co peyorvtepn Beppokpacio £xel T0 cOO TOV
"divel" BeppoTNTO TOCO MO AMOOOTIKY UTOPEL va elval 1 EKUETAAAEVOT TNG.
Emiong 10 amotélecpa emPePardvel 1o devtepo Beppodvvapukd vopo. IMa va

éyovpe anddoon 100% npénel T.=0, mov eivar adbvoTov.

ITAPAAEII'MA 2.5

Xy. 2.23  Adypoppo p-V yuw tov
kOKkAo Carnot. To mapayouevo épyo
W, 1cobton pe v Ogppodtmra,
Qp- | Q. | , TTOL OTOPPOPA TO LEGOV GE
éva KOKAO.

Mnyavny Carnot Aettovpyei avapeca otig Oepuoxpacieg Tp=500 K kot T,=300 K. Ze kdBe kdKAO
amodidel épyo W=2000J. Yroroyiote v amdOOGN TNG UNYOVIG KOl TNV EVEPYELD TTOV damavaTol o€ Kibe

KOKAO.

Andavinon :

H amd6doon g punyovig Ba vmoioyiotel amod tn oyéon (2.25)

T

=1—-_<
eCamot =1

T,

0,4

H 0gppomro mov domavatat yio kdbe khkdo Asttovpyiag e unyovng 0o vworoyiotel amd tn oyéon (2.17)

O,

ooV o @, W 20001

=5000J
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Ew. 2.12 Pobdviorp Kiaodliovg
(1822-1888). T'eppavia. 'Evog amd
Toug BepelMmtéc g Beppodvvapt-
K1G.

v
Xy. 2.24 Te o OVTIGTPENTY| LETO-
BoAn, M petaPorn TG evipomiog
vroloyiletar av  yopicovpe ™
petafoln oe mOAD piKpég petafo-
Aéc xar abpoicovpe TG HeTAPOAES
m¢ evipomiog o kGOe amelpootn
petaforn.

Xy 2.25 Zto Swypdppato (o) Kot
(B) éva Beppoduvopd cvotpa
petafoaivel amd Vv Kotdotoon A
otV katdotacn B pe dtupopeticd
Kk@0e popd avtioTpentd TPOMO. LTO
(v) to 1810 cvomua petafaivel omd
mv Katdotaon A ot B pe un
avTIoTPENTO TPOTO IOV Ogv Umopet
va mapactodel ypapwd. H peto-
BoAn g evipomiog TOL GLGTNLO-
Toc, eivan 310 68 OAES TIC TEPNTO-
GELG.

2-14 ENTPOIIIA

O 0debtepog Beppodvvapkds vopog, Onw¢ datvmmbnke oty
TPOTYOVLLEVT TAPAYPOPO, OEV KATAANYEL GE KATOL0, TOCOTIKT GYECT.

IMocotikn datvmmon tov 2°° Beppodvvopikod vOpou £yve duvath pe
NV €l00y®YN UG vEag Evvolag, TG évvolag evrpomia (cOpporo S).

H evtpomia eionyfn and tov Clausius, o onolog dpioe T petoafor g
gvrponiog (AS) cVOTHATOG KOTA T1] SIAPKELD PLOS TTOAD PIKPIG OVTIGTPENTIIG
peTaforns, T660 KPS MGTE 1 OEPPOKPOCIN TOV GLGTINATOS VO PTOPEL VO,
Ocopndsi otabepr, ©c TO MNAiIKO TOL TOGOV OgppuéotTnTreg AQ mOV
amwoppéonce N axéPade To cVoTNNA TPOS T1) OEPLOKPUTIa TOV GLOTINATOC.

as =29
T

Movada g evtpomiag oto SI givan To 1 J/K.

(2.26)

Ortav og o avtiotpentn LeTaPoAn T0 GVGTNHO amoppoPd BeppoTnTa
t0 AQ s&ivor Betikd, emopévmg m evipomion aw&averor. Otov 10 cvoTHUHO
amofdArel Beppotnta To AQ etvorl apvnTIKO KoL ETOUEVAC 1) EVIPOTIO LEIDOVETAL.
Hpocoyn : n oxéon (2.26) dev opiletl v gvipomics aALG POVO TN peTaforn g
GE€ L0 TTOAD LUKPY| OVTIGTPETTH JlEPYUTiaL.

Ye o aviotpentn petofoin kotd v omola éva Beppoduvopukd
cvoTpo petoPfoivel amd pio apyikn Kotdotaon A o€ o telkn Kotdotaon B, n
OLVOMKY| HETOPOAN TNg evipomiog pmopel v VROAOYIOTEL OV YPIGOVHE T
depyooio og moAD pKpég LeToffoAés (o). 2.24), vmoloyicovpe T UETOBOAN TNG
gvrpomiag o€ kdbe Lo amd avtég Kol abpoicovpe GAOVG TOVG OPOVE.

A A A
S, =S8, =AS,+AS, +---AS, = Q1+ Q2+--- 0
L T,

Y (2.27)

4

H petafoin g evrpomiog evog GLGTAUATOS EYEL TNV 1010l TN Y10 OAEG
TIg petaPforéc mov 0dnyolv omd pio apylkn Kotdotoon A oe pio TEMKN
katdotoon B, aviiotpentég f un.

H petapori] g evrpomiog evog cvotipotog e£apTaTol POvo amod

TNV  OpYIKI] KOl TEMKI] TOV KOTAOTOON Kou 6yt amé TOo 7mAg
npaypatomouOnke 1 perafoin).
p p p
A A A
\\\_/ B \‘\ B B
\% \% \Y%

(@) ® 0]

Towg BéPara Ta o0 eimape péypt Tdpa va un fondncav kaboiov oto

VO KOTOVOTGETE TNV AVAYKT EI0AY®OYNG QTG TNG VEAS EVVOLAS, TNG EVIPOTIOS.
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EAniCovpe 0pmg ot cuvéyela va mecbeite yio v xpnoipotnTa Tov vEou peyédoug.

‘Eoto éva cvotnpa mov anotekeitan amd 600 copota 1o A kot to B,
ue Beppokpaciec T ko Ty avtiotorya. To cvoTua givol povopévo and to
nepPariov (oy. 2.26). Av Tx>Tg, 0o petaxivnOel Ogppotnta amd 10 cOpo A
ot0 B. To avtiotpopo 10 amokAeiel o dgvtepog Bepuodvvapukodg vopog. Ag
(OVTOGTOVUE L0 OVTICTPETTT] SLUOIKAGI0 TOL HETOPEPEL EVa TOAD UIKPO TOGO
Oeppomrag AQ and 10 cdpa A 610 B, 1060 piKpd GGTE VO LTOPOVUE VO,
Aépe OTL o1 Beppoxpaciec v copudtov dev petafAndnkav. H petafoin tng

, , , AQ a0
gvtpomiag tov copotog A Oa givar AS, = ———,evdb Tov B AS, =— .
A B
H evtpomia Tov cuotipatog O petafindet, Kotd

AS = AS, +AS, __1Ag, ]ag)

TA TB
a0l [ag)
—_— > —_—
B A

kot enewdn T, > T, eivon gmopévarg AS > 0.

10 Vo0eTIKO CVTO TTAPAdEYH, O dEHTEPOG VOUOG LGS 0ONYNOE OTO
CUUTEPAGHO OTL 1 EVIPOTICL TOV OTOUOVOUEVOL GLoTHpatog avénonke. To
010 ovpPaivel oe kdBe amopovouévo cvotnua. Emopévog m évvowr tng
EVIPOTLOG LOC EMITPETEL VO ETAVOIIUTUTIMGOVLLE TO OEVTEPO VOUO MG EENG:

Katd ™) owGpkela omoracdnmotre petaforg evog amopovopévov
GULOTHILATOG 1] EVTPOTIA TAVTOTE AVEAVETAL.

H evtpomia ToV GLGTAUATOG OTOKTE TN UEYIOTN TN TNG OTaV EmENDEL
wwoppoTia. XNV TEPIMTOON PG To cLOTNUA opponel otav eElcwBobv ot
Beppokpacieg Twv 600 cOUATOV.

Ao evepyelokn Gmoyr 6To GUGTNUHO 0VTO apylkd Ba pmopovce va
Aertovpynoel (ol Oeppiky UnNxovn YPTOUILOTOIOVTOS ooV JeEQUEVT] WNANG
Beppoxpaciog 1o copa A kot cov de&opevn xouning Beprokpaciog To0 oo
B. H g&icwon tov Beppokpacidv dev mapéyel mo avt T duvatdtnra.

H av&non g evrpomiog €vog GVOTNRATOG 001)YEl 6TV EAATTOON TNG
IKOVOTNTAG TOV GLOTIHLATOG VA TAPAYEL @QEMPO £pYo.
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Xy 2.26 H Ogppodmra petapépeton
ovfopunTo amd cOUTO LYNAOTEPTG
Oeppokpaciog mpog cOUATA YOUNAO-
tepng. To avtictpogo anokheietat.

Ew.2.13 Ta d&b0  ydikva
eldoparta otav Ppiockovtal oe dio-
QopeTikég Beprokpacieg avamTOc-
ooV peta&d Tovg S1apopd SuvopL-
KOO 7oL emuTpémel T Agttovpyia
TOV QVEOTAPO. TNV TEPinTOON
(0) T0 ovomuo Ppioketor o€
ooppomia, &gl T HEYIGTN dvvaTth
gvtpomio Kot dgv €xel duvatdtnTa
mapaymyng épyov. Xy mepi-
ntoon (B) 1o ovotnpo dev Ppi-
OKETOL GE 1G0ppoTi, 1N evVIpomial
Tov glvar pikpoTepn Ko Exel
duvatdmnto Tapay®yng Epyov.



Xy 2.27 (o) Zopo mord yopmAng
Oeppoxpaociog ektehel peTaPOpPKn
kivnon. Ola to. popLd tov £xouvv
mv dw taydmra (B) To ocopa
éxel  ovykpovotel pe  akivnro
gumdo0. Ot TaydTNTEG TV HOopimV
£&yovv tuyaio mpooavatolopd. H
gvipomie,, Kotd T GOYKpoOvow,
ovénonke.

MikpooKomIK epunveia TG EVTPOTTiOg

>t dekaetio tov 1870 o Boltzmann cuvédece v evipomia, Evvola
LOKPOCKOTIKY, UE TN UIKPOGKOTIKY OO TOV GUOTHUATOG KOl £00CE OTNV
évvown véo mepieyouevo. O Boltzmann cvvédeoe 10 péyebog evtponio pe v
ata&io Tov eMKPATEL 6TA OOLUK( OTOLYEID EVOG GLGTHOTOC.

Ortav peyordver n ataéio mov emkpatel og €va cUGTNHO HEYOADVEL
KOl 1] EVIPOTIQ TOV.

‘Ecto éva ochpa mold yaunAng Oepupokpaciog (kovtd 610 amdAvTo
unoév), mov Kiveitor pe toyvTnta v. Ta copatido and To omoia amoteheital
TO oOUO €QOVV OAO TN UETAPOPIKT TOYVTNTO V TOV CAOUATOG KOl AOY® TG
TOAD yaunAng Oeppokpaciog eival oyeddov akivita @g mpog avtd. H kvt
EVEPYELDL TOV CMUATOG eivat, oyeddv, dom Kol TO AOPOICHA TOV KIVNTIKOV
gvepyeldv tov popiov tov. To copa oty mopeia Tov cuvavtd €va eUnddlo
ka1 cuykpovetal. Katd tn chykpovon de yavetor evépyeta. Av abpoicovpe Tig
KWVINTIKEG EVEPYELEG TOV LOPIOV TOL COUOTOG LETA TN cOYKPOLOT 1 EVEPYELD
mov Ba mhpovpe elvar don ko wpwv. ' va sipocte wo akpiPeic, oTovg
VTOAOYIoHOVG Mo Oa mpémel vo cvpmepthafovpe kot Ty avénon Tov
KIVITIKOV EVEPYEIDV TMOV HOPlOV TOL gUmodiov yOpw amd TO onueio g
GUYKPOLGTC.

4}//7”7 0] o \ [
//// o> .\%\ /&. ._?k\..
o> o>\ £ 1B e
[ o > | ‘/. |
. = % | _®> ¢ @

o> / \\.(—. . Y

— N4
a p

Oupwg, evdd mptv cuykpovoTel To. pLOplo. TOV GOUOTOG eiyov dAa TNV idwa
tayvTa (oy. 2.270) HETA TN GVYKPOLOT] TA HOPLO, KIVOOVTOL ATOKTA TPOG OAEG
g koatevBovoels (oy. 2.27PB). Ilpwv 1t olykpovon 10 ocodpa giye Kamol
Kivntikn evépyela 1 onoio Ba pmopovce va ypnopomombel yio v mopaywyn
£pyov, Adyov yaptv 8o pmopovoe vo Kapeaoet pia mveéla otov Toiyo. Metd
GUYKPOLGT M OCLVOAIKN evépyela dev dAlaée elvar Opmg advvatov T va
eKUETOAAEVTOOUE TV eVEpyela Tov cvothuatoc. H ata&io Tov cvotipatog
ovénbnke, petd ™ obykpovorn. Av pmopoOGAUE Vo TN petpriicovpe Ba
dwmotovape 0TL 1 gvipomio ovénonke.

Amo pokpooKomiky dmoyn n avénon g evrporiag odnyel oe peimon g

KavOTNTOG Yo TOPAY®Yn €PYOV, EVA amtd MIKPOSKOmIKY dmoyn 1 avénon
¢ evrponiog 0dnyel 6 avénon T atadiog Tov GVGTIHATOG.
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2-15 YIIOAOI'TEMOXZ THX METABOAHX THX
ENTPOIIIAY XE MEPIKEZX ITEPIIITQXEIX

Adwfatikn avriotpent perafoin

‘Eotm 611 éva 0épio, Tov Bpioketal apyd otnyv kotdotaon A (pa, Va,
Ta), extovoverar adwfotikd uéypt v katdotaon B (ps, Vs, Ts). H
UETAPOAT TOV 0EPIOV TAPICTAVETAL YPAPIKA GTO cynua 2.28.

Enedn mpoxertar yw ovitiotpent| HeTOPoAn, 1 peTaPoAn 1Tng
evtpomiog ASap, Umopel va vmoAoylotel ov ympicovue v diepyocio. o€
oToyeudelg petaforég, vmoAoyicovpe v peTaforn Tng evipomiog oe kade
oToyewmdn petafoin Kot adpoicovpe 6AOVG TOL OPOVG.

A
0, A0, AQ,
T T T

v

ASAB =

Ouwg omv odwPatikny petoforny 10 0éplo dev  avVTOAAAGGEL
Oepuotnta pe 1o mEPIPAILOV, ETOUEVMG OAOL O apBUNTEG 6TO OEVTEPO UEAOG
NG TOPATAV®D GYECTG EIVOL UNOEV, LUE UTOTEAECLO

AS,, =0

2mnv  aowpatik) avriotpenti] petoforny m  evipomio  O¢
petoparieTar.
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Ew. 2.14 Ta I'apoviicia, ota
Bopeta g Mntov, £xovv mpokvyeL
amd neawotewkn dpdon. H Adfa
Katd v yoén g mpe acuvnor-
OT0.  YEOUETPIKA,  paPodpopea
oyquota. H evtpomia g Adfog
peimdnke. Aev yvopilovpe kdto
amd moleg cLVONKeEG GLVERN awTo.
Exelvo yo 10 omolo pumopovpe va
elpaote BéParot eivar to Ot KAOMOG
pewwvotav 1 gvipomio g AdPag,
avéavotav 1 evrpomio Tov TePPAA-
AovTog.

p

Ty
\Y%

Xy. 2.28 'Evo 0éplo ektovmveton
adlofotikd and TNV apyKn KoTd-
otaon A oty telk) Katdotaon B.
H evtponio tov mapapével otabepn




P

T

\Y

2. 2.29 To aéplo eKTOVOVETUL 1G0O-
Oeppa amd TV apyIK KotdoToon
A omv tehkn katdotacn B. H
gvtpomia Tov agpiov avéhvetor.

p
S X
A;/ \\\
S NNEP g

Xy. 230 Av yopicovpe Vv
KUKAIKY OVTIGTPENTH UETAPOAN GE
GTOLYELDOELS, TOTE TO GOPOIGHA TMV
dS, og 6An v kvKAikn dwadpopn,
givor undév.

I600epun avriotpentn petafoin

‘Eoto éva oépro mov Ppiloketor apykd otnv katdotaon A Kot
ektovaveTal 1600eppa og Beppokpacio T uéypt v kotdotaon B. To oynua
2.29 amodidel ypapikd T petafoin tov agpiov.

Kot €0 emedn m depyocia eivor avtiotpentny 1 petafoAn g
gvtpomiog vroloyiletal 6mwg Tpv.

A, MO, AQ, _AQ +AQ, ++AQ,

AS .. =
wer T T T

To GBpoopa otov apBunth divel T0 cuvolikd Tocd Beppotmrag Q
OV ATOPPOPNGE TO AéPlo KOTA TNV petafoin. ‘Etot, ) oxéon yivetot:

AS ,, = Q (2.28)

T

2mv 1060epun petofoin n BeppoTNTO TOL AVTOAAACGEL TO OEPLO UE

”
10 TeptEALov Sivetar amd T oyéon O = nRT In—2 «ou emopéva
A

VB
AS ,, =nRln—- (2.29)

V4

Kvkikn petapoin

Eo@’ 6cov o po kukAikn petaforn] - avtiotpenti N Oyl - TO GOOTNUA
EMOTPEPEL OTNV OPYIKT] TOV KATAGTOOY, 1] EVIPOTiG TOV GUGTILATOS OF
petaparreron.

AS,, =0

2V EpinT®mon 7oL 1 KUKAIKY METAPOAN €ival avTIGTPERTH, OV TN
YOPICOVUE GE V GTOLYELDOT TUAUOATAE, OCTE 08 KOBEVA amd aVTd Vo, UTOPOVLLE
va Bewpricovpe 611 1 Beppoxpacio etvor otabep, Oa woyvet :

A A A
ASolzﬁ-F&-F &
LT

omov  AQ,, AQ,, ...,AQ, 1o otoyEddN wocd OeppdTnTag  TOL

14

mpocAapPavel 1 amodidel 10 cOOTNHO o€ KAOE OTOLXEUDOEG TUNUO TNG
UETAPOANG.

e pio KUKAIKY] OVTIOTPERTH LETOPOAN AOTOV 1GYVEL KOt

AQl AQZ AQV — 0

+ ==Lt
L T
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ELe00epn extOvoon

"Eva Bgppucd povopévo doyeio yopiletar pe pepppdvn og 600 ydPoOVG.
O évag mepiéyel aépro oe Bepuoxpacio T kot o dAlog eivar kevog. Kdmoa
OTWYU] M MEUPPAVI OTAEL KOL TO 0EPI0 EKTOVAOVETOL KO KOTUAGUPAVEL
aotpoamiaio Tov Oyko 0AOKANpov tov doyeiov (oy.. 2.31). H Sadwaocio
eKTOVOONG elvarl ToAD Ploun kot pe Kovéva Tpomo o€ PTopel Vo YopaKTNPIoTEL
avtioTpent]. Oa vroloyicovpe TN HETAPOAN TNG EVIpPOTiNG TOV aepiov.

Mn Buwoteite va meite 6T, apov To 0éplo dev avioArdcocel Bepuotnta
pe to mepiPaiiov, coppwva pe T (2.26), Ba eivar 45=0. H (2.26) 1oy0e1 povo
Y10 OVTIOTPENTEG LETAPOAES,

AoV 1 petafoin gival pun avtioTpentn dev punopel va mopactadel
vpapikd. I'pagikd pmopodv vo omekovicBobhv HOVO 1 apylki Kot TEAKN
Kkatdotacn A kot B tov agpiov, mov gival Kotaotdoelg icoppomniog (o). 2.32a).
To £pyo mov mapAyEL TO AEPLO Y10 VO KATOAAPEL TOV KEVO YDPO Elval PUNOEVIKO
Kol, OTMG EIMAUE, TO TOYYMOUOTO TOV O0YEIOV OgV EMTPEMOLV TN UETAPOPH
Bepuromntoc.

Andé tov mpdTo Ogppodvvopkd vopo (Q =AU+ W) mpokdmtet
AU = 0. H gootepikn evépyeto Tov agpiov eEaptdtar povo amd v opyikn
Kot TeAkn Beppoxpacio Kat, apov 1 E0OTEPIKN eVEPYELN O PeTafdAAeTal, M
TeMKY| Beppokpacio Tov agpiov givan ion pe v apyikn T. Eneidn Ta =Tg=T
M opykn Katdotaon (A) kot 1 teAkn katdotoon (B), Bpickovrol Tave oty
010 1660epun KoumTOAN (o). 2.32P).

P A P A

(o) ®

[Na va vroloyicovpe ™ petaforn g evipomiog 6o eKpUeTAAAELTOOLE
T0 0Tl autn €£apTaTOL HOVO amd TNV OPYIKN KOl TEAMKN KATAGTOGCT TOL
oLOTHLOTOC. Mo avtioTpentn Slodikacio wov €xet Ta id1a dxpa A kot B givan
N 1660gpun AVTICTPENTY HeTABOAN amd TNV Katdotacn A ot B.

7
AS ;= AS'PP" = pR In 2
A

Tékog, enedny Vy >V, n evipornia tov agpiov avéaverar (AS > 0).
To amotéiecua pmopovGaLE va TO TPOPAEYOLLE, OPOV GTIC TPAYLATIKES (LN
OVTIOTPENTEG) MeTOPOAEG M evipomic €VOC OGMOUOVOUEVOD GUGTHOTOG
avéavetal pPéYplg 0Tov T0 cvoTNUo £pbel oe KATAOTOON OEPUOSVVOUIKNG
1GOPPOTHAG.
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Xy. 2.31 Ekedbepn extOvVoON
ogpiov. Otav  dwppoysi 1
pepfpdvn n omoia mepropiler to
0éplo, TO OEPLO  EKTOVAOVETOL
glevlepa e PN ovTIoTPENTO TPOTO
Kot Kotodappaverl 6o tov dyKo Tov
doyeiov.

Xy.  2.32 H petaBorny kotd tnv
elevfepn  extévoorn  eivar  un
avtotpent. ['pagikd pmopovv va
mapactafody HOVO M OopyIKn Kot
TEMKTY| KOTAOTOON TOV 0gpiov A ko
B. Emeidn] kotd v €ledbepn
eKTOVOON 1 Opykn Oeppoxpocio
Tov agpiov glvan iom pe TV TEMKN,
N apYIKA Kol 1 TEMKY KATAGTOOT
oV ogpiov Ppiokoviarl TAve otV
o1 1660gppn.



XYNOYH

O1 TOGOTNTEG WOV VOl IKOVEG Y10l TNV TEPLYPAPT TNG KATAGTAGNS OEPLOSVVOUIKOD GUOTHUATOG, ATOTEAODY
TIg avegapTnTeg Ocppodvvapkés peTafintég Tov GVGTIRATOC.

Mo mocotnTa aepiov PpickeTol 6 KOTACTAGT OEPIUOOVVINIKIG 1GOPPOTING OTOV 1| TIEST, 1 TVKVOTNTA,
Ko 1 Beppokpacio Tov, Eyovv TNV 1010 TN G€ OAN TNV EKTOCT] TOV.
Mo KaTdoTOoN 1G0PPOTING TUPIGTAVETOL YPOOIKA LLE Vo oNUETD.

Avtiotpenti ovopdletal n petafoAr] otnv omoio VAPYEL | SVVATATNTO ETOVOPOPES TOV CLGTIUATOS KOl
TOV TEPIPAAALOVTOG GTNV OPYIKT TOVG KotdoTaon. Ot Tpayuatikéc HETOPOAES Elval Un OVTIGTPETTEG.

H petafoAn omnv omoia 10 cuotnpa petafaivel amd pio apyikn KATioToon G Uio TEAMKT] KOTAOTAoN LECH
OLOOOYIKAOV KOTAGTACEDV TOL UTOPOVV Vo BewpnBodv KoTAGTAGELS 160pPOTING EIVOL OVTIGTPENTY. XE Lid
Tétolo, LeTafoAr) pumopel va mpaypuatoroinfel Kot n avticTpoen TopsEia.

M avrioTpenti] peToforn] maprotdverol yYpoQikd pe po ovveyn ypoppn. Ov pn aviiotpentég
petafolrég o€ popovv va Tapactadovy Ypaeikd.

To £pyo tov oepiov yio o TOAD pikpn petafoin tov dykov tov givor AW = pAV . Eivar Ogtikd av 10

0€PLo EKTOVMVETOL Ko apynTikd av copmiéletal. To pyo evog aepiov o€ pio avTIoTPENTH LETOPOATN lvar o
UE TO EUPAOOV TNG EMPAVELNG GO TN YPOLUN TOL dlaypaupaTog ueEypt tov déova V, oto didypappo p-V.

Ogppotnta ovopdletor M LOPPN TNG EVEPYELNG TOV WETOPEPETAL OO £vo GOUN GE €vo, GALO AOY® TNg
dtapopds Bepprokpaciog TV 0V0 COUATOV.

Kdabe copa eumepiéyel evépyela, mov givor To GBpoIcUO TOV EVEPYELDV TOV COUATIOI®V TOV TO amapTilovV
G ATOTEAEGLLOL TNG GYETIKNG TOLS KIVNONG (G TPOG TO KEVTPO HALAG TOV CAOUOTOG KO TV OAANAETIOpAGEDY
peta&d Tovg. AvTti TNV EVEPYELD TNV OVOUALOVLE ECOTEPLKI EVEPYELX.

3
H somtepikn evépysera 1davikov agpiov sivarU = EnRT .

H petafoin] 6ty e6mTEPIKI EVEPYELD, EVOC BEPLLOOVVOLIKOD GLGTILLOTOG EEOPTATAL LOVO OO TNV APYIKN
KoL TNV TEMKT KOTAGTOGT TOV GUGTNLOTOG.

[p®dTog Beppodvvaopukdg vopog : To moco Oeppotntog mov amoppo@d 1 amoPdAlel Eva Oeppodvvaptkod
ocvoTnuo gival 100 pe 10 aAyefpikd dbpotopa TG LETABOANG TNG ECMTEPIKNG TOV EVEPYELNG KOL TOV £PYOV
7oV Topdyel ) damova to ovotnpa. Q=AU + W .

V

Xty 1660cpun avrictpenti) petaporn civor W =nRT In VT .
XV 1ooyopn aviietpeaty petafory W =0.
Yty woofopi) avrietpenti) petaforny W = p(VT -V, )
Adwpatiki) ovopalovpe ekeivn T peTafoAr Katd TV onoio 6 GuVIEAEITOL PeTAPOPE BEPIOTNTOS Ao TO
nePIPAALOV TPOC TO cVGTNUO 1) avTioTpoga. Xtnv adofatiky petapory pV’ =orad.
p.V. .V,

-y '

Kvokhun ovopalovpe ™ petaffodn] KoT@ TV 0moiot T0 GUGTNUE, UETE OO L0 SIEPYACIN, EMIGTPEPEL TNV
OPYIKT] TOL KOTAGTAOT).

To épyo oty adwwfotikn avrictpenti) petafor) sivar W =

To épyo 6¢ puo KUKMKI avTieTpenTn petaforr) sival ico pe to euPaddv mov opiletal amd T ypapuq Tov
OLypALLLATOS , GTO dtdypappa p-V.
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To moc6 Bepudtnrag Tov amarteiton yio va peTafAndel n Oeppoxpacia piag tocoTntag aepiov katd AT givar

O=nCAT.

H ypappopoproxn) €0k Osppéotnro pe 6tadepd dyko kor 1 ypoppopoplokn 01k Osppotnrto pe
ota0epn migon cuvotovron pe m oyéon C, =C), + R.

O ypappopopaxég edikég Beppotnteg C, ko Cy yia éva aépro €xovv otabepd Adyo.
CP
==
CV

H petapoin otnv eowtepikil evépyera evog aepiov divetan and v oxéon AU = nC, AT .

O1 Ogppikég pnyovég LITOPAALOVY Eva 0EPLO GE KUKAIKT LETAPOAT KOTA TN SIPKELN TNG OTOT0G
1) H punyavn amoppopd Oeppotnta (Qn) amo pwia de€apevi vyning Oeppokpaciog Ty, 2) H unyovn mopdyet
épyo 3) H pnyavn amofaiier Oeppomra (Q.) o€ o de€apevn youniotepng Beppoxpaciog T.

w c
H omédoon prag Osppuknig pnyovi eivar e=— 1 e=1-— |Q—

0, O,
Agvtepog Beppodvvapikdog vépog : Etvar addvarto va kotaokevaotel Oepikn pnyovn mov vo LETATPENEL €6
OAOKANPOL TN BepUdTNTO 08 MPEMUIO €PYO 1) VO KOTAGKEVOGTEL LMYV TOL VO LETOPEPEL BEpUOTNTA OO
&va Yoypo oo o€ Eva OEpOTEPO YMPIC VO, dATAVATOL EVEPYELD Y10, TN AELTOVPYIO TNG.

O Carnot eptéyponye Lo, 100VIKT] KUKAIKT OVTIGTPETTH LETOBOAN, TOV ovoudotnke KukAog Carnot, kot amédelse Ot
po, Oeppucr) unyovi ov Ba akoAovBoboE CTOV TOV AVTIGTPETTO KOKAO Oal giye TV peyalvtepn duvath ommddoon.
H pnyovi] Tov Carnot okoiovfei tov €&ng avtiotpentd kvklo: 1) 1060epun ektdvoon 2) adiofatikn
ekTOVOo 3) 1660gpun cvumieon 4) adofatikn copmieon.

T
H amddoon g pnyovng Carnot eivar e, =1— FC .
h

H perafoiq g evrpomiog Katd T OGPKEID UIOG TOAD UIKPNG OVIIGTPENTNG Olepyaciog opileTal g To
TMAIKo Tov TocoV BOepudtnTag MOV amoPPOPNCE M améPode TO ovoTNUA TPOG TN Oeppoxpacio. Tov

as =20

GUGTHLOTOC.
H petafoln g evrpomiog vog cuotipatog e£opTdTal LOvo omd TNV apyIKi Kol TEAMKN KaTdoTasoT| TOV.
Kotd ™ didpkelo mpoaylotik®y HeTaBoldv 1 evipomios EVOG LOVOUEVOD GLUGTIUOTOC TAVIOTE OVEAVETOL
UEYPL Vo eMEADEL 1IGOPPOTiaL, OTOTE 1 EVIPOTIO OTOKTA T1) UEYIGT TIUN TNG.
H avénon g evipomiog €vOg GUGTAWOTOS 00MYEL GTNV EAATTOON TNG IKAVOTNTAG TOV GUGTHUOTOG VO
TOPAYEL OPEALLO £PYO.
H evtpomio cuvdéetan pikpookomika pe v ataéio Tov emKPaTel 6To SOUIKH GTOLYEI TOV GLGTHIOTOGC.
Avénon g ata&iog cuvemdyeton abENGCT TG EVIPOTIOG TOL GLGTILATOC.
[Mepmrmoeic vTOAOYIGHOD HETABOANG TNG EVTIPOTING
Yy adwefatiki) avrieTpenti) petafoi) AS =0

V
XV 1600cpun avrictpenty petofory AS =% n AS=nR an—B.

A

Znv kokhki petaforiy AS_ , =0

V
Tty ehevOepn extévoony AS =nRIn—-2 .

A
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Xy. 2.34

Xy. 2.35 (o) Toun tov KLAWIPKOH
doyeiov pe g tpomec. (B) Toun tov
doyelov petd TV mWAPAUOPPOT).
IMpocéére mov Ppiokovtar ot TpOmES.
(y) To doyelo xpépetar 6pbro, depévo
pe éva okowi. (8) O atudg eedyet
omo TG TPLTES Kot TO doyelo oTpépetar.

APAXTHPIOTHTEX

1. Oeppotra km £pyo

[apte éva Adotiyo (0md aVTA OV YPTCULOTOLOVUE Yo VO KAEIVOLULE
piKpd  dépata) Kol TEVIMOTE TO UTPOOTE 610 mAve yeihog cag. Oa
dwumiotdoete Ot etvon AMyo Beppdtepo and to mepipdidiov. Kparinote 10 étot
Yo Alyo Kol HETA apnote To Vo Eavomdapel To opyikd Tov punkog. Oa deite 0Tt
TOpa eoivetal Alyo mo yuypo arnd 1o tepipdirov. [log e&nyeitan avtod;

2. H petatpomi g Oeppotnrog og £pyo.

e éva SoKIaoTIKO cmAnva piEte Ayo vepd Kol 6T GUVEKELD KAEIoTE
Tov pe éva e, TomoBetrote Tov Opblo, e To KAEGTO TOV GKPO TPOG TO
KAT®, 6TN GIyavi] OTLA VO KOULVETOV. Ze Alyo To vepod Oa apyicel va Ppdalet
Kol v TEPLUEVETE Alyo o peAlog Ba extvoytel. [leprypdyte Tig evepyelakég
petaforég mov cvufaivovv.
[pocoyn : 0 cwrvog dev Tpémel vo, oNUadeDEL EGAG I KATOOV GALO.

3. Kortaokevaote éva atpootpoprro.

®a YPNOUOTOOETE £VOL KAEIGTO PETAAAMKO KOVTAKL OO OVOLYVKTIKO.
Xopig va avoitete 10 Kovtdklt avoifte pe éva Koappi dvo TpOmeg of
OVTIOIOUETPIKA onpeio TG KLVAWVOPIKNG emeavelng, Tov PBpickoviol oto idto
VYog Kol adEIdoTe TO TEPLEXOUEVO (OY. 2.350).

N

G

SN

[Tiéote pe Ta xépla TV KLUPTN EMPAVELD DOTE TO KOVTI, VO OTOKTNOEL
téooepig yovie. Tlpémel va miéoete T0 KOLTAKL e T€T010 TPOTO DGTE KAOE
TpUTO Vo pioketal Kovid og kamola yovia (oy. 2.35B). Bdkte amd Ti1g Tpvmeg
mov avoi&ate mepimov €va ddyTVAO VEPO. AEGTE TO KOVLTAKL OO TO EMAVM
UEPOG TOL e GKOWVI MOTE Vo, UTopel va, oTp€petatl YOp® amd Tov AEOoVa TOV
(oy. 2.357). Kpepdote 10 and kamov kot tomobetote akpipdg omd K4Tm Tov
éva ykalaxt pe oryav eoTid.

Otav to vepd apyioel va Ppaler, o atpog Bo apyicel va gevyel pe
ToOTNTO OO TIG TPOTEG KO TO OOYEL0 VO GTPEPETAL.
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EPQTHXEIX

Ioopponio — avrioTpentés petaforéic — épyo agpiov

2.1

2.2

23

2.4

Avopépete 600 Un avTioTpenTEc PETAPOAES, DLOPOPETIKES OO OVTEG
oL avapEpovtal oto PiAiio.

To épyo evog aepiov givat .............. OTOV .ovveveennnn. Kol apvnTikd
OTAV v.vvviiineannnnns (Zouminpmorte o KeVA).

[Toteg amd TIc EMOUEVEC TPOTAGELS TTOV APOPOVY GTO £PY0 EVOG aePiov
glvar cooTéC

o) ‘Eva aéplo  mapdyer épyo upoévo Otav  vmoPdrAetor o€
OVTIGTPENTN UETAPOAT.

B) Av 0 6yKoc tov agpiov dg petafdrietal, To €pYo TOL 0EPIOV
glvat unoév.

v) Xe k0Be petafoArn, avtioTpentn 1 Oyl, 10 £pyo €vOC aepiov
UTOpElL VoL VTOAOYIOTEL OO TO S1dypappa P-V.

d) O vrohoyiouds tov €pyov Tov aegpiov amd to ddypappa p-V
glval dvvoTdg HOVO OTNV TEPITTOON NG UN OVIIGTPENTNG
HeTaPOANG.

AwBétovpe éva doyeio ywpiopévo atn puéon e HepPpavn. Ztov €va
Y®po TOoL doyeiov Ppioketor KAmOO AEPLO VM O GALOG gival KeEVOG.
Kdémow otiypn ondet n pepfpdvn kot to aéplo kotarappdver 6Ao 1o
x®po tov doyeiov. To £pyo Tov aepiov gival OeTikd, apvnTiKo 1 UNdEV;
ATIOAOYNOTE TNV OTAVINGT GOG.

Oeppotmro — Ecotepikn evépyero

2.5

2.6

[Toweg amd 115 emdOpEVES TPOTAGELS Elval COOTEC;

o) "‘Eva copo éxet Beppotnta otav givan {eoto.

B) Edv oépovpe oe Bepuikn emoen dvo ocopoato A kol B,
dwpopetikng Oeppokpaciog (To>Tg) petapépeton evépyela
(Beppotra) omd 10 codua pe TV VYNAOTEPT Beprokpacio
TPOG TO COMO e TN YaunAdtepn Oepuokpocio. Avty m
Swdikacio £l MG OMOTELEGUO TNV EAATTOOT TG ECMOTEPIKNS
EVEPYELNG TOL COUOTOG A Kol TNV oVENCT TNG £0MTEPIKNG
eVEPYELNG TOL cOUaTOG B.

Y) Me v 1p1n dev avédvetar 1 BeppoT T TOV COUATOV TOV
tpifovtatl oA 1 ECOTEPIKN TOVG EVEPYELQL.

d) Oepuodtnro. Ko Oeppoxpacio givar S0QPOPETIKEG OVOUUTIES
7oV amodidoviat oTnV idia £vvola.

€) H ecotepwr] evépyelon evog agplov eivar avaroyn g

Beppokpaciog Tov.

EniléEte T cwoti TpoTOon.

o) H socwtepikn evépyeia evog aepiov givor to dBpotoua tov
SUVOUIKADV EVEPYEIDV TV LOPI®V TOV.
B) H esootepikn evépysia evog agpiov eaptdtar povo omd v

mieon otV omnoio PpiokeTal.
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2.7

2.8

Y) "Eva Beppodvvopukd cdomua pmopel va petafel omd o opyikn
KOTAOTAGN G€ KOO, GAAN pe moAlovg Tpdmovs. H petaforn g
E0MTEPIKNG TOL EVEPYELOG EE0PTATOL OO TOV TPOTO LE TOV OTTOI0
70 GOOTNUO PETAPAIVEL OO TNV OPYIKT OTNV TEAMKN KOTAGTOON.

) H petaforn) g eomtepikig evépyelng 100vikoy oagpiov
e€aptaton uOVo amd TNV apYIK Kot TEAMKN KOTAGTOO).

Yopa aenvetol va oAlodncel oe mAdylo emimedo. H eowtepikn
EVEPYELD TOV CAOUATOG PETAPUAAETOL

o) av petaPAindei n Beppokpacio Tov.
B) 10Tt petafaAleTol n) TOYOLTNTA TOL.
Y) 1ot petafdrietar To Hyyog 6To 0moio PPIcKETOL TO CAOUA.

EmAéEte T oot poTaon.

Avo  dlopopetikég mocoTnTeg aepiov  Ppiokovior oty 1ol
Bepuoxpacia. ITowa amod T1c endpeveg TpoTdoelg eivol cooTN;

o) O1 000 TOGHTNTEG £YOVV TNV 1010 ECOTEPIKT EVEPYELQ.

B) MeyodOtepn eomTepikny  evépyelo  €xEL 1M UEYOADTEPN
TocOTNTA.

v) Meyoldtepn €0mTEPIKN evéPYEl €Y€l 1 TOGOTNTO TOV
KaTOAOUPAVEL TO HEYOADTEPO OYKO.

d) Meyoldtepn €0MTEPIKY] €VEPYELDL EXEL TO 0OEPLO HE 1N

peyaAvTepn mieon.

O Tp®dTOG OEPNOIVVUUIKOS VOROG

2.9

2.10

2.11

2)
3)

4)

5)

Kukhky aviiotpenty petafoly € W=

Adofotikn avTioTpenT
petafoin

2OUQOVO e TOV TPpOTO BepoduvapiKd Voo, To Tocd BepudtnTog
OV amopPoPd 1 amoPfdiiet Eva Beppoduvapkd cvoTnUa Elval 160 [
10 aiyefpucd aBpowopa 1) G UETAPOANG vvvvverrerins e OV
GUOTAMOTOS KOL 2) vevvnreenrineanneenneannns ov mapdyet 1| damavd To
cvotnua. (Zvprinpmnote t1g AEEEIC TOV Agimovv).

O TpdTOC BEPLOSVVOUIKOC VOUOC:
o) AmoteAel pia EKPPOoT) TG APYNG SLTHPNONG TNG EVEPYELUG.

B) AvopépeTal og povopéve Bepproduvapikd cLGTHLATO.
v) Ioyver povo ota aépia.
d) Ioy0el povo otig avTioTpentég petaforés.

EmAéEre T ocwotn amdvinon.
Na avticToyicete o 6ToYElD TG OPLOTEPTIG OTNANG GE GTOtYEL TNG OEEL4G.

V
o) W=nRTIn—
V,

a

IooPapnic avtiotpenth petafory B) W= p"Ter’ AV

Iooywpn avtiotpenth petaPorsy ¥) W = pAV

Io60epun avtiotpent 5 W=0

petafoin

_ prVr B paVa

I-y

ot) EpPaddv mov mepucieieran amod
TNV KAELOTH YPOULUT OTO

dwarypappo p=f(V)
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2.12

2.13

2.14

2.15

2.16

2.17

No GUUTANPOCETE TA KEVA:

To épyo &vog aegpiov elvar OBetikd Otav 10 a€plo .......... mv P
..................... OVTIGTPENTN EKTOVMOT] TO £pY0 TOL agpiov givor ico

HE TNV EAATTOON TNG ECMTEPIKNG TOV EVEPYELNG. TNV wvvvvrnnnnnnn..
OVTIGTPENTY EKTOVOOT TO £pY0 TOL oepiov gival ico pe T BepudtnTa
OV OTOPPOPA TO 0EP1O.

210 S1dypappa Tov oXfUoTog 2.36 ToploTdveTal pio 166fepun Kot o

(D

2

adfotikn petoforn opiopévng mocodtntag aepiov. Ilow xapmdin
avTIoTolyEl 68 KAOe peTafoAn; AKAlOAOYNGTE TNV OMAVINGT GOC.

"Evo. aép1o, mov apyikd Bpicketon oty katdotoon A, petapoivet oy P

katdotaon B pe otabepn mieon kot otn cvvéyela oty katdotaon I,
ue otabepd dyko, 6mmg delyvel To oynua 2.37.
I. H petofodn tng ecmtepikng evépyslog Tov ogpiov Katd T
dtepyacia AB sivat:
o) OeTikn; B) Apvntikn;  v) Mndéy;
2. H petofoln tng ecmtepikng evépyelog tov oepiov Katd T

o>

Ty 2.36

dtepyacia BI glvat:
o) OstiKn; B) Apvntikn; ) Mnoév;
3. H petofoln g ec@TEPIKNG EVEPYELNG TOV GLOTHLOTOC KOTH
™ petdPfaon Tov and v kotdotoon A oty I givat:
o) OstiKn; B) Apvntikn; ) Mnoév;
AUTIOAOYNOTE TIG OMAVTNOELS GOC.

Eméére t cwot mpoToo.

o) YV 1600gpun ektovoon oepiov éva pépog g Beppotnrog
OV ATOPPOPA TO OEPLO UETATPETETAL GE EPYO.

B) 2mv ooPapn eKTOVOGOT, TO £pyo Tov aepiov gival ico pe To
710606 OepUdTNTAG TTOVL ATOPPOPA TO AEPILO.

v) mv woyopn Béppavon, mn BepudtnTa TOL ATOPPOPA TO
aépro ivar iomn pe TN PHeTafoin GTNV ECMTEPIKT TOL EVEPYELQ.

o) Ymnv adtofatikn EKTOVMOGT To £pYo ToL aepiov gival ico pe ™
UETAPOAN TNG ECMTEPIKNG TOV EVEPYELNG,

‘Eva 0épro, mov opywkd Ppioketor oty KoTdoTaon pa >Va

eKTovOVETOL PEYPL 0 Oykog Tov va yivet Vi . No mapactabodv og
Kowovg dEoveg p-V o 1660epun kot pio adtofatiki mTov vo odnyodv
OO TNV aPYIKN KOTAGTOOT OTIC TEAMKEG KOTAOTACES Oykov Vp. Xg
ol amd TS 6V0 HETOPOAEC TO €pyo mOL TOPAYEL TO Oéplo givol
LEYOADTEPO;

‘Evo aéplo umopei vo petofei and o apyikf kotdotaon A oe wa P

TeMKN KoTaotaon B, pue dvo tpoémove. o) Me pa 1060epun petofoin
kot B) Me po wooPapn EKTOVEOOT Kot (o 160y wpn LeTafoirn. Ot dbo
TPOTOL TAPLGTAVOVTOL 6TO GYNLa 2.38 pe Tovg aptBpodg 1 ko 2.

To 1066 BeppdTTOg TOL ATOPPOPA TO AEPLO EvaLL:

o) Meyardtepo Kotd T dtodpoun 1;

B) 'I310 ko1 671G V0 MEPMTOGELG;

Iy 237

v) Meyalvtepo Katd ™ dtadpoun 2;
[Mowa amod Tic TpoThoelg avTég eivan opOn;
A1T10M0YNOTE TNV OTAVTNOT GOG.
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A.

Ty 2.39

2.18

2.19

‘Eva aépro apyucd Bpioketar omnv kotdotacn A. To aépro pmopel va

petafel oty katdotacn B pe plo omo Tig petaforéc mov
TapLeTAvovTal 6to dtdypappa (0y.2.39). No cvykpivete yia Tig TPELG
Slodpopég @) To €pyo TOL TAPAYEL TO aéplo, P) TN pETOPOAN NG
E0MTEPIKNG €VEPYEWS TOV oepiov, 7Y) TO TOcd BepudTnTOg TOL
amOpPPOPA TO 0EP1O.

IMoeg amod T1g emdUEVES TPOTAGELS EIVal GMOTEG;
o) v 16owp1 petafoin to Epyo sivar undév.

B) Ymv adofatiky ektovmon 1 TEMKT Oepuokpoacio  sival
HIKPOTEPT TNG OPYIKTC.
v) Xmv adwPatikn eKTOVOOT TO £pY0 MOV TWOPAYEL TO AEPLO

glvat ico pE TNV EAGTTOGCT TG ECMOTEPIKTG TOV EVEPYELNG.

o) Ymv 1060epun petafoin n Beppdmro Tov OVIOAAAGGEL TO
aépro pe to mepPaAlov givat undév.

€) Yy kKK petaforn to épyo tov ogpiov gival ico pe To
euPadov mov mepucieietor amd TN YPOUU GTO S1AYPOLUd P-V.

I'pappopoprokég e1dikéc Oeppotnreg agpiov

2.20

2.21

2.22

2.23

ZOUTANPDOOTE TO, KEVAL:

H ypappopoplokn €dikn Oeppotnto ekepalel to mocd Oeppotntog
ov wpémel vo mpoopephel oe évo mol agpiov dotE va avéPel M
Bepurokpacio TOV KOTA ...ovveneenn.n. 210 aépa, 10101TEPO EVOLAPEPOV
mapovctdlovy M YpoUHopoplaKkn €101k Beppuotnta vid otabepd dyko
KOl 1 YPOUUOHOPLOKT  €01KH  OgpUOTNTO  vvvvvvrnnrnnnnnnn
...................... H oyéon mov ouvdéer Tic d00  €101KEG
YPOLLUOLOPLOKES OEpUOTNTES EIVOL o.vvvveenvinaens. .

IToleg amd T1g emdLEVES TPOTACELS EIVAL GOOTEC;

o) Y10, oteped kal Ta VYPA, 1 €WK Oeppomta e€aptdTon LoVo
amd 10 LVAMKO TOvG. XTO 0Pl T YPOUUOUOPLOKY| €101KN
Bepuonta eaptaror kdbe Popd amd TovV TPOTO LLE TOV O0MOi0
Oepuaivetar To aépro.

B) O Aoyog C,/Cy, TV YPOUUOUOPIKAOV EWIKOV Oeppotitmv
evog aepiov etvar LeyoddTEPOG 1 160G LE TN HOVAda.

v) 2o wavikd aépro C,-Cy =c1abepod

d) H oxéon AU =n C,, AT, divel ) petafodn g €00TEPIKNG
gvépyelog evog aepiov og KAOe petafoAn), OVIIGTPERTA N Un.

H Oeppokpoacio pog mocdtrag aepiov avédvetar. H sowmtepikn
gvépyela Tov aepiov :

o) avédverat,

B) UELDVETAL;

Y) dev enmpedletar and T petafoln otn Oepuokpacios;
d) yperalovtat Kot GAAN oToL ElD VIO VO OATALVTGOVE;

EniléEte T oot andvinon.

Eénynote motlotikd yoti M ypoupopoplokn €01k Beppdtmra tov
aepiov vd otabepn mieon eivor HeyaAdTEPN OO TN YPOLLOUOPLOKN
€101kn Beppotto vd oTabepd HyKo.
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2.24

[Tob opsirovtor o1 amokAicelg avdpesa otig Bempntikés TpoPArdyelg
tov C, kou Cy ywo 10 poviélo Tov 100viKOD aepiov Kol OTIg
TEPOUOTIKES TILEG TOVG;

AgiTEPOS OEpROdVVOIIKOG VOROG - Ogpikég unyaveg

2.25

2.26

2.27

2.28

2.29

Oepukn unyavn stvat,

o)
B)

Y)
9)

TO TPOAET;

0 PovpPVOG;

TO TOONAOTO;

0 KWV1THPOG TOL 0EPOTAGVOD;

EnéEre T cwot amdvinon.

Me moov tpdémo amofdAleTon Oeppdtnto KoTd TN A£ltovpyic Tng
UNYOVAG TOL OVTOKIVITOV;

[Towo amod Tig emduevec mpoTtdoelg eival cmaTty;

a)
B)

Y)
d)

Kd&be Oeppukry  pmyovr  Aeitovpysl  avdpeco o€ ovO
Oeppoxpaciec.

O ovvieheotng amddoong pwag OBepuikng unyovng sivor to
TNAIKO TNG WEEMUNG EVEPYELOG TTOV HOG OIVEL 1| UV TTPOG
T0 TOGO BEPUOTNTOG TOV ATOPAAAETAL OO TN UMYV KOTE T
Aerrovpyia TG,

Edv ftov dvvatd vo eEareipBodv ot tpiPég 0 oLVTEAEGTNG
am6doomg TV Oepikdv pnyavav Ba ntav 16og [e T Lovada.
H amddoon twv OBeppukdv pnyovov kopoivetor cuviBwmg
avépeoa oto 70 pe 80%.

Ol TopoKkdT® TPOTAGELS OVOPEPOVTIOL GTO OeUTEPO BEPLOdVVANIKO
vopo. Ioteg eivor cwoTég;

a)
B)

Y)

o)

£)

oT)

9]

Agv VTapYOVV TEPLOPIGHOT GTN UETATPOTN TNG EVEPYELNS OO
TN o Lopen otV GAAN.

H Oeppomta moté de petaoynuatiletor TANpmg 68 UNyaviKn
EVEPYELQL

Kotd v 1660epun extdévoon, 6A0 10 mocod BeppoTnTOS IOV
amoppoea to aéplo petatpéneton o Epyo. H petafolr avtn
amotelel Lo e€aipeon oto dgvTEPO Deppoduvapkd vouo.

Me 1t onuepwvn texvoroyla dev €xet emrevyBel M mANpNg
petatpomn g Oeppomntag oe unyovikd €pyo. EAmilovpe 6T
670 uéALOV Ba To KaTopbdoovE.

O debtepog Bepuodvvapukodg vopog amokieiel Tnv dmapén Hog
Oepukng unyovig Tov €xel cuvteleoTn amddoong ico pe 1.
To yoyeio petagépel BeppotTnTo amd To YoXpo COUATO TPOG
Ta Beppotepa.

H Oepuodmra petapépetor mhvto ond ta Beppotepo mpog ta
yoypodtepa copota. o 1o avtiotpogo amatteitor domdvn
EVEPYELONG.

Aépe 611 Kot T Agrtovpyio piog Ogprikng pnyavig T0 ®QPEALLO £pYO
elvar mwhvta pIKpOTEPO OMO TNV EVEPYEWL TOV OUMOVATOL Yo TN
Aertovpyla g (Begpuotnta). Mimwg avtd mapaPialer v apyn
TN PNoNG TG EVEPYELNG; ALTIOAOYNGTE TNV OTAVTNGT GO,
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2.30 H 6drhacoco €xel tepdotio ecmTEPKN €vépyela. Bo UTOPOVGAUE VL
YPNOOTOCOVLE QTN TNV EVEPYELDL Yo TNV Kivion Ttov TAoiwv;
(AwcoroAoynoTE TNV ATAVTNOT GOC).

231  Toteg amd T1g TOPAKAT® TPOTAGEIS TOL OPopovy otn unyovn Carnot
glval cOoTEC;

o) H pnyovn mov emvonoce ko cuvappoidynoe o Carnot oépet
oNHEPA TO GVOLLO TOV.

B) O wovKiog tov Carnot amotereitor and dVo 1600gpeg KoL dVO
16O OPES LETAPOAES.

Y) H pnyovy Carnot éyer w peyoAdtepn amddoorn yoti
petatpénet €€ olokAnpov T Oeppdmra o€ @PEALLO Epyo.

0) H amdédoon g unyovig Carnot efoptdtor povo amd Tig
Oepuokpacieg TV Ocfopevdv  LYMANG KAl YOUNANG
Oeppoxpaciog.

€) Otav pikpaivet o Adyog g Oeppokpaciog g wouxpng
dekapevng mpog ) Bepuokpacia g Bepung, oe pa pnyovn
Carnot, 0 cuVTEAECTNG OMOSOCTG TNG LEYUADVEL.

2.32  H amddoon pog Oeputkig unyovig o€ pumopet va €ivot .....o.venee.n...
amd TV amodoon pag unyavig Carnot mov AELTOVPYEL OVAUESO GTIG
idteg Beppokpaoies. O ovvrereotng amddoong pog pnyovng Carnot
VAL ..vvvinnn.n. (ZoumAnpmote o Keva).

Evtponia

2.33  Tloteg amd Tic ENOUEVEG TPOTAGELS EIVOL COGTES;

o) H oyéon AS = %, dtvel 1 petafoln tng evipomiog povo
OTIG TOAD UIKPEG OVTIOTPENTEG DIEPYACIES.

B) H petapoin tng evipomiag evog Beprodvvapkod GuGTHHATOS
e€aptdtor HOVO amd TNV apyIKn Kol TEMKN KATAGTAGCY] TOL
GLGTNUATOG KOt )L 0 TOV TPOTO OV £YVE 1) LETAPOAN.

Y) Zm dlipKelo pag Tpoypotkng (U ovriotpentig) diepyosiog 1
EVTPOTTIOL EVOG LOVOLEVOL BEPLOSVVOLIKOD GUGTHLLTOG LEIDVETOL.

d) Xe évo LOVOUEVO GUGTNUO GE 1GOPPOTI 1) EVIPOTiO €XEL TN
HEYIOTN TN TNG.

2.34  ’Eva Oeppodvvopkd cvomuo petafaivel amd v Kotdotaon A otnv

xatdotaocn B. H eviponio tov cvothpatog oty katdctacn B eivan
UEYOADTEPT ATTO TNV EVTIPOTia TOV oTNV Katdotaon A (Sg> Sa ).
Emélre T1g cwotég amavinoelg ota epotiuata A, B, T

A. H aro&ia tov dopkdv otorygimv Tov GLGTHUATOG Eival
o) HeYaADTEPT OTNV KaTAoTAoT B.
B) pikpdTEPN TNV Katdotaon B.
v) OV £YOVE EMOPKT GTOLYEI Y10l VO OTTOVTI|GOVLLE.
B. H wavotta 10v cuetipatog va topdyst o@éAo Epyo
o) avéndnke pe T peETAPOON TOV CUGTAUOTOC OTNV

Katdotaon B,
B) Hetnonke,
Y) dev €YOVLE ETOPKT GTOLYELD Y10 VO OTTOVTI|GOVLLE.

72



2.35

2.36

2.37

2.38

2.39

I. To cvotua Katd ) dtdpkela TG LETAPOANS
o) amoppoéence Beppdtro,
B) améfaie OeppoTnTo 010 TEPIPAAAOY,
v) OEV £YOVLE EMOPKT CTOLYEIN Y10l VO OTTOVTI|GOVLLE.

"‘Eva fANpa cpnvedvetol 6€ Toiyo.

o) H xwnten evépyetla tov PANUOTOG LETATPATKE GE QUVOLLKY.

B) Metd v kpovom M KWNTIKN €véPyeln. Tov PANHOTOC
undevioke. H eowmtepikn evépyela Tov PAAUOTOC KoL TNG
TEPLOYNS TOL TOiYoL 6oV GPMVOONKeE avENOnKe.

v) H evtpomia Tov cuotipatog PALa - Toiyog peidonke.
d) H tovotto Tov GLGTHATOC Y10 TOPAYDYN OEEAIOV EPYOV
petmonke.

[Toteg amd 11 TPpONYoLUEVES TTPOTAGELS £Vl COGTEC;

Av BdAovpe Eva mothpt vepd oty KoTAYuén, to vepd Ba maymoet. H
ataéio Tov popiov Tov vepod 6~ avt) TV Katdotaon (mayog) £xet
uelwdel oe oyéon pe eketvn mov vanpye étav 10 vepd PprokdTaV GTNV
vypN Kotdotaon. Emopévac 1 evipomia Tov vepol peimdnke. Mnmwg
avt] M mepintwon amotelel e€aipeon omnv yevikOTeEPN TAON VA
av&avetar n evipomio; AkaloAoynote TV Aoy Gog,.

10 oyfuo 2.40 mopiotdvetoan n KukAkh petaBorr mov veiotoator P

optopévn mocdtta aepiov. H petafoin AB eival 1060epun, n B
woyopn kot A adofatikr. Katd ™ petafoin BIY, n evipomnio tov
agpiov o) av&dvetar, ) pewdveral; y) mopapével  otabepn;
A1T10A0YNGTE TNV AMAVTNGY| GOG.

No avtiotolyicete To peyédn mov Ppickoviol oty aploTepn GTHAN pE
TIG LOVAOEG HETPNoNG 0T 0e&1d OTNAN

) W o J

2) S ) m’
3)) U ) N

4) p 3) N/m’
5 V g) JK

Na amodobei o kohog Carnot oe didypappo pe GEOVEG TNV Evipomia
KoL TNV amdivtn Bepuokpacia tov agpiov (S-T).
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AYXKHXEIX

"Epyo agpiov — Tp®@TOS 0EpRodvLVOpIKOS VOROG

2.40
2.41
2.42
p(10° N/m’)
35871 B 2.43
1,013 |-~
A o V(m)
Xy. 241
2.45
p(10° N/m’)
2.46
2,513}
1,013 f-------
‘ V()
Xy 2.42

Aépo pe 6yko 0,004 m® Oepupaiveton pe otadepy micon p=1,2 atm
éypt o dyKog Tov va yiver 0,006 m’. Yroloyiote to épyo mov mopdyet
10 agpio. Aivetar latm=1,013x10° N/m*

[Am:243,1]]

Abo mol agpiov Beppoivoviar amd tovg 27°C otovg 127°C. H
0épuavon tov aepiov yivetan pe otabepn mieon. Ynoioyiote to €pyo
7o mapayet to aéptlo. Atvetar R=8,314 J/(mol K).

[Am: 1663 J]

Abo mol aepiov PBpiockoviar oe Bgppokpocio 27°C. Awrnpodvtag
otabepn T Beppoxpacia cvopmiElovpe 10 a€plo AGTE 1 TEGT TOL VoL
dumhaciaotel. No vroloyiotel To £pyo Tov aepiov.

Aivovtal R=8,314 J/(mol K), In2=0,6931.

[Am: -3458J]

To duaypappa (oy. 2.41) mapiotdver tn petafoin evog aepiov amd v
katdotaon A otnv katdotacn B. Ymoloyiote to épyo TOL 0aEpiov
KT T LETOPOAN OUTY.

[Am: 46001 ]

[ocdtra aepiov katarapPdver 6yko 10 L kon €xel wieon 1 atm. To
aéplo Beppaivetor 1600eppa péxpt va duthoocloactel 0 OYKOg TOV.
Ymoloyiote 10 mocd Beppdtnroc mov amoppdenoce 1o aéplo. Atvovion

1L=10"m’, 1atm=1,013x 10> N/m?, In2=0,6931.

[Am: Q=702,17J]

Aépro Ppioketon péoa oe doyeio mov KAeivetor pe uporo. To aépio
kotahopPaver dyko Vi=0,008 m’, éxst Oeppokpocio T;=300 K kat
migon p=1,013x10° N/m’. @gppoivovpe 10 aépo vd otadepn
mieon, puéypLn Beppoxpacio tov va yivel T,=375 K.

o) Yroloyiote T0 £pyo TOV agpiov.

B) Av xotd ™ 0éppaven tov To aéplo amoppopnoe BepuoTnTa
Q=709,1 J vmoAoyicte TN peTaPOAN] TNG E0MTEPIKNG TOL
EVEPYELOG.

[Am: W=202,6 J, AU=506,5] ]

0,2 mol agpiov cvuméCovral 1660epua o Oeppokpacio 6=27°C, dote
0 0ykog Tov Vo ehattwbel oTo Hicd. Ymoloyiote 10 oGO Beppotntog
OV AVTAALOEE TO 0EPLO LE TO TTEPIPAALOV.

Aivovtal R=8,314 J/(mol K), In2=0,6931.

[ Am: -345,8]]

Aépio exterel v KukMkn petafoln tov oynuatog 2.42. Yroioyiote
10 KaBapd 106 BeppdTTOg IOV ATOPPOPNCE.
[Am : 15007]]
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I'pappopoprokég e101kéc OeppoTnTeS 100VIKOV 0EPioV

2.48

2.49

2.50

Idavikd aéplo Ppioketor oe doxsio otadepod dykov 0,004 m’. To
aéplo Beppoiveton Gote M mieon tov omd 1,013 x10° N/m* va yivet

3,213x10°N/m>.. Na vmoloyotei 10 mood Oeppdmrag mwov

aroppdéenoe 10 aéplo. Atvetar 6Tt oTa WOvVIKA aépra 1oyvel Cy=3/2 R.
[Am : 1320]]

Aépro Oeppaiveton pe otadepfi mieon 1,013 x10° N/m?, dote o dykog
tov and 0,005 m’ vo yiver 0,007 m’. Na vrmoloyotel 0 1066

BeppoTog mov amoppoenoe 1o aépto. Atvetar Cy=3/2 R.
[Am: 506,5 J]

Na vmoAoyiotel 1 adENOY NG E0MTEPIKNG EVEPYEWNG OPIGUEVNG
mocdtTog oepiov Otav to Oegpudvovue pe  otabepr| mieon
poopépovtdag Tov Oeppotnta Q=10cal. I'a 1o aépio woydely = 1.41.
Aivetan 1cal=4,18].

[Am: 29,647 ]

Ogppikéc pnyoavéc - Kokihog Carnot

2.51

2.52

2.53

2.54

o v mopaymyn niektpikng evépyelng, €va  €PYooTdoto
ypnoomotel Ayvitn. Amd v Kadon Tov Alyvitn 1O €pyocTdotlo
Tpopodoteitar pe Oeppotnta pe puoud 900 MW kot Tapdyet 300 MW
UNYOVIKNG 1000G OV, GTN GUVEYELN UETATPENETAL GE NAEKTPIKN 1G)D.
Yrnohoyiote TV amdd00N TOV €PYOGTAGIOL KOTO TN HETATPOT| TNG
BepudTTOC GE UNYAVIKT EVEPYELD.

[Am:33,3% ]

Oeppikn pnyovn mopdysl o€ KOs KOKAO AELTOLPYING TNG UNYAVIKO
épyo 200 J. H amddoon g punyovng ivar 25%. Ynohoyiote 0 0G0
BepudTTOog MOV OMOPPOPd, KABMG Kol TO TOoGd BeppdtnToc TOL
amoPAaiAeL | unyovn o€ Kabe KOKAO TNG.

[Az : 800 J, 600 J]

O BevQvounyovég ota. GVTOKIVITO XPNGLULOTOIO0V T BgpudTNTa TOY
napdyetor amd v kavon g Peviivng. Mépog tng Beppotntag avtig
TN LETATPEMOVY GE LNYOVIKO £PYO Kot TrV VIOAOUTN TV amoBdAlovv
omv atpdceapa. H amddoon pog térolag unyovig eivor mepimov
20%. H Beppoxpacio mov emrvyydvetar pe v kavon g Peviivng
eivar mepimov 2100 °C. Av n Oegpuokpacio e atpodceopag ivon
23°C, vmohoyiote TN OewpnTikd uéylotn anddoorn mTov Pmopel vo. £l
plo této pnyovn. (Oa Bempnioete OTL Ta KAVoAEPLD ATOPAAAOVTOL
o1 Bepurokpacio TG ATHOCPUIPAS).

[Am : 87%]

Mo pnyovr Carnot vroPdiiel oe kKukhkn petafoir] 5 mol Wavikcon
aepiov. H Beppokpacio tg Bepung de€apevig eivar 500 K ko tng
yoxpns 300 K. Katd v 1600gpun ektévwor tov o dyKog Tov agpiov

a6 Va=3x107m? yivetow V=6 x 107> m’. Ynohoyiote:
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o) To cuvteheot| anddoomMg TG UNYOVIG.

B) To épyo mov mapdysl | unyavn oe Kée KOKAO.
Aivovtal R=8,314 J/(mol K), In2=0,693.

[Am: 0,4, 57621 ]

Evtponia

2.55

2.56

2.57

2.58

2.59

[Mocdtra aegpiov katoropufaver Oyko 4L, pe migom 2atm, xot
Bepuokpacia 400 K. To aépro yiyetal pe 6tabepd Oyko péypt n mieon
Tov va yiver 0,8 atm kot otn cvvéyelo Oepuaiveton pe otabepn micon
péxpt o 6ykog tov va yiver 10 L.

o) Na arodofovv o1 petaforég avtég oe didypappa p-V.
B) Noa vroioyiotel n TeAkn Bepprokpacio Tov agpiov.
v) Noa vroroyiotei 1 petaforn g evipomiag Tov.

Aivovton 1L = 107 m® xon latm =1,013 x10° N/m?, 1n2,5=0,9163.
[A7 : 400 K, AS=1,86 J/K ]

[Mocétnrta aepiov n=0,2 mol veictatar TV KVKAIKN HETOPOAN TOL
oynpoatog 2.43, 6mov AB 1600epun extévoon, Bl iodympn wién, A
adafotikn ovumieorn. Na vroloyiotel 1 petafoin g evipomiog Tov
aepiov ot empepous petaforéc AB, BI kan I'A.

Atvetar R=8,314 J/(mol K), In3=1,0986.

[Am: ASpp= 1,83 J/ K, ASpr=-1,83 J/ K, ASrs=0 ]

ITPOBAHMATA

[Mocotnta aepiov PpiokeTar péca o€ KOAVIPO Kot KATAAAUPAVEL OYKO

V. To oéplo exktovvetor péypt vo dimAactlactel o Oykoc tov. H

eKTOVOON TOV agPiov pmopel va yivel pe 1600gpun M pe adafatikn M

pe wooPapn petaforn.

o) No mopactabobv ypagwd oe Odypappe p-V ol Tpelg
petaforég mov UmopohV Vo 0dNYHGOLV TO OEPL0 OTO TNV
OPYIKT] TOV KATAOTOOT OTIV TEAKT.

B) Ye mow amd TG Tpelg petaPorég : i) To aépio mapdyst
neplocdTePO £pyo; i) To aéplo amoppoPd T0 WKPOTEPO TOGO
Bepurotnroc;

To oynuo 2.44 deiyvel ™ ypapwkn mapdotacr g oxéong p=AV),
omov p, V 1 mieon kat 0 6ykog evdg mol davikod aepiov. Na yiver yio
TV 1010 KUKAKY peTafoAn 1 ypaeikn mapdctact towv oyécewv p=fT)
kot V=AT), omov T n amdAivtn Oepuokpacio, Kot vo VTOAOYIGTEL TO
£pY0 TOL TOPAYETAL OO TO GEPLO KOTA TNV KUKAIKY petafoin ABTA.

Aivovton 1atm=1,013x10° N/m?, 1 L =10 m°.

[Am: 226917 ]

KvAvopikd doyeio €xel Tov AEovA Tov KOTakOpLPO Kot KAEIVETAL, GTO
EMOV® UEPOG TOV, pe EPPoro Papoug w kat euPfadod A, €161 ®GTE TO
aépo Tov meptéyel va gyl oyko V. To aéplo Beppaiveton €161 MOTE M
Oepuokpacio tov, amd 0, va yiver 0. Na vmoloyiotel 10 €pyo mov
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2.60

2.61

2.62

2.63

wapdyetor and 1o oépro. H Oéppavon yivetar oe ydpo oOmov m
OTLLOGQOLPIKY TTEOT EIVOL Py

w 0'-0
[An: W=V|p, +— || ——1|]

A) \273+86
KvAwdpwed doyeio pe adwfotikd torydpate €xel tov 4oV TOv
KaToKOpLPO Kot KAgivetar pe €ufolo mhveo oto omoio Ppiokoviol
diapopo. otadud. Tto doyxeio mepiéyetar Vi=Im’ vdpoydvov, oe
Beppokpacio 6,=27°C ko mieon p, =125x 10° N/m% Agapdvrag

ot0fud Kavovpe v mison ion pe p, =10°N/m’ (atpoceouipik
nieon). No vToAoy1oTOOV !

o) O o6ykog kar m Oepuokpacio Tov agpiov oIV TEMKN
KotdoToo.
B) To €pyo mov TapdyBnkKe KATd TNV EKTOVOGT TOL.

BewpnoTe KoTd TpocEyylon y=3/2.
[An: a)25m’, T=60K, P) W =2x10"7]

M.  7mocotnTo.  WOaviKoy  aegpiov MOV OMOTEAEITOL OO
N=1,5x10** popw,  Ppioketor  oe  Bepuokpacio  0,=27°C.
Oepuaivovpe 10 aéplo uéypt n Oepuokpacio Tov va yiver 0=127°C
)ue otabepd Oyko Kot ii) pe otabepn mieon. No vroAoylotobv o€ kae

nepinToon:

o) H petafoln g ecmtepikng evépyelag Tov agpiov.
B) To €pyo mov mapdyet 10 aépto.

v) H Bgppomto mov 1pocpépovpe 6To aéP1O.

Atvovtor: R=8,314 J/(mol K), N,=6,023x10* popuo/mol.
[Am: i)3106,27,0,3106,21 ii)3106,2J,2070,8J,51771J ]

H Oeppoxpacio g Oepung de&apevng oe o punyavn Carnot sivon

0,=127°C ko tng yoypng 6,=27°C.

o) No vroAoy1oTel 0 GUVTEAESTNG AMOS0GNG TNG UNYOVIGS.

B) Av 1 punyovn omodidet woyd P=10HP va vroioyiotel 10 mocod
™G Bepudtnroc mov amoppod amd TN SeEUUEV] VYNANG
Oeppoxpaciog o ypovo t=1h. Atveton IHP=745,7W.

[Am: 0,25, 29,828 kWh]

[davikn Oeppukn punyovn AELTOVPYEL PE TOV OVTIGTPERTO KUKAO TOV
oynuoatog 2.45.
o) No mopactadel ypapikd n kKukhkn petaforn oe aoveg V-T

Ko p-V.
B) No vroloyiotel 10 €pyo OV TOPAYEL N UNYXOVH GTN dldpKELD
evog KOKAOV.
v) No VToAoYIGTEL 0 GLUVTEAEGTNE ATOOOGNG TG UNYAVIC.
Atvovtor  : m mocomnto. tov agpiov n=0,975mol, Cy=3R/2,

R=8,314J/(mol K)=0,082 L atm/(mol K), In2,5=0,9163.
[An: B) 2228,3),y) 02751

71
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2.64

2.65

2.66

2.67

2.68

2.69

‘Eva daviko aépro exterel v kukAik petafoir; ABI'AA o6mov AB

1600epun extdvmon, BIT wodympn yoén, I'A ocoPapn woén, AA
0oy mpn Oépuavon. Av gival pa=6atm, Va=22,4L, To=546K, V=3V,
Tr=273K.

o) Noa amodobel ypoewd 1 mopandve petafoin oe aEoveg p-V,
p-T, V-T.
B) Na vroroyiotel To €pyo mov TapdyeTOL 0md TO AEPLO KATA TN

dugpkela oG NG LETAPOANC.
Atvovtoun In3=1,1 1L atm = 101J.
[Am: 10407 J]

"Eva mol 1davikod agpiov pépetar and v Kotdotacn A (po, Vo) 0TV

katdotoaon B(2p,, 2V,) pe dvo tpdmovg:

o) Me pa 1660gpun kot pio icofopr| LeTafoAn.

B) Me o 1660gpun Ko pe pio 16oympn LETAPOAN.

No vroroyiotovv T Q kau W o€ k4B mepintwon. Atvovtat ta po, Vo,
In2=0,6931, Cy=3R/2.

[AT[ : (1) 6,8p0V0, 2,3 p()V() B) 5,2p0V(), 0,7p0V0 ]

H wvikn petaforn tov doavikod oegpiov puog Oeppikng pnyoving
amoteleitol 0md: o) Lo 1oywpn OEpuaven Héxpt vo TPUTANGIOCTEL 1)
mieon Tov. PB) o woofapn eKTOVOOT PEXPL VO TPITAAGLOGTEL O OYKOG
TOV, Y) o 160Y®PN YOEN HEXPL VO OTOKTICEL TNV APYIKN TiEST KO,
d) pio  ooPopn ovumieon pEYPL TNV OPYIK TOv Kotdotaomn. Na
VTOAOYIGTEL O GUVTEAEGTNG OMOdOCNG TNG UNyovng. Atvetan y=5/3.

[Am : 2/9]

‘Eva mol avikod aepiov, mov Ppioketar oe s.t.p Ogpuoaiveton pe

otabepr| migon PEXPL VO OITANGLOGTEL O OYKOG TOV KOl PETA WYOYETOL JE
o100gpbd OYKO PEYPL VO LTONTAAGIAGTEL 1] TTigoT| TOL. N VTTOAOYIGTOVV:

o) To épyo mov mapdyOnKe.
B) H Bepuomta mov aviadidydnke pe 1o TepiPailov.
v) H petafoin g evrpomiog tov agpiov.

Aivovtat: R=8,314 J/(mol K), In2=0,693, 1Latm=101,4 J.
[Am: a)2271] B)2271] v)5,76 /K]

‘Eva mol davikov aepiov, mov Ppioketor ce s.t.p. ocvuméleTon

adfotikd péypt m wieon Tov va yiver 8atm Ko pETA WOYETAL UE
otabepd OyKo péxpt N wieon tov va yivel 4 atm. No vToA0YIoTOOV Y
Kk&Oe petafoAr Tov aepiov Kot yio T GUVOALKY| LETABOAN TOL:

o) H petafoin g ecmtepikng evEpyeLag, Tov agpiov.

B) H petafoin g evrpomiog tov.

Aivovtat: R=8,314 J/(mol K) kot In2=0,6931. Osmpnote 6Tl Yo 10
aépro y=3/2 kau Cy =16,628 J/(mol K).

[Am: a)4539,5],-4539,51,0, PB)O0,-11,52J/K, -11,52 J/K ]

I8avikd oépo et Oyko V,=0,04m’, micon pa=3x10°N/m’ ko
Oepuokpacia To=600K. To aépio extovdveror 1600gppo péypt o
0yKoc tov va yivet VE=0,16m’°, votepa yoyetar pe otabepd Oyko
MGTOL VO OMOKTNGEL TNV KATAAANAN Tieon amd Omov pio adtofotikn
ocvumieon Bo o PEPEL BTNV APYIKT| TOV KATACTOOT). No, VTOAOYIGTOVV :
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2.70

2.71

2.72

o) H eocotepikr] evépysia tov agpiov otmv  apykr] ToOv
KOTAOTACY], KABMG Kol 6T0 TEAOG TNG 1000epung Kot NG
100 ®mPNG HETAPOANC.

B) To épyo mov mapdyeTal KATA TNV KUKAIKY] HETOSOAN

v) H petapoin g evipomiag otig empuépovg LetaBoAES.

Aivovtar: R=8,314 J/(mol K), y=5/3, 1n4=1,386 (0,25)"=0,0992.

[Am: 18000J, 18000J, 7200J, 5832]J, 27,72J/K, 0, -27,72J/K ]

Kviwdpwkd doyeio, pe adwPatikd totydpota, £xet tov aZovd Tov
KOTOKOPVPO, Kol KAEIVETOL OTO €MAVMD UEPOC TOL HE 0dloPaTikod
éupodro epfodod A=10cm’ ko palag m=10 kg. O kOAvSpog mepiéxet
Wovikd 0éprlo Kol Ppioketar oe ydpo 6mov 1M eEmTEPIKN Migon sivan
pa= 1,013x10° N/m’. Méco pog avtiotaong R mov Bpicketon péoa

070 d0yeio 10 aéplo Oeppaivetal apyd. Av t0 mocd Oepudmrag Tov
TPOCPEPETAL LES TG avtioTaong eivor Q=50J va vroloyiotet:

o) H petatomion tov gppodrov.

B) H petafoin g ecmteptkng EVEPYELNG TOV OEPIOV.

Aivovtat: g=10m/s’, Cy=3R/2.

[An:0,1m, 30 7] ]

H xokdikn petaforn tov 1davikod agpiov pog Oepuikng unyovhg
aroteleiton amd o 16oywpn yoén AB, po wofapn yoén Bl kan
téhog ) petafoin A, katd ) Sidpkelo TG omoiog M mieon Kot O
Oyxog ovvdéoviar pe t oyxéon p =600+400V (SI). Oleg ot
petaforég Bempovvrorl avtiotpentés. Av oTig Kataotdoelg A kot I to
agpro éxeL oyko V, = 2m’ ko Ve = 1m?* , avtictoyya,

o) Noa vroAoyiotel T0 £pyo mov Tapdystat og £va KOKAO.
B) No vToAoy16TEL 0 GLVTEAESTG AOS0GNG TNG UNYXOVIGC.
Y) No kabopiotel ov avEdvetor 1 EAATTIOVETOL 1) EVIPOTIO, TOV

aepiov yuo KaOe pio omd TIC EMPUEPOVS LETAPOAEC.
YmevOopiCetar 61t otar wovikd aépia woyder C, /R =3/2.
[A7 : 200 J, 0,051 |

H xvihikn petoforn 7 =2/ R mol Wdavikod agpiov oe pio Ogpuikn
unyovn amoteleitor amd T petafoin AB, xotd Tn Sdpkew NG
omolag 1 mieon kor o Oykog ovvdéovtar pe TN oxéom

2
p= —Ex 10%V +6x10° (SI), T BT, mov givan 1oPoprc, kat TEAog

™ I'A, mov eivar 106xwpn. To aéplo otic Kataotdoelg A kot B éxet
oyko  V,=6x10"m’ xou V, =3x10"m’, aviictona. Na
VTOAOYIOTEL:

o) O ovvteleoTN G 0AS00TG TNG UIYOVTC.

B) H petafoin g evipomiog otig petaforés AB ko I'A.
Aivovtar: C, =3R/2, ASy =2,3J/K kat In2=0,7.
[Arn:0,1,-1,4J/K,-0,9 J/K]
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Xy. 2.46 Tlocotnta Ogppod aépa ave-
Baivovtog voiotator adofaticy ektod-
Vo).

Ew.2.15 Ov kopvpég tov Orvp-
OV PEVOLV YLOVIGUEVEG GUVIO®G
G’ OAN T S1GPKELD TOV YPOVOL.

AATABATIKEXZ METABOAEX TOY ATMOXZ®PAIPIKOY
AEPA

Yrc adoPatikég petaforés Oe  yiveron oviodAiayn Oepudtnrog
avipeco oto ocvotnuo kol to mepaiiov. I[paktikd, ywoo vo Bewmpndel
adPotikn 1 pEToPoAn Kdmolov aegpiov mov mePExeTan o€ doyelo Ba mTpémel 1
10 doyeilo va givol povopévo N N petafoin va TpaypaTomoleiTa ToyvTOTA
MOTE TO AEPLO Vo, UNV TTpoAdPet vo avtaira&el Oepudmra pe to mepBAriov.

AdwPatikéc petaforés coppaivovv Kol GTOV OTHLOCOUIPIKO 0EPQ,
dnpovpydvtag avéopeidoelg otn Beppokpacia tov. Ipdxettar yia Eva and ta
QOVOUEVO, OV AOUPBAVOLY VTOYN TOVG Ol UETEMPOAOYOL OTOV UEAETOVV TIg
UETAPOAEG GTNV ATUOGPALPQL.

Ag Besmpnoovpe v mocotnTo  Oeppod 0épa  EKTOONG TOAAGDV
TETPOYOVIKOV YIMOUETP@V TTOV PpiokeTol Tave and e Kokada (oy. 2.46). H
TOGOTNTO aVTH OgV TEPIKAEiETAL OO adfoTiKd TorYdOUATe OAAG, AGY® TOV
UEYOAOL OYKOL 1TNG, MOpPd TO YEYOVOG OTL TO TEPLPEPEINKE GTPMDUOTOL
OVOULYVOOVTOL [E aEPa S10POPETIKNG Bepokpaciog Kot mieons, T0 GOVOAO NG
TOGOTNTOC TOPAPEVEL Ovemnpeéncto ond T0 mepPdirov. H ovvorikn
TOGOTNTO, ONANOY], GCLUTEPIPEPETOL OO VO TEPIKAElETOL OMO OAKO [E
ad1BOTIKG TOYMUOTA.

‘Eoto 611 0 aépag avtdc apyilel va avePaivel. Avtod pmopei va copfPel
av Ppebei oe ynrotepn Beppokpacio amd o, VIEPKEINEVO GTPOUATO OTTOTE M)
TUKVOTNTA TOoL Oa ival ikpOTEPN GO QVTH TOV VIEPKEIUEVOV GTPOUATOV.

H migon tov atpoceaipikod aépo AATTOVETOL UE TO VWYog and Tnv
emdveln g I'mg. Avtd onuaivel 6Tt 0 OYKOC TNG TOGOTNTAG GTNV OToi
avaQePOLOCTE OLEAVETOL Kol €MEWN Ogv OvIOAAdooel Ogpuotnto e TO
nepIPailov, n ektoveoon pmopel va Beopndel adwaPatikn. Xe pio adofartikn
eKTOVOON 1 Beppokpacio Tov aepiov pEWDVETAL.

"Exet Swomiotwbei 6Tt dtav tétoteg naleg aépa aveBaivovv kotd 1 km n
Beppoxpacio Tovg ehattmdvetat kotd 10 °C. Apa, av pa Ogpun pala aépa tov
Beocolkov kaumov, Oepuokpaciog 30° C, avéfer katd 3 km, dco sivar
mepimov To VYOC Tov Topakeipevov OAOUTOL, GtV KOopLven Tov Bo Exel
Oeppoxpacio 0° C. 'Etor eényeiton ywti oto fouvd 1 Ogppokpocio givar
YOUNAn o€ avtibeon pe tn Oeppokpacio 6Tig TESAOES.

80



EEQDYAAO

81



F
é/
E
q
E

Yy. 3.1 Edv o’ éva onueio tov
XOPOL TOV KaToAapPhvel To Nhek-
tpootatikd medlo  Ppebel  éva
eoptio g Ba deydel dvvaun. Edv to
g elvar Betikd n dHvaun Ba eivon
opdppomn TG £VIOONG , EVO OV TO
g gtvon apvnTikod avtippomn.

E

A
E

.
@/

Xy 3.2 'Eva okivnto onpetoxod
niextpicd @optio O dnpovpyet
YOP® TOL GTO YDPO NAEKTPOCTATL-
K6 medio.

3-1 EIZATI'QI'H

To «medion pmnke o100 AEENOYI0O TOV QUOIKAOV OTIS OPYEG TOL
TEPACIEVOL alnva omd Tov Michael Faraday (®apavtér), mov npocraboidoe va
e€nynoel Tdg OAANAETIOPOLY COUOTO TOL eV PpicKovTal GE EmaPT.

Iedio (duvapemv) givar N TEPLoy] TOL YOPOL NECAH GTNYV OTTOL TO
KatdAinko vwoOepa d&yeTan dvvapn.

[ledio pmopel vo dmuovpynoer pe pdlo (Paputkd medio), éva
akivnto nAektpkd eoptio (MAektpootatikd medio) 1§ £va Goptio mov Kiveital
(HoyvnTiko Tedio).

e OMEG TIC MEPMTMOELS LAG EVOLAPEPEL Va Yvopilovpe Tt duvaun Ba
déyeTor 10 VIOBeUN OTAV TO PEPOVIE GE CLYKEKPIUEVO onpeio Tov mediov. H
avaykn avtn 00NyNoE GTNV E10AYMYN TOV JlOVUCUATIKOD pEYEDOLG évtacn
7OV TNV OpicOUE MG TN SHVOUN avi Lovada VToBEpatog.

210 kepdiao ovtd Ba  mepopioBovpe ot peAétn  TOL
NAEKTPOOTATIKOL Kot Tov Boputikod mtediov. To poayvntikd medio Ba to dodpe
EexOPLOTA, OTO EMOUEVO KEQAAALO.

To kowd avdpeso 610 NAEKTPOOTATIKO Kot TO Poaputikd medio sivat
OTL 1 dVuvaun ov déxeTal To VOBepa €xel TV 1010 d1evHBVVoN pe TV évtaon
Kot 6Tl TO £pyo NG duvaung Tov ediov dev e€aptdtal omd T dtadpoun|, eivat
dnAodn oreTnpNTIKG TTESA.

Apywcd B acyoAnbovpe pe 1o vopo tov Gauss, IOV  TEPLYPAPEL TN
oyéorn MeTaED TOv QOPTION Kol TOV MAEKTPIKOD 7EdiOL 7OV OMpovpyel, ot
cuvéyel He To Ouvoukd, upéyebog Tov  WEPLYPAPEL UE  OLOPOPETIKO
(cvpmAnpopatiko) Tpomo, To NAEKTPIKS Tedio Kat, TEAOG, e To Tedio PapiTnTag.

3-2 ENTAXH HAEKTPIKOY IIEAIOY

YrevOopilovpe 611 évraon 6° évo onueio A evoc NAEKTPOCTOTIKOD
nediov givon To otabepd mnAiko Tng dVVOUNG TOV aockeitat and To medio ¢° Eval
@oprtio g (vmdBepa), mov Ba Ppebel oto onueio A, Tpog To Poptio AVTO.

E-L

q
H évtaon sivonr davocpaticd péyebog mov €xel v Kotevbuvon g
dvvaung mov ackeitat o€ éva BeTikd Qoprtio.
Edv to medio dnpiovpyeital and onuelokd eoptio O Kot 1 andcoToon
Tov onueiov A and to Q eival 1 dHvoun mov Ba dexbel To PopTio g GVUPWV

04|

pe 1o vopo tov Coulomb Oa &gl pétpo F'= K, ——. And tov 0piopod mg
r
£VTOONG TPOKVITEL Y10 TNV VTN eSOV onpelnkod eoptiov O 0Tl
rrc 9
r

H oyéom avapeca oty £viacn Tov NAEKTPIKoD Tediov Kol 6TIG TNYEG
Tov (Qoptia) pumopel va ekppactel pe évo aloonueiota andd tpémo. [a va
yiver auto ypewdletan TpdTa va opicovpe éva véo péyebog, mov ovopdleTot
NAEKTPIKY| POT].
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3-3 HAEKTPIKH POH

‘Eoto éva opoyevég miektpikd medio kot pio empdavelo eppadov A,
Kk@0etn ot duvapkég Ypappég tov mediov (oy. 3.3). Ot duvapkég Ypoppég
tov ediov oyedualovial €161 doTe 0 aplBrdg Tovg mov dStamepvd Kabeta
povadtloio emtpdvelo va gival avaioyog e To PETPO TNG £VTACTG TOL TTEdIOV.
O ovvolikdg aplfuds TV YPOUU®Y TOV SAmEPVODY TNV empaveld A givan
avaloyog pe to ywopevo EA. To ywouevo avtd to ovoualovpe nAEKTPLKN
pon} ov diépyetor amd v empdvela A Kot to cvpPorifovpe pe D .

Av n empdvelo 4 dev givar kGOeTn oTIg Suvakeg ypappeés, (oy.3.4), o
aplOpog TV SVVUHIKOV YPOUI®Y TOL SEpyovTal omd v emedveln 4 givan
100G pe Tov aplBpd TV SVVOLIK®OVY YPOLL®OY Tov dtEpyovTal omd TNV TPofoin
NG EMPAVELNG GE €VOL ENMITEDO KAOETO GTIG OUVOUIKES YPOUUUES.

A’ A A=A cuv0 A

Amo 1o oyfue 3.4 Brémovue 6m1 A = A ocvvid. Egpdcov o apdudg
TOV SVVOUIKOV YPOUU®Y oL diépyovtal amd v A eivar i6o¢ pe Tov apBpd
TOV YPOUUDY TOV dtEpyovTal amd TV 4°, 1 NAEKTPIKN pon] Tov SIEPYETUL ATO
mv empdvewn 4 eivor ion pe ™ por mov diépyetal and v empdvewn A .
Enedn A'= Aovve@ xou EA = EAcvvd n pof mov Siépyetar amd thv

emodveln A givor
®, = FAovv$

H yovia 6 givol n yovia mov oynpatiel éva didvoopo ka0eto oty empdveia
A, o¢ 1o cvpPoiicovpe pe A, pe ) d1€00VVOT TOV SLVOUIKOV YPOUU®VY (CY.
3.4). IInpope éva kaBeto d1dvuopo Kol Oyl amAd TV KAOET] otV EMPAVELN
EMEION L0, ETPAVELD, EYEL dVO OYELG KO, OVTIGTOLYA, T NAEKTPIKN pon) pmopel
va gtvan Betikn 1 apvntikn. Emopévag

H niexktpui] pony @ mov dépyeron amd po exinedn em@avela,
enpadod A, n onoia PpiockeTor péca 6€ opoyevEG NAEKTPIKO TEDO
évtaong E, eivan ion pe

®, = E4Aovv$ (3.1)

6mov 0 m yovie mov oynupotiler To kdBero otV em@davera
owgvoopo A pg 11 91E00VveN TOV SUVOUIKOV YPUUPAV.
H niextpucii ponj oo SI perpréton o N m?/C.
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Xy. 3.3 H emodveia givor tomobe-
muévn  Kabeta.  OTIG  SUVOLLUKES
YPOUUES, OHOYEVOVG MAEKTPIKOD
nediov.

Xy 3.4 Amd 11 emodveleg 4 Kot
A’ mepvael n 100 niekTpikn pon
0oV amd TIG dVO EMPAVELEG O1EP-
¥ETOL 0 610G aplOUOg SLVOIK®OV
YPOUUGV.



Xy. 3.5 Ta va Ppovue v nAek-
TPIKN PO OV SLEPYETOL OO oL
EMEAVEW TVYXOIOV CYNUOTOS YM-
piovpe Vv empdvewr o pkpd
TUNULOTOL.

x AA,
@jﬁ'
AA, 7
: '
/

Xy. 3.6 Kleom emodvela péca
oe mniektpikd medio. Ta wdbeta
Swvdopoto.  AA €€ opiopod
katevfovovtan Tpog ta EEm.

AA

Xy. 3.7 To onuewxd @optio g
Bpioketar oto KéVTpo Goaipag o-
Ktivag 7.

211 YEVIKOTEPN TEPIMTMON OOV 1 EMPAVELL A dev glvar eminedn Kot
Bpioketol péoa oe avopoloyevég NAEKTPIKO TTedio, EMEION OVTE OL YPALUEG TOV
7ediov Tépvouy mavToh TV EMPAVELD. PE TNV 1010 yovio, o0TE 1 éviaon €xel
TAvToL TNV id1e TN, Yo vo Bpodpe TNV NAEKTPIKY POT| TPENEL VO YOPIGOVLLE
v emdvela og puKpd tpupata A4, 1660 pikpd ®ote kabéva and avutd vo
umopei vo OempnOel eninedn empavela kot o€ kabéva amd avtd 1 £viooT Tov
nediov va pmopel va BempnBel otabepr. H niektpikn pony ADg mov diépyetan
and o otoelddn empavela AA givar AD . = E A4 cuov§

KOl 1) NAEKTPIKN pon OV O1EPYETOL OO OAOKANPT TNV EMPAVELNL A TPOKVTTEL
oo TO AOPOIGLO QVTOV TOV OpOV

D, = ZEiAAiO'UVHi

omov E; , 6, ovtipégtov E ko € yukdbe A4,

ZovnBmg oG eVOLOPEPEL 1) NAEKTPIKT) POT| OV SEPYETOL OO 0L KAEIOTN
EMPAveL. Oempnote Eva NAEKTPIKO Tedio Kot Péca 67 anTO Lo KAEIOT EMPAVELDL
oav pumoddvt (oy. 3.6) | pe omoodnmote GAlo oyue. o va vroAoyicovpe v
NAEKTPIKN POT TTOL OEPYETOL OO GVTH TNV KAEIOTH EMPAVELD, OKOAOLOOVUE TN
SdKaoion Tov TEPYPAYALE O TAVE. X®PILOLE TV EMPAVEID GE TTOAD LUKPA
Tufuota A4, vroAoyilovpe v niektpikn por; ADg mov diépyeton and kdbe Eva
amd avtd Ko, T€A0g, afpoifovpe 6AoLg Toug Opovc. To kGBeTo drdvuopa o KGO
pkpé otoyeio emeavelog A4, hapfdavetan pe gopd mpog ta Em. Av e éva
OTOYELD EMPAVELNG OIS TO AA; Ol SUVUUIKES YPOULES KorTevbivovTol Tpog To. EEm,
N yovia 0; givon pukpotepn v 90°, 10 cvvnuitovo g yoviog givar Betikd ko
eMOUEVMG Kot 1M MAekTpik) ponl AD; mov dpyeton amd TO TUNHO oVTO TNG
empdvelng etvar Betikr). Xe GAlo TunuoTe EmQavelng, Oomwg to A4, dmov ot
SuvakEg ypappés korevBivovton mpog ta péoa, 6,>90°, kot enopéving AD,<0.

Av and Vv empdavelr e&Epyoviar mEPIGCOTEPES YPOUUES OO OCES
€10€pYOVTAL, 1| OAMKN pon €lval BETIKN EVD OV ELGEPYOVTAL TEPIOCCOTEPES A0
ocec e&épyovral, apvntikn. Xt0 oyfuo 3.6 0 aplBuog TOV YPOUUDY TOV
gloépyovat ival icog e ToV 0plBUd TV YPOUU®Y Tov eEEPYOVTAL, ETOUEVMG
1 OAIKT pon| glvar pndév.

3-4 O NOMOE TOY GAUSS (I'kéovc)

O VvOUOG aVTOC GLVOEEL TNV MAEKTPIKT PO TOL OLEPYETAL OO WO
KAELOTH EMPAVELD LLE TO QOPTIO TOL TEPUKAEIEL 1] EMPAVELQL.

‘Eoto évo onueloxd Betikd @optio g. Ag QOVIOGTOOUE Ui GPaipa
oktivog 7, Otwg oto oynua 3.7, mov  €xel k€vipo 10 onueio 6to omoio
Bpioketal o optio. Ao VITOALOYICOVLE TNV NAEKTPIKN PO TOV OLEPYETOL OTTO
v oeaipa. I'vapilovue 6TL 1 évtacn Tov NAEKTPIKOL TTESIOL GTNV EMPAVELN
™G opaipag &xel HETPO

E-kx 4-_1 4 (3.2)

2 2
r- 4rne,r

devvvon akTIVIKN Kot popa Tpog Ta. EE®.

Xopilovpe v eTQAVELR TNG GPAIPUG GE GTOLEIDON TUNUaTe AA,
1060 pKpa ®ote To Kabéva amd avtd vo pmopel va Bempnbel enimedo. Ot
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SUVOIKES YPaUUES TOv Ttediov mov dnuovpyel to q TéUvouy Kabeta Kabe
OTOLELMON emedavelr A4 kol 1o kdbeto dSdvuopo AA oe KGBe TéToln
EMEAveLD givol TapdAinio pe tic dvvapkég ypaupés. H oAkny pon mov
SLEPYETOL A0 TNV EMPAVELD TNG CQOipaS Eivarn

O, =Y EAdovvd, =Y ENA=EY A4 (3.3)
O 6po¢ ZAA otvetl To guPaddv TG CEAIPIKNAG EMPAVELNG OV givol {60 pe
4mr’® . Amo T1G oyéoelg (3.3) ko (3.2) maipvoope

1
R
4re, r £

And ™ oyéon oaut) mpokLMTEL OTL M mMAekTpwkn pon (Dg) sivon
aveEaptnTn NG OKTIiVOG 7 TNG oPaipag Tov emAEae. AvTo givol Aoyikd yioti, TO
TA00G TV SUVOUIKAVY YPOLLLMV TOV TEPVA OO OTOLOINTOTE GOOLPIKT EMPAVELXL
pue xévipo 1o @optio eivan B0 aveEapmra amd TV oktiva NG XtV
TPOYLOTICOTNTO. 1) ETLPAVELD. OV YPEALETAL VO, Eval GOUIPIKT. ATO 0mO1ONTOTE
KAEIOT EMPAVELD, TIOV TEPUKAELIEL TO POPTIO ¢, (o). 3.8) Ba mepvdiet idog ap1Buodg
SuvoK®V ypouudv. Emopéveg, m mAekTpikni pon Yo kdOe kAelot| empdveln
TIOL TTEPIKAELEL TO QOPTIO ¢ glvar iom e VT TTOV PPRKALE Y10 T oPaipo, dSNAAOT

To ocvumépoacpo oto Omol0 KOTUANENLE YEVIKEVETAL KOl OTINV
TEPIMTOOT OV £YOVUE TOAAA OMUEWKE POPTio, N POPTICHEVE cOpoT. Me
™V apyn NG ETUAANAING amodEIKVOETAL OTL 1] NAEKTPIKN PO TTOL SIEPYETOL
and po omowdNmote KAgwT empdaveln eivar ion pe Opu/e, 0mov Oy 10
@optio mov TepikheieTal and TV KA emeavela. H mopondve mpotoaon
amotelel To vopo Tov Gauss yio To NAEKTPIKO Tedi0. ZOUPOVA [LE QVTOV

1N NAEKTPIKI] PO1] TOL SLEPYETAL OO P KAELGTI] ETLPAVELD 1GOVTAL
[E TO TNAIKO TOV OAMKOV POPTIOV TTOV TEPIKAEIEL 1] EMLPAVELD, TTPOG
™ 6100epa &,.

O, = =7 (3.4)

Tnv KAeloT) EMPAVELL TOV EMAEYOVLE Y10 VO EQAPUOCOVIE TO VOUO TOV
Gauss 0a v opopdlovpe em@avera Gauss.

Koatd v epappoyn tov vopov tov Gauss mpémer vo sipoote
npocektikol. Eved 1o goptio O, ot oyéon (3.4) eivor 10 @optio mov
Bpioketor péoa oty empdavela Gauss, T0 £ gival 10 0AIKO MAEKTPIKO eSO
7OV 0QeileTOL TOGO GE POPTiet TOV PpicKOVTAL HECH OTNV EMLPAVELX OGO KOl GE
poptia wov Ppiockovrol E£® amd avTnv.

O vopog tov Gauss eivar BegpeMdoovg onuocicg otV
niektpootatiky. H onuocio tov eivor avaioyn pe avtiv T0v VOHOL TOL
Coulomb. v apayuatikdémra o vopog tov Gauss Kot o vopog tov Coulomb
dev givar dvo aveEdptnTol Puotkoi VOOl aALd 0 1810¢ VOHOG oV eKPPaeTal
pe 600 dPOPETIKOVG TPOTOVG,.

>t ovvéyew Bo dovpe 6Tl 0 vOpog Tov Gauss divel EDKOAN TNV £VIOOT] TOL
NAEKTPIKOD TESIOV GE TEPUTTMGELG OTTOV EYOVIE GLUUETPIKT] KATAVOUN POPTIOV.
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Xy. 3.8 H miextpwkry porl mov
Siépyetar amd TIC SVO EMUPAVELEG
gtvoun 1S

Xy 3.9 To goptio q Ppioketon £Em
ond Vv emoedvee. Ot Suvopikég
YpoppéS Tov mediov Tov dnpovp-
vel kol €woépyovior G’ AT
e&épyovtar  amd  kGmowo  GAAO
onueio arm’ oavty. H ocvvolwkn
NAEKTPIKY POT| TOL TEPVAEL OO
™y em@avela gival ion pe undév.

Ew.3.1 Karl Friedrich Gauss.
(1777-1855). Teppovoc, évag and

TOVG UEYOADTEPOVG HaONUOTIKOVG
OA®V TOV QLOVOV.



E@appoyég tTov vopov tov Gauss

Onoc eimape,

pe to vopo tov Gauss UTOPOVLE VO VTOAOYIGOLUE

gOKoAa TNV €VTAOT TOV NAEKTPIKOD TTEGIOV OE TMEPUTTMGELS TTOV TO NAEKTPLKO
@OPTIO KOTOVEUETOL CUUUETPIKA. XTI TEPUTTAOCEL OUTEG EMAEYOLUE LM,
em@dvero (emeaverr Gauss) mov £yl TV 010 ovppeTpio pe ekeivn g

KOTAVOUNG TOV (POPTiov.

[TAPAAEII'MA 3-1

‘Eva ocpapikd kéAvpog mov Bewpolpe 0Tl £xel aUEANTEO TAYOC
(0%.3.10) &yxer axtiva o Kot @épel poptio Q, OUOWOULOPPA KOTAVEUTLEVO
oty emedveld tov. Bpeite v évtoon Tov MAEKTPIKOD TESIOL GTO
eEMTEPIKS KOl GTO EGMTEPIKO TOL GPALPIKOD KEADPOUC.

Amévtnon :

Enedn] o poptio eivat opotOpopeo KOTAVEUNUEVO GTNV EMPAVELD
TOV KEADPOLG, TO TEd0 OV dNoVPYEL TO KEALQOG €)XEL AKTIVIKT dlevBuvor
Kot 1 évtaon €yl Ty 10 T o€ Ola ta onueia Tov améyovv 1o {510 amd
TO KEVTPO TOL KEADPOLG. 't Toug AOYOVE AVTOVG EMAEYOVE MG EMPAVELDL
Gauss o GQOIPIKT ETIPAVELD, OUOKEVTPY UE TO KEAV(OG .
A) H emedveio Gauss éyet axtiva r peyaddtepn 1 ion g oktivag Tov
KeEAOPOLG, 7 = O .

Xwpilovue v emipdavela oe ToAd pikpd tuipota. 'Eoto éva amod
avtd, epupfadovd AA. H kdbet AA oty emipdveln AA kot 1 évtaor Tov
nedilov 67 auTn TV TEPLOYN, EYOLV TNV id1a katevBvvon, (oy. 3.11)

EMOUEVAC M pON TTOV SEPYETOL OO TNV EMPAVELL AA elvar
AD =EAA ovv(0=FEAA

To id10 woyvet ko Yo kéBe aAdo Tunuo AA tng emipdavelog Gauss.
Apa 1 cvvoAkn pon elvar

O, =Y EAM=EY A=E4m’ (3.5)
Opwg amd to vopo tov Gauss €yovple
(DE _ Qa}/r( :g
& &
Amd (3.5) ko (3.6) éxovpe
1
E4m* = Q enopévog E = %
; 4re, r

Xy. 3.10 To miektpkd poptio eivor

OHOOLOPPO.  KOTOVEUNUEVO  GTO

oOALPIKO KEADPOC.

AA,
E

Xy. 3.11 H emodveio Gauss givor
oQaipa OLOKEVTPT LE TO KEAVPOG LIE
axtiva peyaAdTepn 1 iom TG oKTivog
TOV KEAMDPOLC.

(3.6)

Avt 6pmg tvan 1 oy€omn mov divel v évtaon tov mediov Tov dNUIoLPYEL Eva onueElaKo PopTio O,
o€ amootoon . Emopévac 0 o@aipikég @rol0g COPTEPLPEPETAL, OTOV EEMTEPIKO TOL YDPO, GAV VO, NTAV

£vo, ONUELOKO POPTIO GUYKEVTPMOUEVO GTO KEVTIPO TOV.

Ag dovpe Opmg TL cLUPAIVEL GTO E0MTEPIKO
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B) Emiéyoupe kot médt pio opatpikn empdvelo Gauss OpOKEVTIPT| LLE TO
KEALPOG TTOV TOPA EYEL AKTIVA 7 < a. AV, OTOG KL TPV, POVIOGTOVLE TNV
EMLPAVELN YOPICUEVT] GE GTOLYELDON TUNHATA, B0 KataAnEovpe TaAL 6T

oyéon
O, =Y EAM=E) AM=E4m’ (3.7)
Zoupova pe to vopo tov Gauss
D, = Qo opog Q. =0 enopévarg @ =0 (3.8)

0
Ao (3.7) ko (3.8) mpokvmtel E=0

ANA0.O1] 6TO EGMOTEPIKO TOV KELDPOVG OV VITAPYEL NAEKTPIKO TTEdTO.

Xy 3.12 H emodvern Gauss
etvar cpaipa opdkevipn Ue TO
KEALQOG KOl LLE LKPOTEPT OKTIVAL

Hepatpnen

e kGBe oo VTTAPYEL KOl BETIKO Kot apvnTIKO GopTio. XTo NAEKTPIKA
0VLOETEPO. CAOUATO, TO TOGO TOL OeTikoD @optiov €ival 160 pe T0 TOGO TOV
apvnNTIKOD PopTiov. Av €va cmdpa givar opTicuévo Tieovalel To Oetikd 1 10
apynTiKd Qoptio. L& £ve. QOPTIGREVO AY®YO Ol ATOOTIKEG SLVALELS LETOED
TV QopTinV Tov TAeoVALoVV gival 1IGYVPOTEPES OO TIG EAKTIKEG OVVAELS TOV
d€yovtal amd To eoptia Tov £xovv avtifero mpoonuo. ‘Etol Ta @optia wov
mieovalovv teitvouv va omopakpuvBohv HETOED TOVG KOl GLYKEVTPMOVOVTUL
GTV EMPAVELN TOV ay®Y0V.! Av 0 ayoydg eival 6eaptkdc T0 TAEOVALOV
QOpTio KOTAVEUETOL OLOWOLOPPO GTNV EMUPAVELD TOV ay®mYov. Emopévmg to
nedio Tov ONUIOVPYEL £VAG GTOUTIKG QOPTICUEVOS COUIPIKOS AY®YOg Eivan
611010 nE 10 TEDIO EVOG POPTIGUEVOV GPUIPIKOD KEADPOLG.

I[TAPAAEII'MA 3.2

Xy 3.13
oQUIPIKoD aywyoy PBpioketal otnv

Olo 10 @OpTiO TOL

emoeaveld tov. Elwtepwkd o
0Y®OYOG GULUTEPLPEPETOL GAV OAO
ov 10 @optio va  eivor
GUYKEVIPOUEVO OTO KEVIPO TOL
(cav  onuelokd  eoptio). Xt0
£6MTEPIKO TOV 0y®OYOD TO TEDGIO
glvor unoév.

"‘Eva moA0 peydro (ameipov puixkovg) cvpua €ivol opotONOpQa, POPTICUEVO. AV TO POPTIO TOV PEPEL
avé povéda pnkovg givar A (ovopdletor Kot «ypapptkny mokvotnta eoptiov»), va Ppebel n évtaon tov

NAEKTPIKOV €S0V TOL dNULOVPYEL.

Amévtnon :

INa Adyovg ocvppetpiog, to medio mov dnpovpyet €va TéTolo cHPUA givol OKTIVIKO Kot 1 TN TNG
évtaong eivar 1010 o 6Aa Ta onueia Tov amEYOLV TO 1610 0md To cVpua. Ta onueio aVTE OTOTEAOLY pd

KUAVOPIKY] ETUPAVELD.

INo va expetoiievtodpe ) ovppetpia tov mediov, emAéyovpe mg emeavelo Gauss TV eTPAvVELL
KLAIVOpOL TTov €yl dEova 1O POPTIGUEVO VP, uNKog L Kot Bacelg mov £xovv aktiva 7.
H évtaon tov niektpikol mediov mov dnuovpyel To cVpuo givol kKdbetn Kot £xel To 1010 UETPO e

Kkd0e onpeio ™G KLPTNG EMPAVELNS TOV KVALVOPOV.

2TV TPOYUATIKOTNTA TO POPTIO TOV LETAKLVOUVTOL GTOV ay@yd etvar Ta
erevBepa nhekTpovia.
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Xy. 3.14 Eméyovpe empdveio Gauss o KOAVOPIKY ETLPAVELD OLOAEOVIKT LE TO GUPUOL.

H pon mov damepva T1c Péoeig Tov kKuAlvopov elvar unodév, yiati n évraon givor mapdAinAn LE Tig
TAEVPEG OVTEG. AV Y®PICOVUE TNV KLPTH EXPAVELD TOL KUAIVOPOL GE GTOLYEIDON TUNUATA, ) KAOETN og KaOe
TETOLO OTOLYEIDOEG TUNHA Elvar TapdAAnAn pe v €vtaot tov mediov. H ohikn) pon} mov diépyetan amd tov
KOAWOpO glvar

q)E = q)ZTTZ BAXEIX + q)KYT’THZ EITI®ANEIAL — q)KYT’THZ ETTIOANEIAX

dumg D vpris EIoANEIAT = Z EAA =E Z AA =E27r L

EMOUEVAIG
O, =E2mL 3.9

To oAkd poptio mov mepukieiet | KVAWVIPIKY empdvela eivar L A. Emopévmg o vopog tov Gauss ypapeton

AvtikafietdvTag v niektpikn pon and v (3.9) éxovpe

| )
E2mr L= AL and omov E = — dnAadn
& 2re, 1

o

-

n évraon o€ éva onueio Tov mEdiov TOL ONUIOVPYEL TO oVppa  givar avticTpoga avaroyn TG
andoTacng amwd avTo.

ITAPAAEITMA 3.3

'Eoto éva eninedo pOAAO dmelpmv dlaoTdoewv, Tov glval opotdpopea eopticuévo. To poptio avd
povada empdvelog eivar o (AEYETOL KOl «ETIPOVEWNKN TUKVOTNTO QOPTIOL»). ZNTApe TNV €VTaoTn TOL
NAEKTPIKOD TESIOV TOV dNUIOVPYEL 1] POPTIGUEVT ETPAVELQ.

Anévtnon :

H évtaom tov mediov, yio Adyovg cuppeTpiag, £xel dlevbvvor KAOET 6TO EMIMESO TOV POPTICUEVOL
@OALOL Ko To 1010 péTpo € dVo onuei mov anéyovv ££icov Omd TO POPTIGUEVO PUALD Kot Ppiokoviol o€
avtifeteg TAgLPEG.

EmAéyovpe g empdveln Gauss v emQAavela vog KuAvOpov mov £xel Tov dEova Tov KABETo 6To
QOPTIGUEVO POAAO Kot TIg 000 Paoelg Tov, eufadod A, va 10amE)ovV 0md TO POPTIGUEVO ETITESO.
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Xy. 3.15 Eméyovpe emeaveio Gauss pio kolvdpikn empdaveta. O GEovag Tov KuAivopou
gival KABeTOg 6TO POPTIGHEVO PUALO KOl Ol BAGELG TOV LGATEYOVV 0T QVTO.

H pon mov diépyetat amd TV KupTH EMPAVELD TOV KVAIVOPOL givor Undév aeov kdbe oToLyEIddEg
TUAUO TNG ivol TapdAinio pe T duvapikés ypaupués tov mediov. H évtaorm tov niextpikov mediov eivor
KaBetn oTIc PAcEIC TOL KVAIVOPOL Kot TO PETPO NG €ivar 1010 Kot oTig dv0 Pdoeic. H pon mov diépyeton amd
Kké0e Pdon eivar EA. H olikn pon Tov di€pyetor amd Tov KOAVOPO givar

(DE = (I)KYPTHZ ETTI®OANEIAX + cDZTIZ BASEIL — cDZTIE BASEIL — 2EA (310)

To oAk6 PopTio MOV TEPLEYETAL OTIV KVAVOPIKT EMLPAVELN ival GA. ZOp@va pe Tov vouo tov Gauss

D, Qo o, -A (3.11)
80 80
Amo (3.11) ko (3.10) mpoxvzTet
oA o
2EA=— 1 E=—
¢ n 2¢, (3.12)

A76 10 amotélec o TPOKLATEL OTL M) TWN TG Evtaong gival aveEdptnTn TG andoeTaoNS 0o TO
QOPTIGUEVO PUALO.

To nAekTpiké nEdio TOV INUIOVPYEL TO POPTIGREVO QVALO OTTEIPOV OLOOTAGE®V EIVUL OHOYEVES
o€ KGBg TePLoYN] TOV YOPOL OV opileTan 0o AV TO.
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Xy. 3.16 O yopog yopw omd ta
QopTIcUéVE COUOTH givorl TAEK-
pwd medio. To mrextpikd medio
aoket dvvapun F og éva @optio.

3-5 AYNAMIKO — ATA®OPA AYNAMIKOY

YmoBéote OtTL €xovpe pepikd akivnto opticpéve copata (6y.3.16).
Ta chpoto oavtd dnuovpyodv YOpm Tovg NAEKTPIKO TEedio. Av 6€ KAmTOl0
onueio A Tov niekTpikov nediov TomobeTnooVE v COUATIOW e PopTio ¢,
10 1edio Ba acknoel oto Poptio dvvaun F=Eg. Av petakiviicovpe to poptio ¢
ond to onpeio A, og éva dAho onueio B, tov niektpikov mediov, oe OAn
dugpkeln TG dtodpopng To NAekTpkd medio aockel 610 Poptio g Svvaurn. H
Svvaun avTr, KAtd TN LETOKIVIOT TOVL (OPTIOV, TAPAYEL 1] KATOVUAMDVEL £PYO.

Amodeikvoeton 6Tt to €pyo g dvvaung tov 7ediov koTd TN
petakivnon tov goptiov g, omd to onueio A oto onueio B tov niextpikov
nedilov, eivor 1o 1010, O6mown Sadpopr| kot ov emAééovpe  (TéTol media
ovopalovtol dreTnpNTIKA). Av pAAIoTo TO €pyo ovTO dlapebel pe to poptio
7oV peTaKwveital, T0te T0 MAiko W/g, mov exepdlel to €pyo avd povada
@oprtiov, etvar aveEaptnTto o)l LoOVo amd TN ddpoun aAAE Kol 0md TO PoPTio
OV UETOKLVELTOL KAOE pOpdL.

Tnv 1010 TO GLTH TOL NAEKTPIKOV TESIOV TNV EKUETAAAEVOLAGTE YO
va opicovpe éva véo péyebog, To SUVaIIKO. ZVYKEKPIUEVA

Ovopalovpe dvVOpIKO TOV NAEKTPIKOD TEGTIOV 6€ éva onueio Tov A
70 6t00gp6 TTNAiKO TOV £pYoV TNG SVVUUNG TOV UGKEL TO TEDIO O€
QopTio ¢, KOTA TN PETAKIVIG TOV QOPTiOV ¢ amd To onueio A 610
GmEPO, TPOS TO POPTIO TOV NETOKIVEITAL.

v, e (3.13)

q

To dvvapkd givar povéperpo péyeBoc. H povada tov oto cvotnue SI
givar to 1 Volt (V), mov wodvvapei pe 1 J/C.

Tn dwpopd tov duvaukdv upetald ovo onueiov A ko B v
ovopdlovpe dtapopd dvvapkov 1| tdon Tv onueiov A Ko B.

H dw@opd dvvapkov, V-V avdpesa og Vo onpeia A kor B Tov
NieKTPIKOD TEdiov givan ion pe To ANLiko Tov £pyov mov TaPayEL 1)
KOTOVOAMDVEL 1] oOVOUN TOV 7ESIOV KOUTG TN HETOKIVIIGY EVOG
@opTtiov g amd To onpueio A oto onueio B pog To opTio ¢q.

— WA—)B
q

V,=V, (3.14)

To épyo 1tng dvvaung tov mediov Otav petatomiletar optio ¢
avapeoa o€ 600 onpeia TOV TAPOLSIALOLY SLPOPA SVVAULKOV, Elvat

Wiw=W=Vs)q
Av 10 @opti0o TOL HETOKIVEITOL E€lvol TO GTOLXEWMOES (POPTIO
(e=1,6x10" C) ko Stapopd Suvapkod 1oV TaAPOLSIELoVY Ta onpeio A
kot B elvar 1V, 10 épyo g O0vaung Tov mediov  eivon
W=1V-1,6x10"" C=16x10""J. To £pyo ovtd6 10 o0OvVOpG{OVUE
niektpovioPort kot to cupPorifovpe pe 1 eV.

leV =1,6x107" J
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H dwpopd dvvapukod ekppalet to £pyo g dvvaung tov mediov, avd
pHovada @optiov, Katd TN LETOKIVNOT EVOC POPTION HEGH GTO NAEKTPIKO TEDTO.
Emedn 10 duvoukd oyetiCeton pe to £€pyo, givar éva péyebog e&oipetikd
YPNOULO Y10 TN HEAETN EVOC TPOPANLOTOC OO EVEPYELOKT ATOWT).

Av apnoovpe og €vo onueio A tov MAektpikov mediov €va OeTiko
poptio avtd Ba kKvnbel oty kotevBuvon g dVVaUNG oL d€xETAL OO TO
nedlo. To €pyo avtig g dvvaung elvar BeTikd Kol emopévmg M dopopd
dvvapikov petald tov onpeiov A kat evog aAlov onueiov B otn dtadpopn tov
eoptiov (V4-Vp) elvar Betikn, dnAadn to duvaukd oto onueio B eivan
UIKPOTEPO AT TO SVVANIKO GTO onEio A.

To niextpkd medio avaykaletl Ta Betikd eoptia mov aprvovtal (v,=0)
o€ éva oNUEI0 TOV va Kivobvtal 6TV Kotevbuven otny omoia to SUVOIKE
pikpaivoov. Avtifeta, ta apynTikd @optic Kvobviol Tpog TV katevbuvon
GTNV OTOoi0 TO SUVOULKA CVEAVOVTOL.

To dvvopiko TEdiov TOV 0PEIAETOL GE GNUELTKO POPTIO

AmodetkvieTal 6Tl TO SUVOUIKO TOL TEGIOL TOV OPEIAETAL GE GTUELNKO
eoptio O, og éva onEio TOL ATEYEL AT TO POPTIO UMOSTAUOT 7, EXEL TIUN

V=K, 2 (3.15)
r
Hoapatnpiosg
1. ¥m oyxéon (3.15) to @optio umopel va eivor OeTikd 1 apvnTiKo.

AvrtioToryo, To duvapukod gtvot BeTKd 1 apvnTIKO.

2. Otav 10 NAekTpiKod TEdio dnpovpyeital amd TOAAY onuUEIKd OpTio
05, Oz O; ..., Y0 va VTOAOYIGOVE TO SLVOUIKO 6To onuegio A (V),
ompopacte oty apyf TS Emaiiniiog. ZOpQOVO LE OV TO
duvapkd tov mediov wov dnulovpyody 6To onueio A Ola T poptial
wovTol UE TO GOpOcHO TOV SUVOUIKOV TV mediov mov Oa
onpovpyovoe to kabe poptio O, O, KAT 610 onueio A, dnAadn

V,=V,+V,+V, +---

AVVOHIKO QOPTIGUEVOL Ay Y0V

'Evag otatikd @optiopévog aymyds, dnAadn évag oywyog mov eEpet
akivnta eoprtia, £xel TavTod 10 1010 dSLVOUIKS, S10TL AV TO SVVOUIKO deV NTAV
010 mavtov de Ba eiyope optia axivnta -oe 10oppomio- AL @opTio. GE
kivnon.
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oVpYEl 6T0 YMPO MAekTPKO TTESIO.
To dvvopkd oto onueio A ToL
nediov givon V' 4= K c 2 .
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ITAPAAEITMA 3.4

A
Y1ic kopupég B kot I' vontod wwomhevpov tprydvov ABIT mhevpdg a,
éxouv tomoBetnfel ta onuelokd @optia Q ko —20, avtictotye. Nao
VITOAOYIGTOVV: ¢
o) To dvvapkd tov wediov oty Kopven A.
B) To dvvapkd Tov nediov 610 onpeio M, péocov g BI. Q M -2Q
v) To £pyo g dOvaung Tov Tediov Katd TN HeETaKivon EVOG B r
niektpoviov amwd to onueio A oto M. Iy 318
Andavinon :
o) Av 10 poptio O ftav udévo tov, to tedio mov o dnpiovpyovoe Ba eixe oto A duvapkd VlA =K, g
a
, , , , , - —20
Avrtiototya, to medio mov Ba dnpovpyovoe to poptio -20 Ba giye oto A dvvopukod V' = K, —
a
To medio mov dnpovpyodv kot ta dvo eoptia pali oto onueio A €xel Suvoukd:
L@:KA+WH>%;Q (3.16)
a
B) Me avéroyo Tpémo PBpickovpe To duvapikd Tov onpeiov M.
-2
v ok L o & g 220 4 2
al?2 a al?2 a
v,=V"+r =-2K, Q (3.17)
a
_ WA»M . _
Y) Vi=Vy= _ enopevos W, =W, =V, )(-e)
, , o , Qe
AvtikabiotdvTag Tig Tég Tov duvopkov and Tig (3.16) ko (3.17) maipvoope W, ., =—-K_ =
a

ITAPAAEII'MA 3.5

‘Eva mpotovio Parietal amd peydin omdotacn, pe toyvtnte v=400 m/s, mpog axivnto muphva
avBpaka. Na vmoloyiotel 1 eAdylotn amodcTOoT, Omd TOV TUPHVe oTnyv omoia o PTAcEL TO TPHOTOVIO.
Aivovton to otoEddes poptio e = 1,6x107°C, n palo tov mpwtoviov mp = 1,6x10% kg, 0 oTopcdc
apdpoc Tov GvBpaka : 6, 1 otadepd Tov Coulomb K. = 9x10° N m® /C* . Oa vrobécete 6TL 0 TUPHVOC
TOPOUEVEL OKIVITOG GE OAT| T SLAPKELD TOV POIVOLEVOD.

Andvtnon :

To poprtio Tov TVPNVE TOL GvOpaKa eivar O=6e.
210 onpeio A, T0 TANGIECTEPO TPOG TOV TLPNVO. CNUELD GTO OO0 PTAVEL TO TPMTOVIO, 1) TAYXVTNTA
tov otryuaio undeviletal.
Epapuolovpe 1o Bedpnpa Epyov - evEPYELNG VIO TO TPMOTOVIO, KOTA TNV KiVNGT TOL 0o TO UTEPO
péypt tn 0éon A.
w,.,=K,-K, 1 W

wo—>A

:0—%mp02 (3.18)
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Onawg w,,,=-Ww

o0 A—©

=V, e (3.19)

omov V', 1o duvapkd mov dnpovpyei o moprvag oto onpeio A. Av 1o onueio A améyel amd oV TLPHVO
omdoTooN T

6
v, -k Lg% (3.20)
r r
Avtikafietovrog 115 (3.19) ko (3.20) oy (3.18) €yovpe
6e> 12K ¢?
—Kciz——mpuzsnouévmg r=——=—- andoémov  r= 10,8x10°m
r 2 m,v

3-6 H AYNAMIKH ENEPI'EIA TIOAAQN Q
YXHMEIAKQN ©OOPTIOQN

‘Eoto éva ohotnuoe. mov amoteleitol amd Tpio oNUEIOKA POPTia, TO g,
q, xou g3 (oy. 3.19). Acg ovopdoovpe 115 0écelg Tovg A, B, I' kot tig peta&o q,
TOVG OMOGTAGELS 0, [ Kol ¥, Onwg oto oynua 3.19. H evépyea mov €xel N B a
olado TV TPIOV Qoptimv eivar ion pHE TO €Pyo MOV AMOITEITOL YO VO Q.
petapepfodv avtd ta @option amd mOAD pokpd Ko vo Tomofetnlodv oTIS  £y.3.19 Stomua TpdY oMUEKGVY
0¢c€1¢ TOVG. AC GUYKEVTPMGCOVLE TO POPTIO LETAPEPOVTAG TaL EVal - €Vl Qoptiov.

A f/ A A
q q q

(R Q.
(@ j{ (b) ©

Xy 3.20. Apywd tomoBetodue t0 ¢; oto onueio A (a), ot cvvéxela 1o ¢, oto onpeio B (b) kot
téhog 10 g3 010 I (©).

To @oprtio g; pmopet va petagepbel 610 onueio A ywpic moapaymyn M
damdvn €pyov. XTr GUVEYELD, LETAPEPOLLE TO ¢, 610 onueio B. To goptio ¢,
Kwveiton péca oto medio mov Exet dnpovpyndet amod to g;. To €pyo mov amarteiton
v vo petopepBel to eoptio givar avtifeto Tov £pyov g dSvvapng Tov mtediov.

- Woo~>3 = W

B—x

=Vyq, =K. % a1
4

Ac petagépovpe Tdpa o ¢3. To £pyo TG dSVVOUNG TOV amalTeiTOL Y10,
™V HeTaPopd Tov glval avtiBeto Tov €pyov NG dLVAUNG TOov TEdioOL TTOV
dnuovpyovv Ta ¢g; Kot g, poli.

-W,

wo—I"

= WF—)w = VF q3 (322)
Eme1dn] to Suvopuko oto onpeio I' opeiietan oo poptia ¢; Kot g ko givon

vo=k, Dk T2
(24
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n oxéon (3.22) yivetan

oI c ﬂ c a

To cuvolkd €pyo, TOL OTOLTEITOL Y10 VO, CUYKEVIPMOGOLUE TO, TPia,
eoprtia, mpokvmTEl amd 10 dOpoiopa Tov oyéoemv (3.21) kot (3.23) ko glvar

w=k D% g D g D950y
Y B @
Toom etvat Kot 1 SLVOUIKT EVEPYELN TOV GUOTNUATOG

U=k D% g —q;h +K,

4
No oNUEIMGOVHE OTL 1] SUVOLIKT EVEPYELD TOL VITOAOYICOLE OVIKEL
0TO GUCTNUO TOV QOopTidv. Agv VTAPYEL KAvEVOG AOYIKOS TpPOmMOg v
OTOOMCOVIE UEPOG AVTNG TNG EVEPYELNG OE KATOL0 amtd T POPTiaL.

D295 (325

4 r q; Xmv mepintwon 000 ONUEWKOV QOPTIOV ¢; Kol ¢, TOL ATEYOLV

amOCTOOT 7 1) QUVOULKT EVEPYELD, TOV GLGTNUOTOG EIvaL

?rﬁwm?c'z)i @(Tg)rim\fv ;(‘)E:)] “((;néxiz?/ U= KC % (3.26)

peta&d Tovg amdotacn o €xel , , , , L ,

Suvapu evEpyELd. Ao ™ oyéon (3.26) mpokvmTEL OTL AV T POPTio. €lvol opdVVpD M
Suvapk] Tovg evépyela givor BeTikn. Avtd elval GUVETELN TOV OTOOTIKOV
duvapemv mov avartocoovtar petad tove. Mo va petapepbovv ta eoptia
amd TOAD HOKPWE KOl VO TANCLACoUY 0g amdoTooT| ¥ MPEMEL va. TPoopepel
é€pyo oto ovotnua. Avtifeta, av To goptia €ival €TepdvLLA EAKOVTOL KOl
OTOLTEITOL OPVNTIKO £pY0 Yo va TomobetnBovv o€ andotactn » PETOED TOVG.
Emopévmg n duvapixn Toug evEpyeLol Etval apvTIKY.

ITAPAAEITMA 3.6

Zoparpido patag m, =22 x 107 kg goptiopévo pe Beticd poptio q, =11x 107 C Béhetan pe apyh
toyotro. v, =30m /s pog devtepo opapido pe pale m, =2m; ko eoptio g, =2q, MOV givor apyud
akivito og andotoon d = 2m omd 10 TpdTo. AV Ta 6PaIpidia. Ppickovior Tvm ce 0plovTio, Ao Ko HOVOTIKO

damedo vo. Bpebel n ehdyiom) omdotacn L oy onoia Oa mincidcovy. Atveton K, = 9 x 10°N-m*/C”.

Anévtnon :
Ot dvvdpelc avaueoa ota opalpidl gival ormmotikés. 'Etol to F 'uo F
oopo paog m; emPpadvveTal Kol To copo Ualog m, emroyOVETOL. 2 ¢ d — !

Oco n taydnta TOov m; givol peyoAdTEPN TNG TOYVTNTOS TOV M) M 9. d
omdoTaoT HETAED TOV COUATOV pukpaivel. Kdmola otiyun ot tayhtntég
toug Ba yivouv ioeg kot otn ovvéyela m ToyvTTo, TOv M; B0 yivel
LEYOADTEPT OO TNV TAYXVTNTA TOV 71, (TOTE 1 AmOGTACT UETAED TOVG Bo 42— L o
peyordvel). Ta copato o Bpebodv omnv eldyio dvvaty amdcTOCoN %
peta&d Toug TN GTIYUN KaTd TNV omoio ot TayVTNTES Tovg Bo e&lombovv
v, =0, =D. Ty 3.22

H pnyoavikn evépyela tov cvuotipotog dtotnpeital. Av Bewprioovpe og apykr 8éon m Béon and v
omoia. PaAleTon T0 GEAPidlo m; Kol ®¢ TEMKN TN Béom mov T ceopidln PBpickovior oty eAdyloT
amootoot HeTa&y Toug Ba 1oyvet

KW +UW =K _,+U_,

TeA
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1 1 1

omote —mod+ K, D92 2 gy 52 g o2+ g, D
2 2 2 L
1 2 2q 12 2 2q 12

Ul —mvy; +K, =—mv~ +K, (3.27)
2 170 d 2 1

Emedn oto ovompa dev ackoOvTal eEMTEPIKES SLVALELS, 1| OPUN TOL GLOTNLATOG dloTNPEiTaL.
Pupx = Prsh

Oewpdvtag BeTikn KoTevBVVON TNV apPYIKN EOPE Kiviiong Tov m; 1 TOPATAve GxEom YpapeTan alyeBpukd.

muo, =mu, +myv, A m,v, =3m0
. Yy
ondte v=—
3

avtikabiotovtag otny (3.27) Kot AvvovTog g Tpog L TpokvnTel

_ 6dKqu2
dm,v; +6K g/

=0,28m

Hopatipnon: T ™ Avorn Tov TPOPANUATOG XPTCILOTOUGOUE TNV Opyn OOTAPNONG TNG HNYAVIKAG
evépyelog. Opmc, To medio mov dnpovpyeitat omd KVOOUEVA QOPTia Elval NAEKTPOUAYVITIKO TEdio Kol dTav,
OT®G cvpPaivel 6To TPOPANUE LG TO POPTIOL EMLTOYVLVOVTAL £VOL LEPOG TNG EVEPYELAG TOVG LETUPEPETOL LIE TN
LOPPN NAEKTPOUAYVITIKNG 0KTIVOBOAING 6TO TEPIPAALOV.

3-7  XXEXH ENTAXHX KAI ATA®OPAX AYNAMIKOY
2TO OMOI'ENEXZ HAEKTPOXTATIKO IIEAIO

H évrtaon xou 1o duvapikd eivor peyédn mov meprypdoovv To
niektpicd medio. Aoywd eivor, Aowmdv, to 000 peyédn vo oyetilovrat.
[Ipdypott vdpyet pio Yevikn GxECN AVALESOH GTNV £VIAGT KOl TO SLVOLLKO M
omoio. Op¢ amottel pobnpatikd mov Eeeedyovy amd to eninedo avTod TOL
Bipriov. Epeic Ba dodue mmdg oyetiloviat ovtd o 600 peyédn oty mepintwon
7OV TO NAEKTPIKO TTEdI0 €ivol OLOYEVES.

'Eotm to opoyevég nhektpikd medio tov oynpatog 3.23. Av oto onueio

A agebet éva Betikd poptio ¢, Ba deytel dSvvaun F=Eq omnv xoatevBovven tov +Q A F

SUVOIKGOV Ypapp®my Kot Bo kivnfel Katd pRKog g SUVOUIKNG YPOUUNG TNV « X

omoia Bpioketatl. 'Eotm 6Tt B givat éva dAlo onpeio, Tdvo oty id1a Suvapiky

Ypopun Tov anéyel and 1o onpeio A andotacn x. To €pyo g duvaung F kotd
T petaxivnon tov goptiov amod to onpeio A oto onueio B ivat

W=Fx=Eqx (3.28) U U

IvopiCovpe opog ot W=V ,-V;)q Ty 3.23 Oetikd onpelaxd goptio
g apnvetal oto onueio A opoye-
voug niektpikol mediov. To medio

E = V aokel dvvaun mov £xel TV KATEL-

=— (329, Bvvon TV SLVOLIK®V YPOUU®V.

'Eto1, ) oyéon (3.28) yiveran
Eqx=V,-Vy)q 0 EZVA_VB
X

omov e V ovpfolicape T dtapopd duvoptkod Tov onueiov A kot B.
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Ag e£gTAGOLLLE TOPO TN YEVIKOTEPT| TEPITTMOT GTNV OTOi0L TOL OMpEin
A xo1 B dev Bpiokovtar mave oty ot duvoapkn ypopun (oy. 3.24). Av
avaykdoovpe &va poptio g, va kivnbei amd To onueio A oto B katd pnkog g
evbeiog AB 10 épyo ¢ 6Vvaung tov mediov givor

W = F(AB)ovv 6 = F(AB)% = F(AT')= Eqx

R — kovenewy W =W,-V,)q
TPOKVTTEL TAAL 1 o)éom (3.29)
Xy 3.24 To épyo g SHvopung Tov T'evikevovtag 1o ocvunépacpa g (3.29) pmopodue vo movpe 6t N
mediov Kotd ™ petakivion 100 £vraon 6TO OROYEVEG NAEKTPIKO medio sivar ion pe To mNhiko TG Srapopdc
om6 o A oto B eivar 5o pE 10 Fyuyguiked §Ho omorwvéfmote onpueiov Tov NrEKTPIKOD TEdiOV TPOG TNV

£pY0 KOTA TN METOKIVIION TOV amd . , . . , ,
0 A 10 T, 006 TG TOVG X, HETPNUEVI] KOTE PIKOG MO HUVORLKNG YPOPpTC.

3-8 KINHXEIX ®OPTIEMENQN XQMATIAIQN XE
OMOTI'ENEXZ HAEKTPOXTATIKO IIEAIO

AVO TOpAAANAEG HETOAAIKEG TAGKEG POPTICUEVES LE avTiBeTa popTia,
- OTMG GTO GYNUO, ONUOVPYOVV OVAUECH TOVG OUOYEVEG NAEKTPIKO Ttedio. Av
péca ¢’ avtd to medio Ppebel éva popticpévo cwpotioo Ba deytel otabepn

F -€ dvvaun F=Eq kot Ba amoktiost otabepn emtdyvvon o = E% .

A. Kivnon yopis apykn tayvtnto

F + + ¥ + + 9

‘Eva nAextpévio (oy. 3.25) apnivetar moAd KOVTA OTNV apvnrTikn
d mAaka. To mAextpovio Bo Oeytel amd 10 medio SVuvaun otabepod pPETPOL

F =Ee (E : n évtaon tov T€diov Kal € : T0 GTOWYEIMIEG NAEKTPIKO (OPTiO)

. 3.25 'Bva niextpdvio agrve- avtippomn g E kot Ba kwvnBel evbdypoppo opodd emtayvvoueva, e

Tol PECO GE OUOYEVEG MAEKTPIKO gmovon a = F/ m,
nedio.

@

H ivnon tov niektpoviov TeptypdeeTol amd TIG GYECELS

a=F/m,=FEe/m,
v=at
1

2
X =—at

omd TIG OOleg UTOPOVLE VO VTTOAOYICOVLLE :

1. IIdco ypdvo yperdleTar To NAEKTPOVIO Y10 VOL OTAGEL GTNV OEVAVTL TAGKOL

’ e e ’ r . 2
Av 1 andotoon avapeoa otig TAakeS sivan d omd ) oygon d = Ea ¢

, 2d
Bpiokovue f, =,[—.
a
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2. Mg oo toy\vTnTo. OTAVEL TO NAEKTPOVIO 0T BTk TAGKOL,;

Avtikabotdvtag ot oyéon L=at 10 Ypdvo mov PpriKape

napandve Ppiokovpe U, =+ 2ad .

Acg kévovpe po aptOuNTIK) EQOPUOYN Y10 VO SOVUE Yo oG TAENG
pey€8oug TayvTNTEG KAt YpOVOUG LAGULE.

Av 1 d0popd dvvauikod avapEeso oTIC UETOAMKEG TAGKES ivon &+ + + + + 5
V =1kV ka1 n andéotaon peta&d tong d =5 mm n évioon tov mediov 610 Y ,
£6@TEPLKO To Ba eivar E=2x 10° N/C, 1 Stvaun mov Ba dexdei to nhextpovio F L~ -

Ba éxst pétpo F=32x10" N (e=1,6x10" C), n emrbyovon Oa sivor vd v -7
0=3,5%10" m/s’ (m=9,1x 107" kg), 0 ypdvoc Y10 Vo, PTAGEL GTOV ATEVAVTL J -e

Vo

omhopd ¢, =5,3x 10" s kaw 1 TeEMKH To ToOTTO 0; =1,9% 107 M/s.

Awtdéelg mov xpnNoonolohy TOV TUPUTAVE UNYAVIGHO (EmiTdyvvon
(QOPTICUEVOD COUOTIOON G OUOYEVEG MAEKTPOGTATIKO Tedio) Exovv evpeia
EPUPUOYN GE U0 GEPE amd GLOKEVEC OTMG O (Qoouatoypdpog ualog, o
Kk00001KOG GOANVAG KO AALES.

Xy. 3.26 To niextpdvio eicépye-
TOL GTO MAEKTPKO TESio pe Tayv-

, . . . . , mro KAOeTn  OTIS  SUVOLUKES
Bewpobue 0Tl 01 TAPUAANAES LETOAAIKEG TAGKEG TOVL oyNuaTog 3.26 vouuéc. H Sovopn mov Séyetar

glvonr popTiopéveg pe poptiol +q Kot -, £X0VV UNKOG L, améXOuV Petadd ToVS gy 10 medio 10 avaykdler va
amootacn d kol M Seopd dvvaptkov Ttovg eivar V. ‘Eva mAekTpovio  Swrypéyer mopoapoluc tpoyid.
EI0EPYETAL  UE OPYIKN TOXOTNTO Vo KAOETN OTIC OLVOUIKEC YPOUUES TOV

opoyevovg mediov mov oynuoartiletanr ovapeso otig mAdkes. To mAekTpdvio

Katd TV kivnor tov péca 6to opoyevég medio déxetan otabepn dvvaun F.

B. Kivnon pe apyucn tayvtnto kdOetn otic dSuvapikés ypappéc

Mo ™ peAiém pog tétowog xivinong Ba epappocovus v
apyn TS aveapTNoiog TOV Kivi|GE®V.

Awhéyoope 0o GEoveg TAVM GTOLG OMOIOVG AVAADOVUE
v xivnon. Edo 0o emriéfovpe évav afova moapdAinio oTig
OUVOIKES YPOUUES KL Evay KOOETO 67 aVTEC.

A@ov m d10popd SUVOUIKOD OVAPESO OTIG POPTICUEVES
mAdKes givor V, 1 éviaon tov MAEKTPIKOD TEdIOL GE OTOLOONTOTE

i
onueio tov ydpov peta&d Tov TAakdy O eivor £ = E (opoyevég
7edio).

Ytov a&ova X 10 NAEKTPOVIO dev dEyeTal dvvaun kot étot Oa kvnOel
€VOVYPOUO OPOAG, SIOTNPOVTAG TNV APYIKN TOL TAYVTNTO Vg .

Ewk. 3.2 Tepapotikn didtoén yo

Ytov a&ova y déxetar kab’ OAn T didpkeln TG Kiviong pio Svvaun uehém g amokMoTg oG déoung
, . . . _ , , niektpoviov  péoo OE  OHOYEVEG
otafepn, KatakdOpveN pe Eopad mpog To v F = Ee M emedn MAEKTPUCS TEBio
V e

E= ;, F= 7 To nAextpévio Bo exteréoel 67 awtd TOV dEova
OLLOAG ETLTOYVVOUEVT] KIVNON XOPIg apyIKn TOOTNTA LE ETLTAYLVOT

F Ee Ve

a,=—=—=—" (3.30)
m, m, dm,
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Xy. 3.27 Otav 10 nhektpdvio e&épye-
Ton and To mEdI0 €xEl amMOKAIVEL KoTd
y1 07O TNV apykh Tov S1ievbvven ko n
ToXOTNTA TOV EIVOL GUVIGTOUEVY] TNG
OpYIKNG  TOYVTNTOS VL, KOl TNG
TOYOTNTOG V.

TeAlkd, otov a&ova x Ba 1oyvovv :

L= 3.31)
X 0 (
X =0,t 3.32)
0 (
EVD OTOV Y :
v, =a.;t (3.33)
1
y :antz (3.34)

AT6 T1g 0Y£0ELG AVTEG UTOPOLV VO, LTOAOYIGHO0VV:

1. Xpdvoc mopopovine oto nedio

To nAektpdvio Ba e£EMBeL amd 10 medio dtav, oTov GEova x Ba €yxel
petatomiotel katd L. Av oty oyéon (3.32) 0Oécovpe 6mov x t0 L Kot
AboovLUE ®C TPOG ¢ TPOKVATEL:

(3.35)

2. Andéxhon ard v opykn dtevbvven kivnong otnv €060

Edv ot oyéon (3.34) Bécovpe otn Béom T0L t TO YPOVO TAPUUOVNG
070 TEdi0 PPioKOLUE TNV KATOKOPLET OTOKAIGT ¥ TOL NAEKTPOVIOL OO TNV
apyKn Tov Béon, Katd v ££006 Tov amd To mEdio.
1 Ve[ L

=—— 3.36
4 2dm,\ v, (3-36)

1
yl :antl n

3. Tayvtnto £660v 0md To TEdiIO

Kotd v €£086 tov amd 1o medio, n TaxdTNTA TOV NAEKTPOVIOL GTOV
G&ova x Oa givon v, =V, evd ctov y Oa elvon L, =a t; Kol and TIG

Ve L

dm, v,

(3.30) ko (3.35) v,

y

H taydtra mov Ba £yl 1o nAektpovio kotd v £€£006 Tov Ba gival

2
2 2 / 2 Vel

v, =40, tU;, omote v = Uy +| ——

dm,v,
v VeL

1v
Ko cpp=—>"= 5 (3.37)

v, dm,v;

4. H e&iomon tne 1poytds 1oL NAEKTPOVIO

H g€icmon ™G Tpo)1ds Tov NAEKTPOVIOV Eivan 1] 6YE6T TOV GUVOEEL
TIG NETOTOTIGELS TOV GTOVS AEOVES X KON Y.
Avvoope v (3.32) g mpog t kot avtikobiotovpe oty (3.34)

apfavovtag vdyn kot v (3.30). Bpickovpe étol pa oygon y = f (x)
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y:la 2 i y:lkﬁ i y:—Ve x2
27 2dm, v} 2dm v}
IIpoxerton yio piae oxéom g Lopeng y = ax?, Gpo M TPOYLA TOL NAEKTPOVIOL
glval mopafolik.

¥t perétn g Kivnong tov mMAeKTpoviov UEGO GTO OUOYEVEG
niektpkd medio de AdPape KaBorov voyYN T0 PApPog Tov. AVTO £yve YiaTi TO
Bapog elvar apeintéo cvykprtikd pe v F. Evdeiktikd avagépovpe 0Tl TO
Bépog evog niektpoviov givar we = 8,9x 107" N evd 1 nhextpiky dvvapn mov
Oéxetal  €va MAEKTPOVIO OTO E0MTEPIKO €VOG OHLOYEVOVS MAEKTPIKOD TESIOV
cav avtd Mov meprypdwyape pe dapopd duvaptkov V=1 kV ko ardctoom
HETOED TV TAOKGV  d=5mm eivar F=3,2x10"* N, dnhodn 36x 10" @opéc
peyolvtepn tov Papove. To cuunépacpo ovtd, 0Tl T0 Pdpog eivar apeAntéo
GUYKPWVOLEVO LE TNV NAEKTPIKY SOvVAUN, OYVEL KOl Yol TO GAAO GTOLYELDON
COUOTIOW -TPMTOVIN, TLPNVESG, WOVTIO- OTOV KIVOUVTOL HECOH GTO MAEKTPIKO
nedio.

ITAPAAEITMA 3.7

Aéopn niektpoviev emraydvetal amd Ty Npepio amd d1eopd SuVaKov V. XT1 GUVEXELD UTOivEL
o€ OpOYEVEC NAekTPKd TEdio oV oynuatileTon avapueca 6€ 6Vo POPTICUEVEG TAAKESG (TAAKISIO aTOKAONC)
K@0eta oTIG SUVOIKES YPaUpEG ToL Ttediov. H dapopd Suvapukcod avapueoa otig mAdkeg eivar V kot 1 peta&d
toug amootacn d. To pnkog towv miakdv eivar L. Ta miektpévia Pyaivoviag omd to opoyevég medio
mpockpovovy oe eBopilovsa 006vn mov elval tomobetnuévn kdbeto oty apyikn devbuvon kivnone. H
006vn améyel omdotacn D and ta mhokido andkiiong. H 6An dwataén Ppioketon péoa 6° évo cowinva
VYNAOD KEVOL DGTE VO ATOPEVYOVTOL Ol GUYKPOVGELS TV MAEKTPOVIOV pE Ta uopla Tov aépa. Na Ppebei n
0éon oty omoia Ba mésel 1 déoun mave ot PBopilovca 0B6vN. Afvovial TO GTOLXELMIEG POPTIO € Kal 1M
uala tov niektpoviov m, .

y -

&+ + + £ + B -~ Y2

Ty 3.28
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Amavtnon :

Ta niextpovia emtovuvopeva amd T J@opd dvvapukod Vi omoKToOV KIVITIKY EVEPYELD, TOV
dtvetor amd o Bedpnpa Epyov - evépyelag.

1 ) . 2el,
—m,v, =eV OmOTE v, = (3.38)
2 m,

H «ivnon tov niektpoviov péco 6to NMAEKTPIKO medio mov dNUOVPYOVV Ta TAAKIOW AmOKAMONG,
peietOnke otV TpoNnyodueEVN TAPAYpaPO.

Orav ta niektpovia eEEABoVY amd to TAaxidio amdkiong Ba Exovv extpamel amd TV apyIKy TOLG
mopeia Katd y;. H amdxhon avt vrodoyictnke otnv (3.36) emopévmg

2
1 Ve (L
- | = 3.39
4 2 dm, [UO] -39

H yovia mov oynuotiler n toyvtnte €£660v TOV NAEKTpOvi®V pe TNV apyikn debvbvveon kivnong,
gmiong voAoyicTnKe 0md TN GYEoN

(3.40)

Ta nAextpoévio Pyaivovtag amd 10 opoyevég medio Tov TAaKdIoV Kivovviol evfvypapLo OpOAG [
V1. Meyebovovtag v meproyn €€0dov (oy. 3.29) BAémovue 6T oynuotiletal éva opboymvio Tpiymvo e
Ka0eteg mAgvpég Tig D ko y, kau vrotetvovsa v tpoytd Twv niektpoviov. Ioydet

8¢¢=% ondte  y, =Dep ¢
///@ ......
,/’/// Y2
v, -

Ty 3.29
Avtikabiotovtog v (3.40) Bpickovpe
DVelL
Y2 = P (3.41)
dm,v,

H 06¢éom g déoung oty 006vn améyel andotact yi+y, and v apykn devbovvon g déouns. And
T1g (3.38), (3,39) ko (3.41) Bpickovpe:
VL L
Wty = [D + _)

2W,d 2
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O KAGOAIKOX ZQAHNAX

O xabodikdc corqvag, (oy. 3.30), givarl évag yvdAiivog "cwivoc" to
€0mTEPIKO TOV 0Toiov Ppicketon og vYNAG kevd. H Aettovpyia tov atnpileton
O€ TPELG OO0YIKEC O1ATAEELS.

H mpat ovopdaletar tmAeforo niektpoviov kot gival vrevbovn yo
TNV TOPUYOYT, EXLTAYVVOT] Kol E0TIOGCT] HaG OEGUNG NAEKTPOVIMV.

H devtepn etvan évag cuvdvaouds opoyevav mediov. Metafdiiovtag
™V €vtooT TV Tedimv KaTevdivou e T 0E0UTN TOV NAEKTPOVIWDV.

H tpit eivor n 006vn ommv omoia mapatnpodue tn 0éon Omov
wpooninTovy Ta Niextpovia. O coivag amévavtt amd 1o TAeforo eivar
EMOTPOUEVOG e E101KO DMKO oL £xel TNV W010TNTa vou @B0opilel, onladn va
EKTEUTEL PG, OTAV TAV® TOL TPOCTITTOVV COUATIOW LE UEYAAN TOYLTNTO.
[Méve 6" avtd TO TUAUO TOL COANVO, TOL OTOTEAEL TNV 006VN, TEPTOLV e
LEYOAN ToOTNTA TO NAEKTPOVIO TNG SECUNG. £TO ONUEID GTO 0MOi0 TEPTOVV TaL
niektpovia  006vn eBopilet Evrova kot dSnuiovpyeitol o EMOTEWN KNALdA.

Tinxifion KofasipmHpTg
Thieppa cbrpon Etiaom andKieem;

Eppninvn
vl

BodiFhsbin: Esyroplinows
[V oy e

Ty 3.30

210 aplotepd dkpo Tov oynuatog 3.30 oaivetol to
mAeforo. Ta nAextpdvio mopdyovtal exel pe tn 0€ppaveon
evog  petaAlkoy vipatog (KaBodog). Oepuaivoviag Eva
pétadrio divovpe o€ KAmolo amd To eAedBepa NAEKTPOVIA TOV
KIVNTIKN] EVEPYEWD, OPKETN YO VO TO €yKoToAeiyovv. X
oLVEXELD TO MAEKTPOVIOL emTayOVOVTOL OO TO MNAEKTPIKO
nedlo mov dmpuovpyeitanr avdpeso otnv kdBodo kor oe €va
aAAo MAekTpodlo (dvodog). H dvodoc Ppicketar o dvvautkd
VYNAOTEPO amd 10 duvapkd Tng kabddov kot eépel omn. Ta mepiocdTEpQ
NAEKTPOVIXL OV EMTOYHVOVTIOL TPOG TNV (vodo mpocskpovovv ¢  avtr. Oca
omd avtd mepvave amd TV omf] oynuatilovv déoun Kol Kvovvtol TPog TNV
006vn pe v oplovia taydnTae Tov améktnoav. H dtapopd duvapko
petadd avodov kot kabodov givan pepikd kV. ‘Etot, n toydtnta mov amoktovv
0. NAEKTPOVIOL givar TG TaEEmS Tov 107 m/s.

Ew. 3.3 TnAeforo niektpovimv.

210 TAePoOro, vmbpyovv S0TAEEG OV EMITPETOVY TOV EAEYXO TOL
oplOpod TV nAektpovimv mov katevBvuvovtal mpoc v oBdvn kot Vv
gatiaon g SEounG.

To ecmtepkd TOL KaHOSIKOV COANVE Ppicketar 6€ LVYNAO KeVO
(mepinv 107 atm). 'ETot €Moy16TOTO00VTOL 0L KPOVGELS TMV NAEKTPOVIOV TG
SOEGUNC LLE TO LOPLOL TOV OEPOL TTOV TTEPIEXOVTAL G~ OVTOV.
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Ew. 3.4 TlaApoypdagpoc.

/ANIVAN
\VARVA

Xy. 3.31 Evollacoopevn tdon.

Xy. 3.32 Ilpovot tdon.

H 6éoun tov niektpoviov SiEpyeTol 0T GLUVEKELR OVALEGO OO dVO
Cebyn petoAMkov mAokwiov (mlokidow amokAiong). Xto éva (edyog ta
UETOAMIKG TAaKidIa Eivar 0ploVTIL KOl TO NAEKTPIKO TTESIO TOL OMpovPYEiTaL
avApecsd Toug eKTpEmEL TN OSfoun TV MAekTpoviov katakopvea. To dAlo
{evyog mAaxkdiov glval KOTAKOPLEO Kol EKTPEMEL TN SEGUN TOV NAEKTPOVIDV
opilovtia. Ot oyéoeic (3.39), (3.41) deiyvouv O6TL 1 amdKAIoT Elvar avaloyn g
Spopdc duvaptkov Tov epapuoletal petasd Tov mhakidiov. 'Etol to onpeio
g 006vng oto omoio mpoomintel M déoun e&optdror amd TIG TOCELS OV
gpopuolovpe oe KaBe ypoviky oTiyw] ota dvo (evyn miokwiov. Edv n
dlopopd duvapkoy Kot oto 600 (gvyn TAaKISImV omdKAIoNG Elval UNdEVIKA
T MAeKTpOVIHL TNG déoung Kwobvior yoplg vo omokAivouv omd TnVv
€VOVYPALLLN TPOYLH TOVG KO TPOCKPOVOVV GTO KEVTPO TNG 000VTG.

Metd v €000 amd T medio TV TAAKII®V AmdKAoNG Kot HEYPL TNV
npockpovcn otn ebopilovsa 006vn Ta nAekTpdvie, KvovvTor gvOHypappe
OLLOAG.

O k0B0d1Kdc cmAnvag amoterel To Pacikd oToryElo TOL TAALOYPAPOV.
[T ovvBeteg mapaAilayég tov, mved Opwg oty B apyn Aettovpyiog,
omoteAohV 01 000VEC TNG TNAEOPAGNG KOL TOV VITOAOYLOTH.

ITAAMOI'PA®OX

Mo €8tk e@appoyn tov kafodukod coinva gival 0 TAALOYPAPOC.
To kOpo otoryeio evog mOAROYPAPOL elvar €vag KOBOOIKOG GCOAVAG TOV
omoiov M 006vn eivor Pabporoynuévn OGTE Vo HOG EMITPETEL VO KAVOLUE
LLETPTCELS.

Efotepicd o moApoypdeog eivar éva kovti pe poe 086vn otnv
UTPOCTIVI] TAELPA Kol Stdpopovg puiutotég (kovumid). Me tovg puBuioTég
VILAPYEL 1) SOLVOTOTNTOL:

o) Na pvBpileton n potewvotnta g knAidag. H pubuion avt avtictotyel
o€ PetafoAn TG Tong Tov emttayOveL Ta NAEKTPOVIA 6TO THAEBONO.
B) Noa pvOuiletonn téon ~'cdpwong’” yio v omoio Bo WA GOV UE 7O KATO.

Y) No epoapudletan eEotepikd tdom ota mAokidi opiloviiog Kot
KATOKOPLONG ATOKAIONG.
d) No eotidletonr 1 déoun ®ote 1 kNAida vo yiveror 660 10 dvvaTd

pucpdtepn kot vo Eeyopilel kabopd.

Edv peta&d tov mAaxidiov Katakdpueng EKTPOTNG EPUPLOCOVLE Ui,
T00™M OV HETAPAAAETAL LE TOV YPOVO, £6T® Mo TAGT TNG HOPONG v, =V nuawt
(evarraooopevn taon) (oy. 3.31) kot ota mAakidi optldvTiog EKTPOTNG dEV
epappoletor téon 1N eTEWVN KNAida Oo Kiveital TOVe- KAT® GOUPOVO UE TIG
av&opelDoELS TG vy. ' evOALOGOOUEVESG TAGELS OTOG QDT TOV SIKTOOV NG
AEH n xnAida kweiton t6co ypriiyopa (50 @opéc 10 dgutepOLENTO) MGTE TO
UATL Vo TN PAETEL GOV L0 KOTOKOPUPT)] YPOLLLUN.

Taon capowonc.

Edv peta&d tov mhaxidiov optloviiag EKTPOTNG EPUPULOCOVUE TAGT Uy
N omola OoVEAVETOL YPOUUIKE KOU OTN CUVEYEW EANTTOVETOL OTOTON
(mprovo™y Tdon oy. 3.32) n knAida oty 006vn Ba kiveitar opldvtia Kot
100TOMOG 0o Ta aploTePd TPog To. deE1d Kol Bol EMGTPEPEL AMOTOHN THO®, Yo
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va Eavapyioet TaAL v e Kivinon. Avti] 1 ToAwvopopukn oplovria kivnon
™mg knAidog ovoudleton odpwon g oBovne. Tnv tdon cdpwong v
ePapuolel 0 1010¢ 0 TOALOYPAPOG Kol LIAPYEL dvvaTOTNTO PYOUIONG NG
GLYVOTNTA TNG Uy AGTE VO EMLTVUYYAVOLLE YPTYOPT| 1] apyN GOPWOT).

Mepikég omd TIG To ATAEG XPNOELS TOV TOAUOYPAPOV Eival.

a) Métpnon ovveyovg Tdoemc

Amevepyomolobpe v 1domn cdpoong Kot epapuodlovpe v tdon V
ov Bélovpe va PETPICOVUE 6T TAOKION KOTOKOpLENG amdkAone. H knAida
amokAivel kotakopvea (oy. 3.330). And v andotacn g KnAidoag omd 1o
KEVTPO NG 000vNG umopode va Ppodue v epoappolopevn cuveyn taon V.

B) Métpnon evoiracoopevg TSNS

Amevepyomolovpe TV TA0T GAP®ONG Kot 6To TAAKIO KATAKOPLOTG
andkAong epopudlovpe taon e HOpPNG vy,=Vruwt (evollaccopevn téon)
(ox. 3.31). H xmAida OBa avePokatefaivel ypriyopo KOToKOPLEO KOl GTNV
006vn Tov ToApoypdeov Ba oynuatiotel pio katakopven ypauun (oyx. 3.33p).
Amd 10 PNKOG TNG YPOUUNG UmopoVue vo voloyicovpe to V (TAdTog Tng
EVOAALAOCOUEVNG TAOTC). ZVYKEKPIUEVD TO WAKOG TNG YPOUUNG €lval avaAoyo
oV 2V.

HENEEEEEN
HENENEEEN
HNEEEEEE
HNEEEEEN
HENEREEEN
ENEEEEEN

(@ ®

v) MegréTn KOPOTOROPPOV

Epapuolovope tavtdypova 1t v, (tdon ocdpwong), oto TAAKIS
oplovTiag amdkiong Kat T v, (evalhaccOuevn) ota mAakidia KoTakopvueng
amoOKAIONG. AvTd TOL TPOKLATEL GTNV 006VN Elval [ KUUOTOEWNG YPOLLUN
(ew. 3.5) mov ovopdletar xKvpatopopen g téong vy, Mmopodue £tot va
napoKolovOncove oty 006vn TV TAAUOYPAPOL KO VO, LEAETHGOVE TAGELG
mov petafdAirovior pe 10 YpOVo, OT®MG M EVOAALACCOUEVY] OAAG Kot TO
ovvbetec.

Emedn ta niextpovia £xovv modd pkpn pata, n andkiion g déoung
TOV NAekTpovimv otov Kabodikd cwinva cvpPaivel oyxedov axaproic Kol o
TOAUOYPAPOC €xel TN dvvaToTnTo Vo Ogiéel moAD ypryopeg petaforés otnv
téion.
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Xy 333 (o) Zvveyng taon V
epappdletal ota TAaKISIO KoTokd-
pLONG amdkAong, N andotacn d
m¢g KnAldag omd to KEVIPO NG
0006vng givon avéioyn g téon V.
(B) EvaAlaccodpevn téon epopuod-
Ceton ota. mAokido KOTAKOPLENG
OmOKAONG, TO UAKOG TNG YPOHUTAG
omv o00ovn eivar avdloyo Tov
dumhdclov TAATOVG ™G EvOAlao-
GOLEVNC TAONG.

Ew. 3.5

H xopotopoper| og
EVOAMOGOOUEVNG TAONG OIS Paii-
vetal oty 086vn Tov moApHoyph-
Qov.



S

2y 3.34 'Evag mokvotig amotehei-
TaL oo VO YEITOVIKOUS 0yyovs
popticpévoug. Ot aymyol ¢opri-
Covton pe poprtio +Q ko —Q.

Ek.3.6 Tomol mukvotdv

d
Xy. 3.35 Eninedog mukvetg

3-9  IIYKNQTHX KAI XQPHTIKOTHTA

O mokvetig ivor pio dtdtaén mov amodnkedel NAEKTPIKO PopTio Kol
NAEKTPIKN VoMLK evépyela. 'Evag mukvmthg amoteleital amd 000 aymyovg
mov Ppiokovror Kovid kot yopilovior peta&d Toug amd 10 KEVO, ToV aépa, N
and GAio poveth. Ot aywyol tov oyfuatog 3.34 amotelodv éva mokvet). Ot
d00 ayYoi TOL ATOTEAODV TOV TUKVMTY OVOUALOVTOL OTAGOL.

Mukvotic ovopdletor ovotnua 000 YETOVIKOV Ay®YOV
(omhopoi), mov ywpilovrion petald TOVG pe KATOWO POVOTIKO
vAMkod. Ov aymyoi goprilovrar pe poptio +Q kot -Q.

doptio Tov TukveTH ovopdleTar To BeTiKG PopTio TOV EVOG 0md TOLG
OMAMGHODE TOV, EVD TAGM TOL TLUKVOTY], OVOUALETAL 1] S10POPE SLVAUIKOD V,
peTasld TV OTACUAOV TOV. Xg €vav TUKVOTH 0mobnKevETAL TOAD O VKO
@oprtio, and OtL og kébe évo pepOVOUEVO ay@YO OO CLTOVG TOV OTOTEAOVV
TOV TUKVOTY.

e kabe TUKVOTY 1 TAOT TOL Eivol ovaAoyn Tov PopTiov Tov, dNAdN
T0 mAiko Tov Qoptiov mpog TV TAon eivar otabepd. To aAnAiko ovtd TO
ovopdlovpe YmPNTIKOTNTA TOV TUKVOTY.

Xopntikétnte C gvog mokvety ovopdaletal 10 otalepd mriko
T0V PopTiov Tov (Q) Tpog TNV Tdon Tov (V).

CQ

%

Movaoa yopntikétntog civar to Farad, mov copPorileton pe to
F. 1F=1 C/V.

Ovopaletar étol mpog Tyunv tov Michael Faraday, o omoiog peta&o

TOV GAMoV, gpedvnoe kol o Oéua ¢ yopntwkodtrag. To 1Farad
glvar oAy peyddn yopntwkodtnta. Ot YOPNTIKOTNTEG T®V TUKVAOT®OV 7OV
YPNGLLOTOIODVTOL 6TV TIPGEN ivon TS TaEng Tov wikpopapavt, (1pF=10"°F),
oV vavopapavt, (1nF=10"F) ka1 tov mkopapdvt, (1pF=10"2F).

O1 mukvetég moplotdvoviar pe 600 WKPEG TapdAANAeG 1o0DWelg
YPOUUEC, LE OKPOOEKTEG CLUVOEDEUEVOVS GTO LEGOV TOVC.

Yrdpyovv moArol TOTOL TUKVOTAV. TNV €1Kova 3.6 paivoviot peptkoi
amd ovToVG. XVVHOMOC TAIPVOLY TO OVOUE TOVG OO TO GYNMO TOV OTAIGU®OV
TovG. O GEUPIKOG TUKVMTNG OTOTEAEITAL OO dVO OUOKEVIPOVG GPALPIKOVG
ay®OYOUG Kot 0 KLAVOPIKOG amd 600 0po0EOVIKONG KLAVOPIKOVG aymyovs. O
eninedog TUKVOTNHS omoteleitan amd OVo eminedeg MapAAANAES, UETAANKES
mAaKee, O empdvelng A, mov améyovy petold Tovg oamdotacn d Kot
Bpiokovtol 1 po amévavtt oty GAAT.

H yopntmikétnte £vég emimedov moKveTh £ivor avaioyn g
EMPAVELNG A TOV OTAMGUOV Kol avTioTpo@a avdioyn g amdctaong d
peTald TOV oTAMCH@Y.

C=¢ =
SOd
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levikdtepa M yopnTIKOTHTE £vég TUKVOTY €Eaptdrar omnd To
yepeTpikd ototyeia ¢ odrtaing ( oniadn omd to péyebog, 10 oYUM, TIG
OYETIKEC DEGEIG TV dVO OYOYDV) KOl 0 TO €100C TOV UOVMTIKOD VAIKOD
(ovopaletal kot SINAEKTPIKO) OVANESO GTOVS OTAMGLOVS TOV.

Or mokvetég amoteAoVvv Pacikd OTOWEIN TOV TMAEKTPIK®OV Kol
NAeKTpoVIK®OV KukAopdtev. Otav yupilovpe to Kovuni Tov padloOPOVOL Yio!
va emiéEovpe oTabUd PETAPAAAOVUE TN XOPNTIKOTNTO EVOC TUKVOTH. TO Qg
OV EKMEUTEL TO QANG TNG QOTOYPOPIKNG UNYXOVNAG TPOEPYETAL OO TNV
eKQOpTIoN €vOg mukveT. Ol TUKVOTEG YPNOLULOTOOVVTOL akOpo oTovg Ew. 3.7 H Asrovpyio tov log

K00051KOVG GOMIVEC, GTO. TOUT TOV VLTOAOYIGTMV Kol GE YIMASeq GAleg ™S — QOTOYPAQUS  pmyaviic
ompiletor otV ekPOpTIoN €VAG

EQAPUOYEG. TUKVOT S0 HEGOV UG Avyviog
Eévov. Kabdg exgpoptiletor o
TUKVOTAS To aéplo E€vo toviletan
pe  omotéhecpo TV - €viovn
OVOAQUTN HKPNG SLOPKELNG.

ITAPAAEII'MA 3.8

Ot omMopof evoc eminedov mokvot &xovy emedvela A=4cm’ kot 1) amdotoon Tovg eivor d=2mm.

Yroloyiote:
o) Tn xopnrikdntd T0UL.
B) To ¢@optio mov Ba amoxtioel 0 TLKVOTAG ov cuvdebel oe mnyn thong V=12V. Aivetot

£,=8,85x 10" C*/ (N m’)

Anavnon :
H yopntikomrta evog eninedov mukvmtn divetat amd T oyéon:
A
C=¢,—,
d

07to TNV 0Tola, L€ OVTIKOTAGTACT, fpicKovyeE:
2 42
C 4x10"m

. ——=17,7x10"°F =1,77pF
N-m~ 2x107m

C=(885x10™"

To @oprtio Tov TVKVOTY, 6TaV cLvdebel ue TV TN, Ba eivat:

O=CV=17TpF 12V =21,24pC =21,24x107"* C

ITAPAAEITMA 3.9

"Evag eminedog mukvetig €xel yopntwkodtnto 10pF kot goptileton oe myn pe taon V=100V. Zm
GUVEYEL, 0pPOV amocvvoedel amd v TNyn, Ol OTAMGLOL TOL ATOUAKPVVOVTOL £®G OTOV 1 ATOGTACT] LETOED
TOVG dImAaGLoGTEL. No VTOAOYIGTOVV:

o) M véa YOPNTIKOTNTO TOV TUKVOTN Kot
B) 1 Téo™ TOV UETA TNV OMOUAKPVVOT] TOV OTAIGHMY TOV.
Amavtnon :
H apyucm yopnrikdémta 100 TUKVETH vToAoyileTat amd T oyéon
Co=20" (3.42)
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Otov SITAQGIAGOVLE TNV OTOCTOCT) TV OTAGU®DY TOL, 1) YOPNTIKOTNTA TOV YiveTol

C 4 3.43)
=&, .
©2d (
Awnpovtag Kot péAn Tig oxéoelg (3.43) kau (3.42) maipvoupe:
o _sup

To ¢@optio otovg omhcpovg Tov Ba mapapeivel 1010 Kol PETA TNV OTOUAKPUVGT] TOV OTAGUMV.
E@bcov o mukvmtic 0 cuvdéetal Le KATOlo KOKA®UO Ol OTAMGHOL TOV €ivol amopovepévol aymyol kat Ba
S10TNPNGOLVV TO POPTIO TOVE. APOD UE TNV OTOUAKPLVGT] TOV OTAGUMV 1] XOPNTIKOTNTO LETAPAAAETAL, QALY
T0 Qoptio pével to 1d1o, Ha alAdEel 1) Tdom 6TOVG OTAMGHODS TOV TVKVMTY. AV 1) VEX TAGM TOL TLKVAOTN Eival
V' unopodpe va yphyovpe

0
C=— 3.44
7 (3.44)
[pwv TV oTOUAKPLVGT) TOV OTAGU®Y TOV, 1] XOPNTIKOTNTO TOV TUKVOTH NTAV :
0
C,=— 3.45
0= (3.45)

Awnpovrag Kot péAn tig oxéoelg (3.45) ko (3.44) maipvoupe :

S Uy pley vog V=200 1
c T = EMOUEVOS =

3-10  ENEPI'EIA AIIO®OHKEYMENH XE ®OPTIZMENO
I[TYKNQTH

Xe mponyobuevn Tapdypoa@o eidape OTL OAEC Ol OTAEEIC (POPTIOL
&yovv oplopévn mAektpikn Ovvapikn evépyewn U, iom pe 10 £€pyo mov
amarteiton o va tomofetnBovv ta poptia otig B€celg Tovg. ‘Evag popTiopévog
TUKVOTNG £xel dSuvapukn evépyela U 1 omoia diveton amd ) oyéon.

U= %CVZ (3.46)

H evépyela Tov QopTIGHEVOD TUKVMTH ATOSIOETAL KOTA TV EKQOPTION
ToL. AV €vOGOLUE TOVG VO OTMAICUOVC TOL TUKVOTH HE €va aymyd Ba
petaxvnBovv eoptia amd Tov évo omAMGUO GToV GAAO UEYPL Ol dVO OoTAIGHOL
Vo anoKToovV To 1610 duvapko. Tote Aépe OTL 0 TUKVOTNG EKPOPTICTNKE.
Koatd tv ek@option tov muKVOTA 1 omoOnKELUEV] MAEKTPIKT OLVOLIKNY
EVEPYELN LETATPETMETOL GE BEPLOTNTA GTOV AY®YO TOV GLVOEEL TOVG OTAIGLLOVC.
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Y7oLhoylopog TG EVEPYELNS POPTIOREVOD TUKVOTI

TN va vroAoyicovpe T duvapkn evépyeta mov £xet AmoONKeLUEVN EVOG POPTICULEVOS
TUKVOTAS, 0G POVIOCTOVUE e vobeTikn Swdikacio eoptiong: Ze éva apytkd aeoOpTIoTO
TUKVOTH TOipVovpE HKPEG TOGOTNTEG PopTiov +dq amd Tov £va OTAIGHO Kot Tig ToTofeTov e
otov dAro. O omhiopdg omd Tov omoio agatpeitar OeTikd poptio o poptioTel apvnTiKd evéd o
omAMopdg otov omoio mpocsBétovpe Oetikd @optio, Oa eoptiotel Oetikd. 'Eoto q,, xar V, ot
TEMKEG TYES Y100 TO POPTIO KOL TNV TAGT TOV TUKVOTY.

H petagopd tov mpdtov eoptiov dq amd Tov éva omhicpd otov Ghho yivetal yopic va
KOTOVOADOOLHE €py0. Me TV amdomact OUmS ToL TPMTOL Poptiov +dq amd Tov £va OTAIGHO
KOl TNV €YKATAGTOON TOV GTOV GALO, 0 TPAOTOG OTAMGHOG Ba €xel poptio —dq kot o devTEPOC
+dq. Avto Ba éxel og amotédeospa tn dnuovpyio mediov. Topa ma, N HeETAPOPE VEOL PopTiov
dq aroutel Tpoondbeta (€pyo), & artiag g dvvaung dF'=Edq mov ackel 1o medio oto poprio.
H dvvopn dF mov petaxvet to goptio mpénet va e€ovdetepaoet ) dvvaun dF” tov mediov. Oco
TPOY®PAEL M POPTION TOL TVKVAOTH, TO NAEKTPIKO TOL Tedio Oo yiverar mo 1oyvpd Kot Oa
amatteitot ohogva Kot HeyahdTePO £pYo Yl T petakivnon @optiov dq. To épyo g dvvoung dF
etvan BeTikd kot ico amolvtmg pe to Epyo g dvuvaung dF” tov nediov.

Av kdmowa oty 1 Tdon Tov Tukvet givar V, to épyo tng duvoung mov amnotteiton
Yo T petakivnon eoptiov dq, and tov éva omhond otov GAAO givar

dw =V dq .
Ioyvet C=% ul V:—q

H ypogikh mapdotaon g oxéong V = f (q ) amd TNV GTIYUN TOL TO POPTIO TOV
TUKVOTH lvar undév PEYPL VoL OOKTNOEL TV TEMKT| TOV TN q,, Etvor evBeiar mov Tepvhiel omd
™mv opyn Tov a&ovov (o). 3.37). And ™ YpaeiKn TapdcTaoT TAPATHPOVUE OTL OV TO GYNLLOL HE
70 umie ypopa pumopel va Bempndel maparinidypappo -kot propel va Oempnbei av o dq sivon
OmEPOCTA UIKPO- TO UPaddv Tov Ba etvar ico pe V. dq kot Oa divel To €pyo mov amarteiton yio
™ petapopd tov eoptiov dq. To GuVoAKd £pyo TOL OTOLTEITAL Y100 VO POPTIGTEL O TUKVMTHG Oa

glvan i6o pe 10 guPfaddv ToV TPLYOVOL OO TV YPOLLUT TOV SoypAUIOTOG HEXPL TOV GEova |,
omhadn

1 1
W=—=qV, « W==CV?
2q0 o n 2 o

Emopévag 1 duvopikn evépyela Tov GOPTIGHEVOL TUKVAOTH givol

U:lCW
2
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Xy. 3.36 O mukvotig goptiletan
HE TNV UETOPOPE  OMEPOCTA
pkpov eoptiov dq amd tov éva
omMopud GTov GAAO.

0
> dq¢ 9o q

Xy 3.37  Amd ™ ypagkn) mopd-
otoon ™S oxéong  V=q/C
UTOPOVLE VO VTOAOYIGOLUE TNV
EVEPYELN TOV TUKVOTH.



ITAPAAEII'MA 3.10

IMukvotg yopntwomrag C=4uF, eoptiletar and v mnyn, tdong V=20V, pe eoptio Q. X
GUVEXELDL O TUKVOTAG OTOGLVOEETAL OO TNV ANYN KOl GUVOEETOL UE OQPOPTIOTO TUKVOTH YOPNTIKOTNTOG
C,=12pF 6nwg oto oyfua 3.39 :

o) Na vroioyiotel ) kown Tdon V' mov o amokTiGOuV 01 TUKVOTEG C, C,
LETG TN GUVOEGT] TOVC. WERE QU

B) To poptio mov Ba amokTAoEL KAOE TUKVMOTAG LETA TN GUVIEDT.

Y) Me 1 oUVIEST] TV SVO TVKVMOTMV LETARAALETOL 1] EVEPYELQ TOV o
ovotnuotoc. [16co petafAndnke n evépyeia; [Tov opeidetor 1 Fg
petafoin avty ; .

— Ul
A%
Ty. 3.38

Anévtnon :

O mokvetg yopnTikotntog Ci, KATd T GOVOEST] TOL UE TNV TNYT OTEKTNOE POPTIO
O=C,V=80uC
Metd Vv amocvHVIEST TNG TNYNG KOl TH COVOEST] TV VO TLKVOTMV HETAED TOVG, £vo LEPOC TOL
eoptiov Q petakiveiton dote va @optiotel kol 0 Tukvetg C, . Ot mukvotég C; ka C, aroktovv goptio Q;
kot Q,, avtiotorya kot 1 ( Kown) dtapopd SuvapKoD GTOVG OTAIGLOVS YiveTol V.

o) SOpemva Pe TNV opyn o THPNoNG TOL POPTIon: C

0= Q1 + Qz (3.47)

INo kO éva amd Toug TUKVAOTEG 1oYOEL:

C
0=CV" xu Q,=C, V' (3.48) &HB'QZ
Avtikafiotovrog Tig (3.48) oty (3.47) éyovpe:
O=CV'+CV'" % Q=(C, +C,)V' enopivag V'= 9 _y ¥y, 339
C +C,
B) Avtikabiotovtog v T tov Votig oyéoelg (3.48) vmoroyilovpe ta @optio TOV AMEKTNGOV Ol

TUKVOTEG:
0 =20uC «xm Q, =60uC

[Mopatnpovue 611 0 TUKVOTAG UE TN UEYOADTEPT YOPNTIKOTNTO "Kpatdel" kol To TEPIOCOTEPO

Qoptio.
Y) H evépyeio tov cvotqpatog petafAndnke Kotd
1 1 1
AU=U,.-U_ ==CV?+=CV"?-—CV*=-6x10""J
2 2 2

To apvntikd Tpdonpo onuaivel OTL N EVEPYELD TOV GLVGTALATOG EATTOONKE. H niextpikn evépyesia
ov aBnKe and To cVOTNUA £yve BEPUOTNTA GTOVS AY®YOLS KATH TN UeTaKivion QopTiov amd Tov
£€V0 TUKVOTN GTOV GALO.
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3-11 ITYKNQTEXZ KAI AIHAEKTPIKA

AMAEKTPIKA 1M povOTES OVOLALOVTOL TOL VAIKA OTI®G TO AGOL, TO YUOAL,
T0 AadOYOPTO K.(., TOV OEV EMTPEMOVY TNV Kiviion NAEKTPIKOV (POPTIOV GTO
eomtePIKd TOoVG. Ol MEPIGGOTEPOL TUKVMOTEG EYOVV EVOL SUAEKTPIKO AVAUESH
GTOVG OMAMGLOVG TOVG. 'Evag cuvnBiopévog THnog mukvmT anoteleital and dvo
HOKPLEC Aovpideg UETOAMKOV QOAA®YV, OV €ivar ot OTMGHOl, avAlIESH OTIC
omoieg Ppioketan évo pOALO TAaGTIKOV. 'Eva tétoto cvuotnua ~‘cdviovtg” (oy.
3.40) tuAiyeton og HOPPN POAOD KOl O TUKVOTHG OV ONUIOVPYEITAL UE AVTOV
ToV TPOTO UTOPEl vaL £XEL YOPNTIKOTNTA APKETE PIKPOPAPAVT.

H tomoBétmon omAektpikod HeTald TV OMAMGU®MV €VOC TLUKVOTY
eommpetel Tpelg Asitovpyieg. @) AOveEL TO TPOPANUO TNG CLYKPATNGONG TV
OMMGU®MV TOV TUKVOTH GE HIKPT OOGTOoN HETAED TOVG YMPIS Vo £PYOVTaL GE
emaen (o1 omliopol Tov TVKVOTY €MEWN €xovv avtiBeta @optic, EAKovTon Kot
&YOouv TNV TAGCT VO OKOLUTAGOVV). B) TOAAEC QOpEg TOL MAEKTPUKG TEdio TOV
ONUOVPYOLVTOL OVAUESH GTOVG OMAIGLOVG TOV TUKVAOTH &fval TOAD 16YLpa Kot
vapyel o Kivovvog vo dnpovpynbel omvnpog, 0 omoiog KOTUOTPEPEL TOV
TokvoTh. Enetdn moAlol povetéc avtéyouv o€ 1oyvpdtepa medio amd Ta TEdio TOV
avtéyel o aépag lvar Tpotipdtepn 1 xpnon tovg. H péyrotn évraon niektpikod
ediov 6TV 0mTol0 AVTEYEL VOGS HOVOTIG OVORACETOL SINAEKTPIKI OVTOYN. V)
e TN YPNOT OMAEKTPIKOD OLEAVETOL 1] YOPNTIKOTNTO EVOS TUKVMTY).

To televtaio pmopole Vo TO TOPATNPICOVUE EVKOAD G €ENG. Me
éva PoATONETPO pETPapE TN O10POPE SVVAUIKOD OVAUESH GTOVE OTAIGLOVG
€VOC (POPTICUEVOL TTLUKVMOTN 7OV €yl omocuvdebel amd v mnyn mov TovV
eoptice. 'Eotw 0t pog detyvel Ty V,. Av avAapeco 6Tovg omAGHOVS TO
TOKVOTH BaAovpe Eva OAAO SINAEKTPIKOV -YVOAL, YopTi, TAAGTIKO- 1| dlapopd
duvapkov waipvel Tiun V pikpotepn omd v apyikn. Oty amopokpivouue 1o
dMAekTpkd M S10.p0pd SvVaKOD ETAVEPYXETAL GTNV APYLIKN TNG T V.

Q

+Q +Q

-Q

G217 CX

- + -
PBoAtopetpo

A@oD0 e TV €160y®YN TOV SNAEKTPIKOV 1] TAGN EANTTMOVETAL EV® TO
(QOPTIO TOPAUEVEL OUETAPANTO, 1) YOPNTIKOTNTA TOV TUKVAOTH QLEAVETAL.

AV 1 Y@PNTIKOTNTE TOV TUKVMOTH UE TO SMMAEKTPIKO gival C evd ywpig
t0 dmektpkd givar Cy , 0 Adyog

K=—
C

o

(3.49)

AéyeTan OAeKTPIKI] 6TAOEPAE TOV VAIKOV.
H dmiektpikn otabepa K givor kabapoc apOpdg, peyordtepog
NG Hovadag Kot YopaKTpilel To VAIKO.
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Metoiliko
QOO AMAEKTPIKO
Xy 3.40 I[Mvkvotig “"cdvtovttg”.
Amoteleitoar and Svo  UETOAAKE
@AM mov  Swyopifovior  and
dmAextpiko.

Xy. 3.41 Edv tomobemcovpe
SIAEKTPIKO OVAUESH GTOVG OTTAL-
GUOVGC (QOPTIGUEVOD TUKVOTY TO
BoAtouetpo delyvel 6t 1 dapopd
SUVOUIKOD LELOVETOL.



Xy. 3.42 (o) ‘Eva.  amho
LLOVOOTOUIKO pnoépo €KTOG
niektpikod mediov  dev  eivon

dimoro. To K€VTpo NG KATAVOUNG
TOVL OPVNTIKOD (OPTIOV GLUTITTEL
pe  Tov  mupnva  O6mov  givan
GLYKEVIPOUEVO T0 OeTIkd @opTio.
(B) To 160 popo Otav Pploketon
péoa  oe  mAektpikd  medio
petatpénetor o€ Oimoro.  (y)
KAmow pople, OmWS OvTd  TOL
vepoV, eivar dimoAa amd NV
KOTOGKELY TOVG, €ite Ppiokovton
o€ NAekTpikd Tedio gite OxL.

Xy. 343 (o) Otav to dimora
PBplokovtor  eKkTdG  MAEKTPLKOD
nediov eivon Tuyaio TposavaToAo-
péva. (B) Ta dimora moL
Bplokovtor péco o€ MAEKTPIKO
nedio teivouv va gubuypappicfovv
pe avto. H gubuypdppion dev eivor
amdlotn, Adyo g Oepuikig
kivnong tov popimv.

H yopntuwomta evog eninedov Tukvetn pe SAeKTpkd eivat:

C=K C,

A
C:Kgog

Ag dovpe Opmg mov opeihetor M avENoM NG YOPNTIKOTNTOS £VOG
TUKVOTN OTAV AVAUESO GTOVS OTAIGHOVS TOL TomobetnOel diniextpiko.
And ) oygéon C=Q0/V mpoxbrter 6TL €9 OGOV TO QOPTIO

TOPOUEVEL AUETAPANTO KOl 1 yOPNTIKOTNTA aLEAVETOL KOTA TOV TTapdyovto
K, ue mv g160ymyn 10v SINAEKTPIKOD 1 TAGT TOV TUKVOTH EANTTOVETOL KATA
tov 1610 mapdyovto (K). T'vopiCovue 611 610 OpoyevéC MAekTpikd medio N
évtaon eivan E =V /d . Apod 1 thon Tov TukveT) AOTTOVETAL KOTH TOV
napdyovra K kai 1 évtacn Tov NAEKTPIKOD mediov peta&d TV OTAMOUDY TOV
yiveton K @opég pukpdtepn. Enopévog ta goptia mov dnpovpyovv to medio
TpEMEL va. Eyovv pewmbel. Av Kot To @opTio 6TOVE OTAIGHOVS TOL TLKVMTH
TOPUUEVEL QUETAPANTO, TO NAEKTPIKO TOV TESIO TPOKOAEL OVOKOTAVOUT OTO
@oprtia Tov diniektpucov. To pavopevo ovoudletal Téiwon.

Ta popla Tov dinAektpikod 1N elvar dimoAia 1M yivovtal dimolo Otav

gloayovtol oe NAekTpiKd medio (oy. 3.42).

Kévtpo opoipikig Kévipo KEIT(XVO}LT’](_;
Zoopwcti koTavopn KOTOVOUTG apVITIKOD OpVNTIKOL
Qoprtiov -Ze poptiov poptiov
/ H
+e. \
TToprivag 3 & | i3 O
(POPT{O / .\
tze N ) Kévtpo
E=0 E H +e/ KOTAVOUNG
Oet1x00
@optiov
©) ® )

Ta dimola avtd mpooavatoAifovtor 6tav PpeBovv oto opoyevég
NAeKTPIKd TEdI0 TOL dMpovpyeiTal PETAED TOV OTAMGU®Y TOL TUKVOTH (0.

3.43).
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O mpocavaToMo oS TV SMOAMY EYEL OG ATOTELEGLLO 1] EMUPAVELD TOV
dmAektpikoy mov Ppioketal oe emagn pe tov Oetikd omAIoUO va gpeavilet
apVNTIKO QOPTIO KOl M EMPAVELD TOV PPICKETOL GE ETOPN HE TOV OPVNTIKO
oTAMG 0, BeTid @optio (o). 3.44). Etol o cuvolkd poptio mov dnpovpyet 1o
nedio eivat pikpoTePO 0mtd TO POPTIO TOL PEPOLYV Ol OTAGLLOL.

H owmiexktpikn otoBepd kor 1 OmAEKTPIK] avtoyl] OWQPOP®V
VAIK®OV

. AmAekTpuki AmAekTpiki) avroyn

Dy otofepa K (V/m)

Kevo 1 Ameipn
Aépag 1,00059 310°
T'voi 5,6 14 10°
Néhov 3.4 14 10°
Xaprti 3,7 16 10°
A1 crkovng 2,5 15 10°
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Xy. 3.44 To dimhextpikd péca
OTO OpOYEVEG TEDI0 TOL MVKVAOTY
noldvetal. To emaydpevo goprtio
OTIC EMPAVEIEG TOV SMMAEKTPIKOD
EMATTOVOVY TO MAEKTPIKO Tedio
GTO E0MTEPLKO TOL TUKVOTH.

Ew.3.8 Katoyida maveo amd to
Manhattan. Otav 1 évtacn Tov
medlov avALESH GTO. GOVVEQO, KoL
mv  emedvelr ¢ Img  yive
HeyaADTEP OO TN OMAEKTPIKY
ovToyn TOoLv aépa 0 aépag yivetol
oayoyyos. Me 1tovg  kepowvovg
peydreg TOGOTNTES poptiov
HeTaPEPOVTAL, LEGH TOL 0EPQ, OTN
I'm. Ka&be kepavvoc eépet mepinov
10% nrektpdvia.



ITAPAAEIT'MA 3.11

Doprilovpe mokvot) yopntwkomtag C, oe tdon V,. X cvvéxeln C, C
OTOCUVOLOVUE TNV ANYN Kol EI0AYOVUE OVAUESH GTOVG OMAMGHODS TOV +Q, +Q
TUKVOTN ONAEKTPIKO pE dmAektpikn otabepd K. Bpeite v tdon tov
TUKVOTN LETE TNV E10AY®YN TOL SINAEKTPLKOD.

Azmavtnon :

To @optio Tov anéKTNoE 0 TLKVOTNG KT T QOPTIOT TOL £ival —

0,=CJ, 350 v

’ Ty 3.45

Metd v €160ymY TOL SIMAEKTPLKOD, TO POPTIO TOV TAPAUEVEL TO 1510, APOV 0 TUKVOTHG £XEL amocuVOeDel
amo TNV YT, OLMG M YOPNTIKOTNTA TOL £YLVE

C=KC, (3.51)
Av V' 1 tdon tov TukvemT PETd TNV E160y®YT TOV SIAEKTPIKOD gival

0 cv, V

V==2 xo1royo tov (3.50) ko1 (3.51) V = -
C Y (3.50) (3.51) XC %

o

Hapatnpovpe 611 1 T@oN TOL TVKVOTI] gival K @opég pikpdtepn amé v apyki] .

ITAPAAEITMA 3.12

Eninedog mukveotg pe yopnrwotre C=5uF, cvvdéeronr pe mnyn tdong V=10V. Xowpig va
OTOGUVOECOVUE TOV TUKVOTH] OO TNV 7NYY, EIGAYOVUE OVALEGO GTOLS OMAICLOVC TOL MU0, TAGKO
dmAexTpKov, SNAeKTpikng otabepdc K=5, mov kataAiapfdavel oAOKANPO TO YHPO UETOED TMV OTAICU®MV TOV.
No vroAoyioTel 1 00ENGT TOV POPTIOV, TOL TPOKAAESE 1) EIGOYWOYT TOV SINAEKTPLKOD.

Anédvtnon :

To @oprtio Tov TVKVOTN, TPV El60aYOEL TO SINAEKTPIKO, NTAV: Q C @ 9
O=CV=50uC

Metd TV €160y®YN TOL SMAEKTPIKOV 1) YOPTTIKOTNTO TOV TUKVAOTN
éyve C:

C'=K C=25uF H
Eo@’ 660v 0 mukvetig mopépeve cuVOESEUEVOG LE TV TTNYN, 1] TAOT Ty. 3.46
GTOVG OTAIGHOVG TOV ElElve oTabepny, iom pe v tdon V g Tnyne.
To @oprtio Tov, UETA TNV EIGAY®YN TOL SNAEKTPIKOV, ElvaL:

0'=C'V=250uC

Emopévog n avénon goptiov Tov TPoKAAEGE 1 ELGAYWYT TOV SNAEKTPIKOV GTOV TUKVMTH givot:

0'—0=200uC
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3-12 TO BAPYTIKO IIEAIO

AVO GOPOTO PE TOAD HIKPES dlaoTdoelg (onuelakég Paleg), Tov £xovv
péleg m; kot my Kot Bpickovranl o amoctootn r petalh Tovg, EAkovtal Ue
dvvaun mov £xel LETPO

_ I,
F=G—=
r
omov G 1 otadepd g maykooog Eéng, G =6,673x107"" N -m* /kg®. H
dovaun avty, O6mwg kou 1 dvvoun Coulomb, eivar dweTnpnTiKy KoL
KevTpikn'.

H mopamdve oyxéon divel kat tn dOvaun mov avortucseTot petaéhd dvo
OHOYEVOV GOUPIKOV Haldv m; Kol my . XTNV TEPINTOON oVt 0ndoTAoT T
glvan 1 amoctaon petaéld TOV KEVIPMV TOV GEOIPAOV KoL Ol EAKTIKEG SOUVAUELS
€Youv onueio EQAPUOYNG TA KEVIPO TV COUIPMV.

H éA&n avaueoa ce 600 copata, pe aitio to 6Tl £rovv pala, sivol
ovvaun and andotacr. H arlnienidpaon petald paldv meptypapetol pe v
évvola, Tov mediov. Kabe pala onpovpyel yopw g medio. Av kdmoio ualo
Bpebei péca oto medio, To medio TG aoKel duvau.

To nedio mov dnovpyeitoan amd paleg ovopdaleton Paputikd medio 1
nedio Papvnrag.

Baputwké medio ovopaletan o yMpog ekeivog otov omoio kaOe pala
oéyeTan dvvapun.

! Kevtpucég Aéyovtar ot duvdpelg mov ackovvtat Heta&d 600 COUATOV Kot TV

omoilmv 0 Popéag cvunintel pe TV gvbeia TOv evdvel Ta KEVTpa nAlag TV cOUdTOV.
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Xy. 3.47 Avo onpuetakég péleg mov
OTEYOVV OTOCTOCT) I' EAKOVTOL LIE
dvvoun mov eivor ovdAoyn Tov
ywopévov t@v paldv Kol ovTi-
GTPOPO. OVAAOYN TOL TETPOYDVOL
g 0mOGTACNG TOVG.

Ew.3.9 Tpiuo tov yorollo poc.
H ovykpémon ko n xivion twv
yoro&uov opeiletoar og PapuTikég
dvvapec. H ootevn) ypoppn mov
paiveTor ot poToypapio etvor n
oYW €vOG  peTEmpitny OV
Swaoyilet T ynvn atpOGEALPA.



noy

Xy. 3.48 Edv o’ éva onpeio tov
XOPOL WOV  KaTaAAUBAvEL  TO
Bapvtikd medio Ppedel o palo m
0o deybel dSvvaun. H ddvaun sivon
whvta opOPPOTN TNG EVTAONG.

Mo v eprypaen tov Paputikov mediov ypnotponoobue ta pneyédn
évtaon Kot SOLVOUIKO.

"Evtaon (g) Tov mediov Papvtnrtog og £va Tov onueio ovopaiovpe
70 ot00ep6 TAiko TG dvvaung (F) mov Oa dgytel o pdla (m) av
Ppedei o€ ekeivo To onpueio, Tpog ™ pala avty

g=— (3.52)

m

H évraon &ger mmv idw katedOoven pe ™ oOvoun. Movado g
évtaong sivmr to IN/kg 1M 1m/s’, dnhady perpiéton o povadeg
gmrdyvvone.

H emtdyvvon mov Ba amoktioel £va codpa ov apebel elevbepo oto
. , . F . , ,
nedlo Paputntag elvar a=— «ot amd 1 (3.52) mpokvmiel OTL g=a,
m

EMOUEVO :

210 medio Papvtnrtoag, M évracn Tov TWESiOv o8 éva onpeio
TavtileTol pe v emrayvven mov 0o amokticel éva copa av a@edel
glevBepo og gkeivo 10 onpeio.

To medio Poapdtnrag, OT®MG Kol TO MAEKTPOOTOTIKO TEdio, Eivar
owatnpnTiké. Emopévog yoo v meptypaen tov givor yproo 1o péyebog
dvvaptkd mov opiletar pe TPOTO AVAAOY0. ZVYKEKPIUEVA.

Avvopiko (V) 1ov mediov Papitnroc, oe éva Tov onueio A,
ovoualetal 1o otadepd Thiko Tov £pyov TG dVVAUNG TOV TTESiIOV,
otov peta@épeTorl pdlo m omwd To onueio A 6TO ANTEPO, TPOS TN
pala avti.

w

— Ao
V,=
m

Movado dvvaptkov Tov Papvutikov wediov sivar to 1J/kg

Aw@opd dvvapikod petalv ovo onueiov A ko B Ttov mediov
BapvtnTog ovopalerar 1o mMAiko TOL £pyov TG dVVAUNG TOV
medion, KaTa TN peTokivion pwg pdloc m amd to onueio A 610
onpeio B, mpog ™ pala ovti.

H dwapopd dvvapikod exepdlel o £pyo g dVVAUNG Tov TTediov avd
povada palag katd tn petakivnon pog palag amd to onueio A oto onueio B.
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To medio wov dnuovpyeital and onperokn pala

H évtaon paputikod mediov m A
‘Eoto pwe onuewokn pdlo M. T vo Ppovpe v £éviacn tov &/
Bapvtikod mediov mov dnuovpyel 1 pdlo M oe onueio A mov améyet y'4
OmOCTOCN I' O’ AVTHV, ToToBeTOvUE GTO oNpeio avTtd pnala m. ,° F
H pélo m déxeton amd v palo M dvvaun . r
Mm .
F=G— (3.53) M -
r s
H évtaon tov mediov oto onueio A gival ’
o= E (3.54) Xy. 3.49 H évtaon tov mediov

mov onpovpyet M onuelokn pala
M éyer oe xdOe onueio xoartev-
6vvon mpog ™ pala.

m
Avtikabiotovtog v (3.53) oty (3.54) €xovpe

g= G”M2 (3.55)

To dvvopké Tov PopuTikod mEdiov 7OV OMUIOLPYEL 1 OMUELOKT
pualo M og onueio A, mov anéyel andotaon r ond To VAIKO onpeio, £yl Tipun

Vv, = oM (3.56)
r

H dvvapuk gvépyera cuotUaTog d00 VAKGV onueiov pe paleg my,
m,, TOV am€yovv Peta&d Toug amdoTaon 1, £ival io1 e To €pYyo OV amalTeiTol
vy va petoeepBovv ot pdlec amd moAy pakpld kot vo tomofetnoldv oTig
0éoe1g Toug Ko etvan
m,m
U=-G—12 (3.57)
r

H dvvapikn evépysto cuotiuaToc TPLdV VAIK®OV onueiov (oy. 3.50)
vroAoyileTar pe TpoOmo 1010 LE AVTOV TOL aKoAoLONcaLE TNV TAPAYPOEOo 3-5.
H dvvapkn evépyeto Tov GLGTHLOTOC Elvar

Ew.3.10 To cvotua I'n-ZeAnvn

U=_Gm1m2 _Gmlm3 _szm3 mlA
y B o
y B
Hopatnpicseig r
1. Mo cpapikny opoyevig palo M coumepipépetal emtepikd oav OAn M o m,

nalo TG VoL sivonl GLYKEVIpOUEVH 610 KévTpo. Emopéveg ol mapambve B m,
OYE0EIC 1OYVOVY TOVOUOLOTLTIOL KoL YloL TNV TEPLYPOPN TOL PopuTikov
mediov opoyevole ceaptkov copatog pudlog M axtivag R, vad v
npobmdbeon ot eéetdlovpe T0 MEdio oTO YDOPo @ amd ™ pao Tov
oopotog (r > R). Edd T1g anootdoelc TIc PETPAUE amd TO KEVIPO TOV
GOOPIKOD GCAOUOTOC.

Yy 3.50 Zvommua Tpudv VAKGOV
onueimv.

2. To apvntikd mpocnuo otn oxéon (3.57) vwodnAadver 4Tt Yo Vo, KAVOLLE
amepn Vv omdcTacn ovo poidv mov Ppickoviar opylkd ce amdcTOoT T
TPEMEL VO TPOGPEPOVLE EVEPYELD GTO GUCTN LA
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ITAPAAEII'MA 3.13

Avo cooipikég paleg my ko my; NPEUOVV GE AMEPT ATOCTACT| LETOED
tovg. E&attiag g Paputikng d0vaung mov aokei ) pio oty GAAn apyifoovv
va Kivobvtat TAnctalovtog Heta&d Toug. Av Katd T dtdpkela TG Kiviong

m, m,

Tovg dev OOKEITAL G QVTEG GAAN dVuvaun, vo, Ppeite TIg TayVTNTEG TOV > Pl
poldv ) otrypn mov Ppickovtal o amdotoaon [ peta&d tovg. Alvetal to v I U
G. m, m,

Ty. 3.51
Anévtnon :

E@doov o1 paleg de d€yovrar dAleg dSuvapelg ekTog amd T HETAED TOVG EAKTIKT SVVALT, TO GUOTN LA
ToVG €lvarl AmoOVOUEVO Kal 1] OpUf TOL daTnpeitat.
Av Bempnoovpe g apykn 0Eon tn BEon 6mov ot palec NpepodV Kot ¢ TEAIKN ovTh 6oy ot Haleg améyovv
uetaéd tovg andotaon [ Oa woyvet
Pypy= Pran

Bewpdvtag BeTikn TNV KatevOLVET TPOC T OELA, 1) TAPATAV® GYEST YPAPETOL
0=m,0, —my,
n,

AVVOVTOGg G TPOG v; EYOVHE v, =L, —= (3.58)
m,

To medio PapvTnTag gival SoTnpnTIKG, ONANST 1] UNYOVIKT EVEPYELD TOV GLGTHLOTOC dloTnpeital oTabepn

Uap;( + Kap;( = Urgi + Krgﬂ
mm, 1 1
omote 0=-G—2+—muv +=m,v;
[ 2 2
mm, 1m, , 1 >
avtikaOoTdvTag ™ v; omd TV (3.58) Bpickovpue 0= —GT + 5—02 +—m,0,
m,
. . , . 2G
Ao ™ 6Yéomn avTn TPOKVHTTEL v, =m,
l(ml + mz)
. , 2G
kot oo v (3.58) Ppickovpe v, =m,
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3-13 TO BAPYTIKO IIEAIO THX I'HZ

Me wovomomTiky TpocEyyion, uropove va fempnoovpe t I'n cov
OLOYEVN R, =6,38x 10° m padog
M. =5,98x10* kg . To Bupvtiké medio g I'ng oe éva onueio A, oto

po. cooipo  oKTivog Kot

eEotepkd g o meptypdpetor amd Tig oxéoelg (3.55) ko (3.56) Tov mediov
7ov dnpovpyel o onuetokn palo. Eredn cuvnbmg n Béomn evog onpeiov 6to
nedio Papvtog e I'ng mpocdopiletor amd 10 VYos 6To omoio Ppicketal To
onuelo, ivol GKOMUO OTIG GYECELS OUTEC VO AVTIKATOGTI|COVLE TNV 0TOGTAoN
r and 1o kévtpo ¢ I'mg pe 1o afpoispa Rr + h 6mov h 1o vyoc Tov onueiov
OV pag evolapEpel amd v empavela g I'mc. 'Etol ou oyéoeig mov divovv
mv évtoon Kot To duvapkd oto medio Poapvtnrog e Img -mévra
AVAPEPOLIGTE OTOV EEMTEPIKO TNG XDPO- Eival

o= GLz (3.59) xu V= M (3.60)
(Rr +h) R +h
: r !
0/ R, 0

-GM,/R

Hepatpnen

Edv ot oyéon g évtaong (3.59) Bécovpe h = 0 mpokvmtel M €viaon
TOV EDiov PapdTNTOC 6TV EMPAVELL TNG I'NG

M

=G
& R?

) I . ’ 2
Me avtikatdotaon tov Tiudv tov peyedav Bpickovpe g, =9,8 m/ s°.
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Xy. 3.52 To onueio A Bpiokerar
oe vyog h, movo omd v
empdvewa g I'nge.

Xy. 3.53 TI'poagwéc mapactdoels
TOL UETPOV TNG £VTAONG KOl TOL
duvopikod G€ GuvAapTNoT HE TNV
andotoon amd to kEvipo g I'ng,
ywo. onueio mov Ppickovior €€
omd avT.

Ew.3.11

i 4

AoctpovanTteg

oty
emoeavewr ™m¢ Zevng. Iapd tov
Bapy egomiopd tovg (180 kg),
UTOPOVV VO KAVOLV EVTLTTOGCLOKE
GApato. Ty emQAavelo g ZeAr-

g M évtaon tov  Poputikod
nediov eivarl €61 popég pikpoTepN
oo avt oty empdvela g I'ng.



Ew.3.12
Pioneer eykataieinel to Paputikd
medlo ™m¢ Img. Exto&evfnke to
1973 kot tdpa Ppiokeron €€ and

To  dwommudmioro

T opla nAwaov

GUGTILLOTOC.

oL HogG

3-14 TAXYTHTA ATAOYT'HX -MAYPEX TPYIIEX

Me mowo, toyOTiTo mpénet vo, ekto&evbel éva avtikeipevo palog m, omd v
emoavelo g I'mg dote va dtpiyetl oprotikd oo o medio Papvmrog g I'ng;

T'a vo amAovotevoovpe to TpoPAnpa 0o Bewpioovpe 6t  I'n dev
Kiveitar, Oa oyvonoovpe TG PapuTikéG EMOPACEL; amd TO GAAXL OVLPAVIL
CMUOTO, KO B0 0yVOT|GOVLE TNV OVTIGTOGT TOV ATUOCPULPIKOD 0EPQL.

E@ocov 1o Paputikd medio gival SatnpnTikd 1 unyoviKn eVEPYELD TOV
GLOTNHOTOG TV dVO coudtev (I'n kol copa) datnpeitat. Emopévag katd tnv
Kkivnomn Tov cmpatog peta&y 6vo Béocewv Ba 1oyvel

K +U, =K, +U, (3.61)

Epoappolovpe ) oxéon avtr yuo éva onpeio TAvVe Gty ETPAVELD TNG
I'mg kot yo o dmelpo (exel 6mov dev vrdpyel mAéov PopuTikn emidpaocm Kot M
duVapIKT EVEPYEWL TOV GLOTHUOTOS oopa — I eivon pndév U, =0). H
EAMGYLOTI TN TNG TOYLTNTAG UE TNV OTOi0 TPEMEL VO, EKTOEEVGOVUE TO GO
glvar ekeivn v v omoio t0 omdpo Bo ETAVEL GTO AMEWPO HE UNOEVIKN
tayvtro, dpo K,=0
Amo v (3.61) éyovpe

1 M. .m
K, +U, =0+0 onote  —mvj +| —-G——|=0
2 R,
Avvovtag oG Tpog v Ppickovpe

2GM
v, = |22 112 kmfs = 40320 kim/h
RF

Tnv taydmra vs Vv ovoudlovue TEYVTNTOE OWELYNS Omd TNV
emodvela g I'ng.

Edv to onueio exto&evong Ppioketar og Dyog h amd v emipdvelo g
I'mg pe tov 610 Tpoémo mpokvHATEL OTL M TAXOTNTO OPLYNG diveTal amd ™

oyéon
b = 2GM -
 \R.+h

AxolovBdvtag v idta dadikasio pmopove va fpovue Ty TovLTNTO
SPVYNG amd TNV EMPAveL GAA®V oVpavIoV copdtov. Etol ylo mapdderyuo
vy ™ ZeAqvn Ppiokovpe 2,37 km/s, yia tov Apn 4,97 km/s, yu o Ala 59,1
km/s kot yio tov'Hho 618 kmy/s.

Ag dolpe Tdpa To TPOPANUA TNG TOYLTNTAG S10PLYNG LE GAAO TpOTO.
Avti va ya&ovpe va Bpodpe Le ol TaydTNTO TPEMEL Vo eKTOEEVDET Eva GO
omd TV emedveln evog ovpaviov copotog pdlog M ko axtivag R wote va
dpvyel and TN Paputikn Tov €AEN B Bpovpe TL aktive Tpémel va el Eva
ovpavio copa pdloc M dote va Unv emTpEneL g TImoTa Vo S1opvyeL and tnv
EMPAVELL TOV.
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H peyodivtepn toyvmmta otn @bon &ivor 1 taydINTo TOL (MTOG
c=3x10"m/s.

. 2GM ) . o .
Av ot oxéon s = z oL divel TV ToVTNTA daPLYNG BEcovpe OOV

2GM

L ; =c Kot Moovpe og mpog R Ppiokovue R, =c—2 . H oaxtiva avt

glval yvoot o¢ axtiva Schwarzschild. 'Eva ovpdvio copo palog M pe
OKTIVO PIKPOTEPT] OO QUTH TNV OKTIVO OEV EMTPENEL GE TIMOTE, OVTE KAV GTO
Qm¢, va, dtapvyel and to medio Poapdtntdc tov. ‘Eva tétolo cmpa dev gival
GUEGO TOPATNPNOUO KAVEL OUMG OVIIANATH TNV TOPOLCIK TOL Omo TIG
woyvpoTateg Paputikéc EAEE Tov aokel otov Tepiyvpd Tov. Tétoln copata
o1 oOyxpovn PLGIKY yapaktnpiloviol pavpes TPYTES.

O1 cuVOTKEG TTOV ETKPATOVYV GTNV TEPIOYN KOG LODPTG TPVTOS KOl OL
TayVTNTES SPLYNG Yo TS omoleg pikdpe gival TOAD pokpld ond avtd mov o
KaBévag oG avTIAAUBAVETOL GOV TPAYLATIKOTNTO KOl OEV TEPLYPAPOVTOL OO
TOVG VOUOLG TNnG vevtwvewg unyovikng. H oyéon mov diver v axtiva
Schwarzschild mapdystor Aappdvoviag veoyn Tig S1opBDOCELG TOV EMEPEPE M
fewpla TG oyxeTiKOTNTOG 0TV KAOGIKN pnxovikn. To yeyovdg Opmg OtL
CLUUTIMTEL e TN OYECT 7OV PPAKOUE Yoo TNV TOXOLTNTA  SOPVYNG
YPNOUYLOTOIDOVTOS TO VOUO SLOTNPNONG TNG UNYOVIKNG EVEPYELNG LAG EMITPETEL
L0 TPDTY| TPOGEYYICT) GTO PUIVOUEVO.

Mo va amoktoovpe va HETPO TNE TUKVOTNTOC GTNY ool Ppicketal
1N VAN 6€ o povpn TpOTO ovAEEPOVE OTL Y10 VO TEPUTEGEL GE  KOTAGTAON
navpng tpodmag o ‘Hiwog mpénel va cvpmiecdel og i opaipa aktivag 3 km,
omd 6,96x10° km mov sivar ofjpepa. Ooco yio ) I'n 0o énpene vo cupmieodei
oe o opaipo oktivag 9mm . Anhadn OAn m pala g Oo Empeme va
ovykevtpmbel 67 éva pmoddkt peyEBouvg iGov pe aVTO TOL TIVYK TOVYK.
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Ew. 3.13 IIpocopoimon pavpng
pomag o€ vmoAoylot]. H VAn
€\keTol omd  po povpn  Tpdmo
oynuoartiCovtag  yopm g  éva
neplotpePopevo dioko. Ta dropa
Tov aepiov mov oynuatifovv To
dloko emtayvvopeve  OmOKTOOV
oo™ EVEPYELD DOTE PETOTPETOVTOL
oe wyvpotateg mnyég axtivov X.
Xe meployés Tov GUUTOVTOS OOV
aviyvedovpe acvuvnOiota HEYAANG
évtaong ekmopunt] oktvoPoAiog X
VIOMTEVOLAGTE TNV VIAPEN  LLOG
HodpNg TPVTOS.



[TAPAAEIITMA 3.14

Amd 10 onpeio A tov mediov Papvtntog e I'mg, mov Ppicketan oe Yyoc h=R; and v empdvela
me I'mc (Rr 1 axtiva ¢ I'e), Pérretar mpoc to Atdotnuo éva odpa pe toydtTa v=16x 10° m/s. Na
e€etdoete av 10 oopa Oa Sapvdyel amd ™ Papvtikny EAEN ™ IMme. Av Ba dwevyel va Ppeite v TaydTa
TOV OTOV PTACEL G€ MOAD HeYOAN amdotacn amd tn I'm. Alvoviau n aktiva tg I'mg R=6400 km xot n
évtaon Tov TEdiov PapdtnTag otV emEaveld ™G g=10 m/s”.

[2GM
Amavtion: o) H taydmro dwoguyrg, oe Oyog h, divetan and t oyéon L4 = 7 2 .
_l’_
r

Av o1t 6o tov & Bdhovpe v aktiva g I'ng

. 2GM - GM ..
£xovpe Vs = = (3.62)
2R, R
H évtaon tov nediov Paputntog oy empdvela g I'mg sivon
GM
g, =——— ométe GM, =g R} (3.63)
r
Avtikabiotdvtag v (3.63) oty (3.62) £yovue Vs =+/8, R =8x 10°m/s
Emedn v, > vs 10 cdpa Ba drapoyet.
B) ‘Eotw v n toyomra  pe v omoio T0 oopa @Tével oto dmewpo. ' tov vmoAioyiopd g Oa
EQOPLOCOVLLE TO BedPN U £pYOV — EVEPYELNG KATE TNV KIVNGN TOL CAOUOTOG amd To onpeio A péypt To Anelpo.
1 1
W=K,-K, onote (V, —Vm)mzamuz —Emuj (3.64)
GM go Ry

Eivar V7, =0 «xa V, =- L 7ov Aoym g (3.63) yivetoaw ¥V, = -1
2R, 2

Avtikafiotovrag oty (3.64) éyovue

—g R.=0> -0} emoptvag L= —g R, =8/3x10° m/s

3-15 XYTI'KPIZH HAEKTPOXTATIKOY KAI
BAPYTIKOY IIEAIOY

H pobnpotua) opodmra avipeso oto vopo tov Coulomb kot to vopo g
ToyKOoUoG EAENG (ko o1 dVo SuvApELS Eival avTIGTPOPO AVAAOYEG LE TO TETPAYMVO
™G 0mOSTAOTG), KBS KAl TO YEYOVOG OTL KoL 01 SV0 ivor S1oTPNTIKES KO KEVTPIKEG,
0dnyel og CKEWYELS OTL VTAPYOLY KoL TEPUUTEP® OVUAOYIEG AVALEGO GTOL HVO TEDTOL.

2V TPayHoTIKOTTE OU®MG TPOKELTOL Yo dVO TESI GTO Omoio, Ot
SLPOPES EIVaL TEPIOGOTEPES OO TIC OULOIOTITEG.

Evdectikd avapépovpe KATOEG dLOPOPES.

- Yrdpyovv 600 €10®V NAEKTPIKE PopTio evd VITAPYEL Eva €1d0¢ palag.

- Ot NAeKTPOOTATIKEG SUVALELS Elval €T OTMOTIKEG €ite EAKTIKEG EVD
01 BOpLTIKEC LOVO EAKTIKEC.

- Ot nAekTpooTatikéc  duvapelg e&optdviol amd To €00G TOV VAIKOD
OV VTAPYEL OVAUESO OTO POPTio, €V Ol PapuTikég dvvapelg dev
eEaptmdvTal amd T0 LAMKO TOV VILAPYEL AVAUESH OTIG UALES.

120



YXYNOYH

Iedio ovoudletal o xdpog exeivog atov omoio av Bpedel To katdAinio kabe opd vrodepa d€xeTan dSvvaun.

"Evtaon ¢’ éva onueio A evog nAekTpootatikod mediov givar 1o 6tabepd mnAiko tng dVvaUNg TOV OoKEITOL
ano6 to medio o’ Eva poptio q mov Ba Ppebei oo onueio A mpog 10 Poptio avTd.

F
E=—
q
H @opd tg évtaong tov NAEKTPOCTATIKOD TEGIOL GUUTINTEL LUE TN POPA TNG SVVOUNG TOL OoKEITAL G BETIKA
e : A 2
eoptia. To pétpo g évracng mediov enuelakoV @opTiov q ivon E=K.=
.

H miexTpikn pony O mov diépyetol omd po emimedn empavela, pfadod A, n omoio Ppioketal péoa oe
opoyevég nhextped medio évtaong E, eivar @, = EAovvl, 6mov 6 n yovia mov oynuartiel to kabeto
oTNV EMEAVELD S1VOGHo A pe T d1ebbvvon tov duvoukov  ypaupmv. H niektpikny pon petpiétal oe
povadeg N m*/C.

H mAextpikn pon mov diépyetan amd pio KAEIGTH EMPAVELD 1GOVTOL PE TO TNAIKO TOL OAKOD (POPTIOV TOL

TEPIKAELIEL 1 EMUPAVELXL, TTPOG TN GTAOEPA &,. (vépog Tov Gauss)
O
o, =—"
&

o
AvVOpIKO ToL NAEKTPIKOD TTEdiov o€ éva Tov onueio A (cvpporiletor Va), ovopaletor to otabepd mniixo,
TOV €PYOV TNG SLVOUNG TOV TTEdIOL OV OOKEITAL GE POPTIO g KOTA TN UETAKIVIION TOL POPTIOL q OTd TO
onueio A 610 AmEPO, TPOS TO POPTIO TOV UETAKIVEITOL.

To dvuvapkod eivon povopetpo péyedog kat oto suatnua SI £yl povada to 1V=1 J/C.

H dw@opd dvvapkov, Va-Vi, avaueca e 600 onueic A kot B tov niektpikod mediov givan ion pe to
TNATKO TOL €PYOV OV TOPAYEL 1] KATAVOADVEL 1| OOVOUTN TOV TEGIOV KATA T PEeTaKivnon VOGS poptiov amd To
onueio A oto onueio B, mpoc to poptio q.

v _y P

q
To dvvapkd MAekTpikov mediov Tov dnuiovpyeiTal amd £va onpeakéd eoptio Q oe £va onueio Tov oL
améyel and 10 Q andoTaon 1, EYEL TN

V=K.=
r
‘Evag nAeKTPOGTATIKA QOPTIOREVOS AYMYOG EXEL TOVTOV TO 1010 OLVOAUIKO.
H dvvopki] EvEpYELd GLOTILATOS OVO GNUELIK®OV QOPTIOV J; KL g TOV 0EYOVV UETAED TOVG OTOGTACN
949>
r

r efvon U=K_

H évraon oto opoyevéc mAekTpiké medio eivor ion pe 10 mNAiKo TG SEOPAs SLVOIKOD SVO
OTOLMVONTOTE GNUEIMV TOV NAEKTPIKOD TESIOV TPOG TNV UETAED TOVG OTOGTACT X, LETPMIEVIG KOTA UKOG
H10G SOVOLIKTG YPOHLUNG.

E==
X
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MvokvoTig ovopdletal To cHoTNUO dVO YEITOVIKOV aywydv (omAopol) mov ywpilovrol petald Tovg e
KATol0 pLoveTikd VAKO. Ot aywyol @optilovtan pe goptia. +Q kot —Q.
Xopnrikétnta C evog mokvotr ovopdletot 1o otadepd TNAIKO TOL POPTIOV TOV TPOG TNV TAGT TOV .

c=2
V
Movada yopnrikotntog ivan to Farad (F). 1F=1 C/V.
H yopntikétta €vog enimedon TuKvOTH ival avaloyn LE TNV EMEAVELN A T®V OTAIGUOV KOl 0VTIGTPOP

A
avaroyn pe v anodctoon d HETa&d ToV OTAMGU®Y C=g, g
H yopntikétra evoc mukvmtn eEaptdtal amd To YEOUETPIKA oToLyEin TG dtdTaéng (dniadr amd to péyedog,
TO OYNUA, TIC GYETIKEG BE0EIG TV SO0 aymY®V) Kol amd To €100G TOL LOVOTIKOD VAKOV (ovopdaletal Kot
OMAEKTPIKO) OVALESO GTOVG OTAIGLOVG TOV.

H evépyera mov €xel amodnkevpévn Evag POPTIGUEVOG TUKVMTNG EIVaL

U=21cp?
2

H péyiot évraon niektpucol mediov oTnv omoio avtéyel EvVOG LOVMTAG OVOUALETOL OINAEKTPIKI] AVTOXN.
‘Evoc povaotig (OinAextpikd) HETOED TV OTACU®V €VOG TUKVOTY| OTOUOVAOVEL TOVG OMMGHOVG, EXEL
UEYOADTEPT) SINAEKTPIKT AVTOYN OO TOV 0EPT, AVEAVEL TN YOPNTIKOTITO TOV TUKVMTY.

Ovopalovpe dmiektpikt] otabBepd K evog vAkov, 10 A0Y0 TG YOPNTIKOTNTOG TOV TUKVAOTH LE TO
OMAEKTPIKO TTPOG TN YOPNTIKOTNTO, TOV TUKVOT YOPIG TO SINAEKTPIKO.

C
K=—
CO
H Bapotuc A& avdpeca og 600 copaTo Le TOAD PIKPEC dtaotdoelg (onuetakés paleg) mov Exovv naleg
m; Kot my Kol fpickovtal 6€ amdaTact r LETaED TOVG, £XEL LETPO {00 LE

_ ~mm,
Feom
omov G 1 otadepd maykoopiov Eléewg, G =6,673x107" N -m* / kg® . H dbvapn ovt sivar Stamnpnuiki

KOl KEVTPIKT).

[edio PapvTnTag ovopdletor 0 y®Pog ekeivog oTov omoio av Ppedei kamowa pala Ba deytel dvvaun.
"Evtaon (g) Tov mediov fapvtnrag o £va tov onpeio ovopdlovue to otabepd mniiko g ovvaung (F) mov
0o deytel po pala (m) av Bpebdei oe exeivo To onpeio, Tpog ) palo ot

F

§=—
m

Movéda tg évtoong Tov Paputikod mediov sivor o 1N/kg 9 1m/s.

Avvapko (V) tov wediov Papotntag o€ £va tov onueio A, ovoudletal to otabepd mAiko Tov Epyov Tng
dvvaung Tov wediov katd Tn peTakivnon paleg m amd To onueio A oto dnelpo, Tpog T Halo avtn.

VA — WAA)OO
m

Movada duvapkov tov faputikov mediov givar to 1J/kg

Aw@opd dvvapikoy peta&y 6vo onueiov A kol B tov mediov Bapvtnrag ovopdaletal to tnAiko Tov £pyov
™G dvvaung Tov Tediov KoTd TN petakivnon pog pdloc m and to onueio A oto onueio B, mpog ) pdala

w
oTH. V,-V,=—2%
m
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H évraon o€ évo onpeio A Baputikov wediov Tov dnprovpyeitor oo o enpewokn palo M gival

M
gAzG_z

r

To ovvapiké Bapuvtiked mediov onueiokns pdloc M oe onueio A mov anéyel andoTaon r amd ALTHV Eival

M
V,=-G—
r
H dvvapikn evépyela cuoTHHOTOG 000 GNUEWKOV pal®v mj, my, TOV OmEYoVV UETAED TOVG amOOTAON T
etvan
U= —gMmm
r
Tayvmnra dwauyng and 1o Paputikd medio g I'mg eivar n eldyiomn taydINTO pe TNV omoio TPEMEL VoL
exto&evbel éva copa amod onueio mov Ppicketan o Vyog h amd v emedveln g I'mg, Yo va dapdyel amd

To Baputikd g TEdio.
2GM
Vs =
R.+h

APAXTHPIOTHTEZ

1. To @awvopevo g Taripporag

Amotéheouo Tov Paputikedv EAEemv g ZeAnvng kot tov ‘Hiwov, og
UEPIKEG TEPLOYEC TO (QOIVOUEVO TNG TOAlppolog Hmopel vo, gival
Oeapatico, 6mwg cvpPaivel otov kOATO tov Fundy, mov deiyver 1
ootoypapic. Avalntiote, pe tn Pondela tov Kabnynt G0 GYETIKN
Biproypapio yio TO0 QavopeVo.

To 0épa mpocpEpeTar Yo o GOVIOUT| EPYACIOL.

Ew. 3.14 To @owodpevo g Guretng Kot g TAnppvpidag otov koAmo tov Fundy otov Kovodd.
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EPQTHXEIX

Hiextpukn pon] - Nopog tov Gauss

3.1

3.2

33

34

3.5

3.6

H nextpikn| pon mov tepvaet amd o KAEIGT EMUPAVELL EEAPTATAL:

o) Mobvo amd To PopTio TOV TEPIKAELIEL 1) EMPAVELQ.

B) A0 10 POPTIO TTOL TEPIKAEIEL 1] EMPAVELX KOL 07TO TO GYNMUOL TG,

Y) A7 10 GLVOAIKO POpPTio oL dnpovpyel To Tedio, dnAad| amd
@oprtia ov Ppiokovtal evIOc 1] EKTOG TNG EMUPAVELNS.

d) Amo 10 GUVOAMKO EOpPTiO TOL VIAPYEL HEGH Kl EE® amd TNV

EMPAVELD KOl OTTO TO GYTLLOL TG,
EmAéére T oot amdvinon.

Ye Mo KAEWOTN EMPAVELD EIGEPYOVIOL TEPLOGOTEPES OLVOLIKES
ypappés and oceg eEépyoviat. Ti ocvpumepaivete yio 10 €idoc TOL
@OpTiOV OV TTEPIKAEIEL ] EMPAVELDL;

210 oynua 3.54 amewkoviloviol TE60EPIC KAEIGTEG EMOAVELEG A, As,
As, Ay xaBdg kot ta poptia +Q, -Q kol +3Q. Av @y, Oy, O; ko Dy
glvatl n MAeKTPIKY| pon oV SEPYETOL amd TNV AVTIGTOLYN EMPAVELQ.
Avtiotoyiote oTo GTOLYXELN TNG TPDOTNG GTHANG GTOLYElD TNG OEVTEPTG.

'Q/ €o

@, 2Q/e,

@, 3Qs,
(D3 0

D, 4Q/ &o
Q

210 €0TEPIKO OGS cpaipag vapyovv to eoptio +Q won -Q. Iloieg
omd TG EMOUEVEG TPOTACELS EIVOL GOOTEC;

o) H nextpucn pon mov diépyetat and T oeaipa eivar Undév.

B) Tnv emoedveln ™g ceaipag dev TN SOmEPVOLY SUVOUIKES
YPOUHES.

v) To pétpo g £vioong Tov NAEKTPIKOD TESIOV OTNV EMLPAVEL.
™G oQaipag etvar undév.

o) O oapBpdc TV SLVOUIKOV YPOUU®MY TTOV EIGEPYOVTAL OTN|

o@aipa gival i6o¢ pe ToV aplBpUd TOV SVVALIKOY YPOUUDY TOV
e&épyovtal amd avTny .

‘Eva onpelokd poptio Ppioketol 6to KEVIPO cAIpIKng emipdvelas. H

NAEKTPIKN poN TOL SEPYETAL ATO TNV EMPAvELD LeTAPAALETON dTOV:

o) 0 Qoptio petaxwndel amd 10 KEVIPO OALA Topapével péca
GTNV GQaipa.

B) T0 Qoprtio petaxvnOel @ amod T ceaipa.

Y) tomoBetnOel devTEPO POPTiO KOVTE, OAAG EE® amd TN GPaipa.

EmAéére T cwot amdvinon.

[Moteg and TIg TPOTACELS TOL BKOAOLOOVV KAl APOPOVY GTO POPTIO KoL
TO NAEKTPIKO TESTIO POPTICUEVOL GOUPIKOD AY®YOL Eival CMOOTES;

o) To @optio tov aymyod katavéperor opoldpopea 6e OAO TO
YDPO TOL KATAAALUPAVEL
B) Y70 E0MTEPIKO TOV O AyMYOS SV Eival POPTIGUEVOC.
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3.7

Y) To medlo €€w omd tov aywyd sivor 6polo pe to medio mov
dnuovpyel €va onpelokod Goptio.

d) 210 €0MTEPIKO TOL aywyol, TO METPO TNG £€viaomg eivon
avTioTpoPa avAAOY0 NG AmOCTACTG OMO TO KEVIPO TOL
GOAPIKOV ay®yo.

No mapactafel ypogiucd to PETPO TG EVIOONG TOV MAEKTPIKOD TTESIOL
TIOL AMLOVPYEL GEALPIKOS POPTICUEVOG aywYOS axtivag R, og cuviptnon
LLE TNV 0mOoTAoN X amd TO KEVIPO TOL aywyov, Yo X < R ka1 x > R.

AVVOPIKO TOV NAEKTPIKOV TEGIOV — EVEPYELX GUGTINATOS G UELLKOV
PopTioV

3.8

3.9

3.10

3.11

3.12

Doptio q, petaxveitol pEco o NAEKTPIKO TEDT0, Ao To onueio A oto
onpeio B. To épyo tng dvvaung tov mediov:

o) Eivol pkpdtepo av 10 optio akohovBncel v mo cvuvioun
dtadpoun.

B) Eivar 1610 og 6Aeg TG duVOTEG SLOOPOLES.

v) E&optdton amd v taydtnTe. LE TNV omoio LETOKLVEITOL TO
eoptio.

) E&aptdtor amd to w60 xpdvo dapkel 1 peTokivnomn.

EméEre T cwot amdvinon.

ZOUTANPDOOTE TO KEVA.

Edv petaxivnBel éva onuetokd @optio q amd onpeio A o onueio B,
UEGO o€ MAEKTPIKO TTEDT0, TO £PYO TNG dVVOUNG TOL TTediov gival ico pe
TO YWVOHEVO ... iiriiriiens einieaneannnns Tov 000 onueiov emi 10
eoptio q mov petaxkweitor. To €pyo avtd elvar ave&dptnto
.......................... 7oV akoAovfel to Qoptio Katd TN peTOKivion
oV amd t0 A oto B. Tétola media, 6T®MG TO0 NAEKTPIKO, TOL TO £pYO
Tovg e&optdrTal povo amd TV apylkn Kot teAkn 8€on Tov ocdpaTog
IOV UETOKIVEITOL OVOUALOVTOL v eeveeeneaeanss

To niextpoviofort (eV) eivan

o) To @oprtio Tov NAektpoviov;
B) Movdda duvapkov;
v) Movéda évtaong NAEKTPIKoD Tediov;

o) Movada Epyov 1| evépyelog;

To dvvapkd tov MAekTpikod 7ediov o€ €va oNuUEI0 TOL OTEXEL
OmOCTOCT T OO TO ONUENKO (POpTio 6TO omoio opeiletan To Tedio
elvar -200V. 'Eva éAlo onueio mov oméyel amdotoon 2r amd TO
oNUELOKO poptio £yel duvaukd o) -100V; B) -50V; y) -200V;
o) -400V;

AKO10AOYNOTE TNV ATAVINGT GOGC.

Avo onpelokd eoption +Q kot —Q eivon Tomobetnpéva oto onueia A
kot B evB0ypappov tuquatoc AB. Ilowo amd Tic mpotdoelg mov
akolovBovv gival cwoTN;

o) H évtoon tov niektpukov mediov 610 péco M tov TUAUATOG
AB givan pndév.

B) To OSvvapkd tov mMAekTpkoy mediov oto péco M OV
Tupotog AB elvar pnoév.
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3.13

3.14

3.15

3.16

Y) H duvapuc evépyein Tov GLGTAROTOG TV dVO POPTICV eivat PNdEV.
) H dvvapikn evépyela Tov GUGTANOTOC TV dV0 POPTIOV ivar
OgTkn.

AwTpéYovtog Hior SUVOUIKT YPOUUN Kotd Tn @opd tng €viaong, T

Suvapukd

o) Av&davovtar.

B) Elottdyvovrai.

Y) "Exovv v 10100 Tiu.

d) Tinota amd o TOPATAVE®.

EmiléEte T cwot andvinon.

‘Eva apvntikd @optio, apnveral péca oe niextpikod nedio. To goprtio

0o KvnOst:

o) [Ipog ta ekei Tov Ta dSuvapkd av&avovral.

B) IIpog ta exel TOL TOL SUVOALIKA LELDVOVTOL.

v) IIpog v katedlBvvorn Tov To dvvapukd xel TV id10, TIUT.

d) H xotevbuvon oty omoia Ba kivnlel dev €yetl va kdvel pe 1o
SuvapKo.

AKOLOAOYNOTE TNV ATAVTNOT GOG,.

Awororoyfote Vv mpotoaon: «To duvapukd evoc MAEKTPOCTOTIKA
(QOPTICUEVOL AY®YOL gival 1010 G OAL TOV T GTUELD ».

No mopactadel ypoaeikd 0 duvapikd ceopikod aymyold axtivog R,
Qopticpévoy pe Betikd poptio Q, og GuvApPTNON UE TNV aTOCTACT X
omd 10 KEVTPO TOv, Yo X < R ko x > R.

Opoyevég nhekTpiko medio

3.17

3.18

3.19

H dwpopd duvapkov peta&y 600 onueiov A kol B, mov Bpiokovron
VO oTNV 10100 SUVOLIKT YPOUUT LEGO GE OLLOYEVEG NAEKTPIKO TTESI0

o) dev e&aptdrtal and TV ardoTooT TOV onusiov A kot B.
B) glvat avdAoyn pe TV AmOGTOCT TOVG.

v) glval avaAoyn e TO TETPAYOVO TNG OTOGTAUCNC TOVC.

d) glvar avtioTpo@a aviloyn He TNV 0mdcTOCT TOVG.

EmAééte T cwot amdvinon.

‘Eva mAextpévio extoevetal pe ToydTNTO U, TOPGAANAQ OTIg

SUVOUIKEG YPOUUES OHOYEVODS MAEKTPIKOD Tediov, otV Kotevhuveon
TV Suvo KoV Ypoupmv. H kiviion mov Ba kéver ivar:

o) EvObypapun opodn.

B) EvBOypapun opaid emitayvuvopevn.

v) EvBoypopun opoard emiPpadvvopevn.

ATKOLOAOYNGTE TNV ATAVINGT GOC.

‘Eva niextpovio extoéedetol pe toaydmmrta v, KAOETo 0TI Suvapukég

YPOUUEG OpoYEVODG NAeKTpiKoD ediov. H kivnon mov Ba kdvel
o) glvar vBOYpopLL OpLOAY.

B) glval evBVYPOUUN OLOAG ETLTAYVVOUEVT.
Y) éxel otobepn emttdyvvon.
) €lval KOKAIKY.

ITowa TpoTOIOT Elvon c®OTH;
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3.20

3.21

3.22

3.23

H emtéyvvon mov amoktdel popTIcHEVO COUATIO LEGH GE OLOYEVES
NAEKTPIKO TESTO

o) Mével oTobepn.

B) ‘Exel otabepd pétpo aAld m katevBovon g e€oprdror omd
TNV KOTEVBLVOT TNG 0PYIKNG TAYVTNTOS TOL COUATIO0V.

v) Eivar avédloyn pe tn pala tov palog tov.

) Eivar avtiotpogo avaioyn pe to @optio Tov.

€) Eivol avédioyn pe mv éviaon tov mediov.

Enilé€te 16 000TEG TPOTACELS.

[Ipwtévia ko mopnveg He (He: HAov, atopkdg apBpoc 2, palkog
apBpog 4) Bariovion pe v idte ToOTNTO KAOETA GTIG SUVOUIKES
YPOUUES OpOYEVOUS NAeKTPIKOV TTediov mov dnpovpyeitor and Levyog
eopTiopévov TAakiov. Tloleg amd T mpotdoelg mov akoilovbovv
glval cOoTEC;

o) O ypodvog xivnong 6@V TV couaTdiov HEcH 6To Tedio gival
o106,

B) H 60voun mov déyovtar ot muprveg nAiov eivarl peyoddtepn
amo TN SUVOLN TOV SEYOVTOL TA TPMTOVIQ

v) To TpoTOHVIO OTOKTOOV UEYOADTEPTN EMTAYLVCOY OO TOLG
Topnveg niiov.

d) Ot moprveg Tov NAiov VEioTOVTOL TN LEYOADTEPT] EKTPOTT).

Aéoun miektpoviwv, pe v 10w taydTNnTo, €10EpYETOL KAOETA OTIG
SUVOIKEG YPOUUEG OUOYEVOVG MAEKTPIKOD TTEdIOV TOL dMUIOVPYEiTAL
an6 {evyog popTicuévav TAakdiov. Av avénbei  tdon avapeca ota
(QOPTIGUEVH TAOKIOLN TOV dTHOVPYOVV TO TTEdiO:

1) O ypbdvog €600V TV NhekTpovivy and 1o edio:
o) avédvetay, P) peidverar, y) mApPOUEVEL 1010G;
2) H extponn mov veiotatot 1 décun and to medio:

o) avéavetay, B) upewdveror, y) moapopévet idw;
EmAéére T1g c0TEG amavINGELS.

Me mowo TpoémO TOPAYOVTIOL Kol EMLTOYVVOVIOL TO NAEKTPOVIL GTOV
k00001Kd cOANVA; L& TL XPNOULEVOLY TO, TAUKIOW OTOKAIONG GTOV
kaBodwd coinva; [oti eivor omopaitnto o010 €0mTEPIKO TOL VO
VILAPYEL KEVO aEPUL;

MMukvoTg Kot dOMAEKTPIKA

3.24

3.25

H yopntikomta evog mokvet) eéaptdrtarl:

o) oo T0 VAIKO TV OTAMGUOV TOV.

B) a0 TNV TAGCT TOV OTAIGUAOV TOV.

v) ond 10 eoptio Tov.

0) ol To YEOMUETPIKE TOV YOPUKTINPLOTIKA.

[Towa TpoTOIOT Elvon c®OTA;

[Towo amd to mopakdtw Sypdupato moptotdvel 1) T yopnTikdéTHTO
TOV TVKVATY] GE GUVAPTN O] LE TN TACT TOV; 2) TO POPTIO TOV TLKVMOTN
o€ OLVAPTNON UE TNV TAoTM TOL; 3) TNV EVEPYELDL TOV TUKVOTY|
GUVOPTNGEL TG TAGNG TOV;
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3.26

3.27

3.28

3.29

3.30

3.31

(@) ® 47 ©®

Ddopticpévog mokvetig Exel evépyela 0,2]. Av dimhacidcovue v
TAOM GTOVG OTAIGLOVG TOV 1] EVEPYELH TOL:

o) Oa mapapeivet d1a.

B) Oa yiver 0,4].

v) 0o yiver 0,8J.

) Oa yiver 1,6].

Enilééte T oot andvtnon.

Eninedoc mukvotg yopntikotntog C gopTiletal Kol GT GUVEXEIN GITOGUVOEETAL

OO TNV 7Y OV TOV POPTIGE. AV UETEL TNV 0TOGHVOEST TOV OO TNV TTyM
OUTAOGIAGOLLLE TV OTOCTOON TV OTAGUMY Tov, TL Bt cupPEt pe

1) TN XOPNTIKOTNTO TOV;
2) TO POPTIO TOV;
3) TNV 1o TOV;

Ye k60e mepintoon dmaote pio amd TIG TPELS OTAVINGELS:
o) oavEavetor B) peidveton y) dev petafdAreTar.

IMvkvotg yopntwottag C, poptiletal og Tnyn 1done V Kol amokTtd
@optio q. Av, Yopic Vo, 0TOGVVIEGOVIE TOV TUKVOTH OO TNV TAOM
OV TOV QOPTIOE, PAAOVIE OVAUESO GTOVG OTAIGHOVG TOL JNAEKTPLIKO
otabepdc K, 1t Ba cvpPet pe

1) TN YOPNTIKOTNTO TOV;
2) T0 POopTio TOVL;
3) TNV ToM TOV;

Xe k0Be mepintwon dMoTe pia amd TIC AMAVINGELS:
o) Ogv petaforietan P)  av&aveton K gopéc ) upeidverol K popég.

"Evag popticpévog mukvaotg €xel amocuvoedel amd v anyn mov Tov

ooptice. Tepilovpe 10 YOPO OVAUESH GTOVG ONMAICUOVG TOV LE
dmAektpcd. oo and ta mapaxdTm peyédn peidverar,

o) H yopntuwomra.

B) To @oprio Tov.

v) H évtaon tov niektpikov mediov avALEGH GTOVG OTAIGLOVG.
d) H téon tov omAopumv.
€) Kavéva and to napondvo.

E&nynote ywoti avédvetar n xopnTtikdTnTo, vOg TukvemT 6Tay Uetald
TOV OTAGU®OV TOL TOoToBeTNOEL SINAeKTPIKO.

SOUTANPOOTE T KEVAL:

Av évag povotig tonofetn el péoa e NAekTpkd medio moAd peydng
évtaong ivotl Tavo vo KaTaosTPapovV 0l LOVATIKEG TOV 1O10TNTES Kol
va yiver aywydc. H yopaxtmpiotikn tiun g €viacng oty onoio
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3.32
3.33
3.34

OVTEXEL €VOG HOVOTNG OVOUOCETOL ovvrviniiniiiin ceeneeneenennenn. Ko
UETPLETAL OF ..........

IMa mwolovg Adyoug xpNGIHOTOIOHVTAL TO SINAEKTPIKA GTOVE TUKVOTEG;
[Too @awvopevo ovoudletal TOAMGT TOV SINAEKTPIKOV;

Na avtiotolyicete To pey€édn g TPAOTNG CTAANG OTIC HOVAdES TNG
devTepng.

1. 'Evtaon A) F

2. Avvopiko B) V/m
3. Evépyewn N ev
4. Amlektpikniovioyn A) V

5. Xopnrikdto

Medio Bapitnrog ™s I'mc

3.35

3.36

3.37

3.38

SOUTANPDOOTE TIG TPOTACELG:

‘Evtaon tov mediov Papvtnrag, oe éva onpeio Tov, ovopdletal 1o
oTa0EPO TNAMKO ..o ceeeeenann, , Tov Ba acknbei og o palo m
av Ppebel oto onueio ovtd, mpog T palo. H évroaon eivan
.................. péyebog kat £xel v 1010 Katevboven pe T Sdvoun.
Movéda évtaong tov mediov Papdtnrag elval 1o ...........

[Moteg amd T1g TPpoTAGELS TOL AKOAOVOOVV Elval CWOTEG;

o) H évtaom tov mediov faputntog o€ Eva Tov onueio £xel mhvta
v Katevbovon g dbvoung mov Ba aoxnBel oe po palo av
Bpebel oe exeivo 10 onpeio.

B) e KaBe onpeio Tov mediov Papvtntog n Eviaon tavtiletal pe
NV enttdyvvon g fopdTnToc.

v) To medio BapvnTag g I'ng eivar opoyevés.

d) To medio Papvtrag g I'ng elvarl axtivikd Ko 1 évtacn Tov
&xel Kotevbuven mTpog To KEVTPO TG,

€) H évtaon 1ov mediov Poapdtmrag g Img pewdveron
avTioTpOPA avAAOYX HE TNV OTOGTACT OO TO KEVIPO 1TNG
I'me.

SOUTANPDOOTE TIC TPOTAGELS:
Otav o péfo Kiveiton 610 medio PapdTnTog TO £pY0 TNG SLVOUNG TOL
nedlov eivon aveEdpmnto g dwdpoung mov axoiovbel 10 cmua,

€EAPTATOL HOVO OO .viiviiiiiiiiiies vieeet eereeeenenn 0éon 1OV
oopotog. To medio Papdtnrag, Onwg Kol T0 NAEKTPKO medio, €ivan
eSO .eiiiiinin Tnv 18100 vt tov mediov Papdtntog v

expetodievopacte  ywo  va  opiocovpe 10 péyegbog  duvopiko.
Ovopalovpe dvvapkd tov mediov Papvtntag g I'ng oe éva onueio
oV T0 otafepd MNAIKO ..oovvenvennenn.. NG OLVOUNG TOV TESIOV KOTA
T petokivnon pwog pafoc m ond 1o onueio avtd 6To ANEWPO TPOG

Xopo mov Bpioketar 6to Aldotnpa, pokpld and m I'nm, KatevBoveto
npog ovt). H I'm Bewpeitar axivntn ko yopic atudseapo Kot o
oo, PEXPL VO @TAcEL otV empdvela g [mg, kveitar euBhypappo.
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3.39

3.40

341

3.42

T eldovg kivnon Ba kavel, amd ™ otiyunq mov Bo pmel oto medio
Baputntag e I'mg péxpt va gtdoet 6Ty emeaveld te;

) EvB0ypapm opoin;

B) OpaAd emtayvuvopev;

v) Emtayovopevn pe emtdyvvon mov doupkadg ovEdvetat;

d) Emtayvvouevn pe exttdyvoven mov Slopkdg kpoivet,
AKOOAOYNOTE TNV ATAVINGT GOGC.

[Moteg amd T1g TPOTAGEL TOL AKOAOVOOVV Elval COGTECS;

o) To duvapikd tov mediov Papvtntag g I'Mmg av&dvetar 6tav
OTOHOKPVVOROGTE amd T I'n.

B) Av o pala agebel elebBepn oto medio PapvtnTog Kiveitot
TPOG omnueia 6mov ta dSvvapukd avEavovrat.

v) INa va peyoidoovpe v amdctacn 600 palmv amotteiton
evépyela.

d) H Svvopikn evépyelo ovotnuatog onuelokov palov sivol

TOVTO, APV TIKT.

H toydtmra dopuyng:

o) Etvan {010 yio 6Aa To0 copato mov ekto&gvoviol amd To 1010
Vyoc.

B) Eivar avédroyn g patog tov cmdpatog mov ekto&evetat.

v) Eivor avtiotpopa avdioyn pe 1 pdlo tov oOUOTOC 7OV
exto&eveTal.

d) E&aptatar amd v katevBuvon oty omoia piyveTol To oo

(OnAadn, amd To edv plyvetar KataKOPLPA 1 TALYLX).
€) Eivar pikpotepn oe peyahdtepa vym.
[Moteg mpotdoelg eivar opBEg;

Na ypa@ovv ot oxEGEIG TOV divovuy TNV £VTAON, TO SUVOUIKO Kot TNV
TayvTNTO SlPVYNG, o€ Vyoc h amd v emedvein g Img, oe
ouvdptnon pe v oktiva g (Rr), v évtaon tov mediov otnv
EMPAVELL NG (g,) Kot To DYog h amd v empaveia g I'ng.

H I'm mepiotpépetan oe eAlemtiky tpoyld yopw omd tov ‘Hio. H
UNYOVIKY EVEPYELD TNG dlotnpeitan 1| Oyl KATd TNV TEPIOTPOPN TNG;
AUTIOAOYNOTE TNV OTAVINGT GOG.

AYXKHXEIX

Hlexktpuki] por] - vopog Tov Gauss

3.43

"Evag diokog axtivag r = 0,2m Ppicketarl LEGO G€ OUOYEVES NAEKTPIKO

nedlo évraong E=500N/C. Ymoloyiote Tnv mAexTpikn pon mov
diépyetor amd to dicKo, av:

o) Eivar tomoBetnpévog pe to eninedd tov kdBeTo OTIG SUVOUIKES
YPOUUES TOV TTediov.

B) To eninedd Tov givol TaPAAANAO GTIC SOVVOLIKES YPOUUECS.

Y) H «xd&bem oto emimedd tov oynuatifer pe TG SuVOUKES

YPOUPES TOL TEdiov ywvio 60°.
[Am: o) 62,8Nm%’C, B) 0, y) 31,4Nm%C]
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3.44

3.45

3.46

3.47

3.48

3.49

3.50

Muw «Aewot em@dveln mepikieiet @optio 10uC. Ilow sivor 1
NAEKTPIKY] POY| TOL TTEPVAEL OO TNV EMPAVELD,;

Atveton : g, = 8,85 x 107" CH/(Nm?).

[Am: 1,13 x 10°Nm*/C ]

H nAextpwkn ponp mov O1épyetor omd o KAEOTH emedveln sivot
O=2Nm*/C. YoloyioTe 10 (popTio mov TEPIKAEIEL 1] ETPAVELLL.

Atvetar : &, =8,.85x107"* C¥(Nm?).
[Am: 17,7x10"2C]

Mo omoyn eivor tomobetnuévn pEGH O OHOYEVEG MAEKTPIKO medio
évtaong E pe tpoémo dote 1 KukAKY ote@dvn g va givol Kabetn oTig
SUVOUKES YPAULES TOV (o). 3.55). Ymoloyiote TV NAEKTPIKY po1 OV
Siépyetar amd TN emeaveln, Tov opilel To diyTv ™G andyng. Atvovrol n
évtaon E tov mediov ko 1 axtiva R g KukAikng otepdvng g andyng.
[An: -EmnR* ]

Onwc yvopilete, oty atpoceoapa vdpyel niektpuco medio. Tic nuépeg pe
Kkohokapio To medio eivar acbevég. Av po Tétolo uépa, To medio, Kovtd
oty emoaven g Img, &xet pétpo E=100N/C, katevbuvon kotoxdpuen
TPOG 10, KAT®, Kot vroBécove 6Tt eivan avTov (o€ OAN TNV EMPAVELR TNG
I'mc) to 1610, vroAoyicte 10 Poptio Tov Pépel N I'M. Aiveton 1 aktiva g
g Rr= 6400 km koun otofepd. &, = 8,85x107"% C/(Nm?).

[Am: -455.295C ]

"BEvag Aemtog oeaipikog ehodg aktivag R=20cm @épel niektpikd @optio

Q=24pC, opOOUOPPO. KOTOVEUNLEVO OTNV EMPAVEIR Tov. No VTOAOYIOTEL 1|
£VTOoT) TOL NAEKTPIKOD TTEdIOV GE GNLEIDL TOV CUTEXOVV OITO TO KEVTPO TOV

o) r; =40 cm, ko

B) =10 cm.

Aivetar : &, =8,85x107"* C*/(Nm’).

[AT: ) 1,35 x10°N/C  B) undév ]

Mo oopaipo oktivag R=1m, amd povotikd vAko, @épel Qoptio
Q=12pC, opowdpopeo KATOVEUNUEVO GE OAOKANPO TOV OYKO TN
[Toon eivar M niektpikny pony mOL OEPYETOL OMO U0 COOIPIKN

EMPAVELD, OUOKEVTPY| LLE TN POPTIGUEVT] COUIPA, OKTIVOG
a) 20cm ) 60 cmy) 80 cm d) 1,2m €) 2m;

4
O 6ykog ceaipog aktivag r vmoloyiletat amd ™ oyéon V = 5 w.

Aivetor : &, =8,85x107" C*/(Nm?).
[A7 : ) 10,8x 10°Nm%/C B) 29,2x10*Nm*C y) 69,4 x10* Nm*C
8) 135x10*Nm*/C, ¢) 135x10* Nm%C]

"Eva odppa molv peydiov punkovg €xet optio 4uC avd pétpo pinKovg

Tov. Ymoloyiote TNV €vTaoT TOv MAEKTPIKOV 7ediov mov dnpovpyet
70 ovpua o€ andotacn a) 10 cm kot B) 20 cm amwd TO GOLPUAL.

Atveton : g, = 8,85 x 107" CH/(Nm?).
[An: 720x10°N/C, 360 x10° N/C]
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AVVOPIKO TOV NAEKTPLKOD TEDIOV - EVEPYELN GCLOTINOTOS POPTIMV.

3.51

3.52

3.53

3.54

3.55

3.56

3.57

Inuetokd goptio O =2 x 1077 C dnpuovpyei nedio mov oe £va onueio
tov A €yet dvvapikd V=300V. Noa vmoloyiotel 1 amdoTOGT TOL
onpeiov A and to goptio. Aiveton  otabepd K, =9 x 10° N m* /C%.
[Am: 6m |

Inpewokd @optio g =2x 10°*C PBpioketar TtomoBeTnUEVO  ©TO

guBvypappo tuquo AB, pikovg 3m oe amdcTOon 2m amd To A
(neta&y tov A kot B). Yroloyiote ) dapopd duvapkod Va-V.

Atvetou n otofepd K, =9 x 10° N m? /C%. [Am: -90V ]

To medio mov dnpovpyet Eva onpetakd eoptio Q e éva onueio A €xet
évtaom E=60 N/C kot dvvapucd V=180 V. No vroloyicete to goptio
KoL TV omdoTAcT) TOV onUeiov A amd To onuelakd poptio Q. Atveton

n otofepd K, =9x10° N m? /C. [An: 6x107°C, 3m]

Tnueakd goptio O =2x107°C, Bpioketor oto onueio A. No
VTOAOYIGETE TO £pY0 TNG OVUVAUNG TOV MAEKTPKOV TESIOV KoTd TN
petaxivnon goptiov q=10"C and éva omnueio B, to omoio oaméyet
r=(AB)=1cm and 10 @optio Q, oe onueio I', t0o omoio améyset
1,=(AI')=4cm an6 10 Q. Aivetor: K, =9x 10° N m? /C2.

[An: 13,5%107°]]

Ytc kopupéc B kot I, opboywviov tprydvov ABI, e A =90°,

Bpiokovtar o optia Qi=4x10"* C xar Q;=5x10"" C. Av AB=3cm

Kot AI'=4cm, va VTOAOYIGTOVV:

o) Ta dvvapukd ota onueio A kot M, 6mov M to pécov g BI.

B) To épyo mov mopdyetar amd TO MAEKTPIKO Tedio KOTA TN
petaxivion optiov 2x 107" C and 1o onueio A oto M.

Aiveton: K, =9x10° N m* /C%.

[Am: 23250V, 32400V, —183x107°J]

e KGOe Kopven evog woémAgvpov Tprydvov ABIT, mievpdg a=30cm,
Bpioketon @optio g=2uC. No vToAOYIoTEL 1| EVEPYELD TOV GUGTAOTOG
TOV TPLOV Poptioy. Atvetor: K, =9 x 10° N m? /C%.

[An: 36x107°7]

Axivrro onpetod eoptio Q=100uC, Bpioketan oto onueio A. Mikpr opoipa
pe paloe m=10g xow goptio ¢=20nC Ppicketon oto onpeio B, oto 1610
opl6vtio eminedo e To A Ko o€ amdotaon =30 cm omrd ovtd. Av 1) Geaipa
7ov Ppioketar oto onpeio B agebei ededbepn, Adym ™G ammotig Shvopng
7oV O€yeTan, Kiveiton ywpic TpBég. No vrodoyicete v ToywTTd e

o) Otav Bpioketon o€ andotoon r,=60cm amd 0 A.

B) Orav Bpioketol o TOAD peydAn andotaon amd to onueio A.

Aivetan: K, =9x10° N m*/C*.
[Am: o) V6 ms, B) 2\/§m/s]
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Opovyevég niektpkod nedio.

3.58

3.59

3.60

3.61

3.62

3.63

Xe OHOYEVEG MAEKTPIKO TEST0, KATO HUNKOG LOG OLUVOUIKNAG YPOUUNG,
Bpiokovral, dadoywkd, ta onpeion A, B kot I'. Edv VA-V=5V xot ot
amootdoelg petad tov onpeiov eivar AB= x ko BI'= x, oo givan 1
dpopd duvapkov avdpeso ota onueio A-I" ko B-T7

[Am:10V, 5V]

O oépoc elvar povetig, oAAG Yo miekTpikd medio évtaomg
peyadovtepng and  3x10°V/m  yivetar  ayoydg  (Snuovpyeiton
niektpkdg onvinpag). H andotaon peta&d tov nhextpodiov o éva
umovli eivonr mepimov 0,5mm. Ildon eivor m eldyom Swpopd
SUVOUIKOD TOV TPEMEL VO, EQPOPUOCTEL GTA MAEKTPOdIN, DOTE Vv
napoyfel mhektpwcodg omwvOnpag; Oeopnote 10 TEdio WOV
ONpovpyeiTOl aVALESH GTO NAEKTPOSIO OLOYEVEG.

[Am: 1500V ]

270 OpOYEVEG NAEKTPIKO TTEDI0 TTOV LILAPYEL AVApEGH GE dVO OPLLOVTIEG
mAdkes pe poptio +Q ko —Q, cwpeiton (toopponet) copotido palog
m=10"kg ko1 goptiov ¢ =5x10""C. Av o1 &bo mhikeg oméxovv
peta&d tovg amodotact 1=2cm, va vToAoyloTtel 1 S10.popd SLVOULKOD
oV Tapovotdlovy. Aivetar g=10m/s”.

[Am: 400V ]

Avdpeco og d00 TAPAAANAEG KOTAKOPUPES LETAAMKES TAGKES, TTOV gival
QopTicpéveg pe goptio +Q kor -Q, 1GoppoTEL Lo LKPT POPTIGHEVN
oQaipa EKKPELONG, o€ BECT TETOW MGTE TO VIO TOL VoL oynuoTilel yovia
6° ue v Katokdpveo. Ot 300 TapdAANAEG HETOAMKES TAGKES OmEYOVV
amootoon d=10cm kot wapovsidlovy dapopd dvvapkov V=200V. H
opaipa Tov ekKpepovg €xel palo m=2mg. No vroloyiotel T0 Poptio g
opaipac. Atvovtar g=10m/s’, ep6°=0,1.

[ An: 10°C]

Hhektpovio Boketor pe toxdmta ve=2x 10*'m/s mopdiinia otic
OUVOIKES YPOUUES OLOYEVOLG NAEKTPIKOD Ttediov évtaong E=91V/m.

o) No vroloyiotel 1 dvvaun mov d€YETOL TO NAEKTPOVIO KOl 1)
EMTAyLVON 7OV Ba OTOKTHGEL
B) No ypa@oOv o1 6Y£6E1g TOL TEPLYPAPOVY TNV KivNOT TOL HECO

oto medio. Efetdote T mepTMGES OTIC Omoieg 1 TohTNTAL
Tov nAektpoviov givar I) opdpponn ko II) avtipponn wpog Tig
SUVOLIKES YPOLULES.

Atvovtor - pale tov mnhiektpoviov m, =9,1x 10°'Kg  «at 10

otoEddeg poptio e =1,6x10"7C..
[An: 1,456 x107" N, 16x10" m/s* ]

Hlextpovio Baddeton pe toydTTo Vg OUOPPOTN ME TIC SUVOLIKES YPOUMES
olOYEVOUG NAekTpooTatikov Tediov éviaotg E. Na Bpebel og mdc0 ypovo Ha
UNOEVIOTEL GTIyLOi 1 TOYVTNTA TOV, G OGO YPOvo Ba emMGTPéyel otV
apyn Tov B€om Kot Tt TopOTTe B £XEL TOTE. LYYOMAOTE TO OTOTEAEGLOL.
Atvovton 1) pélo Tov NAEKTPOVIOL M, KOt TO GTOEIDOES OPTIO €.

[An: muy/E.e, 2 muy/E.e, -vo]
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3.64

Aéopn mhektpoviov  €1GépyeTol  KAOETAL OTIC OUVOLUKES  YPOLLUES
opoyevoug mAektpikod mediov mov  oynpatilovy 000 TOPAAANAEG
(QOPTICUEVEG TAAKEG. AV 1 TOOTNTO TV MAEKTPOVIOV TNG déoung eivan
v, Vo Bpebel n amdiion wov Ba vrrootel 1) déopn oo To TEdio Kabmg Kot
N tayodtnto. pe TNV omoio eEépyovial To MAEKTPOVIO. omd TO TEdiO.
Alvovtat 1 Toy0TIT V,, TO UKOG / TOV GOPTICUEV®V TAOK®V, 1| £vtacn E
ToL Tediov, 1 Palo ToV NAEKTPOVIOL M, KO TO CTOLYEIDOES POPTIO €.

Eel? E*e’l? Eel
[An: y=———s, U= Uy +—— ., Epp=—]
meUO meUO meUO

XopnTIKOTNTO - EVEPYELR POPTIGUEVOD TUKVOTI

3.65

3.66

3.67

3.68

3.69

3.70

[Mukvetig yopntikoémrag 6pF, eoptileton oe Sapopd dvvapkov
12V. Na vroloyiotei 10 Qpoptio Tov.
[Am: 72pC ]

Ot omAiopoi eninedov TuKvmTH £rovv oynua dickov aktivag 4cm kot
améyovv peta&d tovg Imm. T poptio Ba amokTHoEL 0 TLKVOTAG OTAV

ovvdebel o Thon V=10V; Aiveton: &, = 8,85x 107" C*/ (N m?).
[Am: 444,6 pC ]

Ot omMopoi evog eminedov mukvoti €govv eufadov A=72cm’ Kat
anéyovv petath tovg d=1,2mm. Xtov mukvot eeappoletal taon
V=12V. Ynoloyicrte:

o) Tnv évtaomn tov nAektpikod mediov petaé&ld TV OTMGUMY TOV.
B) Tn yopnrikdTTd TOVL.

Y) To @optio ToL.

Atveton : g, = 8,85 x 107" C*/ (N m?).

[ Am:10* V/m, 53,1 pF, 637,2 pC]

Eninedog mukvmtg pe yopntikdétra C=10uF cuvdéetan pe anyn mwov

tov poptilel og Taon V=100V. Xwpic vo amopaxpouviei o mokvmtng

amd v mnyn dmiacidlovpe TV amdGTACT TOV OTMGU®V Tov. Na

VTOAOYLOTOVV :

o) H véa yopntikdétta 100 TukveT.

B) To @optio ToLV TLKVOTH TPV KoL LETH TNV OTOUAKPVVOT TOV
OTAICULAV TOV.

[Am: 5pF, 1000uC, 500uC ]

IMvkvotg yopntwkomrag C=20uF o@optileton oe tdon V=500V.
[Toom evépyela umopel va dMGEL 0 TVKVMOTAG OV EKPOPTIOTEL.
[Am:2,57]

[Mukvetg yopntwkomrtag C;=20puF @oprtiletor oe tdon V,=80V. O
TUKVOTNG TOGLVOEETAL ATO TNV TNY1| TOL TOV POPTIOE Kol GUVOEETL
Ue apopTIoTo TUKVAOTNH YopnTikotntos C=5uF. Na vroioyictolv :

o) H téom mov Ba ookt icouy ot 300 TUKVATES LETA Tr GUVOEST] TOVC.
B) To @optio kéBe TLKVOTN LETA TN GVVIEST).
v) H nmlextpn dvvapkn evépyeta mov Oo yabei pe tn cuvdeon

TOV 000 TUKVAOTOV.
[An: a) 64V, B) 1280uC, 320uC vy) 12,8x10'3J]
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AmAeKTPIKG

3.71

3.72

3.73

3.74

3.75

Avaueco o©TOVG  OMMGHOVG TLKVEOT yopntikotrag C=12pF
tonobeteiton dSAekTpkd pe dinAekTpikn otabepd 5. No vroAoylotel
M véa YOPNTIKOTNTO TOV TUKVOTY.

[ Am: 60uF]

‘Evag mokvetg, yopig diniextpikd, poprtiletor o tdon 240V. X

GUVEYELD OITOGLVOEETOL OO TNV TNYN KOl OVALESO GTOVS OMAGLOVG
TOV &€lodyetal YooAl, €161 ®OTE VO YEUiGEL OAOC O XDPOGC.
[Moapatnpodpe 611 M thomn oL TLKVOT) pewwvetal o 40V. Na
VIOAOYIGTEL 1] SINAEKTPIKT GTOOEPE TOVL YVLOALOD.

[AT: 6]

[Mukvotig yopntikotntag C=5uF, yopic diniextpikd, GuvOEETUL LE
nyn taong V=10V. Aatnpovtag Tov  TUKVOTH GUVOEUEVO HE TNV
mnyn, yeMlovpe 1O YMOPO OVAUEGH GTOVG ONAIGHOVG TOV LE YOoPTi.
[Mapatnpovue 6tTL 10 Poptio ToL CvEavetar katd AQ=150uC. Na
vroAoyicete T dAekTpPIkT oTabepd TOV YOPTIOD.

[AT: 4]

OFLOVE VO KOTOOKEVAGOVLE EMIMESO TUKVOTN HUE YOPNTIKOTNTO
C=44nF o1 téom Aewrovpyiag V=2000V. Qc Omiextpicd Oa
¥pNowonojcovpe  Pakeritny, mov  Exel  OINAEKTPIKN  avtoyn
E =24x10°V/m kon dmhiextpuey otodepd K=5. Ymoloyiote 10
eMdoto EUPOdOV TOV OTAGUADV TOV.

Atveton : &, =8,85x1072C?/ (N m?).

[Am: 0,083m’ ]

Ot omMopol evég eminedov mukveth &xovv epPadov A=3cm’.
AvVAUEGH GTOVG OTAIGUOVG TOV VITAPYEL YOPTi, SINAEKTPIKNG GTaOEPAG
K=4. Na vnoAoyiotel 10 péyioto @optio mov Umopel vo QEpeL O
mokvetic. Aivoviar : &, = 8,85x1072C? / (N m?) kan 1 Smhektpucy

avtoyf ov xaptiov £ =16x10°V/m.
[Am: 169,9 nC]

IIedio PapiTnTag

3.76

3.77

No vroloyiotel 1 éviaon Kot To Suvaptkd Tov mediov PapvdTnTag g
I'ng o€ éva onueio mov Ppicketar o€ Hyog h=Rr and tn empdveid .
Atvovton 1 aktiva g I'mg Rr = 6400 km kot n évtaon tov mediov
Bapvtnrog ot empdveto ™ I'ng g,=10 m/s’.

[An: 2,5m/s*,-32x 10° J/kg ]

Yopo palag m ekro&edeTon amd TV emedvelo g I'ng xotakopvea
TPOG ToL mave pe ToydTTo V=10 m/s. Yrmoloyiote OG0 ynAd Oa
etdoet 1o odpa. Atveton n aktiva g I'mg Rr= 6400 km ko1 1 évtoon
oV mediov PapvTnTag oty emedvela ™ I'ng g,=10m/s”.

H avtictaon tov aépa de Aapupdvetal vmoyn.

[An: 50km ]
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3.78

3.79

3.80

3.81

3.82

3.83

H péla g I'mg eivan 81 popég peyardtepn and ) nala g ZeAnvng

Kol 0 Adyog TV axtiveov Toug eivar 11/3.

o) Av 1 évtaon tov wediov Popvrag oty emipdveln g I'mg
elvar go=10N/kg vo vmoloyiotel mn é£vioon tov mediov
Bapvttog oty empdvela g ZeAnvnc.

B) ‘Eva copa éxel oty emeaveia g I'mg Bapoc 700 N. Tlowo Oa
glvat 10 PAPOG TOV OTNV EMPAVELX TNG ZEANVIG;

[Am: 1,66 N/kg, 1162 N ]

Amd daotnuikn e&€0pa mov Ppicketon g Dyog h amd v empdveia g
I'mg Béhovpe va ektoEedoovpe SOGTNUOTAOL0 MGTE VoL EYKOTAAEIYEL TO
nedio Papvmrac e I'me. No Bpebel ) eldryiot TodnTo 10V TPETEL VOl
dwoovue oTo SNUCTNUOTAOW. AYVONGCTE TIS EMOPAUCES TOV GAAMV
ovpaviev copdtemv TAny ¢ I'ng . Atvovton n aktiva tg I'mg Rr ko n
évtaon tov wediov PopvTnTag 6TV ETPAVELL TG Lo.
2

[An: vg = 2goi ]

R.+h

Na Bpeite v toydtTa SlpvYNG VOGS GOUOTOG OO TNV ETPAVELN
mhovitn pe palo m=M/8 kor mukvotnta ion pe avty g I'mg. H
TayvTnTo dtpuyng omd ) I'n etvar v=11,2 km/s. H I'n kot o mhavitng
va Bewpnbobv opoyevelg akivnteg oeaipec. O Oykog oG SPAipOg

4
diveton oo ™ oxéon V = Eﬂ'RS. [AT: 5,6 km/s]

H toydmro pe v omola @tdvel évog petempitmg ot I'm pmopetl va
extyunBel amd 1o péyebog Tov Kpoarrpo ov Bo avoi&el Katd TV TpOoKpoLoN
Tov otV emeavewt TG I 'me. Amd to péyedog evog TETOL KPOTHPOL EXTILALE
ot évog uetempitng ptoce oty emodvew g Img pe toydmta
v=65.000km/h. YmoAoyicte tnv toydtTo. mov €iye o0 peTEmpiTNG OTOV
éuonve oto OpLoL TG Paputikig emidpaong g I 'me. Oswpriote Tig TpEG Tov
OVOTTOCGOVTOL KOTOL TNV Kivion Tov HETempitn oty otpoceopa g Img
OUEANTEEG KO OYVONOTE TNV EMIOPOCT) TOV GAADY OVPAVIOV COUATOV, TANY
mg I'ng, ot kiviior Tov. Atvovton Ri=6400 km, ko g=10 nv/s.

[An: 14x10°m/s]

Avo pikpég opaipeg pe paleg m; = m kot mpy = 2m Ppickovial 6€
anootoon [ peta&d tovg kKot €€ amd omolodnmote medio Papvnrag.
Na Bpebei to onueio tov ydpov Gto omoio 1 évracn Tov PapuTikod
eSOV OV OMUOVPYOVV Ol CPAIPES EvaL UNOEV KoL GTI| GUVEYELD VO
vroAoytebel y'avtd 10 onueio To dvvoukd Tov Poputikov TEdiov.
Aivetan n otafepd maykoouiag EAENG G.

[Am: x=l(\/5—1) and Ty my, —%(2\/54-3)]

g kopueég A,B, T evdg tprydvou e Thevpés a, B, Y PpickovTon ot GeaIpIkeg
paCeg my, my, Kot mz. No VTOAOYIOTEL 1] EVEPYEID TTOV OUTOITEITON Y10 VO, TIG
OTTOUOIKPUVOLLE GE GIELPT) otOoTO0T| LETAED Tovg. Atveton 1) otafepd G.
m;m, e mm, e mym, ]

[An: G
/4 B o
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3.84

3.85

3.86

3.87

3.88

[TPOBAHMATA

Mo opaipo axtivag R amd povotikd vAKO gEpel popTio, OLoOUopOa
KOTOVEUNUEVO GE OAOKANPO TOov Oyko tne. To @optio avd povada
oykov gival p. Bpeite ) oyéon mov divel TV £vIaomn Tov NAEKTPIKOD
7ediov TG GPAipAg TOGO GTO ECMTEPIKO TNG OGO Kol 6T0 eEMTEPIKO
mg. [Hopaoctiote ypagikd 10 HETPO TNG EVTOCNS GE GLVAPTNON UE TNV
OOGTOOT T OO TO KEVIPO TNG GPAIPOG.

4
O dykog opaipog axtivag r eivonl = 5717”3

R3
[Am:yuo ¥ < R E:ﬂ, yoo 2R E= /02]
3¢ 3¢ r

o o

‘Evag kOAvopog, moAd upeydiov upnkovg, €xel axtiva R kot sivot

OLLOIOHOPPO. POPTIGUEVOG G OAO TOL TOV OYKO. To @optio ToL avd
povada 6ykov etvar p. Bpeite v éviaon tov niektpucol mediov oto
€0MTEPIKO KOl 6TO e£MTEPIKO TOL KVAIVOpov. [Tapactnote ypoaeikd o
UETPO TNG £VTOOTG O GUVAPTNOT UE TNV OTOGTUCT Ad TOV GEOVA TOV
KVALVOpOv.
2

[AT:yio ¥ < R E=ﬂ, yor>R E= Rp

2¢e, 2e,r

]

oopikdc aywyoc axtivagc R=10cm eivor @optiopévog pe @oprtio
Q=20nC. Bpgite TV évtaon Tov NAEKTPIKOV TEGIOV TOVL dNUIOVPYEL GE
onueia mov anéyovv amd To KEVIPO TOL 1=2cm, r,=8cm Kot r;=20cm

amd 1o KEVTpo tov. Alvetan : &, = 8,85 % 107" C¥/(Nm?).

[Am: a) 0 B) 0 y) 45x10°N/C]

‘Eva paxpd gufdypappo cvpua mepifadiietal amd Koiho UETOAAIKO

KOAWVOpO 0 dEovag Tov omoiov cupmintel pe 10 cvppo. To cOppa ivar
OLOIOLOPPO.  QOPTICUEVO UE QopTio A avd povada unkove. O
KOAMVOPIKOG aymyodg elval €miong QOPTIGUEVOC HE TO  QOPTIO
OLLOIOLOPPO. KATAVEUNLEVO GTNV EMLPAVELL TOV Kot UE POPTio -A avd
povada pnkovs. Bpelte v €viaon tov mAektpikod mediov o©TO
ECMTEPIKO KOl 6TO EEMTEPIKO TOV KVAVIPIKOD Ay®YOL.

1
[An: Zt0 eootepikd E = —, oto eEotepd 0 ]
2re, ¥

AVO  QOPTICUEVO, HOVAOTIKG @QUAAD  OGTEWPOV  OlOCTACEDV  Eival
TapdAnia petald tovg, 6mws eaivetal oto oynua 3.56. To apiotepd
@OAMO €xel avd povada empdvelag eoptio +o, evd To 010 €xel ava
povada empdavelag eoptio -6. Na Bpeite v €vtaot Tov NAEKTPIKOD
nediov oe onueio mov Ppickovral o) aplotepd tv 600 VALV P)
avdpeoa ota 600 PUAAL Kat ¥) de&ld Twv dVO PUAL®V.

[An: o) 0, B) E=0cl/s, 7) 0]
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3.89

3.90

3.91

3.92

3.93

210 GOANVA TNG TNAEOPACNS, TO NAEKTPOVIOL TOL EKTEUTOVTOL OO TN
Bepuravopevn kéBodo pe apeAnTén ToHTNTO EMLTOYOLVOVTAL, OO £V
OLOYEVEC MAEKTPIKO TEST0 KoL AoV dtovvcouvy andotacn [=1,5cm pe
Vv emidpocn TOL TMAEKTPIKOD wedlov  omOKTOOV  TOYLTNTO
v =4x10"m/s, pe ™V omoia kat GLVEXILOVY Ve KWVOOVTAL PéYPL VOl
nécovv otnv 006vn. No vroloyiotel n évtacn Tov mediov. Alvovtot :

e=1,6x10""C, m, =9x107"kg.
[An: 3x10°N/C ]

To dTopo Tov VOPOYOHVOL amoTeLeiTAL ad £va TPMOTOVIO (TLPNVAS) KoL
£€va, MAEKTPOVIO, TOV TEPIOTPEPETOL YOP® omd Tov Tupnva. Na

VITOAOYIGTOVV:

o) H xwnten evépyeia tov niektpoviov.

B) H duvapkn evépyela Tov aTOUOL.

v) H olwkn evépyeia Tov atoOpOL.

d) H evépyelo mov mpémel vo, TpoGPEPOVIE GTO NAEKTPOVIO DOTE

avtd va Eepuyel amd TV €AEN Tov TupNva (N EVEPYELD 0VTA
ovopdletal €pyo 10VIGHOoD).
Aivovtal: 10 OTOWEI®OES QOPTIO €, M OKTiva TEPIOTPOPNG TOL
niextpoviov r ko1 1 otabepd K.
1 e’ e’ 1 e’ 1 e’
[An:a0) —K,—, B) -K,—, 7)) ——K.—, 8 —K,—]
2 r r 2 r 2 r
AVO TapdAInAes LETOAAKES TAAKES, POPTICUEVES e ovTifeta @opTia,
dnovpyodv avapesd toug opoyevég niektpikd medio. 'Eva mpwtovio
Baiietar amd ™V apvnTikn wpo¢ TN Oetikn mAdka pe ToydTNTO
v, =5x 10° m/s, mopédnia mpog TG duvapkés ypappés. oo
TPENEL VOl €ivol 1) S10pOpPa SUVOUIKOD AVAUESH OTIS OVO TAGKES, DOTE
T0 TPOTOHVIO HOMG VO PTAGEL oTr| BTk TAGKO,
Afvovton @ 1o otoyEtddes goptio e =1,6x107" C xar 1 péla Tov
npotoviov m, = 1,6 x 107 kg.
[Am: 1250V ]

dopricpévo soapidio paloc m=0,5 g xa goptiov g =—10"° C
Baiietor katakOpLEO TPOG TO WAV e  OpyKn  TOOTNTO
v, =85 cm/ S amd 10 OeTiKd TPOg TOV OPYNTIKO OMAGHO TLUKVOTH,
TOPAAANAO OTIG SLVVOUIKES YPOUUES TOV TTeEdiov Tov mukvmTh. Edv 1
dapopd dvvopikod petald tov onMopdv sivar V' =4kV ko n
petaé&d tovg amdotacn d =4 cm, va Ppebel n eldyotn omdcTOOT
amd TOV OpVNTIKO OTAIGMO otnv omoio. Oa @Tdoel T0 oealpidio.
Mmnopodpe oto mpoPfinua ovtd va Bswprioovue 10 Papog TOUL
opapdiov apeintéo; Aiveton g =10 m/ st

[Am: lcm]

Aenti déoun nAektpoviov pmaivel pe toxvTo U = 2 X 10’ m/s 1o

edlo QOPTIGUEVOD EMMEGOV TVKVMOTH TOPAAANAN LE TOVG OTAIGLLOVG
tov. H 16on petald tov omiiopodv tov mokvety sivar 80V, 1
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andotacn Toug eivar d =2cm  kou to ufiKog Toug eivar [ =12cm.
No Bpebel 1 amdxkiion g déoung Katd v €080 ¢ and To medio
oV KaOmg Kot 1 S10popd duvoptKod peta&d Tov ornueiov €16650L Kot
Tov onueiov €£0dov. Alvetar 1o €00 QOPTIO TOL MAEKTPOVIOL

£ Z1,75x10" Clkg .

m

[An: 12,6 mm, 50,4V ]
o . ) 1 o .
3.94  ZXoaipa éxer aktiva R=10cm kot goptio Q = —§><10 C. Kémow

oTIYU] éva MAEKTPOVIO Eepelyel amd TV empdveld TG He pndoapvn
OPYLKT| TOYOTNTO.

o) No vroloytotel | TaxOTNTE TOL OTOV £XEL PTAGEL GE ATOCTOCT
r=30cm omd 10 KEVTPO NG SPaipag.

B) No vrmoAoyiotel 1 péylotn toydTTO TOL B0 ATOKTINGEL TO
NAEKTPOVIO.

Aivovtat: : e=1,6x107""C, m, =9x107" kg, K=9x10° Nm?*/C?
[Am: 2,66x10°m/s, 3,26x10°m/s ]

3.95  Zopa mov &gt poptio O =2x107" C givar otepe@PEVO STV KOPLOT
T dyov emmédov. To copatidro X el palo m=Img kot Qoptio
g =3x10"C. To cwparido T agivetar eAeddepo ot Eva onueio Tov
TAQY10V emMmESOL OV améyel andotacn d amd TO POPTIGUEVO GMLUA.
Ymoloyiote Vv tayhtntd TOL TN GTIYUN oL Ba eTdost ot fdon Tov
A0V emmédov. Bewpnote 4T 1 kiviorn Tov X yivetan yopic TpiPéc.
Egappoyn yw [=3m, d=1m, ¢=30°.
Aivovton : g =10 m/s* kat K= 9 x 10° Nm%/C2.
[Am: 9,6 m/s ]

3.96  Zoapudc ayoyde pe axtiva R=10cm ko goptio O =2x107C, éyet
JioL AETTT 07N, KT KOG oG SopéTpov. Xe andotact d=30cm amd 10
KEVTPO TNG Kol GTNV TPoEKTacT G vbeiag mov opilel n om, agrvetot
onuewkd  @optio, pe pala m=0,5x 10°¢ kg «or  @optio
g =-4x107C, 10 onoio kweitar mpoc T opaipo. To poptio pmaivel
otV omf Ko damepvd ™ opaipo. Na vroloyiotel 1 ypoviky ddpkela
™G kiviiong Tov goptiov péoa oty omh. Aivetar K= 9 x10° Nm%/C?.
[An: 14,4 ms]

3.97  Avo pukpég eopticpuéveg opaipeg mov xovv ica eoptio q kot paleg m
Kot 2m avtioTolyo, eivol EVOUEVES e AETTO VILLOL KOl LIGOPPOTOVY GE
Aeilo opildvtio eminedo oe andotaot / petald tovg. Kdmown otiyun to
Viue omdel kol ot ogaipeg apyifovv va kwvodvior AdY® TOV
OTOOTIKOV OLVAUE®Y 7OV  OVOTTOGGOVTOL petagd tovg. Na
vroloylotel N TovTTa oL Bor £yl kABe ceaipa T oTiypr| mov M
amdoTaoT OVAUESEH TOVG Oa Exet yiver 21
[Am: 2¢g s . q a ]

6lm 6/m
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3.100

3.101

3.102

‘Eva. onpetakd goptio Q=7x10°C  sivon tomofetnuévo c€ VYOG

h=3,6m and 1o £da@pog. Amd to onueio A mov Bpioketar o€ Hyog h/2

omd 1o £dapog aprveton e pikph opaipa palac m =107 kg, mov

@tavel 010 £60p0¢ (oTo onueio I') pe ToydTnTa v=8m/s.

o) Etvar poptiopévn n ppn| coaipa 1 6x;

B) Av amoderybel 6t glval popTicuévn va vtoloylotel To poptio
meq.

Atvovrar : K.=9x10° Nm?/C2, g =10 m/s’.

[An: 0.8x107° C]

H Bdon evog 160okerote Tprydvou givar opildvTio Kot 6TiG AKPES TNG
Bpiokovtan to goptia O, =0, =5x10°C. And v Kopven OV
TPLYOVOL TOL TO EMTESO TOV EIVOL KOTAKOPLPO OLPNVETOL COUATIO LE
pale m=5Smgxor @optio g =-2x 107"°C. No vnohoywotei n
TayOTNTA TOV TN OTIYUY] OV TEPTOVTAG JEPYETOL OO TO WEGO TNG
Baong BI. Aivovtar. Mnfkog Baong [ = 60cm, Oyog tprydvov
h=40cm, g=10m/s*, K, =9x10° Nm* / C*.

[An: 42m/s]

2 Bdorn Tov TAdYoL EMTESOL TOV GYNHOTOG PPICKETOL GTEPEMUEVO
10 goptio Q=4x10"°C. ¢ andotoon r=40cm and6 0 QO
OQTIVOULLE &va POpTIoHEVO odpa pe pala m =4x 107 kg wa poptio

g =2x10"°C (oy. 3.59). Av 1 kivnon oV copatdiov yivetar xopig
TPBEC, VO VTOAOYIOTEL:

o) H péyiom amdotoon amd to Q oty omoia Ha @tdoel to
ocmUaTiolo.
B) H péyrom taydtnro mov Oa amokTioel 0TaV OTopaKpOVETAL.

Aivovta: g =10m/s>, ¢ =30°, K, =9x10° Nm* /C*.
[An: 09m, 1m/s]

"Evoc mokvotig éxel amoouvdebel and v mnynq mov tov eoptice. Ot

omhopol tov A kar B, éyovv duvvapkd V,=50V kar Vg = -50V,
avticTotya.

o) ITow etvor 1 T@on TOL TLKVOTN;

B) Av yeiwoovpe tov omhopd B, Bo aAld&er to @optio Tov
TUKVOTN;

v) ITowo Ba givat To dvvapikd KaBe omAMGHOD, LETA TN YEI®ON TOV
omAMopov B;

[An: o) 100V, B) OXI, y) 100V,0]

To péyioto poprtio eninedov Tukv@T, 6TaV PETAED TOV OTAGUAOV TOV

éxer aépa, glvar 2uC. Tlowo eival to péyioto @optio mov pmopei va

QEPEL O TUKVOTNAG OV OVAUESH GTOVG OTAIGLOVG TOV TOTOBETGOVLE
. , , . . 6

yooi; H dmAektpikn avtoyn tov aépa givar E;=3x10° V/m ka1 tov

yvaiov E,=14 x 10° V/m. Amhextpiky otabepd tov yookiod K=5.
[Am: 46,7uC ]
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3.103

3.104

3.105

Xvotpa dv0 TUKVOTOV He YOPNTIKOTNTEG

C, =C, =4ulF ovvdéovton petagd tovg mapdiinia. To cvompa
TV 600 TUKVOTOV cvvdéetar pe Tnyn taong V =30V (oy. 3.60) ko
ol TUKVAOTEG QopTilovTal. XT1 CUVEXEW O(POV OTOCLVOEGOVUE TNV
mmyn avipeco otovg omhopovg tov mukveot €, ewodyovue
dAextpikd otobepdg K =5.

o) No vmoAoywoteli 10 @optio kdbe mukvoty Otav MOV
ouvdedepévol pe Ty Inyn.

B) No vroAoyiotel 1| Téon Kot 10 eoptio KdBe TLKVOT PETA TNV
amochVOEST TOVG Omd TNV 7ANYNR KoL TNV EGOYOYH TOV
SMAeKTpLKoV.

[An: ) q,=¢q, =120uC, B) V=101,
q, =200uC, g, =40uC ]
Awomnuiko oynua pe paloa m=8000 kg katevBoveron mpog ™ I'm. Tn

otiyu] mov Pploketan oe Vywog h=Rr 1 toydmmtd tov eivon
0,=8 % 10°m/s.

o) Av Jdev AETOLPYNCOLV Ol OVAGYETIKOL TOHpavAOl TOV Vo
vroAoylotel M tayvTNTA pe v omoia Ba TpookpovoeEl GtV
emodvela g I'ng.

B) Av katd ™ S1dpKeld TG KaBOS0V TOL OYNUATOG, ATd TO VYOG

h péxpr v emodvewn g I'mg, Asrtovpyncovv ot THPAVAOL,
onuovpywvtag otabepn  avooyetikny  ovvaun F,  va
VTOAOYIOTEL M TN NG OOTE TO OYNUO VO QTAGEL GTNV
emoavela g I'ng pe pndevikn taydvnro. Aivetor n axtiva g
I'mg Rr = 6400 km kot 1 évtaon tov mediov Papvntag oty
emoaveln ™ I'mg g.=10m/s*>. H avtictacn tov oépa Sev
Aoppdvetor vToy.

[An: 8/2x10° m/s, 8x10* N ]

AWGTNIKOG GTOOUOC TEPIOTPEPETAL G EALEINTIKY TPOYLL YOP® Ao
™ I'm, pe eldyiom kot péylotn oamdotaon omd To KEVIPO 1TIg
r=7x10°m kot ,=9x10°m, avtiotoyyo. Av 1 ToOTTA TOVL dTAV

Bpioketon o oaméoTaon 1 (eAdyo) eivor v,=8x10°m/s, vo

VTOAOYIGTOVV:

o) H toyvmtd tov 6tav Bpicketar o€ andotaon 1, (LEYIOTN)

B) H eldypiomn evépyein mov mpémer va mpoopepbel oe pua
ovokevn, palog m=140 kg, mov Ppiokeror oto dacTnuikd
oTofuo, Yy vo QTAcEl 6To GMEPO. AIKOIOAOYNGTE YLOTL 1M
evépyew ovtn eivor 10w omd omolodNmote onueio NG
EMEWTIKNG TPOYLAC Kol oV Tpaypotoron el ) for.

Aivovtal n aktivae, g I'ng Ry = 6400 km ka1 m éviacn tov mediov

Bapdtnrog otV emedveta te I'ng g,=10m/s’.

Inpawwoeg:  DH mepiotpoer] tov Snotnikov otabuov yivetot
yopig omowadnmote ypnon mopaviwv. 1) H eixticn
dvvaun pPeTa&h GLOKELNG KOl SCTNUIKOD oTafuov
glval apeintéa.

[An: 6,16x10°m/s, 3,7x10°J ]
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Ew. 3.15 O aotpovadtng otpile-
Tal 6To J0pLEOPO Tov PpiokeTal
o€ TPOYLQ

3.106

3.107

3.108

3.109

3.110

‘Eva drootpuikd oynpa Eekiva xopig apykn taxdTnTa amd to £00)og

KOl KWelton Kotokopupa pe otabephi emtdyovon o=32 m/s>. Ty
GTIYWY] OV 1 TOYVTNTE TOL OMOKTA T TETOLN TOV TOV EMITPENEL VOl
amopakpuvlel amd to medio Papvtnrag g I'Mg otopatd n Asttovpyia
TOV  TOPOVA®V Kol To Oynmuo ovveyiler v mopeio tov.  Na
VTOAOYIGTEL TO VYOG GTO OTOI0 TODOLV VO AEITOLPYOVV Ol TOPOVAOL.
Atvovton n axtiva g I'mg R=6400 km xo1 m évtoorm tov mediov
BapdTnrag 6TV emedvewa tg I'mg g,=10m/s’.

[An: 1,6x10°m]

®éhovpe va otethovpe oto Atdotua éva oopa palog m=200 kg. I'a o
oKOTO OVTO YPNCYOTOOVUE TOPOVAO  TOL EKTOEEVETAL OO TNV
empdveln g I'mg, Katakdpvea tpog Ta tdve. O mHpavrog Eekivaet pe
ToyVTTe. UNdEv. Oewpovpe OTL TO0 OO OEYETAL amd TOV TOPOVAO
otafepn Tpowotikr) Suvoun F=4000 N kot 6Tt To Kodo1pe Tov TupadrAov
dprovv péypt va, ptacet og Vyog 0,6 Rr amd v empdveio g Ime.

Na vroloyicete 10 VoG 610 omoio 10 cOpA B €yl OMOKTAGEL TNV
amopaiTnTn TOYXVTNTO Yid va SopUyel 6T0 AldoTna Kot ThV TayhTnTo
7ov Ba €yel To cdpa otav Pyet and 1o medio PapvtnTog g Ig.
Atvovtal 1 axtiva g I'ng Ry = 6400 km xo1 n évtaon tov mediov
Bapvntag oV empdveto e I'ne go=10m/s’.

[ Am:3,2x10°m, 5,06x 10° m/s]

O Moyog tov palov e I'mg ko g Zelqvng eivon % =81xat n
z

andotaon tev kévipav toug etvor d =60 R.. No Bpebei oe mowo
onueio g evbeiag mov evmvel ta kévipa Img Ko XeAqvng n éviaon
Tov mediov Papvtrag givar undevikn.Aivetor n aktiva g I'nmg Ry .
Ayvofote omoladNToTe AAAN PapuTikn ETIOPOCT) EKTOG OO AVTEG TNG
I'mg kot g ZeAnqvng.

[An: x=54R; ond 10 kévipo g Img ]

Awomnuikd oynuo Eekivd amd v emoedveln g I'mg kot kveiton
Katakopvea. H mpowotikn dvvaun tov mopadiov Tov givol og Kabe
0éom, v OAN TN dudpkeln TG Kivnong, SIMAGGLO KOTO WETPO Kol
avtifeng eopdg e to Papog Tov. YToroyiote TNV Toy0TNTO TOV OTAV
ptacel oe Oyog h = R..

Aivovtat: R, = 6400km, g, =10m/s” .

[An: 8x10°m/s ]

"Evag dopupopog pe pala m =100 kg nepiotpépetar, apykd g Hyog

R mave amd v emodvern g I'mg. Metd and opiopévo ypovo,

yovovtag oyd — owyd  Gyog, AOY® NG Opoiig OTHOCPALPOC,

neplotpépeton o€ Oyog TR /9.

o) No vroAoyiotel 1 HETAPOA] TNG KIVNTIKNG EVEPYEWNG TOV
d0pLPOPOV.

B) Av 1 opor] oTHOCOOIPO OMUIOLPYEL OTNV TEPLOYN TNG
neplotponic  avtiotoon A=0,2N, vo vroloywotel o
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3.111

3.112

3.113

GUVOMKO UNKOG TNG €MKOEWOVS TPOYLIS TOV SEYPOYE O
S0pLEOPOG Y10 VO PTAGEL OO TNV APYIKT GTNV TEMKN TPOYLA.
Atvovtar: R = 6400km, g, =10m/s”.

[AT: ) 2x10°J, B) 10°m]

Alootnuikd oynua pe palo M =8fon mov petapépel ceEANVAKATO
ualog m =1,5ton, tibeton o Tpoytd yopw amd ™ Tekfvn oe VYog
h=R/20 and v empdaverd g (R : n oxtiva g Zedqvng). Katd
TN OUWIPKELN TNG TEPLOTPOPNG KATOLO GTIYUN| TO OOGTNHIKO OYMUo
glevbepmdvel TN GEANVAKATO LLE TETOWO TPOTO MGTE 1) TOYLTNTA TNG VO
eivan undév. H oelnviaxotoc apyiler tote va xotefaivel mpog
Yelvn extehovtog guBOypapun kivinon kot QTavel 6TV EMPAVELL
™G HE TNV KATOAANAY XPNOT TOV OVAGYETIKOV TUPAVA®V EXOVTOG
TaOTNTO PNOEV.

o) No vroloyiotel M ToxOTNTA TOL SOCTUKOD OYNHOTOG
OUECHMG UETA TNV ATOPOAN TG CEANVOKATOV.

B) No vrohoyiotel t0 €pyo NG SUVOUNG TOV OVOGYETIKMOV
TUPADA®V.

Aivovtal: H emtdyvvon g Papdtmrag oty empdvelo g ZeAvng
g, =16m/s’> ko n axtiva mg Zedjvng R =1680km . Ayvofiote
TNV eNidpacn GAAOV COUATOV, TANY TNG ZEAVNC.

[An: 1900 m/s, —192x10°J]

"Evag dopupopog pe palo m kiveitar KokAkd yopo amd ™ I'm pe

tayvmta L. Ecotepkn dudtaén mpoxodel Expnén pe amotélecua o
dopvpdpog va ywpiotel oe dVo pépn, amod ta omoia to éva, palag m,,
ouvveyilel va Kwveiton oty 810 KuKAMKN Tpoyld Tov glxe 0 dopLPOPOG
npwv TV Ekpnén evad 1o dAko, palag m,, amokTé TNV omapaitnn
TaYOTNTA Y10, va d1apOyel amd v EAEN g I'mc. Yrohoyiote Tig naleg
m, Kol M, 6TIG onoieg YwpioTnke 0 0pLPOPOG.

A 2m(V2-1), m(3-242)7

Abo Geotpikoi TAOVATEG £XOVV, 0 TPAOTOC aKTiva R, =1334x10°m xon
uata m, =1209x10" kg xa o Sevtepog palo m, =4m,. Ot
TAQVIATEG TTEPIOTPEPOVTOL YOP® 0amd TO KOWO kévipo MAloc Tovg,
EKTEADVTOG KUKAMKEG KIVIOELS Y0pig TV emidpacn GAA@V duvapeny
ekTOg amd TN peta&d touvg EAEN. H amdotoon avdpeso oto KéEvipo
TovG gtvo / = 40R, .

Aivetan G =6,673x107" Nm* / kg*.

o) No VTOAOYIGTOVV 01 OKTIVEG TEPIGTPOPNG TOVG,.

B) No vroloyiotel | eAdy ot TaxOTNTO LEe TV Omolo TPETEL VoL
BAnOel éva PARUO amd TNV EMPAVEIDL TOV TPMTOV TAUVITY
MOTE VO PTACEL 6TO dEVTEPO.

Inueioon: Oo Bewproete OTL 01 TAAVITEG OEV TTEPLOTPEPOVTOL YOP®

oamd Tov AEOVA Toug Kal TL OV £Y0LV ATLOGEOLPO.

[An: 42,69x10°m, 10,67 x10° m, 1025,8m/s]
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Ew. 3.16 O ®6Bog, d0pvpdpog
Tov Apn.



Ew. 3.17 Robert Millikan (1868-
1953). Hvopéveg IoAtteiec.

TO IIEIPAMA TOY MILLIKAN

Tnv mepiodo 1909-1913, o Robert Millikan (Mikwkav), pe éva
EUTVELOUEVO. OTTAO TEIPOUO TTOL TPAYUATONOINCE GTO TOVETICTNHUIO TOV
Z1Kdyov, LETPNGE Y10 TPMTN GOPH TO GTOLEIDNOEG POPTIO € Kut amEdeIEe OTL TO
NAekTpkd @optio eival KPoaviiopévo -vmdpyel dnAadn HOVO GE OOKPLTEG
TOGOTNTEC, TOL £IVaL OKEPALO TOAAATAAGLY TOV GTOLYELDOOVS POPTIOV €.

210 oynuo PAEmOvUE TO HOVTEAO TNG MEPOUATIKNG GLOKELNG TOV
Millikan. Amoteleitat amd 600 mapdAiniec petoriikég madkec. H mavo mAdko
€xel pio Pkpn TpOTTAL 0o TNV omoia dEPYoVTOL UIKPE otayovidto Aadtov. Ta
oTayovidio avtd givatl opTIcUEVA AOY® TNG TPIPNG TOVS LE TO OKPOPVGLO TOV
YEKOOTNPO UE TO omoio yekdletor to Addl. Mia oplovtia déoun @mTog
eotilel To otoyovidln Aadlod, To omoio UTOPOoLV Vo Topatnpndodv pe éva
pikpookomio. Kabmg 10 pog méptel méveo ota otayovidlo avtd eoivovtol ooy
Aopmepd onpeia péca 610 GKOTAOL.

YEKOOTAPOG

A
UIKPOCKOMO mpoPoAéag

-

Ty StakomTNg
Yy. 3.61 To povtélo g ovokevng tov Millikan

‘Eoto éva otayovidto palog m mov givol QopTiIoHEVO HE opvnTikod
@optio g, Ady® TG TPIPNC TOL pe TO aKpPoPVUCIO0 TOv yekaothpo. Edv dev
VILAPYEL NAEKTPIKO TTESIO OVAUESO OTIG TAUKES, OTO OTOYovidlo dpovv dvo
duvapeLs : To Bapog Tov Mg oL KATELOVVETAL TPOG TA, KAT®, KOL 1) AVTIGTOON

tov agpa F , mov katevbovetat Tpog ta Tave.

H avtictaon (F) dev eivan otabepn aAld e€aptdtat amd TV Toy0TnTo
pe v omoia mEPTEL TO otayovidro. o pukpéc ToyvTNnTEg, N AVTIGTACT TOL
O€xeTaL OTOV AéPa L0 LIKPY| OQaipo, OT®G 0l oTOYOVES TOL Aad1OV, diveTal
amd ™ oyéon

F=Cvo=6nurv

omov U 10 EDdeg Tov afpa (1Eddec: éva péyeBog mov deiyvel mOGO
ToYOLPPEVOTO elval €va pevoTd), ¥ M axtiva TG oTaydvog Kot O 1 TayOLTNTA
mg.

Oco 10 Bapog mg elvar peyaAdtepo amd TNV avticTooT, 1 GTOYOVA
emtayvvetal. Kabmog opwmg 1 toydtntd g avdvetal, HEYOADVEL 1] avTioTOoN
Kot ovvropa yiveron avtiBetn pe to Pépog. Tote 1 oTOydVE OTOKTA L TEAKN,
OpLOKT] TOYOTNTA.

mg=F dpa mg=6xurv (3.65)
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H péala g otayovog pmopet va ypageim =Vp, 6mov p 1 mokvotnta Kot
, , , oA ,

V 0 6ykog g otayovag. O dykog g otaydvog givot 570" (6yKoc coaipag).

Ondte 1 oyéon (3.65) yivetan

%mﬁpg =6murv M %m’ng =6muv  (3.66)

H toyvmto pe v omoia kiveitan £va otayovidlo gival pepikd eKatooTd TOV
€KOTOOTOD TOL WETPOVL TO OELTEPOAENTO KOl EMOPEVOS E€lvar duvatdv va
uetpnOei, ondte 1 oxéon (3.66) pog divel TNV akTivo TG oTOYOVOC.

‘Eoto todpa 611 cuvdéovpe T 000 TAAKEG [LE TOVG TOAOLG ULOG TNYNG,
€161 MOTE 1N EMAVO TAGKO va. el TO LYNAO duvapiko. Topa exktdg omd T1g 0Vo
SUVAUELS TTOV OVaPEPONKOY TPONYOVUEVMG, GTO OTOYOVIOl0 OOKEITOL KOl U0,
dovaun amd 10 medio Eq. Ymobicope 611 10 Qoptio q eivar apvntikod,
EMOUEVMG 1) NAEKTPIKT dUVAUN KotevBOveTal TPog To Tavm. ATd T0 PETPO NG
dovaung OBa e€aptnbel av 10 otayoviolo Ba cuveyicel va Kwveitol Tpog To
Kat®, pe pikpotepn toyvTnTa, 1 0o aviietpédyel Ty kivinon tov. Onwg kot va
‘YEL M CULVICTOUEVT] TOV TPLOV OLVAUE®V yiveTor mAAL undév Kol TOTE 1
oTOYOVO TEMKA OTOKTA Lo VEQ OPLOKT] TAOTNTO.

Acg mapovpe TNV TEPITTO®ON OMOL 1| NAEKTPIKY dVVAUN givol opkeTd
HeYOAN Kol TOo oTOyovidlo Kwveital mpog o mive, tOte M avtictaon F,
Katevbivetal Tpog T KATm. AV v givol 1 véa oplokn ToyvTtnTe, TOL OOl
OTOKTNGEL 1] OTOYOVA, 1GYVEL

YF=0 cemopévog qFE —%727’3,0g —6murv'=0

Metpovtag v v° Kot £yovtag 1on vroloyicel v axtiva, and v
oyéon (3.66) pmopovpe va vToAoyicove To Poptio g.

Me o peyaan ogipd petpriioewv o Millikan Bprike 611 To @optio kdbe
OTOYOVOG NTOV OKEPOALO TOAAOTAAGLO OGS GTOLYELDMIOVS TOGOTNTOS POPTIOV €.
"Exave axoupa tv vrobeon 011, 10 @optio ovTd NTav {00, o€ AmOALTY TN, LE
T0 Qoptio evog niektpoviov. H vndbeon tov emPefouidbnke. o v gpyacia
tov avtn o Millikan Tiunfnke to 1923 e 1o PpaPeio NoumeA.
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Xy. 3.62  (a) Ot duvdpelg oty
GTOYOVO TTOV TEQPTEL LLE TNV OPLOKN
mg tayvmta v.  (B) Ot duvapelg
TOPOVGL0 TOV NAEKTPIKOD mESioV.
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Ew. 4.1 Hans Christian Oersted
(1777-1851). Kabnynmg o@uoikng
omv Komeyydyn, ovakdivye
HOyvVNnTIKY 3paoT TOV MAEKTPIKOV
pevpdtev, avoiyovtag tovg opilo-
VTEG Y10 TN UEAETN) TOL MAEKTPOUO-
YVNTIGHOV.

AB
®
r/A

A%V

Xy. 4.1 To payvntkoéd nedio AB
mov dnpovpyel to Tufua Al tov
ayoyod oto onueio A, etvon
kG0et0 oto emimedo tov Pifiiov
KOl L€ QOPE Omd TOV AVOYVMOOTN
mpog to Pifrio. H popd dnimverar
JE TO®).

4-1 EIZATQI'H

Ta peydio PRpoto otny EMGTAUN YIVOVIOL GTO EPELVNTIKG KEVTPO
OV GLYKEVIPOVOLV TOVS KOPLPAIOVG EMGTIUOVES TOV KALPOL TOVG Kol ivor
epodlacpuéva e to mo eglyuéva opyova. O kavovag, PéPaia, iye Tig
eEapéoelg Tov.

Y1c eEapéoelg Tov Kavova, €vog Aavog dAoKAAOG TNG QUOIKNG GE
oyoielo g Komeyydyng, o Hans Christian Oersted (Epotevt), xotd
OLIPKELD EVOC TEPAUATOG TOV £KOVE OTNV TAEN TOV, TOPATNPNCE KATL TOV
GTOV KO1PO TOV NTAV OMIGTEVTO: TO NAEKTPIKO pedLa eXNPeAlel T LoyvnTiky
mo&ioa.

Méypt 1018 yvdpilov Vv dmopén TOV UOVIL®V HOYyVINTOV KOl T
petald touvg aAinienidpacn. To meipapo tov Oersted €0e1&e OTL Ko TO
NAekTpKd pedpo emdpd otovg payvites. Atyo apydtepa, o ['dAiog puoucog
Ampeére, kbvovtog €vo Prpo Wpootd, VToGTNPIEE OTL TO NAEKTPIKO PELLLN
glval 1 LOVOSIKY TNy TOV HAyVNTIKGOV eawvouévev. Tnv epunveia g oyéong
avépeca oty Kivnon eoptiov Kot To LayVNTIGHO TV £dMGE TOAD 0pyOTEPQ,
70 1905, n Bewpio TG oyeTIKOTNTAG.

Otr oAnAemidpdoelg peta&d poyvntov 1 peta&d poyvntodv kot
KWVOOUEVOV QopTioV glval 0AANAETIOPACELS amd AmOGTOOT Kol YU avTod M
évvola Tov TTedlov TPOGPEPETOAL Yol TNV TEPLYPAPN TOVG. Avth T Qopd Ba
WIARCOVUE Y10L TO PoyviTiko medio. Onwmc KAVOUE Kol TNV TEPITTOON TMV
Vo MA@V mediV TOL PEAETNOAE, TO HoyvnTIKO TTedio Ba To mePtypAPOLLLE
pe v €vtaon tov (tn Aéve Kol poyvntikn enoywyn tov mediov). o Adyoug
amAotnTag, Ba Aéue «to poyvnTikd medio B» kot B evvoolpe «To poryvnTiko
nedio mov £yl évracm By.

Y10 kepdiaio avtd Ba acyoinbovue apykd pe TG TNYEG TOL
payvnTikoO mediov, mov eivol to. pEOUOTO, KO GTI GUVEXEWDL LE TIC OLUVALELS
7oV aGKoVV To poyvntikd medio. Ta poyvntikd medio mov Oa eéetdoovpe Oa
etvan otobepa.

4-2  NOMOZXZ TQN BIOT KAI SAVART

Atyo petd v ovakdivyn tov Oersted Ot1 TO MAEKTPKO pedua
dnuovpyel yopm tov poyvntikd medio, ot Biot kot Savart (Mmid ko Zafdp),
Bacilopevol oe mepapatiKég HETPNOEIS, KaTéANEAV 6T0 VOHO Tov divel To
poyvnTikd medio mov dnpovpyel Evog aywydg o omoiog StppEETOL amd PEVLLA.

Av évog ayoyog dwoppéetor amd peopa évraong I, éva word pikpo
Tufqpa  Tov, pnkovg Al, dnplovpyei 6g éva onueio A mwov améyer
amécTao r omwé To Tujpa Al payvntiké tedio AB pétpov

&IAI

AB = -
A r

nuo @.1)

X1t oxéon avtr 1o 0 givor n yovia mov oynuatilovv ta dtavdcpata Al
kot r. H otaBepd py Aéyetar poyvntiky owmepatétnto Tov Kevov. To
dtdvvopo AB givarl kabeto 610 eminedo mov opiletal amd 1o Al Kot To r KoL M
(Opa TOL diveTol amd TOV Kavova Tov 05100 XEPLOV.
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Av tomoBemcovpe TV moAdun Tov 6e€loh ¥ePLOL GTO EMMESO TOV
opiletar amd 1o Al ko 10 onueio A, 161 MOTE 0 OVTiYEPOG VA delyVEL T OPA TOVL
PEOUOTOG Kot TO, VIOAOUTO SAYTVAN VO BpicKOVTaL 0O TNV TAEVPE ToV oTuEiov A,
ToTE, OV TO KAUWYOLLLE, TOL LITOAouTa ddrytvda Ba deifovv T opd Tov AB.

To tunqua Al Bewmpeitar mpocavatoAouévo, ue @opd i pe ™ @opd Tov
PEVLLOTOG TTOV SLOPPEEL TOV AY®YO.

To payvntikoé nedio B, oto SI, perpréton o€ Tesla (T).
H payvntky dtamepatdtnta Tov kevoo eivar 4, = 47 x 107 Tm/ A.

O vopoc tov Biot kar Savart, diver to poyvnTikd medio mov
onpovpyeitol amd Eva Lovo TOAD HKpo TUNqHe Tov aymyod. ['a va fpodpe To
LoyvnTIkd medio mov dnpovpyel o€ éva onpeio oAOKANPOG 0 aymyog, TPEmeL
Vo YOPIGOLUE TOV Oy®YOd G€ TOAD WIKPG TUAUOTO KOL OTI] GUVEXELD VO
afpoicovpe (Srovocpaticd) T TESIC TOL dNUIOVPYOVV OAC TO. UIKPA TUALLOTOL
oV aymyol oto onueio mov e€etalovpe.

B=AB, +AB, +AB; +...

O vépoc Tov Biot kot Savart gival OepeMdong vOUOG GTO LAYV TIGHLO
kot mailel polo avdroyo pe ekeivo tov vopov tov Coulomb 610 oTOTIKO
NAEKTPIGUO.

4-3 EQ®APMOI'EZ TOY NOMOY TQN BIOT KAI

SAVART

To payvntiké nedio ev0VYpappOL PELVRATOPOPOV AYOYOV

‘Eot® 10 evBuypappo ovpua tov oynuatog 4.2, unkovg L mwov
dwppéetar amd pevpa évraong L. I'a va vmoioyicovpe to poyvntikd medio mov
dnuovpyel o aywydc oto onueio A, mov anéyel amdGTOCN O ATd TOV 0yWYO,
yopifovpe Tov aymyo og okl pikpd tufuota. ‘Eoto éva tétolo Tufpo pnKovg
Al mov améyetl amdotaon r and to onueio A. To pikpd avtd Tunqpa dnpovpyet
670 oNUElo A payvnTikd medio HETPOL
u, TAl

dr r?
To AB &ivar kG0et0 670 €Minedo TG GEMONS LIE POPA TPOG TOV AVAYVAOSTN).

AB =

16

Mo vo Ppodue 1o medio mov dnuiovpyel 0OAOKANPOG O Ay®YOS, GTO
onueio A, aBpoifovpe To TEdio OAOV TOV TUNUATOV GTO, OTTOi0 EXOVE YOPIoEL
tov ayoyd. O vmoloyopog tov abpoicpatog ovtod amottel tn ypnon
oloKANpoUdTOV Kot vrepPoivel TO EMIMESO TOV HOOMUATIKOV 0VTOV TOV
Bipriov. To aOBpoicua divet:

B="*o l(0'1)1/91 —ovvl,)

dr o

4.2)

Av 10 ovppo €yel dmepo pNKog (UNKOg TOAD pHeYaADTEPO amd TNV
amootoon o) ol yovieg 0; kot 0, maipvouv Tég 0 kol T avTioTolyo, Kot 1
(4.2) diveu

_ M, 21

dr o

B

(4.3)
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Ew. 4.2 Jean Baptiste Biot (1774-

1862). ToAiio. Amd@ortog NG
nepipnune Ecole Polythechnique
kot koOnynmg oto Colége de
France. AocyoMOnke oyedov pe
6Aovg toug topeic g Dvokng.
Yvuvepydomnke pe tov Savart og
o Beoploe yo 0 poyvnTiopd.
Bpapedbnke omd 1 Pacihkn
gtanpeio emomuadv ™G AyyMoc,
K4t acvvndioto av AdPer kaveig
voyn Tov MV gYPpdéMTO TTOL
VNPYE OTNV EMOYN TOL OVALECH
otV AyyAio kot ) Toddia kot oto
EMOTNHOVIKO TEDTO.

r

Gy

«—— L ——

a

I

A
® AB
\
!
|
|
:

Xy 4.2 X0 onpeio A to poyvntikd
medlo OQElAeETOl OTN GLVEICPOPE
OAOV T®V TOAD UIKPOV TUNUATOV
Al 0V €VOOYpApOL PEVUATOPO-
POV oy@yov.

Xy. 4.3 Xt0 oynuo @oivovtor ot
yovieg 0; kot 6, g oxéong (4.2).



I

:

Xy 4.4 Me tov xavlova Ttov
Se&ov yeptov pmopolue va fpovpe
™ QOpa TOV SLVOLIKOV YPOLUUDV
tov mediov mov dmuovpyel o
oyOYOG.

Ew. 4.3 AwsOntonoinon tov poyvntikoo
mediov gVOVYPALLOL ayYOL pE pvicpata

GLO1POvL.

Xy. 45 To payvnrikd medio mov
dnpovpyel KUKAKOG PELUOTOPO-
pog aywyds 6to KEVIPO TOL Etvor
Kk6G0eto 70 £Minedo Tov KOKAOV e
@opa Tov Ppioketor pe TOV Kavova
0V 8e&100 YEPLOD.

To pétpo tov B givar otabepd oe kKGbe onpeio kdKAOL aKTivog o Kot M)
devbuveon tov, og kKabe onueio, kG4BT 610 £Minedo mov opileTol and oV AywYo
kot to onueio. Ot duvopikég Ypoppés evoc tétolon mediov eivar oudkevTpol
KOKAOL g KEVTIPO TAV® GTOV 0y®@YO KOl [LE TO EMIMESO TOVG KAOETO G~ ALTOV.

To oynua 4.4 divel v Tp1odldoTaT OTEIKOVION TOL TEdIOVL 7OV
dnuovpyel Evog vBHYPUUIOG PELHATOPOPOG AYMYOS TOAD peydlov unkove. H
QOpPA TOV SVVUUKOV YPOUU®V umopel va Ppebel gvkola pe Tov KOvova Tov
de&lo0 yeprov. Zvppova pe avtdv, tomobetovpe Tov aviiyelpo tov O6eE100
¥EPLOH 6TV KATEVOVVGT TOV PEVUATOG TTOL SLOPPEEL TOV YYD KOl KAUTTOVUE
T vroAoma ddyTvAa. H @opd tov duvapukdy ypaupmy givot idlo pe tn opd
nov kaBopifovv ta ddyTvAa.

To poyvnTiKé m€di0 6TO KEVTPO KUKAIKOD PEVRATOPOPOV Ay®YOD.

To oynpa 4.5 deiyvel Eva KUKAIKO aymyo OKTIVOG T TOL SlopPEETOL OO
peopa évtaong I. o va vroloyicovpe to payvntkd medio mov dnpovpyel
€vag TETO10C ay®myOdg oTo KEVIPO Tov, Ywpilovue tov aymyd o€ TOAD HIKpQ
tuquota. ‘Eva tétoo tuquo Al;, oopgove pe to vopo tov Biot kot Savart,
dnpovpyel oto kévrpo O poyvntikd medio PETPov

8B, = 2o 180 1 000
4z r 4z r
H d1ev6vvon tov AB, eivon k66etn ot0 eminedo Tov KUKAOL KOl 1| POPA TOV

_ M, TAL

2

Tpog to. mave. To emdpevo moAd pkpd tpipae, puikovg Al, dnuovpyel oto
onueio O payvntikd medio HETPoL
_ ILlO I AZZ

Ar r?

AB2
idtog katevbuvong pe 1o AB,

To payvmtikd medio B mov Oomuovpysl oAOKANPOG 0 KLUKAMKOC oywydg
TPOKVTTEL OO TO SLOVUCUATIKO GOpolcHa TV eSOV oL dNUIoVPYODV T
TUALOTO TOV y®YOV, Kot EMELDN OAQ Exovv TV ida katevBuvon,

u, I(Al, + Al +..)

A r?

B=AB +AB, +AB, +...= (4.4)
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To d&Bpowopa Al +Al, +.. Siver v mepipetpo 0V KLUKMKOD aywyol
27r xaum oyéon (4.4) yivetan

To B, oto O, gival kdBeTo 6710 €MIMESO TOL KVKAIKOD ay®mYOL KOl 1| POPH TOV
divetat amd Tov Kavova Tov 6E100 ¥eEPLov.

4-4 O NOMOZ TOY AMPERE (AMIIEP)

O vopog tov Ampere givor pio YEVIKY] 6Y£0T OVALEGO GTO LLOYVNTIKO
7edio KOl OTIC TN YEG TOV.

Eidape 011 évag v0OYpapog pELUATOPOPOC ay®yOg dnutovpyel YOpw
TOV poyvnTikd Tedio TG LOPPNG TOL oyNLatog 4.6, Le évtacn PETPOL

Ac yopicovpe por SUVOUIKT YPOUUY o€ TOAD WKpd Tufpata Al Kot og
vroloyicovpe t0 dOpotcpa TV ywopsvewv B Al cvvl kotd pnkoc ™G
duvopikng ypapung. 0 eivar n yovia avipeoa oto Al kot oto B. Emedn oto
ovykekpévo medio M yovia avtn givor pndév, To cuvnuitovo g yoviog gival
pHovada.

ZB Al covl = ZB Al xou emedn 1o pétpo tov B givan 6tabepd 1o

afpotopa ypapetan

> BAlovvd = BY Al =:l—”£27ra:yol
T a

AVTO onuaivel 0Tt T0 AOPOIGHO TOV TPMOTOL HEAOVG gival ave&apTnTo
NG amdOeTACNG 0 0O TOV Ay@Yd. ATOJEIKVVETAL OTL TO OMOTEAEGUA QVTO Eivat
YEVIKO Kot oy0el Yo Kabe kheiotn dadpoun péoa amd v omoio SiEpyeTat
otabepd pevpo. TNV mEPITT®ON TOL 1 KAEWOTH OlOpPOuT| TEPIKAEiEL
TEPIOCOTEPA TOV €VOG PELHOTO - KO OEV €YEL OMUOAGIO OV Ol oy®yol givat
evBvypappor - kébe pedua mov SEpyetar péoa amd 1o Ppdyo (khelot
dadpopn) cvveloeépet katd 4,1 .
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Ew. 4.4 AwcOntonoinon tov poyvntikov
nediov  KukAKoD ayoyold e pvicpoto
oo pov.

Ew. 4.5 Andre Marie Ampeére
(1775-1836). T'oAiio. Koabnyntig
¢ Ecole Polythechnique. Awtd-
nwoe P ocvuvhetikn Oewpio Yo
TOV MAEKTPOUOYVNTIGUO Kol Oté-
dwoe T payvnTikég W10TnTeg KA~
OOV VAIKOV Of HKPOGKOTIKA
KAewotd pedpote 0TO E0MTEPIKO

™mg LANG.

i

Xy. 4.6 Katd pixog g dvvopt-
KNG ypopung ta Al kot B egivon

ovyypoppkd (6=0)



Xy. 4.7 To éBpowopa TV yvopé-
vov BA/ cuvl kotd pikog onoloc-

Katd pikog puog kAeloTig d1adpopi)g To GOpotocpa TV YIvopévmv
B Al ovv@ eobdtape p,1,, , 6mov I, , 10 akyeBpiké aOporopa

TOV  PEVPATOV 7OV OLEPYOVTIOL Omd TNV EmMQaveld 1 omoid
nepifdileTor amd TNV KAEWGTY avTh owedpopr). (NOpog Ampére).

> BAlovvl = 1,1

YK

H @opd mov avtiotoryel oe Betikd pedpa opiletar amd tov kavova tov deElon
¥ePOV. Av to. ddKkTLAC TOL deEOD YEPLOV, deiyvouv T Popd Kivnong oto
Bpoyo, o avtixeipag opiletl T OeTikn @opd yio Ta peduaTa.

dmote KAewoTNG S0dpOUNG OV
nepkheiel to pevpo I givon ico pe

: To B omv mopamdve oyéon o@eileTol TOCO OTOL PEVLOTO TOV
Ho L.

nepikAeiel o Ppoyog (Khelotn dadpoun) 660 kol 6e pevpata wov Ppiokovral
¢€m and avtdv.

Xy. 4.8 To éBpoopa TV yvopé-
vov BAlovv katd pnkog KAEGTHG
Swadpoung eivan ico e ) otabepd
Lo €ml T0 adyefpkd abpoiopa Tov
pevpdtov mov mepKAgiel M KAEl- Al

ot dwdpopn. Edd 10 ahyefpikd B
dBpolopo.  TOV  pevpdTOV  gival

I}-1-I3+],. I

21/ g ) L\

[Ipémer va, toviotel 6T 0 vOpog tov Ampére 1oydel pdvo yia otabepd
PELLLOTA KOt V1oL 6TaOEPE poryvnTiKa Tedia.

Onwg o vouog tov Gauss pag emttpénel va vroloyilovpe To NAEKTPIKO
7edio mov OMUIOVPYEITOL OO GUUUETPIKEG KOATAVOUEG POPTIOL, £TOL KAl O
vopog tov Ampere PG S1eVKOADVEL VoL VTOAOYILOVUE TNV EVTAGT G HOYVNTIKA
nedia mov gueovilovv cuppeTpia.

I[TAPAAEII'MA 4-1

Ynohoyiopdg Tov poyvnTikov 7mediov wov onuovpyel vOVYpanpoS ay®yYOg nE GTEPO PIKOG,
mov owppéetar omd peopa otobepis évraonc. (To 1010 mPOPANUO TO EYOLUE  AVTILETOTICEL
YPNOLOTOIDVTAG TO VOO TV Biot kot Savart).

Amavinon :

H ovppetpia g dtdtaéne emPaiiel To HETPO TOL UAYVNTIKOD TTEdiOL TOV dNUIOVPYEL Evag TETOLOG
aywyog va givorl ido oe Oha ta onueia Tov womEYoLY omd Tov aywyd. H dievbuven tov mediov, o ke
onpeio, elvar kdOetn oto eminedo mov oyMUATI(EL O Ay®YOG KAl 1) AndGTAGT o TOV GNUEIOL OO AVTAV.
Anhadn| To pétpo Tov B givan 1o 1810 o€ kdBe onpeio evdg KOKAOL TOL £YEL TO KEVTPO TOV TAV® GTOV AywYO
KoL TO €Mimedd Tov KAbeTo 67 avtdv. H d1evbvvon| tov givarl epamtopevn o€ kKabe onpeio g TEPIPEPELNG TOV
KOKAov (oy 4.9).

[Na va gpappocovpie To vopo Tov Ampere ETAEYOVE Lo KAEGTH KUKAIKT Stadpoun aktivos o, pe
KEVIPO AV® oTOV ay®mYd Kot to eminedd tng Kdabeto ¢’ avtdv. Xwpilovpe TN Sdpouny 6€ TOAD HIKPA
Tufuoto Al
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@o vroAoyicovue T0 GOpocpa TV ywopévev B Al cvve kotd
unkog g Kukhkng dwadpounc. H koatebbuvon tov tunudtov Al og kdbe
onueio givor o pe v katevBuvon tov B oe ekelvo to onueio emopévmg n
yovia 0 Tov oynuatiovv eivarl unodév kat to cuvnuitovo g pHovada.

ZB Al ooVl = ZB Al xau enedn 10 pétpo tov B givar 6tabepd 1o -ABL> ””” a->
GOpoiopa ypapetat ZB Al covl = Bz Al =B2ra
Ao 10 VOO TOL Ampere §YOvpE: ZB Alovvl =p,l,, = u,l I T
Emopévac B2na = 7, I 7 B = Ho i 7 B = Ho 2 Xy. 4.9 Epapudlovpe 10 vopo
° 21 a 4T o Tov  Ampere Gt  KUKAIKH
S10pop MOV CULUTIMTEL [E U0
Ddraocape nradn omd GAho dpouo ot oyéon (4.3). duvopukn ypap.

[TAPAAEITMA 4-2

Y7@oroylopdg TOV POYVNTIKOD TEdiOV GOANVOELO0VS, GMEIPOV MNKOVS, OV OLUPPEETOL Omd pevpa
otofepic évraonc L.

Amavnon :

10 oynua 4.10 PAémovpe o TOU TOLV GOANVOEIDOVG LE EMINESO E B=0 A
7oL TEPLEXEL Tov AEova Tov. I'vapilovpe (Tepapaticd) 0Tl 6TO ECMTEPIKO
EVOC GOANVOEIB0VG PEYOAOD LKOVG TO HOyvNTIKO TEdio €tvoil OHOYEVES
Ko TopGAANAO pE Tov a&ova Tov. 'E&® amd to caAnvogldéc To medio sivat

“«— [ —>
[0/0/0/0/CI0]0/0]0]0/0/0/0/0/00/0/0);

000gvEC, GUYKPIVOLEVO LE TO TENO OTO ECMTEPIKO. XTNV 100VIKY B A r

TMEPIMTOON TTOL TO UNKOG TOV GMOANVOEWDOVG &fval GEPO, TO LOYVNTIKO

nedio €€ amd avtd pmopet va BewpnBel pndév. PR R R RERRRRRERE
Mo va epapudcovpe to vOpo Tov Ampere €MAEYOLUE U0

Sdwdpopn oynuatog opboymviov pnkovg / , dmws oto oyxfua 4.10 . Ty, 4.10 Epapuodlovpe 0 VOO TOL

Ampére ot dadpour ATAEA.

To Gbpoiopa tov ywouévav B Al cvuvl katd ufikog g dadpoung AT givan Bl . Koatd ufqkog tov
dwdpoudv I'A kot EA to id10 dabpotopa ivar undév yiati, 6Tov vadpyel, To poyvnTikd nedio ivol kabeto
ot dwdpoun. Emopuévag ovvl = cov90’ = 0. Téhog, kotd prikog g AE givon emiong undév yuati oty
mePLoYN vt dev vIapyel poyvnTiko medio (B=0). Emopévmg

Y BAlovvf = BI

Zopemva pe To vouo tov Ampere 1o dOpoispo avtod eivan 6o pe to yvouevo g otolepdc L, emi

TO GLVOAKO pevpa TOL dramepvad o opfoymvio mhaicto. Av I to pedua mov doppéet kGbe omeipa kot N o
aplOpOG TOV GTEPDV TOV TEPIEXOVTAL 6TO 0pHOYOVIO TAAIG10, TOTE TO OAKO pELLL TOV dtépyeTar eivor NI .

Emopévas D BAlovvd = u,l,, = u,NI % Bl=u,NI onbe B= ,uolg (4.5)

av 6mov N/I Bécovpe n, 6TOV TO 1 AVTITPOCOTEVEL TOV OPLOUO TOV GTEPOV OvE LOVASO UNKOVG, 1| oXEoN
(4.5) yivetau
B = pu,In (4.6)

[opdro mov 1 oyéon (4.6) Ppébnke Yo cOANVOEEG ameipov UKOLS, divel pe Peyain axpifeia to
LOYVNTIKO TEGIO GTO ECAOTEPIKO OTOIOVONTOTE COANVOELOOVG LE UEYAAO UNKOG. XTO GKPO TOV COANVOEBOVS
N T tov B elvan pukpdtepn, mepinov 1 pioy.
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Xy. 411 H emogbver A eivon
TOTOOETNEVT GE OLOYEVEG Hayv-
TKo medio dote 10 KABETO G° AVTN
Suvoopa A va oynuatilel yovia 0

LE TG SUVOLLLKES YPOULLLES.

i
e
é

B

\/

y'
(o

Xy. 412 Tw kdbe Khewot emi-
oaveln. 0 apuds TV SVVOIK®V
YPOUU®OV TOV  €10EPYOVTOL  Elvon
icog pe tov aplud TV YPoUUdV
mov e€€pyovTal.

4-5 MAI'NHTIKH POH
H pon tov payvntikov mediov opiletor pe tpOmO avAAOYo pPE OVTOV
OV 0PIGTNKE 1) POT| TOL NAEKTPIKOV TEGIOV.

‘Eoto pio eninedn emodveln eufadod A péca 6 OUOYEVEG LOyVITIKO
nedio. H poyvntucn pon mov diépyetan amd Ty enpavelo ivar

® = BAovvl

omov 0 M yovio avaueca oTig SVVOLIKEG YPOUUEG KOl O o KAOetn otnv
empaveie A. Movdada tng payvnTtikng pong ivar to 1 Wb (Béumep).

Av 1 empdvela A dev givor emimedn N ov To poryvntiko medio dev givo
opHOYEVEG M av cupPaivouy kat To dV0, Y10 VO DTTOAOYIGOVLE TN HOYVNTIKY POn
OV JEPYETAL OO TNV EMPAVED YOPIlovpe TNV EMPAVEID GE CTOLYELDIN
tunuate AA, 1060 HKkpd Gote vo pmopolv va Bewpnbodv emineda kot to
poyvntikd medio otnv meployn kobevog va pmopel va Bewpnbel otabepd.
YmoloyiCovpe tn por} mov diépyeton and kdbe empdaveon AA. To dBpoicua
TOV HOYVITIKOV POOV OV OLEPYOVTOL OO OTH TO. GTOLYEIDON TUAUaTa O
glvai 1 pon| mov mepvhiel amd TV emEAven A.

4-6 O NOMOXZ TOY GAUSS XTO MAI'NHTIZMO

Xmv mapdypago 3-3 gidape O6TL M NAEKTPIKN pon OV SEPYETUL OO
Lo KAEIOTN EMQAvVELN givol avaAOYN LE TO POopTio OV TEPIKAEIEL 1| EMPAVELD.
Avtifeta pe 6,1 ovpPaivel oto nmhektpikd medio, 610 O0MOI0 Ol SLVOLUKEG
YPOUUEG etvar avotkTég (Eexvoby amd @optia. 1 KaTuANyovv 68 PopTia), 6TO
poyvnTikd medio ot ypoppéc elvar KAEOTEG, dev €yovv apyn Kot TEAOG.
YUVERELD QLTHG TOVG TNG O10TNTAG gival OTL Yoo KABE KAEIOTH EMQAVELD LEG
0TO UayvnTikd medio, 0 apliudc TOV SUVOUIK®Y YPOUU®OY TOL ELGEPYOVTOL
glvar mhvta icog pe Tov aplBud TV ypoppmdv mov e&épyoviat. Apa m
LOYVITIKT] POT] OV JEPYETAL OO L0 OTOLUONTOTE KAELGTH EMUPAVELL Elvar
unoév.

H poyvntiki) ponl mov diépyetor amd pio KAEWGTH em@avelo givar
TAVTOTE PUNOEVIK. (N6pog tov Gauss 6To HayvnTIGHO)
o =0

m

“.7

To @uowd mepleyduevo aVTAG TS TPOTAONG €lvarl OTL dgv VITAPYOLY
ONUEWKEG TNYEG UOAYVNTIKOD 7edIoV, OMMOC VIAPYOLY GTO MAEKTPIKO mEdi0
Anadn| dev vdpyet poyvnTikd ovdAoyo Tov poptiov. Téco o Coulomb, 660 Kot
dAdot miotevay OTL 0 UAYVNTICUOC TopAyeTol omd kit avaAoyo e TO
NAEKTPIKO @OPTIO. ZNUEPO OVTO TO OGVAAOYO TO OTOKOAOVUE MOYVNTIKO
LOVOTOAO, TOV GNUOIVEL OOUOVOUEVOG HoyvnTikog mohoc. O Ampere Mtav o
TPMTOG OV LROCTAPIEE OTL OAC TOL LOYVNTIKE QOIVOLEVO TPOEPYOVTIOL OO
niekTpkd pevpota (poption o€ Kivnom), Ko dikonddnke. e Kovéva meipapo
péExpL Todpa dev €xovv Ppebel payvntikd povomoia. H vmoapén evog povomorov
Bo MTav evkoAo va aviyvevtel yiati Bo onpovpyodoe AKTIVIKO LayvNTIKO TESIO.

H oyéon (4.7) deiyver 6TL dev vrdpyovv GALEC TNYEG HOYVNTIKOD
7ediov eKTOC amd T PELLLOLTAL.
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4-7  AYNAMH I1IOY AXKEI TO MAI'NHTIKO IIEAIO
2E KINOYMENO ©OPTIO

‘Eva axivnto optiopévo compatidlo dev avtdpd HEca Ge €vVo GTATIKO
LoyvNTIKO TEdio. Av OU®G KIVEITOL EKTPETETOL GO TNV TOPELX TOV, EVOEIEN OTL
10 copatidlo dEyetor dSHvaun and To poyvnTikd medio.

Ew. 4.6 H déoun niektpoviwv
OV TOPEYETAL GTO COAVOL KOUTV-
Advetor Otav  mAnoldlovpe  €va
poyvATn.

Yrndpyoov  dudpopec  TEYVIKEG WOV  HOG  EMTPEMOVY VO
TOPAKOAOVOGOVIE TN GLUTEPIPOPA KIVOOUUEV®OV COUOTWIOV Uéod ©TO
poyvntikd wedio H ewcova 4.6 deiyvel nd¢ umopovue vo. SUTIGTOCOVUE TV
EKTPOTY TTOL VPICTATOL Pl dECUN NAEKTPOVIOV 0O TO PayVNTIKO TTEDTO.

AT TNV EKTPOTN TOL VPIGTATOL £V POPTIGUEVO COUATIO0 TPOKVTITEL
OtL M obvoun mov Ofxetal amd TO UOYVNTIKO Tedio eivar ovdAoyn Tov
payvntikov mediov, Tov Poptiov, Tng TaxHTNTOS TOV COUATION Kot e0pTATOL
Kot amd v katevbvvorn g kivnone. H dOvaun peyistonotgitor 6tav 10
QOPTICUEVO copatidlo Kiveitar kdbeta otic duvapukés Ypoupés. Xe GAAES
katevBvvoelg ehattdveton Kot pndevifetonr Otav Kwveitol TapAAANAQ OTIG
SUVOIKESG Ypappéc. Xe Kabe mepintwon 1 dvvaun outr, 0Tav aokeital, gival
K@0etn ot 61eBOLVGT TOV POYVNTIKOD TEGIOV KOl GTNV TAXDTNTA.

y

AB A2 A A A ABA & A A A

Xy. 4.13 (o) Otav n déoun tov
nAexTpoviev otov Kabodkd coi-
va givor TopOAANAN pe to S1dvu-
ouo B dgv voeiotator ektpomn.
(B) Otav m déoun «weitar oe
omowdnmote  GAAN  dtevbvvon
ektpénetor. H péylotn extpomn
mapatnpeitoar o0ty 1 déoun eival
KkG0et oto B.

(@ ®
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Ew. 4.7 O xovovog Tov Tpidv SoKTOA®V
7oV 0g£100 YePLov.

H dbvoun mov aokel 10 poyvntikd medio ota Kivovpeva optic dgv
€yel v 10w devBuvon pe v évtaon Tov mediov, OmwG cvuPaivel pe To
NAEKTPIKO KAt TO PapuTiKd TEDIO.

H ¢opd g dvvaung e&aptdtor and to Tpodonpo Tov poptiov. Poptia
ue avtibeto Tpdonuo déyovtar duvauelg avtifeng katebbvvong.

[epdparta axpiPeiog £dei&av Ot :

To poyvnTiké 7edio 0oKel 6TO KIVOOUEVH MAEKTPIKE @opTia
dvvapun [ovopdletar dOvaun Lorentz (Adpevil)] pétpov

F = Blglonu ¢ (4.8)

6mov @ 1 Yovia mov oynpatifel n TayvTNTA TOLV CONOTIOI0D pHE TNV
KaTeVOUVOoN TOV pHayviTIKoU TTEdiov.

H d0vapun avt givor kGOetn oto emimedo mwov opileTor amd TNV
TOYVTNTO KO T1] 618V0VVeT TOV TESIOV KUt 1| POpa TG diveTor amd
TOV KOVOVA TOV TPLAV dOKTUA®V TOV 0£E100 YEPLov.

F

é B 5 B

+q 0 -q
[

[
|
IF
Xy. 4.14 H dOvapun mov aokeitar amwd 1o poyvntikd medio o€ éva Oetikd
KoL V0, 0pVNTIKO, GOUATION0 OV KIVEITOL e ToYHTNTO V.

L

O kavdvag TV TPLOV dAKTUVA®Y TOV deE100 Xep1oD epaprdleTol g eENG :

O avrtixepag, o deiktng ka1 0 pécog oynuatifovv tpisopboydvio GUGTNUAL.
TomoBetovpe tov avtiyepa otnv kotevBvven g kivnong tov Oetikod
@optiov kol oty ovtifetn av mpdkertor yw apvntikd. Tomobetovue tO
deilktn otV katevOvvon tov payvntikov mediov (B). O pécsog deiyvel Tote TNV
katevBuvon g dvvaung (euc.4.7).

Epbécov 1 dOvoun sivon mévto kabetn oty toydTNTO TOL POPTiOL,
elvar kGOetn og KAbe oToXEW®ON pETOTOMION Tov. Emopévamg to épyo ng ot
KkéOe TéTOWL OTOVEWMON petaTomion  eival  pndév. Xvvovalovtag To
CUUTEPOAGHO aVTO e TO Bedpnuo €pyov - evEPYElG cLUTEPAIVOLLE OTL 1M
dvvaun avtn o umopel vo LETAPAAEL TNV KIVNTIKY EVEPYELD TOV POPTIGUEVOD
ocoUATId0V.

‘Otav £ve, opTIoPEVO CONOTION KIVEITAL PLE TAYVTNTA V, NECO GE

RoyvNTIKG TTESI0, M SUVOUN TOV TOV OGKEL TO Edio pmopel vo petafdrer
™V Katevuven aira 61 KoL TO PETPO TS TAXVTNTAS TOV.

156



4-8 KINHXZH ©OOPTIZXMENQN XQMATIAIQN ME2A

2E MAI'NHTIKO IIEAIO

‘Eva popticpévo copatidlo mov Kwveitor péco oto poayvntikd medio
Oéxetar amd ovtd OSOvapn mov egaptdror amd TNV TOYLTNTO TOv. O
LEAETNOOVLE OPIOUEVES EWOIKEG TEPUITAOGCELS NG KIvnomng QOopTICUEVOD

oOUOTO0V PHECO 6TO LaYVNTIKO TTEdiO.

A) Kivnon napdiinia 611 SOuvopikég Ypoppég

Av éva QopTIoUEVO COUATION Kveiton mopdAANAe oTIS SUVOUIKEG

Ypappés, N yovia ¢ ot oyéon (4.8) eivan 1 0° 1 180°. Kot 6T1g 800 Tepntddoels \ F
T0 nuitovo g yoviag givar undév, ondte amd t oyéon (4.8) mpoxvmrel O6TL TO R

poyvnTikd medio dev aokel duvaun oto copoatioo. H kivnen &vog tétolov
oORATOI0V pécH 6TO POYVNTIKO TTEdi0 gival evOVYpapun opai.

B) Kivnon kd0eto oTic dvvapikés ypoppésg

‘Eoto éva @optiocpévo copatidlo mov Kveltor Pe ToyxdTnTo v KAOeT] Xy  4.15  Oetikd @opTicuévo
OTIC SUVOUIKEG YPOUUEG OHOYEVOLG pHaryvnTikoD edion mov €yel katehOuvon Owpotidio  mov  Kwveitol e

KGO oT0 eminedo TG GeAdag pe opd mpog ta péca | (oy.4.15). To
payvntikd medio aokel 6To coUATiO dvvaun To HETPO TG omoiog ivot

F =Blglv
7OV TPOKVTLTEL Al TNV (4.8), av AdPovpe vrdym 6t 790’ =1

H xotevBovon g dvvaung, yio Oetikd @opticpuévo
copatiol, eaivetor oto oynua 4.15 H ddvoun avt €yet
otofepd pétpo Ko givar mavto kabetn oty toydTe. Mo
tétown.  dvvaun mwailel poOro  Kevipopdlov Shvaung Kot
avaykalel To copatiolo vo Kivnoel kukikd.

"Eva. @opTiopévo copatiowe mov kKiwveitor péca og

opoYevéG poyviTIKO medio, KAOETU GTIS OVVOMIKEG

YPORPES, KOVEL OO KUKAKT Kiviion.

Epoocov 1 dOvapn F mailer poro kevrpopdlov dHvopung, o ioydel
2
v
F=m— (4.10)
R
6mov R 1 axtive Tng KUKAIKAG TPOYLAS TTOL Saypdesl To

copatidlo. And 11g oyéoelg (4.9) kot (4.10) éxovpe
2

v
B|q|u = m?
mo
; r="Y 4.11)
! B

TayLTNTA U, KAOETA OTIS SUVOLUKES
YPOUUEG OHOYEVODS  HOyvNTIKOD
mediov, déyeTal dOvaun otadepov
4.9) pétpov, ka@betn omv  TaydTd
tov. To oopatidio daypdeet
KUKAKY  Tpoyld  péco  oOTO
poyvntikd nedio.

Ew 4.8 Tlewpopatikn o1dtan yo ™ HEAETN TG EKTPOTNG
wog déoung niektpoviov péoo o payvntikd medio. To
poyvntikd medio eivor kdbeto ot devbouveon kiviong g
déoung. Ta niexTpdvia KivoOvTol KUKAKG.

H xotedvBovon avtov tov mediov cupforileton pe X. Eivon coav va fAémovpe

10 o PEPOg evog PEAovg mov Swamepvd kabeta tn ceAlda tov PiAiov,
KkatevBovopevo omd Tov avayvaot Tpog ovtiyv. Avtifeta Ba cupporilovpe
He amAég Kovkideg Eva poryvntiko medio mov katevbivetat amd T ceAlda TPOg

TOV avVayvAOOoTI, onetkovilovtag ETat v oy evog BErovg.
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Xy. 4.16 Tpio niektpévia Parro-
VIOl UE OLPOPETIKEG TOYVTNTES
KGOeTOL OTIC SUVOUIKEG YPOLUEG
OLLOYEVOLG LOyVNTIKOD TTEFI0V GTO
onueto O. H aktiva g KukAKig
Tpoylag etvar avaroyn g ToOTn-
tag. H mepiodog etvon idia ko ot1g
TPELG TEPITTAOOCELG.

Xy. 4.17 Kivon eopticpévov
ocopatdiov mov Paiietor TAGYL
OTIG QUVAUIKES YPOLLUES OULOYEVODG
poryvnTicov mediov.

H mepiodog mepiotpopng tov copatdiov Ppicketor av mdpovpe vwoyn Ot

2z
L= ? R . Av avtikotaotioovue v axtiva, omo tn oxéon (4.11) npokdmtet

_272771

T="""
Blq|

(4.12)

H televtaio oyéon delyvel 6T 1 Tepiodog mepioTpoPns, dev e&aptdtan
omd TNV TOYOTNTA 1 TV OKTIVOL TNG KUKAIKNG TPOoYLaC aAld povo amd to €100g
oV copatdiov (nala kot optio). ‘Etol, av o éva payvntikod medio kivovvTol
K@Oeta oTIG SLUVOUIKEG YPOUUES TOV MAEKTPOVIO TOV £XOVV OLOPOPETIKEG
Tay0INTES, O SroypAPovV KOKAOVG S10POPETIKMY OKTIVOV 0AAG o1 Ttepiodot
TEPIOTPOPNG TOVG Ba eivan 101G (oy.4.16).

I Kivnon pe toyaio yovia og tpog Tig dovvapkés ypappés.

‘Eoto éva copatidlo mov e16€pyeTaL 68 OUOYEVES LayvnTIKO TTEdio Kot
N katevboven g TaxvTTOG oYNUOTICEL HE TIC OLUVOLUKEG YPOUUES Yovia
0<p<90° . Avaivovpe v TaydTNTE TOL U GE WK CLVIGTOCO TAPGAAAN
(v I ) Kot oL ka0etn (V| ) 6TIG SLVOIKEG YPapUES. AV TO copaTioo el HoOVo
™m Uy Ba éxave evBOYpapun opaAn kivnon (nepintoon A). Av gixe poévo

v, 0a ékave opain Kukdikn kivnon (nepintmon B). And t cdvOBeon twv 6o

mo
KIVNOE®V TPOKOTTEL P EAKOEONG Kkivnon (o). 4.17), pue axtiva R = B| l|
q
27m
Kot wepiodo T’ = ——.
Blg

e ypdvo HOG TEPLOOOV TO COUATIO TPOYwPAsL ot dievbuvvorn tov

27om
Géova TV X KaTd ,BzUH -T:U” —_—

Blg
omoia dlavvel To odpa ot devbuvon tov mediov oto Ypovo kdbe mepLOdOVL
ovoudCeton Prpa TG EAKOC.

. H otaBepn avt) amdotacn v

A) Kivnon o€ avopoloyevég poyvntiké medio

H tpoyid mov odwayphoper éva @opticpévo ocopatiolo péco o€
OVOLLOLOYEVEG HoyvnTIKO Tedio gival yevikd moAvmAokn kot eEaptdTor kdde
@OPA Ao TN LOPPT| TOV TEGIOV.

To oynua 4.18 deiyvel éva, avopoloyevég medio Tov dnuovpyeitol amd
Vo KVKMKG wTnvia (Anvio Tov To PUAKOG TOLG €ival TOAD HKPOTEPO OO TN
SlapeTpd TOLG), TO Oomoio Exovv TomobetnOel oe peydAn amdotacm, UE TO
eninedd tovg mapdAinia. Eva tétolo medio eivatl ioyvpd kovtd oto mnvia Kot
acfevég 6To PéGo TG ddTaENG.

"Eva popticpévo copatidio mov Eekivael and 1o Eva GKpo Tov TEdiov
Kdével edkogdn kivnon. Otav Tdcel 610 A0 dkpo Tov TTEdiov N Kiviion Tov
OVOOTPEPETOL KOl TO COUATION, O10ypAOOVTOC Kol TOAL EMKOEWN TPOYLd,
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emotpépel oto onuelo ekkivnong. H «ivmon avty 1tov  copatidiov
emovaAapPaveTal S10pKMS.

"Eva. této1o nedio mary1devel To OPTIGUEVE COUOTION KOl OVOQEPETOL
GLYVE OG «PEYVITIKY] QLEANY.

Ye poyvntikéc @ldAeg Exer  emtevybel M mayidevom  peydiwv
TOGOTNT®V TAGopaTog (OnAadn «aepiov» mov PpiokeTon oe Beppokpacio
movo  omd 10° K kot amotedeiton amd miektpévia kar Oeticd ovra). H
moryidevoT Tov TAGGHOTOC Elval £va amd o TPOPANIaATE TOV TPETEL Vo AvBoHV
TPOKEWEVOD VO EMITOYOVUE €AeYYOUEVT Oeppomupnvikny ovvInén Kot va
EKUETOAAEVTOVLE Y10, EPNVIKOVG GKOTOVS TNV EVEPYELN TTOVL LG JTVEL.

M poyvntikn @uiAn, mov polg meptypdyape, oynuatiler to
poyvntikd wedio e I'mc. Onog elvar yvowotd, ot SUVOUIKES YPOUUES TOV
poyvnTikov mediov e I'mg €yovv 0o Hopen HE TIG SOLVOIKEG YPOUUESG TOV
poyvntikov mediov evog vBuypappov poyvitn mov Ba giye Tovg TOAOVG TOL
KOVTG 6TOVC Ye®Ypapikovg ToAoVG g I'mg. Ot duvapukég ypapupég avtod tov
mediov gival TLKVOTEPEG GTOVE TOAOVG.

v atpoceapo ¢ I'ne eleépyovral popTicuéVe copaTiow, Kupimg
NAEKTPOVIO, KOL TPAOTOVIQ, TTOV OTO UEYAAO UEPOG TOVG TPOEPYOVIOL OO TOV
"Hlo. Mepwcd amo to copoatidio avtd eykiopifovior oto payvntkd medio tng
I'mg Kot kivohvtat dapkdg amd Tov Eva TOAO GTOV GAAO.

To 1958, dwumictdbnke omd TIg KOTAYPAPEG TOV OPYAVOV TOV EPEPE O
dopupopog Explorer 1 6t  I'm mepifdiietar and dvo (dveg otic omoieg
napoTnPENOnke peyain mokvotnta eopticuévey couatidiov. Ot {dvec avtég
ovoudotnkav {oveg Van Allen (Bov Alev) kol amoteAodviol amd oLO
daktuAiovg ov améyovv and tn I'm 3.000 km, o ecwtepucodg,
kot 15.000 km, o eEmtepikodc,.

H mokvémmrta tov @opticpéveov copotdiov sivat
Wwitepa  peYOAN KOvId oTOLG TOAOVG, OTOL Ol OLVOIKEG
YPOUUEC TOL mediov mukvovovy. Exel, ol kpovcelc Ttmv
(QOPTICUEVOV COUATOIOV HE TO (TOMO T®V deplov NG
ATHOCOULPOG £XOVUV (MG OTOTEAEGUO. TNV EKTOUTY OPOTHG
axtivoPforiac. H aktvoPforic avthy ovoudletor «aktvoBoiio
Cerenkovy» (Togpévkoo).

To PBopewo oéhag, mov onewoviletar oto eEDPVALO
avtov Tov PifAiov kot oy ewova 4.9, givar amotélecpa
avtig G oxTwoforiac. Avtiotoryo @owvopevo, PéPaua,

Xy 4.18 Mayvntikn) eLaan.

EKOMAMOVETAL Kol KOVTA 6TO VOTIO TOLO. Ewk. 4.9 Bopeto 6éhog
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F + + + + + B

Bqu

Eq

(O 1 1 1 | 1 1)

Xy. 4.19 Oopticpévo coUATIONO
el0épyETAL PE TAXHTNTA L, GE YDPO
OOV  LTAPYEL MAEKTPIKO Kot
poyvntikd medio, kabeta petagd
Toug Kol kdfeto otnv TayvTHTA
TOV COUATIIOV.

v‘ﬁ
t
53

Xy.4.20 And to Betuch popTicuéva
ocopatidln ™me déoung poévo o6ca
€yovv tayvtnta v=E/B cuveyilovv
Vo Ktvovvton 000YPOLLLO. OLOAG.

4-9 EOAPMOI'EX THX KINHXHYX @OOPTIZMENQN
OMATIAIQN

EINTAOT'EAY TAXYTHTQN

‘Eva poptiocpévo copotido pe palo m kol Qoptio q EGEPYETAL HE
TayOTNTO LV G€ WO TEPLOYN ONMOV GLVLTAPYOLV OUOYEVEG TMAEKTPLIKO KOl
opoyevég poyvntikd medio, kdbeta petald tovg. H taydtmra tov copatidiov
glvar kaBetn otTig duvaUKES YpapupUéS Kol Tov ovo mediov (oy. 4.19). To
NAEKTPIKO TEST0 lval KATOKOPLPO TPOG TO KAT® VM TO HoyvnTikd mtedio givat
Ké0eTo 6TO emMinedo ¢ ceAidag, e popd mTpog Ta péca. Av To q glval BeTiko,

oo To NAeKTPIKO TEdio dEyeTaL SHVOUN PETPOV |q|E LE QOpA TPOG TO KAT®,
EVD OO TO LOyVNTIKO SOV B|q|l) ue eopd mpog ta mivew. Edv emiéEovpe

TIG EVTAGEIS TOV MESIWOV DOTE 1| NAEKTPIKN dOvaun vo e&loopponeital amd
LoyvnTikn, to ocopatio 0o cvveyioel avemnpéacto v mopeio. ToOv.

E&iodvovtag T poyvnTikn Kor TV nAeKTpikny  Shvoun (B|q|U=E|q ),
Bpiockovpue
E
U=— 4.13
B (4.13)

E

Av 6ha ta popTIcUEVA COUATIOW HLaG SEGUNE £YOVV TaXHTNTO L = E

dgv ekTpémovtal and 10 oOvheto medio. Av Sdpwg 1 déoun oamotereitar amod
QOPTIGUEVO COUATION LE SUPOPETIKES TAYVTNTES, TOTE HLOVO QLTH TOL EXOVV

TaYXOTNTO U = E 0o cuveyicovv v gvBVYpapun mopeia Tovg (oy. 4.20). Mo

Tétoln. O1aTaln EMTPEMEL VO OMOUOVAOOCOVUE TO, COUOTIOW OPIGUEVNG
TOYOTNTOG KoL YU 0UTO AEYETOL KEMAOYENS TAXVTNTAOVY 1] «KPIATPO TOYLTHTOVY.

TO ITEIPAMA TOY THOMSON (TOMZXON) KAI H METPHZH TOY e/m

Av ko amd v enoyn tov Faraday vréBetav tnv vmopén niektpikd
QOPTIGUEVOV GOUATIOIOV HEca 6Ta ATOoLM, LOAG GTO TEAOG TOL TTPOTYOVUEVOD
awova (1897), o J. J. Thomson amddeiée nelpapotikd v vmopén evog T€Toton
copotdiov, Tov niektpoviov. To meipapa tov Thomson €yve 610 epyactiplo
tov Cavendish tov movemotuiov Tov Cambridge, pe o cuoKeLT GOV VTN
oL eaivetal oto oyfua 4.21.

s+ + 006vn
\Y
g |4
A SINEEE
A V‘v V| Vo
Kéodog Avobol

Xy. 4.21
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Méoa o évo k0B0d1KO COANVA, GTOV OTOI0 EMIKPATEL VYNAO KEVO,
NAEKTPOVIO, TTOV TPOEPYOVTAL OO Lo TUPAKTOUEVT KdB0do, emttaydvovTat
amo T 6popd dvvauikod V avapeso oty kiBodo kat Tic avodovg A kot A’
Kot oynuotiCouv po déoun. Zouemvo pe to Bedpnuo Epyov-gvépyelag 1M
KWNTIKN evEPYELD Tov B AmoKTNGoLY T NAEKTPOVIA givat iom pe To €pyo g
SOvapuNG Tov NAEKTPIKOD TESIOV

1
—mv’=Ve 1 u:w/zeV (4.14)
2 m

OTOV € TO POPTIO TOL NAEKTPOVIOL KAT ATOALTY TIUN.

H &éoun tov nlextpoviov ioépyetal e Eva GIATPO TayVTHT®V, GOV
0VTO TTOV TEPLYPAYOALE TTPOTYOLUEVAGS, KOL GTI| GUVEYELN TEPTEL OE Lo, 006V,
670 GKPO TOL GOANVA, 1 omoio elval KAALUUEVT Le VAKO Tov @Bopilel. XTo
onueio mwov to nAekTpdvie TEETOVY AV oty 086vn T0 @Bopilov VAIKO
ootopforel. Ta mniextpovia Siépyoviar yopic omdkiion amd T0 QilTpo

TayLTTEOV HoOvo Otav 1M ToLTNTA TOLg gival U=% N odupwvo pe v

(4.14) 6tav

E ZeV 0 omov Ppiockovue O ¢ E°
— =, QOT TTOV OKOV Tl — =
B \ m P : m 2VB*

Ot moodmteg £, V' ko B pmopodv va petpnfodv kot £T61 vo TpocdioploTel
10 TNAiKO 7 )
m

O Thomson Bprke 611 T0 MNAiKO 0LTO €xel mAvToTE TNV OO TWA,
avegdptnto omd To VAKO NG kaBddov 1 omoldnmote GAAN GuVONKN TOV
nepdpatoc. To yeyovog avtd €dei&e 011 oo cOPOTIOW TG dEGUNG, TA ool
Tdpa mo. ovopdlovtal nAeKTpOVI, eivar Kovd cuoTaTiKd OANG NG VANG. 'ETot,
otov Thomson amodidetot n avakdAvyn Tov NAEKTPOViov.

Mo amodekTi) GNHEPO TIUT TOV TNAIKOV ovTOD gival

%1:1,75881962><10“C/kg

O Thomson anédwoe ™ peYAN T TOL TNAiKOL ot~ HKPOTTA
g palag m M 610 peydro @optio e, 1 o€ éva cuVOLACKO Kol TV dVo .
Agxomévte ypovia apyotepa o Millikan vroddyioe T0 GTOIYEIDIEG NAEKTPIKO
eoptio. H tun tov e kot m 1w tov mnAikov mov vroidyise o Thomson
kavay duvatd ToV TPOcIOPIGHE NG HAlac Tov nAektpoviov. Mo amodekth

_3'kg.

onpepa Tun TG paog Tov niektpoviov eivar m, =9,1093897 x 10
Mo mv epyacia Tov 0 Thomson TunOnke pe o Ppapeio NoumeA.

OAXMATOI'PAPOE MAZAX

O gaouatoypdpog palag ivor éva 6pyavo mov daympilel Wdvta wov
€xovv d1opopeTIKd TNATKo palag Tpog poptio.

O mpdtog Pacpatoypdeog palag, Kotaokevdotnke 1o 1919 and tov
Francis Aston (Actov), pafnt tov Thomson. Zto oyiua 4.22 eaiveror puo
TOPOALOYT] OVTOD TOV  (QOGLOTOYPAQPOV, TOV KOTOUOKELAGTNKE Oond TOV
Bainbridge (Maéwvumpitl)
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Ew. 4.10 JJ.Thomson (1856-
1940). Ayylia. Amd tovg omnuo-
VTIKOTEPOLG PUGIKOVG TNG TEAEL-
taiog exatovraetioc. Ot gpyocieg
TOV GUVEBOAGY OVGLOGTIKG GTHV
avanTuén g SVYYPOVNG ATOUIKNG
ovownc. Twnbnke pe to Ppofeio
Nopume (1906).



Xy. 4.22 O gacpatoypdeog nalog
tov Bainbridge ypnoyomotel éva
QIATPO TOYLTATOV Y10 TNV TOPOY®-
yn déoung Wvtov pe v ido
ToyOdTNTOL. XTIV MEPLOYN]  TOL
poyvnticov mediov B, ta 16vta pe
™ peyoddtepn pale Kvovvtol o
TPOYLQ LeYoAOTEPNG AKTIVOC.

IInyn wviev

DOTOYPOPIKT] n
TAGKa, -

[6vta amd poe mnyn mepvodv péca amd TIG OYORES Si Ko S
oynuatifovtog pie Aemtn déoun. LTr GUVEXELD T WOVTO TEPVOLV UEGA OO
éva, piktpo tayvttov pe tedia E kot B, amd émov diépyovtal pdvo exeiva mov
£€Youv ToyOTNTO

) 3 (4.15)
Téhog, Ta 10VTa E1GEPYOVTAL GE L0, TEPLOYT OOV VITAPYEL OLOYEVEG LAYVNTIKO
nedio B, kdbeto oty taydmtd tovg. To poyvnrikd medio ta avaykdlel vo
KivnBobv oe MUKVKAIKN Tpoyld, oktivag R, péypt va mécovv mavo ce po
OOTOYPAPIKN TAAKA. ATO TO {YVOg TOL APIVOLV GTN POTOYPUPIKT] TAGKO LLOG
glval Yvoo T 1 aKTiVe TNG TPOYLAC TOV JIEYPUYV.
H aktiva tng KOKAKNG TpoyLag LEGH 6TO HayvnTiKO medio ivat

muv
R = 4.16
Bq (4.16)
Ao (4.15) xou (4.16) TpokidTTEL
RBB'
n_=2 (4.17)
q E

H oxtiva R vrmohoyileton omd 1O iyvog mov a@HVOLY TO 10VTIOL OTN
PWTOYPUPIKY TAdKa VD Ta media E, B ko B' etvon yvootd.

Avo copotidia pe idto poptio aArhd pe dtopopetikn pala o apioovv
o1 OTOYPAPIKN TAGKO StopopeTikd iyvn (oy. 4.22).

‘Eva o6 to TpdTa anoTeEAEGUOTO TOV £00CE O PAGHATOYPAPOG LAl
Ntav 61t 10 véov amoteAeitar amd dVo €idn OTOU®V, LE YPOUUOOTOUIKES Laleg
20g/mol ka1 22g/mol avtictorya. Avtd o@eiletol GTO OLOPOPETIKO aplOUO
VETPOVI®OV OV £YOVV GTOV TPV TOVG TO. dVO AVTA £idN ATOU®Y VEOL. ATopa
TOV OToi®V 01 TVPNVES £X0VV TOV 1010 aplBpd TpOTOViEV (ATOUKOS optBdC)
OAAG SlopopeTIKO aplBud vovkAeovimv oMAadn, TP®TOVIMV KAl VETPOVI®MV
(naliko apBuod), ovopdalovtal 16étoma. Metaoyevéotepa TEPAUOTO 08150V OTL
TOALG otoyeia £xovv wwotoma. [a mapdderypo to yYAdpro vdpyel pue palikod
apBpo 35 ( etvor kot to 75% tov YAwpiov otn evon) Kot pe palikd apBupd 37
(10 25%), o dvBpaxag pe policd 12 adrd kot pe polikd 14 €.0.x.

Xmv mpdén, ue m oxéon (4.17), perpdpe ¢ paleg TV SopdpmV

100TOM®V €VOC OEdOUEVOD 1OVTOG LE YvooTd ¢@optio. Emiong upmopodue va
LETPNOOVLE KOl TOLG AGYOLG T®V pol®V, aKOpn Ko gdv o8 yvmpilovpe To goptio.
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4-10 AYNAMH LAPLACE (AAIIAAY)

Onwg eidape, vo MAEKTPIKO POPTIO OV KIVEITOL UEGH GE UOYVITIKO
nedio déyetan Svvaun omd 1o medio. Aoywkd givarl vo TEPUEVOLUE OTL €vag
PEVLOTOPOPOG OywYOg Tov Ppioketor péca oe poyvntikd medio Bo déyeton
dvvaun amd 1o medio. To nAektpkd pedua givol To amotéAespo g Kivnong
TOALDV QOPTIGUEVOY cOUOTVOIOY uéca 610 aymyd. Xe kabéva amd avtd To
ocopatidl To poyvntikd medio aokel dvvaun. H cuvolikr dvvaun mov dpa
Tévo og éva oywyo, €ival TO LOKPOCKOTIKO AMOTEAEGUO TOV SVVAUEDV TOV
0okel TO poyvnTikod medio o€ Kabe POPTICUEVO GCOUOTIOD TTOV KIVEITOL HECH
otov aywyd. 'Etol, umopodpe, amd ) duvaun mov dEXEToL £vo. COUATIO Vo
voAoyicovpe 1Tn  OOvapn mov O€xETAl O  PELUATOPOPOG ay®Yoc. O
VITOAOYIGUOC 0VTOG diveTal 6T0 TEAOG TG TOPAYPAPOV.

To 611 10 poyvntikd medio aokel dvvaun oe évov aymyod Tov
dwppéetar and pedo, UTOPOVUE VO TO OLOMIGTAOGOLUE HE TN SITaEN NG
gwkovog 4.11 'Evag oplovtiog aymydc 1coppomel avAaeEsH GTovg TOAOVG EVOG
etaAogd0¢ poyvntn. Otav o aywydg drappéetal and peduo LeTOKIVEITaL Av
aVTIGTPEYOLUE TN QOPA TOV HayvnTikoh mediov, o aymyds Oa petaxivnOel
oV avtifetn kotevbuvon.

H &Yvvaun mov ackel 1o payvntikd medio o€ évav aywyd, ovoudletol
ovvapun Laplace.

To poyvntikdé nedio aokel og gvBOYpappo peopato@épo aywyo

nov PpiokeTon péca ¢” avTé SVVauN
F =Bllnu¢ (4.18)

6mov @ N yovie wov oynpotiler 0 ay®Y6S pe TG dvvapkég

ypopupés, | To pikog Tov aywyov kar I To pedpa mov Tov drappésr.

H d60vapun givar kd0Betn oto eminedo mov opiletral amd Tov aywyo

KOL TIS OVVOMIKEG YPOUPEG Kot 1] opd TG OivETOL 0Td TOV Kavova
TOV TPLOV SUKTOAOV TOV 0£E100 YEPLOV:

Yymuotilovpe  tpioopboymdvio  ovotnuo  pe o tpion  SAkTLAG
(avtiyepag, deiktne, uécog) tov 0e&lov yeptov. Av o avtiyelpag dgiyvel
(OPA TOL PEVLOTOC KOl O OgikTNG TN POPA TOL TEdioV, 0 HéGog Ba deiyvel T
@opa ¢ dvvaung (ewc.4.12).

Ao ™ oyéon (4.18) mpoxvmTEl OTL AV 0 PEVUATOPOPOS OYWYOS Eivart
TapdAAniog 610 payvntikd medio (=07 | ¢ =1807) d¢ d&yetar dHvaun
amd atd, eved av givan kabetog 610 payvntikd medio (¢ =90°) n dHvaun mov
déyeton and to medio maipver ™ péytotn T g F = BI1 .

Av o aywyog dev eivor guBOypappog, tov yompilovpe oe pkpd
TUARaTo, UnKovg Al, 1660 UIKpA ®oTe TO KaBéva amd avtd vo pmopel vo
OewpnOei evBOYpappo kot voroyiCovpe T dvvaun Tov ackeitar o kKabe Eva
a6 ovtd. H dOvvoaun mov déyetar o aymyog €ival 1 GUVIGTAUEVT] QLTOV TOV
duvlpewv.
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Ew. 4.11
Bpioketar avapesa 6Tovg TOAOLG
TOVL HoyVITN SlappEeTat and pedpa
exTpéneton amd ™ 0éomn ooppomi-
og Tov. H extpon] tov eivan
omotéAecpo TG OUVOUNG OV
Séyetat and o payvnTikd nedio.

Otav o aywydg mov

F
/BP

Xy. 4.23 H dbvaun Laplace mov
aockel 10 poyvntied medio otov
ayoyd eivar kabetn oto emimedo
mov opiletorl amd Tov aymyod Kot TG
duvapukég ypappés. H @opd g
divetar amd Tov KovOvo TV TPV
SaktOA@V Tov 6e€100 XEPLOD.

Ew. 4.12 Ene&nynon tov kavova
TOV POV doKTOA®V Tov deftov
¥€p100 ya ) dvvaun Laplace.



Xy. 4.24 'Eva 6TOEI00G TUNLLOL
PELUATOPOPOL aywYoD HEGO GE
opoyevég payvntikd medio. Ta
nAekTpOVIO. TOL  KIWOOVIOL GTOV
aymyo déyovtar dvvoun omd 1o
poyvnticd medio. H dvvoun onuet-
MVETOL EVOEIKTIKA TAve og £€va
poprtio.

ITAPAAEITMA 4.3

Am6oeIEN ™G oyéong F = Bll nug
To xd0e poptio mov Kiveitar péca otov aymyd déxeton dvvapn Bq v 7],Ll¢

To va Bpodpe t dOvaun mov déxetan o aymyog Bo moAhamAacidcovie T dHvaun Tov déyeton
Kk60e poptio pe T0 cLVOAKS oplBud TV Eopémv Qoptiov Léca oTov aywyd. Av 7 givor ot

@opeic poptiov avé povada 6ykov, emedn o dykog Tov cbpparog sivme A -1 (A : n Swopn
TOV GOPLATOC), 0 OAMKOC apBpdC popéwv poptiov eivan 1A -1 .
H ohkr| dVvapun mov déyetar o aywyodg sivon

F =ndl Bqu nug (4.19)

Opwmg 10 yvouevo nAq U bivet to pedpo mov dappéet tov ay@yd. Ilpdypatt, n toydTnTa tov
Ax
PopE®V yYpapeTon U = Ax/ At ondte I’lAql) = nAq A_
t

To ywépevo AAX divel Tov 6yK0 oV TUARRATOS TV aywyod pikovg AX , omdte To yvopEVO

nAAx eivoro OMKOG aplOpOS POPEDV G OVTO TO TUNILO TOV OYy®YOD KOl TO anAx glval o

0O QOopTio AQ 7oV peTokveiton oto Tpfpa AX Tov aywyod

Ax AQ
nAdgvo =ndg—=——~=1 420
q th AL (4.20)

kot m oxéon (4.19) yiveton F =Bl 7],Ll¢

Opopdg Tov B

To B opiletanr and ™ oyéon (4.18) otv mepintwon mov o aywydg
givon ka0eTog oTIg Suvapkég ypopupég tov nediov. Tote  nug = nu90’ =1
Kol

N
Movdada tov B givar to 1T (Téoha) 17 = lA—
m

Y10 oynpa 4.25 gaiveton £vag Luydg mov pmopel va ypnoyomoindet yio
™ pérpnon poyvnrikev mediov. ‘Evag cvppdtivog Ppodyog mov droppéetat
oand yvwoto pevpa eppantiletal Hepkdg LEGH GE OPOYEVEG HOYVITIKO TtEdio.
To payvntikd medio aokel dHvaun oto TURROTE TOL BpodYoL Tov Ppickovial
€vt0g Tov Tediov. Ot SLVANEIS TOV OGKOVVTOL GTO KOTOKOPL(OO TLLOTO TOV
Bpoyov aAinroeovdeTepdvovTal, EVAM 1 dVVOUN TOL ACKEITOL 6TO 0pLlOVTIO
Tuuo tov umopel vo petpnbel pe 1o Luyd. Avto divel T ovvaTOTNTA % s
pétpnong tov poyvntikov mediov. 'Eotm 61t to 0p1{évTio TURHe Tov aywyov
éxel unrog 10cm dwppéetar amd pegopo 2A Kot 1 HoyvnTikny SOVOUTN oV y
petpdpe pe to Luyod €xel tun eivon 0,1N. I1o6co ival to payvntikd medio;

Amdavnon :

Xy. 4.25

Emedn o opilovrio tpuqpe Tov Bpoyov eivar kdBeto oto B 1 dvvaun mov 6€yetan and 1o poyvntikd medio Kot
Vv omoia peTpdpe pe o Luyo sivar

EMOUEVAG

F =Bl
g F_ 0N o
Il 2A4x0,1m
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4-11 MAI'NHTIKH AYNAMH ANAMEXZA 2E AYO
[TAPAAAHAOYX ATQI'OYX

Ymnv mponyoduevn mapdypago eidope OTL OTOV €vag PELLATOPOPOS
aywydg Ppioketor péoo oe payvntikd medio d€xetar ovvoun amd avTo.
I'vopilovpe emiong 0tL évag aywydg mov dloppéetal omd pevpa dnuovpyel
dwd tov payvntikd medio. ‘Etot, av tonobetmoovpe kovtd 600 pELLOTOPOPOLS
ay@yous, To payvnTiko medio Tov evog Ba aokel SOVaUN oTov GALOV.

Ot mapdiiniot aymyoli tov oynuatog 4.26 £xovv TOAD peydAo UnKog,
dwppéovior and opdpporma pedpota I; xor I, xou améyovv petagd TOLG
amootoon o . O aywydg mov dwppéetan amd peopo 1, dnuiovpyel, otnv
neployn mov Ppioketor o aymyoc I, payvntikd medio By To By givan kdbeto
GTOV 0y®YO0, OTMG @aivetol 6to oynua 4.27 Kot To HETPO TOL glval

B =t 2l
4r a

(4.21)

Souemva pe to vopo tov Laplace, n poyvntikn dOvoun mTov d&yeTol
&va TUNUO. TOV OEVTEPOL AYMYOV, UAKOLG [, emeldn PpiokeTal oe poyvnTikod
nedio By, ivan

F, =B/l
7ov, Ady® ¢ (4.21), yivetan
1.1
F, = Ho 112y (4.22)
2 a

Mmnopobpe Vo eKQPAGOVLE TO OTOTEAEGHO GLTO Kol MG OVVOUN ova
HOVAS0, LMKOVG
F, _Ho 11,

/ 27 a

Me 1tov kavove Tov Tpidv daktOAmv, Bpickovue 6Tt 1 6Ovaun F,
KateLhvveTal TPog TOV TPAOTO 0ywyd. Me avdroyo Tpémo Ppickovpe Kot T
dvvaun F; mov aokel o devtepog aywydg og Tunpa punKovg / tov mpodtov. H
dovaun avt) eivar avtiBetn g F,. Otav Aowmdv ot aywyol dtappéovior amd
ouoppona pevpata Edkovral. Otav to peduato givar avtippoma ot oywyol
anmBovvrol. Enopévog

Hopdarinior ayoyoi mov odwwppéovror amd opdppoma pevpOTO
£lKovtan, VO Tapdriiniol ayoyoi mov dtappéovtar amd avtippoma.
pevpata anmBodvralr. To pétpo Tng Ovvapng pe TV omoia
£hkovton 1 at®Bodvton diveton amd T oyxion (4.22)

H dYvvaun avtq ypnoyomoteiton yioo va opicovpe tn povada Evioong
NAEKTPIKOD PEVILATOG TO ampere, ™G eENG :

1A gival To pgopo wov 0tav owuppéel kKabéva amd 6vo mapdriniovg
ayoyoig mov Ppiockovral 6g amdotacn 1lm petagd Tovg, o évag

ayoy6g ackei 6€ KGOE péTpo Tov didov dvvapn 2x107 N.
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2%.4.26 O aywyds mov droppéetan
omd pedpo évraong Iy, onuovpyei
poyvntikd medio mov oto onueio
TOV 3EVTEPOL AYWYOV EYEL EVToom
B;. To payvntiko medio By aoxel
oT0  J3e0TEPO  aymyOd  dvvaun
Laplace F.



ITAPAAEII'MA 4.4

Tpeig aymyoi moAd peydiov punkovg ivol TapdAiniot, fpickoviot 6to 1610 enimedo Ko dtoppEoviol
amo opOppoTa peLHOTA, 0 TPp®TOG [;=8A, 0 devtepog I, kar o tpitog 3=2A, dnwg oto oynua 4.27. Av o
TPMTOG KOl TPITOG aymyOg améyovy HeETaEL Tovg andotacn d=10cm, va Bpebel mov mpénet va Ppioketal o
3e0TEPOC AYyMYOS MOTE VO, IGOPPOTEL.

Amévtiyon :

"Eoto 611 yia va wooppomel o devtepog aymydg mpénetl va fpioketal 6 amdotaot X and Tov tpdto. O
TPMTOG AYMYOG AGKEL GE TUNIO TOV SEVLTEPOV, UNKOLG [, EAKTIKN dvvaun

=t L1, /
Yo ox
O 1pitog aokel 60 1510 TUHO TOL dEHTEPOV EMIONG EAKTIKT dVVaUN
_H Ll
27 (d-x) F F
1 3
I'a va woppomel 0 aywydc mpémet G

Hy Iy pe LI,
2r x 27 (d —x)
1
A6 v televtaio oyéon mpokdmTEl | — = 7 3 n 4d =5x omnote
X -X

F, =F, emouévog

T e

x =8cm Ty 427

2YNOYH

Nopog tov Biot kot Savart. Eva moAd pikpo tunpoa Al ayoyod mov olappéetal amd ctabepd pedua /
onuovpyel o€ éva onpeio A mov améyel andotacn ¥ and avtd payvntikod nedio AB, pétpov

My TAl
T

omov 0 n yovia avapeoo oto Al kat oto r. To poyvnrikd medio AB givarl kaOeto 010 eninedo mov opiletan
amo o Al kat r ko1 1 opd Tov divetar amd Tov Kavove Tov deE1o0 xePLov.

Nopog Tovo Ampére. To aOpoicpo tov yivouévaov B Al cuvl katd ufkog omolaconmote KAEIGTNG OL0OPOUNG
glvar {00 pe o YIOUEVO Uoleye, OOV Iy TO GUVOAKO pELLA TTOL SIEPYETOL OO TNV EMPAVELL TOV 0pileL M

KAeloTh dtadpoun. Z BAlovvO = p,l,,

Nopog Tov Gauss yia 10 poyvnticpé. H poyvntikn pon} mov S1€pyetot amd omoladnmoTe KAEIOTY EMPAVELN
givar undév. o =0
Me dAha AdyLo OEV VITAPYOVY LLOYVNTIKG LOVOTTOAQ.

Av éva @optio q Kiveitonl pe TayvTNTO L péca 6E POyvITIKG Tedio B, To payvnTikd medio 100 aokel
dovoun. F= B|q|u nue ,
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OmoL @ M Yovio Tov oynuatilel n tayxvnTa pe To B. H duvaun avtr €yel dievbuvon kdbetn oto eninedo mov
opiletor amd ta v Kol B kot popd mov diveTar omd Tov KOvOva TV TPV dOKTOA®Y Tov 0g&lov yeplov. H
dvvaun avt Aéyetan dSvvaun Lorentz.

Enedn n F eivon dopkdg kabetn otn petatomion, 10 €pyo TOL Topdyel eivol wAvTo PNoEVIKO, LE
arotéleopa vo petafdiiel Tnv korevBvvon g ToydTNTAS, O)L OUMG Kot TO LETPO TNG.

Otav éva QOPTICREVO COUATION KIVEITOL KAOETO OTIC OUVOMIKEG YPOURUES OHOYEVOVS HAYVIITIKOU

muo 27m
nediov kavel opadn kukhikn kivion. H axtive meptotpogng tov givar R = B_ Ko 1 wepiodog 1 = B_

q
Orav elo€pyeTon e TuYoio YOVie 68 OLOYEVEG LOYVITIKO TEGI0 KAVEL EMKOELDN Kivion).

Ev0vypoppog ayoyog pikovg I, mov dwappéeton omd pedpo évraons I ko Bpicketon péca o€ opoyeveg
poyviTiko medio, S€yetar Svvaun

F =Bl nu¢
H dvvapun avt ovopdleton dvvaun Laplace, €xet dievBvvon kdbetn oto enimedo mov opileTal amd Tov aywmyod
KO TIG OUVOUIKES YPOUUES KOt GOPEA TTOV SIVETOL OTd TOV KOVOVA TOV TPUOV SOKTUA®Y TOL d€EL00 YEPLOD.
Otav 0 ayoyog eivar kGBETOg 0TIG SLVOLUKEG YPOUUEG TOL payvnTikoy mediov 1 dvvaun Laplace amd
oyéon F = BIl. And t oyéon avtf opiletar to B. Movada tov B givarto 17 =1 N/ Am .

‘Otay 6v0 Tapdrinior v0Vypappol aymyoli aneipov pNKOVS dtappéovton amd PEOpd, o EVag aywyog
aokel otov AAAo duvaun. H duvaun mov déxetan kdbe aywyog ava povade PiKovg Tov gival

F_p, 11,

[ 27 a

H dvvapun eivo eAktikn av ot oy@yoi dtoppEoviat amd oLOPPOTO PEVLOTO KO OTMGTIKN oV d10ppEOVTaL 0Td
oVTIpPOTO, PEVLLLOLTAL.

Av 1 avd povado pnKovg dvvaun Tov ackeital og KaBe Evav amd d0o TaPIAANAOVS EVOVYPAUILOVS AyWYOVS
peydlov punkovg mov dtappéoviar amd To 0o pedua kot Ppickovial oe amdotaon Im pera&d tovg, givan
2x107" N/m, 161€, €€ OPIGHOD, 1] EVTAGT] TOV PEDLATOC TOV SLappéel KabE aywyd sivon 1A.

APAYXTHPIOTHTEX
1. To payvnTiké medio 6To KEVIpo evog Tharsiov.
XPNOWOTOMOTE £VaL AETTO KOAMOO Yol Vo dNUIOVPYNCETE
éva Katakdpueo opboydvio TAaiclo, e pia 1 meplocdTepeg onElpEC,. '
210 K€vIpo TOov MAouciov tomoBethote o muéida. Tleprotpéyte ™ 1‘
dtaén wote M Pelova g muéidag va eivar mopdAAnAn pe To j'lk R
eninedo Tov mAoiciov. _ I" '|
2uvdéate T0 GUPRA GTOVG TOAOLG oG uratapiog 4,5V. H & u' -

Belova otpépetar. TviiEte axdpo pio @opd 10 GUPUO. DOTE VO

npocBécete pia oneipa oto mhaicto. Tt mopatnpeite yuo ™ yovia wov

oTpdonKe TdOpa M Perova; 5 |
Yvveyiote va TUAMyeTe omelpeg 6TO TAGIG10.
T1 epmodiCer ™ Pelova va tomobetnBel kdbeta oto eminedo Ew. 4.13

TOV TAOUGIOV;
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I

“«— ] —>

Ty 4.29

2. "Evag g0kolog Tpémog va Tapatnpicete T ovvoun Laplace.

Koyte g Aenty Awopida oAOLUIVOXOPTO KOl GUVOEGTE TN GTOVG
moAovg pmatapiog 4,5V. IIAncidote 10 Popero mOAO €vog gvbhypappov
HOYVATI, OV TOV KPOATATE KOTOKOPLEO. Ou Jelte 4Tl TO AAOLHVOYXAPTO
petoKiveital.

[IAnoidote oto arovpwvoyapto 10 vOTlo TOAO TOL poyvhTn. Tt
napatnpeite; EAEYETe av 1 opd TG SVVALNG CUUP®VEL LE TOV KOVOVA TOV
TPLOV SAKTOA®V TOL dEEL00 ¥EPLOV.

3. Kotaokevdote éva tnvio

ToAi&te yOp® 0md Eva Y APTIVO KOAIVOPO EVO LOVMOUEVO YOAKIVO GUPLLOL
(amd owtd OV YPNOWOTOOVV Yo TIG TEPLEAiEelg TV potép). Dpovtiote ot
oneipeg va gpdmntoviol mote va givol mapdAinieg peta&y tove. dpovticte
emiong va ompi&ete TIc omelpeg (M), e KOAAQ) Y10 v unv @gVYOLV oo TOV
KOAWVOpo. EVoTe TIG dV0 AKpPeEG TOL GUPUATOS BoTE va eivar aydyes. To
mnvio eivon étotplo.

4. Kataokevdote éva payvntiké uyo.

B0 YPNOUOTOOETE £VO, GUPUATIVO TAAICIO OO AENTO GUPUA YOPIg
pévoon (oy. 4.29). To mhaicto givar avorytd oto €va puépog tov. H didotaon d
va emieyel KoT@AANAO doTe va yopdel 610 mnvio mov katackevdoote. H
GAAN mhevpd Tov va Exet prkog I=20cm.

Ympi&te 10 mlaiclo oe OV0 Aemidec yopTrokOmMIN WOV  givo
tomoBetnuéveg katokdpvpa. Bpeite mn 0éon oty omoia To TAMic10 1G0ppoTEL
optlovtia kot onuewwote . Tomobetiote To Tvio €Tl dote 1 TAELPA d TOV
moiciov va PBpioketor péco oto mnvio kol o G&ovag tov wNviov va eivat
TOPAAINAOC HE TIC GAAEC TAELPEC TOL TANUGIOV. ZVVOESTE KATAAANAO TO
TAaiolo kal To TNVio pe Tovg mOAovg pmatapiog 4.5V €161 OOTE Kt TAL dVO VoL
Tpopodotovvtal and to idto pedpa (oy. 4.30). [Ipoomadnote va wopponroet
10 Thaicto Palovtag oty eAedBepm GKPN TOL HKPA KOUUATOKLO OO YOPTi.
[Agite kot To avtioTolyo mEipapa 6ToV 00N YO TOL EPYOSTNPIOV |

M e

1. 4.30
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EPQTHXEIX

O vopog Tov Biot kot Savart

4.1

4.2

4.3

4.4

SOUTANPOOTE TO KEVAL:

O vopoc tov Biot kot Savart diver 10 poyvnTikd medio mov
ONUIOVPYEL EVOL tevivies i eieeieeeanenns PELUATOPOPOV
ayoyov. o vo vroloyicovpe to poyvnTikd medio mov dnpovpyel
0AOKANPOG 0 aymydg oe KAmowo onpeio, mTpémel vo ympicovpe Tov
oywyo 6€ TOAD HIKPE TULOTO KOL GTN GUVEXELL VO .eovvenrennnnnns. ™m
GUVEICQOPH OAOV TOV TUNUATOV GTO 0010l YWPIGOUE TOV AywYO.

To poyvnmikd medio AB mov onpovpysl moAd pukpd tunuo Al
PELUATOPOPOV YW YOV GE KATO0 OMLELD, TO OTOT0 AMEYEL AMOGTOON T

amo to Tunuo Al

o) &xer n devBuvon tov r.

B) &xel ) d1evbvvon Tov aywyov.

Y) €Yl LETPO AVTIGTPOPA CLVAAOYO TOV T.
d) EyEL LETPO OVTIGTPOPO OVAAOYO TOV 1.

EniléEte T oot andvinon.

O vépog twv Biot kot Savart, woyvet:

o) IMa guBVYypappovg aywyovg

B) IMa aymyovg mov éxovv yemuUeTpikd GYNa.

v) Mo aywyovg mov 10 prkog Tovg Bewpeitan dmepo.
) IMa ke aywyo.

INUELDOTE TN GMOCTH ATAVTNO).

Ymoloyiote TO HayvnTiKd TEdio 6TO KEVIPO EVOC MUIKVKAIKOD ay@yol
7oL dwappéeTal amd pevpa Evraong L.

O vopog To Ampere

4.5

4.6

ZOUTANPDOOTE TO KEVAL:

2OpQeve e To vOpo Tov Ampére 10 GOPOIGHA TWV YIWVOUEV®V
B Al ovvl «xatd pfAkog wog xiewotng dwadpounc eivon ico ue
............... O vopoc tov Ampére Jdivel Tn oLVVOTOTNTA VO
vroloyifovpe €0KoAo TO poyvnTikd medio oe  dwtaelg mwov
TAPOVGIALOVV .

[Moteg amd T1g TPOTAGELG TOV AKOAOVOOVV Elval COGTEG;

o) O vopog t0vV Ampere 1oYOEL UOVO GE TEPIMTDCELS
GUULETPIKDV OATAEEWV.

B) Mo v epapuoyn Tov vouov tov Ampere Aapfavovpe vedym
uovo 10 medio TOv OQEiAETOl G PEVUATO TTOV TEPIKAEIOVTOL
oto Bpdyo.

v) O vopog tov Ampere 1oyber UOVO OV TO PEVUATO TTOL
dnpovpyodV 1o poyvnTikéd medio givar otabepd.

) O vopog 100 Ampeére epapuoletor kot PNAKOG KAEGTNG

100 pouNG OTOIOVINTOTE GYNILOTOG,
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Ty 431

4.7

4.8

4.9

4.10

KotdhAnin xiewomny dwdpour| ywoo TNV €QOPUOY TOV VOUOL TOV
Ampére givou,

A) o€ guBHYpaUIO Oy@YO OTEIPOV UNKOLG,
o) L0 KUKAKY Stodpopn) KAOETN 6ToV ay®yo.
B) Lo KUKALKY S1adpopn| mopdAANAN 6Tov aymyo.
v) pio dtadpoun oynuetog opfoymviov e To ENimedO TOL
Kkd0eto oTOV AY®YO.
) pio dtdpopn oxnuetog opoymviov pe To enimedo Tov

TOPAAANAO GTOV OywYO.
B) 0€ GOANVOELDEC,

o) po KoKk Sadpoun kdéBetn otov d&ova TOL
GMANVOELOOVC.
B) U0 KUKAIKT Oladpopun o€ eminedo mapdAANA0 oTOV

a&ovo ToLv COANVOELBOVG,.
Y) po Stadpoun oynupatog opboymviov pe 1O EmMINEdO
ToV KBETO 6TOV AEOVE TOV COANVOEIBOVG,.
d) pio Stadpopn) oypeTog ophoymviov e TO EMIMESO TOL
TAPIAANAO GTOV AEOVA TOV GOATVOELDOVG.
ZNUELDOTE TIG CWOTEG ATOVTIOELS.

Avo povopévol aymyol toiiyovrol 6mwg oto oynua 4.31 Ot aywyol
dwppéoviar amd ovtippomo pedpota g g  évraong. E&nynote
vl éva Tétolo ohoTNUE O dNUIOVPYEL YOP® TOV HOyVNTIKO TTEdio.

I
=

“1

No avtiotolyicete o oTOlYElD TG OPLOTEPNG OTINANG OTO. oTOLKElD
g 0e&lic.
N

1. EvBbypoppog aywydog A, u 1 7

Hy 20
A r
4y 271

2. Kukhuog ayoyoc B.

3. ZoAnvoeldég I. 4
Tr

M, 1

4 2r
To poyvnTkd medio gvBOYpPOUOL PELUATOPOPOL OYWYOD TOAD
UEYAAOL UNKOVE TOPIGTAVETOL UE SVVOUUIKES YPOUUESG TTOV

o) glvol TapAAANAES KOl 1GOTEYOVOES,

B) £€yovv TV KatevOLVGEN TOL aY®YOV.

v) glvat opoKevTpot KHKAOL TAPAAANAOL GTOV OY@YO.

d) gtvor opodKeVTpol KOKAOL KABETOL OTOV aywyd HE KEVIPO TOV
aywyo.

ITow eivon | cwoth mpdTaoN;
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4.11

4.12

4.13

To pétpo tov payvntikov mediov 610 E0MTEPIKO GOANVOEWBOVS TOV
dwappéetat amd pedua etvat:

o) OVAAOYO LLE TO UNKOC TOV GOANVOELSOVG.

B) OVAAOYO LE TNV £VTOGT] TOL PELLOTOC TOV TO JLOPPEEL.
v) avTiIoTPOPA 0VAAOYO TOL 0PlBLOD TOV CTEPOV TOL.
d) Avrtictpo@a avaA0Yo TNG OKTIVOC TOV GIELPDOV TOV.

I1UEUDOTE T GOOTIH ATAVTNOT).

KvBog axpung o mepucieiet Eva pafdopopeo payvit. Nao vroroyiotel
1N OAIKN HOyVNTIKY] pOT] OV SEPYETOAL OO TNV EMPAVELD TOV KOPOVL.
ITI6on Ba eivar n poyvnTikiy pon av o poyvitng torobetn el éEm amnd
TOV K0PO;

[log mpoxvmtel, amd to vopo tov (Gauss Yoo TO HOyVNTIOUO, TO
GLUTEPAGHO OTL AmOKAEIETAL 1 VIAPEN LAYV TIKOV LLOVOTTOA®Y;

Advopun o€ KIvoOPEVO NAEKTPIKO QopTio.

4.14

4.15

4.16

4.17

4.18

4.19

Mmropei éva axivinto Tptovio vo tebel o€ kivnon
o) omd &va poyvnTiko medio;

B) oamd éva NAeKTPIKo medio;

AKO10AOYAOTE TNV OTAVINGT GOG.

H obvoun mov oaokei 10 poyvntikd medio ce KIVOOUEVO MAEKTPIKO
eoptio &yxet
o) ™V KatevOLVON TOV SVVAUIKOV YPUUUOV OV TPOKELTOL Y0,
BeTKd Poprtio Kot avtiBetn av TPOKELTAL Yo 0PV TIKO.
B) ) devBuvon g TayvTNTOG.
v) devBvvon mov oynuatilel pe TIg SUVOIKES YPOUUES Yovia @
F
He P = ——
Bgu
0) devBuvon kdabetn oto eminegdo mov opiletar amd 10 B kot v
TaOTNTO.
EmAéére ™ owot amdvinon.

H obvoun mov oaokel 10 poyvntikd medio G€ KIVOOUEVO MAEKTPIKO
eoprio, e&aptdTol amd:

o) T0 (OPTIO TOL COUATIIOV.
B) N palo Tov.
Y) 1 S1evbuvvon g ToLTNTAS TOV.

d) TNV TWH 1oL Tnhikov g/ m.
EniléEte v M TIG COGTEG AMOVTIOELS,

‘Eva nAextpdvio diépyetar amd Kamolo ydpo ywpic vo exktpomel omd

NV 7opeio. Tov. MTOPOLUE VO GUUTEPAVOLUE OTL OV VIAPYEL
LoyvnTiko medio 6To YmPo 0vTod;

210 0y.4.32 PAETOVLIE TIC TPOYLES TPLUDY COUATIOIOV HEGH GE OLOYEVEG
payvntikd medio. Tr copmépacpa Pydlete yio 1o €100¢ TOV PopTiov
kd0e copotidiov;

‘Eva. NAeKTpOVIO E1GEPYETAL UE TAYVTNTO L GE £VO GMANVOELDEG TOV

dwppéetar and pedpa. Na meprypaei 1 kiviorn tov niektpoviov, 660
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4.20

4.21

4.22

Ty 4.34

4.23

424

4.25

YPOVO TOPAUEVEL HEG GTO COANVOEES, O) OV EIGEPYETAL TAPAAANAL
pe Tov dEova Tov COANVOEBOVG, B) av sleépyetal kdBeTa oToV AEoval
TOV GOANVOELBOVG.

H évtaon g xocpkng oaxtwvoPBoiriog (poptiouéva couatiow
TpoepXOUEVE amd TO AIGOTNUO OV KIWVOLVTOL WUE TOAD HEYAAES
TayvINTES) 0TV AAdoka givor ToAD peyaAdtepn an' 0Tl TN YDOPO LLOG.
[o¥ vopilete 6T1 0peileTon aLTO;

Tati yoidel n ewdva g TMAESPACTG GV KOVTA TNG TOTOBETGOVLLE
gva payvi;

210 oynpa 4.33 @oaivoviol TPES TEPUTTMOGELS OTIS OTOiES POPTIGUEVO
COUOTIO KIVEITOL [LE TOYVTNTO V LEGO GE OLOYEVES LOyVNTIKO TEdio
B. ITow eivon n xatevBuvon g dvvaung Lorentz mov Ba deytel 10
ocopatidlo oe Kabe Tepintoon;

Ty 4.33

AVO MAekTpOVIO. KIVOUVTOL KUKAIKG, GTO 1010 poyvntikd medio, e
ToYOTNTEC V1 KOl Dy Y0 TIC OMOIEC woyveL v; > V. Iloteg amd Tig
eMOUEVEG TPOTACELS Elvat opBEc;
A. INoa 11g axtiveg TepioTpoeng tovg ioyvel o) R; =R,

B) R>R, y) Ri<R,
B. IMoa 115 cvyvoTNTEG TIEPIGTPOPNG IoYVEL ) f1 =15

B f=f W) i</

210 oynuo 4.34 oaivovtor ot TpoylEg €vOg TPMOTOVIOL KOl €VOG
niektpoviov mov KvoOvTal He TOYVTNTO 0100 péTpov péca oE
OLOYEVES paryvnTiKo mtedio B.

o) oo amd 1o dVvo ocopatidi oviiotoyyel oV  TPOYLL
LEYOADTEPNC OKTIVAG;
B) ITowa etvar 1 opd g Kivnong Kabe copatidiov;

DQopticuévo coMOTIO Kiveital PHECO GE OUOYEVEC UAyvNnTikKO medio
KAOETA OTIG SUVOUIKES YPAUUEG TOV.

[Moteg amd T TPOTAGELG TOL BKOAOVOOVV Elval COOTES;

o) To poyvntikd medio de petafdAlel v opun Tov.

B) To payvntikod medio dev emitayHveEL TO COUOTIONO.

Y) To payvntkd nedio de PETAPAAAEL TNV KIVITIKY| EVEPYELD TOV
cOUATIO0L.

d) H 60voun tov poyvntikod nediov dev mapdyet £pyo.
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4.26

4.27

4.28

4.29

4.30

‘Eva gopticpévo copatidlo e1GEPYETAL GE OLOYEVES HayVNTIKO TTedio

pe taydmmro v, KAEOETN OTIg OLVOUKEG TOL YPOUUEG KoL OlpOD
dlaypayetl nuikdkAo, 0Tmg deiyvel To oy. 4.35, e&épyetatl amd avtd o€

yxpovo 1.

A. T gldovg poptio €xel 10 cOUATIONW;

B. [Mowa oyéon cuvdéel TNV TayvTNTO V1 UE TNV ool Pyaivel omd
10 Tedio pe TNV ToOHTNTA Vy;

I. "Eva de0tepo 61010 cOOTIO0 pmaivel 6To poyvnTikd medio pe

TayOhTNTo 20, .

i. [a 10 ypdvo £, mapapovig Tov debTEPOV COUATIOIOL GTO
nedlo woyvel o) & =1 B) 7>t v) <ty

ii. o v axtiva ™¢ Tpoyldg tov devtépov copatidiov R,
woyoer @) R; =Ry B) Ry >Ry v) R <Ry
INUELDOTE TIG COGTES AMOVINGELS.

Y10 oynuo 4.36 1 kokkwvn ypouun Osgiyver v Tpoyld &vog
eopticpévov copatidiov. To copatidio katd v kivinon Tov mepviet
a6 6vo payvntikd mwedio By ko B, (givar ot yoddlieg meployég tov
OYNUOTOC) OTOL OlYPAPEL TUIKUKAMKEG TPOYLEC. XTI GLVEYELL
EIGEPYETAL OTO OMOYEVEG MAEKTPKO medio, mov Ompovpyeital o610
E0MTEPIKO POPTIGUEVOL TUKVOTH.

o) T1 gidovg poptio Pépel T0 cOUATIONO;

B) [Toteg givan o1 kaTeLBHVGELS TV dVO LayVNTIKGOV TTEdiMV;

v) [Toto payvntikd medio etval mo woyvpd;

d) Ye 010 amd To dVO LOYVNTIKA TEdior TO COUATIO TAPOUEVEL

TEPLGGOTEPO YPOVO;

+4++++
| —
B,

1

Xy. 4.36

Ti xivnon «kdver éva QOPTIGUEVO COUOTIOO TOL EICEPYETOL GE
oHoYeVEG HayvnTikO medio pe Tuyxoio yovio ©¢ TPog TIS SUVOUIKES
YPOUUEC TOV; ALTIOAOYNGTE TNV OTAVTNGT GO,

ZOUTANPOCTE TO KEVA.

O ogaocpatoypdpoc paleg etvor o dbtacn mov petpdel To mNAiKo
............... TPOG «vvenve vveennen... EVOG 10VTOG. XpMOLOTTOLEITOL Y10
TO OLOYOPIGHO wvvveneenneanes ceaens

No meptypoapovv 1o Bacwd pépn omd to omoio amoteleitan €vog
QoouaToYpaeog nalag kot va eEnynbei n Aettovpyia Tovg.
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TJ— 4cm

3cm

Al |
Xy 4.37

431

Me o S1dtaln pumopovpe amd (o dEGUN POPTICUEVOV COUATIOMY, UE
SLPOPETIKES TOYVTNTES VO TAPOVLE OECUN GTNV OTOi0 OACL TOL COLOTIOW
Oa &yovv v 0w ToO Ty [eptypayte ™ Sidtaln Ko T A&ttovpyio, TG,

Avvopn Laplace — poyvntiki] 00vopn avapeso 6€ Tapdiiniovg oymyovg

4.32

4.33

4.34

4.35

Ilepypayte  1tpelg TPOMOLE e TOVG OMOIOLG WUTOPOVUE VO
dwmotd®covue TV VIepén LoyvnTIKoD mEdiov.

EvBoypoppog aywydg mov dwoppéetor amd pevpo Ppicketol péoa g
opoyevég payvntiko medio. Ilolog mpémel va eivar 0 TpocsavaToMoudg
TOL Ay®YOL MOGTE 1 OVVOUN oL déyeTal Amd To UAyvNnTiKd medio va
glval n péytot dvvatn;

SOUTANPOOTE T KEVE,

EvB0ypappog aymyog, mov dwappéetor amd pevua, Ppiocketorl péca g
opoyevég payvntikd medio. H dvvaun mov déxetor o aywyodg eivol
k&g 6TO £MinMedo OV OPILETOL OO ..vveevveennenn KOl 1 QOPa TNG
SIveTon oo .o

SOUTANPDOOTE TIG EMOUEVEG TPOTAGELG :

AVO TapAAANAOL 0y@yol TOAD HeEYAAOL UNKOVG TOL SloppEovTal Omd
.............. PEVUATO EAMKOVTOL, EVD OV OL0PPEOVTOL OO ...'vveneennee.
PEVLOTOL «ovvvennnnnn. H 60vaun mov aokel o évog aymyog oe unkog /
TOV GAAOL €lval OVALOYT LE TO YIVOUEVO...ouvereneenenennns KOl € TO
UAKOG [ KOL OVTIGTPOPOL OVIROYT] - eneeneentanes teneeieeen caeeaene caennn

AXKHXFEIX

Nopog Tov Biot kou Savart

4.36

4.37

4.38

O eufdypappog aymyodc tov oynuoatog 4.37 dwppéetar amd pedua
évtaong I=10A. Ymoloyiote to poyvntikd medio B mov dnpiovpyel
tuqpa A, tov ayoyod pnkovg Al=0,2cm (to Al va BewmpnBel
otoyeuddes) ota onpeio A kot I'. Atvetan g, = 47 x 107 Tm/ A.

[An: 0,22x107°T, 0,048x107°T]

O ayoydg tov oyfuotoc 4.38 amoteAeitor omd dvo gvbBOYpappa
TUAMATO HEYOAOL HAKOLG Kol v TMKLKALKG, oktivag R. Na
VTOAOYIGTEL TO HOyVNTIKO TEDIO OV dNovPYEL 0 OywyOg 6TO onuEio
0, k€vtpo ToL MpIKLKAIOL, O6Tav droppéetar amd pevpa Evtaong L.

Mol
. 0 ]

[Am:
4R

O ayoydg tov oynfuotog 4.39 dwappéetor amd pedpo Evraong 1 xon
amoTeAelTOL OO dVO OUOKEVTPO MUIKVKAMKE TUMLOTO, OKTIVOV o Kol
B, mov eivar cvvdedepéva petald Tovg e 000 OKTVIKG gvBVYpOLLLL
Tuquota. No vroloyiotel To poyvnTiKO 7mESI0 GTO KEVIPO TMOV

. ﬂol(ﬂ_a)

NUKVKAIK®V TUNHOTOV. [Am: ————= ]

4af
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Nopog Ampeére - payvnTiki por] -vopog tov Gauss 6To payvinTiopo

4.39  [lévte cbpuata mov doppéoviat To kabéva amd peopa Eviaong [=10A
KO6Povv kdbeta TN oeAida ota onueia Tov @aivovial oto oynue 4.40
210 oOppato pe meptttd apldud o pedHOTO EXOVV QOPA TPOG TOV
AVOYVOOTI VA OTO GUPLOTO PE APTIO 0pBUd, 1 POPA TOL PEVUOTOG
glval amd tov avayvmotn Tpog TN 6eXida. YmoAoyiote to dBpooua
TV ywvouévov B dl cuvl ndve ot k6O kheiotn dodpoun Si, Si, S3
OV PALVOVTOL GTO GYNLLOL, LLE TN POopd oV deiyvel To PEAOC.

Aiveton: gy =4z x107 Tm/ A.
[An:0, 47x107° Tm, 0]

440  Invio amoteleiton amd N=400 omeipeg kot Exel unkog /=10cm. H kdbe
oneipa €xel dSapetpo A=2cm. To mvio dappéetor amd pedua Eviaong
I=10A. No vmoloyiotel m poyvntikyy pony mov OpyeTol amd KAaOe

oneipa Tov anviov. Atveton g, = 47 x 107 Tm/ A.

[An: 167° %107 Wh]

Advopun mTov aoKEl T0 poyvNTIKO TEGI0 6E KIVOOUEVO NAEKTPIKO
QopTio

441  Hlextpévio Parietar pe toydtnra v=10" m/s, kGOeta oTIG SuVaKEG
YPOUUEG OMOYEVODG payvnTikob mediov évtaong B=2x107T. No
VTOAOYIOTEL M OKTiVeL Kot 1 TEPI0d0G TEPIGTPOPTG TOV MAEKTPOVIOL.
Aivovtor 10 oTolEtddes optio e=1,6x10"°C war 1 péla Tov
niextpoviov m=9,1x 107 'kg.

[An: 2,84x10° m , 17,86x10™° 5]

442  Oopticpévo copatioto daypdeel KukAikn tpoxld aktivag R=20cm,
Uéco o€ OpOYeEVEG payvnTikd medio pe B=2T. Av to ¢@optio TOL
copotdiov sivar 2x 1,6x 10"°C va vIoloyioTel T0 PETPO TG OPHAG
TOVL.

[Am: 1,28x10"kg m/s ]

443 Tt mpémel vo €xel éva payvnTikd medio 6To JAoTNUA, OCTE Vo
avayKaoel va TPMOTOVIO mov Kiveitar pe TayvTnTo v=10"m/s KGdeta
OTIG OLVOUIKEG TOV YPOUUPES, VO Sloypdwel KUKAIKY TPOYLd oKTivag
fong pe v oxtiva g I'mg. Atvovtor m,=1,6 X 107kg e=1,6x10"C
kot Rr=6400km.
[Am: 15,6x10°T]

4.44 ’Eva mpotoévio kol £va copdtio o (mopivag tov nAiov ; He) éyovv
{oeg KIVNTIKEG eVEPYELEG KOl UMOIVOUV GE OHOYEVEG LOYVNTIKO Tedio,
KGBeTO OTIG OLVOUKEG YPOUUEC. AV 1 OKTIVO TEPIGTPOPNG TOL
npwtoviov givar Ry=10cm va vroAloyiotel n axtive TePIGTPOPNS TOV
copatiov a. Atvetar 6T 1 pao Tov copatiov o gival TETpUTALCLO TNG
pélog Tov Tpwtoviov Kot 6Tl T0 PopTio TOL o SIMAAGIO TOL POPTIOV
TOV TPWTOViOoL.

[An: R, =10 cm]
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X X X /X X
g X X X X X

Ty 4.41

Ty 442

X X X X X

4.45

4.46

4.47

4.48

Hiektpovio mov kwveitar pe toxdnra v=2x 10° m/s pmaivel og xdpo
OOV CLVVTLAPYOVV OLOYEVEC NAEKTPIKO KOl OLOYEVES HOyVITIKO TTEdi0
UE TIC OUVOUIKES TOVG Ypoppés kKabetee petalv tovg. To miektpdvio
umoivel KAOETO 0TIG SUVOIKEG YPOUUEG TV dLO TTEdi®MV KOl Kiveital
gubvypappa kol opord. Av to poyvntikd medio eivar B=0,02T va
VTOAOYIOTEL 1] £VTOON TOL NAEKTPIKOV TEGIOV.

[An: 4V/m ]

Mo déoun amd nAekTpdvia pe Kivntikn evépyeta K KatevBovetot Tpog
LETAAMKY] em@AveLn oV givol TomoBetnuévn kabeta otn devbuvon
™G 0éounc. Mmpootd amd Tn HETAAMKT ETPAVELD VITAPYEL OLLOYEVEG
HOyVNTIKO 7edio pe TIG OLVOMIKEG TOV YPOUUEG TopdAANAES oTnv
emoavela. To gbpog tov payvntikov mediov eivar D (oy. 4.41). Ilow
glval n eAdyiotn T B tov payvntikov mediov mote To NAEKTPOVIA VO
NV TEPTOLV TOVD OTN UETAAAIKY empdveln. Aivovtor 1 palo tov
NAEKTPOVIOV 72, KOl TO GTOUYELDOEG NAEKTPIKO POPTIO e.

2m, K |
e’D’

[At: B=

‘Eva nlektpévio 10 omolo €yet  xwnTikn evépysin  K=20eV

(1eV=1,6x10""]) pmaivet ot meployy OMOV VIAPYEL ONOYEVEC
poyvnTikd medio B=5x10T. Av n taydmro Tov miektpoviov
oynuotiCel yovia @=60° pe 11¢ duvapkég ypoppés tov mediov, Ppeite
T0 Brjna g édkag ov Ba Sraypdyet.

Aivovtonr m.=9,1 x 10'31kg kate=1,6x10"C.

[Am: 9,4 cm |

‘Eva mpwtovio  emtoydveton oe tdon V=2000V kor ot ocvvéxew

ELCEPYETOL GE OMOYEVES LOyVTIKO Tedio KADETO OTIG SOLVOLIKES YPOLLUES.
No vmohoywotel 1 aktiva ™G TpoYg mov B dwypdyer  péco GTO
poyvnTikd medio. Afvovton o payvitikd medio B=2x 10T, 10 oTotyeihdeg
goptio e=1,6x 10™°C kou 1 péa Tov TpwToviov m,=1,6x 107kg.

[Am: 0,316 m |

Avvapn Laplace

4.49

4.50

Aywyog pnkovg /=40cm mov dwppéetan and pedpa évtaorng [=8A,

Bploketor avapeco oTtovg TOAOLG 1GYVPOL MAEKTPOUAYVITH TOV

dnuovpyel poyvntikd wedio B=1,2T. Na vmoroyiotei 1 dbvoun mwov

d€xeTaL 0 AY®YOG,

o) av givon kaBeTog 0TIC SUVOIKES YPOUES TOV TEGIOV, Kot

B) av oynuotier yovie 30°, pe Tig SuvoukéC YPOPUES TOL
nediov.

[Am: o) 3,84 N, B) 1,92N]

O ayoydc KA (oy. 4.42) éer palo 40g wor pnkog /=0,5m, eivon
oplovtiog kot pmopel va oAcBaivel yopic tpiféc mavem o OvO
KATOKOPUEOLE 00MyoV¢ amd povetikd viAkd. Ta dkpa K kot A tov
AY®YOL GUVOLOVTOL UE TINYN, OMOTE O OYMYOG OOPPEETOL OO PEVLA
évtaong 10A. Olo 10 cvomua Bpioketal péoa og optloVTIO OUOYEVEG
payvntikd medio B, kdbeto oto eninedo mov opiletor amd tov KA won
TOVG KOTAKOPLPOVG 0O YOVC.
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4.51

o) [Tota glvar n opd KoL TO HETPO TOV HAYVNTIKOL TEdiov MOTE O
aywyog KA va icopporet;

B) [Moo wpémet va gival To p€Tpo tov payvntikod wediov B dote
0 oy®YOC VoL KIVEITOL TPOC Tl KAT® PE EMTAYVLVOT a=2m/s’.

Aiveton g=10m/s’.

[An: o) 8x10°T B) 6,4x107°T ]

O guBdypappog aymyog Tov oyfuatog 4.43 éxel pnala m=10gr, uMqKog
=lm ko xpépetar kotakdépvea amd dvo oOpole glatnpw. Oio 10
ocvotnua Pploketor péca oe opoyevég poyvntikd medio B=0,2T. Na
oYeOOTEL 1 POPE TOV PEVUATOC TOV TPEMEL VO, OLOPPEEL TOV Oy®YO
KOL VO DTOAOYIGTEL 1 TIUN TOL MOTE AVTOG VO 1COPPOTEL YwpPig va
déyeTon dvvaun amod To E TP (Ta EAATIPLL VO S1UTPOVY TO PUCIKO
T0VG PNKOG). Afvetat g=10m/s>.

[An: 05A]

Avvaperg peTald TapaAIA®V PEVRATOV

4.52

4.53

4.54

Avo mapdiiniolr aywyoi, mOAD peEYAAOL UNKOLG dloppEoviol amd
opoppona pevpato [[=10A kot [L=30A. Ot aywyoi améyovv peta&y
toug amootacn d=8cm. Tpitoc aywydg mov Swappéetal amd pedpo
I;=10A eivar mapdAiniog pe tovg 600 mpmdTOVG, PpickeTol oto B0
EMIMESO LE OVTOVG KOl GTO HEGOV TNG AMOCGTAGNG TOVG. AV TO peda
OV OlOPPEEL TOV TPiTO ay@yd €xel avtifetn gopd and ta peduata Iy
kot I, va vmodoyiotel 1 dVuvaun mov déxeTan 0 TPITog AyWYos, avd
povado  punkovg  tov, amd  Toug  GAAovg  O0vo.  Alvertan

w, =47 x107 Tm/ A.
[An: 10°N/m ]

Avo mopdAAniot aymyol peydlov pKovg dlappEovTal omd avTippoma
peopato [=10A ko Ppiokovtal péoa oe opoyevég poyvntikd medio
B=0,5x10" T, pe 1o eninedo mov opilovv KGHETO OTIC SuVapLKég
YPOUUES TOL poyvrTikod 7ediov (oy. 4.44). O oaywyog 1 sivan
aKAOVNTO OTEPEMUEVOC Kal 0 aymydg 2 eievBepog va kivnbel. Na
VTOAOYIGTEL TTol0 TpémeL va gival 1 peta&d Tovg OmOoTUoT ¥ MGTE O
ayoyog 2 v wsopponel. Aivetar 41, =4z x107 Tm/ A.

[An: 4cm ]

Tpeig mapdAiniol petariikoi ayoyol A, B, ko I' dwuppéovtor and
pevpata g dwog évtaong I=50A kot améyovv avd dbo amdcTOoN
0=30cm. Zto oynuo 4.45 TaploTdvETAL 1] TOUN TOV TPIOV AYOYDV UE
eminedo kdébeto oe avtovg. Or ayoyoli B ko I Sappéovrar amd
opdppoma pedpoto evd ot aywyol A kot B dappéoviar pe avtippoma
pevpato. No vToAoyloTel To HETPO TNG SVVAUNG TTOL dEXETAL 1] LOVADA
pikovg tov aywyod I amd tovg dAlovg dVvo aywyols. Alvetan
w, =47 x10" Tm/ A.

[An: 166,7x107° N/m]
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TOMT] TOV op.ouéovucon
GUGTAHOTOG

Ty 4.46

Ty, 447

Ty. 4.48

DaToypapiky

TAGKO.

4.55

4.57

4.58.

[TPOBAHMATA

KvAwvdpikog aymyog éxel datoun axtivag R=4cm ko dwppéetar and
pevpa évtaong [=10A. To pedua ival oLOIOPOPPO. KATOVELUNUEVO OTN
dlaTopn ToV aymyov, OnAadn 1 TUKVOTNTO TV EAEVDEP®Y NAEKTPOVIKDY
IOV OMLLLOVPYOVV TO PEVUA Eivat 1d1aL 67 GAN TNV EKTOGT] TOV Ay®YOUL.

o) Ymoloyiote to payvntikd medio 6€ amOGTAGELS r1=2Cm Kot
r,=10cm amd Tov A&V TOL KVAVIPIKOD ay®yov

B) No wapactadel ypopikd To HETPO TOV LOYVNTIKOL TTEdIOL OV
dnpovpyel 0 aywyodg GE GLVAPTNON LE TNV OTOCGTOCT OO TOV
a&ova tov.

Aiveton p, =47 %107 Tm/ A.
[An: o) 2,5x107° T, 2x107° T

EvBuypoppo copuo mov €xel datopn aktivog o mepBdAieTol and Aemtod
KOAVOPIKO ary@yo KEALPOG aktivag b. O d&ovag Tov KEADPOVG GUUTITTEL
pe tov a&ova tov ovppotog (oy. 4.46). Meta&d Tov GUPHOTOS KoL TOV
KeMQovg vrdpyel povotikd vikd. (H dwbraén ovopdletar opoagovikd
GUGTNHO AY®YDV 1] OpOaEOVIKO KoAmOo). Ot d0o aymyoli diappéovtar ard
pevpara [} kon I, avtiBetng popdg. YmoAoyiote 1o poryvntikd medio og éval
onueio mov oméyel omodoTACT T amd TOV KOwo GEova kou Ppioketon
o) petocd tov 300 ayoydv (@ <r<b) ko B) o omd 1o chotua Tmv
&0 aywydv (7 >b ). EEetdote kar v mepintwon 6mov [i=h. H poyvntich
SomePATATITO TOL POVEOTIKOD VAIKOV Oa BempnBet iom pe éva.

ol =1, :

,Uo
Am: B= B =
[An: o) 2mr - P) 27

Kukhkég aywyog (oy. 4.47) éxel oktiva r=3cm kot doppEeTan omod
pevpo [=10A. Na vroroyiotel To0 poyvntikd medio mov dnuovpyei o
ayoyds o€ onpeio A mov Ppioketon mhve o evbeia mov givon kdOetn
670 eninedo 1oV KOKAOL, diEpyeTal amd 10 KEVIPO Tov KOuKAoL O Kot

anéyel anodotacn d=4cm omd 1o O. Aiveton p, = 47 x 107 Tm/ A.
Ynéoeiln: Xopiote tov KUKMKO aywyd o€ MOAD LUKPE TUNHOTOL.
Avoivote 10 diavocpo AB og kdfeteg GuvioTdoEg, M Lo TOV 0ToiY
Ba éxer ™ O1evBvvon AO. Zvykpivere v éviacn Tov mediov mwov
dNpovpyoHy d00 AVTISIOUETPIKA HIKPA TILLOTO TOV 0Y®YOL.

[An: 0,452x107* T ]

1o oynua 4.48 mapiotavetar Evag eocpatoypaeog nalos. Tao 1dvta mov
nopdryovtor amd v M I apov emtoywuvodv amd niektpikd medio mov
onuovpyeitor amd TéoT V, EIGEPYOVTL GE TEPLOYT OOV LIIAPYEL OLLOYEVEG
poyvnTikd medio B, wdbBeto otig duvopucés ypoppés tov. Exel, agpov
Sorypéyouy MUKVKMKY] TPOoYLl, TEQTOVY GE MTOYPOPIK TAAKN OOV
OTOTLTIAOVETAL TO Tyvog Tovg. ['vapilovtag to eoptio TV Wvtwv, Ty Tdon
V, 10 poryvntikd nedio B ko v amdotaon X, Tov {voug 6T pOTOYPapIKI
TAGKO amd 1O onpEio €16650V, UTOPOVLE VO LITOAOYicoLLE TN HAla TV
Wvtov. Av V=95V, B=0,08T 10 poptio kémoov 16vog eivar g=1,6 x 10™"°C

Ko 1 amootaon X Ppébnke 0,5m vroAoyiote ™ pdélo Tov 1vToc.

[Am: 3,368x 107 kg ]

178



4.59

4.60

4.61

4.62

4.63

4.64

Ye opoyevég poyvntikd medio B=1T eioépyetar miektpoévio e
toydmra v=10"m/s. To dvvopa ™ TaxdTTOS SYNUOTILEL Yavio
¢=60° pe 1t devbvvon TOV SVVOKOV YPapudV Tov Tediov. Na
VTOAOY10TEL TOGEG KUKAIKEG TEPLPOPESG Ba KAVEL TO MAEKTPOVIO HEYPL
va dwtpéEel amdotaon x=1m Katd 1n o1ebBvvon TV SLVOLUKOV
ypapudv. Aivovtar: m=9,1 x 10”'kg ko e=1,6x 10"°C.

[Am: 5600 meprpopés |

Hl\ektpovio pmaivel og ydpo dV0 medimv, £vOG NAEKTPIKOD KOl EVOG
LOyVNTIKOD, HE Ovvapukés ypoupés mapdiinies ko avtippomes. H
TayHTNTO TOV NAEKTPOVIOV &lval KAOETN 0TI SUVAUIKES YPOUUES TOV
nediov. No pehetnei n kivnon tov.

To yAwpro amotereitan amd dVo dtoma. Ot paleg Twv 160TdTWV givol
m;=37x 1,673 x 10?" kg ko my;=35 x 1,673 x 10*'kg. MovocBevi} 16vta
yAopiov emtaydvovtolr amd v npepio pe téon V=7 kV. Zm
oLVEXELD KvouvTal Péca 6To opoyevég payvntikd medio B=0,5T evdg
QOGLOTOYPAQPOV LAlaG Kol TEPTOVY GTN GMTOYPUPIKN TAdKa. Bpeite
1600 B anéyovv Ta tyvn TV 6H0 1GOTOTMV GT POTOYPAPLKT TACKOL.
Aivetar To oTotyelddeg poptio e=1,6x107"°C.

[Am: 8x10° m ]

Aywyog I'A pélog m=60gr kon pkovg 1=20cm, pmopel va odcBaivet
Yopic TPIPéc pévoviag cuveyms oplovTiog, TAvm 6€ 31O TUPAAANAEG
pafdovg amd povotikd vAKO mov oynuotilovv yovio ¢=30° pe v
opilovtia devbuvon. To 6Ao cvotnua Ppioketor LEGH oe OUOYEVEG
KataKopveo payvntikd medio, B=1T (oy. 4.49) Na Bpeite ™ @opd
KoL TNV €VTOoTN TOV PEVLOTOC OV TPEMEL va. dtappéet Tov aywyd T'A
®ote va 1eoppomsi. Aiveton g=10m/s”.

[An: /34 ]

OpBoydvio mhaioto &yel TAeLPEG oL Kot B 1ot StoppéeTan omd pEvLL EVTOOTG
I; (oy. 4.50). "Evog guB0oypoappog ayaydg moid peydAov unkouvg Ppioketon
070 1010 eminedo pe to mhaioto, doppéetar and pevua b, eivon TapdAiniog
UE TIC TAEVPEG TOL TACIGIOV LNKOLG O KOL OTEYEL OO TNV TO KOVTIVI
mevpd omootaot y. No voloylotel 11 GUVOAMKN SUVOLT TIOV OEYETAL TO
TAG10 oo TOV gVBHYpPapO ay@yd. Atvovtar To o, 1y, I, a, B, v.

F= ul 1o
27y (y + )

Aent déoun HovosHEVDV 1OVI®V YA®PIiov E10EPYETOL GE TTEPLOYN OTTOL
GUVUTAPYOLV OUOYEVEG HayvNTIKO Tedio Kol OHOYEVEG MAEKTPIKO TTESIO
KdBeta petaly tovg kot kdBeta otn devBvvon ¢ déounc. To poyvnTid
nedio eivan Bi=4x 10°T xat 10 nAektpcd medio E=2000V/m. Mepikd.
amd ta 10vta dev ekTpémovtar kot cvveyilovtag v mopeic TOvg
Sipyovior amd AEmT| OTH SWEPAYLOTOS TOL 1 EMPAVEd TOL glvon
KkaBetn ot devbuvvon g déounc. Apécwg LeTd ™ 61060 Tovg amd TV
om|, Ta. 10VTa, EIGEPYOVTOL GE OUOYEVES LayvITIKO TEdi0 TTOL 1] EVTOOT| TOV
éyer pétpo B,=0,1 T xon etvor kdBetn otn devBuvon g déopng. Ta
WOVTO EKTEADVTOG TMOPO KOUTVAGYPOpUn Kivnor EmGTPEPOVY  GTO

[Am:
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Stbpparypia Kot SNUoVPYoDV TIVE GE POTOYPAPIKN TAdKa 600 oTiypaTo
IOV OMEYOLY UETAED TOVS amOGTaoT d=2cm.
o) Yyedidote TNV OAN dudToén

B) Eénynote ywati pepucd 16via amokAivouv péca 610 cHvOeTO
nedio evd aAla cuveyilovv avennpéacta TNV TopEio TOVG.

v) E&nynote yiati ta dvto oynuotifovv dvo otiypara.

d) Kotd moca vetpdvia Stapépouvy Ta d00 160TOTA TOL YAMPIoL;

Aivovtar : 10 ototeiddeg poptio e=1,6x10"°C kar n pdla Tov
vetpoviov m,=1,6x 10*'kg.
[Am: 2]

TO ®AINOMENO HALL (Xo))

To 1879 o Edwin Hall dwamictmce 011 g éva TAakidlo Tov dtoppEetol
ond peopa, tomobetnuévo péoa oe payvntikd medio, onpovpysitar dapopd
duvapkov og devbvvon mov gival KAOET 6TO PELLO KOl GTO LoyvnTIKO TTEdiO.
To @awvopevo avtd, mov eivar yvwotd oc awvouevo Hall opeiretoar otnv
0mOKAGT TOV VPIGTAVIAL 01 POPEIS TOV PEVNATOS, €€ arTiog TG dvvauNg
OV 0£Y0VTAL 0T0 TO POYVITIKO TTEdTO.

H avaiven tov amoteleopdtov tov @arvouévov Hall og éva
ayOYIHo TAOKIOW Oivel TANPOQOPIES YO TOVG QPOPEIS TOV NAEKTPLKOD
PELNOTOS KOu Y. TNV AvkvoTNTd Tove. To  @awvopeve  To
EKUETAAAEVOLOAGTE 6T PETPIGT RAYVITIKAV TESIQV.

‘Eoto évag aywydg oe oynuo TAGKAG TOL JloppEETaL omd pedO KATd
) Betikn katevBuvorn tov dEova X. Xtnv KatevBuvon y vmlpyel opoyevég
payvntikd medio B. EGv ot @opeig tov nAektpikol pedpatog givor eAedbepa
niektpovia, (oy. 4.51a) owtd Oa KtvodvTol TPOG TNV APVNTIKT KaTEHOLVGT) TOV
dEova x pe po péom toyvtnTo vy (TayvTNTO SloAicOnomg). Xta NAEKTPOVIL
ovTd 1o poyvntikd medio ackei dSuvaun F pe katevBuveon mpog ta endvo, kot
GUVETMG OTOKAIVOUV ammd TNV Topein TOVG KOl GLGGMPEHOVIOL GTO EMAV®D
HUEPOG NG TAGKAGS. ME T GLGCMPEVOT) TOV NAEKTPOVIMV GTO ENTAV® PEPOG TNG
mAdKag Onuovpyeitan mepicoe Beticod @optiov 610 KAT® péPOog Tnc. H
GLCOMPEVOT 16V TOGOTHTOV BETIKOD KOl OPVNTIKOD POPTIOV GTO KAT® KOl
EMOV® HEPOC TNG TAUKOG CULVETAYETOL TN ONUIOLPYID OTO E0MTEPIKO NG
TAOKOG Opoyevols mAektpuko® medlov To omoio aokel ota elevBepa
niexktpovia dvvaun Eq, pe eopd mpog ta kdtw. H cusosmdpevon niektpikon
eoptiov cuveyiletar uéypig 6tov M Miektpikn dvvaun Eq eficopponncel
poyvntikn dovoun F.

() ®
Ty. 4.51
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Me éva evaicnto yoABavopeTpo UTOPOVLE VO, PETPHCOVUE TN Spopd
dvvaptkov mov dnpovpyeitor HETAED TOL KAT® KoL TOV EMAVMD UEPOLS TNG
mAdKog e&attiog TG CLOCMPELONG MAEKTPIKOD @OPTiov. Avti 1 dpopd
duvapkov ovopdletor Tdon Hall (Vy).

Edv ot ¢opeic to0 mlextpikov pevpatog eivar Betikoi, (Om®G
ocupPaivel og opropévoug nuoywyovg) (oy. 4.51p) avtoi Ba exktpamodv Tpog ta
TOVO Kol £T61 OTO ENAV® WEPOS GLOOMPEVETAL DETIKO (OPTIO EVAD GTO KAT®
apvnNTIKd. XNV mepintoon avt) to Tpoéconuo g tdong Hall eivon avtiBeto
amd OTL mpwv, Otav ot popeic Nrav niextpovia. [Ipocdiopilovrag Aowmdv v
moAkdtnTo TG Téong Hall mpocsdiopiletan to mpdonpo twv popémv gpoptiov.

Mmropobpe va Bpodue pio ékepoon ya tnv tdon Hall av BupnBovpe
OTL 0TIV KOTAGTAGT 16OPPOTTiNG 1) SVvaun Tov payvntikov nediov £ = Bqu,
e€looppomeitar and tn dHvaun Tov nAekTpikov tediov Eq
Bqu,=Eq nw Bu,=F (4.23)

v
Edv 10 mldtog tov aywyod givon d, tote E = 7H Kot 1 oxéon (4.23) yivetan

v,
By, :7H onote V, = Bdy, (4.24)

Amo6 ™ oyéon (4.24) mopatnpovpe otL ov yvopilovpe v tdon Hall to B kot to d,
UTOPOVLLE VOL VTOAOYIGOVIE TV To 0TI TA S10AIGONoNG TV POPEDY TOL PEOUOTOC,

H évtaom tov pedporog umopel vo ekppocdel Kol g GuvapTnoT Tov
aplBpod 7 Tov eopéwv Eoptiov avd povada GyYKov, OTMG VITOAOYIGTNKE O
oyéon (4.20)

I =nqdv, W v, =—,
ngA
omov A 1o euPaddv g dotoung TG TAakaG. @étovtag otn oxéon (4.24) v

(4.25) Ppiockovue

(4.25)

_ IBd
ngA
Amo 1N oyéon OVTN LITOPOVUE VO VTOAOYICOLHE TNV TUKVOTNTA (POPEDY
PEVLLATOC TOV OLY®YOU.
Téhog yvaopilovog Tig 1010TNTEG TOV AY®YOV TANKLSI0V, ONAAdT TNV
TUKVOTNTO QOPEWV PEVUATOS Kol TO €100 TV POPE®V POPTIOL, UITOPOVUE VO
YPNOLOTON|GOVLE TO GUIVOLEVO Y10, TN UETPNON GYVOGT®V LOYVITIKOV TESI®V.

Vi

To @awvopevo Hall €xel TOAAEG TPOKTIKEG EQPUPUOYEG GE SLAPOPOVS
YDOPOVG, LETAED OVTMOV KoL GTNV 1 TPIKT.

To aipa mepLEYeL 1OVIA TO OTOLO KIVOUVTOL LE TNV TOYVTNTO POTG TOV.
Mmropobpe va Bempnioovpe v Kivnon Tov 10vIov cov NAEKTPIKO pedLLaL.
Epapuolovpe éva payvnrtikd nedio kdbeto oe po aptnpio Kot LETPAUE TNV
tdon Hall mov avantdcoetal ota toydpotd e And T oxéon mov diver
téon Hall pmopovpe va vmoloyicovpe v évtaon Tov PeOUATOC KOl OTN
cuvéyew amd m oyxéon (4.25) v ToyLTTO TOV WOVIOV TOL Elval Kol M
ToYOTNTO PONG TOL aipatog. 'vopifovtag v TaydINTe PONG TOL CiLATOg GTNV
aptnpia ot ywrpoi umopodv va PydAovy GuUTEPACUATO YO TNV KOTACTOOM
TOV KUKAOQPOPIKOL GUGTAIATOG TOV acbevi.
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Ew. 5.1 Michael Faraday (1791-
1867). Ayyrog. O matépoag TOL
nrav etoydc owdepas. H exnaidev-
O TOL MNTOV OTOYEWONG. X&
nikio dexatpidv xpovev dodAeve
¢ Ponddg PPprodémn. O Michael
d¢ Piphodetovoe amhmg ta Pipria,
to déPale kOrog. Apydtepa, g
ypappotéog tov Davy yvopioe
TOVG UEYOADTEPOVG QLGIKOVS TNG
emoyig  tov. ‘Hrav Pobdtora
Opnoxevopevog. H emompovikn
TOV dPaCTNPLOTNTA NTAV TEPACTIA.
Méypt 10 téhog ¢ Cwng Tov ot
ONUEIDCELS TOV TePlelyav deKalL
XMOdeg Kataywpioels, mov Kaba-
poypape Kot Briodetovce Tpooce-
KTk povog tov. 'Hrav egarpeticde
MEWPAUATIKOG  QUOIKOG.  ZTOV
Faraday ogeilovpe 1 Ogpehioon
TOV MAEKTPIGHOV pE TN GOYYXPOVN
Hopen.

5-1 EIZATI'QI'H

2T0 TPONYOVLEVO KEQOANUO EIOOLE OTL TO MAEKTPIKO PEVLLO. CUVETAYETOL T
dnovpyior poryymrikod mediov. Xtao 1831 o Ayylog epevvnmic Michael Faraday
(Dopavtél) pedétnoe o evogyOUEVO 1) VIOPEN HoyVNTIKOD TTEGIOv Vo ONovpyet ¢
£v0L KAEIOTO KOKAMLA NAEKTPIKO pevpia. Miol 6eipd omtd TEPALOTO. TOV 001 yNoay GTo
GUUMEPOCH OTL éva oTABEPO LOyVvNTIKO TTEdio O OMUIOVPYEL MAEKTPIKO PEVLLL.
Avtifeta, ov petafAndel n poyvnic) pon Tov SIEPYETOL aTd TV EMPAVELD TOL opilel
TO KUKAMUO, OTO KOKAMMO u@oviletar éva ompocdOKNTo pedpo. Xtol 10
cuumepdopato KatéAnEe v oo ypovid, aveEdptnra omd tov Faraday, o Apepkovdg
Joseph Henry (Xévp). H onuocic Ttov  @owopévov, mov  ovopdleron
NAEKTPOLOYVITIKT]  EMOY®YT, €ivol TEAMPO. 0T0 GLOYYpovo kdopo. Apkel va
OVOPEPOVLLE OTL 1) TTOPOLYOYT KOL LLETOPOPA NAEKTPIKNG EVEPYELNG otnpileTon 6” antd.

Aéyetan OTL OTOV  TOV PAOTNOE VO TOALTIKOG TOGO YPNOULES Elval Ot
avaKaAvYelS Tov, o Faraday andvinoce: « Ilpog to mapdv de yvopilo, aArd o
pépa 8o UTOPEGETE VA TIG POPOAOYNGETE ».

Ew. 5.2 Hlextpoyevvrtpieg vdponiextpicov otafpov. H mopoaywoyn niektpikig
gvépyeLag oTNPILETOL 6TO PAVOUEVO TNG ETOYOYNG.

5-2  HAEKTPOMAI'NHTIKH EITAT' QI'H

®a apyicovpe TV TEPLYPOEN TOV PALVOUEVOL e dVO TEPAUOTO LE
Ta ool pmopet va mapatnpOet.

HpdTo. Xvvdéovpe o AKPO EVOG TNVIOL UE Eva «YOABOVOUETPO TOV
undevogy maote va dnuovpyndel kherotd kokiopo. Ta yorPavopetpa givar
gvaicOnTo dpyovo TOV HOG ETITPETOVY VO LETPAUE HKPEG EVIAGELG PEOUATOG.
210 YOAPAVOUETPO OV YPTGILOTOOVUE, TO UNOEV PpiokeTal 6To PEGOV TNg
KAipaxoc. O deiktng Tov, avaAoyo LE T POPA TOL PEVUATOS OTOKAIVEL TPOG TN
pio M v GAAN TAgvpd tov undevog. Iinoidlovpe oto wnvio Eva pafdopopeo
Hayviay, €tol dote o G&ovdg Tov vo tovtileton pe tov aova tov mmviov.
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Kotd ) dudpketo tng kivnong tov poyvinn to yorBoavopetpo deiyvel 06Tt 0
KOKA®UO O1OpPEETOL OO PEVUA, OV KOL OEV EYOVUE KOULY TNYT.

N S

Xy. 5.1 Ortav vadpyer oxetikn kivinon tov
HOYVATI ©G TPOG TO TNViIo T0 YOAPOVOUETPO
delyvel pevpa.

Otov 0 poyvnTNG oTOUATNOEL VO, KIveital to pedpo pundeviletat. Av
OTTOUOKPVVOVUE TO UOYVATN TO YOAPOvOUETPO Ogiyvel OTL TAM TO KOKAMUO
dwappéetar omd pevpa, ovtifetng opdc Topa o€ oyéon e Tpv. Mo akoun
mopatnpnon eivar 6tTL N amdéKAon Tov yoAPavopétpov, dpa 1 €viacm TOv
NAEKTPIKOD pevpatog, e&optdtor omd 10 mOGO yphyopa mAncialovpe M
OTOLLOKPVVOVLE TO LLOLYVITH.

AgbTtepo. Xvvdéovpe o AKpO AYDYIHOL TANGIOL GE YOABOVOUETPO
€161 MoTE va dnovpyeitan kKAelotd khkiwpa. Eitedyovpe 1o mhaicio 6to xdpo
€VOG 1YVPOD OUOYEVOLE LLOYVITIKOD TTESGIOL TOV OMLLOVPYELITOL OVALEGO GTOVG
mOAOVG €vOg MAekTpopayvhth. Katd ) dibpketo g 16600V (av 10 eminedo
TOV TANLGI0V OeV givorl TapAAANAO GTIG SUVOIKES YPOUUES), TO YOAPAVOUETPO
detyver peopa. Otav 10 mhaiclo Ppebel va kveltar e£olokAnpov €viog Tov
nediov 1o pedua pndevifetal. Katd tn didpkela g e£6d0v tov mhaiciov amd
t0 medio gpeaviletor TaAL pedua 610 TAaiclo avtifetng popdg amd mprv. Kot
€0 M évtaom Tov peduaTog eivor peyoAvTepn av 1 €lc0dog kKot 1 €£000¢
yivouv ypnyopoTepa.

Av1o OV GUVEPT o1 S1APKE TV dVO CLTOV TEPAUATOV NTAV OTL
petafAnonke n poyvntiky por omd TV ENLPAVELR OV opileTal amd TIC omeipeg
TOV VIOV GTNV TPAOTN TEPITTOOT], 0O TIG GIEIPEG TOL TAAIGIOV GTN dEVTEPN.
Y& avt ™ petoPorn mpémel va avalnmoovpe TV artio g dnuiovpyiag Tov
NAEKTPIKOD PEHUOTOG.

Av o€ KAmOWL OO TIC TPONYOVUEVEG TEPMMTAOOEIS TO KOKAMUO TTAV
avoytod, o Oa vmnpye pevpo. Qotdco, Katd TN JlApKEW UETOPOANG NG
HOyVNTIKNAG PONC, GTOL AVOLYTO KO TOL KUKADUOTOG ~TOV TTNVIOV 1 TOV TAGIO-
0o eppavilotay taon. H tdon avtm ovoudletor Taon amd smaymy).

®a mpémel va onuelwbel OTL Yoo THV EUEAVION GLTAG TS TAONS 08V
glval avaykaio vo vmdpyet mnvio 1 mAaiclo TOAA®V omelpmv. Apkel vo
petafAnOei n poyvnTikn por wov SEPYETAL Amd TNV EMPAvELD oL opiletl o
aywyos. Tote, katd tn didpkela g petofoAng, eppaviletal oto dKpo TOL
aywyoL téomn and enaywyn (oy. 5.3).

To @awvopevo TG EUPAVIONS TAGNS 6TA GKPO KATOL0V Ay®YOU,

egartiag TG pHETAPOANG TG ROYVITIKIG PONG TTOV OLEPYETOL U0

NV EMPAvELD TOV 0PileL, OVORALETAL NAEKTPORAYVITIKY] ETAYOYN.

O vopog mov d1€mel To PAvOpEVO, ovoudletal VOLOG TG EmAY®YNS 1
vépog Tov Faraday kot dtotvndveton g e€ng :
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Ew. 5.3 Ilepopotikr enideiln
onpovpyiag peduatog oe KAeoTd
KOKAopo  eéattiag ¢ Kivnong
£vOG Loyvin.

N=—-=8

0r

Xy. 5.2 Katd v e€icodo tov
mAooiov 6to payvnTikd medio, To
yorBavopetpo  delyver 01l 1O
miaiclo Sloppéetal omd peva.

AD
)

AD

)

Xy. 5.3 Otov perapdrieron n
HOYVNTIKY POT TTOL SEPYETUL OO
mv em@dvelr mov opilel €vog
0y@yOg LE TO GYNLLOL TOV, GTO AKPO.
oV aymyoL epgaviferol o ond
enayoyn. To mpdonua + Kot - 610
oyfuo givar avbaipeta.



H nAekTpeyepTiKi] OOVON) TOV EMAYETON 6€ VO KUK AOPA gival ion
pe to puOpd petofoing TG ROYVNTIKIG PONS OV OLEPYETAL O.TO
NV emMEAavewn mov opilel 10 KUKAOpO.

_ AD |

At
Av 10 KoK opa anoteleitar and N omeipeg ko AD, eivor n petafolrs) g

EIT

LOYVNTIKNAG pOTG G€ KADE omeipa, 0 VOLOG TNG EXOY®YNG YPAPETOL

AD |
En=N——
At (5.1)
Hopatnpniosis
1. H oyéon (5.1) divel tn péomn nAekTpeyeptTiKn SVVOUN TOL EXAYETOL GTO

KoK opo  og ypovo At. o va vmoloyicovpe TV MAEKTPEYEPTIKN
dvvaun, oto KOKAOMO, Kamowa oTiypn] t mpénel o ypdvog At va givol
OTEPOCTA UIKPOC.
dod,
dt
2. Av 0 puBpdc petafoing g nayvnTiknig pong eivat otabepog kai n Egn
Ba éxel otabepn TN oTo YPoviKo ddoTnua At.

E.,=N

3. To mmvio N 10 mMloiclo mov avoeépbnkav mponyodueva, Eywvav
niektpkég mnyéc. Emopévog n téom oto dkpa toug Oa e&optdtol and
0 pedbpo wov dwppéel to KOKAwpa.  H oyxéon (5.1) diver v
NAEKTPEYEPTIKN SVVAUN ALTAG TNG TNYNS, ONAadN TNV Tdomn ota aKpo
TOV ay@yol Otav de dtoppéeTar amd pevpa. Av o aywyds cuvdebel og
KAEWOTO KUKA®MO, T TAOT OTO GKpo TOov dev &ivor ion pe Vv
NAEKTPEYEPTIKN SVVOAUN OAAG Elval PEI®WUEVT KATA TOV Tapdyovta IR,
omov R 1 avtictaon tov.

£y VAVAYAY,

A [n B 1t R V,=E-1Ir
A |m B
E,r
V= R
AD =0
AD #0 E A Vin =E. — IR,
ra L AAA
Via=Een R,
Xy. 5.4
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ITAPAAEITMA 5.1

KAe1616 cvppdtivo koo mhaiclo BpickeTol LEGH O OPOYEVES LOyVITIKO TTESTO E TO EMIMESD TOL

KkéBeto ot duvapucég ypoppés tov mediov. Kamown otiyun to payvntkd nedio apyilel vo avdveton pe
otafepd pvOuod kot and v T B1=0,1T yiveron B,=0,5T ce ypoévo At=0,2s. To mhaiclo amoteAeiton ond
N=10007sipes. To euPaddv kabe oneipog eivar A=4x 107 m”. H avtictoon tov mhotsiov sivor R=20Q. No

VTOAOYLOTOVV :
o) H niextpeyeptikn dvvaun mov endyeTol 6To TAMIGLO.
B) H évtaon tov pedpatog mov diappéetl To TAAIGI0 KATA TN SIIPKELN TOV PAVOUEVOD.
Y) To nAektpikd @optio mov SEPYETOL OMO [0 TOUY TOV GUPUOTOS KOTA TN OSLIPKELN TOV
POLVOUEVOV.
Amavnon :
o) Epocov petafdiletor to poyvntikd medio, HeTtafAAleTon 1 LOYVNTIK PO OV SEPYETOL OO TNV

P)

Y)

empavela mov opifouvv o1 omeipeg Tov TAaciov. H niektpeyeptikn duvapn Tov ENAyETAL GTO TANIGLO
glvar :

E,,=N—- (5.1)
AD = A(BA)=AAB = A(B, — B))
Avtikabwotdvrag oy (5.1.) Bpiokovpe Eyy =8V

H évtaon tov peduatog mov dlappéetl To TAAIGI0 6TO ¥Povikd dtdotnua At

glvan
E
J = —EL 5.2
R (5.2)
amd OOV TPOKOLITEL 1=044

To @optio mov di€pyeTar amd Lol TOUR TOL Ay®YOL KOTA TN O18pKELN TOV PULVOLEVOL givat

AQ =1 At (5.3),
omov At 0 ¥pdvoc oV dLOPKEL TO PUVOLEVO.

[apodro mov Ta oot el TOL YVOPILOVLLE ETAPKOVV Y10 VO VTTOAOYIOTEL TO POpTio omd TN oyéon (5.3)
a&ilel va avtikataoticovue 1o pedpa and  oxéon (5.2) ondte n (5.3) yiveron

E
AQ = —EL At
0 R
Av 61 00N VTN AVTIKATAGTHGOVE TNV NAEKTPEYEPTIKN duvaun amd v (5.1) Tpokvntel
[ad]
AQ=N—- (5.4)
R
Ko TeMKA Bpickovpe AQ =0,08C

[oapotnpnote 0TL TO GUVOAIKO POPTIO TOV pETOKIVELTOL ElvaL OVEEAPTNTO TNG YPOVIKNG OLAPKELNG TOV
QOLVOUEVOV.
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R

F,,=Eq

v| F’=Bqv

>h

Xy. 5.5 O ayoyog KA xwveiton pé-
G0, GE OPOYEVEG LOyVNTIKO TTedio.

+)
A o (’K x”
1
S
o

Xy. 5.6 O ayoyoéc KA olcbaivel
TOVEO OTOVG OKIVIITOLS Oy@yoVg
xAZx'. Olo 10 oot Ppicketat
HECOL  OE OMOYEVEG HOyVNTIKO
nedio. H ocvocmpevon goptiov ota
drpo tov ayoyod KA, mpokalei
kivnion @optiov otovg aKkivnTovg
ay@yovg.

5-3 EYOYIPAMMOZ AI'QI'OX KINOYMENOZX XE
OMOTI'ENEXZ MAI'NHTIKO ITIEAIO

Av ko 1o mepapota emPefaidvooy mApwg 1o vopo Faraday
OTOUEVEL OOIEVKPIVIOTO TO MG ONUIOLPYOVVTOL TO EMAYMYIKA pedpota. To
TOPAKATO TOPAdELY Lo QOTILEL KATWOC T TPAyLLTO.

Evbbypoppog aywyodg pnkovg L kiveitor pe otabepn toydtnta v
KkéOeta 6TIG SUVOIKES YPOUUES OLOYEVODG payvnTikov Ttediov B (oy. 5.5). Ta
erevBepa NAEKTPOVIG TOV, GUUUETEYOVTAG GTNV KiVNoT TOL Ay@yoD, KIvouvTal
Kol auTd pe ToyvTNTe Vv KABeta oTig duvopkég ypaupés tov mediov. Eva
erevBepo NAEKTPOVIO EMEWDN KIVEITAL [E TAXVTNTA V HEGH OE UAYVNTIKO TTedio
Ba deytel duvaun Lorentz F' = Bug m @opd g omoiog Qaivetal 6To GyniLa.
H 6Ovoun avt) mpokoiel tv kivion tov eiedlBepwv mAekTpoviov Tpog 1o
akpo A tov aymyov. 'Etot dnpiovpyeital cuecodpevuon apvnTikov goptiov 6To
akpo A, kot miedvacpa Betikov @optiov oto dkpo K. Ta @optio avtd
dnpovpyohv 6To Y¥HPO TOL AY®YOV OpOYEVEG NAekTpikd medio éviaonc E pe
@opd amd to K mpog 1o A. Ta eledbepo nhekTpovia d€YOVTUL TOPO LK AKOUN
dvvaun Fyy, = qE avtiBemng popdg amd tn poyvntikr. Oco n ddvaun Lorentz
gtvon peyodotepn amd v NAEKTPIKN, 1| GLOCMOPELOT POPTILV cuveyiletal, pe
O0A0 Kot pukpoTeEpOo pubud. ‘Etot, n évtacn tov nAekTpikov mediov avédvetat
Kol 6€ TOAD Alyo ¥povo ta PETPO TV 6VO JuVApE®Y Yivovtal ioa, dnAadn
Eg=Bvg W E=Bv 5.5
Toéte mader n petaxivinon eoptiov kot to onueio K Ppioketor oe vymiotepo
dvvapkd amd 1o A.
H dweopd dvvapukod Vg, peta&d tov dxpov tov ayoyod K kot A

V.
vroloyiletor and v (5.5) av Bécovue omov E = TKAKOH Adoovue m¢ TPOG

Vxa , OTOTE TPOKVTTEL Vin =BUL .
IIpékertoan yoo pe dapopd duvapkov 7ov oeeiletor ot Opdon Tov
poyvn ko mediov (Emdyetot amd To poyvnTikd nedio).

Ag Bewpricovpe Tov 1310 axpPdg oymyod vo, KAveL Ty 0o, kivon LEGe. 6To
010 medio. Topa OUMG To AKPE TOV Oy@YoD OMGOOivOLY TIUV® GTOVG GKIVITOLG
aywyoug XAZx" (oy, 5.6). H cucompevon @optiov, ota dipa Tov aywyov KA, mov
opeideton otV Kivnon Tov, TpokaAel v kivnon @optiov oto Tunpe KAZA tov
oKtV ayoydv. Ag eavtaotovue &va ehevbepo NAEKTPOVIO TV aywydv KAZA.
To mektpovio o kivnbei mpog to onueio K, dwtapdocoviag mpog otiypuqv v
oopporia Tv optinv ota drkpa K kot A. Mo véa petoxivnon goprtiov péca otov
aywyd KA Bo anokotactioel v wopporia. To 610 Oa cupPel pe kdbe niektpovio
7oL @Tavel oto onpeio K, oniadn o aywydg KA, Aettovpyel mg avtAio, gpoptiov, g
NAEKTPIKT TNYN, NAeKTPEYEPTIKNC SOvopng BuL .

Av €évag gviypoppog aymyds Kiveitalr pe toaydtnTe v, péca oe
ONOYEVEG NOYVNTIKG TTEdi0, £T6L OGTE 0 AY®YOS, 1 TOYOTNTA KOl TO
RoyvnTIKoG TEdio va gival KGOeTa ava 6vo peTa&d Tovg, 6TOV AYMY6
OvVOTTOCGETAL NAEKTPEYEPTIKT OVVOUY 0T6 ETOYOYN

Ey, = BuL
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Y10 010 omotéhecpo katoAnyovue pe to vopo tov Faraday. Ag
emavéABovpe otov aymyd KA mov olMobaivel mveo 6tovg akivntovg aymyoihe
XAZX'.

O ayoydég mov kivelton kot ot axkivnrolr aywyol oynpoatilovv éva
KAelotd mAaiclo oynuatoc opboymviov mapaAAnAoypdupov pe avEavopevo
eupadov A. Topewva pe to vopo tov Faraday, oto mhaicto 0o avamtuydel
HEA oné emaymyn

_AD  A(BA) BAA  BLAx _
At At At A

BLv

EEH

BéBoawa otnv mepintmon evog evBOYpapOL ay®YoD oV KIVEITOL LEGH

0T0 poyvntikd medio (oy. 5.5), to mnAiko o610 vopo tov Faraday, 0¢

umopel va mapéyel o pulud petafoing g HoyvNnTiKng pomns, yati dev €xel
vonua 1 payvntiki pon mov Siépyetat and Eva ufhypapo TUNHO OTMG elvat
0 ay@yos. Xty mepintwon avt) ADg givor LoyvnTiKy por] oV SEPYETAL OO
NV EMPAVELD TOV 0piletl 0 aywyog pe v Kivnon tov (oy. 5.8).

K

A
(@ ®

Xy. 5.8 Zmv mepintmon evoc aymyol mov kiveitol péca g poyvntikd medio, AD
glval 1 poyvnTikn por| mov diEpyeTat amd TV EXPAveELR TOV 0pilel 0 aymydg e TV
kivnon Tov.

®a pmopovoape AomOV vo, TOOUE OTL MAEKTPOUOYVNTIKN ETOYOYN
glvat To UIVOUEVO TNG ELPAVIONG TAONG OTA AKPO Ay®Y®DV OTAV UETAPAAAETOL
N HOYVNTIKY pOT TTOL SEPYETAL OO TNV EMPAVELD TOV OpiloVV HE TO Ty
TOUG 1 OTAV OO TNV EMEAVELD OV opilovv pe TNV Kivion Tovg SEpyeTol
HOYVITIKT pOTY.
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Xy. 5.7 Kabog o ayoydés KA
Kweital, petafaiieTor to epfoadov
tov mhowoiov KAZA, pe omo-
téheopo  va  petafdiietor 1
HOYVNTIKT POT] TTOL SEPYETOL OO
avTo.



ITAPAAEITMA 5.2

Ayoyog AT pe pnkog /=0,4m kiveiton pe taydta v=5Sm/s, Yopic Tp1PEg, Tdved oTovg TapdAANAovg
ayoyoug Ax kot Zx', pévovtog OpKadg kaBetog kol o emapn pHe ovtovg. Ta dxpa A kot Z ayoyov
ouvdéovtot petald Toug pe ovpua avtiotaonsg R=5Q. H avtictaon 6Awv Tov GAAOV aymymv gival opeAntéa.
H 6An 61dtaén Ppioketan péco oe opoyevég poyvntikd medio B=0,5T kdbeto oto eminedo mov opilovv ot
ayoyoi. Na Bpebel n dvvaun mov amotteitor yio vo dtatnpn0el icotoyng 1 kivnon tov aywyov Al

Amavinon :
A (H)B X
Enedn o aywyog Al kwveiton péca oe payvntikd medio, o€ avtodv e )

EMAYETOL NAEKTPEYEPTIKT SVVAUN R Fe = F

EEHZBUl=1V > IT
Mo va Bpovue T Qopd TS NAEKTPEYEPTIKNG dvvauUNg eavtalouaoTte Evol i |
amo o eAevBepa nAextpovia tov aymyod AI. To niektpdvio kiveitor kot V4 QN X’
ovtd, pall pe tov aymyd, pe toydtnta v. Mg Tov KOvOvo TOV TPUDV
dokTOAWV Ppiokovpe Tt To NAekTPOVIO Bl deyTel SOV 0o TO HOyVITIKO Zy. 5.9

nedio mpog o dxpo I' tov aywyod.

Emopévamg, oto dxpo I' copevetarl apyntikd goptio kot oto A Betikd (o). 5.9)
To khelot6 khkAopo AAZI dappéetal oamd pevpa Eviaong
E

I=—"t1-0,24
R
H @opd tov pedpatog givatl avt Tov GYMUATOG.

Emedn o ayoyoc AT dwoppéetor amd pedpa, 6€yetal amnd o poyvntikd medio dvvoun Laplace.

F, =BIl =0,04N
Me 1ov kavéve TV TPLOV doKTVA®V Ppickovpe 6Tl 1 Qopd Tng dvvaung eivar avtiBetn pe ) Eopa g
kitvnong tov aywyov.

Mo va xwveitol o ayoyog pe otabepn tayvtnto Tpénel va aoknbei og avtov dvvaun F avtiBetn pe
dvvaun Fr.
F=F, =0,04N

Ynpeioon

Av og éva kOKlopo vdpyovy 600 TNYEC, cLVOEdENEVEG OTTMG dEl)VEL
t0 oynua 5.100, 1 cVVOAIKN NAEKTPEYEPTIKT SVVAUN OTO KUKAMUA Elvat
E E+E
E,=E +E, «xoitopgbpa  [=—%=—"1_—2
Roﬂ Ro/l
Av o1 dVo mnyEg givor cuvdedeéves OTMG 6TO KOKAMLLO TOL GYNLOTOSG
5.10B 1 cvvolikr| NAEKTPEYEPTIKT OVVAUN GTO KOKAMUO Elval
Eo/i _ El — Ez

E,=E —-FE KOl TO pEdULOL 1=
o 1 ’ p " Ro/l Roﬂ
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Ty 5.10

ITAPAAEITMA 5.3

Avo opilovtior petoAlikol aymyoi A® kot I'Z pe opeintéa
avtiotaon anéyovv peta&d tovg /=1m (oy. 5.11). Ot aywyoi Bpiokovtal oe A
KATaKOpLPO opoyevég payvntikd medio B=1T. H petaiiikn pdafdoc KA A A (HE ()]
Bploketor oe ovveyn emagn pe Tovg aywyodc A® kot ['Z kar pmopel va
oMoBaivel yopig Tpiéc, mopapévovag Kaetn o avtovg. Ta onpeio A kot o
" cvvdéovton pe Ty niextpeyeptikig Svvaung E=12V. Tn otypr pmdév E=
KAetvoope to dakomtn A, omote 1 paPdog KA apyilel va xwveitar. No

VTOAOYLOTEL 1 OPLOKT TOYVTNTO TOV B0l ATOKTNGEL r ) A 7

Anévtnon : Ty 5.11
Tn otiypn undév (oy. 5.12a) mov Kheicape to dokomtn, o aywydc KA frav axivntog. Movadikn
NAekTpeyEPTIKN dVVOUN 6TO KOKA®U givorl n nAektpeyeptikn dvvaun g Tnyns (E). To kdikAopa dtappéeton

pedua [ = ——, 10V omoiov N Popa Tov eaivetol oto oyfua 5.120.
oA

Eme1dn o ayoyoc KA dwappéetar amd pedpa, d€xetor amd to poyvntiko nedio 6vvaun Laplace F, =Bl
F

Me tnv enidpaomn ovThHG TG SVVAUNG O 0Y®YOG OTOKTA ETLTAYLVON a=—*%

m

oudpponn pe ) dvvaun (oy. 5.12a).
‘Eoto 611 T otypn t (o). 5.12B), 0o aymyoc Ba éxet amoktoet tayvtnta v. Epocov kwveital, Adym

EMOYWOYNG AVOTTOGGETOL G OVTOV NAEKTPEYEPTIKN SOV E., =Blv
NG OToi0G 1 TOMKOTNTO PAIVETOL GTO GYNLLOL.
To peduo oto koKhopo o@siletal ot A A
Sphion e Ty E kot ot Egn kou 1 évioon < Ax s 8 S Ay B C
Tov dtvetar amd T oyéon IL v= Ii .Y
;_E-En E-Blv Ee — b = — L
Ro/l Ro/l
O oyoydg O smitoydvetan péypt ™ otypy L A z r SN z
7ov M F; Ba undeviotel. Avtd o copPel otav M
€vtooTn TOoL pevpatog Oa pndeviotel OMAMON () B)
otav E—-Blv=0 Ty. 5.12

H toydtnto exeivn t otiypn Ba mapet ) péyiom T g vy, Yio v onoia Ha eivar v, = E =12m/s
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Xy. 5.13 O poayvnmg minociélet

oto0 mnvio. XOUQOVO UE TOV
kavova tov Lenz, to pgdua mov
endyeTol oto Tnvio €yel TéToln
Qopl  dOTE OmMEVAVIL OmO  TO
poyvitn mov mAncwdilel to mnvio
vo onuovpyel OHO0  HOYVNTIKO
moro.

v

N —
>
><\

Xy. 5.14 O aywyos KA olcBaiver
TOVO GTOVG 0KIVIITOVG ayyoug AX
Kot Zx'. Z0upova pe tov Kovova
tov Lenz 1o pedua omd emaywyn
OV  OMUOVPYEITOL GTO KOKAMUA,
éxer  1étow.  Qopd, “OTE O
Kwobuevog ayoyds va  déxeton
dvovaun Laplace, mov avritifeton
TNV kivnomn tov.

5-4 O KANONAX TOY LENZ KAI H APXH

ATATHPHXHY THX ENEPT'EIAX XTO
OAINOMENO THX EITATQI'HX

O Lenz (Aévic) dwtdmwoe  €va kavovo mwov Sivel T @opd Tov
PEVLATOG OO EMAYMYN. ZOUPOVO LE TOV KOVOVA QVTO

TO EMAYOYIKA PEOPRATE £YOVV TETOLN POPE ADOTE Vo avTiTiOevTaL
OTO GiTI0 TOV TU TPOKAAEL.

[Maipvovtog vdoyn Tov Kavova tov Lenz, mov mpocsdiopilel ) popd
TOV EMAYDYIKOV PEVUOTOC, AP Kol TNV TOAMKOTNTO TNG EMAYOYIKNAG TAONC,
yphpovue tn oxéon (5.1) Tov ekppalel To VOUO TNG EXAY®YNG UE TN LOPON:
AD
E.,=—-N—
EIT A ¢

O xavévag Tov Lenz amotehrel ovvémera g apys dtatipnong g
gvépyElog. Xto dVo mapadeiypota mov akoAovBovv Ba dovue Tmg epappdleTor
0 kavovag tov Lenz kot yoti 1 @opd Tov peduatog mov opilel lval cuvémeia

™G apyNg dathpnong e evépyelac.

[Minowilovpe oto mmvio tov oyNuatog 5.13 10 Popero mOAO €vOg
evBuypappov payvin. Kabog minoudlet o poyvnmng, n HoyvnTikn porn mov
TEPVAEL OO TIG OTMEIPEG TOV TNVIOL CLEAVETOL KOL TO TNVIO GUUTEPLPEPETAL MG
nyn. Emedn ta dxpa tov givorl evopéva, 1o kokAopa givatl KAEoTd Kot £Tot
10 nvio dappéetan amd pevpo. H popd avtod tov pedlotog GOUP®VO LLE TOV
kavova Tov Lenz, Ba etvon tétoln ddote va avrtitibBetar oty aitioc mov To
TPOKAAESE, Vo EUodilel ONAadn To POPEO TOAO TOL HOYVITI VO TANGIACEL
AvTo onpaivel 6TL 1 GKpn TOL TVIOV TOL gival TPOG TO PEPOG TOV POpElOV
TOAOVL TOV payviTn TTov TANG1alel o cupmepipépeTal g POpelog TOLOG.

Mo va vrepviknBel n dnoon mov d€xetar 0 PayvnTNng omd T0 TNVio
OOTOVATOL EVEPYELD, OV PETATPEMETAL GE BepudTNnTO, GTOVG Oy@YovS. AV TO
nnvio dloppedToy amd pevpa avtiBetng popdg, amévavtt and to Popelo TOAO
oV poyvAtn Ba dnpovpyovse vOTio payvntikd moAo. O vOTIOC HayvnTikog
TOAOG 0o aoKOVoE EAKTIKY OUVOUN OTO UAYVATY LE OTOTELECUO VO UMV
amorteiton Kopd tpoomadeia yio va TAncidoel. Avtd opmg givorl avtifeto pe
™V apyn SlTnpNong g evéPYELNs, Yot ympig Kapd tpoonddeia, yopic vo
domavatar evépyela, oto mnvio Oa TapaydTav NAEKTPIKN eVEPYELL AOY® TOV
QOLVOULEVOD TNG EMAYWYNC.

‘Eocto topa 0 aywydog KA mov kiveitol, péco 6e opoyevég payvntikod
nedio B, pe otabepn taydmTo ©, PEVOVIOG OF EMAPN LE TOLG OKIVNTOLG
oywyovg Ax kou Zx™ (o). 5.14). AOy® Tov @OVOUEVOD TNG ETAYMYNG O AYWYOG
KA ooumepipépetor g anyn Kot, ETdn 10 KOKA®pa givat KAE1oTO, dtoppéeTol
and pevpa. O aywyog Oéxetal amd To payvnTikd medio dvvaun Laplace.
Xopowva pe Tov kavova tov Lenz 1 eopd tov pedpotog mpémet va gtvar tétowa
®ote va avtitifeTor oty aitic Tov To TPOoKAAEsE, dNAadY otV Kivnon tov
ayoyov KA. To pevpa npémnet va £xel tétowo popd dote i dOvourn Laplace mov
aokeitol oTov ay@yo vo, avtitifeton otny Kiviomn tov.
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Mo va dwtmpeiton n kivion Tov aymyod 160TaxNS, Eival avoykaio vo
aokeitor o autov dvvaun F, avtifetn pe t odvoun Laplace. Méow g
SOVOUNG OVTNG TPOCEREPETOL GTO KOUKAMUO gvEPYEwN. AV TO pedua &iye
avtibe @opd, to payvnTikd medio Oa ackovoe oTov aymyd Svvaun idlag
Katevbouvong pe TNV TayOTNTO TOV. LTV MEPITTOGCN OLTH OEV amuLTEITOL
evépyelo, yuwo. vo. dtatnpnlel m kivinon tov aywyold kol 610 KOKA®po Oa
TapoydTOV OlOPKMG NAEKTPIKN eVEPYELD, TOV Bo petaTpendTay o Bepuotnta
omv avtiotoon R. Ouwc, cduemva pe v apyn dathpnong g evépyelag
glval addvaTn 1 TOPOy®YN HOG HOPONS evéPYElag ympig avtiotoyn damdvn
GAANG LOPONG EVEPYELOG.

H apyn owotipnong g EVEPYELOS 6TO QUIVOUEVO TNG ETAYOYNG

H 1woy0g g apyng dwmnpnong g evEPYELNS OTO QPOLVOUEVO TIg
eMOyYNg uopel va derybel Kot ToGoTIKA.

‘Eoto méh o ayoydg AT mov kwveitor pe otabepn taydtnTo v HEGH GE
OLOYEVEG payvnTiko medio B, pévovtog og emapn Ue TOug aKivToug aymyois
Ax ko Zx" (oy. 5.15). Oeowpodue 6t M Kivnon Tov aymyod yivetor ywopig
Tp1Péc.

"Exovpe Bpetl 0TL 670 KOKA®UO ETAYETOL MAEKTPEYEPTIKT dVVOUN
E.,=BuL.

Edv 1o xdxhopo mopovcidlel cuvolikd avtictacn R Oa dappéeton
oand pedua

I E., BuL

R R
Y ypovikd ddotnuo Af, to pedpa, Aoyo awvopévov Joule, Bo amodmdoel 6To
nepPaiiov Beppotnta
B[
O=1*RAt = TAz.

lNo va dwmpodue v xiven tov ayoyod KA wcotoyn mpénet va
ackovpe eEotepua Sdvopm F | avribem g dvvaung Laplace mov déyeton o KA.
2 2
F=F =i —plm B
R R
Y10 ypoviko ddotnuo At o aywyds petotomifeton katd Ax = UA?
kot 1o épyo g F o710 1810 ypovikd Sdotnua Ba sival

B>’ . B

VAt At .

W, = FAx =

BA\émovpe 6T yperdotnke va tpocpépovpe €pyo ico pe T Beppotnta
OV TOPAYONKE.

5-5 XTPEOOMENOXZ AT'QI'OX
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Xy. 5.16 O aywyog OI' otpépeton
Le Yyoviakn ToydnTo o, YOp® ord
70 GKpo Tov O, Péca o€ OHOYEVES
poyvntikd medio. To  emimedo
TEPLGTPOPNG TOV glvar kdOeTO GTIC
SUVOIKEG YPOLLUES TOV TTEGTOV.

Xy. 5.17 O diokog otpépetan pe
yoviok) toydmio © yopo omod
a&ova mov diépyetal and T0 KEVIPO
tov. H otpoewny «ivmon tov
diokov yivetoar pEGO GE OMOYEVEG
poyvntikd medio. To emimedo Tov
diokov givar cuveymg kdbeto oto
poyvntikd nedio.

"Evag aymyog O, pikovg L, otpéeeton pe otabepn yoviakn ToydtnTo o
Yopw omd dEova mov mepvdel and to dkpo tov O. To eminedo mTEPIGTPOPTS TOV
givon kGPETO OTIC OLVOLUKES YPOUES OHOYEVODG poyvnTikoy mediov B.  Zta
eAedBepa NAEKTPOVIOL TOL Oy@yoy 7oV Kvoovtol poll HE auTOV TO HAyVNTIKO
nedio aokel dvvoun Lorentz efoutiog g omoiag oto dkpo O TOL AY®YOL
GLGCMPEVETUL APYNTIKO (OPTIO Kot 610 AKpo I Beticd. O aywydg yiveton mnyn.

H poyvntuen dovaun mov d€xovtat ta eAevbBepa nAeKTpOVIa deV £XEL TO
010 pétpo oe kdBe onueio TOL Ay®YOL YWOTL M YPOUUIKY TOOTNTA TOV
onpeiov Tov av&avetal avdioya pe v arodctoot and Tov dEova TeEPIGTPOPNS
(V=w-r, 6moV 7 1 ATOGTOGCT ATO TO KEVIPO TEPIGTPOPNG).

Eidape oty moapdypogo 5-3 411 pmopolpe vo vmoloyicovpe tnv
NAEKTPEYEPTIKN dVVOUN amd enaymyn Le To vopo tov Faraday, apkel otn 0éon
tov AD va BdAovpe ™ pon mov TEPVAEL 0md TNV EMPAVELD TOV opilel pe TNV
Kivno1 oL 0 ay®YOg GTOV AVTIGTOLXO YPOVO.

2mv nepintowon mov e€etdlovue Ba 1oydeL :

_AD,
Y
émov ®, =584
BAA
Gpo Ep=—— 5.6
P CI (5.6)

O ayoydg copmvel v empdveln diokov mov &yel kévrtpo O ko aktiva L. O
pLOUOS ? LLE TOV 07010 GOPMVETAL 1) EMPAVELD Eival 6TAOEPOG APOD 1 YOVIOKT
t

oL TNTO TEPLOTPOONG elvan oTabepn|. 'ETot pmopovpe va ypayoupe 6Tt
A4 7l
At T
omov 7L>10 euPaddv G emeavelng mov opilel 0 ay@yds of pa TARPN
nepotpop] Kot T 1 mepiodog mepioTpoPng Tov.

(5.7)

2
O¢tovtag 7=~ (5.8)
w
Kot pe Baon v (5.7) n (5.6), diver
1
Ey = EBa)L2
XTPEOOMENOX AIZKOX

Bewpodue oydylo dicko pe axtiva #, Tov omoiov To eminedo gival
KGOETO GTIG OLVOUIKEG YPOUUESG OUOYEVODS LayVNTIKOD TTESIOV. ZTPEPOVUE TO
dloko pe otabepn yoviakn toxdtta © yOop® and AEoVo TOL TEPVAEL OTO TO
KEVTPO TOL Kot vl TOPAAANAOG OTIC SOLVOUIKEG YPaUUéS. Av Bemproovpe 0Tt
o diokog amoteleitor omd évo peyddo aplud oyoydv cov avtdv NG
TPONYOOUEVIC TTOPAYPAPOV, TOTE OVALESO GTO KEVIPO KOl GE OTOLOONTOTE

1
onpeio g meprpépetag o vdpyet £y = ) Bor®

MmopolLLE Vo, YPNGILLOTOINCOVLLE OLTI TH GLOKELT MG TTNYN oTaEPNS TAoNG
OV Tr] GUUTANPAOGOVLLE Le OMTBivVOVGES ETOPES (WNKTPES) OGS 0T0 SN 5.17.
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H moiwomto g HEA mov avamticoetar and emayoyn eéoptdtol
oo TN QOpPa TEPIGTPOPNC TOL OIGKOV. XTNV TEPINTTOOTN TOV GYNUATOS TO
onueio ¢ TEPIPEPELAG TOV diokov Ppickoviatl 6€ VYNAOTEPO SVVALIKO 0O TO
kévtpo. H ocvokevn ovopdaletar dickog tov Faraday.

5-6  XTPEOOMENO ITAAIXIO — ENAAAAXXOMENH
TAXH

‘Eva ayoyo mhaiclo oynuoatog opfoymviov TaporAnAoypaiiov Kot
euPadod A otpépeton  pe otabepr] YOVIOKN TOYOTNTA © HEGH GE OLOYEVEG
payvnTikd medio yopm amd aEova mov eivol KABETOC OTIG SUVALKES YPOLLES
Tov mediov kot Ppioketol 6To eMimedd TOV.

Av ) ypovikn otiypn| ¢ =0 1o eninedo Tov mhauciov givor kGOeTO 6TO
B c¢ pio toyaio ypovikn otiyun ¢ to mAaicio Oa €xel otpagel Katd yovio
G = ot ko n poyvnTIKy pof| péca amd TV em@avela tov mhaisiov Oa sivan
®, = BAdovvwt. Kabdg 1o mhaicto oTpépetol 1 payvnTikny pon péco omd
TNV EMPAVELL TOL UETUPAALETOL Ko KOTA GUVETELN 6TO TAXiolo eupavileTol
niexTpeyepTikn duvapn amod eraywyn. And to vopo tov Faraday mpokvmtet :

B

dod
E=- ” =wBAnuot'

Edv to mhaicwo pog €xet N oneipeg 10te @, = NBAovv @t kot avtictoyyo
E.q = NoBAnuwt .
H téon avt, mov 1o cuyva Ypageetal Le T Lopon

v=Vnuot,
omov V = NwBA
elvar murovoedng ovvdaptnon tov ypdévov (oy. 5.19) ko ovopdleton

gvarhacoépevn tdon (ac) yuori n mOAKOTNTA TG EVOALACOETAL, GTO XPOVO
LL0G TEPIGTPOPTG TOV TAOLGIOV.

: To amotélecpo TpoEkuye amd TNV TOPUYAYIOT] TNG HOYVITIKAG PONG OC

TPOG TO YPOVO.
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Xy. 5.18 To mhaicio otpépeton pe
oT00EPN YOVIOKT ToYOTNTO O HEGA
G€ OHOYEVES LaryvnTIKO TTedio.



&
v=Vnuowt

Xy. 5.20 Zto dkpa TOL avTioTdT)
R epapudleton evarlacoouevn

tdon. To oduPoro
TOPIOTAVEL 0L YEVVATPLOL EVOA-
Aooodpevng téong (eVOAAAKTNG).

Xy. 5.19 H evoaliocodpevn tdon peTafAALETOL NUITOVOEWBMS LE TO
xpOvVo
e To V givorn peyaddtepn Ty mov pmopel vo TapeL 1| Téon, HETPIETOL GE
Volts xon ovopdaletal mAaTog TS EVOALAGEONEVIS TAOC.

e To ywopevo wt ovopaletar @dacn g téong Kot givarl yovio, petpnuévn
oe rad .

e To w ovopdaletol YOVIOKI GUYVOTNTA TNG EVOALUGOOUEVNC TAONG KoL Eivarn
{00 HE TN YOVIOKY ToYVTNTO TEPIGTPOPNG TOV TANIGIOL TOL TOPNYOYE TNV

, , rad , , , ,
t4om. Metpiétar oe —— . H yoviaki ooyvotnta covdéetar pe v mepiodo
S

T, g evoAhacoouevng Tdong, OnmAiadn To ¥poévo UEGO GTOV OToio M TAOoM
2
OAOKANPMVEL p10L TATPT) EVOAAYT] TIUOV UE TN OYéon @ = ? . H nepiodog

petpiétar oe §.  Emiorng ®=2nf o6mov f m ovxvomta ™G
EVOAAAGGOUEVNG TAGTG ONANOT 0 OPLOLLOG TOV TANPWY EVOALAYDV TNG TAONG

1
ot povada tov xpdvov f = T Metpiéton oe Hertz (HZ) 1, e, s

[Movtod n petapopd kot dtovoun TG NAEKTPIKNG EVEPYELNG YIVETOL LE
gvarlaooopevn taon. Xtnv EALGda, ota diktva tov mTOAE®V TO TAGTOG TNG

evoOAoooOuEVC TAoNG, otV Kataviilwon, &ivat V=220\/5 V ko m
ovyvotnta f =50 Hz .

5-7  ENAAAAXXOMENO PEYMA

210 Gkpa  €vOg avtiotdtn e@apuolovpe  evaAALOOCOUEVT  TAOM
v=Vnuawt pe o yevntplo evaAlacoopeVNG TAOMC.

H téon avt e€avaykaletl o eAedbepa NAEKTPOVIO GTOVE AY®YOLS VO
KAVOUV TOAGVTOOT UE GLYVOTNTA TN GLYVOTNTA TNG EVOAAAGGOUEVNC TAUOTG
OV EPOPUOGOLLE.

H évtaom tov peduatog mov dloppéel To KOKA®UO KOO, oTiyun ivot

v _Vnuaot
R R
n i=1nuaot
omov 10 I givor n péyretn Ty TG £VTAONS TOL PELRATOS (TAGTOS) Kol
V
Si , . [ =—
tvetan amd ™ oyéon R
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To pedua avtd, Tov 1 Popd Tov peTaPfdAleTon TEPLOSIKE LE TO XPOVO,
ovopaletor Evairlacoopevo peopo. Xto oynua 5.21 mopiotdvetal ypoekd n
£VT0OT) TOV EVOALUGGOUEVOD PEVLLOTOC GE GUVEAPTNGTN WE TO YPOVO.

Me 10 oOpforo i 6Oa cuuPorilovpe pevpate wov petofdiroviol pe To
xpovo.

T/2 T t

H yovio ot ovopdaletor @don kol 10 @ YOVIOK) GLYVOTNTO TOL
EVOALOOCOUEVOD PEVUATOG.

H evaAlacodpevn tdom Tov EPUPUOCOUE GTO GKPO TOL OVTIGTOTN Kot
TO PEOUO TTAEPVOLV TOWTOYPOVE, TN LEYISTN 1 TNV EAGyIoT TYW. Aéle OTL Ta 3V0
neyétn Ppickovran og pdon (1 611 M d0PoPd ACNS TOVG Eval PNdEV).

Kobbhg ot popeig Tov nAekTpikod QopTiov UEGO GTOVS AYOYOVG TOV
KUKADUOTOC TOAOVTOVOVTOL, TPOCKPOVOLY GTO 1OVTO TOL TAEYUOTOG KOl
YAVOLV TNV EVEPYELD TOV TOLG TTaPEYEL Yo TNV Kivnon tovg n myn. H evépysia
vt amodidetar vrd popen Bepudtrag oto mepidriov. [apovoidletar ki
€000, OTTMG KOl 0TO KUKADUATH GUVEYODS PEVUATOS, TO Palvopevo Joule.

Xy. 521 To evollacoopevo
pedpa UETOPAAAETOL MILTOVOELDMG
UE TO (pOVO.

ITAPAAEITMA 5-4

Avtiotatng pe R=20Q, cvvdéetan oto diktvo g AEH. Onwg yvopilete n tdon mov mapéyel to

diktvo g AEH éyer mhdtog V = 22082V xa ouyvotnta S0Hz. Na ypoagtei 1 e&icwon Tov

EVOALOOOOUEVOD PEVUOTOG TTOV SLOPPEEL TOV OVTIOTATT).
Anéavtnon :
. . . , V
To mAGTOog TNG éVTOOoNG TOV peEdpOTOG eival [ = N =1 1\/5 A

H yovioxf cuyvomta @ = 27xf =100z
Emopévemg 1 e€icmon tov pedpatog mov dtoppést Tov avTioTdn ival

i=1nuot= 1142 nul 0072

5-8 ENEPI'OX ENTAXH - ENEPI'OX TAXH

Emnedn 10 evolhaooopevo pedo Kot 1 EVOAAACTOUEVT TACT S10pK®OG
petafdiiovtal, to va yvopilovpe T T EXOVV OPIoUEVT] OTLYUN EAAYLOTN
apokTikn a&io éxet. o 10 Adyo ovto, ompildpevol o1o Bepuikd QoIvOLEVO
OV TTPOKAAOVV G Eva avTIoTATT), opilovpe TIG EvEPYEG TOVG TIUES, TTOL givol
ueyéom otabepd.
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Xy. 5.22 Av n Ogppomra Qg mov
mopdryeTol omd To cvveyég pevpa Iy
glvan ion pe ) Oeppudmra Qpnan
oV mopdryeTon amo 10
gvalhaoodpevo pevpa, tote I, =Is

Av Is=I,, 1618 V5 =V,

‘Eoto o avtiotdmng R (oy. 5.22a) mov dwoppéetar amd eVOAAUGGOUEVO
pevpo i. tov avtiotarn topayetol Oeppuomra. Eoto Qenaa 1 Oepuodtnta mov
mapdyetal o€ ypovo t. Xtov 610 avtiotat SwPifalovue cuvexég pedpo (oy.
5.22PB). Xe ypdvo t atov aviiotdrn Oa mapayel Oepudtra Qx. Av 1 éviaon Iy
TOL oVVEYOVG pedpoTog eivan tétowd @ote Qs=Qpnaa, M TW] OVTH TOL
PELLLOTOC OVOUALETOL EVEPYOS TIUTN TOL EVOAALAGGOUEVOL.

Evepyég évraon [, evég evarhasoopévov pedpotog ovopdletar n
£évTaon gvOg oVVEYOUS PEVRATOS TO 0TTOL0 TPOKaAEL TO 1010 Ogppikd

omoTéAEGNO NE TO EVOALAOGGONEVO pELNA, 6Tav dlappéer Tov id10
avTIoTAT, GTOV 1010 YPOVO.

Amodewkvoetor 6tL t0 [,, Kot 10 TAGTOG I TOL EVOALAGGOUEVOL PEDIOTOG

GULVOEOVTAL LIE TN GYECT

;=L

&v ﬁ

Evepyog taon V,, mog evorlhaoodpevig taong, sivar n tipn g
oLVVEYOVS TAONG, TOV av £QaprocTel 6ta akpa avtietdtn ( R ),
TPOKAAEL ovveyés peopa Evraong iong pe v gvepyod évraon Tov
EVOALOGGONEVOL PEVROTOS TOV 00 TPOKAAOVOE N EVOALAGOONEVY]
Téom otov id10 avTioTaTY.

Amodewcvoetar 6t ) evepydg taon V,, kou 1o mAdtog ¥ tng evoAlaccopevng
TAOoMG GLVOEOVTOL LE TN OXECT

V

Otov Aépe O0TL 01 pevPaTOdOTEG GTO. OoTite pag divovv 220 V, 1 611
Kdmolo cvokevn dovAevel ota 220 V, 16 A, avapepOIaoTE G EVEPYEG TIUES.

Ta Opyovo OV YPNGUUOTOOVUE Yo TN HETPNON EVOAAACCOUEVOV
TAGEMV KOl PEVUATOV OELYVOVV EVEPYEC TIUEC.

5-9 O NOMOXZ TOY JOULE (TZAOYA) - ZXYXZ TOY
ENAAAAXXOMENOY PEYMATOX

H evepyog Tiun tng évtaomg evog evOALOGGOUEVOL PEDUATOG Elval M
TN TOV GLVEXOVG PEVLOTOC TOV GTOV 1010 ¥pOVo dNUOVPYEL o€ €va avTIoTATN
Ta 1O Bepuikd amoteAéopota pe 10 evorllacoouevo. Emopévag o vopog tov
Joule 6To evarrhaocoopevo ypdopeTat

Q=1I.Rt

H woy0¢ tov evarlaccopévou peopatog (o puBudsg pe tov omoio to
EVOAAAGGOEVO PEVLO LETAPEPEL GTO KOKAMUO EVEPYELD KAOE oTIypnn]) diveTon
omd T oyéon

p=vi W p=iR
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Emedn n évtaon tov peduatog petafdidetor Slopkdc, M 1oy0¢ dgv
éxel otafepn Tyun. Mo va tovicovpe 0tL N 16Y0¢ petafdireTor pe to ypodvo
OVOLALOVLE TNV oYL OVTH CTIY IO 16D,

H ortypwoia woydg éxet ehdyotn mpoktiky aofia. v wpdén
ypnotpomoleital N péon woyve, 1 omoia eivar otabepn). Eivar ) 1oyvg mov katd
HEGO OPO KaTAVAAMVETOL 6TO KOKAOUA. H péon 1oydg opiletar og €ng:

Méon woyvg P ovopdletor To mAiko TNG EVEPYELNG TOV NETOPEPEL

TO NAEKTPIKO PEVNE GTO KOKAONO GE YPOVO MLOg TEPLOOOV TTPOS TO
XPOVO aVTO

w

P=—

T

H péon 1oyb¢ o€ éva avtiotdtn icovton pe

P=V,I,6 w P=I.R

eV &gV

ITAPAAEITMA 5-5

Aymydg mov €xel avtiotaon R=8Q cuvdéetal og evarlaooouevn téorn evepyov tung V,=16V. Na
VTOAOYIGTEL TO TOGO OEpUOTNTOG TOV AIT0didEL O AywYOG 6TO TEPIPAALOV G€ ¥povo =10min.

Anévtnon :

H evepyodg évtaom tov pedpatog mov dtppéeL Tov oy@yod givar

Ay
R

Amb 10 vopo tov Joule Bpiokovue

Q=1.Rt=19200J

5-10 TENNHTPIEXZ ENAAAAXXOMENHX KAI
XYNEXOYX TAXHX

Ymv  mopdaypago (5-6) pupeietioope o ddrton  wAoiciov
OTPEPOLEVOD PEGO GE OUOYEVEG LOYVITIKO TEGIO OV TAPAYEL EVAALUGGOUEVT
taon. IlpoKeitol yio To TPOTLTO TNG YEVVINTPLOG EVOAALUGGOUEVTG TAOTG, TOV
Aéyeton ko evarhaktipag. H mapaydpevn téorn avantoceetol 6to e®TEPIKO
KOk opo pe T Ponbei dvo doaktvAiov emaeng (oy. 5.23) ot omoiot
TEPIOTPEPOVTOL e TO TTAic10. Xtafepég emapég, mov ovoudlovtol YNKTPEG,
oAlefaivouy 6Tovg dAKTLAIOVG Kl AOTEAOVV TNV ££000 TOL EVUOALUKTIPO.
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Xy. 5.23 Apyn Aertovpyiog yevvi-
PG EVOMMOGOOUEVG  TAOMG
(evOALOKTPOG).

Ew. 5.4 Avvopd modnidtov

Ew. 5.5 Avvapd (ecotepiko).

Ew. 5.6 Potopag

Ew. 5.7 H nlextpkn evépyewa
LETOQEPETAL OO TO. EPYOCTAGLO
TOPAYOYNG TNV KOTOVAAMON LE
oy®YoUs HETOQOPAS VIO LYNAN
Tdomn.

T

To 0 okpPdg amotélecpa €XOLHE av OOTNPNCOVUE TO TANIGLO
0100epd KOl TEPIOTPEPOVLE TO LAYVITI TOV OMUOVPYEL TO LOyVNTIKO TTEdiO.
Ag dovue v mepinTmon Tov dvvapd Tov modnidrtov. H kivinon tng podag
0étel og MEPOTPOPIKY| Kivnom éva UayViT OTO €0MTEPIKO €VOG TANIGIOV
TOAALGV omelpdv. O oTPEPOUEVOC LOYVATNG AEYETAL “pOTOPOG” EVD TO aKiviTO
mhaiolo “otdtopog” (oy. 5.24)

Axivijro Inpio
{Zrdatopug) '

Xy. 5.24 H apyn Aertovpyiog Tov dvvopd evog modnAdTov.

210, PYOCTAGLO TOPAYMYNG EVEPYELNG O UOYVIITNG EXEL OVTIKOTOOTOOET
amo évav niektpopoyvitn. O potopog OnAadT| eivorl Eva mnvio mov dlappéetal
amd ovveyég pevpra Kot Tifetal o€ mEPIOTPOPIKN Kivnon pe ) Pondeia evog
otpofirov (tovpumiva). O otpdPirog tiBeton o€ Kivnon e dLAPOPOVE TPOTOVG.
2’ €vo VOPONAEKTPIKO EPYOCTACIO EKUETAAAEVOUOGTE TN UNYOVIK €VEPYELO
LG VOATOTTOOTG YL VAL KIV|GOVUE TO GTPOPIAO KL £TGL TN UETATPETOVUE GE
nAektpikn (oy. 5.25). X* éva OeplonAeKTpiKO €PYOOTAGIO HE TNV KAHoN
Myvitn Beppaivoope vepd, 0 aTHOC TOL TAPAYETOL OTOV EKTOVAOVETOL, LE
KatdAAnies drotdetg, T Kivel To oTpOPIAo K.0.K
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HiskTpusn
EVEPTELD

EvaiddrTg

210 oynua 5.26 goiveton M apyn Aertovpyiog pog myne mov oivet
ocvveyn (6L otabepn)) Tdon. Edm, avti yia dvo aveEaptnrovg daxtuilovg, Ommg
OTOV EVOAAOKTNPO, TO AKpa TOv TAosiov sivor ocvvdedepévo pe 600
NudaktLAMovg mov meptotpépovtar poli pe to mhaicto. H didtaln ovtn
Aéyetar ovAAEKTNG. T otryun mov M tdorn aALAlel TOMKOTNTO Ol GUVOECELG
He T0 €EMTEPIKO KUKAMMUO AVTIGTPEPOVTOL KOl 1] TACGN TOV TOIPVOLUE €ival
ovveyng (oy. 5.26).

wlw

Xy. 5.26  Apyn Aettovpyiag Tng YEVVNTPLUG CLVEYOVS TACEWG.

5-11 ANOPOQXH ENAAAAXYXOMENHX TAXHX

H evolhoaoooOpevn taon mopovctdlel TAEOVEKTNUATA £VOVTL NG
ovveXoVS. OUmC, TOAAEG GLOKELEG KaBNUEPIVIC ¥pTomG Xperdlovtal GuveyT| TAom
-kol  poAoto  otafepn- Yoo vo Asttovpynoovv. Tn  peraTpom) pog
EVOAMUGGONEVIIG TAGNG 6 OGLVEXN] KOl ©TN oUvExew o€ otobepn Ty
EMTVYYOVOVNE NE TO GUVOVAGHO OVO SwTaCe®V, TOV avopOMT Kol TOL
egoparovry.

Ytov avopbmti ypnoiponotovpe 610dovc. H diodog sivar pia didtaén
OV EMUIPEMEL GTO PEVUO Vo Tr OloppEel KOTA TN piot opd €0KOAL €VD
TPOKTIKA Og dwoppéetor amd pevpo Kotd tnv avtifern @opd. H 6iodog
TaploTdvetol pe o oopforo B kar n @opd kotd TV omoia StappésTan amd
peopa eival avty mov deiyvel to Pérog Bo pmopovcalE Vo TOOUE OTL pid
Wavikn 61060G mapovstdlel UNOEVIKN avTioTaon Katd TN Hio popd Kot dmepn
avtiotaon kotd v avtifetn eopd. Xto oyfuo 5.27 Prénovpe pio ddToén
avopBwong TG EVAALAGTOUEVNG TAOTG

Uup A r LU
N ANEANEI== § — % N/
| T/Z\/ T\/t 5 A | T/2 T t
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Xy 5.25  Adypoppo LETOTPOTNG
™G UNYOVIKNG  EVEPYEWNG O
NAEKTPIKN

Ew. 5.8 Tevwnrpu oe otobud
TOPUYOYNG NAEKTPIKNG EVEPYELOG
LLE TTUPMVIKT] EVEPYELXL.

Xy. 5.27 Adtoén avopbwong g
gvaldaoodpevng téong. H evar-
AOGGOLEVT] TAOT] VAR OTNV €IG0OJ0
TOV KUKADUOTOS LETOTPENETOL GE
cuveyN vra oty £€odo.



Xy. 5.28  Audraén pe téooepig
01000V  mOL  peTOTPEmEL TNV
EVOAOGOOLEV TAOT OE TANPOG
avopbopévn.  Koatd ™ pia
numepiodo g ThONS  €1G030V
otav 10 onuelo A elvar og
ynAdTeEPO duvopkd and to onpeio
B, dyovv ot diodol K, evd katd
mv GAAn mumepiodo dyovv ot
diodot K.

Xy. 5.29 Me 1ov gfopaivvin, m
TMpws avopbouévn thon peto-
Tpémetal o€ Téomn oyedoV otabepn.

e
7

1

Xy 5.30 To opBoyodvio mhaicto
mov dwppéetar amd pevpo Ppi-
OKETOL HECO. OE OUOYEVEG Lo~
yvntikd  medio. To  Cedyog
dvvapewv Laplace mov ackovvtot
GTO TAAIGLO TO GTPEPOLV.

H ovveyng tdon mov maipvovue pe t dwdtaén ovtn ovoudletor
REPIKAG avopOBopévn (Muavopbouévn).

210 oyfua (5.28) PAEmovpe Eva KOKA®LLO TO 0010 LE £Va GLVOVAGHO
100V UETATPETEL TNV EVOALUGGOUEVT TAOT] D45 TNG EICOG0VL, GE GLUVEYN TAOT
vy oV €€0d0. H tdom avt ovopdletor AAMPpOS avopOmpévn.

V- /\ _>

| T/Z\/ T\/t B

O &loporvvtig omoteleiton amd £vo TUKVOTH KOl €V aVTIOTATN
OUVOESEUEVOLG TAPAAANAQ. AdY® TG OVLOKOAlNG mov TapPovcslalel 1o
KOKAOMUO, VO TAPOKOAOVONGEL TIC YPTYOPES LETABOAEC TNG TACEWMC Hog Otvel
otV €000 1oV Thoelg oyxeddv otabepéc. Av TPOPOSOTHGOVUE TNV (0000 TOV
pe TANP®G avopBwpévn Tdon, Kabdg 1 Taon €10000V OLEAVETAL O TUKVOTNG
eoptiletor ko 6tav 1 Taon €16600V TAPEL TN UEYIGTN TIURY TG TO POPTIO TOV
TUKVOTH Yivetal PEYLoTo. XN GLuvEXELWD, KaODC 1 Taon €16600V LEWDVETAL, O
ToKvVOTNG  eKQopTiletar péow tov avrtiotdrn). O ypdvog mov dlapkel 1M
EKQPOPTION TOL TUKVOTH €EapTaTOl Omd TIC TWWEG TNG OVIIGTOONG KOl NG
yopntikdémrag. O ypdvog exeoOpTiong avEdvetal OTOV Ol TIHES TOVg eivat
peydiec. Xto koximpa eEopdiovong ot Tipég Tov R kot C givan peydies. 'Etot
1 TGN GTOV TLVKVMTH, dpa Kot 1) Téor 5600V (Vra), HEWDVETAL TOAD O apyd
ond v 1aon e166dov. Otav M thon oty €icodo -kabmg avEdvetal whAl-
yivel {ion pe TV TGN OTOVEC OMAGLOVG TOV TLukveTy opyilel ek véov va
av&avetal To eoptio tov. To oavopevo emavarapfavetal dtav n Taon yivel
péyiotn. Me KatdAAnAN emAoy TV otolyeimv mTov cuvBETovy ToV avopbmT)
LUTOPOVLE VO EMMTVYOVLE TAGELS KOTE IKOVOTOUTIKT TPOGEYYIoT oTaOEPEG.

U/\B A r DIA
- \ TN N /N 7/ N
- C R Vikass -2

N B T A ol T q

5-12 O HAEKTPOKINHTHPAX

T t

Ov niektpikoi Kwvntipes eivor owtdierg mwov petaTpémovv TNV
NAEKTPIKY] EVEPYELN 6€ PN aviKY]. ANAadn £vag NAEKTPOKIVIITIPOG Elval puo
avTiGTPOPT NAEKTPOYEVVITPLM.

Apyn Aevtovpyiog

TomoBetovpe €va opBoydvio TAAIGIO GTO £0MOTEPIKO £VOG OLOYEVOLG
poyvn kol mediov. ZuvoEovpEe OTOL GKpPOL TOV UL TNYH GLVEXOLG TAoNg V,
omote TO TMAOiclo Olappéetanr omd pedua. XTI TAEVPEG TOL TAoucsiov Oa
ackovvtan dvvduelg Laplace, 6mwg deiyver to oynua 5.30. To Cevyog tov
duvapewv oTpéPet T0 TANIG10.

Yuvdéovtag To TANIGLo [ Evay AEOVO UITOPOVLE VO, EKUETOAAEVTOVE
TNV TEPIGTPOPIKT| TOV Kivron.

Ieprypo@n TPoyRoTIKOD NAEKTPOKIVTI PO
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210V NAeKTPOKIVNTIPES dEV LILAPYEL LOVO €val peELUATOPOPO TACIGLO
oA ToArd. Ta mhaicw avtd etvon TomoBetnuéva mive o £va KOAVOpo amd
poAakd Gidnpo, to pétopa. O poTopag UTOpEl Vo GTPEPETAL YOP® OO TOV
aEova tov (oy. 5.31). XV emedveld Tov Kol Kotd pPNKog Tov a&ovd tov
QEPEL QVAOKEG. XTOVG OOAOKES TEPLTUATYOVTOL YAAKIVOL LOVOUEVOL Oy®YOl,
€101 MOTE va dnpovpyeitar o oepd and miaicia. Ot dikpeg OAOV QVTOV TOV
TAociov KataAnyouv o€ £va KOAVOpo, T0 ovAAEKT. O cuALéKTNG YwpileTon
o€ TUHOTO, LOVOUEVE HETOED TOVG, Kabe £va and Ta omoia elval o€ NAEKTPIKN
emoen He €va TAaicto. AVo akivnteg YRKTPES amd ypapiTn TOv UmopodV va
ouvdebovv pe Ty Taong V, epAnTOVTaL 6TO GUALEKTY.

Emayanyipo

Dopa xiviong
Euddérmng -
PriiwTpes

Dopa kiviong b
— Péropas

O potopag mepiPdiletor and &va otabepd TUNUA, TO GTATOPU, TOV
QEPEL POVIHOLG HoyVATEG (OTOVG WIKPOVG KIVNTHPEG) 1 MAEKTPOUAYVITES
(otovg peydrovg). O otdtopag onuiovpyel payvntikd 7medio kdbeto oTov
a&ova Tov poTopa.

Otav o xwwnmpag pevuatodotndei, évo amd ta mAaiold mwov gival
TUALYHEVO, GTO POTOPA, GVTO TOVL EKEIVN TN OTIYUN €ival 0€ EmOEN WE TIG
YNKTPEG, dappéetor amd pedua. To poyvntikd medio ackel 6° avtd (ghyog
duvapewmv kot to otpépel. Mall otépetol kol 0AOKANPOg 0 potopoc. Me
OTPOQPT YOVETAL 1| EXAPT TOV TANGIOV AVTOD UE TIG YNKTPEC Kol SIOKOTTETOL
TO peLLO, £va GAAO TAiG10 OpmG Taipvel T B€om Tov KO, £XOVTOG ETOEN HE
TIG WYNAKTPESG, Yo TOV 1010 AOYO oTpEépeTal KI' auTd. TN CLVEXEWD £VO GALO
naipvel ) 0éom Tov K.0.k €Tol datnpeiton M kiviion Tov poTOpa. TOL
Bpioketor péca og payvntikod meodio.

Ot niextpokvntpeg Exovv anddoomn amd 50%, ot pikpoi, £mg 90% ot
peydrotl. Ot yproelg Tovg eival ameplopiotec. Ta nAiektpicd Kotcafiod, to

pigep kot n piCo ToV AVTOKIVIATOV, Ol AVEAKVGTIPES, TO TPOAEL KOl TO UETPO
AELTOVPYOVV LE MAEKTPOKIVI|THPEG.

5-13 AMOIBAIA EITATQI'H
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H\extpoxivnmpog

(apyn Aettovpyiog).

Ew. 5.9
(exKvnTnpag).

Mila oavtokviToL



Xy. 5.32 To mmvio A dwppéeton
omd pedpa petaPAnTig €vtaonc.
To poywmtkd medio mov Omui-
ovpyetl to mnvio A petafdiletan,
LEe AmOTELEGHO VO LETAPOAAETAL )
HOYVNTIKT POT] TTOL JEPYETOL OO
to mvio B kot vo dnuovpyeiton
G’ aUTO TMAEKTPEYEPTIKN dvvaun
OO ETAYOYN.

Ew. 5.10 Mertaoynpatiots. H

Aertovpyla tov  omnpileton  oto
powvopevo g apolfaiog emoym-
e H tdon mov epappoletoar oto
éva mnvio petacynuaritetal o o
GAA Thom SlPOoPETIKOL TAATOVG
070 dgVTE-PO TNViO.

Sopemva pe to vopo tov Faraday o’ éva axivinto xdxlopo exdystot
L0 AEKTPEYEPTIKT dVVOUN €AV LUETAPAALETOL 1] LOYVITIKT] POT| TTOL OLEPYETOL
and 10 kOuKlopo. Tn petaforn g HOYVNTIKAG PONG WTOPOVUE VO, TNV
TETVLYOVE pE TN PonOela EVOG EVTEPOL KUKADIOTOC GTO 07010 peTafdAlovpie
NV évtaon tov pevpatoc. Aéue T0TE O0TL Ta 000 KLVKAGUATO Ppickoviol 6€
EMAYOYIKI 60Ceven.
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H gpedvion niektpeyeptikig ovvaung ¢’ éva Kukiopa, egotiog
™G peTafoing Tov pevpaTog wov cvppaivel 6” éva Grio KUKA®NO,
Aéyetan aporfaio emaymyr).

Ymv mepintwon g apolfoicg emaymyng o VOUOG NG EMOY®YNS

AD
E,, =—N N UTOPEL VOL TAPEL T LOPOT
t

Ai
E,=-M— (5.9)
EIT A ¢
To M ovopdletar ovvrereoTils oapoifaiog emayoyig TOV
KUKAQUATOV.

V.s
Metpiétan pe ™) povada 1H (Henry), 1 H =1 -

Xoppova pe ™ oxéon (5.9),

N NAEKTPEYEPTIKN Ovvopun omé apofaic eTay®yn] MOV UVOTTVGGETUL GE
évo, kokhopoe B gartiog petafoing g évraong tov pedpatog og £va
KOKAopo A, givor avaioyn tov pvOpod pe tov omoio petofairetor To
pPEVLO 6TO KUKA®NA A.

To @awdpevo g apoifaicg emaywyng eivar £viovo otV TePInTOON
dvo Tviev pe koo a&ova.

O ovvieleotg apoifaiog emaymyng ovo anviov eéoptdtol omd Ta
YEDUETPIKG TOVG YOPOKTNPLOTIKA, TN OYETIKN TOovg 0éom kol To LVAIKO TOL
TLPT VO, TOVG,.

Ymnohloyiopog cvvrereot aporpaiog eraymyns 600 Ttnviov

®a vmohoyicovpe 10 cuvvieleot apolfaiog emaywyng Svo mVIOV otV E€101KN
nepinTmon mov £xovv Kowod d&ova, 6mwg 6to oynua 5.33.
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To mmvia éxovv, avtictoya, N; koi N, oreipeg kot givon Tomobeméva €16t doTe va Exouy Kowod dEova, pe
1o Tvio 1 va mepiheiet To mmvio 2. To mvio 1 Stappéetat omd petofoddpevo pedpia 1 - B&v 1o mmvia. Sev

TEPIEYOLV KOO0 GO0 GTOV TVPHVOL 1] EVTOIGT] TOL LOYVITUKOD TEGIOD TTOL SMLOVPYEITOL GTO EGMTEPIKO
TOL TIViov 1 -Gpa Ko 6To E6®TEPUKO TOL TTVioL 2- Bot Siveton amd T oyéon

B = pynyi
omov L n poyvnTikh S10mepatdTNTO, TOL KEVOD Kat #; 0 aptBpog GTEPDY TOV TPMOTOV TNviov

ava Hovado UNKOLG.
H poyvnrikn pon og kG0 omeipa, tov anviov 2 Oo ivan :
Dy, = BA= pyn Ai,
0mov A 10 guPaddv g emeavelng otV omoia HeTaPdAleTon 1) pon

H enayopevn niektpeyeptikn dvvoun oto mnvio 2 Oa givon

d® di
Eyn, =—N, b=—N,umA—+
dt dt
omov N 5 0 aplduog onelpdv Tov Tviov 2

To otaepd ywvouevo N 5 /JOI’IIA , mov Ba T0 cvuPoriCovpe pe M 51 €&optdrol pévo amd to

YEOUETPUKA GTOLYXED TV dVO TNVImV.
Edv ta mmvia givor tolrypéva yopo and mopive amd vAKO TOv 0moiov 1 LoyVNTIKA

Swmepatomrto. L eivon otabepn (avegdptntn Tov B) ot
M, = N,upgn 4

Ed&v eravaAidfoope ) dadikacio oty avtifetn nepintmon émov €va petafairdpevo
pevaL i2 oto mnvio 2 endyet HEA oto mvio 1 kataAyovpe ot oyxéon
di,
12
dt

Oa mepipeve kaveic ta M 51 Ko M 12 Vo etvan dtapopetikd emedn ta Vo mnvio dev

Exqy =—M

givan 18100 ko yoTi 1) pon) mov SiépyeTan amd avtd dev sivon S Opwg, o M 51 Kot M 12

givan Tévta ioo kot 0o Tar cupPorilovpe pe o cdpporo M .

5-14 AYTEIIAT'QI'H

To xOKAopo tov oynuotog 5.34 meprapfaver mmyr, puOuoTIKN)
avtictaon, AoumTipa, TNvio Kot Stokomtr. Metakivodue to dpopéa o1
pPLOOTIKY aVTIOTOOT MOTE O AQUTTAPOC HOALS Vo pToPoAel. Av avoi&ovpe
TO S1oKOTTN A TOV KUKAGPOTOG B Topatnproovpe 0Tt Yo AMyo 0 AOURTPOG
ocvveyilel va pwtofolel Kot HAAMGTO, QUESHS UETH TO GvOLylo TOV JlaKOTTY,
7o évtova amd mpv. Avtd cvpPaivet ylorti n amdToun Helwon g EViaong Tov
pedUATOC oL Olappéel To TNvio TpokaAel aviiotoyyn €AATTOON TOV
LayVNTIKOU TOL eSOV, EMOUEVMG KOL TNG LAYV TIKNG POTNG TOL SEPYETOL OO
TI¢ omeipeg tov. H petafory g HoyvnTiKnG pong o©to mNvio €Yel oG
amotélecpa T dnpovpyio NAEKTPEYEPTIKNG SVVAUNG OO EMAYM®YY| GTO TNViO.

H mnlextpeyeptikr| SOvaun mov dmpiovpyeitar oto mnvio oOtav
avoiovpe To S10KOTTY, TPOKAAEL PEVUO OTO KUKAMUO TNVIO - AQUTTIPOG Kot
avaykdlel To AapnTipo vo poToPoAncet yio Alyo.

Hlektpeyeptikn obvopun dnovpyeitor 6to mnvio ko kdbe popd mov
070 KOKAOUA (060 0 SaKOTING eivol KAEIGTOC) LETAPAAAOVIE TO PEVUO TOV
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Zy. 5.33  To dbo anvia Egovv Kot-
vo a&ova.

Xy. 5.34 Av avoi&ovpe 10 dakomTN
Oo mopoTnpcove OTL 0 AQUTTHPOG
gEakolovbel va pwtoPforel yi Atyo
xpévo.



)2 5.35 H miextpeyeptikn
Svvoun and avtemoyoyn avritide-
T 6N PeTaPorn TG EvVIoong TOL

PEVLLOTOC.

Xy. 5.36 Metd 1o Kheioylo Tov
StokomTn TO v KabvoTepel va
TOPEL TNV TEMKT| TOV TIUN.

t0 dwppéel. Hhextpeyeptikn duvoun emaymyikng Tpoghevons dnuovpysitot
o€ k@be KOK OO 6TO 0moio petafdiietarl 1 évtact Tov PedUATOG, GLVHOMG
OUmG ™ peietdue oto mnvia yoti exel to eowvopevo givar evrovotepo. To
@OVOLEVO OVOUALETOL OVTETOYMYT].

Avtemaymyn ovopaletor  TO  QOIWVONEVO KOTA TO  0moio
onuovpysitor MAEKTPEYEPTIKY] OVvaun o€ éva KOKAOPG, OTOv
petafdrietar to pedpo mov To Swppéer. H mhekTpeyeptikny
ovvaun 7oV ONUIOVPYEITAL OVORALETUL MAEKTPEYEPTIKI] OVVOUT
antdé ovterayoyn (Exyr).

Av 10 pevpo mov Stoppéet Eva TTVio av&aveTal, GOUPOVA LIE TOV KOVOVQL
tov Lenz, oto ©nvio dnpiovpyeiton nAEKTPEYEPTIKT dOVALT TOL ToPEUTOdILeL TV
a0éNCT TOL PEVUOTOS. AV TO PEVUO GTO TNVIO HEUDVETOL, 1) MAEKTPEYEPTIKY
dvvoun oV dNUIOVPYEITOL £XEL TNV TAGCT] VA TO STPNGEL 6TaOEPO.

) ¢) ¢) )

To anvio avTidopa o€ kKGBe petafoin Tng évracg Tov pEdRATOG
7OV TO OLUPPEEL.

H avtemayoyn sivor 1810tte TV KUKA®UATOV OvVTIGTOWYN HE TNV
adpaveld TV copdTov. Ta ohpato ovTIoTEKOVIOL o1 HETOPOAN NG
TayOINTAG Tovg. To KUKA®UOTO OVIIGTEKOVTOL GTr HETOPOAN TOL PEVUATOG
oL Ta drappéet. METpo g adpdvelag Tov copdtav gival  nala tovg. Métpo
NG adPAVELNG TOV KUKAMUATOV VUL O CUVTEAESTIG AVTETOYWYNG TOVG.

210 oynua 5.36 10 KOKA®UO TEPLOUPAVEL TNYT, SLOKOTTT), OVTIGTATN
kot Tvio. Av kigioovpe To dokOTT, TO KOKA®UO apyilel vo dappéetal amd
PEVLUO, EMEWN OUMG TO TNVIO AVTIOPA 6TV AENGT TOV PEVUOTOC, TO PEVLLO
Kabvotepel va Tapel TNV TEMKN TV TR L.

L i

L S | EECTPU
P B

R%T‘
1
E.r t

210 oynua 5.37 o petaywyog apykd eivar ot 8éon A kot 1o KOKA®pQ
Sappéetan and otabepd pevpa I, Tn otryun undév, o petaymyodg tonobeteiton
ot 0éon B. To xoxhopa cvveyilel yio Aiyo ypodvo vo dtappéetol amd pedLaL.
To mnvio, avTIdpOVTAG GTN UEIDMOT TOL PEOLOTOG ONIOVPYEL NAEKTPEYEPTIKN
dvvaun mov divel o Likpo ypovo pevdpa. 100G popd e TO apykd pedLLOL.
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O vopog g avtemay®yNng

To @owvopevo Tng OVTETOY®YNG ATOTEAEL [0 EOIKT TTEPIMTTOOT TOV
. . . , AD,
pavopévov g emayoyng. O vopog g enayoyng Eyy = -N vy yivetat
t

GTNV MEPIMTMOOT TNG CVTETOYMOYNG
Ai
E, . =—L— (5.10)
AYT A ¢
O ovvtekeotig ovaroyiog L ovoudletor GUVTEAEGSTHG OVTETAYOYNS 1

avtenaymyn. To (-) ot oyxéon gival cuvénela Tov Kavova tov Lenz.

Amd ) oyéon (5.10), Tov amotedel E1O0IKN EKEPOACT TOVL VOUOL TNG EXAYMYNG,
TPOKVTTEL OTL

1N NAEKTPEYEPTUKN OVVOUN OO GVTETAY®YY] 6¢ éva KOKAOpPA givar
avaioyn pe to pvoOpo petafoing g EVTaong Tov PEOUATOS TOL TO
owuppéet.

H oyéon (5.10) diver 1 péon mlextpeyeptikry dSdvaun omod
avtenaymyn. [a va Bpodue TNV T TG Ho XPOVIKY OTUYUN TPETEL O YPOVOG
At va glval anelpootd pKkpoc.

di
E,,=-L—
AYT d t

Amd ™ oyéon (5.10) mapatnpodpe OTL O GUVTEAEGTNG OVTETUYWOYNG
gvog mnviov, eivar oplBuntikd icog pe TV MAEKTPEYEPTIKN OOVAUN 7OV
endyetal oto Tnvio, dtav To pedpo petafdiietor pe pubud 14/ s .

Movada péTpnong Tov cuVTEAESTY ovtemaywyng eivat to Henry (H).

O ovvieheoTC OVTEMAYOYNG €vOG mnviov e&optdton omd T
YEOUETPIKA YOPAKTNPLIOTIKA TOV KAl Od TN UAYVNTIKY SlomePUTOTNTO TOL
VAKOV OV PPICKETAL GTO EGMOTEPIKO TOVL.

Evepyeroxn perétn

210 melpopo He TO AQUTTAPO €MOpE OTL UETO TO GVOLYHO TOL
SOKOMTY, 0 AQUTTAPOS, Yo Alyo xpovo, cuveyilel va pmtoPfoiel. Avtd deiyvel
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Xy 5.37 H petaxivnon tov
petayoyov amd ™ 0éom A o
0éon B de undeviler opéowng to
pebpa oto kouKAopa géattiog g
NAEKTPEYEPTIKNG  dvvaung  amd
OVTEMAY®YT] TOV  OVOTTOGGETOL
670 Tnvio.



0Tl 0T0 KOKA@UO, vanpye oamobnkevuévn evépyeln, m omoio. d0OnKe ©TO
AQUTTIPO Ko TPOKAAESE TN @@TOROAI TOV.

Amodewkvietar 6t éva mnvio mov dwappéetar amnd pedua I Exet
OTOONKELVLLEVT EVEPYELD GTO LLOLYVNTIKO TOV TESTO

U=lLl2
2

Y7oAoYLloP0G TOV GUVTEAEGTI] OVTEMAYMYNS VIOV

To poayvntikd medio oto ecmTePKd EVOG TVIOL TOV SloPPEETAL OO PEVLLO. ElvaL

B=puymni

omov Ly M poywTikh SlamepatdTa TOV KEVOD Kot 71 0 0ptpdg omEpdV avd povada pikovg

n=—.

[

And k6Oe omeipa Tov TNVIOL TEPVAEL LOYVITIKY POT):

@, = BA = p,ndi

o6mov A 1o guPadov g oneipag Tov Tnviov.

H nAektpeyeptin dvvopun amd avtenaymyn oto mnvio Ha eivol

do, di N*  di
—_— _/LIO —_ JR—
dt [ dt

Eyyr=-N = —NuynA

omov N 0 apBpdc onepdv tov mviov.

N2

To otabepd yvopevo —A eivamo owvteheothg avtenayoyic L tov mviov
07y G

Kot e€aptdtol HOVO amd To YEOUETPIKG GTotKEiR TOV TNViov.

Eav ta mmvio mepiéyer muprivo amd vMKO poayvntiknig Stamepatémtog AL, O

GUVTELEOTIG AVTETOY®OYNG TOL Oa givat:

2

N
L=ﬂﬂoTA
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[TAPAAEII'MA 5-6

210 KOKA®UO TOL GYNUOTOS O UETAY®YOS Ppioketor apywd otn L

0¢on A kot 1o Tnvio Sappéetar omd oTabepd pedLaL.. —

o)
B)

Y)

Noa vroAoyiotel 1 T ToL 6TaHEPOD PEOUATOG GTO KUKAMLLA. R % Tl
TonoBetovpe 10 d1akdOTTN 0TN B€om B kot to KOK @ yio Aiyo

xpovo e&axorovdel va drappéetar amd pevpa. Na vtoroyioTel A
NAEKTPEYEPTIKN dUVOLN TTOL dMoVPYEiTar 6To TNvio Kabmg kot o '\_H
pLOUOG e ToV omoio peToPAALETAL 1 EvTOOT TOV PEOUATOG, TN OTIYUN A lg
KT TNV 0moio T0 PEVIO 0TO KOKAMUO Exel TN i=2A. Ty. 5.38

[16om Beppota amodidetor oto mePPAALoV, Ao T GTIYUN TOL 0 PETAY®YOG Totobeteiton ot Oéon

B péypt va undeviotel 1o pgdpo 610 KOUKAMULOL;

Aivovtal : 0 cVVTELESTNG avTEMAY®YNG Tov Tnviov L=0,1H, 1 nAeKTpeyEPTIKT SVUVALT KOL 1] ECOTEPIKY|
avtiotaon g myng £=20V, r =0 kot 1 avtiotaon R=4Q. To mnvio givar Wavikd (dniadn dev Exel oKy
avtioTaon).

Amavinon :

o)

B)

Y)

Otav 10 nvio ivarl cuvdedepévo e TV Ty Kot dloppéeTot amd oTafepd pedLa 1| NAEKTPEYEPTIKN
Svvaun amd autenoymyn 6~ ovto givar undév. Movadiki NAEKTPEYEPTIKN OVVOUT 0TO KOKA®UA givat
OVTH TNE TNYNG. ZOUG®VA e TO VOUOo Tov Ohm

I=£=5A
R

APEC®G LETE TO GVOLYLLO TOV SLOKOTTY, TO TNVI0, OVIIOPMOVTAS GTN LEIMON TOV PEVUATOS dNovPYEL
NAEKTPEYEPTIKN SVVOUN OO OVTETAY®YN Kot yuo Alyo xpovo divel peopa idwg katedBuvong pe to
apywd. Eeapuodloviag 1o vopo tov Ohm 1tn ypoviki otiyun kotd tnv omoio 1o pedua Kabmg
pewmvetot Exel Tyn i=2A, éyovpe

E
i=="T 4 E,. =iR=8V

R
O puBuodg pe Tov omoio petafdiietal To peopa TNV ida ypovikn otryun o Ppebel amod tn oyéon
di di E
E, . =—L— enopévo —=——2"T = _804/s
AYT dt HEVMG d 17

To apvnTIKd TPOCTLO GTO OTOTEAEGUA OELYVEL OTL 1] EVTOGT] TOL PEVLOTOC UELDVETOL.

H Oeppomra (Q) mov mapdyetor 6TV ovVTIGTOO TPOEPYETAL OO TNV EVEPYELD LOYVITIKOD TTESGIOL
(U) mov &iye amoOnkevpuévn to anvio.

[pwv o dakdénTng Tomobetn el otn BEon B 10 mnvio dwappedtav amd pevpa I ko giye amobnkevuévn
evépyela (U) oto payvntikd tov medio. H evépyela avti petd v tomobétnon tov dakdéntn oto B
amodidetal oty avtictoon Kot petatpénetal o Oeppotta (Q).

SOUQ@Va UE TNV 0pyN STHPNONG TNG EVEPYELOG

0=U = %le =1,25J
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XYNOYH

Orov petafdAieton 1 HoyvnTikr pon Tov JEPYETOL amd TV EXLPAVELN TTOV OPIleL EVag aywyog LLE TO GO TOV,
OTOV 0YYO EMAYETOL NAEKTPEYEPTIKY] SUVOLN 1] OTTOT0L 10OVTAL LE TO PLOLO HETAPOANG TG HOYVITIKNG POTIG.
AD |
Egn=N——
At

Ortav gv00ypappog aywyés pinkovg L kwveitonr pe otabepn taydtro v (v L L) oe eminedo KaBeTto 0TIg
SVVOLLKES YPOLLUES OLOYEVODS poryvnTikoD tediov B, eppavilet HEA and emayoyn, ion pe

E,,=BuL
Ye gvfvypappo aymyoé pnkovg L mov otpigeror ue otabepn yoviokn taxdmto © yopw ond a&ova,
TOPOIAANAO UE TIG SUVOUIKES Ypappég Tediov B, mov mepvdel amd to €va tov dkpo, epeoaviCetor HEA amd
enaymyn ton pe

1
E. = EBcoLz

Ta emoy@ykd pedpota £(ovv TAVTo TETOL POPE OOTE VO, AVTITIOEVTOL GTO 0iTIO TTOV TO TPOKAAEL.
O kavévag Tov Lenz skopdlel Tnv apyn o Tnpnong TG EVEPYELNS GTNV EMAYWYN.

Y10 GKpO. 6TPEPONEVOD TAUIGTIOV N GTTELP®OV, EUPAOOD A, TOL GTPEPETAL [LE GTAOEPT YOVIOKT TOLTNTO ®
Yopo amd dEova mov PpiokeTon oto eminedd TOL Kol elvor KAOETOG OTIG SUVOMIKES YPOUUES OUOYEVOLS
poyvntikov mediov B avanticoeton amd exaymyn Tov EVOALAGOOUEVT] TAO.
v=Vnuot, onov V = NwBA
Evepyog évraon evailoooduevov pevpotog etval n otabepn éviaon peduatog mov Ba mpokorovoe To 1010
OepKO amOTELEGHLOL 0V SIEPPEE EVOV MK ay®YO Y10, TO 1010 YPOVIKO OLAGTNLLOL LE TO EVAALUCGOUEVO PEVLLAL.
1

1 v T [~
V2
Evepyog taon sivor ekeivn 1 otabepn Tdon mov ov Qoprocdel oTa dkpa EVOG OVTIGTATN 0LTOG dloppEéeTan
a6 otafepd pevua £viaomng iong e TNV evepyo Eviaom.

V:V

ev E
HlekTpoysvvitpla sivor O14T0EN 7OV UETOTPEMEL PNYOVIKY evépyeln o€ mAektpikn. H Aeitovpyio tng
BacileTon 6TO0 EOVOLEVO TNG ETOYM®YNS.

O nAekTpkoi KivnTpeS elvar S10TAEELG TOV LETATPETOVY TNV NAEKTPIKT EVEPYELL GE UNYOVIKY.

To eawvopevo tng epeaviong HEA and emaywyn o’ éva kokhopa egottiog tng petafoing g Eviacng Tov
PEVHOTOG G” €VOl GALO KUKA®UO AEyeTan aporfaio eraymyn)
di di
Eyy =—-M—= Ko Eyp, =—M—-
EIT1 d t EIT2 d t
6mov M 0 cuvteAeoTnC apoPaiog ETay®mYNG TMV 600 KUKA®UAT®V.

H enayoyikn HEA mov avantdicoeton o” éva KOKAmpo Ady® TG LETOPOANG TG EVTAOTG TOL PEVLLLOTOG TOL
to Olappéet Aéyetor HEA and avterayoyn.

di
E v =—L—
AYT dt
6mov L 0 6uVTEAESTNG OVTEMAY®YNG TOV KUKAMDUOTOG.
APAYXTHPIOTHTEZ

210



1.

2.

Kotaokgvaote puo amhi] yevvitpua
Oa ypewooteite
- Eva nlextpkd Kivnthpa 1 T QUYOKEVIPIKN UNYOVT] TOV EPYAGTNPIOV.
- 'Eva diloxo and arovpivio (oktivag AMymv €KOTOGTOV) OV UTOpEl va

GTPEPETAL.

- 'Eva metaAog1dn poyvn.

- ToApavoperpo Tov pndevac.

- KoA®ddw odvdeong.

XpNOYWOTOWoTE TOV KIWVNTNPO N TN QULYOKEVIPIKN UNYXOVY] Yo Vo
TEPIOTPEYETE TO dioko pe otabepn yoviokn tayvtnta. Tomobemote 10
dioko pe T€1010 TPOTO MoTE €va PEPOG Tov v, Ppioketor peta&d tov
TOA®V TOV TETOAOELON POryVITY).

Yuvdéote pe 10 YOAPOAVOUETPO VO MAEKTPOSID TOL EPATTOVIOL GTO
0ioK0, T0 €va 6TO KEVTPO Kol TO GALO OTNV TEPIPEPELD TOV, GE VoL onpeio
OVAUESH GTOVG TOAOVS TOV LOYVITT.

H yevvntpia givan étowun. [eprotpéyte 10 dicko.

ZNUEUDCELS:

1) H duwtaén oamotelel oamopipnon g APOTNG YEVVATPWG OV

Kataokevdotnke ond to Faraday.

2)  H emayouevn niektpeyeptikny dOVOUN ivol avaloyn Le T cuyvoTnTo
TEPLOTPOPNG Tov diokov. H drdtaén pmopel va ypnopomondet yio
pétpnon g ovyvotntag. Ymodeilte mmg pmopel va yivel ovtd Kot
mpoteivete o epapuoyn g pedddov.

Kotaokgvaote évav amhd NAEKTPIKO KivTipo.

®a ypelaoteite: o EOMvn Paon, mepimov 2m Aentd POVOUEVO
YOAKIVO oUppa (0md GVTO TTOV YPNOLUOTOIOVV Yo TIC TEPLEMEELS TV
potép), po umatapio 4,5V, éva pkpd ubdypappo poyvitn kot 6vo
dKopmto cOppata yio T otnpién tov poétopa’’.

Kotaokevdote éva Aentd mAoiclo OEKO GREPDOV, OLOOTACEDV
2x2 (ecm?), pe 10 povopévo xéhkwvo copua. To d00 dkpa Tov Oo E&govy
ond o péca Tov amévavtl mAsvpav (oy. 5.390). EVoTE T0 HOVOTIKO
VMKO Ao TIC AKPES TV CUPLATOV TTOV €EEYOLV.

TomoBetote 6¢ éva Koppdtt EOA0V 600 KUTAKOPLPO CUPUATO
oL KaToAyouv og V, Tov id1ov Hyoug. ITdve oto A0 TomoBETOTE TOV
evBOypappo payvhty. Xvvoéote TOv TOAOVE TG UmOTApiog oTo dVO
gvBvypappa coppata (oy. 5.39B).

(@) ®

EPQTHXEIX
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Ty 5.40

Nopog g emayoyns.

5.1

5.2

53

54

5.5

5.6

5.7

"Evag xukhkdg Bpoyoc Ppioketor péoa 61O OLOYEVES LayVNTIKO TTedio

ov dMpovpyel €vag miektpopayvinmng. Bpeite 11 mpocavatoMoud
TPEMEL vaL €L 0 PPOYOG MOTE 1 UOYVNTIKH PON TOV TOV SOmEPVA VoL
glvan

a) HEYIOT,

B) eldyo.

ZOUTANPOOTE TIG TPOTACELG:
Ortov mAnocidoovpe Eva pafdopopeo payvitn o€ éva mnvio, £T61 MOTE

01 AEOVEG TOVG VO GUUTIMTOVV, UETOAPAAAETOL ...vvvvnvvnnns e, oV
OépyeTol omd TG omeipec Tov TNVIoL. AVTO £YEL OC OMOTEAEGUO VO
onuovpynBel GT0 ANVIO .eviviiiiiiiies e To @awoduevo
OVOUOCETOL «nvvveeeeeiieiit e,

‘Eva ovppdtivo mhaicto Ppiloketol péco oto poyvntikd medio mwov

onpovpyel €vag nAiektpopayvinmng. No avagépete 600 TPOTOLS LE
Tovg omoiovg umopel va dnovpyndel nAekTpeyeptikny SOvoun omd
EMOYOYTN OTO TAMIG1O.

Av 1 payvnTikn pon mov diépyetan and v empdavelo mov opilet évag
ayoyog avédvetar pe otabepd pubuod, n nAekTpeyeptikny SvvauN Tov
dnuovpyeital otov aywyo o) ovEavetol, B) peudVETOL 1 Y)
pével otabepn;

Yto dwbypoppo E . = f(t) o0 oyfpatog 5.40 mapiotdvetat ypopikd
N NAEKTPEYEPTIKT dVVAUN TTOV endyetal o€ €va KOKA®pa. Tt exepalet
70 gUPAdOV TNG EMPAVELNG TOV TEPIKAEIETOL OVAUETH GTN YPOALLLY TOV
Sy papLLaTog Kot Tov AEova TV Ypovev;

To cuvoAikd @optio mov petaxveital o€ KAEIGTO KOKA®UA, AOY® TOL
QOLVOUEVOL TNG EMAYWOYNC, eEapTdTol amd

o) TN XPOVIKN SLAPKELD TOV PALVOLEVOU.

B) 70 pLOUO e TOV 0010 HETAPAAAETOL 1) LOLYVITIKT] pON.
v) TNV €VTACT TOL PEVUATOC GTO KUKAMLLOL.

) TNV OUKY] OVTIGTAGT TOL TapoLOldlel To KOKA®LLAL.

EnéEre t cwot mpoToot.

Y10 oynuo 5.41 @aivovtor ot dwdoykés Béoelg evog pPeToliucon
doktuAlov. O SakTOA0G TEPVAEL O £va PoryvnTIKO medio (1 meployn
1e 10 YoAdClo YpdLa) TOV 01 SUVOUIKES TOV YPAUUEG elval KAOeTeg 6TO
eMinedo Tov dUKTLAIOVL. Xg Ol 1 O€ TOIEG OO TIG OYTAD (QAGELS TNG
KivNong, Tov TaPIGTAVOVTOL GTO GYNLC AVOTTOCCETAL NAEKTPEYEPTIKT
dUVaUN oo ETAY®YT GTO SUKTVUALO;
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1 2 3 4 5 6 7 8
Iy 5.41

5.8 AKIvnTog KUKAIKOG 0ywyog Ppioketor pécH o€ OULOYEVEG LOyVNTIKO
nedio pe to eminedo Tov KAOeTO oTIg SuVaIKEG YPUUUES. AV TO LETPO
B tov payvntikov mediov peidveral ekBeTiKd Le TO ¥pOVo, GTOV Aywyo
o) onpovpyeital otabepn nhekTpeyepTikn SHvOuN.
B) onpovpyeitol nAekTpeyepTikn dvvaun mov HeTafAAAeToL [E

T0 YPpOVO.

Y) Og dnovpyeitar NAEKTPEYEPTIKT dVVAUN.
Moo amdvinon eivar opn;

To @aivopevo TG ETay®YNS GE KIVOOPEVO a1y ®YO.

5.9 IToV opeiletal To PAIVOUEVO TG ETAYMYNG OTNV TEPIMTOGCT TOL £VOG
aywyog Kiveitol péca o€ otafepd poyvntikod medio;

5.10  "Evog ayayog agrveton vo mEcel amd 0yog h, oe meployn oty onoio vidpyet
oplovtio opoyevég poyvnTikd medio. O aywyds, oe OAn ™ Sidpken g
Kivnong Tov, Tapopével opiiovTiog Kot KABETOG OTIG SUVOIKES YPOULES TOV
nediov. Tlow amd To TopaKATm SorypALOTOL TTOPIGTAVEL TNV TAOT] OTOL (PO
TOV OTIG JUAPOPES YPOVIKEG OTIYES; (€25 ypovikn otiyun Undév Bewmpeiton 1
oty mov opédnke eEledBepog o aywydq).

v \'% \'%
t t t A
(o) ® 62 v
Xy. 5.42
5.11  Axivnrog evB0ypoppog aywyds Todd peydAov punkovg dtappéetat amd

otafepd pedpa éviaong I. Ayoydc AB givor mapdAAnAog 6Tov TpdTOo TI
Kot omopaKpOVETOL amd ovtdv e otabepn tayvtnta v (o). 5.43). :
[lowo amd to dwyphppoato oto oynua 5.44 maplGTAVEL TNV .
NAEKTPEYEPTIKN SVVALTN TOL OVATTOCOETAL 6ToV aywyd AB kotd v Iy 543
kivnon tov, oe cuvépnon e to xpdvo;

B, EEH'\ Em|/ Ey

t t i
(@) ® ) (®)

Ty 5.44
5.12  Tlotec amd Ti¢ eMOUEVEG TPOTAGELS EIVOL COGTEC;
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N ~

Ty. 5.45

Ty 5.47

5.13

o) Ye oakivnro aywyd péco oe otafepd payvnTikd medio dgv
avamTOOOETAL NAEKTPEYEPTIKN dOVOUT).

B) Agv avamTdocETOL MAEKTPEYEPTIKN OLVOUN GE Oy®Yd 7OV
Kiveital péca o€ OVOOTOYEVEG Loy TIKO TTedio.

v) Ye aymyd mov Kweltol mapdAAnAc oTIC SUVOIKES YPOUUUES
LOYVNTIKOD eSOV 08V avaTTOCCETAL NAEKTPEYEPTIKT OVVOUT).

0) Koatd v nepiotpon| evog aywyol péca o€ poyvntikd medio,

NAEKTPEYEPTIKN SVUVOUY OVOTTUGGETOL GTOV OAy®wyOd HOVO OV
KOTA TNV KIVIoN TOL TEUVEL TIG SUVOLUKES YPOAUUES TOV TTediov.

H pdafdoc KA tov oynuotog 5.45 pumopei va olMcBaivel, ywpic tpipéc,

6Tovg opllOVTIONG ay®myolc AX Kot ZX  TopapévovTog Tavto Kafetn

6’ avtovg. Ta dkpa A kol Z Tov aywy®v cuvoéovtal Le avtiotatn R.

OMn 1 016taén PpiokeTor oe OPOYEVEG KATAKOPLPO UayvnTiKd TTedio.

Aivoope otn pafoo apyikn ToydTNTO V TAPAAANAT GTOVE Ay®YOVS Kot

v apnvovue eAevBepn. H kivinon g pdfdov Ba sivon

o) €u0vYpaLLUN OLLOAN.

B) OOAQ ETLTAYLVOLLEVT).

Y) emroyvvopevn UEYPLS OTov M TOYOTNTO TNG OMOKTHOEL Lo
0PI T} (Vop).

d) emPpoadvvopev.

ENUEDOTE TN COOTN ATAVINGT KOl ATIOAOYNGTE TN,

O xavoveg Tov Lenz

5.14

5.15

5.16

5.17

Noa copnAnpmbovv ta keva:
O xavovag tov Lenz eivar cvvémeid oG yevikotepng opyng e

QUGIKNG, TNG OPYNG +vvevveenver cene  eenreennennnn 2OuQpmvo PE TOV
kavovo Tov Lenz, to peduo mov omovpysiton &§ outiog Tov
(QOLVOULEVOD TNG EMAYMOYNG £XEL TETOW ............ ®ote vo avtirifeton

GTNV 01Ti0 TOV TO TPOKAAEGCE.

Amd éva Aemtd VAo KpEHETOL afopng HETOAAIKOG OAKTOALOG.
Eénynote yati o daxtolog Oa extpanel and ) 0Eon 1coppomiog Tov
oV TANGLICOVHE G aUTOV €va LayviTn, Omm¢ deiyvel To oyfpa. 5.46.
T mepuévete va ovpPel av 0 SakTOAI0G EYEL YKOTN;

Aonvovpe évo poyvitn va tEcel kotokopuea. Kdtm and to poyvit
Bpioketor opiloviiog kukAikdg aymyoc (oy. 5.47). No cuykpivete tnv
EMTAYVVON TOL EYEL O HOYVATNG OTIC ddpopeg BEcEC Tov pe Vv
gmtayvvon g PopvnToc.

Bpeite ™ @opd tov pevpatoc oto mnvio I, poéhg xheicovpe t0
dwokomtn oto nnvio I, (oy.5.48).
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5.18

Xy. 5.48

O daxtOAMog Tov oyPuratog 5.49 Ppioketar péoa oe petafarropevo
opoyevés poyvntikd medio. To emimedo tov daxtvAiov eivar kdbeto
OTIS OLVOUIKEG Ypaupég tov mediov. Otav to poyvntikd medio
avEAVETAL, 0 SUKTVUALOG OLOPPEETAL GO PELLO TOL EYEL TN (OPA TOV
dektdv Tov poroyov. Ilowa givar 1 Popd TOV SVVOUIKAOV YPOUU®OY
TOV eSOV,

EvoAiLacoopevn Tdon — evarlhoocOpevo peopa

5.19

5.20

5.21

5.22

5.23

g TO0 QUOIKO EUIVOUEVO GTNPILETOL N TOPOAYWYH EVOALOCCOUEVNG
TaoNG;

Edv avénbel mn ovyvoétmto  TEPIOTPOPNG TOV  POTOPO.  UING
niektpoyevvitplag Tu Bo cvuPel oV evepyd T Tng Thong mwov
TOPEYEL 1| NAEKTPOYEVVITPLOL,

o) ®a mapapeivet i

B) ®a avénbet;

v) ®o pelwdei;

Emi\éEte 10 cwoTo.

[Toweg amd 11 TOpaKATO TPOTAGELS EIVAL COGTEC;

o) H @opd tov evarlaccopévov pedpatog aALALEL TEPLOSIKA.

B) H evolioooopevn tdon ota dkpo €vOC avVTIOTATIN KOl TO
pevpo. oL TOV Swppéel €yovv Tnv 101 cuYVOTNTO Kot
Bpiokovtor ce @don (maipvouv TawTOYpOVE WHEYIOTN KoL

eldyotn Tun).

Y) H evepydg Tyun tov €VOALOCOOUEVOD PELUOTOC OTTOTEAEL TN
pEoT Tiun S £VINONG TOV.

d) To aito mopoayoyng Oeppudntog oe éva oviiotdtn Otav

dwppéetar and pedpa eivar 1010, €lTe TPOKELTUL Y10 CUVEYEG
gite yuo. evOALOGGOUEVO PEDUAL.

€) To mAGtog TOL €VOAAOGGOUEVOL PEOUOTOG HETOPAALETOL
NUITOVOEIDS UE TO YPOVO.

Ov AGumeg 010 OTITL HOG TPOPOJOTOVVTIOL LE EVOALACOOUEVT] TAOM
gvepyod tyng 220 V ko ovyvomntag 50 Hz. Avtd onuaiver ot
dwppéovtal amd evoALacoOpEVO pedpa pe TNV idte ovyvotnra. [oti
OgV TOPOTNPOVVTOL AVEOUEIDCELS OTIV £VINGT] TOV POTIGLOV;

Av 1 gvepydg T NG €VTACTG TOV EVOALNGGOUEVOD PEVUATOG TOV
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5.24

5.25

5.26

dwppéel évav ovtiotdrn duwhoolactel, o pvOudc pe tov omoio o
avTIoTaTNG 0modidetl Oeppotnta 6o TEPPdiiov

o) owmAacialetal. P) tputhactaleTor. ) TETpATANGLALETAL

d) Tmoapapéverl idog.

Eniléére 10 cwoTH.

To aumepduetpo Kot To POATOUETPA TOL YPNCLUOTOLOVVIOL YIU
LETPNOELS OTO EVOALAGGOUEVO PEDLLO. divOuV

o) ™V evepyo TN TV PeyeddVv.
P) ™ péon Ty
v) T0 TAGTOG.

) TN oTlyHoiaL TIun.
EmiéEre 10 o010

SOUTANPDOOTE T KEVAL:

M. MAEKTPOYEVVATPLO UETOTPEMEL  eueneeneanennennen gvépyell o€
...................... EVEPYELWD, EVAD O MAEKTPIKOG KIVNTNPOG UETOTPEMEL
TNV NAEKTPIKT EVEPYELL OE «evvvrnennnnnen.

H petatpomn tng evoAlacoopevng téong o€ cuveyn yivetal pe 1o

oLUVOLOCUO  OV0  SLUTAEEDV TOV  .evvvrrvrrenrennnnnnn. Kol TOV
................ O &fopolvving amoteleitor omd  avTIOTATN KO
........................... GUVOEOEUEVDL v

Aporpaia eraymyn — avtenayyn

5.27

5.28

5.29

5.30

H évtaom tov pevpatog mov droppéet Eva mnvio petofairetar amd tnv
T 1 ommv i 210 H nlextpeyeptikr dOvaun and ovtemaywyr mov
OVOTTTOGGETOL GTO TTNVIO

o) glvarl peyodvtepn av n HeETaPoAn NG €vtaong TOV PEVLOTOG
yiver ypriyopa.

B) dev e&optaTol 0o To YPOVO GTOV 0moio YiveTar 1) HeTaPorr oAAY
LOVO oo TNV OPYIKT Kot TEAKT| TN TG £VTAOTG TOL PEVLOTOG.

Y) e€aptdTon omd TNV MUK AVTICTEGT) TOV VITAPYEL GTO KUKAMLLA.

d) e€aptdTon amd TNV TNY TOV TPOPOSOTEL TO KOKAMLAL.

[Moteg amd 115 eMdpEVEC TPOTAoELS gival opBEg;

O cvvteleoTC OVTETAY®OYTG EVOG TTviov e&optdTal

o) 07t0 TO VAIKO TOL GUPUATOG OV EYEL XPTGLLOTONOel
Y0 VO KOTOOKEVAOTEL TO TNvio.

B) a0 TNV £VINGT TOV PELLLOTOC TOV TO SLOPPEEL.

v) oo T YEWUETPIKE YOPAKTNPLOTIKA TOV TNVIOV

0) amd 10 VAKS 10 omoio BpiokeTon 6TO E6MTEPIKO TOV TNVIOV
(mopiivag).

EmAééte 10 cwoTd.

H evépyela mov ivar amodnkevpuévn oto payvntikod medio evog mnviov
otav dlappéetal and pevpa Evtaong I eivar 2J. Av dimhacilactel 10
pELULO TTOV dloppéet To TTvio, 1) evEPYELd Tov Oa givar

o) 1J; B) 2J; v) 4]; 0) 8J;
AwBétovpe ovpua uakovg /=4m pe 710 omoio 0&lovue va
KOTOOKELAGOVUE €vo. 7vio pe OCO0 TO OLVOTOV  UEYOADTEPO
ouvtereoTr avtenaywyng. Eival mpotipdtepo :
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5.31

5.32

5.33

o) Vo TOMEOVE TO GUPUO €TCL, MGTE Ol OTEIPES VO EYOVV IKPT|
SIAUETPO KOl ETOUEVMG O aPBUOG TV GTEPAOV VO, Eivarl ueyGA0C;

B) VO KOTOGKELAOCOVUE OTelpeg HE WEYOAN O1GueTpO, OmMOTE
avaykaoTike 0o petwbei o aplOpdc toug;
Y) 0 GLVTEAEGTNG OVTETOY®YNG TOV Ttnviov Ba eivar id10g Kot 6TIg

300 TEPIMTTOCELS;

¥10 mvio Tov oYNrtog 5.50 avaTTOGGETOL NAEKTPEYEPTIKN SVVAUN
omd QVTETAY®YY], PE TNV TOAKOTNTO TTOV Oeiyvel To oynpa. To mnvio
dloppEeTal amd pevdLL TOV

o) éxetl otabepn Eviaon Kot opd Tpog Tol deEIdL.

B) &xetl otabepn £viaom Kot opd TPog TO APLoTEPA.

Y) &xel eopd mpog to de€1d Ko 1) EvTaoT Tov avEavetat.

0) €xel opd TPOog TaL SeELG KOt 1 EVTOOT] TOL EANTTMOVETOL.

€) £€xel opd TPOG TO APLGTEPA Kol 1 EVTUOT TOV AVEAVETAL.
oT) £€xel opa TPOG TO APLOTEPA KA 1] EVINCT TOV EAATTOVETL.

EniléEte T0 cwotd.

210 oynuo 5.51a, apywd o petoymydc A eivor tomobetnuévog o

0éon A ko to Tnvio drappéetar amd otabepd pevpa. Tn otrypn undév

0 aywyog tonobeteitar otn 0éon B. H éviaon tov pevuatog oto mnvio,

amo TN OTIyPN MOV O UETAY®YOS Tonobebnke 610 B, og cuvdptnon

e 1o xpovo divetal and 1o ddypappa oto oynua 5.51p.

o) H oamoBnkevpuévn evépyela oto mnvio elvor peyaidtepn )
YPOVIKN GTLYUN t; M| TN oTIyUn to;

B) H nAextpeyeptikn dOvoun oto mnvio gival peyoivtepn
YPOVIKN OTLYUN t; 1 TN XPOVIKN GTIYUN to;

i

[ I

Ty 5.51

Na avtiotoryicete ta pey€dn e mpdTNG GTAANG LE TIG LOVADEG OTN
ogvtepn

1. @p o) rad/s
2. Egn B) Wb
3. ® v) H
4. M 3 V
5. L g J
AXKHXEIX
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OK10"Wb)

t(10"'s)

2

56
Ty 5.52

Noépog g emayoyng

5.34

5.35

5.36

5.37

5.38

Kvuikhikde ayoydc eppadod A=10" m* tonoBeteiton pe 10 eninedo
Tov  Kk@Beto oTIg SVVOUKEG  YPOUMEG OUOYEVODS  LOYVITIKOD
nediov B =0,2 T . Na Bpebel m nhextpeyeptikf dvvoun and enaymyn

OV SNUoVPYEiTaL OTOV oy™YS av, péoo og xpovo Af =107 s

o) 10 mtedio undeviletan,

B) 10 Tedio dmAacialetat,

Y) 1N ©opd& ToL TS0V AVTICTPEPETAL

d) 10 Tedio mopapével otabepd Kot 0 aywydg oTpiPetTal Kotd 90°

MOTE VO, YIVEL TOPAAANAOG LUE TIC SUVOUIKES YPOLULUEC.
[An: 2V, 2V, 4V, 2V ]

Kvukkog aymydg axtivag 7 = 10/~7 cm éxel avtiotaon R=2Q. O
aywydg tomobeteital pe 1o eninedd Tov KAOETO GE OUOYEVES POyVITIKO
nedio mov av&dverar pe otabepo pvdud AB/At=0,2T/s. Na Bpeite v
£€VTOOT) TOV PELLLOTOC TTOV JLAPPEEL TOV KUKAIKO 0yayod kot Tn Oeppikny
16V MOV OVOTTOGGETOL G QUTOV.

[AT:10° A, 2x107° W]

H paywmtkn pony mov diépyetor amd kAeotd cvpudrtivo TAMIGLo
avtiotaong R=10 Q, perafdiietar pe 10 ypoévo Onwg @oiverol oto
duypoppa tov oynuatog 5.52. Na yivovv, pe v id KAipoka
APOVOV, TO, SLOYPOLLLLLOTOL:

o) NG NAEKTPEYEPTIKNG OVHVOUNG OO ETAYMYN TOV OVOTTUGGETOL
070 TAaic10.
B) NG €VTOONG TOV PEVUATOG TOV SAPPEEL TO TAXIGIO.

Kukhikd mhaicio oxtivag # =2cm pue N=100 oneipeg £xel avtictoon
R=25Q. To mloicio Ppiocketor OAOKANPO HECO ©E OUOYEVEG

poyvnTikd medio mov oynuotileral ovApEso GTOvg TOAOVG EVOC
NAEKTPOUAYVATY, HE TO EMMEDO TOV ONEWPOV TOL KdAOETO OTIG
SUVOIKEG YPOUUES TOL Tediov. XTo GKPO, TOL TAOLGIOL CUVOEETOL
Barliotikd yorPBavouetpo. (To Pariioticd yoAPavopetpo eivor €val
gvoicnto Opyovo TOL WETPOEL TNV TOGOTNTA TOVL QOPTIOL 7OV
petaxveitor otoug aymyovc.) To Parliotikd yorPavouetpo £€xet
avtiotaon R =450 . Anopakpivovpe 1o Thaiclo and To medio Kot

SmoTAOVOVHE OTL OTN JIEPKEID TNG OMORAKPLUVONG KvROnKe ©T0
kokAopa @optio 183,4 4C. Na vmohoywotei 10 pétpo B tov
HayvnTIKoD Tedion avAIESH GTOVG TOAOVG TOV NAEKTPOUAYVIATY.

[An: 10,22x107 T']

‘Eva poxpd coinvoedég €xer 200 omeipec/cm xor dwoppéeTor omd

pevpo [=4A. 210 €0mTEPIKO TOL VEAPYEL KUKAKO mAaicto pe 100
oneipeg ko dapetpo d=2cm. To eminedo Tov KVKAKOD TAALIGIOL gival
KkéBeto otov GEova Tov cANVOEWOoVG. To pedua oTo GOANVOEDEG
undeviletar og ypdvo At = 0,02s. Yrnoroyiote 1 PEON NAEKTPEYEPTIKY
Svvaun TOLv ENAYETAL GTO KUKAIKO TANIG10.
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Aivovton g, =4z %107 Tm/ A, #° =10,
[An: 0,16V ]

To @awvopevo TG EMAYOYNG 6E KIVOOUEVO ay®YO

5.39

5.40

541

542

O aywyog Al pe pufikog /=1m xor avtiotacn R;=5Q, xweital, pe
tayvto v=10m/s, yopic TPPég MUV GTOVE TOPAAANAOVE AY®YOUG
Ax xou Zx', pévovtag dpkag kafetog kot og emapn p ovtovg. Ta
axpa A Kol Z, ToV ToapGAANA®V ay®y®V cLVIEOVTUL HETOED TOVG UE
avtiotaon R=5Q. H avrtictaon Olwv 1OV dAL®V ayoydv sivol
apeAntéa. H 6An duwitoén Ppioketol péco G OUOYEVEC UOYVNTIKO
nedio B=2T kabeto Gto emimedo mov opilovv ot aywyoi.

No vrohloyleTovv:

o) H évtaon tov pedpatog 610 KOKAMLLOL.
B) H téon ota dxpa tov aywyod Al
v) H 0gppomto mov amodidel n avtictacn R o€ ypdvo =5Smin.

[An: o)2A,P)10V, v) 6x10° J ]

2upudTivo  opBoydvio  TopaAAnAOYpoppo TAGiclo, M UIKPOTEPN
mAevpd tov omoiov egivaw a =20 cm, soépyeTal 6 OUOYEVEG
poyvntiko medio B=2 T pe 10 eninedd tov KAOETO 6TIC SLVOUIKES
ypoppés. H toyvmnta tov mhaiciov eivarl mopdAAnin ot peyoAvtepn
Aevupd tov. 161 dVVaUN TPEMEL VAL AGKNGOVLE GTO TACIGLO YLl VOl
Umaivel 6To poyvnTiko medio pe otobepn toxvTnTa L =1,2 m/ S.

H ovtictaon tov mhaisiov givor R =0,8 Q.

[An: 0,24 N]

To ovppa AT'ZA tov oynuatog 5.54 éyel otafepn datoun. Ot mhevpég
Al' xou AZ givon mopdddnieg peta&d tovg ko kdbeteg ot I['Z. To
eminedd Tov mAouciov gival KAOETO OTIC SUVOIKES YPOUUES OLOYEVOVG
poyvntikod mediov. To ocvpuo OK, mov £€yet apeintéa avtiotoon,
Kweiton pe toydmto 0 =12 m/s 1ol dote vo givon GuVEKELD o€ EmoPN

ue o ovppota Al ko AZ ko kdfeto o” avtd. Av I'Z =20 cm kon
B =2T vavroloyotein téon Vp, ™ otrypun mov I'O =20 cm .
[An: 1,6V ]

Abo xotakdpvga cOpuato apeintéag avtictaong vyovg A =10 m,
anéyovv peta&d toug [ =1m. Ot mive Gkpeg Tovg cvvdEovtol e
ovpua  ovtiotaong R=1€Q. ’Evoa tétopto ovpuo pe péla
m=0,04 kg pnopei va ohobBaivel ywpic PPN mhve ota dVo
TPOTYOULEVE GUPHOTO UEVOVTOG cuvey®dg opwiovtio. Ta ocvpuarta
Bpiokovton péoca oe opoyevég payvntikd medio B =0,2 T, xabeto
010 eminedo TV cvpudtev. Kdmowa otiypn agnvovpe 1o opildviio
ovpua vo TEGEL, EEKIVAOVTOG amd TIG TAVE GKPEG TOV KATAKOPLP®OV
ocvpudtov. No vroroylotel :

o) H opraxn (u€yiotn ) TayvTnTo TOL B0l ATOKTHGEL TEPTOVTUGC.
B) H Beppomta mov Bo mapoybel otmv avtictaon péypt
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OTLYU 7OV TO GUPUO PTAVEL GTO £00.QPOC UE TNV OPLOKT TOV
TavTNTO.
Aivetonr 0Tl 1060 TO. KOTOKOPLOO CUPUATO OGO KOl TO GUPLO TOL
oMobBaivel mapovoidlovv aupeintéo avrtiotaon. H emtdyvvon g

Bapotntag civor g =10m/s’
[An: 10 m/s, 2J]

Avo mopdAinio petariikd cvpuata Al kot AZ anéyovv [=40cm kot
10 eninedd Tovg oynuatiCel yovia ¢=30° ue tov opilovra. Tpito cvpua
KA pe palo 10g umopei va oloBaivel ywpig tpipéc mavo ota Al kot
AZ pévovtag cuvey®ds KABETO Kol GE ETOQPN LE OVTO. LVVOEOLUE TO
AT ko1 AZ ot Baon toug pe avtiotaon R=1,6Q2. Ot dAhot aywyoi dgv
éxovv ovtiotaon. Olo to ovotnuo Ppicketor ©€  KATOKOPVEO
opnoyevég payvntiko medio B=1T. Na vwoAoylotovv:

o) H opiaxn taydtnta mov Ba amoxthost 1o cOppo KA av aeebel
va kivn0et.
B) H dvvaun Laplace mov 6éyetot T0TE TO KIVOOUEVO GUPLLA.

Aivetar g=10m/s’
[An: 0,667 m/s, 0,058 N]

To pawvopevo TG ETay®YNG 6€ GTPEPONEVO ALY ®YO

5.44

5.45

Ayayun papdog AT unkovg [ =1 m otpépetan pe otabdepn yoviakn
tayomta @ =10 rad /s yopw and dEova mov diépyetar omd onueio
O ¢ papdov kot eivar kabetog ot pafdo. To eninedo meploTPOPNS
mg paPdov eivar KAOETO OTIC OLUVOUIKEC YPOUUEG OHOYEVOLG
poyvntikov mediov B =17 . H andotacn tov onueiov O and 1o dxpo
A g papdov givar A0 =0,4 m. Na Bpebei n dapopd. duvapkon

OV OVOTTUGGETAL AOY® EMAYMYNG LETAED TOV AKp®V NG péfdov.
[An: 1V ]

Xaikwog diokog éyel axtiva 10 cm ko otpépetar yopw amd tov
a&ova tov pe cvuyvotnta 1500 otpopég/min. To emimedo tov dickov
elvar kd0eTo OTIG SUVOIKES YPAUUES OLOYEVODG LaryvnTikoD Ttediov. H
TAOM TOL AVATTOCOETAL HETOED TNG TEPIPEPELNG KOL TOV KEVIPOL TOV
diokov &yxer eivar —0,628 V. Na oyedidoete ™ didtaln kot va

VTOAOYIGETE TO PETPO B TOL poryvnTikov Ttediov.
[An:0,8T]

Evollacoopevn taon - evarliooccopevo peopa

5.46

No vmoloylotel m evepydg TN NG EVOAAUCCOUEVNG TAOTG 7OV
endyeton ota Gipo opfoyoviov mhasiov euadod A = 500 cm’ ko
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5.47

548

5.49

5.50

5.51

N =80ocnepdv Otov  TEPIOTPEPETAL  HE  YOVIOKY  TOOTNTO
w =48 rad /s yopw omd GEova mov Ppicketar 6to ninedd Tov KAt
elvar k4OeTOG OTIG SVVOALIKEG YPOUUEG OMOYEVODG LOyVITIKOD TEdion
B=162T. Av 10 mhaiclo £yel cuvolikf avtiotaon R =10 Q ko

ota dkpo TOov ovvdebel eEmtepikn avtiotaon R, =100Q va
VTOAOYIOTEL M HEYOADTEPN TN TOL PEVUOTOC TOL dlappéeL TO
KOKAMLLO.

[An: 220V, 242 4]

Evolloktipog amoteheitor amd opBoydvio miaicio 100 omepdv,
dwotdoemv 50cm x 20cm, Tov GTPEPETOL LEGO GE OLOYEVES LOYVITIKO
nedio B=0,02T, pe ovyvotra 900 otpopés/min, yopw amd dEova mov
elvar kaBetog oT1g duvapikég ypoupés. Iow etvor 1 péyiotn T g
téiong mov mopdyet.

[Am: 18,84V ]

IInyn ovveyodg tdong Ve =100 V' 6tav cuvdebel pe avriotam R
pokaAel v 101 Beplikn woy0 pHe TNYN EVOALOGGOUEVNG TAONG
ovvdeduevn pe avtiotdtn 2R . Av ol e0OTEPIKEC AVTIOTAGELS TOV
myodv OBewpnbovv apeAntéeg vo vmoloyicete TO  TANUTOC TNG

eVAALOGGOLEVIC TAONG.
[Am:200 V]

H evollaocoduevn thon V = 100\/5 nul00xt , spapudletar ot
Gxpa oyoyod oavtiotaong R =50€. Na vroloyiotei 10 70GO
Beppotnrac mov mapdyetar otov oymyo og xpdvo At =1 min.

[An: 1,2x10* J ]

Avtictaon R tpogodoteitorl pe eVOALUCCOUEVO PELLO TNG LOPONS

i = Inu314¢ o katavardvet péon woyd 100W.

o) No vroloylotel M otyypaio 10ox0g MOV  KATUVOAMDVEL M
avtiotaon ™ otiypn £,=5x107s

B) Av [,=0,4A moww m TWN NG TAGNG TN YPOVIK) OTIYUN
1,=2,5% 10'3s;

[Am:  200W, 250V ]

HAextpwkn Adpmoa mov €yxet avtiotoon R=40Q tpogodoteitor e

evoAlaooOuev)  Taon NG HOPONGC v =802 nul00f. Na

VROAOYIGTEL 1] LGN 10YVG TOV KATAVUADVEL 1] AQUTAL.
[Am: 160 W]

Apopaio erayoyn

5.52

O ovvteleot|g apoPaiog emaymyng dvo mviey eivon M=0,2H. H évtaon
TOV PEVUOTOC OTO €va nvio petafdiieton pe puoud di/dt=50A/s. ITow
gtvor 1 MAEKTPEYEPTIKT SVVOLL TOV EXAYETAL GTO GALO TTNViO;

[An: 10V]

221



5.53

"Eva poxpt mmvio I1; éxer n=1000 oneipeg/m. To euPfaddv kabe omeipog
givar 4=10 “m’. Eva devtepo mmvio [, pe N=200 oneipeg mepifdiiet to
KEVIPIKO LEPOG TOL mpmTov. Kdmota otiyprn, n £évtaon Tov peOOTOS TOV
dwappéet to nvio I1; av&avetar pe puOpod 10A/s. No vtoAoylotoby :

o) H nextpeyeptikn dvvaun mov endyetar oto mnvio I1,.

B) O cvvteheotg apopaiog emaymync Tov 000 anviov.

Aivetaw: p, =4z x107 Vs/ Am

[An: 8zx107*V, 0,87x107™" H]

Avtemaymyn

5.54

5.55
5.56
L 5.57
|—
R% T
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IﬁAA’_ﬂ
A E.r
Xx. 5.56
5.58

"Eva mnvio pe pikog I=10cm, éxet N=100 oneipeg, eppadod 4=10"m’ 1
KkéOe pio. Na vroloywotel n nAekTpeyepTiky] Svvoun amd CLTETUYWYN
OV OVOTTUGGETOL GTO TINVIO TN GTLYUN| OV TO PEVLO OV TO SLOPPEEL
uetoBalietan pe poduod 150A/s. Aiveton 4, = 4z %107 Vs/ Am

[An: 6m x10°V]

Invio éyer N=400 omeipeg. Otov Swppéetar amd pedpo [=5A, n
Loy Tiky pot} mov diépyetan omd kbe omeipo Tov givar @,=10"Wb.
No vToA0YIGTEL 0 GUVTEAEGTNG AVTETAYMYNG TOV TNVIOL.

[Am: 0,08 H]

‘Eva. mvio éxst ouvvieheot) avtemayoyng L=6x10"H kot oy
avtiotaon R=4Q. 1o dkpa Tov Tnviov cuvdéetor anyn E=12V. [1don
evépyeln Oo amobnkevtel 610 poyvnTikd medio tov mnviov O6tAV TO
PEVLLOL TTAPEL TNV TEAIKT] TOV TIUN);

[Ar: 0,027 J]

270 KOKA®O TOL GYAUATOC 5.56 1 YN €XEL NAEKTPEYEPTIKT SVVALN

E=24V a1 apeintéo  eocwtepikn] avtiotacn. O avtiotdng £yel

avtiotoon R=10 Q. To mnvio &ivol W0avikd Kol €YEL GLVTEAESTN

avtenaymyng L=0,02 H.

o) Apywd o petaymyog Ppioketar otn Béon A Kot 10 KOKA®UO
dwappéetar omd otabepd pedpa [, No vroloyiotel n TN
0VTOD TOV PEVILATOG.

B) O petaymydc petapépetor omdétopo otn 0éon B. Kdmoia
OTIYWN, TO pevpa oto KOKAmpa €xet T i=1A. Na
VTOAOYIGTEL 1| MAEKTPEYEPTIKN SVVAUN OO OVTEMAYWOYT OTO
mnvio kot o pOUOS HETABOANG TOL PEVUOTOC T OTIYUN OVTY.

v) Na vroAoyiotel 1 Oepuotnta mov Ba mapaydel 010 KOKA®UA,
omd TN OTIYUN MOV O HETAY®YOS peTopépOnke otn Béon B
UEYPL VO, UNOEVIOTEL TO PEVLLOL GTO KUKAMLLA.

[An: o) 2,4A B) 10V , -500A/s v) 0,058J ]

ITPOBAHMATA

‘Eva kAe1otd kukAikd mhaicto pe aktiva 7 =8cm kou N onegipeg €xet
’ J ’ , , 2 ’
KOTookevaotel and ydikvo oOppa dotopng s =0,1cm”. To mhaiclo

Bpioketan péoa oe opoyevég payvntikd medio B=2x10"T pe 10
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5.59

5.60

eminedd Tov kdbeto otig duvapkég ypappéc. To mhaiolo otpépetal

katd 1807, ue dEova meptotpohc wa S1apuetpd tov. Na vroroyiotel
10 (optio mov Ba TEPACEL MO pia SLOTOUN TOL GVPUATOG. Alveton N

181k avtioTaon Tov xokkod p =1,6x107°Q cm.
[An: 107 C]

OpBoydvio mhaiclo amoteleital omd dHO GUPUATO XPOUOVIKEAIVNG TAL
omoia gival axivnto Kot anéyovv amdctacn /=10cm kot Tapovcialovv
avtiotaon R'=0,01Q/cm. Ta dAlo V0 ovppote eivar ydhkve Kot
xopig avtictaon. To éva eivar axivinto kot 10 GAAO pmopel vo
oMobBaivel yopic tpég maveo oto cvppoto ypopovikeiivng. To
mloiclo Ppioketar pEGO o€ OUOYEVEG UAYVNTIKO TESIO WOYVNTIKNG
emayoyne B=5x107T pe 10 eminedd TOvL KAOETO OTIC SLVAMIKEG
ypappéc. To kivntd ydikivo cOppo Kiveital pe otabepn tayvTnta. Av
TN YPOVIKN GTIYUr] UNOEV 1 amdGTACT] OVAUESH OTO YOAKIVA GUPLOTO
elvan apeAntéa,

o) va Ppebel oxéon mov cvvIEeL TNV £VIOOT] TOV PEVLOTOC TOL
dloppéet 10 TAOIGLO E TO YPOVO.

B) VO VTOAOYIGTEL 1 TN TNG €VIOONC TOL PELLOTOC TN OTIYUN
=2s.

v) va yivel ypaoikn mopdotact g EVTOonG TOV PEVUATOS LE TO
xpOVO.

2,5%107°
[AT: o) ———— A4 B) 1,25 mA ]
t

Avo mapdiinia, opilovtia cvppota, Al kot AT, peydhov pRKovg
KOl GUEANTENG OVTIOTOONG CLVOEOVTAL GTO OKPO TOvg A kot A” pe
Tpito ovppa avtictaong R, =0,1 Q. 'Eva tétapto cvppa X" pe pala
m=0,lkg, koL =1m o avtictaon R, =0,5Q umopei va
oMoBaivel yopic tpiPég, névovrag kabeto kol oe Enapt, oTa onueio X
kot X7, pe ta ovppoto Al kow AT, To ovotnpa Ppicketon péca og
opoyevég poyvntikd medio B =0,2 T kGbeto o10 eminedo TV

cupudTVv.

o) Aockovue oto ovppo XX, mov apykd givorl akivnro, otobepn
dovaun  F =1N mopdhinin ota AT kouw AT’ omdte 0
TOYOTNTA TOV amoKTd Kamola otodepn Tiuf. No vmoloylotel nf
TAoM oT0 AKPA TOV LETA T 6TafEPOTOINGN TNG TAYVTNTOC.

B) Kdmowa otiypn mavel va ackeitor ) 6ovaun F kot n toyotnta
TOV GUpHOTOG LXE" puetd omd Aiyo undevilerat.

Bi. No vroloyiotel 0 puOuUdS HeTAPOANG TG TOYVLTNTOGC
koOdc Kor o pubudg petafoing TG KIVNTIKAG
EVEPYELNG TOV CUPUOTOC XX TN XPOVIKY| GTIYUT TTOV 1
TayOTNTO TOL uKpaivovtag £yve iom pe To oo g
HEYLOTNG TG TNG.

Bo. No vnoioyiotel m Oepudtnre mwov oanéPfore TO
KOKAOHO 670 TEPPAAAOV KaTO TN OLIPKEIRL TNG
eMPPaduveng Tov GUPHOTOC.

[Am: o) 0,5V, P) -5m/s®,-3,75W, 11,25]]
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5.61

5.62

5.63

Avo mapdAinio cvpuato odnyoi, pe uRkog d=10m kor apeAntéa
avtiotaon améyovv amdctoon /=1lm, oynuatiCouv pe to opildviio
eninedo yovia p=30°. tn Bdon tovg o1 aywyoi evdvovtal pe cHppa
avtictaong R;=0,1Q. 'Evag mpiopatikdg oaywydg pe udlo m=lkg
umopel va olcbaivel maved oTo GUppOTO 00MYOLS Ywpic TPYPES,
napopévoviog ovveywg oploviioc. To ocvomuo Ppioketor og
opoyevég poyvntikd medio B=0,5T kdOeto 610 EMiMESO TOV CLPUATOV.
Ytov opllovTio aywyo, mov €xel ovtiotaon R,=0,1Q, ackeitor otabepn
dvvaun F=15N, TapdAAnin pe to cOpUATA- 0dNYOVG Kol POpd TPOg
ta tave. Tn ypovikn otiyun =0 o aywydg Ppiokotov ot Pdon tov
LYoV emEdov Tov opilovv ot aywyoi. Yroloyiote:

o) Tnv opwkn ToyxdTNTo. 7TOL OO  OMOKTNGEL TO GLPUA
avepaivovtog.

B) Tnv 14om ota dxpo TOL HETA TNV AMOKTNGN TNG OPLOUKNG
TaHTNTOC.

v) Tn OBeppomnta mov Ba mapoyBel, péyxpt ™ oTypn mov To
GUPLO B PTAGEL GTNV KOPLOT LLE TNV OPLOKT TOYVTNTA.

Aiveton g=10m/s’.

[An: o) 8m/s PB) 2V vy) 68]]

Avo mopdiinior opilovtior aymyol Ax kor A'X' pe apeAntéa

avtictoon oméyovv HeTaEL TOvg /=1m Kot to dkpo tovg A Kor A’

ocuvdéovtal pe aymyd avtiotaong R=5Q. ‘Evag ahlog aywyog KA, pe

ualo m=0,5kg, yopic avriotaomn, propel kot odcbaivel yopic tpiPpég
pévovtag K4BETOg Kl 6E ETAPN e TOVG TOPAAANAOVS 0ymYoUg AX Kot

A'x" . To odommuo TOV TEGGAPOV aywydv Ppioketolr péco ot

opoyevég poyvntiko medio B=0,5T kdbeto o10 eminedd tove. O aywyog

KA eivon apywd axivnrog. Tn ypovikiy oty =0 aokeitor otov

aywyo KA dovaun F, g 1d1ag d1ehBuvong pe avt tov mopdAAnAwny

aywymv, n omoia tov egavaykdlel va Kivnbel pe otabepn emttdyyvvon
o=2m/s".

o) Na yivel 1o dtbypoppoa F=f£(t)

B) Av 1o épyo mov mapdyer n  SOvaun F amd ™ ypovikn
otiyu=0 péypt ™ ypovikn otiypn =6s eivar 50,4] va
voAoyiotel 1 BeppotnTo Tov Tapdydnke otV avtictaon 6To
010 ypovikd ST,

v) No vroroyiotei 0 puOUOG He TOoV 0moio avEAVETOL 1| KIVNITIKN
EVEPYELD TOV OY®YOL T1) XPOVIKN GTIYWY| £=0s.

[An: B) 1441, v) 12]/s]

Avo opilovtiol petaAilikoi ayoyol AA xar I'Z pe

apeAntéa avtiotaon améyovv pHeToEL TOug /=lm A

(0%.5.57). Ot aywyoi Ppiokoviol 6€ KOTOKOPLEO
opoyeve poyvntiko medio B=1T. MetaAlikn papdog S L
KA, Bpioketon ce cuveyn emagn pe tovg ayoyodg ET
AA xor I'Z kou pmopel va oMcBaiver yopic tpiPpég

mapopévoviog kaBetn oe avtodg. Xuvvdéovpe To AT
onuela A xou ' pe tovg mOAOLE TMYNG
nAekTpeyepTIKNG OOvvaung E=12V «kat a@nvovpe
elevbepn 1 pafoo. No VTOAOYIGTEL 1 OPLOKN
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5.64

5.65

5.66

TayVTNTO TOL B0l ATOKTAHCEL
[Am: 12m/s ]

Ot oyoyoi Ax «xor Iy dev mapovoidlovv oavtiotacn, &ival
KOTAKOPLPOL, améyovv Petatd Tovg /=1m kot to dkpa tovg A kot I
oLUVOEOVTOL HEGM OLOKOTTN e MAEKTPIKN Ty mov €xel £=24V Kk
=0 (0%.5.58). O aywyoc KA, pe pdlo m=0,lkg ko avtictaon R=20€Q,
umopet vo. oMcBaivel yopic tpipég mive otoug aymyodc Ax kot Iy,
puévovtog ouveymdg oplloviiog kor o€ emapn pe ovtovg. Olo o
ocvotnuo Ppicketar péoa oe opoyevée poyvntikod medio B=1T kdabeto
010 eninedo TV cvpudtev. Kieivovpue 10 dlokOmTn A Kol opVOLLE
tov oywyd KA ekevbepo va kivnbei. No vmohoylotel n  péylom
(oprakny) ToydTNTa OV B0 Aok THoEL. Afvetat g=10m/s”.

[Am: 4m/s ]

Ot kataxopveot oywyog Al kot AT 6to KOKA®UA TOV oYALOTOC 5.59

&yovv apeAntéa avtiotaon kKot givor peydiov pnkovs. O aywyog KA

éxel avtiotaon R=3Q, pnkog /=1m, pala m=0,2kg kot pmwopei va

oMcBaivel yopic Tppég pévovtag optldvTiog Kol 6€ NAEKTPIKN ETAON

pe tovg aywyovg Al ko A'T’. H 0An owdtaln Ppioketor péco ce

opoyevég payvntikd edio B=1T kdBeto o010 €minedo TV aywydv, L

eopd mpog Ta péca, Omw¢ oaivetor oto oyfua. H mnyn éxet

niektpeyeptiky dvvoun E=12V kot ecotepikn ovtictacn r=1Q.

Kdmowa otiyun o ayoydc KA aprivetatl va oMcOfcel evid 0 SloKomTng

A elvar ovoytog, Otav o aymyog KA dwavdcel ddotnuo 4A=0,8m

KAgivel o drokOTTNG.

o) No Bpebei 1 emtdyovon tov aywyod KA (uétpo, @opd),
OUECMG LETA TO KAEIGIUO TOV S10KOTTTY).

B) Oa yivel 1 TaydINTA TOL Ay@yoy KA kdmowa otryun undév; Av
VOl VO VTTOAOYIGTEL 1] TAGN GTO (KPOL TOV QTN TN GTLYUN.

Y) Noa Bpebel n toyv T (LETPo, Popd) ToL Ba. ATOKTNGEL TEAMK(
0 aymydg KA, xatd m 61dpKeio Tov Qatvopévou.

Aiveton g=10m/s’.

[At: o) 10m/s® kot @opd mpoc o mve  B) 9V y)  4m/s kon

©opd TPOG TOL TAV® |

Avo mopaiiniol opildvtiol aywyol yopig avrtictaor, mOv Améyovv
petald tovg /=0,5m, cuvdéoviol GTO, AKPO TOLC UE WOOVIKO Tnvio
ouvtedeot autemayoyis L=25x 10°H. 'Evag aymydg AT, pe pala
m=150g ko ovriotaon R=5x107Q, pmopel va olMcbaiver ywpic
TPIPEC LEVOVTAG KADETOC Kol GE EMAPT IE TOVG TOPAAANAOVS 0y @YOVE.
To cOomuo Ppiocketor HEGO GE KATAKOPVPO OUOYEVEG LOYVITIKO
nedio B=0,1T. Ackdvtac otov aywyd Al kdmow Svvoun F,
TapIAANAN pe Tovg opllOVIIOVG Ay®YOVG, TOV KIVOOUE UE TPOTO DOTE
N évtaorn TOL PEVUOTOS GTO KUKAMUA Vo divetonl amd Tn oyéom
I1=2t+3 (SI).

o) No vroloylotel N1 MAEKTPEYEPTIKY SVVOUN OO CVTETAY®YN
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5.67
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Xy. 5.61

mov  dnuovpyeitol 6To0  WNVIO  KOTE TN OLUPKED.  TOV

QOLVOUEVOV.

B) Na Bpebdet kot vo amodobel ypapucd 1 6y€or ToL GLVOEEL TNV
TayvTNTo TOL Ay®YoL Al pe to xpovo.

v) Na vroroyiotei o puOuog Av/ At pe tov onoio avEdvetar m
TaOTNTO TOV AYy®YOL KOTE TN O1BPKELD TOV PAVOUEVOU.

) Na vroroyiotel 0 puOUdS e TOV 0Ol TPOCEEPETOAL EVEPYELL

070 KOKA®UA HEG® ToL €pyov TG F, T ypovikn otiyun =4s.
[AT: ) 0,05V B) v=2t+4 (SI) y) 2m/s* &) 102J/s ]

To tetpdywvo cupudrtivo mhaicto Tov oynpatog &xet mAevpd /=0,25 m
Kot avtiotoon avé povada pfikovg R =1Q/m. To mhaicto pmoivel pe
otabepn| toyvTa v=0,05m/s ce opoyevég payvntikd medio mov Eyel
évtaon B=0,4T xot e0pog d=40cm (o). 5.60) pe 10 eminedo tov KabeTO
OTLG SLUVOLIKEG YPOLLES TOV TESIOV.

Na yivel ypagik Tapdotoon Tov TapoKato peyeddv oe cuvaptnon

Le to ypovo.

o) Mayvntiki por| mov SiEpyeTon amd To TANICLO.

B) Hlextpeyeptikn 60vaun mov dnpovpyeitatl 1o mAicto.
Y) Pedpo mov dwoppéet 1o mAaicto.

d) Téon avdpeca ota onueia K kot A.

€) Avvaun Laplace mov déyeton o mhaicto.

To woKkopo tov oyfuotog  5.61  amoteleiton  omd WYY

niektpeyeptikng dvvoung E=40V kol ecmtepikng avtictaong =2,

Wovikd mvio pe cvvtedeotn avtenoywyng L=0,5H kot avtiotdt pe

avtiotaon R=8Q. Kdamowa otiyun xheivovpe Tto  S10KOTTN  TOV

KUKADPOTOG.

No vroAoyleTovV :

o) H el Ty g £vTaong Tov pEVITOC GTO KOKAMUAL.

B) H nextpeyeptikn S0vaun Tov avorTOGGETOL A0 OVTETOYMYN
GTO TNVIO TN GTIYUN KT TNV omoio TO0 PELLO GTO KOKAWMUO
avédvetar pe poud di/dt = 6A/s.

Y) H évtoon tov pedotog 6To KOKAMUO KOl 1) EVEPYELD TTOV EYEL
amodnkevtel 6To TNVio TNV 1o oTIYUN.
d) O pvBudg pe tov omoio amobniedeTOL EVEPYELD GTO LOYVITIKO

7edio Tov TViov TV Ot GTIYUN.

[An: o) 4A, B) 3V, v) 3,7A 3427 &) 1LIW ]
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5.69

Y10 kOKA@UO. TOVv oynuoatog eivar E=12V, =0, R;=3Q, R,=6Q,
L=0,2H. Apywkd o dwkdmtng A gival avorytdg kol 10 KOKA®UO O€
Slappéetat amd pedua.

o) Tn otiyun undév kheivet o daxdénne. 1) Na vroroyiotodv ta
PEVULOTO 6TO KOKAMO AUECHS LETA TO KAEIGILO TOV SLOKOTTN
Kot 2) petd amd apketd xpovo, otav Ba Exovv amokataoTadel
01 TEMKEG TUHEC.

B) Aol amokataotafovv o1 TEMKEG TWHEG TV  PELUATOV,
avoiyovue to dwakomrn. 1) No kabopicere molot KAAGOL TOVL
KuKAOHOTOC eEakorovBotv va dtappéovtal amd peda Kol Vo
oYEOIoETE TN QPOPa TOL pevpatog. 2) No vroloyicere
Bepuodtto Tov Ba mapayBel otTic aviioTdoelg and TN oTIYUN
7OV OVOIYOULLLE TO SLOKOTTN HEYPL VO UNOEVIGTEL TO PEVLLN GTO
mmvio.

[Am: a) 1)2A,0 2)2A, 4A, B)1,67]
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Ew. 5.11 James Clerk Maxwell
(1831-1879). O kopveaiog Oewpn-
TKOG  Quotkdg Tov 19 aidva.
Ogpuehotig G oOyYpOVIG
niektpopayvnTikng Oeoplog kot
évog omd Tovg OepeMmtéc g
Bgppoduvapkng Kot g Xtott-
otikng pnyavikng. I'evwinke oto
EdwBovpyo  omd  Suakekpipévn
okotoéCikn owoyéveld. Xmodoace
oto Kéwmpul omov Sakpifnke.
Aidaée og S1QOPO TOVETLGTLLLLL
omv Ayylic KotoAfyovioag oTo
Kéwmpirl. Eixe 1d0tumn aicbnon
0V yodpop, Nrav  e&apeTikd
KOAMEPYNUEVOG, EYpagpe  Toinom
Kot IOV LAAAOV E0MGTPEPNS (0
POKTPOC.

OI EEIZQXEIX TOY MAXWELL (MAETOYEA)

2t apxég tov 190v aidva ol gpevvntég iyav avtiAnebsi o6tL o
NAEKTPIGHOG KOL O LOYVNTIGHOC EIVOL GUYYEVH QAIVOUEVQ.

To 1820 o Oersted £dei&e pe 1o mepipnuo meipapd tov OTL €val
NAEKTPIKO pEvUL SNULOVPYEL YOP® TOV HOyVITIKO TTEDTO.

To 1831 o Faraday a1 o Henry, ave&dptnro o évag and tov GAlro,
napoTnpEnoay 6Tt 6tay peTafAAAeTol 1| HAyVNTIKY PON UEGOH OO VO KOKA®LLOL
0TO KOKAMUO ETAYETOL NAEKTPEYEPTIKY OVVOUT.

To 1865 o James Clerk Maxwell Aappdvovtag vadyn OAn v
nponyovuevn gunepio (Coulomb, Ampere, Faraday....) dwatonwoe téocepig
eflomoelg, mwov onuepa givol yvootéc g eflomoelg tov Maxwell kot
TEPLYPAPOVY OACL TO MAEKTPOUOYVNTIKG @otvopeva. H ocmovdatdtnto tov
e€loMcE®V  AVTOV GTOV  TMAEKTpopoyvnTiond eivor  avtictoyn pe 1
GTTOLOAOTNTA TOV VOU®V TOL Newton GTn unyaviky.

O Maxwell de dwatvnwoe OAeg awtég TG €€l6MOELS UOVOG TOV, TIC
£0m0e OUMG ooV VO EVIOIO GUVOAO, EMICTIUOVE TN GTOVIALOTNTA TOLE KOl
HEC® OUTAOV TPOoEPAEYE TNV VTOPEN TOV NAEKTPOLAYVNTIKOV KUUATOV, TOV
dradidovral pe TV TovTNTA TOV POTOC.

Tpeig anod tig e€lomaoelc avTég TIc Yvopilete oM

H npod givat o vopog Tov Gauss

CI)E — stk
&

o

IOV GLVOEEL TO MAEKTPIKO TEGIO e TO NAEKTPIKO (OPTIO TOL TO dNUIOVPYEL.
H d¢btepn eivar o vopog Tov Gauss yio T0 payvnTicno
o, =0

OV ONAMDVEL OTL OEV VIAPYOLY LOYVNTIKE HOVOTOAQ, ONAMOT gV LIAPYEL
LOYVITIKO OVTIGTOLYO TOV NAEKTPIKOD QOopTiov.

H 1pim eivar o vépog g eraymyng tov Faraday

AD,

At
Mio, d1d6T06N 0LTOD TOV VOUOL, TV 0Toia dgv TNV avaAdoaue, &ivol 0Tt éval
petaforlopevo payvntikd medio onpovpyel nNAEKTPIKO TEdIO.

Ey =—N

Téhog 1 tétapn e&icmon givar 0 vépog 100 Ampére, TpOTOTOINUEVOG
am6 to Maxwell.

O vopog tov Ampere cuvogel TO HayvnTIKO TEdio Ue TIg TNYEG TOV,
mov glvan Ta niekTpika pevpata. O Maxwell Tov tpomonoince wg e&ng
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X oyéon avtn, D elvarl 1 NAEKTPIKY pon TOL JEPYETOL OO TNV
KAeloTh dtadpoun Yopw amd v omoio vrodoyileton to dOpooua B dl ooVl .
H tpomomoinon mov emépepe o Maxwell dnAmver 6TL Tyn TOL POYVNTIKOD
nedlov dev elvar povo 1o MAEKTPKO pedue oAAG Kot To peTafaAlopevo
niektpcd medio. A&iler va onuewmbel 6TL TV emoyn| ekeivn dev elye yivel
Kavévo melpapo  amd To omoio vo omodeikvoetar Ot éva petafaiiopevo
NAeKTPIKO TEdio pmopel va dNUIOVPYNOCEL LaryvnTiko medio.

H nAektpopayvntikny Oempio, 6mog ™ datdnwoe o Maxwell, cuvdéet
TO NAEKTPIKO KOl TO POyVNTIKO TEdI0 pE TIg mNYEG Tove. [Inyég Tov nAekTpucon
nediov dev gival povo ta eoptios GAAG Kol T HETOPOAAOUEVE, paryvn Tk TTedio
Kol TNYEG TOL UayvnTikoD mediov eivar oyl uovo To peduaTe oAAG Kol To
petaforiopeva niektpicd medio. Xopemva pe ) Oeopio avth, n perafoin
TOV gvOg mediov ocvvemdyetol Kou T onuovpyio Tov driov. Koatd tov
Maxwell tétoleg petaforéc MAEKTPUKOD Kol HOyvnTikod mediov mpémel vo
d1didovTal 6To YMOPO, OTMS SLdIdOVTAL TA NYNTIKA 1 TO, VOATIVO KOPOTO. XTO
KEVO, 01 d1ATAPOYEG AVTEG TPETEL VOL S1AOIO0VTAL [LE TNV TAXDTNTO C TOV PMTOG.

Aty ypovia apyotepa o Hertz (Xeptl) emPePaince mepapoatid Tig
npoPAéyel; tov Maxwell , mopdyoviag MAEKTPOUAYVNTIKG KOUATO OTO
EPYUCTNPLO, KOL LETPAOVTOG TNV TAYVTNTE TOVG.

H mAektpopayvnrtikny Bsmpio, onwg datvmmdnke and to Maxwell,
énauée omovdaio, av Oyl T0 GTOVONOTEPO, POAO OTN dlaTLTT®OT NG Bewpiag
™m¢ oyetikdttog omd tov Einstein. Me ) Bewpia g oyeTikdtnTog TOAAEG
Baocwég évvolec g @uoikng  avabewpndnkav, ot elomaoelg tov Maxwell
ONmC TapEuevay GoKTeC.

TA HAEKTPIKA TOY AYTOKINHTOY

O NAekTpiKog eEOTAIGUOC TOV CVTOKIVITOL TEPIAUUPAVEL :
nyéc niekTpuaig evépyerag : n puratopio Kot To Svvapod,
Kotavaiotég niektpiknig evépyerag : 1 pila, ta eoTo, ol Kabapiotipes, To
niektpcd mapdbupa, T0 PadOKOCETOP®VO, TO UTOLSi, O AVEUIOTNPOS, O
KMUATIOUOG KoL GAACL.

OI [IHI'EX

H pratapio eivar cuvnbmg porvpdov, éxet HEA 12 V ko pmopel va
mopéyel péyloto pevpa omd 150 A émg 250 A.

To dovvopdé civolr po MAEKTPOYEVVATPLO TTOV EKUETOAAEVETOL TNV
K{vNo™ TOL KIVNITNPO TOV GUTOKIVIITOV Y10 VO TAPAYEL NAEKTPIKT EVEPYELOL.

H upmoatapio goptiletar oand 10 duvapd Otav o Kivnmnpag sivol og
Aettovpyia.

To dvuvapd cvvodevetal amd £va puOUIoT (AVTOUATOC) TOV KAVEL dVO
dovAELéc.
o) ALOKOTTEL T POPTION TG WTATAPING OTOV QT £XEL POPTIOTEL TANPOC.
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Ew. 5.12 Heinrich Rudolph Hertz
(1857-1894). I'd6vog evukatdototng
LEYOAAONGTIKNG OWKOYEVEWNG  TOV
Appodpyov. I'vopile morrég E€veg
YAOGoEG HETOED TV omoimv Kot
opafid. Awfale tov Opnpo oto
mpwtdTumo. Mabntg ko Ponbog
tov Helmbholtz dakpidnke yio v
@oPepn TEWPANOTIKN TOV EMOEELO-
mra. I[Ipoondbnoe icwg mepioco-
TEPO OO OMOOVONTOTE GAAO VO
emPePoudost  MEWPAUATIKO TNV
niextpopayvntikn  Oewpic  TOL
Maxwell ko ta katdoepe. [1E0ave
oe Nhkio Tplavtoéél etdv, Odua
m¢ "OhMog tov Bedv", dnmg eime
o Helmbholtz 6tav énade yo 1o 06-
voTo TOV.

EN@ETO
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¢ podokoh

Ty. 5.64

~ yufia

B) Yroypemvel 10 duvapd va TopEyel akpiPdc To amapaitnTo pEvUa Yo
TN AELTOVPYIL TOV KOTAVOADTOV.

OI KATANAAQTEX ENEPT'EIAX

Ta provli

T'a va mapayBel omvOpag avdpecsa ota nAekTpddla evoc pmovli, Tov
améyovv petad tovg amd 0,5 mm €wg 0,7 mm, péco ¢° Vo GUUTIEGUEVO
piypa aépog — Beviivng, mpénet va epaprdcovpe o Taon yopo ota 10.000 V.

Tnv 1don avty Vv metvyaivoope pe 1 Pondeia dVo GOANVOEDDV
TOAlYUEVOY YOp® omtd €va mopniva podakol ydAvPa. To €va cwAnvoeldég
(mpwtevov) €xel Myeg omeipeg kot tpopodoteital pe yaunin téon. To devtepo
cANVOEES (devtepevov) éxetl mepinov 20.000 oneipes.

‘Eva gldog drokomtn (o1 mAativeg) petafdriel To peLLLO GTO TPOTEVOV
SKOTTOVTAG TO Kol 0moKaOeTAOVTOG TO dadoytkd. Xdapn 6To QOIVOUEVO TNG
apopoiog ETaymyng 6To GKPO TOV SEVTEPEVOVTIOS AVATTOCCOVTAL TAGELS OO
10.000 V £émc 30.000 V. Avti n vynAn tdomn kotovépetol ota pumovli pe
oEPa e TNV OToio TPEMEL VOL AELTOVPYTGOVV.

H pila

H piCa givar évag pikpdg MAEKTPOKIVITIHPOS TOV KOTAVOADVEL LEYOIAD
TOoGA NAEKTPIKNG evépyelag. [V avtd cuvdéetal an’ gvubeiog pe ™ umotapio pe
dvo kaAddo peyddng dwotoung. H pila €yet avaykn amo peduo 100 A — 300 A
v vo Agrtovpynoet. [lpokettor yio pedpo 20 popéc peyadldtepo amd avtd 1oL
ypealoviol To eAOTO TOL oVTOKIVATOL. Edv petd omd &6 og emntd
devtepdAenTo cuveyole ypnomg ¢ uilag To avtokivnto dev mapeEL UTPOCSTA
TPEMEL VO TEPUEVOVUE Eval ¥POVIKO Oldotnue mpwy Eavadokipudcovpe. H
TOPOYOYT TOV PEVUOATOC AVTICTOXEL GE W10, ¥NKN avTidpacn ot wratapio
7oV etvon TpoTudTEPO var cupPaivel 6co wo apyd yivetal. Ileplopilovrtag to
¥povo Aettovpyiog e wilag eBeipovue Aydtepo ™ pmotopia.

O1 GAlot KoTaVOAOTES

Av Kot Ot VIOAOWMOL KOTOVOAMTEG OEV KOTOVOADVOLV TO TOGH
NAEKTPIKNG EVEPYELOG TOV KOTAVOADVEL 1] pila, KOAO givarl va unv Agttovpyoldv
otav o Kivntpag og Asttovpyet yati e&ovtAovy Tn pratapia.

Ytov mivaka Tov 0KOAOLOEL avapEPOVTOL KATOIEG TILEG KATAVAAWDGCTG
NAEKTPIKNG 16Y00G

MiCa Bevivokvntipo 1-2 kW
Mila kivnehpa diesel 2-3 kW
Beppavtikn avriotoon tCapon 250 W
Hlektpukod mapdbopo 100 W
Koabapiotnpeg 80 W
Padiokocetopmvo 20-40 W
OoTo TopEiog 2X60 W
Dot PPEVOV 2X21 W
Ilico pota 15-20 W
DOTIGUOC KAUTIVOG 3IW
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[NINAKEXZ X TAGEPQN — XPHXIMA MET'E®H

OEMEAIQAEIX OYXIKEX XTAGEPEX

‘Ovopa

Tayvmra 100 POTdHg

®optio nAekTpoviov (amdALTN TIUN)
Baputikn otabepd

Ytobepd Planck

Ytofepd Boltzmann

>tafepd Avogadro

Ytofepd TV aepimv

MaCo niektpoviov

MdLa vetpoviov

MdCa tpwtoviov

Amlextpikn otabepd TOv KEVO
Ytafepd Coulomb

Maoyvntikn S1omepatdTnTe TOV KEVOD

AAAEX XPHXIMEX XTAGEPEX

Mnyavikd 16odbvapo g epudtnrag
Kovovikn atpocoaipikr wicon
Amdlvto undév

Hl\ektpoviofort

Evépyela npepiog niektpoviov

I'pappopoprokdg 6ykog 1davikov agpiov (s.t.p.)
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S

1 atm
0K
leV
mc

mol

Ty

3x10° m/s

,6x10™" C
6,67x10™"" N-m* / kg’
6,626x107* J-s
1,38x107% J/K

6,022x10% popio/mol
8314 J/mol-K

9,1x107" kg
1,675x107 kg
1,673x107 kg
8,85x10™"* C*/N-m’
9x10° Nm*/C?

Az x107 Wb/ A-m

4,186 J/cal

1,013x10° Pa (N/m?)
~273 °C

1,6x107"° J

0,511 MeV

22,4 L/ mol



AEEIAOI'TO OPQN

A

odwopoatiki petapori): petaforn ot didpkelo TG 0Toiag To GVGTNHA Oev avTaAldoael Bepudtnra pe To TEPIPAALOV.
010PfaTIKO TOIYOUA: TOlY®UN TOV dEV EMLTPEMEL TNV AvTAAAAYT| OEpUOTITAS.

oktiva Schwarzschild: 1 péyiot aktiva mov npénetl va €xet £va ovpavio copa palog M yio va givar povpn tpomo.
aktivoPoiria Cerenkov: opati aktivoforio Tov TPOEPYETOL OO TIG KPOVGELG POPTIGUEVMV COUATIIIOV LLE TO ATOUA.
opofaia ewaymyn: N ELEAVION NAEKTPEYEPTIKNG dVvouNG o€ Eva KOKApO e&attiog Tng HETABOANG TOL PEVOTOG GE Eval
dAlo KoK AL,

avopOmon evallaoodpevig Taong: 1 LETOTPOTN TNG GE GLVEYY| TAGT.

ovTIoTPENTI pETOforn: petaforn) otnv onoia vdpyel SuvatdTNTa EXAVAPOPES TOL GLGTILOTOS KOt TOV TEPPAAAOVTOG
GTNV OPYLIKN TOVG KATAGTAON.

omolvtn Bgppokpacia: 1 Oeppoxpacio oty KAipoaka Kelvin. To undév g khipokog eivat 1o omdAvto unodév.

am6rvTo unodév: n Bepprokpacio kdtw and v amd v onoia dev gival duvatd va PTacovpe. Avtiototyel otovg —273°C.
oTpounyovi: €i60¢ Oepiknig unyavie. Xe avtn 10 «uécovy gival To vepd, de&apevn vynAng Bepuokpaciog o AEPntog
omov Oeppaiveral to vepd Kt deopevn xounAng Beprokpaciog 0 GVUTLKVOTNG OOV YOYETOL TO VEPO.

OVTEMAYOYN: 1] ELOAVIOT NAEKTPEYEPTIKNG SVVALNG G€ £va KOKA®MUO OTAY HETAPGAAETOL TO PEVILA TTOV TO dlapPEEL.

B

BapuTiké medio: o xdpoc otov omoio Otav Ppedet wa palo Oa deydel dvvapun.

Bopero céhog: QOTEWVO PaVOUEVO OV ekdNAdVETOL KOVTA 0T0 POpelo mOA0 g I'ng kou opeileton oTIC KPOVGELS
QOPTICUEVOV COUATIOIMV [LE TO ATOLLO TOV AEPQ.

Bpaocpds: powvdpevo Kotd to omoio éva vypo petafaivel oty aépta edon amd OAN ™ pala Tov.

r

YOAPBAVORETPO : OpYavO OV JElyVEL AV TEPVAEL PEVLLAL.
YPORPIKY] TOKVOTNTO QOPTiOV: TO TNAlKO TOL QopTiov Ag mov avtioToly el og ufKog Al evOc aymyod Tpog To UAKOG 0VTO.

A

owatnpnTiké medio: nedio oto omoio M Svvoun mov aokel dev mapAyEL EPYo KoTd TN LETOKivon Tov vrmobépatog o
KAELGTN TPOYLAL.

owepopa dvvapikod ( petadd dvo onueimv PopuTikod mEdiov) : To TNAIKO TOV £PYOL TOL WAPAYEL 1| KATAVOAMDVEL M
dvvapn tov mediov Katd ™ petakivnon pog palag m amd to €va onpeio oto GALo mpog ™ pala avT.

otegopa dvvapikov ( petald dvo onpeiov niektpkod nediov) : to mAKo ToL £€pyov TOL TAPAYEL 1| KOTOVOADVEL 1
dvvapn tov mediov Katd ™ petakivnon eoptiov g and to £va onpeio 6To AALO TPOg TO PoPTio AvTo.

SMAEKTPIKI avToyn): 1M TN TG £VTOONS TOL NAEKTPIKOD TTEdIOV TAVM 0td TV 0moio, TO JMMAEKTPIKO GLUTEPLPEPETOL
oG ay®yog.

dmiekTpiki otofepd (dhekTpikov): 0 AOYOC NG YOPNTIKOTNTOG €VOC TUKVOT HE TO OSNAEKTPIKO TPOG TN
YOPNTIKOTNTO, TOV 1010V TUKVOTI] GTO KEVO.

OMAEKTPIKO: GMLLO GTO OTTOI0 SEV UTOPOVY VO, KIvBoOV MAEKTPIKG GOPTia, O LOVOTAG.

01080¢ : GLoKELN TTOL EMTPEMEL TNV Kivion TV NiekTpoviov ndvo mpog pia kKarevBvvon.

dvvapun Laplace: 1 dOvoun mov d€xetot peupato@dpoc aymydg mov Ppioketal o€ poyvintiko medio.

dvvapun Lorentz: 1 dOvoun mov d€xetor évo NAEKTPIKO POPTIO OV KIveital o€ poyvnTikd medio.

dvvaun kevrpuk): 1 dOvaun aAinAieniopoaong peta&d 0vo palov 1 dvo eoptiov mov £xet T dievbvvon g gvbeiog Tov
opiletor and to Kévrpa PAlag 1 To KEVIPOA POPTI®V OVTIGTOLYO.

duvapiké Paputiked mediov: T0 6Tabepd ANAIKO TOV £pYOV TOL TOPAYEL 1] SVVOUT TOL TESIOV KOTA TN peToKivnon pnalog
m amd €va onpeio Tov Tediov péyPt To AmEPO TPOog T palo avT.

OVVOMIKO NAEKTPIKOV 7Ediov: T0 oTtafepd mMAiKo TOL £pyov MOV TOPAyEL 1 SVVAUN TOL TEGIOV KATA TN HETAKIVIIoN
poptiov g amod £va onueio Tov mediov UEYPL TO ATELPO TPOG TO POPTIO OVTO.

ovvapd : yevviTpuo.
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£101K1 ypappopopraxy Ogppdtnte vwd otabdepn micon (Cp): 10 1066 TG OepuoTNTAG OV TPEMEL VO TPOCPEPOVLIE GE
Imol aepiov, Tov omoiov M mieon pével otabepn, Yo va avéndet n Bepuokpacio tov katd 1 °C.

€101k ypoppopoproxi Oeppétnra vréd otabepo 6yko (Cy): 10 m0cd g Bepudtnrag mov mpénet va TPoseEPOLLLE € 1
mol aepiov, Tov omoiov 0 dykog etvar oTafepdc ya va awéndei n Beppoxpacio Tov katd 1 °C.

€101k ypappopoproky Oeppétnra: 10 m1ocd g Bepudtrag mov npémel va mposPEpovpe 6T Hovada Lélag Tov vAKoD
v va avénBei n Beppoxpacio tov katd 1°C.

ek BeppuéTra: 10 TOGH NG BepUOTNTAS OV TPEMEL VO TPOCPEPOVLE GE 1g TOV VAWKOD Yo Vo QLENGOVHE TN
Beppoxpacio tov katd 1°C.

EKTOVOOTN glevBepN: M adENON TOL OYKOL TOV aeplov OV YiveTon Ywpic mapaywyn €pyov, N avepnddotn adENCN TOL
OYKoL eVOG aEpiov.

EVOALOKTIPOS : 1) YEVVIATPLO, EVOALOCGOUEVC TAOTG.

EVOALOGGONEVO PEDNO: PEVLLO TOL OTTOTOV 1) £VTOON Elval OPLOVIKT] GUVAPTNON TOL YPOHVOUL.

gvepyog £vract (evoALooOOUEVOL PEVUATOC): 1) EVTAOT EVOC GUVEYOVG PEVLOITOG TOV €YEL Ta 1010 Beppukd amoteléopaTa
LLE TO EVOALOOGOEVO.

gvepYog TaoN (eVOALUGGOUEVNG TAOMC): 1) T TNG GLUVEYOVG TAOTG OV OTaV EPapUOleTal o€ o avtiotaor divel pedua
pe évtaon ion pe v evepyod TN TOV EVOALOCGOLEVOL PEVLLLOTOG TTOV TPOKAAEL 1] EVOAAAGGOUEVT) TAOT).

gvepyog TayvTNTO: 1 TETPAY®VIKT pila TG HEONS TING TOV TETPAYDVOV TOV TAXVTNTMV.

évraon BapuvTiked mediov: to TnAiko TG dOvaung mov déyetan wala m oe £va onueio Tov mediov mpog ™ nalo avt.
£vTa.61 NAEKTPIKOV TTEGIOV : TO TNALKO NG dVvaung mov d€yetar poptio g o€ £va onpeio Tov mediov TPog To Poptio avTo.
H xatevBouvon| g cvumrintel pe v katedBouvon g dVvopng mov ackeitol oe BeTikd poptio.

évtaon poyvnTikod mediov: to mnAlko g péylotng dbvauns mov déyetar amd payvnTikd medio €vag aywyog unkovg 7,
7oV dtoppéetarl amd pevpo Eviaong I, mpog o ywouevo 11

gvipormio: péyebog mov cvvdéetan pe TV otoion TOV EMIKPATEL GTO SOMKE GVGTATIKG TOL GLOTHUOTOG KOL UE TNV
1KOVOTITO TOL GLGTHLLOTOG VO TAPAYEL £PYO.

eagpioon: 1 petdfoon evog cOUATOG 0 TNV VYPT OTNV AEPLO PAOT).

e&aTion: 1 e€oepimon mov yivetal LOvo amd TV ETLPAVELD TOV VYPOD.

egiomon TS TPOAS: M CLVAPTNOT Y=f(X) TOV CUVIETAYLEVAOV TOV CMHOTOG.

EMAYOYN: 1] ELPAVION NAEKTPEYEPTIKNG SVVOUNG OE £va ay®YO 0TV PETAPAALETAL 1 LOYVITIKT POT] TOL TEPVAEL ATO TNV
eMPAaveln Tov opilel [LE TO GYNLO TOV 1) OTAV SEPYETAL LOYVITIKT POT| amd TNV EMQAveLn Tov opilel pe v kivnomn tov.
enayoykn o0levén 00 kKukiopdtov: dvo Kukiodpoto Pplokovtal ce emaywyikn ovlevén otav 1 petafoAr Tov
peLHLOTOG GTO éva dnpuovpyel NAeKTpEYEPTIKY dVVan and enaymyn oto GArO.

EMAOYEAS TAYVTNTOV : S1OTOEN TOV EMTPEMEL VA TEPAGOVV LOVO POPTIGUEVA COUATION TOV EXOVV OPIGUEVT] TOYLTNTOL
Booiletot 610 cuvovaoUO HayVNTIKOD Kot NAEKTPIKOD TS0V HE TIg SLVOLUKES YPOUUES TOVG KABETEG HeTaED TOVG
EMITEDOG TVKVOTNG: TUKVAOTNG TOL 07010V 01 OTAOHOT givorl TapGAANAEG eminedeg LETOAMKES ETLPAVELES.

emedvere, Gauss: pio KAEIGTN EXPAVELD TTOV EMAEYOVUE Y10 VO, EPUPLOCOVLE TO VOO Tov Gauss

EMPAVELIKI] TUKVOTITO QOPTIOV: TO TNAIKO TOV QOPTIOL Ag OV aVTIGTOLYEL G EMPAVEL A4 TPOG TNV EMPAVELD OVTY.
ECOTEPIKI EVEPYELD : EVEPYELD TOV EUTEPIEXEL EVOL GMLLOL KOL ElvaL TO AOPOIGUA TOV EVEPYEIDY TOV COUATIOIOV TOV TO
amoptifovy, ¢ OMOTEAECHA TNG GYETIKNG TOVG KIVIONG G TPOG TO KEVIPO HALOG TOV GCOUATOC KAl TOV OAANAETIOPAGEDV
petaéd tovg. EEaptdron amd t Beppoxpacio.

Z

Coveg Van Allen: (®veg mov mepiBdiiovy t I'm otig omoieg mapatnprbnke peyddn mokvotTa GOPTIGHEVOY COULATIOIMV.

H

NAEKTPIKI] PO OO OTOYYELDON EMPAVELL AA: TO YIVOUEVO TOV WHETPOL TNG EVIOONG TOL MAEKTPIKOV mediov eni T0
euPaddv g empdvelng A4 eni 10 GUVMUITOVO TNG YOVIOG OVAIESH TNV EVTACT KOL TNV KAOETN 0TV EMQPAVELQ.
NAeKTPIKS TTEGI0 : 0 YOPOg 6TOV omoio dtav Ppebei Eva poptio Ba deybel dvvaun.

niekTpovikod TAePoro: Tupo Tov KoBodKoH cwAnva mov €EACPAAMIEL TNV EKTOUMY , EMTAYLVON KOl E0TIOCT| TOV
niektpovimv.

niekTpoviofort: to £pyo mov mopdyel 1 SvVOUN TOv TEdiov OTAV UETOTOTILETOL TO GTOLXEWDOEG PopTio peTtald 6vo
onueiov mov &xovy dlapopd duvapkod 1V. (1eV=1,6.10"Toule).
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S

Ogpkd povopévo cOoTNIE: GUGTNLLO TOV OV AAANAETIOPA LLE TO TEPIBAAAOV TOV. BgPUIKA LOVOLEVO OV dEV
avtodddooet Beppotnta [e To TEPPAALOV.

Oeppuki) pnyov) : pnyovi mov petoTpémet T BeppoTnTa o€ punyavikd Epyo.

Ogppoduvopiki wwoppomia: 1 Kotdotacon oty omoio. ot Oepuodvvopikéc PeTABANTEG TOV GLOTAUOTOC TOPUUEVOLV
otobepéc.

Ogppodvvopiki petafintiy: péyebog mov YPNGUYLOTOLOVUE Y10 VO, TEPTYPAYOVLE EVOL BEPIOSVVOUIKO GVGTN A,
Ogppoduvopiki: 1 emoTUN oV €EETALEL TIG LETOTPOTES TNG BEPUOTNTOG GE UNYOVIKO £PYO.

OeppoTNTO: LOPPN EVEPYELNG TOV LETUPEPETAL OO EVOL GOWO 0 EVOL GALO TTOL ExEL YouUnAdTEPT BepokpacioL.

I

wavika aépra: MoKpooKOTIKE, To GEPLOL TOV VITOKOLOVV GTNV KOTOoTaTkh e&icwon, oe OAeg TIc ocvvOnkec. Amd
LKPOOKOTIKY| Gmoym ta aépla. TV omoimv ta popla lvat TéAeleg oeaipes, Ogv aAANAETIOPoHY HeTaED TOVG Tapd LOVo
OTOV GLYKPOVOVTOL KOl 01 GUYKPOVOELS LLE TO TOLYDLLATA TOL doYeiov 6To onoio Ppiokovral sivar Telelg EAACTIKEG.
wofapic petafoirn : petofoin ot Sdpkela TG omoiog 1 wieon tov oepiov pévetl otabepn).

1600gpun petafolrn : petafoin otn didpkeio g onoiog 1 Oeppokpacio Tov agpiov pével oTobept).

160TOma (GTONM): GTOMO TTOV £XOVV TOV 1010 aTopko aptiud oAld dtapopetikd pnalikd aplfud- dropo Tov idov croygiov
OV £YOVV SL0POPETIKO aplBud vetpoviov, dpa dtopopeTikr palo.

160 mpN petaforn] : petafoir] ot ddpKela NG 0moiag 0 OYKOG Tov agpiov HéveL aTabepdc.

K

KTk Oempia: Bswpio Tov dtvndONKe Yo v EpUNVELTEL 1| GLUTEPLPOPE TV aepimv. Bacwkn g mapadoyn ot ta
QEPLOL OTOTEAOVVTOL OO PEYOAO aplBId COUATIOIMY TOV KIVOOVTOL ATAKTO.

Kopeopévol atpoi: Atpol Tov cLVLTTAPYOVV GE IGOPPOTIN LE TNV VYPN PAGT) TOV COUTOG

KUKMKN petafor): kabe petafoin oto TEA0G TG OTOi0G TO AEPLO EMOVEPYETAL OTNV APYIKY] TOV KATAGTOG.

KkOKkhog Carnot : Kvkhikn avtiotpent petafoln opiopévig mocdtrag agpiov mov meptlapfavetl 1060epun eKtovoo,
adafatikny ekTOVmON, 1660gpun cupmieon kot oSOtk cuptieo.

M

ROYVNTIK pon 0o em@daveld AA: 10 yvOUEVO TOV UETPOL TNG EVTAONG TOVL HoyvnTikoD wediov eni 10 euPaddv tng
emEavelng A4 et 1o GUYNUITOVO TNG YOVING AVALESH GTNV £VTAGT KoL TV KAOET 6TV EMPAVELO.

poyvNTIK QUIAN: poyvntikd medio mov eyklmfBiler popticpéva copotidwn. Eivar woyvpd ota dkpa kot acBevég oto
péco.

poyvnTIKG TEdio: o yMpog 6Tov 0moio dEXOVTaL SUVANELS KIVOUUEVA NAEKTPIKA QOPTIOL 1) PELHATOPOPOL OLy®YOL.
ROKPOGKOTIKY] PEAETN: M LEAETN EVOC GLUOTILOTOG KOTA TN S1APKELD TNG OTOl0G OOPOPOVUE YL TOVG GOLLKOVG TOL
AlBovg ( Gropa, popla, K.AT).

povpn TPOHTA : OVPAVIO GMOUO Y10 TO OTO{0 1 TAXVTNTO SLPVLYNG LICOVTAL LE TNV TOXDTNTO TOV PMOTOS-TOV SEGUEVEL GTO
BopuTikd ToL TEGIO KOt TO POTOVIQ

péon 1o 0g (EVOAAUGOOUEVOL PEVUOTOC) : TO TNAIKO TNG EVEPYELNG IOV UETAPEPEL TO EVOALUOCOOUEVO PEDLLO, GE YPOVO
pog meptddov mpog o ¥povo oo,

péon TaxvTNTE POPLeV : 0 LEGOSC OPOS TV TAYLTTOV TOV LOPIV.

pnyov Carnot: Mo 1daviky Oeppukn pnyovi mov €xel To PLEYUAVTEPO GUVIELESTH OTOSOONG A0 OAES TIG UNYXOVEG TTOVL
Aettovpyovv avapeca otig Oeppoxpacieg Tikor T,

MIKPOOKOTIKY] PEAETN: 1) LEAETN EVOC GUGTHHATOG L BAOT TN GUUTEPLPOPE TV SOUIKMV TOL ABmV.

II

TOAPOYPAPOS: MAEKTPOVIKY| StdTOEN TTOL EMTPEMEL VoL TapaKoAovBole Kot va petpaple petafarlopeves Toelg

medio duvapemv: yOPOG 6ToV 0molo ackeitat Suvapn oto KOTAAANAO vTdBepa Tov PpickeTol 6e aVTOV.

mo mBavi) ToydTTe (TOV Hopiny eVOg agpion): av OpadoTOIGOVLE Ta LopLa EVOG agpiov pe Paon v ToydTNTd TOvE, M
TayOTNTO THG 710 TOAVTAN 000G OpadoC.

TOLMGT SINAEKTPIKOD: 1] OVOKATAVOUT TOV NAEKTPIKADV POPTIOV TOV SINAEKTPIKOD OTAY EIGAYETAL GE NAEKTPIKO TEDIO.
TUKVOTIG: GOSN VO AYOY®OV TOV BPicKOVTOL GE HiKpN amdoTacT Kot ympilovtal omd To Kevo 1 amd Eva SINAEKTPLKO.
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P

POTOPOGS: TO KIWNTO HEPOG LLOG YEVVITPLOG 1] EVOG NAEKTPOKIVITIPAL.

p¥

onuewkn palo: pala Tov eivol GLYKEVIPOUEVT GE EVO, GNUELD- CAWE TOV £XEL TOAD LIKPEG O10GTAGELS.

onueio ppaocpov: to onueio (éoewc.

onpeio {Eosmg: M Oeprokpacio otny omoia Ppdletl Eva vypod.

o6t00gpa Tov Boltzmann: 1o anAiko g moyKOGUIOG 6TAOEPAS TOV WOOVIK®OV 0gpiV e Tov aptOud Ny .

OTATOPAS: TO aKIVITO LEPOG LLOG YEVVITPLOG 1) EVOG NAEKTPOKIVITHPO.

ovvTeLEoTIS apofaiog EmMay®YNS 0V0 KUKAMUATOV: TO WNAIKO TNG EMOYOYIKNG MAEKTPEYEPTIKNAG OVLVOUNG TOL
OVOTTOGGETOL GE £VOL KOKAMLLO TTPOG TO pLOO HETAPOANG TOL PELLOTOG GTO GALO KOKA®LLOL.

GUVTEAEOTIIS CVTETAYMYNS EVOS KUKAMUATOG: TO TNAIKO TNG EXOYMYIKNG NAEKTPEYEPTIKNG SVUVOUNG TOL OVOTTOCCETOL
070 KUKA®LLO TPOG TO PLOUO HETOPOANG TOL PEOLLATOG TOV TO SLPPEEL.

OVVTEAEOTI|S 0T60006NGS OEpIKIG UNYAVIS: 0 AOYOS TOV €PYOV OV OmOJidEL g £va KOKAO 1) unyovi Tpog T Bepudtra
mov maipvel oamd T Beppn defapevn otov 1010 ypovo.

GUVTEAESTIG 008061 OeppIKiG pNYovIiG: 0 AOY0G TOL EEAUOD £PYOV TTOL amodidel Lo Oeppuky unyovn mTpog
OeppotnTa Tov TpocrapPavet amd to TePPAAiov

T

Taon oapwong: mn  TEPOdIKN TAoT 7OV EPupUOlETal oTo TAOKIOWL OPOVTIOG EKTPOTNG €VOG TOAUOYPAPOV.
XapakTnpiotiko e etvan 6Tt ovEdvetan ypappkd kot undevileton andtopa

TOYOTNTA SLHPLYNG: M EAGYLOTY TAYVTITO TOV TPEMEL VoL £XEL £VO GO0 Y10 VO eYKaTaAelyel To PopuTikd medio gvog
0VPEVIOL CAOWATOG.

()

oaopotoypdeoc palag: didtaln mov ypnolponoteitat yio T LETPNON TOL TNAIKOV Mm/q POPTIGUEVEOY COUATIIIMV.
00opropog: M exmounn axTvoBoAriag amd £va GO GTO OTTOI0 TPOCTITTOVY PAOTOVIL 1 POPTIGUEVE COUOTION TOL £XOVV
EVEPYELN LEYOADTEPT] OO OPIGUEVT] TIUN.

X

LOPNTIKOTNTO TUKVOTNA: TO oTabepd MNAIKO TOV QPOPTIOV TOL TLKVMTY TTPOG T SLPOPE SVVALUKOD OVAUESH GTOVG
OTAGHLOVG TOV.
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