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1IPOAOI OX

1o P1prio mov KpatdTe OTA YEPIO GOE EXEL YPOPTEL COUPWVO. UE TO VEO OVAAVTIKO TPOypouua e B Av-
Keiov.

H doun kor n ovurepipopd. twv aepicwv, ot Pfacikés opyés s Bepuodvvouirxng Kot 1 opyn AE1Tovpyiog
TV OepuIr@y unyavmy, 0 NAEKTPOTTATIKO, TO POPUTIKO KOl TO UOYVHTIKO TEOLO, § NAEKTPOUAYVHTIKI] EXOYWYH
KOl KOTOIES OPYIKES YVGELS VIO, TO. EVOALACTOUEVO, PEDUOTA EIVOL 01 EVOTHTES TOV OVOTTOOGOVIOL OTIC OEALOES
ovTo0 10V PifiAiov.

Boowxn pog emidiowén nrov vo ypoptei évo fiffAio 6co to dvvarov mio piliko oto uodnty. lpoorabnooue
vo. drazmpoyuotevtodue to. uoto pe kabopotnta kol MTOTHTO. KO Vo Uiy ovoiEovUE dPOLODS TTOD TO ETITEIO THG
talng dev emtpémel vo, axolovOnoovus uéxpt tlovg. Eyive mpooraleio va ovvoedodv ta Oéuaro puoikng mov
TPOYUATEVOUATTE UE THY Kobnueptvy eumeipio twv polnrav. To pobdnuatica tov fifiiov eivor omld, avtiotoryo.
TOV ETITEOV THS TALNS 0TV omolo. amevBiveral.

Tia o ovuforiond oxolovBnooue tigc mpodiaypoapés mov t€nkav oo to Ilaidoaywyiko Ivetitovro. 1o
O10VOOUOTO. TTOPIOTAVOVIOL UE TOXI0, HADPO YPOUUATO, EVOD TO UETPO TOVS UE KOVOVIKOUS YOpoktHpes. Etol to
ovufolo F mapiotaver 1o didvooua te odvouns, eva to abpfolo F to pétpo te. Zra yeipdypapa xpnoyonoieito
o obufolo F.

KaOe kepilaio Eexivaer pe (o 1 000 EL0OYWYIKES TOPOYPEPOVS TOV TEPLYPAPOVY TO GVIIKELUEVO UE
70 omoio Ba acyolnBodue kor vrevOouilovy kamoleg mpoyevéotepes fooikés yvaoels. Ot fooikés oyéoels kabe
KEPAAQIOV EIVaL TOVIOUEVES e YOAGLL0 POvTo. O amodEILEIS KATOLWY TYETEDV TOV KPIVOVTaL TOADTAOKES EYOVV
YPOPTEL UE LKPOTEPOVS YOPOKTHPES KOL KOAD EIVAL VO, UEAETWVTAL OE 10, Oe0TEPN avayvaoy. To lvusva mopo-
oelypazo, VENPETOLY V0 oTOYOVS. DEPVOVY TO LOONTH OE ETOPN UE TIG TPOYUATIKES OLOOTATELS TWV UEYEODV Kal
DTOOELKVDOVY EVAV TPOTO EPYATIOS VIO, TV ETIAVGN TWV AOKNGEWV. 2T0 TEAOS Kabe Kepalolov vrapyel covown
Tov mEpLoufaver to fooikd ocoumepaoiato. 00 kepaloiov. AxolovBodv o1 dpacTnploTTES, 01 EPWTHOELS, OL
OOKNOELS KOl TO. TPOPAfuaTa.

O1 dpooTnpioTnTeS €ivol OmAG TEIPOUOTA 1 EPYOTIES TOV O UoONTHS umopel vo, kavel ato omitt Tov. O1
EPWTNTELS O10POPWYV TOTWY TPOGTPEPOVTOL VIO EAEYYO TWV YVWTEWY ath Gewpio, Koi Yio KPITIKY OKEWN] TOV@W TTO.
Oéuoza tov kepaldaiov. O1 aoKNoEIS EIVaL OTAES KAl OVAPEPOVTAL GE ULO. OO TIS EVVOIES TOV TPOYUOTEDETAL TO
repalaio. To mpofinuazo ooviBwg eivar oovOeTIKG KOl KATO10 OO AVTC, AVENUEVHS OVOKOALOG.

270 téA0¢ KGbe kepalaiov Ba. Ppeite Eva 1 000 EvOeto IOV OEV AmOTELOVY UEPOS TS LETAGTENS DANG KOl
omevBovovial o€ 060V POONTES BEAOVY VO, d1EVPDOVOVY TIC PVDTELS TOVG.

270, TopapTiuoTo. Tov PifiAiov Ba covovtioete évoy mivako. ue TS faotkés otabepéc mov ypnoyororntn-
Kaw, &va odpofntio evpetipio kabawg kai éva AeliAoyio opwv.

Elrilovue ot Ba pog 0ol n evkoupio va épBovus oc emopn e TV KPITIKH TWV GOVOOEAP@Y mov Ho,
owvacovv to fifrio ko aliomordvrag Ty vo, to feAtimwoovue.

AbOnvo, Xemtéuppiog 1999 O1 ovyypageic
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Ew. 1.1 'Eva popio agpiov kiveiton
OTO YM®PO MOV KOTOAAUPAVEL TO
0€p10, GLYKPOLOUEVO pE AAADL LOPLOL
KoTd T Sdpopr| Tov. Av Kot otV
ewova Qaivovtonl oTaTikd, To GAAL
popla Kwovvtor emiong w  €vav
0vAAOYO TPOTO.

Ew. 1.2 Ot xivioets tov oparpidiov
péca oto Kovti potdlovv pe v
toyaia kivnon tov poplov evog
aepiov.

1-1 EIZAT'QI'H

[ToAAéC amd TIG ONUEPIVES AVTIANWELS HOG Yo TNV VAN Kot T Ogpuod-
T EXOLV TNV AQETNPI0 TOVG GTN UEAETN TNG CLUTEPIPOPAC TOV OEPIMV, Yia
TNV 0Toi0l EPYAGTNKOY HEPIKOT OO TOVG TTLO CTLLOVTIKOVG OEMPNTIKOVG KOl TTEL-
POLOTIKOVG PUGIKOVG, GTN OLAPKELN TOV GLOVE TTOV TEPAGE KOl OTIG UPYES TOV
oLOVO LG,

To evdapépov Yo T GLUTEPLPOPE TV aepimv dev elvar povo Bewmpn-
TiK6. Ol Pyavég TV avToKIVITOVY, ol atpnootpofirol g AEH aAld kot pua
oelpl. amd epyadeia, OTMG Ol AePOCPUPEG (KOUTPEGEP) TOV YPNGLUOTOLOVIE
Yol VoL TPLTTAE TETPES, Pacilovy Tn Aertovpyic TOLG G SL0SIKAGIES OTIC OTTOTES
GUUUETEXOVV OEPLOL.

210 0€PLl 01 OMOCTACELS LETOED TV HLopimv efvan peydies Kot ot Suvd-
LELS HETOED TOVG TOAD HkpES. AvTo e€nyel yroti Ta aépta dev €xovv Skd TOLG
oYNULO KOt OYKO 0AAG «SaveilovTa To oYU Kot TOV OYKO TOL d0yeiov oL T
TEPLEYEL.

Ta popa tov aepiov Bpickovtar o€ dopkn Kivinon Kot GuYKPovOVToL
[e To. GAAa popla 1 pe ta toyydpato tov doxeiov. H kivnon tov popiov tov
aepiov, peta&d dVO GLYKPOVGEWV, gtval VBVYpaLLLN OLLaAN, 1] «pEoT EAeVBEPN
SLOPOUN» TOVG GYETIKE LLEYGAT KOl O1 TOYVTNTES LE TIG OTOLES KvouvTal ivat
™e Taéng tv 1600 ytiopétpaov v dpa!

e avtifeon pe 0,11 cvpPaivel ota aépia, To Lopla TV oTEPE®V Ppi-
OKOVTOL G UIKPN HETAED TOVG amdGTOoT Kot ot Peta&d Tovg duvdpelg gival
oYVPEC, YU anTd T oTEPEd £XOVV Oplopévo oynua katl éyko. To poplo tv
otepe®v Og petatomifovtatl OAAG TOAAVTOVOVTAL YOP® 0o opicuévn Oéo.

2TV eVOlApeST) KATAGTAGN, 6T VYPAE, O SUVALELS OVAUESTH GTO LOPLOL
elvat oNUOVTIKEG, O)L OLLMG TOGO HEYAAEG OGO GTO, GTEPED, LLE GUVETELN TO, VYPHL
va £(0VV 0PIGUEVO GYKO OAAY Gyl STKO TOVG Gy L.

270 KEPAAOL0 OVTO APYIKA 00 LEAETHGOVE TOVG VOLOVS TOV SIETOVV
T1 GUUTEPLPOPA TOV AEPIOV, OTMG VTN YIVETOL AVTIANTTI LOKPOCKOTIKE. XN
ocuvéyeln Bo dodE TG, e TNV LITOBEGN OTL TOL AEPLO OTOTEAOVVTOL OO LOPLOL
070 OTTOI0L OTOOMGULE OPIGUEVES IOLOTNTEG, KATAPEPOLE VO, EENYNCOVLE TN GL-
UTEPLPOPA TOVE.

MoKpOOGKOTIKY] KOl HIKPOGKOTIKI] HEAETT

H meprypaen -kot Kot’ eméktoon 1 LEAETN eVOC POIVOUEVOL- LITOPEL VO
glval elte HOKPOOKOTIKY €1T€ PMKPOGKOTIKY. MOKPOGKOTIKT AEYETaL 1) LEAET
otav 6’ avtn dev vreleépyovTal vmobéaelc, Dewpiec N kot peyédn mov Exovv
oxéon Ue T doun M TN GVGTACT| TOV OVTIKEIUEVOV TOV GUUUETEXOVY GTO (OL-
vouevo. v avtifet mepintmon 1 HeAETN AEYETOL LIKPOGKOTIKT.

INo Tapdderypo, av GUVOEGOVUE U0 AGUTO, GTOVS TOAOVG LIOG U0~
tapiag n Adpmo 0o avayel. To pavouevo pmopet va peietndei av petpnbei
Taon, 1 €vioon Tov pedpoToc, N Oepuokpacio. Tov GUPUATOC TNG AGUTOC, TO
0G0 OepudTTag TOV EKTEUTEL K.AT. AVTH €IVOL 1 LOKPOGKOTIKY UEAETT]. AV
avtifeta, mpoomadavtog va Enynoovue to eovopevo, avaeepbovue oto &i-
560G T®V GOUOTIOIMV TOL KIVOOUVTOL HEGH GTO GUPUM, GTNV TOYVTNTA TOVE, OTIG
KPOVGELG TOVG K.AT., LEAETAE LUKPOGKOMIKE TO POIVOUEVO.



2T0 Y®OPO TOV PLGIKAOV EMGTNUADV 1) LOKPOGKOTIKY] KOl 1] LIKPOGKOTL-
K1 LEAETT) TOV QUIVOUEVOV GLVHOMG GUVVTTAPYOLV. XT0. 0EPLO ] LOKPOGKOTIKT
UEAETN TpONYNONKE TNG LKPOCKOTIKNG. XT0 LEGH TOV 17 adva Kot LETA o
LOKPOGKOTIKY] HEAETN, SloTLIT@ONKOV 01 VOOl TV agpimv amd Tovg Boyle,
Charles kot Gay-Lussac. Apyotepa (téAn tov 19 aidva) dpyloe 1 PIKPOGKO-
KN TOLG PEAETT).

H pikpookomikn pekét Pondnoe vo epunvedGOLLE TOVG LOUKPOGKOTL-
KOUG VOLLOLG, VO €ENYNGOVLE TN GUUTEPIPOPA TOV OEPI®V (T.). UE TOL0 UN)0-
VIGUO TO 0EPLO OMLIOVPYEL TEGELS) KO, YEVIKE, VO KOTOVONGOVE G€ Bdbog tnv
aéplo eaon.

1-2 OI NOMOI TQN AEPIQN

H xatdotaon oy omoio Bpioketol £vo aéplo TEPLYPAPETAL LAKPO-
GKOTIKA 0 TNV TieoT, ToV 0YKO Kot T Beprokpaciao Tov.

To. pey€dn avtd (migomn - 6yKog - Oeppokpacia) yio opiopévn TocOTNTO
aepiov dev givar aveldpmmra petal&d toug alid cvoyetiCovtot. o mapdoety-
pa, av avénoovpe ™ Beppokpacio o€ Pio KAEIGTH PLOAT TOV TEPLEYEL AEPLO Oa
avénOel ko n migon.

Ot 6yéoelg Tov GLVOEOLY Ta, LEYEDM CVTA TPOGIIOPIGTNKAY TEIPAUOTL-
K6 Kot 0moTELODV TOLG VOLOVG TMV 0EPImV.
Noépog Tov Boyle (Mmoo, 1627-1691)

H migon opropévng mosétnrag agpiov Tov omoiov N Oeppoxkpacio
napapével 6tadept] eival avTiGTPOPO AVAAOYY] IE TOV OYKO TOV.

H pabnpotikn datonoon eivat:

pV =cta6. yio T = ctal.

4

LLOVOLETPO

H petaporn) oty omoia 1 Oepurokpacio mwapapével otadepr] ovopdletot 166-
Oeppn.

Yy. 1.1 o) To aépro Ppioketor
péca oe oykopetpwd odoyeto. To
doyelo pe 10 0aéplo mepPaiAeTon
amd Aovtpd pe vepd TOovL omoiov M
Oeppokpacio dotnpeitor otabepn.
310 60)€i0 VTAPYEL TPOCAPUOGUEVO
HOVOLETPO  yloo TN HETPNOT NG
mieong Tov aepiov. f) Lo ddypopLpa
TOPIOTAVETAL YPAPIKA 1 TLECN TOL
aeplov og Guvaptnom pHe TOV OYKO
oV, Y10 Oeppokpacieg T, kot T, ya
T1g omoieg woyver T, > T



Xy 1.2 a) To aéplo Ppioketon péoa
oe doyeio otabepov dykov. Kabmg
Oeppatverar avédvetor n mieon Tov.
B) Xt0 didypappo TOPIGTAVETOL YPOL-
QKA 1 petafoin g mieong og ov-
vaptnon pe tn Beppokpacia, yio dvo
S10pOPETIKES TIHEG TOL OYKOL V) KO
V, eV <v..

O vopog tov Charles (Xap), 1746-1823)

H migon opiopévng mocétnTog agpiov 10V omoiov 0 dyKog oroTn-
peitar otaBepoc ivar avaroyn pe v amwoivty Oeppokpocio Tov
agpiov.

H pobnpotikn tov datdmoon sivat:

% =o100. yio V =ctab.

HOVOLETPO

Beppopetpo J
S

Q@

—

a B

H petafoln oty omoia 0 6ykog mapapével 6tabepdc ovopdletot 1I60x®pn.

¥10 oynua 1.2.p ot S1oKEKOUUEVEG YPAUUES VTOONADVOLVY OTL 1 gubeia g
YPOPIKNG TOPACTOCNC TPOEKTEWVOUEVT] TTEPVEEL AO TNV apyn TV a&dvov. To
dlokeKoppéVo T tng gubeiog avtiotolyel oe Oepprokpacieg oTic omoieg Ta
aépila OV LITAKOVOVY GTO VOLLO.

Tn Oeppoxpacio ) petpape oe Pabpovg KEAPwv (K.). H Beppokpacio avty
ovoudletor amdéivtn Oeppokpacio.

H 0epuoxpacio oty khipoka Kelvin poxvntet av otn Ogppokpacia 0, petpn-
pévn ot khipoka Kedoiov, tpocBécovpe 1o 273. T =273 + 0.

To undév ¢ kKMpokag Kelvin avtiotolyet otoug —273 °C kat gival n Ogppo-
Kkpoocio kGt and TV oroia givat adbvato va gtacovue. Tn Oeppokpacio avtm
N AEUE KOl «OTOAVTO Pndévy.

O vépog Tov Gay-Lussac (I'két-Aovcak, 1778-1850)

O 6ykog opropévng moooTNTAS aEPiov, 0TV N Tigon TOL draTNPEi-
Tl ota0epn, €ival avdroyog pe TV amw6rivty Ogppokpacio Tov.

H pobnpotic) datvnmon tov vopov givat:

¥ =otab. ylo p = otad.

10
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Oeppduetpo
— PLOUETP

H petapor oty omoio n micon mopapével otabepn ovopaletor
wofapic.

Idavika aépra

O1 Tpelg TponyovUEVOL VOLLOL 1IGYDOVVY Y10 T SLAPOPa. CLEPLOL [UE UIKPES
M LEYOAES OMOKAICELS. ZVYKEKPILEVOL IGYVOVV LE LEYOADTEPT aKpifela Yo Eva
LOVOOTOUIKO TTOPA Y10t £VOL TOALOTOUIKO 0€plo Tov Ppioketal oTig id1eg cLVON-
keg. Emiong woyvovv pe peyakivtepn akpifeta yio ta Oeppd kot opotd aépto omd
0,TL Y10 TO, TUKVE Kol Yoy pdL.

Acg vrobécovpe TOpa OTL KATOW0 0£PL0 VIOKOVEL e aKkpifela 6Tovg
VOLOLG 0TS aveEapTnTa 0md To av ivor Beppd 1 yoypd, Tokvo N apotd. 'Eva
TéT010 0épPLo Ha ovopaletot WOVIKO aépto.

MoKpooKoTIKG 100VIKG a€plo, EivaL GVTO TOV VTAKOVEL 6TOVG TPELS
vOpovg TOV agpiv 6€ 0mo1E6ONTOTE GVUVONKES KL av PpiokeTarl.

2nueioon: O ypagikég mapaoctacels p-T (oy. 1.2B) ko V-T (oy. 1.3B) av
avaeEépovTay o€ WavIKd aéplo Ba NTav cuveyelc YPUUUES, YioL OAEC TIG BepLo-
Kpooieg.

1-3 KATAXTATIKH EZEIXQXH TOQN IAANIKQN
AEPIQN

A7 10 GLUVOVOAGHO TOV VOL®V TOV 0EPI®V TPoKVTTTEL | e&icmon:

pV =nRT (1.1)

H (1.1) ovoudleton KaTaoTaTiKn €£i0MON TOV OOVIKOV dgpimV.

H R ovopdletor 6100gpd TV 180VIKOV 0.gpiv Kot 1) TIUn ¢ e&optdtol and
TG povadeg tov p, V, T. 10 cvompa SI, 61ov povada wicong eivor to N / m?
Kot povada 6ykov givatl to m?, i tiun g R elva:

R =8,314 J/ mol-K

11

Xy 1.3 a) Kabog to aépro Oeppaive-
Tat 0 Oykog Tov av&dvetat. H mieon
Tov agpiov datnpeiton otadepn pe
éva Bapog tomofetnuévo Thvew 610
éuporo. B) Zto Sudypoppe mopt-
GTOVETOL YPOUPIKA 1 HETAPOA TOV
OYKov o€ cuvaptnon pe t Oeppo-
Kpacia, yio dvo Tipég g mieong p,
KOLD, U P, <P,.



YvvBwg 1 mieomn petpiétarl o atudseapeg (atm), o dykog oe Aitpa (L) ko m
TN e R eivau
R =0,082 L-atm/mol-K

O ap1Buog Tov mol tov agpiov Bpickerar amd to TnAiko g oAkng palag m ,
TOV aepiovL TPOG TN YPOLLLOHOPLoKT ToL palo M.

oh. (1.2)
H oyéon (1.1) pmopet pe Bdon v (1.2) va tdpet ) popon
pv="leg T
M
To mnAiko g cuvoAkng palag Tov aepiov TPOG TOV OYKO TOL JiVEL TNV TTL-

KVOTNTA TOVL: p=—

H katoaotoatik eicmon pmopel va pog 0MGEL Kot Evay amlovcTEPO
LOKPOGKOTIKS OPLGHLO TOL 100VIKOD aepiov:

Ioavikd aépro gival To a€PLo YO TO 000 1GYVEL 1] KOTOOTUTIKY)
eCicwon axkpfar, og 6)eg TS MESES Kot Ogppokpacisc.

211 GUVEKELD, OOV avaPePOLOoTE G aépla Ba Bewpovpe 6Tt Ol GLV-
Onkeg elvar TéTolEG MOTE 1 KATAGTOTIKY £EIGMOOT VO 10YVEL Y®PIG AmTOKMOELC.

ITAPAAEITMA 1-1

v apyn evog Ta&dton 1 Bepprokpacio Twv eEAAcTIKGV evOg avtokvitov givar 7 °C. Katd tn didpkeia
Tov Ta&1100 to EhaoTikd Oepuaivovtal otovg 27 °C. Av oty apyr Tov Taéld100 0 0EPAG 6TO EGMTEPIKO TOV
eMaoTIKOV Bplokdtav oe mieon 3 atm, woéom Oa €xet yivel | wieon oto TEAOC ToL Ta&O100; Ymobétovupe 6Tt 0
OYKOG TOV EAQCTIKMV TOPAUEVEL AUETAPANTOG.

Amavtnon:

A@ov 0 dyKog TV eELaCTIKOV Tapapével otobepds,  petafol eivar iooywpn kot woyver p/ T =ctab. Av p,,
T, eivau n apykn wieon kar Ogppokpacia kot p,, T, n tehikn wigon kot Oeppokpocio TwvV ELACTIKMOV, £xOVUE

, T, 300K
ETOUEVOS P, = 2P,

p_ps _
T "' 280K

T,

1 2

3atm =3,2 atm

12



[TAPAAEII'MA 1-2

Na Bpebei 1 mokvoTTa TOL Cépa (o KaAokapvi pépa mov 1 Beppokpacia givar 27 °C. YroBétovpe
6111 oTpoopatptkn micon eivar 1 atm (1 atm =1,013x10° N/ m?*) ka1 611 0 a€pog COUTEPIPEPETAL GOV 1SAVIKO
aépto pe ypappopoptak pale 29x107 kg / mol.
Amévtnon:

H xotactatikn e&icmon ypaeeTat Le T Hopen:

p= PRT amo TV omoia TpokLATEL P = pM
M RT

Avtikabiotdvtog oto SI Eyovpe

~ 1,013x10°N/m?*-29x10°kg / mol
8,314 1/(mol K)-300K

=1,18 kg /m’

ITAPAAEII'MA 1-3

0,2 mol H, Bpickovtal oe doygio pe kvntd éuporo o Beppokpacio T, = 300 K ko wicon 2 atm
(xatdotaon A). Awutnpaviog otabepn v mieon tov Oepuaivovpe o aépro péxpls 6Tov 1 Beppokpacio Tov
yiver T, = 400 K (xotdotaon B). X cvvéyeia to aéplo ektovmvetar 1600eppa péxpig 6tov n o tov yivel
ion pe 1,5 atm (katdotaon I') ko petd yoyeton pe otadepd 6yko péyxptn Oeppoxpoasio tov va yiver T, = 300 K
(xotdotaon A). Télog, To aéplo cuoumiEletal 1600epLOL LEYPL VO PTAGEL GTNV OPYLIKT TOV KOTAGTOGCT.
Noa Bpeite T1g TIpég Tov dyKov ¢ Tieong, Kot TG Beplokpaciag Tov avTIGTOLYOVVY OTIC KaTaoTAcelc A, B, I kot
A K01 Vo amodMGETE TV TapuTave dtodikacio og dwaypappate pe d&oveg P-V, P-T, xon V-T.
Atvetol n Tiun g otabepdg R = 0,082 L -atm/ mol-K

Anévtnon:

1. A. Xy kataotaon A, To aéplo el tieon p, = 2 atm kot T, = 300 K. Tov 6yxo tov agpiov umo-
POVLLE VO TOV VTOAOYICOVUE OO TNV KOTUCTOTIKY £5I0MOT).

. v _PRT, _0,2mol-0,082 L-atm/(mol-K)-300 K
p,V,=nRT, M AT ~ = > atm >
and OTOL TPOKVTTEL V,=2,46L.
B. Xy katdotaon B, to aépio éxel ieon p, = p, = 2 atm ko Ogppoxpacia T, = 400 K. O dykog
Tov vroAoyileTan omd TN GYEon
VeV o v oTey 400K o
T, T, T, 300 K
and OTOL TPOKVTTEL Vy=3,28L.
I. Zmv katdotaon I' to aépro £xet Oeppoxpacio T, = 400 K kar nieon p. = 1,5 atm. O 6yxog Tov
vroAoyiletol amd TN oyéon
, Ps 2 atm
= V==LV, = 3,28 L,
pPeVs =pr Ve M r P B 1.5 atm
070 TNV 0Tol0 TPOKVITTEL V. =4,37L.
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Zmv kardotaon A 1o aépio éxel Oeppokpacio T, = 300 K kot 6yko V, =V = 4,37 L. H zicon Tov vro-

A.

Aoyileton amo T oyéon
Py _Pr

T, T

A

r

omd TV omoio TPOKVTTEL

T, 300 K
Pr=7Pr=

T. 400 K
p, =L125 atm.

1,5 atm

Ot Tiég mov PprKape PaivovTal CUYKEVIPOTIKG GTOV TiVaKOL

2.

1,5
1,125

p (atm) V(L) T (K)

A 2 2,46 300
B 2 3,28 400
r 1,5 4,37 400
A 1,125 4,37 300

Me Béon Tig TIEG TOL TVAKO UTOPOVLE VO KATOCKEVAGOVLLE TO d10Ly PELLLLLOTOL:

p(atm) p(atm) V(L)
PR A B
______ A_: \ o) T 437 A I
---------i--i.---r\400 1,5)---------4-, I 328 o . B
st e DAL S WO U-2| RES. A 2,46 ¥
A 300 R I ’ AT
LD v ’; T(K) T
ul\.) \_w “-l> [9%) g oo g
22 9 s S =2 S
Xy. 1.4

1-4 KINHTIKH GEQPIA

H axpipng pétpnon e Beppoxpaciog 1 g wieong 1, akduUn To TEpa,
N YvOon TV oyécemv avoroyiag petald mieong, dykov, aptBpod mol kot Ogp-
LOKPOGING OEV 0PKOVV Y10l VO EPUNVEDGOVUE TI| GUUTEPLPOPE TOV OEPIMV.

H poxpoockomik] cuopmeprpopd TV aepiov epunvedTnKe 1KOVOTOMTL-
K@, LOALG 670 T€A0g ToL 190V aidva, pe TV KivnTiky Oempia Tov agpiov. H
emrtuyia g KvnTikng Oempiog £0mGE TO VOO Kol Y10, TNV avVATTLEN 10DV
v T dopn TG VANG yevikdtepa. Emiong, 6mwg ovpPaivel cuyvd oty 1otopia
™G EMOGTNUNG, N AVAYKT EXIALONE TOAOTAOK®V VTOAOYIGTIK®V TpoPfANUdT®V
nov é0ete 1 véa Bempia 00 ynoe oty avdmrtuén evog véou kKAAdov g DPuot-
KNG, ¢ Ztatiotikng Puoikng, mov amotédece apyoTEPE TOADTIUO EPYAAELD
v ™ Ogperinon g oOyypovng PLGIKNG, e EPAPUOYEG TOV EETEPAGOV KOTA
TOAD TOV apykd AOY0 vapENG TNC.

Ynueio exkivnong g kivntikng Bewpiog eivat n vwodeon 611 Ta aépro
0moTELOVVTOL 0O TOLD peEYahio TAN00G ATEPOELAYIGTOV GOUPLITIMV TOV
KwvoOvTal Toyaio (dtoxta) pHéco 6to Y®po mov KoatoAapupdaver to aépro. Ta
o@apidia avtd dev givor timote GALO amd aVTO TOV CNUEPO ATOTELEL V1oL TOV
KkaBéva Koo 1010, Ta pépLa Tov aepiov.
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[Tio cvykekpyéva, Y10 T WOAVIKE 0EPLO, TOL TPOTYOVUEVMG OPIGTNKOY
LOKPOGKOTIKA (G TO 0EPLOL Y10 TO, OO0l IOYVEL VIO OTOLEGONTOTE GLUVOTKEG M
kartaotatiky eElcmon, 1 Kvntikh Osopia otnpiytnke otig €EN1g TapadoyEs:

1. To popre Tov 0ePiov CLUTEPLPEPOVTAL GOV UIKPOCKOTIKEG,
0TOAVTA EMIGTIKES, 6Qaipeg. O GVVOMKOC OYKOG TV LOPI®mY TOV
aepiov pmopel vo OempnOel apeintéog og oyéon e TOV OYKO TOV
doyeiov oT0 omoio Ppicketal.

2. X710 pépro dev a6KOHVTOL SVVANELS TOPE pHévo T oTIyU] TG
KpovoNg He GALa pnépro 1 pe To Toy®pOT ToL d0y)Eiov. Etol, 0
KivNom Tovg, 6T0 HEcOddoTNO LETAED dV0 KPOoVoE®Y, givat v0V-
YPOUUT OHLOAN.

3. Ovkpovoseig TOv popimv pe To Toryopata givan ehactikéc. 'Etot
1 KWWINTIKT EVEPYELD TOV popiov dev petafdAleTon HeTd TNV KpovoN
TOV L€ TO TOLYMLLOL.

1-5 TATIPQTA XHMANTIKA AIIOTEAEXMATA
Yyéon micong (p) kot Ogppokpaciog (T) pe Tig TaOTNTES TOV pHOpi®v.

Boociopévol otig mopoamdvm Tapadoyés KaTapEPOE Vo Bpodue GYEGELG AA
OV GUVOEOLV TOL LOKPOGKOTIKA LeyED, Omg 1 mieom Kot 1 Ogppokpacia, wov \/
UEYPL TOPO, LTOPOVGALE VO, TO TPOGOI0PIGOVE HOVO TELPAUOATIKA, UE TIG LEGES
TIEG TV TOYLTHTOV TOV LOpiwV TOL agpiov. Ty 1.5 To AA stvor évo oTonsubdeg
H mieon eivon to povopetpo péyedog mov opileton mg 1o TNAIKO TOV PHE-  tpmpa g emobvetog kat AF 1 86-
TPOL TNG SVLVOUNG TOV AGKEITOL KAOETO GE KATOL0, EMPAVELN TPOC TO EUPAOOV  vapm mov ackeital og avTo.
g empdvetag (oy. 1.5).
_AF
AA
2NV TEPIMTOOT EVOG 0epiov oV givarl KAEIGHEVO G €va doyeio 1) Ttieon
OV OICKEITOL GTO TOLYMUATO TOV dOYEIOV OPEILETOL GTIC SVVALELS TTOL OLGKOVV
TOL LOPLOL TOV 0lEPIOV GTO TOLYMULATO KOTE TIC KPOVGELS TOVG Le ovTd (o). 1.6).

p

H npdtn oyéon mov TpokdRTEL Od TNV EQPAPLOYT TOV VOL®V TNG UN- F
YOVIKNG KOl TOV TApadoydV TN KIvNTIKNG Bewplag, stvat avti mov cuvdéel Tnv
nieon (p) Tov aepiov pe TIC TayHTNTEG TOV LOPI®Y TOV aePiov.
Bpébnke cuykekpipéva 0Tt
2
— l N mv (1.4) 2. 1.6 H kpodon tov popiov pe 1o
p= . : . , .
3 V toiympo. Oempeiton eraotikn. To pé-
PO NG TaXVTNTOS TOL popiov givar
omov N 0 apuog tov popinv Tov agpiov, 70 1310 TPIV KO PETE TNV KPOVOT.
m N péla kéOe popiov,
A% 0 OYKO0G TOV doyEiov Kol
v’ N HESM TN TOV TETPOYOVOV TOV TOYVTHTAOV TOV HLOpiwv TOV

aepiov.
H amodeién g oyxéong (1.4) yiverat 6to TEAOG TNG TOPOYPAPOL.
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Mia. 4AAN, o Kopym, popen g oxéong (1.4) mporvntel ov AdPovpe
VIOYT OTL TO Yvopevo Nm givat n oAkr| palo tov agpiov, kot 6Tl 1o TNAIKO NG
oAKNG PaLag Tpog Tov 0YKo V Tov KaTaAdpPAveEL TO a€plo gival 1) TukvOTNTO P
tov agpiov, omoTE:

_1 5
p 3 p

[ToAlamAacidlovtog kot dtopdvag 1o devutepo péLog g (1.4) pe tov apBpd
2 TPOKVTTEL N TOPOKAT® HOPPT] TOL GLUVOEEL TNV TIEST [LE TN HEOT] KIVITIKN
EVEPYELD TV LOPLOV.

p:zﬁ(lmﬁj (1.5)
Ao v (1.5) mpokdmtet 3 VA2
2 (1 —
szgN[Emozj (1.6)

Ouwg amod v katactotikn e€locwon yvopilovpe o6t
N

pV =nRT =—RT

NA

omov N 0 ap1Buog Tov popiov avé mol (ctabepd Avogadro).

R
To mmAixo N eppaviCetar cvyvd otnv Kivntikn Bewpia. Eivot to mniiko dvo
A

otabepav, ovopdletor ota0epd Tov Boltzmann (Mrodtlpav) kot cupfoiile-

Tot pe 1o k.
R -23 .
kzN—=1,381><10 J/(popwo-K)

A

Mmnopobie Lomdv vo YPAWOLLLE TV KATOGTATIKT KOl 0O €ENC:
pV =NkT (1.7)

E&iomvovtag ta devtepa pEAN Tov oxécemv (1.6) kot (1.7) kot Advovtag og
npog T Bpiokovpe
ro21(1 =
3k\2

H oyéon avt etvar ToAd onuavtikn yati cuvoéet tn Oeppokpacio pe tn péom
LETOPOPIKT KIVITIKY] EVEPYELD TV LOPIOV TOV aepiov.
A7 T oxéon avtn, Yio T HEGT KIVITIKY EVEPYELN TV LopimV Ppickovpe

1?35 (1.8)
3 9

H tetpayovu pifa g v ovopdleTal evepyog TaOTNTA Kol GULL-
BoriCetarv_. Ao ™ oxéon (1.8) mpokvmrel

0, =07 = 22 (1.9)
m
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N mv

1
AT6S ¢ =——
nooeln g oyxéong p 3V

BOempovpe éva KLPKS doyelo aKpng d (oy. 1.7). To Soyeio Ba £xel dyko V = d’ ko

euPadov £dpoc A = d*. Ynobétovpe 01t 610 doyelo mepEyetar mOAD peydrog opOuog N movo-
powoturev poplov agpiov, palog m to kabévo, mov TANPOVV TIG TPOVTOOESELS TNG TPOTYOVLLE-
vng mopoypdpov. Ta toydpata Tov doyeiov lvar tehelng daKapmTo, EYoVV TOAD HeydAn pale Kot
d€ PETaKIVOUVTOL.

Koatd ) didpkela Tov KpovGE®Y TV LOPI®V GTO TOYOUOTO, TO LOPLO 0GKOVY SUVALELS G’ OVTA.
2’ autég Tig duvapels opeideton ) Tieon mov ackel 1o aépro. Ot duvapels avtég etvar avtibeteg
LLE T1G SLVAELS TOL 0.GKOVVTOL ATd TO TOlYwHa 6T LopLo Katd Ty Kpovom (apyn dpdong - avti-
dpaong) Kot TPOKAAOVV TN UETOPOAN TNG OPUNG TOV HOPiwV.

AP
Amd 10 dgbtepo vopo Tov Newton yvopilovpe 6t F = A_ , GpaL, OV KOTOPEPOVLLE VOL DTTOAOYI-
t

GOVLLE T1) GUVOAIKT HETABOAN TNG OPUNG TTOV VPIGTAVTOL TO, LOPLOL GT LOVASOL TOV YPOVOL (OMA.
70 pLOUO pETAPOANG TNG OPHNG TOVG) AOY® TOV KPOLGEMDY TOVG TAV® GE pio, amd TIG £PEG TOV
doyeiov o fpodpe Kot To PETPO TNG SVVAUNG TTOV OoKEITAL 0O TOL LOPLOL 67 AVTH TNV £SOl

F
Metd, yo va fpodue v wieomn p, apkel vo StopéGovpe T SOVOL LE TNV ETQAVELL. ( pP= Xj .

(ITpocoyn: xpnoipomotope kepaiaio P yio tnv opun kot pkpd p yio v migon.)
‘Eoto évo pop1o mov Kiveitar pe todTnTa v,. AVeADOLHE TNV TaXDTNTA TOL GE TPEIG CUVIGTMCEG
(v, vy, v,,) (oy. 1.8). E€etélovpe T1g kpovoelg 6To Tolymua tov doyeiov mov eivol kébeto ot
V.
E@ocov ot kpoboelg etvatl amolitmg eELASTIKES TO HOPLO avakAdTOL Le ToOTNTO 1610V péTpov. H
v, KO de petofdriovtol evd v, 0ALGCEL QOPEL.
H petaforn g oppng mov veictator To Hoplo Katd v kpovon o eivor
AP, =-mv, —mvu, =-2mvy,

O ypdvog mov pecorofel avipeoa e dV0 SLdOYIKEG KPOVGELS TOV 15100 GmUaTIdion oty 1610

2
£3pa Oo etvar At =—— épa 0 ap1dpdg KpovGE®Y 61N PoVAESa ToL XPOHVOL Y1 avTd TO HOPLO

le
r 3 3 le I3 , , . A
otV S €dpa o ivor d Kot 0 puOUOS LeTtaPoAnNg TG OpUNG TOV (1 LETOPOA TNG OPUNG OTN
L 1’1’1\)2
Lovéda Tov xpdvov) o stvor — = — mv,, x - ____Ix
2d d
, . . . ; ; AP 1x mUlzx ’
H §9vapun mov déyeton to popto and to tofywpa fa eivar F = A =-— Ko avticTotyo
t
N , DR muj,
ot oL SégeTar To Tolywpa amd To popo B evar —F, = d

H sbvaun (ZF,) mov aokeitar méveo oto toiympa mov peretdpe givat to dBpoicpa OAmV TV
avTiGTOY®V OPOV TOL 0POPOVY KABE HOPLO XOPLOTA.

, , o N , 2 2
H rieon (p) mov 6€yetan 1 ev Adym £dpa omd to aépro Oa eivar p = TX émov A =d-.
mu;,  mvu; mu;,
- + - oo - 2 2 2
d d d ) m(vf +v3 +.+0)
d? - d’

Apa p=
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Xy. 1.7 'Eva poépro tov ogpiov mov
Kweiton pe toydnTa v, PEGH OE KL-

Pud doyeio oxpng d.
y
S ]
Vyi 1
D]x X
i
Ulz e
V4

Xy. 1.8 H toydmro avaidetor og
TPELG GUVIGTMOGEG G€ TPLoopHoydVIo
GUGTNUO GUVTETAYUEVOV.

Xy. 1.9 H xivnon tov popiov oto
EMIMEDO XYy.



MoAlamlacialovpe kot dtopovpe to kKhdopo. pe N (to Tinbog tov popiov) ondte

Nm(ufx +0) Hot Uilx)

p

Nd’
(fo +05, .t uilx)
O 6pog N givar n Héom T TOV TETPAYOVOY TV U, TEYLTHTOV Kot Oa
tov oupPolrilovpe Ui .
. Nmuv;
Telucd pP= T (1.10)

To, popro. kKivodvtor drakta, 6V €(0uV SNANON KOULE TPOTIUNGN OG TPOG TV KoTtevhuven kiv-
ONG TOVG, EMOUEVMG

22 2
Ux - Uy - Yz
. . , 2 _ 2 2 2
I'vopilovpe 6Tt yevikd LT =V, + L, +V,
, , . 22,2, 2
Ebkolo amodeucvieton 6Tt L =V + Uy T+
) ] emedy L. = Ui =v;
Ewk.1.3 Ot duvapelg mov ackodvrol
€MELON KATA TIG KPOVGELS TMV [Loplov —
r 7 , — - - U
- , . 2 2 . 2
0V a£piov, IOV TEPIEYOLY TA UToAO Koo yoope o oxéon v? =302 &po. vl=—
V10, HE TO TOYOUATO TEVIAVOLV TO 3

ehaoTikd mepiBAN TOV LTOAOVIOV.  AyricaBicTdvTag To i00V TG Ui om oxéon (1.10) kot Aappévovtag veéyn 6t d° =V mpo-
KOTTEL

_leE
P 3V

ITAPAAEITMA 1-4
Na Bpebel n evepydg TaydTa TV popimv Tov Vdpoydvov o Bepuokpacio 27 °C. Atvetal 6T 1
ypappopoptaky péla Tov vdpoydvov sivar 2x10° kg / mol .

Amavtnon:

I'vopiloope 611 v, = ,/3k—T
m

[MoAamhaciélovtag aptdunt Kot Tapovouasty Tov VdppiLov pe tov apdud Avogadro (N, ) mporidmTel

o, = [T (L.11)
N,m

Opomg k= Ni emopévog kN, =R ko Nym=M (M: n ypoppopoproxn pador)

A

Apan oxon (L11) yiverar v, = /31%
USV = .(

3-(8,314 J/mol K)-(273+27)K
2x10° kg / mol

=1,93x10° m/s

Avtikofiotovrog oto S

H tayvmto avt) etvor Todd peydin, etvat mepimov 6900 km / h.
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1-6 KATANOMH MOPIAKQN TAXYTHTQN

To weipapo Tov Zartman (Zdaptuav)

O ap1Buds TV popimv evog aepiov, 0GO LKpN Kol oV Eival 1 TocOTNTA
ToL, gival TepaoTioc. To kKabe popto cuykpoveTal Kot 0AAGLEL ToybTNTA TEPITOV
éva dloeKaTopIOPLo PopéG TO devTepOAEnTO. ETot lvar pavepd 0TL 1) epdTNON
OGO, LOPLOL £YOVV KATOL0 GTIYUN L0 GUYKEKPIUEVT TOXDTNTO L OEV EYEL VOT|LLOL.
Mmnopovpe ouwmg va Bpodpe tov aptud tov popiov dN mov £xovv ToydTNTEG
amo v uéEypt v+dv.

To 1920 éywve 10 Tp®TO TEIPOLLA Y10 TN LETPNGN TOV LOPLOKDV TOYVTN-
tov. To neipapa mov Ba meprypdpovpe givor to meipapa pe To oroio o Zartman
TPOGOIOPICE TEPAUATIKE TIG TOYVTNTEG TV HOPimV VOGS agpiov.

Méca og éva povpvo eEogpmdvetal o ovoia. Ta popto Tov atuov 1o~
QELYOLV Ao £Va AVOLYLLO. TOV POVPVOL TTPog Eva, OdAapo kevov (oy. 1.10). 1o
Odropo meploTpEPeTal e oTadepn YOVIOKN TOYVTNTO ® EVOG KOAVOPOG TOV
QEPEL, TaPAAANAa 6TOV AEOVEH TOV, AETTN GYIGLT KOl GTO EGMTEPIKO TNE KVPTNG
TOV eMEavelog eépet e1d1kd gvaictnto eiap. Ta poplo Tov aTHov OV E1GEPYO-
VIO oo T GYIGUN HEGH 6TOV KOAVOPO cuveyilovy va KivodvTot Ev00ypoppo
UEYPL VO, GUVOVTIHGOVV TO PIAU, GTO OTOI0 TPOGKOAAMDVTOL KOl OQTIVOLV Ta. fyvn)
ToVg o€ andotacn d amd To onueio Tov PIAp oV PpiokeTal aKPIPOS OTEVAVTL
omd TV GYIGUN.

Av u M YpoUKY ToyOTNTO TOV IAL Kot t 0 ¥pdVog oV ¥pedleTOL TO
LOP1O Y10 VoL SLTPEEEL T OLAUETPO TOL KLAIVOpOVL 1 amdoTaot d icovTal e

d=ut
Oumg t=2r/v
OTOL L 1 TAYHTNTO TOV HopiwV
Kot u=qor
OTOL I' 1) AKTIVO TOV KUALVOPOUL.
i 2r 2or’
Enopévag, d=ut=or—=
v L

H taydmrto tov popiov vroloyiletor amd ™ oxéon v =_20r" /d. Anhadi, n
pétpnon g tovmrag Tev popiov Paciletor ot pétpnon g anodctacng d.
Xy mpaén, avtd oV PTOPOVLE VO VITOAOYIGOVLE Elval TOGA LLOpLoL
TEPTOVV 0€ KABE onLeio TOL QAL KOl ETOUEVOS VO VTOAOYIGOVLLE TNV KATAVO-
M TV pLopimv oTig d1épopes ToOTNTEC.
Ynuepa etvat Suvath 1 HETPNON TOV LOPLOKADV TOYVTNTOV TOV depimV
He peydin axpipeta.

TOUN TOL KLALVOpOL

A
Barapog P u
KEVOD :
0 KOAMVOPOg oo 0%0@
|]— LLE TO PLALL |
, 84 / ® popo
Povpvog ui)c;liﬂv WNTpOG Xy. 1.10 To povtélo g mepa-

GTLYLOTUTO KATH TNV

: v potikng dtdtaéng tov Zartman.
TEPIGTPOPT] TOV KLAIVEPOL
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ITAPAAEIT'MA 1-5

Amo6 éva meipapo avédoyo pe to meipopa Tov Zartman, HETPHOMNKAY O TOXVTNTES TV HOPI®V Kl TPOEKVYE O
TOPOKATO TIVOKAG.

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 02 04 05 08 12 5
AN (uopua) 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
OOV
v : ToOTNTES TOV HopimV
Av : TEPLOYES TOYLTATAOV YOP® amd KAOe TayvTnNTa. Ol TEPLOYES TOXLTATOV gV £Y0VV OAEG TO 1d10

gbpog wote va eEacpalileTal 0Tl o KAOE mEPLOY VIAPYEL EVOG IKAVOTOUWTIKOC, LETPTGLUOG
apOpog AN popimv Tov Kivoovtal pe ToyhTNTEG EVIOS TG TEPIOYNG.

AN : apOpog popimv mov €xovv TaxdTTEG MEGH GTO, Oplo TNg KaOe meployng tayvtntov. o
Tapadelypo otnV TpdT™ oTAN 200 popa Exovv tayxdTeg 0md 99,8 m /s éwg 100,2 m/ s.
AN/Av : 0 ap1Ouds TV popiov ava povadiaio Teptoyn ToydTNTAG.

Me Bdon ta otoyygio avTd TO S1dypopLpa A%o =f (0) , KOTOVOUNG TOV TOYLTHTOV T®V Hopiwv Tov agpiov

sivat:

_AN/AI) (népra/m/s)

2400 L
2000
1600
1200
800

400

Katavopn katd Maxwell - Boltzmann (Ma&yovel - MroAtlpov)

O Maxwell kot Boltzmann ybpw oto 1860, Tohd mtpv yivel @iktd va
petpnBohv TEWPARTIKE Ol TOYVTNTES TOV LopiV, LTOAIYIoAV BemPNTIKE THG
KOTOVELLOVTOL TAL LOPLOL EVOG aleplov OTIG SLAPOPES TOYOTNTES.

Y10 oynua 1.12 moapiotdvetot ypapikd n cuvaptnon dN/dv = f(v) tov
Maxwell kot Boltzmann yio N =10° pépra aldtov otig Ogppokpacicg 300 K
ra1 900 K.
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dN/dv (uopro/m/s)

200 —
160 T—
120 —
T,=900 K
80 —
1 | | H | | | | | | | U(m/S)
400 Uz 800 1200V v+dv 1600

Ty 1.12

Ot toydnTeg KoAvmtouy gupeia mepoyn. H cvvéptmon dN/dv teivel
670 Undév 6Tav v — 0 Kot 6ToY L — 0. H TaydTNTO TOV AVTIGTOYEL OTO PEYL-
GTO TNG KAUTVANG etvar 1) o mBavi TayvTnTae Kot cvpPorileran pe v, .

AVO GALEG TOYDTNTES TTOL TOPOLGIALOVY EVILUPEPOV EIVaL 1| LECT] TO-
XOTNTO L KoL 1 EVEPYOG TAXVTNTO L, .

H péon toydmmra v elvat n péomn T TOV TAXLTNTOV TOV LOPInY TOV
agpiov. Anadn av ot TaydTNTEG TOV Hopimv gival v, v,, ... Kot 0 aplOuog Tov
popicov N
U, +L, +U; + ...

N

v=
H evepyog taydra sivat

2 2 2

_ L, +U2+U3+....

Usv -
N

Yuyvd, o€ SIBPOPES KATAVOUEG, 1 LECT) TN €vOg peyéBovug tavtiletal pe v
mOovotepn T Tov peyébove. Tnv kotavoun Maxwell-Boltzmann 1 L givat
peyaAdTepn TGS L, Yot TpoPAEnovTal popla, £0TM Kot Alya, Le TOAD peyOleg
TayOTNTES (deV VILAPYEL Ave Op1o OTIS TaXVTNTES TV popiov). Ocov apopd
L., amodetkvieTor padnpatike Ot | evepyog T elvon peyaddtepn amd ™
péon tun (PAéne évBeto ot cehida 32). ‘Etot peta&d tov tpuidv Toyut)Tmv
TOV TPOAVAPEPOLE IGYVEL L, <L < V.

Av to TUAUO TOV EYEL KiTpvo Ypduo pmopet vo OewpnOel moporin-
AOypappo -kor uropei va Oewpndet av to dv eival amepootd pikpd- toOTE TO
euPadov tov eivar: doxdN/dv=dN dniadn diver tov apBud dN tev popinv
OV £YOVV TOYVTNTESG Ao L £mG V+dv. To epPfadodv wov mepikieieTar amxd TNV
KOUTOM] Kol ToV GEOVA TMV ¥ OiVEL TO GVVOMKO aplBnd TV popivv Tov
agpiov.

BAémovpe 611 6Tav 1 Ogppokpacio Tov agpiov vEAVETOL 1) KOPTOAN
petatomileTon TPog T 6eELA KO I KOPVON TNS YOUNAAVEL AVTO cvpPaivel
ywiti 660 av&averal n Oepuokpocio 0 aplOPdc TV popi®V oL EYOVV TaYXVTNTA
peyoAvtepn amd pio dSESOUEVT TIUN aEAVETAL, 1] LETATOMIOT OU®G TNG KOUTD-
g de&iotepa dtevpvivel Ty Paom g Kot, kabdg 1o ufaddv mov mepkAeiet
TOPOUEVEL AUETAPANTO (GUVOALKOG aplOUOS Hopi®V), 1| KOPLET TNG YOUNADVEL
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Xy 1.13 Xy e&drtiuon popo eyko-
TaAEITOLY TNV VYPT| PhoN HOVO Omd
™V EMPAVELD TOL LYPOV.

1-7 TAXYMIIEPAXMATA THX KINHTIKHX
OEQPIAY EXOYN EYPYTEPH EOAPMOI'H

H xwvntun Beopio avamtoydnke yioo va epunvedoel T GOUTEPLPOPE
TV aepiov. Opmg KOTow amd T0 CUUTEPAGLOTE TNG, TOLOTIKA TOVANYIGTOV,
LoYVOVV Y10 OAEG TIG LOPPES TNG VANG. To cupmépaciLa e TV upOTEPT EQAP-
poyn etvail n ox€omn avALESH GTN UECT] KIVITIKT EVEPYELD TOV LOPIOV KoL TN
Oepurokpacio.

%’ éva oteped TO LOPLOL AIOKOLV TO €VOL GTO GAAO 1oYLPEG OLVALELS,
LE OTOTEAEGLLO VO TOPAUEVOVY oTafEPA «depévay og Kamoleg 0éoeic. H povn
KIVIOTM TOV TOVG EMTPEMETOL EIVOL LLLOL TOAAVTMOOT YOP® OO TN GVYKEKPLLEVN
0éom Tovg. Av awéncovpe T Beprokpacioo TOL GTEPEOD, Ol TOAAVIMOELS TOV
popimv tov yivovtot wo évtoves (e HEYOADTEPO TAATOC), TAVTO OLMG YOP®
oamd Vv idwa B€om. BAEmovpe 6TL KoL €0M 1 KIVNTIKOTNTO TOV LOPIMV ovEAVEL
pe v avénon g Bepuoxpacias. Otav 1 Oeprokpacio TaPEL OPIOUEVT] TIUN
-mov TN Aéue Bepuokpacio 1 onueio ™MENG ToL GTEPEOV- T LOPLA TOV TOAN-
VIOVOVTOL e TOOM EVEPYELN DGTE VO LTOPOHV VA “EEKOAANIGOVY” amd TN Béon
touc. H opyavouévn doun tov otepeol KataoTtpépetol. To oteped THKETUL,
TEPVAEL ONAOON OTNV VYPY| Pdo.

H glogpioon Tov vypov

H dopn tov vypodv givar moAd mo kovtd ot doun tov aepiov an’ 6,T
o1n doun TV otepedv. ESd ta popia dev Eyovv cuykekpiuéveg 0€celg, ot duvd-
LES LETAEL TV poplmv OU®G eitval TOGO 1GYVPEG MGTE VO, L WITOPOVLE VOL TIG
ayvonoovpe. @a Eheye Kaveig 0Tt T LopLa Exovv v erevbepio va ta&idedovy,
Le S1hpopeg TahTNTES, GTO YMPO ToL KoTahapuPdvel To vypd. H elevbepia tmv
popiov oev givatl andAvtn OIS 6T WAVIKE 0EpLa Kot 1) Kivon Tovg dev givat
evBvYypapun opodn. [apdra avtd, ot TayOTNTES TV Hopi®V 6TA VYPE 0KOAOL-
Bobv katavoun mov potdlel apketd pe avtn tov Maxwell - Boltzmann ya ta
aépla. Avtd onpaivel 6Tt péca oto VYPod ThvTa VIAPYEL Evag aplBpdc popiov
OV £YOVV OPKETA PEYAAEG TAXVTNTES, TOL TOVS EMTPETOVY VO, “OPATETELGOVV”
amo TIG Slopoplakég EAEEIS Kol Vo, eYKATaAElyOLV TO VYPO and TNV eAevBepn
empaveld tov. [Ipdxkettar yio o pavopevo g e&dTuiong.

Avo mapatnpnoelg omd v kadnuepvr {on eraindedovv v vdbe-
o1 Lo,

a. Onoodnmote vYpod e€otuiletar evtovotepa Otav 1 Beppokpacio Tov
etvan peyarovtepn. (To podya oteyvdvouy ypnyopodTEPE TO KOAOKAIPL).
B. Orav e&atpileton £va vypd n Beppokpacio Tov TéPTeL. (Otav Kdmolog

&xel Tupetd Tov Palovpe KOUTPESEG e VEPO GTO OO0 TPOGHETOLLE
Kamoto vYpo6 mov eEatileTat ypryopa ot Oeppokpacio Tov dwpotiov,
(.. owomvevua), L’ omoTEAEGUA TO VYPO VO, SaTnpEiTOL dpocePD).

Eidape 611 6tav avEavel n Beppokpacio n KOUTOAN TG KATOVOUNG TOV
TOYLTTOV TOV Hopiov TV aepiov petatomileTatl Tpog To de&id. Avtd onuai-
vel 011, KaTd PHEGo Gpo, ol ToyLTNTES TV popiwv avEavovtot. KTt avaroyo
cupPaivel Kot pe TIC ToyOLTNTES TV HopimVv Tov vYpov. Eival Aoutdv avapevod-
pevo, 6tav Beppaivetal 1o vypo va avEdvetal o aplBUog TV Hopimv TG eAED-
Bep1g ETPAVELAG TOL VYPOV TOV £YOVV TNV OTAPAITNTI KIVITIKT EVEPYELL Y10l
Vo eyKaToAelyouv To VYPoO.

KafBmg ta mo ypryopa poOpld Tov eykataAeimovy 10 vypd, n péon Ki-
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VITIKN EVEPYELD TOV LOPIOV TOV ATOUEVOLY HIKPOTVEL ZOUQ®VO UE TN OYEoT
%mu2 = %kT OV GLVOEEL TN PECT KIVNTIKT EVEPYELL TOV LOPIOV TOV 100VI-
KOV agpiov pe ) Beprokpacio Ko, an’ 6,11 eaivetatl, 16X0EL TOLOTIKA KO Yo
T VYPAE, Elvar Kot Oe@pNTIKA AVOUEVOUEVO VO, YOYETAL TO LYPO.

Edv topa avénocovpe ™ Beppokpocion Tov vYpov, GTAVOVLUE GE pia
Oeppoxpacia, ™ OBepuokpacio 1 enueio (éoeme, oty omoio Evag TOAD Lie-
YaAog apOuog popimv amd 6Ao tov dyKo Tov Kot Oyl Lovo omd v erebbepn
EMPAVELL TOL OTOKTA TNV OTOPOITNTY KIVITIKY EVEPYELL Y10 VO EYKOTAAEIYEL
T0 VYPO. 'Eyovpe 10 parvopevo tov fpacpov.

H e&arpion kot o Bpaocudg givar 0o Lopeég Tov Patvouévov g eEae-
plOGNGg TOV VYPOV.

Ao To TpoNyovLEVA TPOKVTTTEL OTL OTO0ONTOTE VYPO, LE TNV TAPOO

oV ¥povov, Ba mpémel va efatuiebel TApws. O xpodvog mov Ba ypelaotel yU
avtd e€optatarl amd ™ Beppokpacio Tov mEPPUAAOVTOG, THV TOGHTNTO TOV
VYPoY, To eUPaddHV TG ehevBepng emPaveELdS TOL KAOMS Kat To 150G TOL LYPOL
(TOo0 1oy VPES glval o1 SLVALELS LETAED TV LOPiOV TOV).
Yrdpyet Opmg Eva eovopevo mov khovilel Alyo ) BePfardotntd pog. ['vopilov-
pe 6hot 0Tt gdv amofnkedoovpE £va VYPO PECH G £va UTOVKAAL IOV KAELveL
KoAG, 0Ga ¥pdvia KL oV TEPAGOLY, akOUn Kot av 1 Beppokpacio givar ynin
Kot 7o VYPO amd avTd Tov efatuilovran EVKOAM, TO VYPO HOG dEV TPOKELTAL VO
eotobel TAnpoc.

%’ avtd 10 001€E000 PTAGULE Y10TE GTOVS GLAAOYIGHOVE HaG OEV TTNPOL-
pe vdym katt Pacikd. Edv kdmolo popio Tov vypod pmwopoldv vo, S1opedyovy
oo 10 VYPO oynuotiloviag atud TAve and TV eAevOepT EMPAVELd TOL, YioTi
Vo NV umopet vo, suuPei Kot To avTicTpoPo, dSNAdT KATolo HOPLO. VOL TEPVOVV
oamd v aépla eacn oty vypn; EEGALOL To pavdpevo TG vVYpoToinong TV
atpov gival eEloov otkeio pe avtd g e&dtuong. Ot vopatpol TG ATHOCEUL-
pOg vypomolovvTot 6Ta TLAe OTaV aVTE givol KpUa.

"Eyxovpe Aoudv 000 avtoyovicTiKE QavOpeve, avTd TG EATUIONG Kot
VT TNG VYPOTOINGTG.

Orav vdpyet po SLVAIKT IGOPPOTIN AVAUESH GTNV EEATUION KOL TV
vyponoinon (n mocdtTa VYPOL o eEaTileTal elval ion pe TNV TOGHTNTA TOL
QTHLOV OV VYPOTOLEITUL GTOV 1810 ¥POVO), | TOGOTNTE TOV VYPOL Kol 1 TOGO-
TNTO TOV OTHOV TAV® amd TV eAevlepn) EMPAVELL TOV TOPAUEVOVY GTUOEPES.
AxpBdc avtd cupPaivel 6Ty TEPITT®ON TOV VYPOV UEGO GTO KAEIGTO UTOL-
KOAL

H toyvtro pe v omoio vypomoteitat o atpoc eEoptdrol and 10 1060
youUnAn givat n Oeppoxpacio Kot amd TNV TOGOTNTO TOV ATUOV TAVED 0o TNV
eAevbepN EMPAVELD TOV VYPOD.

Ortav n e&dton Kot  vypomoinon Ppickovial 6€ 16oPPOTIN 1| TOGO-
NTO TOV OTULOV oV PpioKovTol Tave amd TNV EMPAVELL TOL VYPOL gival N
HEYLGTN duvaTh Yo TIG OEJ0EVES GLVONKEG Kot TOV dtobéao ympo. Tote ot
oTpoi Aéyovtol Kopespévor.

ATOKOAOWOLE TOPO, EUUESA, EVO VEO TPOTO VO, ETITAYVVOVLE TNV £EG-
THION €VOG VYPOV, EKTOG O TO VoL ToL avéncovpe T Beppokpacio. Apkel va
OTTOULOKPOVOVLE GLVEXMG TV omd TNV eLe00ep TOV EMPAVELD TOVG ATUOVG
Y10 VOL EAOLYLIGTOTOLOVUE TO PALVOUEVO TNG VYpomoinone. Towg todpa kKataraPai-
VOULE V10Tl 0 KOAVTEPOS KaPOG Y10l VO GTEYVMGOLY TO ATAMUEVO povyo etvat
va kavel (Eotn aALd KoL Vo QUGEEL.
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Xy. 1.14 Z1o Bpacud popio eykarei-
TOLV TNV VYPY| PAcT and To cHVOAO
TOV OYKOL TOV VYPOL.



XYNOYH

I660gppn civor n petaPfoin oy omoia 1 Oepuokpacio Tov aepiov datnpeital otabdepn. O vopog TG 1660ep-
ung petaforng sivar

pV=octab. vy T =ot00.
Ioéympn ovopdaletor n perafoin otny omoia 0 Oykog Tov aepiov dratnpeitarl otabepds. O vOLOG TG 1IGOX®PNG
petafoing etvo

% = otad. Yo V =oc1a.

Ioofapnig ovopdaleton n petafoin oty omoia N wigom Tov aepiov dratnpeitar otadepr|. O vopog g 16oBapode
petafoing etvorn

¥ =otab. Yo p =otab.

H koractatikn €€ic@on cuvdéel TNy Tigon, Tov 6yKo Kot T Oepuokpacio 6g Eva 10aviKO 0EPLo.
pV=nRT
MokpooKoTIKd, 10aVIKé Oswpeital To aéplo 610 0moio N Kotaotatikn e&icmaon 1oydeL ThvTa.

MikpooKoTIKA, WWOVIKO Bewpeitar To 0épto Tov omoiov ta pdpia ivar VA onpeia wov dgv aAANAETOPOHY
Topd Lovo 0tav cuykpovovtal. Ot KPoOGELS TOVS e ToL GAAN LOPLOL KO LLE TO TOLYOUATO TOV doyeiov Bewpov-
VIOl EAICTIKEG.

H mieon mov aokel éva aéplo mov Ppioketol pEca o Eva doyelo 0PEIAETOL GTIG KPOVGELS TV LOPI®V TOV GTO.
ToLdMaTo TOL doyeiov. H migon Tov agpiov cuvoEeTan e T HECT) T TOV TETPAYOVAOV TOV TOYLTHTOV TOV
popimv tov, LE TN oYeEon

_ 1 Nmv’
3V

p

H Beppokpacio Tov agpiov GUVOEETAL LLE TN LECT TIUN TOV TETPUYDOVOV TOV TOXVTHTOV TOV LOPI®V LE TN GXEoN

T=21 Ly
3k\2

H péon kivntikn evépyela tov popimv Tov 10avikod agpiov eival avaioyn pe v amdAvt Beppokpacia.

1

—1’1’1\)2 =

2kt
2

H evepyodc taydmro Tov popiov 1ovikov aepiov eivot

= _ |3kT [3RT
L O S [_)2 =] _—= —_—
£V m M

To, popro vog aegpiov dev Exovv v id1o Taydra. Ot TaydTNTEG TOV LOPIOV KATO10G TOGOTNTOS AEPIOV GE
Oeppoxpacia T akorovBodv v kotavoun Maxwell - Boltzmann.

Ao v katavoun Maxwell - Boltzmann yia ta aépio umopodv vo, fyovv cuUmepdGHOTO TOV EPUNVEDOLY,
TOLOTIKG, POVOLEVE OTMG 1| EE0EPIMAN TOV VYPDV 1) 1] VYPOTOINGT TOV TUDV.
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APAYXTHPIOTHTEX

1. Emain0gvoete 10 vopo tov Boyle pe éva... kahopakt

Bubiote éva kadapdkt g moptoKalddag LEG 6€ Eva To-
™mpt pe vepo. Kieiote 1o emdvm pépoc tov pe Alyn mhactelivn (oy.
1.150). Bydite 10 amd 10 TOTpl. OO STICTOGCETE OTL EYETE TAPEL
pali cog kot po wosdtnTo vepoo.

[Tog To e€nyeite avto; [160M givor 1 Tieon Tov aépa mov Exet
eyKAwPlotel 6T0 KOAUAKL;

Avamodoyvpiote 1o Karapdkt. Topa o aépag wov Exet eykim-
Biotel éxel pikpotepo oyko. [1oon ivor thpa 1 wieon tov aépa;

Metpnote 6TIg 600 TEPIMTAOGELC TV TiEGN Kol TOV OYKO TOL
aépa Kot EAEYETE av 1oyveL | oxéon pV = cTab.

Tnv atpoceapikn wicon Oa ) Bewpnoete 1,013 10° N/ m?
Ko 70 €101K6 BApog Tov vepov 104 N/ m?.

Ym6dein: O dykog tov aépa oto kahopdkt eivar V, = LA ko V,

= LA, 6mov A n Swatopn} mov €xel o kodopdkl. H mieon mov dnuovpyel pia
oTHAN VYPOV, 6T Bdon ¢ eival eh (& 1o €101K6 Papog Tov VYPoL kot h: To
VYOG ™G 6TNANG ToL LYPOoV). Emedr] 10 KaAapdKl, GTO 0voLyTO TOV AKPO £)EL
KkéOe otryun mieon ion pe v atpoceoipikn (p), n mieon Tov aépa Tov givat
gyKAopBlopévog péoa 6to Kedapdkt givat p, = p —eh 6tav to avorytod dxpo Ppi-
okeTal TPog Ta KAt (o). 1.15B) ko p, =p + €h dtav Bpioketon mpog ta Tave
(oyx. 1.157).

2. Enmain0gvote To vopo g woofapoic petapfoirg

[Tapte éva KoAapdKt TG TOPTOKOAGSG Kol KAEIGTE TO £va (KPO TOL
pe miaoterivn. [lpoonabnote va 1o yepioete pe vepd. Oa damiotmdoeTe OTL TO
vepd mov Oa pifete dev yepilel 1o cwAnva aeov eykAmPileTor o oTRAN aépa.
BdAte to xadapdkl og Eva pumpikt pe vepo, e TO KAEIGTO TOL (KPO TPOG TA
Kat®. Me éva popkaddpo GNUELOGTE TO VYOS TG GTNANG TOV a€PA Y1 O1dpo-
pec Tég g Beprokpaciog (Bo ) Ppeite pe Eva BeppuopeTpo) Kot SoKIUAoTE

oV 1oYVEL T OYEoM % =ota. (Apkel va 1oydet % =otab. Twri;)

Inueioon: [Ipocoyn, un Pdiete to KoAopudkt oag o ToAd (eotd vepd. Eivar
ToAD Tlavo va mopoapopembel. EE dAlov og ynhég Bepuokpacieg n téon tov
OTULOV TOL VEPOL gival cuykpioun pe v mieomn Tov aépal.
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EPQTHXEIX

Nopotr tov agpimv

1.1

1.2
A
A 1.3
Xy. 1.18
14

[Towo amd to Topakdto dypdaupato avtiotolyei 1) oe wooPapr], Kot
2) o€ 16060gpun peTaPoAN;

p A\

B Y

. 1.17

H petapory ABTA mov mopiotdveton oto SmAavd  Sidypopipo
(oy. 1.18) amoteAeitar:

o) A6 300 106Y®peg Kat 600 1660epueg petaforés.
B) A76 300 1o0Bapeig Kot dVo 1600ep e peTaBorEg.
v) A76 300 100Papeig Kot 600 160 mPeS LETAPOAES.

No enthééete T 6OOTH omavTno.

Noa avtietotyicete T1g HeTtafoAég TG APIGTEPNG GTHANG GE GYEGELG TNG
de&14g otAANG.

1) [o60epun petafoirn o) % =otab.
2) lodywpn petafoin B) %: otab.
, , \%
3) looPapng petaforn Y) T ota.
d) pV =otab.

[Mocdtra aepiov Beppaivetan pe otabepod oyio. H mokvotntd Tov
o) Av&averar.

B) Mewovetat.

Y) Mével otabep.

[Tow andvinon sivor coot;
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1.5

1.6

1.7

pV

O e

Y10 dudypoppa p-V tov oynuatog 1.19 ot kaumoreg (1) kot (2) avti-
oTOYOLV OTIC 1600gppec petaforég VO OgPimV TOL TPAYLOTO-
momOnkav oty ido Oeppokpacio. Av n, ko n, Ta moles Twv 0o
aeplov ToTE:

o) n =n,

B) n,>n,

v) n,<n,

Eméére 10 0woT0.

[Toweg amd 115 emdpEVES TPOTAGELS EIVOL GMOTEC
o) H xotootoatikn e€icmon oydel povo av to aéplo omoteheiton
amo éva eidog popiwmv.
B) To aépra yio Ta omoia 1oyvEL N KaTooToTikn e&icmon ovoudlo-
VIOl WOVIKGEL.
, . , , . pV
Y) Ye oplopévn mocoTNTA W0VIKOD agpiov 1 TOPACTAOT —
napopével atadepn. T
) H xotactatikn e&icmon 1oydel LOVO GTO LOVOUTOMKE 0€PLa.

[owo and to emdpeva dtarypapaTa TUPIGTAVEL TO YIVOUEVO PV Oplopé-
VNG TOGOTNTOG 0.ePiOV GE GUVAPTNGT HE TNV amdAVTH BEPLOKPAGIa TOV;

pV pV pV

P

(1)

Ty. 1.19

1.8

A%

Xy. 1.20

Avo mocdTEG aepiov pe oplOud ypaupopopiov n, kot n, eKTEAOVV
woPapn petafory oty 0w mieon. Ilowo omd T TOPOKAT®

dtaypdupata gfvar 10 6woTo; (n, > n,).

v \Y

nlﬂn2
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Kwntu] Osopia

1.9
1.10

1.12

1.14

[og opiletor To 1OVIKO 0EPLO 0) LOKPOCKOTIKA Kot B) LIKPOGKOTIKA,;

[Toweg amd 115 emdOpEVES TPOTAGELS EIVOL GMOTEC

o) H Oeppokpacio evog aepiov eivor avdioyn pe T péon
KWVITIKT EVEPYELD TOV LOPI®V TOV.

B) H mieon evog aepiov glvar avaloyn pe tn péon taydTNTo TOV
popiwv tov.

Y) O evepyég toybNnTeg TV popiv Tov 0&LYOVOV KOl TOV
al@tov elvar ioeg, av to Vo aépla Ppiokovtal oty idwo
Oeppoxpacia.

) H drokt kivnon tov popiov tov aépa stvar mo “ypriyopn” to

KaAoKaipt amd 6,TL TO YEUDVAL.
Avo doyeia mepi€yovv o&uydvo katl vopoydvo avtictolya, otV idla
Oepurokpacio. H péon kivntikn evépyela tov popiov Tov vopoyovov
glvau:

o) ‘Ton pe ) péon Ktk evépyela Tov Lopimv Tov 0EVYOVov.

B) To Wwod g HEoNG KWNTIKNG EVEPYELNG TMV HOPIOV TOL
o&uyovov.

v) AmAGolo amd T HESN KIVNTIKY EVEPYELD TOV HOPI®V TOL
o&uyoévov.

d) Tetpamddoio amd TN LEST KIVITIKY| EVEPYELX TOV LOPi®V TOV
o&uyoévov.

Emiééte T oot amdvinon.

H wieon mov aoket Eva aéptlo givar avdioyn e

o) TN HEST T TOV TOYVTNTOV TOV LOPImV.
B) TOV OYKO TOL d0YElOVL TOL TO TTEPLEYEL.

Y) TNV TuKvOTNTO TOL aEPiov.

d) TNV mieon mov vIdpyeL EE® amd To doyelo.

EmiéEte T cwotr amdvinon.

Aéplo ovumiéletar 1660gpua 6To GO TOL apPyKoD Tov Oykov. H
evepyds TayOTNTO TOV HOPI®V TOL

o) duthooidleTar.

B) TopopéveL oTodepn.

Y) vrodmANGLALETOL.

d) To. otoyEie 0ev EMOPKOVV Yo VO KPIVOLUE v 1) €vePYOC

ToOTNTO LETAPAAAETOL KOL TTAOG.
EmAééte ™ ocwot andvinon.

[Moeg amd TG emdpeveS TPOTAGES TOV QPOPOVV GTINV KOTAVOUN

Maxwell - Boltzmann givol 60oTtég;

o) H xotavour| mopiotdveTol ypapikd o S1dypapLile. GTo 0Toio o
€vag A&ovag ovapEPETOL OTIG TaYVTNTEG (V) TOV HOpi®V TOV
aepiov ka1 0 GALOG GTOV aplOpd TOV HOPI®mVY TOV £XOVV KATOL0
ToOTNTO L.

B) H xatavopr Maxwell - Boltzmann d&iyvet 611 vdpyet Kémolo
0plo 6T PEYLOT TOYDTNTO TOV UTOPOVV VO, £XOVV TO LOPLOL
TOV agPiov o€ Kdamola Oeppokpacio.

v) To TeprocoOTEPO POPLO £XOVV TOYVTNTEG LEYOADTEPES OO TNV
TOOTNTO TOV OVTIGTOLYEL OTO UEYIGTO TG KOUTOANC.
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) H xotovopn tov toyuttov Tov popiov evog agpiov gival idia
v 6AES TIG TWEG NG Bepprokpaciog Tov agpiov.

1.15  Tog epunvevetar n erdttmon g Oepuokpociog gvog vypov Otav
eotpiletay

Nopotl Tov agpimv - KataotaTiK eicmwon

1.16  Aoygio otabepod dykov mepi€yel aépa o€ Oeppokpacio 27 °C kot wicon
1 atm. Ogpuaivoope 10 doyeio dote 1 Oepuokpacio Tov agpiov va
avénOel katd 60 °C. [1oon Oa yivel ) wigon;

[Am: 1,2 atm]

1.17  Aépwo Pploketor péca o€ KOTakOpLEo KuAvdpkd doyelo. To doyeio
Khelvetar pe epappootd éuporo, mlveo oto omoio TomoBeTovvTon
dwpopa otabud. To aéplo Pploketor oe Beppokpacio 27 °C kot
KotodapBavet oyko 0,20 m’ . Poyovpe to aéplo otovg -3 °C. Iotog Oa
glvat 0 véog dykog tov aepiov;

[Am: 0,18 m?]

1.18  Aopdtio el dootdoeic 4 mx 4 mx 3 m. H Ogppokpocio 6to dopdrio
gtvon 27 °C ko m migon 1 atm. No vroloyicete tov aptfpd tov mol tov
aépa oto dmpdtio. Atvovrat:

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

1.19  KvAwvdpkod doyeio e Sto0eppikd Tory®pUate pPAcGETOL LUE EPOPLOCTO
éuporo. To doyelo mepiéyet aépa migong 1 atm ko Ppioketon péca oe
Aovtpd vepol otabepng Beppokpaciog. ITélovue to €uPoro wote o
OYK0G ToL agpiov va ghattmbel ato 1/3 Tov apyikov. Yroloyiote v
TEAIKN T TNG TiEOTG TOL aepiov.

[Am: 3 atm]

120  2x10”° mol vdpoyévov Ppickovran e doxsio 6ykov V= 0,25 m’
oe Bepuokpacia 27 °C. Yrnoloyiote v mieon tov agpiov. Aivovrat:

R =8,314J/mol-K.
[Am: 0,2N/m’]

1.21  Aépo Ppioketar péoca e kKLAWVOPIKO doyeio. To mave uépog Ttov
doyeiov KAeivetan aepooteymg pe EuPoro. O 6yKkog Tov aepiov péca
610 doysio sivon 0,4 m®, n Beppokpacio 300 K ot 1) wison tov 1 atm.
MéCovpe 10 EuPoro MOTE 0 GYKOG TOv aepiov va yiver 0,1 m’ omdte
mapatnpovpe 01t N Beppokpacio tov €ywve 600 K. Ymoloyiote v
TEMIKN TiEOT TOV OEPiov.
[Am: 8 atm]
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1.22

1.23

1.24

1.25

1.26

370 gpyaoTHPLO UTOPOHV Vo ETITELYOOHV TOAD YOUNAEG TEGELS (VYNAD
Kevo), éo¢ 13x10""atm . Ynoloyiote tov apiBud tov popiov evoc
aepiov oe évo odoyelo 1 L oe ovty v mwieon kol o€
Beppoxpacio dopatiov (300 K). Atvovtor R =0,082 L -atm / mol-K,
N, =6,023x10 pépto / mol.

[Am: 3,18 x10° uopra ]

No vrmoloyiotel 1 mokvotnTa ToL dto&ewdiov Tov dvBpaxa e Oep-
pokpaoio 185 °C xat mieon 1 atm (latm=1,013x10°N/m?).
Atvovtor 1 ypoppopoplakn pdlo tov dro&ewiov Tov dvBpaxa
44x10” kg/mol «xat R =8,314 J/mol-K..

[Am: 1,17 kg/m?]

‘Eva aépro Oeppaivetor pe otobepn mieon. Na yiver m ypopikn
napdotoaon g oxéong p = f(0), dmov p n mukvoéTTa Ko O M
Oeppoxpacio o fabuovg Keioiov.

Ye Ogppokpoocio 8 = 27 °C kot wieon p = 10° N/m* n mokvomra
gvoc aepiov eivar 8x10™ kg/m’. No vmoloyiotel 1 ypappopoptak
tov palo. Atvetar R =8,314 J /mol - K.

[Am: 2x10” kg/mol ]

‘Eva. mol agpiov PBpioketon oe s.t.p. Aumhoacialovpe tv mieon
dltnpmdvtog  otabepny TN Beppokpacion KOl OT GLVEXELN
tpumhacialovpe tov Oyko dwtnpovtog otabepny v mieon. Na
vroAoYiceTe TIC TEMKEG TIEG Tieons, Oykov, Beppokpaciog Kot vo
TOPOCTNOETE YPAPIKA TG LETAPOAEC TOL aepiov og dEoveg p-V, p-T kot
V-T.

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

Kt Osopia

1.27

1.28

1.29

Bpeite 1ig evepyég taydmreg (v, ) tov popiwv tov He o twv
vdpatudv otovg 27 °C. Ot avTioTOlEG YPOUUOUOPLOKES Haleg etvat
4x10” kg /mol kar 18x10” kg / mol .

Atvetu R =8,314 J/ mol - K.

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

Evvid opoto copatidw éxovy taydmreg 3, 5, 8, 8, 8, 12, 12, 16, 20.
O\ec ot tayunTeg sivan petpnuéveg oe m/ s. Ymoloyiote:

o) TN HEGT TayOTNTE TOVC.

B) ™V €vepYo TayHTNTA TOVG V.

[Am: 102 m/s 11,4 m/s]

Yrnohoyiote v evepyd TohTNTA TOV OTOU®V TOL LOPOYOVOL GTINV
empdvela Tov 'Hiov dmov 1 Beppokpacio eival 5800 K. Atvetar 6t
YPaUROoTopKY nélo Tov VpoydvoL givar 1x107 kg / mol

kot R =8,314 J/mol-K.

[Am: 12028 m / s]
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1.30

1.31

1.32

1.33

1.34

1.35

ITPOBAHMATA

[Moca prardvia dykov 3 L pmopovpe va @OVGKMOGOVLE LLE TO A0 TOV
nepEyeTan o€ PLaAn dykov 12 L; To Ao ot @éAn Ppicketon vd
nieon 120 atm, evéd ota pmodovia vd wieon 1,2 atm. Ynobéote 6T1
QLOAN Kot To prodovia Bpickovol otnyv id1a Oeppokpacio.

[Am: 400]

O AenTOG KATAKOPVPOC GOANVAG TOL oynpotog 1.22 kAetvetal amd puo
GTaYOVO VOPUPYLPOL X Kot 6To TUNHa AX, Hyovg h = 27 cm, mepiéyet
aépa Beppokpaciog 8 = 27 °C. [16co Ba petakivnbel n otaydva av i
Bepuokpacio tov aépa yiver 8 = 127 °C. O dykog tov cwAiva d¢
petafdAietar pe v avénon g Beppokpaciog.

[Am: 9 cm]

Kvolvopwd  doyeto, pe tov G&ovd tov KaTOKOPLPO, KAElveTO

OEPOGTEYMOC GTO TAV® LEPOG TOV e EpPoro dtatoung A = 0,02 m’

kot Bapovg w = 374 N. To aépro pésa oto doyeio katorapupdavel 6yko

0,01 m? ko Bpioketar og Oeppokpacio 27 °C. H atpocoaipikn mieon

gtvaw p,. = latm.

o) [Toom eivon | Tieon Tov agpiov;

B) [T6c0 Ba avénbet o dyKog Tov aepiov, av 1 Beppokpacio Tov
yiver 207 °C; (latm =1,013x10°N / m?)

[A7: o) 1,2x10°N/m’ B) 0,006 m?]

Aoyelo o0ykov V, mov mepléyel 0€pa, £xEl OTO TAVE UEPOG TOV
oTPOPLYYO. ApYIKA T OTPOPLYYo €lval ovoryti Kol O aépoc TOV
doyelov emkowvovel pe 1o mepdiiov. H atpoceaipikn micon sivon
p,. = latm. Ogppaivovpe To doyeio, pe avoyyt Tn oTPOPLYYO, HEXPL
n Oeppokpacio oto ecmtepkd tov va yiver 410 K. Kheivoope
oTpoQLYYQ, Tomobetovpe 10 Ooyelo oe Aovtpd vepol - mdyov. Na
voAoylotel 1 TEMKN TiEon oTo €0®TEPIKO TOL doyeiov. H
Oeppoxpacio onv omoio cuvumdpyel vepd Kot tayog eivor T =273 K.
[Am: 0,66 atm]

O kdvAvdpog Tov oynpatog 1.23 yopiletal o€ dvo pépm, pEcm epPorov
mov Kwveiton ywpig tpifr. Xto tpnue 1 ewcdyovron 2 mg H, evd 610
2 ewwbyovron 8 mg O,. Ilowog eivar o Adyog |,/ |, oy xotdotaon
woppomiag;, To aépla otV KotdoToon 1ooppomiog Ppickoviat
otv id10 Ogppoxpacia. Ot ypappopopioxég pdleg yio o H, kar 1o O,
givon 2x10” kg/mol «or 32x107 kg /mol , avtictouya.

[AT: 4]

Avo doyeia pe dykovg V, = 0,3 L ko V, = 0,2 L ovvdcovtar ue Aento
cwvo opeAntéov dykov. Ta doyeia mepiéyovv aépa Beppokpaciog
T =300 K (oy. 1.24). Av&dvoopue 1 Beppokpacio 610 TpdTO doYeio
katd 100 Babupodg kot oto devtepo katd 50. Av n apyikn mieon NTov
| atm vo, vToAoyioTel N TEMKY TNG TIUN.

[Am: 1,26 atm]
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«— 5 —

(B)

—F

1.36  To wvAwvdpikd ooyeio tov oynuatog 1.25 éyer tov a&ovd Tov
KOTAKOPLPO, TEPIEXEL aEpa Kot KAgivetonl pe uporo. Otav 1o doyeio
tonofetOei pe ™ Pdomn tov mpog ta kdT® (oy. 1.250) T0 VYOG NG
othing tov gyKAwPiopévov agpa givor h = 40 cm. Av 1o doyeio
avaotpoesi (oy. 1.25B) to yog g 6THANG YiveTat hB = 60 cm. Na
vroAoyiotel to Bapog Tov gpPfdrov.

Aivovtat p,,, =1,013x 10°N/m* ka1 1 Statopn Tov epfdrov
A =10 cm’. H petaforsj 0o Ocmpndei 1660ppm.
[Am: 20,26 N]

H ENEPTOX TAXYTHTA TQN MOPIQN AEPIOY EINAI
METAAYTEPH THX MEXZHX (AIIOAEI=H)

‘Eoto 611 01 o0t teg Twv popiov eivar v, 6movi=1, 2,.....N

N
v +L, FLoy ]

YrevOouiloovpe 6Tt v=—t 2 TN o Ny

piCoop N N &Y
cat UEV:\/\),2+U§+ ..... +oy _ liof

N NS
Yympoatilovpe v TopaoToon
1 -’
A=E2(vi - U) Yo TNV omoia 1oyvet A >0
i=l1

H mapdotaom yphoetot e T pLopen

IR 2 A B
AZEZ(Ui —2u,v+v ) n

i=l1

PULE SN o IRWLE e
NED NSNS T

i=1
-1 g 1 /. —
A=02 —20— ) v +—(NU ) {
& N;' N N

P —2 -2 P -2
A=v,,-2v +V =V, -V

-2 —2
oung A>0 épa v, -v =20 g L2, >V
enedn v, >0 kat v>0 TEMKA

v, 2V

H wo6tta 1oydel povo oty mepintmon mov OAa o Lopto. EXouv TV idia
KoTé PETPO TOOTNTA, KATL TOV Yo pueydAovg TAnBucpove popiov eivol amo-

MTeg 0dvvaTo. Ao T padnpotikn eneéepyacio TG GUVAPTNONG e f(v)
L

7ov divel v katavoun Maxwell - Boltzmann mpokimtel, yio évo a€plo ypopL-
popoptakng palog M og Oepuoxpacio T, 6Tt

[2RT = / 8RT / 3RT
* M ™ v M
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I'TATI AEN YITAPXEI YAPOI'ONO XTHN ATMOXZ®DAIPA
THX I'HX

H xwvntn Bewpilo tov asplov pag emitpénel va eEnynoovpe yloti dev
VITAPYEL LOPOYOVO TNV ATUOGPALPa TG ['NG, otV omoia deomdlovv T0 0ELYO-
vo ka1 To AlmTo.

H epunveia oyetiCeton pe v todnta dtaepuyng omd m [, Kt mov
0o pog amacyolncet onv mapdypago 3-13 avtov tov fifiiov.

Orav éva copo dAdeTon amd éva onpeio g emedvelag g Img pe apykn to-
X010V KAVEL E0OVYpOpUN T KOUTLAOYpopun Kivion Kt ETGTPEPEL OE QUTH
(oyx. 1.26). Aev Ba eméotpepe ot I'm pHovVo av 1 apyikn Tov ToyOTNTO ETOLPVE
v Ty 11,2 km / s. Avt v toydtnte ™ AELE TaydTNTO S10pLYNAG OTd TNV
emeavela g I'ng. Xto vYyog tov 600 km, ota dpla dNAadn TG ATUOGPUPOS
g I'ng n tayvta dtpuyng £xet tipn 10,8 km /s (oy. 1.27).

H Oeppoxpacio g atpdceaipag oto vyog ovtd givar mepinov 1500 K. X

Oeppoxpacio v, OTOG TPOKLTTEL ANO TN GYEON L, = /% TO. LOPLO. TOV

o&uydvov Ba etyav evepyo taydmra 1,1 km / s Kot to popia Tov voPoyYOVOL
evepyo toyvtnta 4,4 km / s.

Ag vroBécovpe 6T 67 avTd TO VYOG Ppiloketal po TocoTNTo N popi-
oV 0&uyovou kat N popiov vdpoydvov. Ao TO SIUYPOLLLO TG KOTOVOUNG TMV
TayvTNTOV Katd Maxwell - Boltzmann, yio ta dvo aépia (oy. 1.28) mpoxvmntet
OTL, TPOKTIKA, KOVEVO LOPLO TOV 0ELYOVOL Ogv £yl TahTnTa ioM He TV TO-
YOTNTO SLPVYNG KoL £TGL OAN M TOGOTNTO TOV 0ELYOVOD TOPAUEVEL GTI YV
atpoceatpa. Avtifeta, vrdpyel peydlog apBuds popiov vopoydvov ta onoio
£YOUV TaYVTNTES LEYAADTEPES amO TNV TOYLTNTA dPLYNS. DVoKE dE daPeD-
Youv OA0L aVTA TO LLOpLa. Alagehyovy LOVO eKEIVA TOV 1 TOYVTNTA TOVG £YEL TOV
KOTAAANAO TPOCUVATOMGO, UE TNV TtpoDTtodeon OTL 6g GuyKpovovTaL PE GAN
uopa.

dN/dv (pop/m/s)

T=1500 K

1,1 4.4 10,8 v (x10°m/s)

Ty 1.28

Y10 Stdotnua tov 4x10° eTdv TOV TEPAGHY 0O TOTE TTOL SMLIOVPYON-
KE TO TAOVITIKO LOG GUGTNUO, TO VOPOYOVO OV VITNPYE APYIKA, SLoeOUEVO GTA
OVMTEPO GTPMLOTA TNG OTUOCPALPOCS, SIEPVYE GLY(L - GLyd 0O TO BopuTiKS TTESIO.
Hopatipnon: Me tov 1610 tpomo eényeitar yioti 1 ZeAvn -otnv omoia 1 To-
YOTNTO SLPLYNG amd TNV empavela eivor 2,37 km / s- dev €xetl kaBOAov aTpod-
opotpa Kot yoti 6tov Apn (taydnta dStopuyng omd v empdveilo 4,97 km / s)
N aTHOGPaALpa givat TOAD apor.
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Xy. 1.26 Eqv 10 ocopa PAndei pe
ToYOTNTO LIKPOTEPT] OO TNV TO-
XOTNTO SPVYNG EMOTPEPEL OTIV
em@avew g I'ng.

%0@} 5
v/o" ~
A ~

Xy. 1.27 Eqv 10 oopa PAndei pe
ToyvTO peyoAvtepn M iom amd
™MV ToOTNTO SLLPLYNG Kot 1 Koi-
evhuvon ™G apyKNG TayLTNTOG
etvor katdAANAN, TOTE Sl0QELYEL
OPLOTIKG GTO S1GGTNLLOL.







OEPMOAYNAMIKH
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2-1 EIZATQI'H

O 06poc Beppoduvapkn Tpoépyetar amod TG EAMNVIKEG AEEe1C BeppoTn-
TOL KOL QUVOL).

Av Kot 1 TpdTN BEPLUKN PNyovY], TOL Eival 1GTOPIKE YV®OTY), KOTO-
okevdotke and tov Hpwva tov AkeEavopvd mepimov to 100 p.X., apempia
Yo TNV ovATTULEN TNG BEPLOSVVOLIKNG GTAONKE 1 €PEVPESN TNG ATUOUNYOVIG
Kol 01 TPOGTADEIEG TOV aKoAOVON GOV Yo Tr BeAtioon kol TEAElOmOINoT TV
UNYovoy Tov petétpemay T Oepuotta oe w@édipo €pyo. H Beppoduvvopikn
LEAETAEL TN LETOTPOTN TNG BEPUOTNTAG GE LUNYOVIKO £PYO KOl TOVE TEPLOPL-
oHoVE oL M VO™ ExEl EMPBAAEL.

Amo TV €Oy MOV EQEVPEBNKE 1 TPATY ATHOUNYOVY HEXPL
onpepa £xovv mepdoet oA ypovia. H mpdodog g Beppodvva-
KNG 00N YNGE GTNV KOTAGKELT] OA®V TOV GUYYPOVOV BEPLUKDV
unyovov, Bevivokvntipov, TETPEAUOKIVITIPOV, KIVNTHPOV
0EPOCKAPDV, UTLOGTPOPIA®Y.

2-2 OEPMOAYNAMIKO 2Y2XTHMA

210 KePAAOo ovTO o ¥pNoYLOTOOVE GLYVA TOV Opo Ogp-
podvvapkd cvotnuo. I'evikd, edetnuoe eivor €va Tunpo Tov
QLGIKOV KOGLOL oL OlaympileTor amd Tov VIWOAOITO KOGHO LE
TPAYLOTIKA 1] vonTd toy®pata. O vTOAOImog GLGIKOS KOGHOG
omotelel To TEPPAALOV TOV GLGTAUOTOC.

Av katd ™ HEAETN EVOG GLUGTNHLATOG, YO TV TEPLYPUPN TOV
YPNOLOTOLOVUE HLOVO HEYEDN TNG UNYOVIKNG, .. OOVOUN, ToyD-
NTO, EXLTAYVVOT), OPUN K.AT. TO GOGTNLLO XopaKTPILETOL [Ny OvL-
KO. XNV TEPIMTWOOT TOV Y10l TNV TEPLYPAPT] TOV YPTCLOTOLOVVTOL
Kot Oeppoduvapukd peyédn, ommg Bepudtra, Beppokpacio, E6o-
TEPIKT EVEPYELD KOl AAAQ, TO GUGTI A YopaKkTnpileTol Oepprodv-
VOULKO.

Ew. 2.1 Zyéd10 t0v aTHooTpOBAoy TOV ETVONGE O
apyoaiog EAAnvog epevpétng ‘Hpov (AleEdvopetra,
nep.100 p.X.). To doyeio eivar KAEIGTO Kot EMKOV®-
Vel [Le T 6Qaipa [LE TOVG dVO KOTOKOPLOOVG GCOANVEC.
Me Bpoopd vepov mapayeTan oTiog 6To d0)EI0 IOV E1-
GEPYETOL OTTO TOVG GOANVEG 6T GQOipa Kot eEEpyETOAL
He peydAn toydmro amd to dVo akpoevoto BETovtag
GE MEPIGTPOPY| TN COAIPOL.

Epeic 6a acyoinBovpe pe ta amiovotepa Bepoduvapikd co-
oTLOTa, ONANOT aépla oL Ppickovtal Héca e doyeln GTO E0M-
TEPIKO TV omoimv dg yivovtol ynukéc aviopacelc. 'Eva tétotlo
ocvotnuo Ba yopaktpiletor Oepikd povopévo 1 amid povm-
REVO OV TO TOLYMUATO TOV O0YEIOL OEV EMTPEMOVV TN LETAPOPA
BeppdTToc amd To 0€PLlo TPOG TO TEPPAALOV 1) AVTIGTPOPO.

2-3  IXOPPOINTA GEPMOAYNAMIKOY XY2XTHMATOX

INo va meprypaget éva Oepuodvvapukd cdotuo xpetdletot va yvopi-

{ovpe kdmola otoryeia Tov. o mopddeypa, optopuévn TOGOTNTO, OEPIOL TOV
Bpioketol og éva doyeio pumopel va meptrypapet av yvopilovue tov 6yKo Tov, T
Oeppoxpacio tov Kot v wieon tov. Ta otoryeio avtd ovoudlovtol Ogppodv-
voukés petafantéc.

36



O 06yKog, n Tigon Ko 1 Oeppokpacio opIoUEVNS TOGOTNTAG OEPIOVL GYE-
tilovtar petadd tovg pe v Kataotatikn e&icwon. o va meprypdyovpe v
KOTAGTOOT GUYKEKPIUEVIG TOGOTNTAG Alepiov apKkovV V0 amd ovTd 0P TO
Tpito TPoKVTTTEL OO TNV Kataotatikn e&icworn. Ot 6vo mo6dTNTEG TOL Eival
WKOVES YO TNV TTEPLYPUPT] TS KATAOCTAGTS OPLOREVIIS TOGOTNTOS UEPIOV
amoTELOVV TIG aveEapTNTES 0EPROdVVIPIKEG NETAPANTES TOV GLUGTINOTOG.

Ortav 6’ éva Beppoduvvapikd cvuotnua ot OepLoduVVaIKES LeTafAnTég
OV TO TEPLYppovv draTnpovvtal otafepés e TO XpOVO, TO cLGTN A Ppioke-
Tal 6g Katdotoon Oeppodvvapkig woppomios. e avtiben mepintwon 1o
oUGTNHO LETAPAALETAL.

Ewdwotepa, Aépe 01t

pw TrooodTTO agpiov Ppioketon og kKoTAoTOON OEPppROdVVAUIKIG
6oppomiag -1 amha woppomiac- 6tav n wicon (p), n TukvétTnTa (p)
Kot 1 Ogppokpacio Tov (T) égovv Tnv id10 TP 6€ OAN TNV éKTOON
0V agpiov.

A B
T, po po T, p; p;

H xotdotacn Oeppoduvapikig 16oppomiog evog aepiov PTopel va. mopo-
otafel ypopikd pe Eva onueio o GHGTNIO GUVTETAYLEV®V LE GEoveg dVo avedp-
™mreg OepUOSLVOALIKEG PETOPANTEG TOV GVGTAUATOC. AV TO GhoThIO dE PpiokeTat
0€ 160PPOTIN 1 KOTACTACT TOL OgV Umopel va. armodobel ypapikd apol dev pmo-
povUE VO LMANGOVLE Yoo TTigon 1| Ogppokpacio Tov cvatiuatoc. H mieon kot n
Oepuokpacio £Xovv SLPOPETIKES TIEG GTO SLAPOPA CTLELC TOV O.EPIOV.

H xotdotoon Ogppodvvapikis toopponiog evog GLGTRATOG NTo-
pel va mapaotadel ypagwd pe évo onpeio. ‘Eva cvotnpo wov og
Ppioketal o€ 160ppoTia OEV TUPLGTAVETAL YPAPLKA.

2-4 ANTIZTPEIITEX METABOAEX

Ortav og éva 0epproduvopiKd GUGTNILO TPOYILOTOTOLEITOL Lo LETABOAN
oALalovv 1060 10 cHGTNUE OGO Kot TO TEPPUAAOV TOL GLUGTILOTOC.

AvTioTpenTi] ovopdleTan ekeivn  petafoin] Kot TNV omoia vdp-

YEL M OVVATOTNTO ETAVAPOPAS TOV GVGTILOTOS KUL TOV TEPLPAALO-
VTOG OTTV OPYLKI] TOVS KOTAGTOO).
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2y. 2.1 (o) To aéplo Bpioketon og
Kotdotoon OeppoduvapKnG 16op-
pomtiag. (B) To aépio d¢ Ppioketal oe
Kotdotoon OeproduvapKnG 16op-
pomtiag. H Oeppokpacio, 1 mieon kot
1 TOKVOTNTA OEV £YOVV TNV 1d10 TN
og OAN Tov TV éktacn. (Y) To aépro
Bpioketor o€ véo KOTAGTOGN 1G0P-
poriog.

p
Pip------------ CIJ B

A :
Popow-n- © :

Ta T, T

Xy. 2.2 H apykn xatdotoom Tov oe-
pilov Tov oynuatog 2.1 mapiotdveron
e évo onpeto To A Kot 1 TEMKN Ko~
TdGTOoY TOV, MOV Efval KOTAOTOGN
weoppomiag, e o onpeio B.



Ew 2.2 Tw 10 afyd ™mc potoypa-
olog dev vIhpyEL Kapd dSuvoToTn T
Vo emavELDEL GTNV 0PYIKT TOVL KOTE-
GTOON.

Xy. 2.3 [Melovpe andtopo to Eupo-
A0 ®oTe TO 0épro va petafel otnv
katdotaon B. H petafoin dev etvar
OVTIGTPENTH. ZTO SdypapLpo propel
va mapactadel pdvo 1 apytkn kou m
TEMKN KOTAOTOGN TOV aepiov.

O petaporég otn @ovon ogv givor avriotpentés. H avtiotpoen mo-
peia evog eatvouévou givar ovtd mov o PAETLLE GV KIVILATOYPAPOVCULLE TO
Qovopevo kat moilope TV Tovio ovamoda - Tpog Ta wicw. Eqv kivnuotoypo-
eovoope Eva kepl mov kaiyetot Bo Tav amodekt 1 avtictpoen Topeia, dnio-
oM éva kepi mov 10 puNKog Tov avédvetar, H avtiotpoen mopeio oty avémtuén
evoc eutov Ba fTav To PLTO va pKpaiver péxpt vo Eavayivel omdpos. Eipoote
TG0 £EOIKEIMUEVOL LE T 1] AVTIGTPETTOTN T TOV UETAPOADY GTI OGN DCTE
N avticTpoeTn Topeia EVOS patvouévoL eaivetal va Tapafialetl v Kowvn Aoyt
K1.

Opwg, M évvora g avtioTpenTi|g petaforg sivor ypriowun. Ecto
romdv, éva aépro mov Ppicketal péca oe KOAVOPo. O kHAVOpog KAEIVETAL GTO
Tévo PEPOG ToL pE epapprooto EuPolro. To aépilo péca oto doyeio PpiokeTarl o
wooppomia. H Oepuoxpoacia tov eivan T,, o dykog mov kotarauPaver V, kain
mieon mov aokel p,. Oo peTaBGAOVUE TNV KOTAGTACT TOV AEPIOV MOTE O OYKOG
oV vo. petwdel og V koun mieon kou n Oeppoxpacio va mapovy teAcd T1g TIHES
py ko T,

Ao TOVG TOAAOVG TPOTOVG LE TOVG OTTOIOVE UTOPEL VO, TTPOLYLOTOTTO-
Ogi n petaforn emléyovpe SO aKPOIEG TEPITTOCELS:

Yy apdt méElovpe andtop To EUPoro MGTE 0 OYKOG TOL aepiov va
pewmbel oy embBounn T Ko TEPUEVOVUE UEYPL VO amokatactadel 1op-
poTio. 6TO aEPLO. X1 SGPKELD TNG HETOPOANG OVTAG TO aéplo PpiokeTal o€
avatapoyn, N wieon kot 1 Oeppokpacio Tov dev etvar idieg g OAN TV £KTOON
TOV KOl EMOUEVMG OEV UTOPOVLLE VOl TTOPUGTICOVLE TN UETAPOAN] GE SIAYPOLLLLOL.
e dbypoppo umopei va mopaotadel povo N apyikn Kol 1 TEAMKN KOTAGTOoN
oL agPiov, TOV Elvol KATOGTAGELS 1IGOPPOTING.

- —

p

o

° >
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21 0g0TEPN TEPIMTOOT PlyYVOVUE TPDOTA AlYOLG KOKKOLG GOV TOV®D
070 £uPolo. Avto Ba peldoel ELdylaTa ToV 0YKOo ToL aepiov. [lepiuévoupe Aiyo
®oTe va 160ppomncet To aéplo. H véa katdotaon icoppomiog fpicketal Tody
KOVTA GTNV opyIKT. Av ametkovilople Ypapud T vEo KaTAoTOoT 1I60ppomiog Oa
TPOEKLTITE EVOL GNUELD TOAD KOVTA GTO oMpeio TOL AMEIKOVILEL TNV aPYIKT KO-
TAGTAON 160PPOTIOG. TN GUVEXELD PlYVOLLLE TAAL AiYOVE KOKKOVG GOV TV
070 £UPoro, LEIDOVOVTOG KOO AlYO TOV OYKO, TEPIUEVOVE TTOAL VO, OTOKO-
taotabel Kotdotaon 1woppomiag, K.0.K. Eravaiappdvoviag cuveydc avt
dradtkacio PEPVOVE TO GOGTNLO GTNV TEAKT KOTAGTOGT.

Kotd ™ owpkela avtig g petafornis To cvotnpo aEPVAEL 0o
OL0O0YIKES KUTUGTAGELS TOV UTOPOVUE VO TIS Oempricovpe KoTOoTAGEG
16oppomiog.

Kéfe o and avtég pmopet va mopactadel ypapikd pe Eva onueio.
E@ocov 1 pa kotdotaon 1coppomiog Sadéyetal Tnv GAAN, Ta onpeio 6to 01d-
ypappo 0o Ppickovial To Eva dimha 6To GALO [LE OMOTELEG O, VO OT|LLIOVPYEITOL
L0 YPOUUY TTOL EEKIVAEL OO TNV OPYIKT KATAGTOOT Kot 00NYEl 0TV TEAKT.
Me avtioTpo@ovg YEPIGHOVE, aPUPOVTOS dNAadn Gupo arnd to EUPoro, To
cvotnuo Bo 0dnynoel TAL 6TV 0PYIKH TOV KATAGTOOT).

; T\

=S CE—— A\

H petafoln mov meprypdyoape amotehei pio e€davikevon, ogv eivat duvatdv
éva cOoTNUO Vo, BpioKeTal S10pK®OG GE 1GOPPOTIO KOl TOVTOYPOVA GLYH - GLydL
Vo LETOPAALETOL.

Mo, této10 €E100VIKEVUEVT] HETAPOAT KOTA TNV 07T0l0 VO GOGTNLO.
petapaivel 0o po apytkn KaTdoTaon 6€ PId TEAKT PEGE® d10.0 0 LKAV Ka-
T00TAGEOV 1ooppomiog 0o TNV ovopdlovpe avrioTpenti). Mo TéTOW0 PETA-
Boin givar duvaTov va Tpaypatomon el kKo avticTpoPa.

Mo avtioTpenTn HETUPOAN] TUPIGTAVETOL YPUPIKA UE PO CUVEYT]
ypoppt. O pn avriotpentéc petaforéc 0ev pwopovv va To.pucTa-
0ovV Ypa@ika.
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Xy. 2.4 IIpocOétovpe oto éuporo
0py6 KOKKOLG GLLUOV LEYPL TO 0é-
pLO VO PTAGEL GTNV TEMKT KOTE-
otoon B. To aépio petafaivel amod
mv katdotaon A ot B péowm da-
S0YIKOV KOTOOTAGEMY TOV UTO-
polv va Bempnbodv KataoTAcELS
wopponioc. H petaporn avtn &i-
VO OVTIGTPETTN KOl TOPLGTAVETOL
e Hiol YPOLpLUn Tov odnyet and tnv
OPYLKN TNV TEAMKT KOTAGTAGN.



LR NN ’

.- ~

[RRY
T
o
(]

o

.- -~

I

Ax

Xy. 2.5 To 0£p1o EKTOVAOVETOL KOl TO £L-
Bolo petatomileton katd Ax. H ddvaun
F mov aoxel 1o 0épio oto Epforo mapd-
veL €pyo AW.

V, V+AV

Xy 2.6 e o toyoio ovVTIoTPENTY|
UETOPOAN TO £pYO KOTA TNV EKTOVM-
on tov agpiov amd oyko V, cg dyko
V +AV givar {co pe 1o gpPaddv g
EMPAVELNG LLE TO KITPIVO YPDOLLOL.

p
B
L} : V
A% \'%

Xy 2.7 Ze o toyodo avTioTpEnT)
petaforn To épyo Tov aepiov Katd
™ petafoin tov omd to A 610 B &i-
vat i6o pe 1o guPfaddv Kbt amd v

YPOLLLY TOV S0y PALLLOTOS.

2-5 EPI'O ITAPATOMENO AIIO AEPIO KATA TH
ATAPKEIA METABOAQN OI'KOY

'Eoto éva aépio og kOAMVOpo Tov KAgiveTal omd epaprootd Eupoiro. Ot
LUNYOVES ECOTEPIKNG KOOGS, Ol ATHOUNYOVES, Ol GUUTIEGTEG GTO YLYELD Kot TOL
KMUOTIOTIKG UNYOVIIOTO XPTOLLOTOL00V KATOL0, TTOPOAAAYT| TETOLOV GLGTI-
LLOLTOG.

KaBd¢ ta popio tov aepiov HEGO G6TOV KOAIVOPO GLYKPOVOVTOL LE TO
TOYOUOTO TOV KLAIVOPOL aioKovV duvapelg 6° avutd. Eoto F i oAwn dvvaun
7oV aokel To aéplo 6To £uPolro. Av to Euporo petaxvndel Tpog ta EEm KOTA
Vv moAd pkpn amodotoon AX, To £py0o TOL TOPAYEL 1] SVVOAUN TOV OOKEL TO
aépro gtvat:

AW =F Ax (2.1)

Av 10 guPaddv Tov UPorov eivar A kat 1) TtieoT TOV aEPiov P, 1oYVEL
F
=— q F=pA
p A n p

Kot M oyéon (2.1) yivetron

AW =p A Ax 2
Onaog A Ax=AV

omov AV n moAd pukpt| petafoin tov 6ykov tov ogpiov. ‘Etot umopovpe va
EKPPAGOLLLE TO £PYO TOL TTAPAYEL TO AEPLO

AW =p AV (23)

Xopewva pe ™ oxéon (2.3) to £pyo givarl BeTikd av TO 0EPLO EKTOVO-
vetal (av&dvel 0 GYKog TOV) Kol ApVITIKG av TO a£PLo copmiéleTor.
Ipocoyn: oto EuPoro pmopel vo ackobvTal Kol TOAAES GAAEG duvapelc. H oyé-
on (2.3) divel 1o €pyo ¢ dSVVaUNG TOV AGKEL TO AEPLO.

‘Eocto topa pio toyaio avtiotpentn LeTafoAN Katd TV omoia 1o aéplo
petafaivel omd v apyikn katdotaon A otny TeAKN Kotaotacn B (o). 2.6). Av
1 Béon (AV) g empavelog Le TO KITPIVO Yp®LLO 6TO GyNa. 2.6 ivol ToAD -
Kp1, N emeavelo propet va Bewpndel maparinridypappo. To epufaddv g, mov

1600TOL pE TO Yvopevo Baon xvyog=AV - -p =AW, divel to épyo tov agpiov
KOTO TNV EKTOVOOT TOV, 0o YKo V, og dyko V +AV.,

Av yopicovue TV ETIPAVELN KAT® OO TN YPOLUN TOV S0y PAUIOTOS
0€ OTOEUMOEIS TETOLEG EMPAVELEG Kot abpoicovpe ta eupadd Oo mhpovue T0
£pYyo TOL 0gPioV KOTA TN HETAPOAN TOL OO TNV KATACTOOT A GTNV KOTAGTOON
B (oy. 2.7).

To £pyo evég agpiov og pa avriotpentn petoforn sivor apOpunti-
K@ (60 pe 10 pPadov TG EMLPAVELOG 0TO T1] YPUPUT TOV SLaypap-
patog péypr Tov aéova V, ato owdypappa p-Vv.
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2-6 OEPMOTHTA

Av épBovv cg gnagn 600 coupato pe dapopetikes Oeppokpooieg T,
ko T, (T, > T,), petd and kamowo xpovo Ha arnoktmoovy idia Heppokpacio T,
netald tov Oeppokpoaciov T, ka T, (T, > T > T,). Gaiveron cav katt vo pe-
TaQéPeTaL amd To BepUOTEPO TPOG TO YLYPOTEPO CAOLN. AVTO TOL LETAPEPETAL
glval evépyeta.

H evépyerwo mov petagépetor AOym TG ow@opds Osppokpaciog
000 copatov ovopaletal Oeppotnra Kot cvpfoiriletar pe Q.

H Beppomra, og popen| evépyetog, oto SI petpiéton o Joule. ITo ov-
ynoiopévn povaoa tng eivor 1 Oepuida (cal and to calorie). 1 cal =4,186J .

pocoyn: H Beppodtra dev mpénet va cuyyéeton pe t Oeppoxpacio. H Beppod-
mro givor evépyeta evo 1 Beppokpacio stvat To péyedog Tov ETVONGOLLE Y10 VOl
HETPALLE AVTIKELEVIKA TGO (6T 1] KPLO lval Vo GO

2-7 EXQTEPIKH ENEPI'EIA

‘Eva aépto e vymAn migon €xel T SuvaTOTNTO VA TAPAYEL EPYO, ETOUE-
VG TO 0€PLo gUmePLEYEL evépyeta. Trv evépyeta avty Ba TNV OVOLLAGOLLLE E6M-
Tepkn] evépyera (cupPorileton pe U), yuo va tn dtakpivovpe omd omotadnmote
eEmtepikn| evépyetla umopel vo Exel o 0€pto (). T0 aéplo Umopel vor Exel Kot
KWWITIKT EVEPYELD AOY® HETAPOPIKNG Kivnomng mov exteel o doyelo péca 610
omoio Bpioketar).

ATO LUKPOGKOMIKY] GIOYN, 1| EVEPYELD TOV EUTEPLEYEL £VOL GVGTNLLOL
OPEILETAL GTNV EVEPYELN TTOL £YOVV T COMOTIOW TTOV TO amaptilovy. Ta popua,
TO GTOO 1] TO LOVTO, OTTOLOVONTOTE GAOUATOG, GE OTOLN PACT) KOl v BpiokeTon
(otepen, vypn M aépia) dapK®G Kivovvtatl. 'Exovy emopévmg Kivntikn evépyeta.
EmumAiéov, ota oteped Kot 6Ta vYpA T0 COUATION OAANAETIOPOLY HeTa&D TOVG,
EMOUEVMG EYOVV Kol SOLVOIKT EVEPYELQL.

Kda0e copa epmepiéyer evépyera, mov givol To G0polopa TOV gvep-
YELOV TOV GOUOTIOIMV TOV TO AToPTILOVV, O OTOTELEGO, TG GYE-
TIKNG TOVG Kiv|oNG OG TPOS TO KEVTPO RAL0G TOV CAOUATOS KOL TOV
OAMAETIOPAcE®V PeTASD TOVS. AVTI TNV EVEPYELD TNV OVORALOVUE
E0MTEPIKI] EVEPYELU.

H gooTepKi| evépyero. 100VIKOV aEPiov

To. popLor Tov 18aviKoy agpiov dev OAANAETIOPOLY HETAED TOVC, EMOLE-
Vg dgv Eyovv duvoutkn evépyela. H ecmtepikn evépyeta evog 100vikoD aepiov
OPEIAETOL OTIC KIVITIKEG EVEPYELEC TTOV £XOVV TaL LOPLA TOV Kot Elvart iom UE TO
GOpOIoU OVTOV TV EVEPYELDV.

H eowtepikn evépyeta evog 10avikov agpiov gival duvatd vo VToroyL-
oTel.

41



Xy 2.8 Zta (o) xou (B) éva aépro
cvotnuo petafoivel omd TV KoTd-
otoon A ot B e, dtapopetikd kabe
@opb, ovTIoTPENTO TPOTO. XT0 (V)
t0 1810 cvotnua petofaivet omd TV
kotdotoaon A ot B pe pun avtiotpe-
w16 tpomo. H petaforn dev pmopel
va mapactadetl ypoewd. H petafo-
M NG ECOTEPIKNG EVEPYELNG TOV
cuotnpatog efvar 1010 e Oleg TIg
TEPUTTMGELS.

Xy 2.9 Iocomta aéplov Oeppaive-
tat. To aéplo katd T dbpkeln ™G
petafoAng Tov mapdyet Epyo.

H péon xvntikn evépyela vog popiov 10avikov aepiov LIoOAOYioTNKE
oV mapdypapo 1-5 kot Ppédnke %m? = %kT .
Av 10 aép1o mepiéyel N popia, 1 ecmTEPIKN TOL evépyela Oa givan

UzNému2 =N%kT 2.4)

AMGEN =nN  6mov n 0 ap1Opdg Twv mol tov aepiov. Enopévmwg U=nN, %kT

Ko, av AdBovpe veoyn 6t N,k =R, tehéd

U=%nRT (2.5)

H (2.5) delyvel 011 1] €0OTEPIKN EVEPYELX OPIGUEVIIG TOGOTITOS LOAVIKOD
agpiov g€aptdTor povo amd tn Oeppokpacio Tov.

"‘Eoto éva dovikd aépto mov Ppioketon apyicd 6€ 1Goppomic. GTNV KATA-
otoon A. Av 1o aépio petafet og o dAAN katdotaon wwoppomiog B, 1 ecwte-
pkr| Tov gvépyela Ba petaPindel. Zopewova pe ) oxéon (2.5) n petafoin g
EGMTEPIKNG EVEPYELOG TOV alepiov EUPTATAL LOVO OO TV aPYLIKT) KoL TEAKT) Oep-
pokpacio Kot 6yt 0o TovV TPOTO oL TparypLoTomomOnke 1 petaBoir. 'evikdtepa
1N HETAPOAN TNV E0MOTEPIKN EVEPYELN VOGS BEPLOSVVOLIKOV GLGTUATOG EEUPTA-
To LOVO amd TNV OPYIKN KOL TNV TEAIKT] KATAGTOOT TOV GUGTHLLOTOG.

p p p
A A A

(CY) () 9]

H petafoin g ecmtepkng evépyelag evog Beppodvvapikov 6v-
OTNROTOG EEUPTATAL LOVO 0.TO TNV UPYLKT] KOL TV TEAIKI] KATAOTA-
G1] TOV GLOTIIATOG KL O)L 0T6 TOV TPOTO TOV TPAYRATOTOONKE
n petopfoin.

2-8 TIPQTOZ ®EPMOAYNAMIKOX NOMOX

‘Eva aéplo petafaivel and po apyikn katdotaon o pio GAAn. ‘Ecto
OTL KOTA TN OLAPKELN QVTNG TNG METAPOANG TO a€PLo amoppdPNnce Tocd Oeppod-
rag Q kot 0TL T0 £€pY0 TOL TaPdyEL TO 0€P10 KT TN HETOPOAN vt elvan W.

H Oeppdmra mov mpocpépbnke to aépilo petaoynuotiletol o evép-
YEWO GAANG HLOPONG. ZVYKEKPIUEVE, £VO LEPOC TNG MITOPEl va ypnoytomomn et
Y10 VoL 0VENGEL TV ECOTEPIKT EVEPYELD TOV 0EPTOV KOl TO VITOAOITO LETOTPETE-
TOL GE PNYAVIKO €PYO.

To 1066 g OepUoOTNTOG TOV TPOGPEPETAL GTO AEPLO, 1| LETAPOAN TNG
EGMTEPIKNG EVEPYELOG TOL ALEPTOV KOl TO £PYO TOV TAPAYEL TO 0.EPIO GLVOEOVTUL
peta&d toug pe t oyéon

Q=AU+W (2.6)
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H oyéon (2.6) amotedel Tov TpdTO OEppROSVVAIIKS VOLO.

To moc6 OcppoéTntog (Q) mov amoppo@d 1 amofdarrer £va Oeppo-
dvvapikd cvotnpa gival ico pe To aryefpiké dOporopa g pera-
PoANG TS €0MTEPIKNG TOV EVEPYELUG KOL TOV £PYOV TOVL TAPAYEL 1|
damTava To cVeTNNA.

O TpdTOC OEPLOSVVOUIKOG VOLLOG EIVOL ) EPOPIOYT TNG OPYNG OLOTH-
pNONG TG EVEPYELOG 6TN DEPLOSVVOLIKY.

To mapdaderypa mov axoAovdel amotelel Eva unyaviKd 16odHVALIO TOV
npmTov Beppoduvapikon vouov.

vePO TOL petafoin oty vepo oL
profvetom . moc6TTOVEPOD | £QUYE TPOG
defapevn ™mg dedapevig 70 3iKTVLO

=—> 7po¢ 10 SiKTLO
TPOPOSOGin

Av 10 oOoTnUa omoppoPd Beppdtnra, 1o Q 6N oYéon (2.6) glvar OeTi-
K0, ov amoPdAdlel Oeppotnta eivar apvntiko. H petafoin g ecwtepikng evép-
yelog etvar Betikn 6tav av&avet 1 BepoKpacGio TOV GLGTAOTOG KoL OPVITIKY
otav petovetat. To €pyo tov aepiov glvar BETIKO OTAV TO 0EPLO EKTOVMOVETOL KO
apvNTIKO OTaV GUUTIECETOL.

29  EOAPMOI'H TOY ITPQTOY OEPMOAYNAMIKOY
NOMOY 2E EIAIKEX ITEPIITTQXEEIX

A) I660epun avticTpenti) perafoin

‘Eoto o 1660gpun avtiotpentn Hetafforr] opiopuévng TocOTNTOG 0EPi-
0V omd ™V apykh kKatdotoon A, oykov V , otnv telkn kotdotacn B, dykov
V.

' H petafoin yiveton oe otabepny Oepuokpacio T. To oynua 2.11 mopt-
GTAVEL YPAPIKA TN LETAPOAT.

To gufaddv kGt amd T YPOUU TOV dypALOTOg ivol {00 [E TO

épyo mov mapdyel To aéplo. ATd Tov VIOAOYIGUO TOL eUPadoV, Tov dev givarl

duvatdv va Yivel Ympic T ¥pNon OAOKANPOUAT®V, TPOKVLTTEL OTL

W=nRT]n£
AY%

o

Enedf n Oeppoxpacio tov agpiov ¢ petaparietor, U, = U, emouévag
AU = 0, onéte 0 mpdTog Oeprodvvapukds vOrog, oty 1660epun petafoin,
TaipVEL TN LOPOT

Q=W i Q=nRT1n\\/,‘

o

v 1660epun ekTOVOON 640 TO TOGO BEPPOTNTOUS TOV ATOPPOPA
70 0EPLO PETUTPEMETAL GE UNYAVIKO £pYoO.
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Xy. 2.10 H de&apevn tpopodorteitol
oo Kdmowa YN Ko divel vepd oe
diktvo, péow aywyov. H de&apevn
nailel to poho Tov Oeppodvvapkon
ovotpatog. To vepd péoa ot de-
EQUEVT QVTIOTOLYEL OTNV E0MTEPIKT
EVEPYELD, TO VEPO TOL ELGEPYETOL
ot Oepudmra Kol TO VEPO WOV
e&Epyetat 6To PNYaVIKO €pYo.

p \A

I

I

I

: B

I I —T
I I

| |

\A V. \

Xy. 2.11 To dbypappo woplotdvel
™V 1660gppn eKTOVOGON €VOG aepiov
amd TNV OPYIKN KOTAoTOGoN A otV
el Kotdotaon B.



A

\%
Xy. 2.12 H w06ympn petaforn evog
aeplov and v katdotacn A otnv
kotdotoon B.

p

\Y A% A%

Xy. 2.13 H 1c0Papng petaforn evog
aepiov and Vv katdotaon A oty
katdotoon B.

o T

Xy. 2.14 To toyopoto Tov doyeiov
Kabmg kot To EuPforo etvorl amd po-
VOTIKO VAKO. XT1 J1dpKelo TG He-
Tafolng to aéplo dev OVTOALAGGEL
Oeppomra pe to TEPPAAAOV.

B) Ioéympn avtioTpenti) petofoin

'Eocto 1 160xmpn avTioTpent) HETOPOAN LIOG TOGOTNTAG Oepiov, omd
v Kotaotaon A oty katdotaon B. To aéplo Oepuaiveton pe otabepd dyko
kot 1 Oegppokpacio Tov av&averal. To oynua 2.12 TapioTdvel ypoeikd T peto-
Box.

Amo 10 oo paivetatl 6TL To £pyo Tov aepiov eivar undév. Avtd etvan
OVOLUEVOLEVO Y10TL £pY0 EYOLUE LOVO OTOV O OYKOG TOV 0EPIOL peTaPfdAAeTaL.
'Eto1 a6 tov mpdTo BgpHoSUVOIIKO VOO TPOKVTTEL

Q=AU

v 166yopn 0Eppaven 640 To moc6 BeppdTnTOg TOL ATOPPOPIGE
70 0£P1o ypropomomOnke yio TNV avénon TG ECMTEPIKIG TOV EVEPYELUG.

I Ioofapnc avtioTpenti] petafoin

‘Eva 0épro Beppaivetor icoPapidg amd v apyik| Katdotaon A, dyKov
V ., omv tehikn kotdotoon B, 6ykov V.. To oyfuo 2.13 mapiotavel ypopikd,
™ petaforn). To epPaddv KbT® amd T YPOLLLY| TOL dtarypappatog divel To €pyo
TOV aepiov.

W=p(V,-V,) 1 W=nR(T,-T,)

O TpdTOG OEPLOSVVOUIKOG VOLLOG TTOIPVEL TN LOPPN

Q=AU+p(V,-V,)

Yty woofapn 0éppaven éva pépog amd To 066 BepudTnTOS TOL
amoppoOPNGE TO 0EPLO Ul TO TEPLPALLOV YpnoLOTOL]ONKE Y10 TNV AOEN OGN
NG EGOTEPIKNG TOV EVEPYELUG KOL TO VTOAOLTO 0T006ONKE €K VEOL GTO Te-
ppdriov pe T popoen £pyov.

A) Adwpoatikn petafoin

Adwpatikn ovopalovpe T perafoir] kotd TNV omoia 6 cvvredei-
TOl PETOPOPA OeppdTnTOg 0T6 TO TEPIPAALOV TPOS TO GVLGTNUA 1|
ovtioTpoQa.

"Eotm éva 0€plo mov EKTOVAOVETOL LE AVTIGTPENTO TPOTTO HEGH GE OOYELD
ue éupoiro amd my katdotoon A (p,, V) oty katdotaon B (py V) (0. 2.14).
To doyeio Kot o £UPoro givol KATAGKEVUCUEVO £TGL MGTE VO UMV EXLTPETOVY
™V avtoAdloyn Oepromrag avapeso 6To aéPLo Kot 6To TEPPdAlov (éva T€To10
doyeio glvar to Oepudg mov ypNoLoTOlOVNE 0T, oTiTio pag). H petafoin avty
elvat P ovTioTpentn adtoPatikn LeTaBOAT.

O vopog mov diémet T petafoin etvon

pV' =otab. | [Nopog tov Poisson (ITovacov)]
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omov y évag kabapog aplfuodg, peyakvtepog g Hovadag, mov eaptdtal amd
TNV OTOUIKOTNTO TOV 0EPIOL Kot amd TO €100G T®V SEGUMV TOV GLYKPOTOVV TA
dropa 6to popto. [a tov apBud avtd Bo pidncovpe otnv EXOUEVT EVOTNTO.

Epappolovtag tov mpadto Beppodvvapxd vopo kot Aapfdavovtag vwod-
ym 611 Q = 0 wpokvITEL

0=AU+W | 7 W =-AU 2.7)

Yy adwPfatiki perafoin] to £pyo givon ico pe to avrtifeTo ™G
HETUPOANG TNG ECOTEPIKNG EVEPYELG,

Emedn ot petoPoln mov meprypdyape to Epyo givar Oetikd, and ™
oyxéon (2.7) TpokVTTEL OTL 1] ECOTEPIKN EVEPYELD LEIDVETOL, ETOUEVAS TO 0EPLO
YOYETOL.

To oynua 2.15 Tapiotdvel TV avTioTpenTth adlofatiky LETAPOAN TOV
neprypayape. Ereidn n tedkn Oeppokpacio eivol pikpotepn omd tny apyikn,
N KOUTOAN TG €EL peyolvtepn KAion amd v 1660epun mov mEPVAEL 0md TO
onueio A. Xty adafotikn HETOPOAN TO £pY0 UTOPEL VO, VTTOAOYIGTEL OO TN
oxéon

p.V.-p, V.

W: a
1-y

v tpaén otav éva aéplo cuumiECeTon (1] EKTOVAOVETOL) TOAD YpTyo-
PO, TOAD UIKPO TOGO BepUOTNTOG LETAKIVEITOL OO TO 0EPLO TPOG TO TEPPAA-
Aov 1 avtiotpoga. H diepyacio avth etvat oyedov adtafartiky]. Tétoleg diepya-
cieg oupPaivouy atov KOAVOpO Tov Bevivokivnipa.

E) Kvkhkn avtiotpenti] petofoin

Kvkiikn ovopalovpe po petaforn otnyv omoia 10 ovotnnoe. peTd
oo P S1EPYNcio ETETPEPEL 6TV 1010 KOTAGTOON).

To oynua 2.16 ToploTdvel o KUKAIKT OVTIGTPETTH LETOSOAN OPIGHE-
g mosotnTog aepiov. To aépio apyikd fpiokdtav oty KatdoToo A Kot LeTd
Omo Lo SlEPYUCio EMOTPEPEL TAAL GTNV OPYIKT KOTAGTAON A.

To épyo tov agpiov pmopel vo vroroyiotel wg ENg: To £pyo Tov aepiov
Katd TN peTafoAr amd 1o A oto B givar ico pe to epfaddv tov TUMIATOG TOL
elval oKlGHEVO e KOKKIVO Ko givar Betikd, yati to aéplo extovoverat. To
€pyo, katd ) petafoin amod to B 610 A, givat ico pe to epfaddv Tov TUHaTog
IOV E1VOL OKLAGIEVO LE TPAGIVO Kot Etvat apyvntiko yloti o 0€plo cupmiEleTat.
To £pyo tov agpiov 6g OAOKAN PN TV KUKAIKT LETABOAT TOV givol To alyeBpikd
aBpoicpa aVTOV TV £pYMV, elval 160 HE To UPfaddv Tov TEPIKAELIEL 1] KAEIGTN

YPOLLUT TTOV TEPLYPAPEL TN LETAPOAT.

p p p p
\Y \Y \Y \Y
o B Y 3
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Xy. 2.15 'Eva oéplo extovavetol
adtofatikd omd ™V apyIK KoTd-
otoon A oty tTeMKN Kotdotoon B.

Xy. 2.16 To oynuo o mopiotével
YPOQUKGL {10 OVTIGTPETTY] KUKAIKT
petaporn. To epPaddv g ypopott-
oUEVNG EMPAveLag 6To oynuo. B divet
70 £pY0 TOV Ogpilov KaTd TN petafo-
M A—B. To épyo katd ™ petafoin
B—A elvon kot’ oméivt Tipn ico
pe to euPfadov g YPOUATICUEVIG
EMPAVELNG GTO GYNUA ¥, | oAyePpL-
K1| TOL TN Opwg etvar apvnrikn. To
GLVOAKO €pyo TPOKVOTTEL OV Otd TO
eupaddv tov oynuotog Paporpé-
covpe 10 eUPaddv Tov GYNUOTOS Y.
Amd ™V 0Qaipeon avTi TPOKVHTTEL
70 eUPaddV mov mEPKAEiEL N Ypopn
10V dtypappatos (oy. J).



To olMk6 £pyo o€ puo KUKAIKI avTioTpenti] petafoin eivan ico pe
70 gufaddv mov mepikieieTor 0o TN Ypouu ToL S ypAppaTOS, 6T YPU-
Qw1 mapdotaon p-V.

Edv 1 xoicukn petafoin dtoypapotoy Katd Ty avtifetn eopd, yio va
VIOAOYiGOLLLE TO £pY0 Ba apatpovsape amd To LKkpd epPadov to peydro. Etot,
T0 GLVOAKS épyo Ba NTav apvnTkd. Emopévmg oe o avtioTpentn KUKALKN
petafoin, To £pyo gival BeTikd dtav 1 ypapiKn TapdcTacT) TG LETAPOANS dia-
YPAPETOL LE TN POPA TMV SEIKTMY TOV POAOYLOD KOl OPVNTIKO OTOV S1orypApETOL
pe v avtifetn eopd.

Emedn to aéplo emoTpépel 6TV apylKy TOV KOTAGTOGN, 1| LETOSOAN
OTNV €0MTEPIKN TOL gvEPYeLd sivar undév AU = 0.

Epappolovtag tov tpdto Oeppoduvapkd vopo 6ty KukAKn HeTofoAn €xov-
ue

Q=W

v KuKAMKi) petafoin n Ogppdtnto mov omoppod 1| awodiost 1o
0ép1o 160V ToL UE TO £PYO TOVL TOPAYEL 1] OUTAVE.

2-10 TPAMMOMOPIAKEZX EIAIKEX @EPMOTHTEX
AEPIQN

"Exet Bpebei meipopatikd 0Tt T0 T0GO OEPUOTNTOC TOL OTOLTEITOL Y10, VOL

avéndel n Beppoxpacio evog copotog palog m, katd AT divetar and T oyéon

Q=mc AT (2.8)

6mov ¢ givar N e1d1kn OepudTnTa Tov VAIKOD. TT0 VYPE KOl 6TO GTEPEE 1) E101KN
OepproTTo T0V COUATOG EEUPTATAL LOVO OTTO TO VAIKO TOV.

Av avtl v ™ pade Tov COUATOG YPNCILOTOMGOVUE TNV TOGOTNTA
oV 6€ mol, engwdn m = n M, 6mov M n ypoppopoprokn nalo, uropode va
ypyovpe  oxéon (2.8) pe m popen

Q=nMcAT 2.9)

To ywopevo M ¢ ovopdletol ypappopoploxi €01k Ogppotyra Kot
ocvpporiletar pe C. Avtikabiotdvrog To yvopevo M ¢ pe to C 1 oxéon (2.9)
yivetal

Q=nCAT

H ypappopoproxi ewdwkn Oeppétnra C, oto SI, perpiéton og J / (mol K)
Kol ekQpaler 1o mocé Oeppétnrag mov npénel va npocpepOel o 1 mol Tov
oONATOS Y10, v, avén0ei 1) Ogppokpocia Tov katd éva Badpd.

Evo n €101k1| Beppomto 6ta vypd Kot 6t ateped e€optdTon HOvo omd
TO VAIKO, GTO, 0EPLOL 1] YPOUUOHOPLOKN €101KT| Beprotnta e€optdton Kot omd Tov
TpOTO e TOV omoio Beppaivetal To aépio.

Amo 6A0VE TOL OLVOTOVG TPOTOVG LLE TOVS OTTO10VG Uopel va, BeppLav-
Ol éva aéplo, Kol TIC avTIoTOUYEG YPOLUOHOPLOKEG EWOIKEG BeprdTnTEG TOV
TPOKVTTTOVV, 1O1{TEPO EVOLOPEPOV TOPOLGLALOLY dVO, 1| Oépuavon pe otabepd
oyKo kot 1 0éppoavon pe otabepn mieon.
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Oéppovon agpiov pe 61a0egpd dyko

To aépio tov oynuatog 2.17 Bpicketal uéca og doyeio otabepov dykov
kot Oeppaivetal dote 1 Ogppokpacio Tov va avéndel katd AT. Av cupporicov-
ue pe Q,, 10 mocd BepuoTnTag mov amoPPOoPd To aépto kot pe C, ™ ypappopo-
pLok”] €101KN OgpproTTo Kotd TV 160)mpn ovt 0éppaven Exovue

Q, =nC, AT (2.10)

AoV 0 yKog ToL aepiov oe petafdAAreTal To £pYo TOL 0EPiov ivarl Undév.
Epapuolovrag tov mpadto Oeprodvvapkd vopo gxovue

Q, =AU (2.11)
H oyéon (2.11), Aoy® g (2.10), yiveton

AU =nC, AT (2.12)

[Ipénet vo TovioTel OTL EMELON 1) ECOTEPIKN EVEPYELL EVOG aiEepiov eEup-
TATOL LOVO Ao TV OPYIKN Kot TeAKT Oepuokpocio Tov agpiov 1 oyéon (2.12)
divel ) petafoin TG E0MTEPIKNG EVEPYELNG o€ KGOE mepinTmon mov 1 Oeppo-
Kkpooia evog agpiov petafariietar katd AT, pe 6molov TpOTO KUl 0V TPOYULOTO-
ToLElTOL AVTN 1) LETOPOAN.

Oéppovon agpiov pe otabepn micon

‘Eoto 611 1 1010 mocotTor agpiov Oepuaivetar wwoPapmg (oy. 2.18)
wote M Oepuoxpacio Tov vo petaPfindei kotd 1o 010 mocd AT. Av cvufoi-
covpe pe Q ko C OeproTnTO KO TN YPOUUOUOPLOKT] 101K OepudTnTO. TOV
aepiov otV woPoapn Oppaveon, pmopovue va. ypdyoope

Q,=nC, AT

To épyo mov mapdyet to aépto eivar W =p AV.
Amd v katactatikh e&icmon ggovpe p AV =n R AT, ondte ) yéom mov divet
10 £pyo yivetan

W =nRAT (2.13)
Amd tov mpmto Bgppodvvapkd vopo Q=AU+ W, av Adfovpe voyn Tig
(2.12) kou (2.13), mpokvmTel

nC AT=nC, AT+nRAT

Ul

C,=C, +R (2.14)

H oyéon 2.14 deiyver 6T1 1 Cp etvar peyardrepn omd ) C,, katd v mocdTTO
R.
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Xy. 2.17 Oéppavon aepiov pe oto-
0ep6 dyKo. O mhuévag Tov doyeiov
etvonr dwaBeppikde, smtpémer dnha-

oM ™ Hetapopd Beppotntag amd TV
eotia Béppaveng oto agpto.

2. 2.18 ®épuavon aepiov pe oto-
Oepn mieom.



Ynohoyiopdg Tmv Cp kol C,

3
H gowtepikn evépyela 1davikov aepiov divetar and ) oyéon U = En RT.Otav
n Oepuokpocio. tov aepiov petafdrrietor kotd AT 1 €0mTEPIKA TOL

evépyelo.  petofaAdeTon  KOTA AU:%nRAT. And ™ oyxéon (2.12)

TPOKVTTEL
nC, AngnRAT
apo
c, =%R 12,47 J /mol-K (2.15)
, 3
[No ™ Cp oy VEL: C,=C, +R:5R+R
omote C,= %R =20,78 J /mol-K (2.16)

H mocétta Yy 1OV GUVAVTAGOUE GTO VOUO TNG adtoatikng LeTABoANG
glvat 0 AOyog TV dVO YPOULOUOPIOK®Y EOIK®V BeppotiTev.

T0 v givo kaBapog aptOpog LeyoADTEPOG TNG LOVADOC KOl GTO 10AVIKA aépia
cOpPoVa pE TIC oxéoels (2.15) kat (2.16) &gt v Tiun y = y -
[No ta Tporypatikd agpio 1 T Tov Adyou C_p e€optaTotl omd TNV OTOUIKOT-

\Y%
TG TOV Kol TO €100 TOV SEGUMY TOV GLYKPATOVV TO, GTOO GTO HOPLO.

O wivakag mov akoAovOel divel TIG YPOUUOHOPIOKES EWOIKEG OEPLOTNTES OPIGLLE-
VOV 0eplov OTMG LETPNONKAV TEPAUOTIKG.

Tomog aepiov | Aépro “ & CCy =C/C
o PO (Jmol'’K) (Umol'K) (/mol'K) Y~
MOVO(X’CO]MKO He 12,47 20,78 8,31 1,67
A 12,47 20,78 8,31 1,67
Awortopkd H, 20,42 28,74 8,32 1,41
N, 20,76 29,07 8,31 1,4
O, 20,85 29,17 8,31 1,4
CO 20,85 29,16 8,31 1,4
Molwazopké | €O, 28,46 36,94 8.48 13
SO, 31,39 40,37 8,98 1,29
H,S 25,95 34,6 8,65 1,33
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[Mapotnpodue 611 N Bewpntikn npoPreyn yio to C,, Kot C, ne Baomn to
WOVIKO 0£PL0, CUUPMVEL ATOAVTO [LE TO TEPOUATIKE OEGOUEVO OV TPOKELTAL
Y10 LOVOOTOLIKO 0EPLO, EVA ATOKAIVEL 0lGONTA Y10 TOL SIOTOMUIKE KoL TOALOTO-
LK oépta. AVTtO 0QEIAETOL GTO YEYOVOC OTL EVM TO LOPLOL TOV LLOVOOTOUIKMDV
aepiov tpoceyyilovy To HOVTEAD TOL 10VIKOD aepiov T LOPLO TTOV ATOTEAOD-
vto and TeplocdTepa dTopa ueovilovy doun mov dev yivetal va ayvonbet.

[To ovykekpéva, oto Wavikd aéplo Bewpnoape To LopLo VAIKAE on-
peia, omoTe 1 LOVY dvvoTdTTo Kivong lvatl n LETOQOPIKN Kivion Kot VToAo-
YIGOLLE TNV ECOTEPIKT TOL EVEPYELD MG TO AOPOIGLLO TOV LETAPOPIKDOV KIVITL-
KOV gvepyeldv Tov popimv tov. Ta dtatopkd popia, 6mmg to puopia Tov N, kot
tov O, Tpénet vo. BewpnBodv otL amotehovvtal and 500 couTid GLUVOESEUE-
va peta&d tove. Extog amd ) duvatdtnta mov £xel £vo TETO0 LOPLo Vo, KOVEL
LETAPOPIKN KiVNON, TO GOUATIOW TOL TO ATOTEAOVV £XOLV T1) dVVATOTNTA VO,
TEPLOTPEPOVTOL YOP® O TO KOO KEVTPO UALHG TOVG KO, KATW 0O OPIGUEVEG
ouvinkeg (vynAn Bepuokpacia), va taravtdvovtal. OAeg ovTég o1 KIVAGELG
GUVEICQEPOLVV GTNV EGMOTEPIKT EVEPYELX. 'ETotl, av BAape va KAVOLE TTLO OKPL-
Beic voloyiopovg 6tav vToAoyilove TNV EcMTEPIKT evEPYELa Do Empene Yo
TETOWO AEPLOL (SLOTOUIKE - TPLUTOUIKA) Vo Adfovpe vdyn OAeg Tic kivioelc. H
KvnTikn Bewpla epUnvevel T COUTEPLPOPE KOl TETOLMVY - TOAVOTOUK®OV OEPi-
ov. H pedém avt) dpmg Eepedyet amd Tovg 6KOTOVG auTov ToL BiAiov.

Ouwg, OTmS QaiveTal 6ToV TIVAKO, OKOLO Kol G 0VTEG TIC TEPUTTMCELS
(SroTopkd M ToAvOTOHIKE PLoptar) 1 Stopopdt Cp—CV GUUQOVEL, e HeYEAN TPO-
céyylon, e n oxéon 2.14.

2-11 ®EPMIKEXZ MHXANEX

Oeppukés pnyovés ovopralovue TIG OLUTAEELS TOV PETUTPETOVY T1)
OeppoTnTO 6€ uNYavIKo £pyo.

H wtopia tov unyovov avteov opyilet to 1712 6tav o Thomas
Newcomen (Topag Niovkdpev) envonoe v tpdt atpounyovy. H atpoun-
yavi] Tov Newcomen NTov OpKETO YOVTPOKOUUEVT] KOl ¥pNCIHoTomonke yia
TNV AvTAnom vepov amd ta opuyeio. To 1769 o Watt, feltimoe v unyovn tov
Newcomen Kot TOPOVGINGE Lo Unyovn Yo ToAAEC ypnoelg. H epevpeon g
OTUOUMNYAVIG KOl GTT GLVEYELD 1) 000G TNG YPNONE TNG EIYE MO UTOTEAEGLOL
Babiég arhayéc ot {on TV ovOpOT®V KOl 0TS KOWV®-
vikég dopéc. H mepiodog mov axorohbnce ovopdotnke
Bropmyavikn eravactaon.

Ao v emoyn tov Newcomen Kot Tov Watt pié-

YPL CLEPA O BEPUIKES punyavEG EKavay LEYAAO dpOLLO.
Ov atpopnyavég telelomomOnkay, emvondnkav véeg
Oepkég unyavég, OmmG ot unyavég vriled, ot Bevivo-
KWITNPES, 01 0EPOGTPOPIAOL TTOV YPNGLLOTOLOVVTOL GTOL
OLEPOTAAVEL KOl O1 OTHOGTPOPBILOL TOV YPTGULOTOIOVVTOL
OT0 EPYOCTAGLY, TAPOYOYNG NAEKTPIKNG evépyelag. To
UEYOADTEPO UEPOG TNG EVEPYELNG TTOV YPNGULOTOLOVLE
onuepa oxeTiCeTan e TN 1Mo TV DEPUIKOV PN oVOV.

To oynuo 2.19 mapioTdvel 10 HOVTELO H0G
aTHopNyaviS. Xto AéPnta mopdyetor Oeppoc oTHOG
VYNNG Ttigong, 0 omoiog -uécm g ParPidag A (Baipi-
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Xy 2.19 Apyn Aettovpyiog Tng oTHO-
HnyoviG.

Ew. 2.4 Koxklog Bevivoxkwvntipa
tecodpov ypdvov. (1) To éuporo
kotefaivet. H  PoAPida  e106d0v
elvor avowrn, piypo Peviivng -
aépa yepiler tov xdAwdpo. (2) To
éupoiro avePaivet. Ot ParPideg ivar
KAeloTég Ko o piypo cvpmiéletat.
(3) To piypo avoagréyetor pe To
omwvOnpa mov mpokorel o pmovli
Kol T 0€pLo. TNG Kowomng amwbovv
Blowa to éuPoro mpog T Katw. (4)
To éuporo avePaiver. H PoarPida
egayoyng elvar avolkty Kot To
KOVGOEPLO OmopoKpHvVovToL and Tov
KOAVpo.

Ospun Selapevi
Ogppokpacia T,

pnyovh

Qc

‘Pux}]/éis&ausvﬁ
Oepuokpaocio Te

Xy 2.20 Apyn Aewtovpyiog piog
Beppucrig  pmyaviie.  H - xvkdakn
nepoyn ovpfoiiler ) unyovy m
omoia déyetonl mocd Bepuotnrag Q,
o6 ™ Oepun de&opevn, TopayeL Epyo
W kot omofdAlel mocd Oeppomrog
Q, oV yoypn de&apevn.

d0l E1I60YMYNG)- OLOYETEVETAL GTOV KOAVOPO, CTPDYVEL TO EUPOAO KoL Topdyet
épyo. Kabag o atudc extovoveral péca 6tov KOAIVOPO, 1 Ttieom Kot 1 Oeppo-
KpOoio TOL EAOTTOVOVTOL. T GUVEXELN O OTHOG TTOV TOPA EYEL YOUNAN Ttieon
amoPaiAietal omd Tov KOAWVOPO, amd T PorPida B (BarPida eEaywyng), Kot dt-
oyetTeveTaL G¢ Lo, drdtaén mov ovopdletol cupmukvetg. Exel o atudg yoyeton
UE TPEYOVUEVO VEPO M ATTO TOV 0EPT KOl GUUTVKVOVETOL TAAL o€ vepo. To vepod
odnyeiton micw 6T0 AEPNTO.

GUUTVKVOTNG

Ytoug Pevivokivntipeg, ta Bepud aépro Tov mapdyovionl amd TNV
kavomn ¢ Peviiving pe tov 0épa ompd@YVoLY TO EUPOAO TOV KLAIVOPOL Kot
TaPAyouV £€pyo. XTn GUVEXELD omoBdAlovTaLl 0md TOV KOALVOPO Kol HECH TNG
e&ATIION G S10YETEVOVTUL GTO TEPIPAALOV.

Zymuotwkd O propovoape va movpe 6Tl n Bepuikny punyovn etvorl pa
dtdtaén mov vroPdaiiel éva «uécovy ce o petafoirn. Emedn n pnyovi
petoTpémel ovvey®g T OeppoétnTa og £pyo Tpémer N peTaPfoii] otV omoia,
VOB aAAETOL TO PEGOV VO, EIVOL KUKMKY], HGTE, dTaV 0AoKANpmOei 1) petaforn,
N UNYOVI VO ETOTPEPEL GTNV OPYIKT] TG KATAGTOOT) KO VO, ETOVUAGPEL TV 1010
Swadwkacio Eovd kot Eova. XNV aTHopNnovh T0 VAKS Tov vroBdAdeTal 6TV
KUKAKN dtepyacia gival o atpdg. To vepd a@od yivel aTHdg Kol OAOKATPOGEL
™V Topeio TOLV PEG® TOL KLAMVOPOL KOl TOL GULUTLKVMTY EMGTPEPEL GTO
AEPNTa oTig 1d1Eg GLVONKEC.

Katd ™) owdpkerta g KoKMKNG petaforig Tov pécov, n pnyoviy
1. amoppo@d Ogppétnra (Q,) oamé o oclapevip VYNNG
Ocppoxpociog T, .

mapaysl épyo.

amofairier Ogppotnra (Q) og o delaupevn yapniotepng
Ocppokpociog T.

2.
3.
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[Iponyovpévag ypnowomomoape tov O6po oefapeviy Ogppotnrag.
"Etot cuvnbilovpe va Aépe éva omdpL TOL TOPaUEVEL o€ oTadepn Beplokpacio
aKoun KL av maipvel 1 divel Beppotnto. Znv atpopunyovn SeEQUEV] DYNANG
Bepuoxpaciog etvor o AéPntac, Tov omoiov 1 Beppokpacia datnpeitor cTabe-
PN HEG® NG EAEYYOUEVIC KODONC KATOIOV KOLGILOV, VG 0e&apievn YOUNANg
Oepuoxpaciog ivor 0 cuUTLKVOTAG, 0 omoiog Ppicketal oe emoEn N He TNV
aTHOGQalpa M 1e po palo vepod, omdte 1 Oepuokpacio Tov dtotnpeiton exiong
otafepn. XTIG UNYOVEG E0MTEPIKNG KAOONG TO KAUOUEVO VYPO KOOGIHO HEGO
070 0dAapo Koweng -kKOAVOpo- ivar 1 de&apevi vynAng Oepuokpaciog Kot To
nepPaiiov, 6mov dloyetebovtal To Kavcaéptla, 1 defapevn youning Beppo-
Kpaciog.

O ovvteheoTi)g 0m600061G (€) 0TOLNGONTOTE
pNYoavig €ivar 0 A0Y0g TOV MPEAOV £pYOV TOV
OGS OIVEL 1| PNy avi] TPOG TNV EVEPYELD TTOV O~
TAVOULE Y10 VO AELTOVPYTOEL

21 Oeplikn Unyovi M EVEPYELD TOL SOTAVOVLE
elvau n Oeppotnra Q, pe v omoia Tpo@odotovue TN Un-
xovi amd T oelapevi vynAng Beppokpaciog.

W
Q,

To xaBapd mocd Bepudmrag Q mov amoPPOPd TO HEGOV

glval o Tocod BepproTTog Tov maipvel amd T deEapevi VYNNG Beppokpaciog
pelov awtd mov amoPdAier otn defapevn yapning Ospuoxpociog, Q, —|QC .
2NV KUKAIKY LETOPOAN TO £pY0 TOL TAPAYEL TO 0EPLO 1GOVTOL UE TO KaBapd
10606 OepudTNTAG TOL ATOPPOPE dNAdN

Wth_Qc .

AvtikaOietovrog ot (2.17) Bpickovpue

o=~ i e=1—M (2.18)

Qh Qh

Ot atpounyovég €xovv amodoon £mg 18%, evd oTig atpopnyovég mov sivol
EQOJLOCUEVEG e OTPOPIAD, avTi Yoo KOAVOPO Kol ERPoAO, 1) amOS0CT| PTAVEL
péypt ko 40%. Ot BevQvounyavég Exovv amodoon mepimov 20%, eved ot unyo-
vég vtiled amd 35% wg 40%.

Enopévmg e (2.17)

ITAPAAEII'MA 2.1

Ew. 2.5 BevGvokivnmipog ovtokt-
VIToV.

Mnyavi €6OTEPIKNG KODONE KOTAVOADVEL 68 KaBe KOKAO Asttovpyiag g Beppdtmta 5000 J kot amo-
Barrer oty e&dton Bepudtnra 3500 J. Yroroyiote T0 GUVIEAEGTN AOSOGNG TNG UNYOVIG.

Anévinon:
O ovvtekeotng omddoomg (oG pnyavig dtvetor amod tn oyéon (2.18)
e=1- Q :1—3500 ! =0,3 71 30%
Q, 5000 J
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Ew. 2.6 Atpootpofirog ce €pyoostdoilo

Ew. 2.7 [Tupnviko epyoctdoto mapaymyng nAeKTpikng evépyetog ot Biptli-
via tov HILA. Ioapdyet niextpikn| woyd 900 MW kot tavtdypovo amoBoi-
Aget 670 KovTIvO ToTdpt Ogppdmra pe ppo 2100 MW. To epyootdcio ovtd
OGS Kot ToL VITOAOUTO TOV EI60VE TOV «TETAEL TOAD TEPLGTOTEPN EVEPYELL

TOPAYWYNG NAEKTPIKNG EVEPYELOGC.
pereTiSn prcilc evepyetds amd 661 0modidEL GE PO LOPPT|.

ITAPAAEITMA 2.2

Oeppkn punyovn £xet amodoon 25%, kot oe kdbe koxlo mopdayel mpéApo Epyo 2000 J. Yroloyiote
BeppoTa mov damavatat yio kébe KhkAo Agttovpyiog TG UNYOVIG.

Amavinon:
O cvvtehesg 0mdS00TG HOG Unyavig divetal amod tn oyéon (2.17)
e:E apa Q, _ W _ 20007 =8000 J
N e ,25

I ™ Aettovpyia g unyoving damavator Oeppotnta 8000 J og kdbe KvKAO.

ITAPAAEITMA 2.3

O kwnpog Diesel g eikovag ypnoyLonoleital 6e pkpd pop-
ya mhoia. O GuVTELESTNG ATOS0CNG VOGS TETOLOL KIVNTHPO
glvan 0,25. To mhoio mov tov eépet Tagoevet pe 15 képpove. Ot
deapevég tov mAoiov mepiEyovv 150 tdvoug kavoipov. [owa
omdoTAOT| LWTOPEL VO, S1aVOGEL TO TAOTO LE QVTE TO KOG,

[1 xépPog = 1 vawtucd pidvh = 1852 m/h. 1 kg xavcipov aro-
010t katd TV kavon tov 39800 kJ.

Amévtnon:

O kwvnmpag amodidet 1oyd P = 12x 220 kW = 2640 kW

H amddoon tov kivnehpa givat 0 AdYog TG UNYAVIKIG 16Y00G

(P) mov amodidet o KivnTipag KATA T Agttovpyio TOV TPOG TV

Oeppukn 1oy (P,) mov maipvet Katd TV KaHoN TOV KAUGIHOV.  Eiwk. 2.8 dwvhavdikog kwvnripag Diesel Wartsila
12 xohvdpot o€ dratacn V.

_ p . _ P _ Ecotepucn dudpetpog kvdivopov: 200 mm.
e=— omnote P, =—=10560 kW
P, b Awdpop| epporov: 240 mm.

Kvawdpiopods: 7,54 L avd kOAwvdpo.
Ioy0g: 220 kW avé kdAwvdpo yia taydtnta 15 koppov.
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Amo T Koo, o Ypoviko ddotnua At =1 h amodidetal Oepudtnra
Q, =P,At=10.560 kW -3.600 s =38.016.000 kJ

H péla tov kavoipov mov amodidel toon Oepuotnta katd v kadon g etvat

. _38.016.000kJ
39.800 kJ / kg

955 kg
e po opa to mhoio dtavdel 15v.u./ hx1852m/ viu.x1h = 27780 m = 27,78 km

A@ov pe 955 kg kavoipov to mhoio dtavdel 27,78 km pe tovg 150 tovoug Oa dtavdoet

27 78 km120000KY _ 4363 km
955 kg

ITAPAAEII'MA 2.4

Kvkhog Otto (Bevivokivnmipag) p
To Waviko aépro Beppikng unyoaving eKTeAel TNV KUKAKT LETAPOAT TOL GYNLLO- B
10G 2.21 ov mepthopPdvet Tig To KAT® 01000y IKEG LETAPOALS.
AB: 106 wpn Béppavon oe dyko V..

BI': adofatikn ektévmon. A r
I'A: 16oywpn Yoén ot 6yko V,. A
AA: adofatikr copmieon. \'/] \'/2

Noa Bpebel 0 cuvteleot) AmOd00NE TG UNYAVIG. —

Azmavinon:

QAB = IlCV (TB -T, )

T, >T, onote  Q,z >0 (amoppo@dTol amd T0 GLGTN L)
H petaporn BIT eivar adtofartikn onote Q=
Q1€ (T, T,)
T, <T: onote Qp, <0 (omodidetan oTo TEPPAALOV)
H petofoln AA givar adiafatikn onote Q,, =0
H 0eppodtnro mov omoppo@aTol GuVOAKE stvat Q, =Q,; =nCy (T, -T,)
H Ogppomro mov anodidetar to mepiPdrrov eivar Q.=Q;, =nC, (T, -T;)
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KoL |Q.|=—nC, (T, -T.)=nC, (T - T,)

eZE:Qh;mzl_le_ch(Tl‘_TA)

Qh Qh Qh ncv (TB - TA )
T.-T
onote e=1-—|——=2
TB _TA

Am6 10 vopo tov Poisson yuo thv adiafatikn petafoin B—I yvopilovue 611

psV/ =p.V,
. e , nRT, nRT;
ATo TV KaTaoToTIKY EEI6MGT TPOKVATEL Pp = ~ Kot pr= ~
1 2
Avtikabiotovtag otn (2.20) to p, Kot p,. pe Ta ioa Tovg TpokdTel T,V =TV}
Me 1oV 1010 aKxpipd¢ TpOTO TPOKVTTEL EMIGNG T,V/'=T,V)"
Aparpdvrag kotd péAn Tig (2.22) ko (2.21) Bpickovue Vi (T, =T,) =V, (T. - T,)
, T.-T, _ AR
" TB - TA sz -
A
Kot TeMKd oo ) (2.19) mTpokvmTel e=1- [#J
2

(2.19)

(2.20)

2.21)

(2.22)

Ewk. 2.9 Otav éva avtokivnto Kiveitat, LOMG TO £val KTO TNG EVEPYELNG TTOV TOPEYETOL OO TO KOOOLLo ot punyovn a&lomoteitat ylo v

Tpombnomn tov.
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2-12 O AEYTEPOXZ O@EPMOAYNAMIKOXZ NOMOX

H Beppodvvapikn ékave to mpdta T Pripata otig apyés tov 1900
01Va, TPOCTUOOVTOG VO dDGEL ADGT GTU TPOUKTIKA TPOPALOTH TOV EXEPOULE
n xpnomn tov Bepukdv unyavov. Onog eaivetor Kot ard T oyéon (2.18), o
GULVTEAEGTNG 0mOd00TG oG Oepuikng unyovng sival pikpotepog amd éva. Ba
NTav £va ov 1 pnyxovn LETETpene OAO TO TOGO TG OeproTNTag 08 OPEAO £PYO,
®GTOGO KAVEVOC 0gV KaTOpO®GE VO KATAGKEVLAGEL Lol TETOL, punyavi]. Oleg ot
UNYOVEG EKHETOAAEDOVTOL LOVO Eva LEPOG TNG BeppoTnTOG KOt 0moBaAlovy on-
HovTIKG Tosd Oeppotog oto TEPIPAriov. Ot ETOVEIAUUEVES OTOTVYIES TMV
EPELVNTMV VO KOTOGKEVAGOLV TNV “TéAeln’” Bepukn| pnyovi mov O petétpene
TAMPp®G TN Oeppotta oe weEAuo Epyo Emeicav OTL 1 0dVVaio OQEIAETOL G
TEPLOPICUOVG oV B€teL 1 101 | Vo). H dwmictwon avtr odfynoe ot dia-
TOTOGN ToL 0gvTEPOL Beppodvvatkoy vOopov, ard toug Kelvin kor Planck
(KEAP ko [TAavk):

Eivol 000vato va KoTaokevaosTel 0£p ik pnyavi] Tov vo, peTatpsé-
mtel €€ 0hoKA POV TN OcppéTnTO 68 WEEMpPO £pyo.

Mudvtag yioo ™ Bepuomra, eimape 0T, omd POV NG, LETAPEPETOL
névta and to Oeppdtepa Tpog T Yoypodtepa copata. H avtictpoern mopeia
amortel domdvn evépyetag. To yoyeio Kot 1o KMPOTIGTIKO £IvOL PnyoviLOTO TOV
avaykdlovv ) Oepudtnra va petapepbei and yoypd copota og Oepudtepa. To
yoyeio, Yo Tapadery o, LETaPEPEL BeprdTnTO 0Td TO TPOPILL GTO TEPIPAALOV,
7ov givat Oeppotepo. Opmg yio n Aettovpyio dVTOV TOV UNYOVOV S0TAVOVLLE
evépyetla. Agv gtvat SuVOTOV Vo KATOOKEVAGTEL Yuyeio Tov vo Agttovpyel ywpig
va domavatol evépyeta. Avth 1 damictmon odnynoe ce po GAAN Stothrwon
ToV 6eVTEPOL Beppoduvaptkod vopov amd tov Clausious (Kiaodlovg):

Eivar 060vaTo vo KOTOGKEVAGTEL PNy avi] TOL VO LETUPEPEL OEpo-
T 0o £va Yoypo copa o £va Beppotepo yopic va damravator
EVEPYELO YO TN AELTOVLPYID TNG.

O1 800 d10TVTAOGELS TOV JEVTEPOV OEPUOSVVAUIKOD VOLOD TOL POLVO-
pevika gtvat eviehds aovvdetes, stvar 10000vapes. Av aAnbevet 1 pia and ov-
té¢ Bo aAnBedet Kot 1 GAAN.

O mpdrog Oepuoduvvapdg vopog dev B€tel TePLOPIGHODS OTIC LETO-
TPOTEG TNG EVEPYELNG. ZOUQ®VA LE TO OEVTEPO, OUMC, 1| POON BETEL TTEPLOPL-
GLOVG OTN UETOTPOTN EVEPYELNG Ad TN o Lope1] otnv AAN. H Beppdtmra
dev umopel va petacynpatiotel kotd 100% oe pnyavikn evépyela. Emiong o
devtepoc Beproduvapkds vopog, kabopilovrag 6T 1 BepudTnTO LETUPEPETOL
névta omd o Oeppotepa TPog T YuypdTEPL cOUATO, Kabopilel TV Katevhuv-
o1 TPOG TNV OToia T PavopeEVa cupPaivovy avBdpunta ot EHON.

2-13 H MHXANH TOY CARNOT

2Opemva pe to dgvtepo BepodLVOLLKO VOULO, Lia Beppukn pnyovn dev
pmopet va €xet amodoor 100%. ITolog eivan OpG 0 LeyaAdTEPOG GUVIELEGTIG
amO30oNG OV PIopel va £t pia pmyaviy, 0tav 6ivovtar ot Oeppokpacieg T, kot
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Ew. 2.10 Adpdog KérPv (Ovihap
Topoov) (1825-1907). Ayyiio. Amd
OlKOYEVELD, €VTOPT] OAAL TOTEWNG
Kotoy®yng o veapds Ovikap Nrav
éva mondt Bavdpa. Xe nhikio 22 gtdv
kateiye mv €6pa g Pvowkng Dr-
A0COQi0G OTO MAVEMIGTNO TNG
Tookopng. Acyolndnke oyxedov e
T TAVTO, pHE TOAAODG KAGSOVG TG
QUOIKNG, WHE emyelpnoelg (eyKoté-
GTNGE TO TPAOTO TNAEYPOPIKO KUAD-
S0 peta&d Apepikng - Evpodnng) kot
He TV ToATIKY (Tpe TITAO gvyevei-
oG Kot NTav pérog g Boudng tov
Adpdav). M amd tig deomdlovoeg
TPOCOMIKOTNTEG TNG EMGTNUNG GTO
19° awmva, oe por emoyn mov 1 Ay-
YAMo Kpotovoe To GKNTTPO TNG EML-
GTNHOVIKNG TPMTOTOPIOG.



Ew. 2.11 Zavti Kapvo (1796-1832).
FoAlo. ZtpoTioTikdg Kot pnyovi-
K0G. Amdottog g nepipnung Ecole
Polytechnique mov dpvoe o Na-
ToAé@V Yo va avtitopotedel otnv
avoTepOTTL TOV AYYA®V OTIS €mL-

GTNLLEC.

2. 2.22 Ot téooepig PACELS TOV K-
Khov Carnot. To aépro Bpioketol oe
doyelo mov Khetvetan pe épPoro. To
£uPoro Kol T TAEVPIKE TOYDUOTO
etvon adafarticd evod n fdomn Tov do-
xelov draBeppiukr.

T, twv deapeviv Beppotnrag g unyxavig; To epdTnpa awtd amovtionke o
1824 amd to I'dAro unyoavikd Carnot (Kapvo).

O Carnot mepl€ypoye o KOKAKT OVTIGTPERT UETAPOAN], TOV OVOLA-
otnke Kukhog Carnot, kot amédele 0Tt pa Beppkn pnyovi| mov Ba akoAov-
0obvoe autdv ToV avTioTpenTd KOKAO Oa glxe TN peyolvtepn dvvartn amddoom.
Mo tétota, vrobetiky, e€davikevpévn unyovn ovopdaletar pnyevy Carnot
KO 1] 0tOO0GT TNG OOTEAEL TO OVATEPO OPLO Y10l TNV ATOI0GT OA®V TOV GAADY
unyavav. To coumépacpa avto gival yvootd mg Bedpnua Carnot:

Agv pmopel vo. vraper Oeppikn pnyavi) Tov va £yl peYOALTEPY
am6doon oo pua pnyoavi) Carnot 1 omoio Acrtovpyel ovapEGa GTIS
io1eg Oeppokpaocisc.

O kovKAog Carnot anoteheitor omd 1éc0epic HETOPOAES, dVO 1600epLE
Kot 000 adiafatikéc. Oo meptypdyovpe tov KOKAo Carnot yio 100vViKO aéplo
nov Ppioketol péca oe KOAMVOPO, ToL PpacceTal Le EUPolo.

1. Koatd ™ perafoin A—B, to aépro Pploketon o emapn pe ™
Oepun Oefapevn kot ektovovetal 1o6bepua ce Oepuoxpacio
T,, amoppopavtag Oeppotro Q,.

2. Koatd ™ petaporr; B—I, 1o aépio givar Beppikd povopévo kot
ektovavetor adafoatikd péxpt 1 Beppokpocio Tov vo Tapet
mv N T.

3. Katd ™ petaforn '—A, to aépro Ppioketon 6e emapn He T
deCapevn younAng Oeppoxpaciag T, kot cvpméletor 1600eppa
og Ogppoxpacio T, arofdariovtag Oepudmnra Q..

4. Katéd ™ petapfornn A—A, 10 oéplo eivar Oepuikd povouévo
Kot ovpmiéletor adofatikd Gote va emavéLBEl otV apyikn
TOV KOTdGTOO.

A-B
[o608gpun
gktovoon | [

B-I'
Ocpun Sekopeviy AdofoTikn

A-A o¢ Oeppoxpacio T, £KTOVOON
Adfatikn
cuumicon
Q:O I'-A Q=0
Io68eppn
cupmicon
Poypr| deCapevn

o¢ Deppoxpaocio T,
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O cvvteleoTng 0mdd0ooNG Log Beppikng unyoving eivot p

e=1- |Q—° (2.23)

h

Amodekvieral 0Tt yio Tov kKOkAo Carnot 1oydel

o]
Q,

T
ZT_C (2.24) Xy 2.23 Awypoppo p-V oy tov
h kbkho Carnot. To mapaydpevo
épyo W, woobton pe ) Oepuotnra,
Avtikabiotdvrag t (2.24) ot (2.23) Bpiokovpe 6Tt 0 cuvigheotig anddoong  Q, — |Qc| , IOV GTOPPOPS. TO Wé-
™g unyovng Carnot eivan G0V G€ £vov KOKAO.

1- (2.25)

eCarnot =

T
Th

To amotélecpa SNAGVEL OTL 0 GUVTEAESTNG OOS00MG OG UNYAVIS
Carnot e&aptdror povo omd Tig Oeprokpacieg Tmv 0Vo defapevmv Beppotnrag.
Eme1dn ot meplocdtepeg TPOUKTIKEG EQPOUPLOYEG EYOVV GOV YuypY| OEEQUEVT] TO
nepPdrAiov, dniaodn Beppokpacio tepimov 300 K, 660 peyardtepn Beppokpa-
ola &xeln de€opevn mov “divel” BepudtnTa T0C0 Mo 0TOdOTIKY| UTopEl va givat
1 eKpeETaAAELON TNC. Emtiong o amotédespo emiPefaidvel To dgvtepo Bepodv-
vapko vopo. I'a va éxovpe anddoon 100% npénel T, = 0, mov givan adhvatov.

ITAPAAEII'MA 2.5

Mnyavi Carnot Aertovpyet avdpeso otig Oeppokpacieg T, = 500 K ko T, = 300 K. Ze kébe kbxho amo-
o1det épyo W = 2000 J. YroAoyiote TV amdd0oom TG UNYOVIG Kot T BepuotnTa mov damoavatol o€ Kabe KOKAO.

Amavinon:
H amo6doom e unyavig 0o vrodoyiotel amd tn oyéon (2.25)

eCamot :1__(::_:0)4

H Beppomro mov domavatat yio kaOe khkho Aettovpyiag g unyovng Bo vroroyiotel and ™ oyxéon (2.17)

o= Goa Q, _ W _ 20000 _ 5500

Q, e 0,4
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Ew. 2.12 Povviorp Kiaovlovg
(1822-1888). T'eppavia. Evag amod
Toug Oepehwtéc g Oeppoduvvapt-
KNG.

v

Xy 2.24 Xg [0 OVTIGTPENT UETO-
BoAr, M uetoforr] ™G evrpomiog
vroAoyiletar av ywpicovpe T pe-
oo OE GTOWYEIDIELS UETOUPOAES
kot abpoicovpe Tig petaforéc g
evtpomniag og KaOe o amd avTés.

Xy 2.25 Zto daypdppoto (o) Kot
(B) éva Beppodvvapkd chotnua pe-
tafaivel and Vv katdotaon A otnv
kotdotoon B pe dapopetikd kabe
POopa avTIoTPENTO TPOTO. 270 () TO
010 ovotua petafaivetl omd TV Ko-
tdotaon A ot B pe un avtiotpentd
TPOTO OV deV Propel va mapactodel
ypoaoewd. H petafoln g evrpomiog
TOV cLoTNHATOG efvar 1S oe OAeg
TIG MEPUTTMOGELG.

2-14 ENTPOIIIA

O devtepog Beppoduvvapikdg voUos, OTms dStoTutmOnKe 6TV TPONyov-
LEVT] TTOPAYPOPO, OEV KATAUANYEL GE KOTOL0, TTOGOTIKY GYECT).

[Tocotikn datdmwon Tov 2 BeprodLVOLIKOD VOLOV £YIVE SLVOTY LE
TNV EIG0YMYN UG VENG EVvolag, TG Evvolag evrpomia (cOpupolro S).

H evtponia gionydn and tov Clausius, 0 omoiog 0pioe T NETHPOAN
¢ evipomiog (AS) GVOTNHATOS KOTA T1) OLAPKELD MIOS TTOAD PIKPTG AVTL-
oTPENTNG neTAPors, TOGO KPS OGTE N OEproKpacic TOV GLOTHNATOG
vo propei va OeopnBei otabepr], ®g To TAiko Tov ToG0U BeppéTnTag AQ
oV amwoppoPNnoe 1 anéfaie T0 cVoTNRO TPOG TN OEPROKPUGin TOV GVGTI-
poTog.

As=2Q (2.26)

Movéda g evtpomniag oto Sl etvarto 1 J/ K.

Ortav og pio avtioTpenti HETABOAN TO GUGTNO 0TOPPOPE BepudTTa
10 AQ glvar BeTiko, emopévag 1 evrponia avEdveral. Otav 1o cvoTN o AToBdA-
Aet Oeppotto o AQ givol apvnTiKo Kol ETOUEVOG 1) EVIPOTIO, LEIMVETOL.
[pocoyn: n oxéon (2.26) dev opilel TNy evipomion oAAG LOVO TN HETAPOA TG
O€ L0 OVTIOTPENTY] O1EPYOTiD. GTNV OTTOi0 TO GVUGTN O OVTOAALACOEL LE TO TEPL-
Baiiov amelpootd pikpd mocd Beppomrag AQ.

g oL aVTICTPENTN HETOPOAT Katd TV omoia éva Beppoduvapkd co-
otnua petafaivel amd pio apykn kotdotaon A o o TeAMKn Katdotoon B,
1N GLVOAIKN HeTAPOA] TNG EVIPOTIOG UTOPEL VO VTOAOYIGTEL OV Y®PIcOVUE TN
dtepyacio o TOAD pkpéc petaforés (oy. 2.24), vmoloyicovpie T LETAPOAN TNG
evtpoTmiog o€ K4Oe Lo amd avtég Kot afpoicovpe GAOVG TOVG OPOVG.

AQ, + AQ, +...AQV
T T

2 v

S, —S, =AS, +AS, +..AS, = (2.27)

1
H petafoin g evipomiog evOG GUGTNALATOG EYEL TNV 1010 TN Y10, OAEC
T1G HETAPOAEG OV 001 YOUV amd pio apyIkY] KOTAGTOOT A 08 [io TEAKT KOTA-
otaon B, avtiotpentég 1 un.
H petrafoin tng evrpomiog €vog ovoTRaTOG €€0PTATOL POVO 0T
TNV OPYIKN KOL TEMKIY] TOV KOTAOCTAGT KUl O)L 0T6 TO TMOS TPUYNO.TOTOIN-
Onke n perafoin.
p p p
A A A

\Y% \Y% \Y%
(o) ® 2]

Towg BéPora ta Oca elmape peéypt tdpa vo un Pondncav kaboéAov 610
VO KOTOVOTOETE TNV aVAYKN E1G0YWOYNG GLTNG TNG VENS £VVOLAG, TNG EVIPOTING.
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EAniCovpe 6pmg ot cuvéyelo va TEIGOEITE Yo T XPNOIUOTNTO TOL VEOU HEYE-
Bovug.

‘Eoto éva cbotuo mov amoteleital omd dHo copota 10 A Kot to B,
ue Oepuoxpacieg T, ko T, avtictoyo. To chotnue eivol povouévo omd to
nepiBdirov (oy. 2.26). Av T >T, Oa petaxivndel Oeppomro and 1o copo A
oto B. To avtiotpo@o 1o amokdeiet 0 6e0utepog Bepodvvapikodg vouog. Ag go-
VTOOTOOUE L0 OVTIOTPENTY O1001KAGI0 TOV UETAPEPEL EVOL TOAD HIKPO TOGO
Beppodtroc AQ omd to coua A oto B, 1060 Hikpd dGTE VO LTOpoVLE VoL AELE
ot o1 Oeppokpacies Tov copdTov dev petafandnkav. H petafoln g evrpo-

, , : Aq [AQ
niog Tov copotog A Oa etvar AS, = T evd Tov B AS; =——.
A B

H evtponia Tov cuotipatog Oa petafinbet, kotd

AS:ASA +ASB :_Mﬁ'M
A TB
xon emeon T, > T, etvor M > M emopévac AS > 0.
B A

210 vofeTikd ovTd TaPddELYLa, O OEVTEPOG VOLLOG LG OO YNGE GTO
CLUTEPAGHLO OTLT) EVIPOTIO TOL ATOUOVOUEVOD GVGTHATOS cvéENOnke. To id1o
ocvpPaivel og kGOe amopovopévo cuotnpa. Etopévog n évvola g evipomiog
UGG EMITPENEL VO, EXAVASIOTUTMOGOVLE TO OEVTEPO VOUO MG EENG:

Kota ™ owapkero omoraconmote PETUfoAng £vOS amopovopévov
GUGTILATOG 1 EVTPOTiO OVEAVETAL

H evtponio Tov cUGTANATOG AMOKTA TN UEYIGTN TN TNG OTaV EMEADEL
1GOPPOTLQ. TNV TEPITTMOT| LOC TO GOGTN LA 160ppoTel OTav eElcwBovv ot Bep-
LOKPOGiEg TV dVO COUATOV.

AT evepyelokn Gmoyn 610 GVOTNUA oVTO apyikd Oo umopovoe va
Aertovpynoet o Oeppiky pnyavi| YPNOLOTOIOVTOS MG de&apevn vynAng Bep-
pokpociog To copo A Kot og de€opevn yauming feppoxpaciog to copa B. H
elomon TV BepUokpacidV dev TAPEYEL T QLT TN SVVATOTNTA.

H abv&non g evrpomiag evog GVGTNATOS 001 YEL TNV EAGTTOON

NG IKOVOTITOS TOV GUGTI|LOTOS VO TAPAYEL OQEALIO £PYO.

(o) B
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Xy. 2.26 H Oepudmro petapéperon
avhopUNTO 0O CAOUATO VYNAOTEPNS
Oepokpaciog Tpog coOUATA XOUNAO-
tepnc. To avtiotpogo amoxAeisTa.

Ew. 2.13 Ta 600 yéAxwva ehdopo-
Ta 0TaY PpioKovTol 6€ S0POPETIKEG
Oeppokpacieg avantbocovy petaly
TOVG Spopd Suvaptkoy TOv EmL-
TPEmeL T AETOVPYIO TOV AVELOTA-
po. XtV mepintmon (o) To GVGTNO
Bpioketar og woppomia, £xel T pé-
Y1oTN dVVATH EVIPOTiO Kot OgV €xel
duvaToTNTA TOPAYWYNHG EPYOV. ZTNV
nepintmon (B) to cvotpo dev Ppi-
GKETOL GE 1GOPPOTIaL, 1) EVIPOTLO TOV
glvol pkpoTepn Kot el T dvvoTo-
TNTO TOPOUYWYNG EPYOL.



Xy 2.27 (o) Zopo oD yopUnAng
Oeprokpaciog extelel pHETOPOPIKN
kivnomn. Ola to popid Tov £ouvv v
o Tayvmto. (B) To copa Exetl ov-
yKkpovotel pe axivinto eumoddio. Ot
TOYOTNTEG TOV HOPIOV £OVV TLYOIO
mpocovatolopd. H evipornia, xatd
™ oOYKpOLGT, CLENONKE.

MikpOooKOTIKI] EPUNVELD TNG EVTPOTING

21 oekaetio tov 1870 o Boltzmann cuvédece v gvipomia, £vvola
LOKPOGKOTIKY], L€ TI LKPOCKOTIKY] OO TOV GUGTHUOTOG KOl £0GE GTNV £V-
vouo véo mtepieyopevo. O Boltzmann cuvédeae to péyebog evipomiol e TV oTo-
Ela mov emikpatel ot SopKd oToLXElo EVOG GLGTIILATOG.

Ortav peyorovel n ataéio oV enikpatel € £vo GUGTNIO HEYOADVEL
KOl 1 EVIPOTIQ TOV.

‘Eoto éva copa mol yapnAng Oeppokpociog (kovid 6To amdAVTO pn-
0€v), mov Kwveitor pe toydvra v. Ta copatid and To onoio anoteieitor T0
OO EYOVV OLOL TN LETOUPOPIKT TOYVTITO V TOV GMLOTOS KOl AOY® TNG TOAD Y0~
unAng Bepuokpaciog ivat oyeddv akivnta g Tpog avtd. H kivntikn evépyeia
TOV GOUATOC EIvaL, GYEOV, OCT KAl TO AOPOIGLA TOV KIVNTIKOV EVEPYELDV TOV
popiov Tov. To copo otV Topeio. TOL GLVOVTA £va EUTOSI0 KO GLUYKPOVETOL.
Katd ) ovykpovon o€ ydvetor evépyeia. Av 0Bpoicovpe TIg KIVITIKEG EVEPYEL-
€C TOV LOPIOV TOV GOUATOG HETA TN GVYKPOLGT 1 EVEPYELD TTOL D0l TAPOLLLE
glval 6om kot mpv. [ va sipaote wo akpiPels, 6ToVg VITOAOYIGHOVG oG Ba
TPEMEL VO GUUTEPIAGPOVLE KOt TNV 0OENGT TOV KIVITIK®V EVEPYELDY TOV LOPi-
@V TOL EUTOSIOV YOP® 0td TO GNUEID TNG GVYKPOLGNG.

—
. 'R o
°
a p

Oumg, evéd TPy GLYKPOLGTEL TO LOPLOL TOL CAOUATOG gy OA TNV 1010
tayvta (o). 2.270) HETA TN GUYKPOLOT) To LOPLoL KIVOOVTOL ATOKTO TPOG OAEG
11§ katevduveelg (oy. 2.27p). [lpv T cOYKpPOLGT TO CAOUN ELYE KATOLO KIVITIKY
evépyela 1 omoia Oa pmopovee vo ypnoyomomel yio Ty Tapaymyn £pyov, Ad-
you yépv Oo pmopovoe va kapemacet o Tvéla atov toiyo. Metd ) ohykpovon
1 GLVOMKT evépyela dev dALEE, Elval OU®S adVVATOV MO VO EKUETOAAELTOVLLE
™V gvépyea Tov cvothiuotos. H ata&ia tov cvotipartog avénonke, petd
oUYKPOVOT|. AV UTOPOVGALLE VA TN LETPGOLLE Oa StamicTtdvape 0Tl 1 evipomio
avénonke.

ATd HOKPOGKOTIKY Aoy 1 avénomn g evipomiog odnyel oe peimon

NG IKOVOTNTOS Y10 TOPOUYWOYY] £PYOV, EVO G0 PMIKPOGKOMIK droyn 1 avén-
o1 TG evTpomiag 0d1yel 6¢ avénon g atuéiog TOLV GLOTHNATOG.
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2-15 YIIOAOI'IXMOX THX METABOAHX THX
ENTPOIIIAYZ XE MEPIKEX [IEPITITQXEIX

Adwpatikn avrioTpenti petoforn

‘Eotw 611 éva aépio, mov Ppicketon apyikd otnv katdotacn A (p,, V,,
T,), extovaveron adofaticd péypt my katdotoon B (p,, V,, Ty). H petafoin
ToV agpiov TaploTdveTal Ypaeikd 6To oyfua 2.28.

Emedn mpoxettal yio ovtioTpent LETOPOAN, 1 LETOPOAN TNG EVTPO-
miag AS, ., umopet va voroyiotel av ywpicovpe T diepyacio oe oTorKELDIELG
uetaforés, vohoyicovpe tn petafoir g eviporiog oe Kibe oTOLYEUDON LiE-
tafoAr] kot afpoicovpe GAOVS TOL OPOLC.

AQ, + AQ, +...AQV
T T, T

v

AS,; =

Opwg oty adtofartikn petafoin to aépio dev aviairdooel Oepudtnra
pe 1o mePPArLoV, ETOUEVAOS OAOL O aplBUNTEG GTO dEVTEPO LEAOG TNG TTOPOTTI-
VO GYECTNG Eval UNdEV, e UTOTELEC LA

AS,, =0

v adrepatiky) avrieTpenTi] peTafoin) n eviponio o perafdaiieTon.
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Ew. 2.14 Ta Nopovioia, oto fo-
pel g Mnlov, &yovv mpokvYyEL
oamd meaioteloky opdon. H AdPa
Kot TV YO&n g mpe acvvnidiota
YEOUETPIKE, PaPIOHOPPA GYNLATOL.
H evtponio g AdPog petmOnke.
Agv yvopilovpe k4t ond moleg
ocuvOnkeg ouvéPn avtd. Exetvo ya
70 omoio pmopovue vo gipacte Pé-
Batot gtvar to 011 KOBDS petwvotov
M evrpomio g AdPoag, av&avotay M
gvtpomio Tov TEPPAALOVTOC.

Ty
\Y

Xy. 2.28 'Eva oaépo extovavetot

adlofatikd amd ™V apyK KoTd-
otoon A oty telkn katdotoon B.
H evtponia tov mapapéver otadepn.



2. 2.29 To aéplo ekTOVAOVETOL 1G0-
Oeppa amd v apyikn katdotacn A
otV ek kotdotaon B. H gvtpo-
wio Tov agpiov avéavertat.

\%
Xy 2.30 Av yopicovpe TV KukAKn)
OVTIGTPENTN LETOPOAT GE GTOLXEID-
detg, t0te 10 ABpotopa tv AS, e
oA TV KukMKn Swdpoun, eivor
moév.

I660epun avticTpenti) perafoin

‘Eoto éva aéplo mov Ppioketol apyikd otV Kotdotaon A Kot €KTO-
vaveral 16o60epua o Beppoxpacio T péypt v katdotaon B. To oyfua 2.29
OodIdEL YPAPIKA TN HETABOATN TOV aEgpPiov.

Kot edd emedn n diepyacio elvar avtiotpenti n LetafoAn TG EVIpo-
miag vroloyileTat OTWS TPLV.

AQ, +AQ2 . AQ, _AQ, +AQ, +..+AQ,
T T T T

AS,p =

To aBpoicpa otov apBunth 6ivetl 10 GuVOAIKO Tocd Beppdtnrag Q Tov
amoppoENGE 10 aéPlo kaTd T peTaforn. ‘Etot, n oxéon yiverat:

_Q 22
AS = (2.28)

Ytnv 1060epun petafoin n OeppoTTO TOL OVIHAAAGGEL TO OEPLO LE TO

V,
nepiBdirov divetar amd ™ oxéon Q =nRT In V—B KOl ETOUEVMG
A

AS,, =nR In 2 (2.29)

A

Kvkhkn petapoin

Eo’ 6c0v o¢ o kx| HeTaBoAn -avTioTpent 1 O)1- TO GUGTNLOL EMCTPE-
(QEL GTIV OPYIKT] TOV KATAGTOOT), 1] EVTPOTTIO, TOV GLUGTIOTOS O€ pPeETuPdAreTon.

AS,, =0

2NV TEPIMTOGOT TOL 1] KUKAIKN UETAPOAN EIVAL OVTIGTPETTY|, OV TN Y®-
ploovle Gg v GTOLYELDON TUNLLOTO, DOTE 6€ KABEVA amd oLTA VoL LTOPOVLLE VoL
Bewpnoovpe 6TL 1 Beppokpacio sivar otabepn, Ba toyvet:

AS,, = AQ, + AQ, +ot AQ,
T, T, T,

v

omov AQ,,AQ,,...,AQ, Tt 6TOYEININ TOGh OeppoOTNTAS OV TPOSAAPAVEL )
0odidEL TO GVOTNIA GE KAOE GTOLEIMIEG TUNLLO TNG LETAPOANG.

Y pio KUKAKT OVTIGTPETTY LETOPOAN AOTOV 1IGYVEL KOt

A
AQ +—AQ2 +...+—AQV
T T, T

%

=0
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ELe00epn exTtOVOON

"Eva Oeppukd povopévo doyelo ympiletor pe pepfpavn e d0o ydPOVG.
O évag mepiéyet aépio og Bepuoxpacio T kot o dALog eivar kevog. Kdmowa otiy-
U M peUPpavn oTaEL KO TO 0EPL0 EKTOVAMVETOL KOl KOTAAAUPAVEL 0oTpamiaio,
Tov O6yko oAdKANpov Tov doyeiov (oy. 2.31). H dwdikacio extdvmong sivat
TOAD Bion Kot e Kavéva TpOmo deV UTOPEL VoL YopaKTNPLoTEL AvTIoTPERT. O
vroAoyicovpe TN HeTafoAr] Tng eVIpomiog Tov aepiov.

Mn Buooteite va meite 0TL, apov T0 a€PLO eV AVTAALACGEL BEppoTNTA
ue 1o mepifarlov, souemva pe ) (2.26), Ba sivar AS = 0. H (2.26) oy0et povo
Y0 AVTICTPENTEG PETAPOAEG.

Aol 1 petafoln etvar pun avtiotpenty dgv Umopel vo mapootodel
ypapikd. I'papucd umropodv va ametkovicOoby Hovo 1 apyikn Kot TEAMKY| KoTd-
otaon A kot B tov agpiov, mov givarl kataotdosig wooppomiog (oy. 2.32a). To
£pY0 TOVL TTOPAYEL TO ALEPLO Y10 VO KATAAGPEL TOV KEVO YDPO Elvar Undevikd Kat,
OT®G EIMOLLE, TO TOLYMULATO TOL dOYEIOV OV EMTPETOLV T LETAPOPA BEPLOTN-
TOG.

Ao tov TpdTo Beppodvvaptkd vopo (Q = AU + W) mpoxuntet AU =
0. H ecotepikn evépyeta Tov agpiov eopTaTal LOVO OO TNV OPYIKT KO TEAIKY
Bepurokpacio Kot 0Qov 1 ECOTEPIKT eVEPYELD 08 LETABAALETAL, 1) TEAIKT| OEp-
noxpacio tov aepiov eivon ion pe v apywn T. Exedn T, = T, = T n apyuch
katdortaon (A) kol n tedkn katdotaon (B), Ppiokovtol mdve oty 1010 166-
Oepun koumoAn (oy. 2.32P).

P A

(o) )

[ va vroloyicovpe ) petafoin g evipomiog o ekpetaAlevtovpe
to 6Tt ot efaptdTor HOvo amd TNV apyIKY] Kot TEAMKN KOTAGTOGN TOL GL-
otnuatog. Mia avtiotpentn dodikacio wov €xet ta ot dipa A kot B givar n
1600epun avtioTpent petafoin and v katdotaon A ot B.

AS,; = AS}3*"" = nR In Ve
A

[Mapatnpodue 011, enedon V, >V, n evrporio Tov agpiov avtlverar
(AS > 0). To amotélecpo uropovGapE Vo, TO TPOPAEYOVUE, POV GTIG TPOYLLO-
TIKEG (U1 OVTIOTPENTEG) UETABOAEG 1| EVIpOTio. EVOG AMOUOVOUEVOD GUGTHLO-
T0¢ av&hvetarl pEYPIc 6Tov T0 ovoTNUa £pbel o€ katdotoon OepUodvvapKng
1GOPPOTHAG.
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N

Xy. 2.31 EAevbepn extovoon aepi-
ov. Otav dwppayel n pepPpdvn n
omoia meplopilet 1o aéplo, To aéPlo
ekTovaveTal eheblepa pe un avti-
otpentd TPOMO Kol KOTOAAUPAvEL
60 TOV OYKO TOL dOYEIOV.

Xy. 2.32 H petofor wotd tnv
elevbepn extOvoOoN eivor un avti-
otpent|. I'pogikd pmopodv va mo-
pactafovv povo 1 opykn Kot TEM-
K1 Kotdotoon Tov aepiov A kot B.
Enme1dm katd mv ehevbepn ektovm-
on N apykn Beppokpacio Tov aepi-
oV givat iom HE TV TEMKN, 1 apYIKT
KOl 1 TEAMKT] KOTAGTAOT TOL 0epiov

Bpickovtatr mdveo oty 6w 1660ep-
un.



2YNOYH

O1 T0GOTNTES TTOV EIVOL TKOVEG Y10 TNV TEPTYPOPN TNG KOTAGTAGNG OEPLOSVVOUIKOD GUGTHUATOG OTOTEAOVV TIG
aveCapnteg Ogppodvvapké peTaPANTéG TOL GVGTINOTOC.

Mo mocotnTO aepiov Ppicketal o€ KOTAGTAGT OEPROOVVAIIKNG IGOPPOTTIAG OTALY 1) TEGN, 1] TVKVOTNTO, KOl
N Bepurokpacio Tov, Egovv TNV 1010 TN G€ OAN TNV EKTAGCT] TOV.
Mo KotdoTooN 160pPOTING TUPLGTAVETOL YPOOIKA LLE EVO GNUETLD.

AvtieTpenTi) ovopaletal | LeTaBOAN 6TV 0ol VITAPYEL 1| SVVATOTNTO, EXAVUPOPAS TOV GUGTHUATOG KOL TOV
TEPIPAALOVTOG GTNV OPYIKT TOVG KOTAGTAOT. O1 TporyLaTikeés LETAPOAES EIVaL N OVTIGTPETTES.

H petafoin otnv omoio to chotn e peTafoiverl amd Lo opyikn KATAGTOOT GE [0 TEAKT KOATAGTUON LECH O10-
SOYIKAOV KATACTAGE®MY OV UTOoPovV Vo BempnBovv KoTAGTAGELS 1IG0PPOTIOG EIVOL AVTIGTPENTH. X€ L0l TETOLN
petaBoAn pmopel va mpaypatoromel Kot 1 avtictpoen mopeio.

Mo avTioTpEnT] HETUPOLY] TAPLOTAVETAL YPOOIKA IE P10, cvveYT] Ypopu]. O pun avTioTpentéc petaforég
OV NToPovV Vo TOPASTUOOVY YPUPUKA.

To &pyo tov aepiov yia pio ToAd pikpn perafoin tov dykov tov glvar AW =pAV . Eivon Ogtikd av to aépto
EKTOVOVETOL Ko apvnTiko av cvumieletat. To €pyo evdg agpiov o pio avtioTpent) HeTafoin givar ico pe to
eUPOOOV TNG ETPAVELNG OTO TN YPOLLLY TOV SloypAUILOTOS LEYXPL TOV AEova V, 6To dtdypoptpia p-V.

OeppéTnTo ovopaleTor 1 LOPOT TNG EVEPYELNS TOV UETOPEPETAL OO £VEL GOWUO GE EVO GALO AOY® TNG S10pO-
pdc Beppokpaciog Twv 600 GOUATOV.

KéBe copa epmepiéyet evépyeta, mov givol To AOPOIGHLO TOV EVEPYELDY TOV GOUATOIOV TOL TO amaptilovv
®G AMOTELEGLOL TG GYETIKNG TOLG KIvoNg MG TPOG TO KEVTPO UALOG TOL GOUTOG KOl TOV OAANAETIOPACEDY
peta&d Tovg. AvTti TV eVEPYELN TNV OVOUALOVUE ECOTEPLKT] EVEPYELQ.

H gomtepukn evépyera 10avikov agpiov sivon U = %nRT .

H perafoin oty ecotepiki] evépysra vog Oepproduva ko cueTHRTOS €apTaTat LOVO 0o TNV apyLK Ko
TNV TEMKT KATOGTOOT] TOV GUGTHUATOG.

Ip®dTog Oepprodvvapikog vopog: To Tocd BepoTnTag Tov amoppo@d 1 omoariet Eva BeprodVVaLIKO GVGTN-
pa gtvat oo e to adyePpiko abpotopa e LeTABOANG TNG ECMTEPIKNG TOL EVEPYELNG KOL TOV EPYOV TOL TOPAYEL
N domavd to cvotua. Q=AU+ W .

V
YV 1660spun avriotpenty petafor ivar W =nRT In VT .

o

2NV 166)0pn ovTieTpenT petaforn W = 0.
v wooBapi) avrietpentii petafory W=p(V. -V, ).

Adwpatikn ovoudlovpe exeivn TN HETOPOAN KOTA TNV omoio 0€ GuVIELEITOL peTapopd Oeppomrag and To
nepIBaAlov Tpog To ovoTHO 1 avTicTpoPa. Xtnv adtofotikn uetaforny pV' = otal.
prV'r — p(xVOL

11—y '
Kokl ovoudlovpe ™ petofoin Katd tnv omoio. T0 GOGTNUO, UETE amd Lo SlEPYOsia, ETIGTPEPEL GTNV
OPYIKN TOL KOTAGTOOT).

To £pyo oty adwofatiki) avrioTpenti petoforn sivor W =

To épyo o€ Mo KOKAMKN avTieTpenTi petaforn eivan ico pe 1o eufadov mov opiletar amd Tn YPOUU TOV
dwaypdppatog, oto dtaypappo p-V.
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To moc6 BepuoTnTog Tov amatteital yo vo petoAndet n Oeppoxpacio pog tocotntag agpiov kotd AT givar
Q=nCAT.

H ypappopoproxi) e1d0ikn Oeppétnra pe otadepd 6yKo Kot 1 YpORPopoploK 01K Oeppotnta pe 6tode-
p1} wigon cvvdiovrar pe t oxéon C, =C, +R .

Ot ypappopoplakég e101kéG OeproTnTeg C, ko C, ywo évo 0€pro Exovv otobepd Aoyo.

H petafoin oty ecotepiki] evépyera evog aepiov divetar and ) oxéon AU =nC AT .

Ot Ogppikég pnyavég vroPaAlovy Eva 0€PLo o€ KUKAMKN LETOPOAN] KATA TN S1dpKELR TG OTOl0g
1) H pmyavi amoppo@d Oeppomra (Q,) amd o delapevi vyming Oepuoxpaociag T, 2) H umyavh nopdyet £pyo
3) H pnyavi) amofdirer Oeppomra (Q,) oe pua 6elopevi yauniotepng Oeppoxpaciag T..

H am6doon pog Oeppuikng pnyaviig eivor e = W ne=1- M .

Q, Q,
AgvTepog Beppodvvapikog vopog: Eivor adbvoto vo katackevaotel Ogppikn unyovn Tov vo. petatpénet €€
0AOKAN POV TN BepUdTNTA GE MGPEAMO EPYO M VO KATOOKEVAGTEL punyavi Tov va petapépet Bepudtra and va
Yoypo copo oe Eva OEpIOTEPO YMPIC VO, SUTAVATOL EVEPYELX Y10l TN AELTOLPYIDL TNG.

O Carnot Tepl€yponye Lo 100VIKY KUKAIKN OVTIGTPENTY LETAPOAT], TOL ovoudotnke kukAog Carnot, Kot amédet-
&e 6TL o Bepuikn pnyovn mov o akoAovBohoe avTdV ToV aVTIGTPENTO KOKAO Oal glxe T LeyolvTepn duvarn
amddoo.

H pnyaviy tov Carnot akolovOei tov e&ng avtioTpentod kkAo: 1) 1660epun extdvmon 2) adtafatik eKTOVOON
3) 1060epun cvumieon 4) adlofatiki copumieon.

H anddoon g unyavng Carnot eivon e, =1 —T—C.
h

H perafoin g evrpomiog katd tn SIGPKEL LG TOAD HIKPNG AVTIOTPERTNG dlepyaciog opiletal g to mnAiko
TOV TOGOV BEPUOTNTAG TOV ATOPPOPNGE 1| ATERAAE TO GVOTN LA TPOG TN BEPLLOKPOAGIO TOL GLGTILOTOC.

AS = AQ )
T
H petafoln g evrpomiog vog cuatiaTog £0PTATOL LOVO OO TNV OPYIKT KOt TEAKY| KOTAGTAGY] TOV.

Katd ) didpkelo mpoyuatik@v LETABOADY 1) EVIPOTIN VOGS LOVOUEVOD GUGTILOTOC TAVTOTE AVEAVETOL UEYPL
va eméNOEL 1G0pPOTiD, OTOTE 1) EVIPOTIO OMOKTE T UEYLOTN TIUT TNG.

H avénon g evipomiog evOG GLGTHLOTOS 0ONYEL 6TV EAATTMGN TNG IKAVOTNTAG TOV GUGTHUATOG VO, TOPAyEL
OOEMO €pYO.

H evtponia cuvdéeton pkpookomikd pe v ata&io mov entkpatel 6To SOUKA GTOXEID TOL GLGTHLOTOS. AVEN-
on g ataéiog cuvendysTol adENCN TG EVIPOTING TOL GLUGTILOTOC.

[Tepittdoelc VTOAOYIGHOD HETABOANG TG EVIPOTIOG

Yrnv aowwpotikn avrieTpenti) petafoin AS =0

\Y
Yty 1660gpun avriotpenti peraforn AS= % N AS=nR an—B .

A

v KokMkn petafoin AS, =0

v
Yy ehevBepn ektovoon AS=nRIn V—B .

A
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Xy.2.33

Ty. 2.34

2y 2.35 (0) Topn 0L KLAWVIPLKOD
doyetov pe tig tpumec. (B) Toun tov
doyelov peTd ™V TOPUUOPO®GT).
[IpocéEte mov Ppickovton ot TpOTES.
(v) To doyeio kpépetan 6pOio, depé-
vo pe éva okowi. (8) O atudg eedyet
oo TIG TPUTEG KOl TO d0YElo oTpé-
QeTaL.

APAXTHPIOTHTEX

1. BOeppoTnta Ko £pyo

[Tapte éva Adotiyo (amd avTd TOV YPNCULOTOIOVLE Y10 VO KAEIVOLLE
ppa OEUOTA) KoL TEVIDOTE TO HTPOGTA GTO TAVM YEIAOG Gac. Oa domoThoE-
Te OTL etvan Alyo Bepuotepo amd to mepipdrriov. Kpamote to £tot yia Afyo Kot
UETE APNOTE TO VO EAVOTAPEL TO OPYIKO TOV UNKOG. Ba deite OTL TOpa paiveTan
Alyo mio yoypod amd 1o mepiairov. Ilog eEnyeital avtd;

2. H peratponn) tng Oeppotrag og épyo

e éva SoKIaoTIKO cmAnva pigte Alyo vepd Kol 61N cuvEYELn KAEIoTE
Tov pe éva eAAd. TomoBetote tov 0pblo, pe 10 KAEGTO TOV AKPO TTPOG TA
KAT®, 6T GLyovh] OTIE VOGS KopvETov. X Alyo To vepo Ba apyicet va Ppdalet
Kot av mepUEvete Alyo o @eAdg Ba extvoytel. Tleprypdyte Tig evepyelaxég
petafoiég mov cvuPaivovy.

[Ipocoyn: 0 coAVIG Oev TPETEL VO OTLLASEVEL EGAG 1) KATOLOV GAAO.

3. Karaokevdote évav atpootpéprro

Oa YPNCLLOTOMGETE VA KAEIGTO UETAAAMKO KOVTAKL OO OVONVKTIKO.
Xopig va avoi&ete To KOVTAKL avoiETe Ue £V KOpPi dV0 TPUTEG GE AVTIOIOLE-
TPIKA onpeio TG KLAMVOPIKNG EMPAVELNS, TOL PpicKovIal 6TO 1010 VYOG Kot
00€140TE T0 TEPLEXOUEVO (o). 2.35a).

[Tiéote pe ta xépro TNV KLPTY EMPAVELD OGTE TO KOVTIL VO ATOKTIGEL
té60ep1C Yovies. [Ipénet va TEGETE TO KOVTAKL UE TETO0 TPOTO DOTE KAOE TPO-
7oL vo. BpiokeTat Kovtd og Kamoto yovia (o). 2.35B). BdAte and tig tpdneg mov
avoi&ate mepimov £va ddyTuAo vepd. AEGTE TO KOLTAKL OO TO EXAV® LEPOG TOV
LE OKOWI OGTE VO UTOPEL VO GTPEPETOL YOP® amtd Tov agova tov (o). 2.35y).
Kpepdote 10 and Kamov katl tomofetinote akpimg amd Kot tov Eva yKaldkt
LE oryovn eOTLA.

Orav to vepd apyioet va Bpalet, o atpog Oa apyicel vo @edyel pe tayd-
T omd TIG TPVTES KOl TO O0YEL0 VO OTPEPETOL.
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EPQTHXEIX

Ioopponia - avricTpentéc petaforéc - £pyo agpiov

2.1

2.2

23

2.4

Avoeépete 600 UN OVTIOTPENTEG UETAPOAEG, SIUPOPETIKEG OO QVTEG
oL avapEpovtal oto Piiio.

To épyo evog aepiov eivat ............. OTOV .vvnnnnnnns KOl 0PV TIKO
OTAV vvvvevinnnnnn. (Zopuminpoorte to KeVaA).

[Towa amd T1g EMOEVEG TPOTATELS TOV APOPOVYV GTO £PYO €VOG aepiov
elvat cooTéc;

o) ‘Evo aépro mapdyer €pyo poOvo OTOV  LIOPAALETOL ©E
OVTIGTPETT] LETOAPOAT.

B) Av 0 6ykog Tov aepiov d¢ petaPdiretal, To £pyo TOL OEPIOV
glvat punoév.

v) Xe k60e petaforn, avtiotpentn N O6xL, 10 £pyo €vOg agpiov
umopel va vroAoylotel amd To didypapp p-V.

) O vrToAOYIGHOG TOL €pYOV TOL aepiov omd to ddypoppa p-V
glvar dvvatdg POVO GTNY TEPITTMON TNG UM OVTIIGTPENTNG
petafoAng.

AwBétovpe éva doyelo yopiopévo otn néon pe pepPpdvn. Xtov éva
Y®OPOo TOL doyeiov Ppicketal Kdmolo aéplo evd 0 AAAOG €lval KeVOC.
Kémowa otrypn ondet n pepPpdvn kot 1o aéplo Katorlapupavel 6lo to
y®po tov doyeiov. To Epyo tov aepiov elvar BeTikd, apvnTiKo 1 UNdEV;
ATI0AOYNOTE TNV OTAVINGT GOG.

Ogppomro - Ecotepkn evépysra

2.5

2.6

IToleg amd T1g emdOLEVES TPOTAGELG EIVOL GMOTEC

o) ‘Evo copa €xet Oepuotta otov gival (eoto.

B) Edv o@épovue oe Oepuikn emagpr 600 ocopotoa A kot B,
dapopetikng Oepuokpaciog (T,>T,) netapépetar evépyeto
(BepuodTTa) amd 0 chpo e TV VyNAOTEPN Oepuokpacio
TPOG TO COUN HE TN Youniotepn Oepuoxpacio. Avti M
Sradtkacio el G OMOTELEGUO TV EAATTOOT TG ECMTEPIKNG
EVEPYELNG TOV GMOUOTOG A KOl TNV adENCN NG €0MTEPIKNG
EVEPYELOG TOL GMMATOG B.

Y) Me v tp11] dev avéavetol 1 OeproTNTU TOV COUATOV TOV
TpifovTol GAAL | ECOTEPIKT] TOVS EVEPYELQ.

o) Oepuotro kot Beppoxpacio eivol SOPOPETIKEG OVOUOGIEG
7oL amodidovTal otV idto Evvola.

€) H esocotepikny evépyeln evog aegpiov eivor oviioyn g

Oepurokpaciog Tov.

Eniélre t cwot mpoToon.

o) H sowtepikn evépyelo gvog aepiov eivar to dOpoicpa tov
SUVOUIKADV EVEPYELDY TOV LOPIOV TOV.
B) H ecwotepikn evépyeia evog aepiov egoptdtor poévo amd v

mieon otV omnoia PpickeTal.
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2.7

2.8

Y) ‘Eva. Oeppodvvapcd cvotnuo pmopel vo petofel omnd o
OpYIKY KOTAGTOON G& KAmol GAAN pe moihovg tpomove. H
HETAPOAN TNG E0MTEPIKNG TOL evépyelag eCaptdtatl amd Tov
TPOTO L€ TOV OMO{0 TO GUGTNUO UETAPOIVEL OO TV aPYIK)
TNV TEMKN KoTaoTao.

) H petafoin ¢ eo@TeEPIKNG EVEPYELNG OOVIKOD 0EPIOVL
e€opTaTaL LOVO amd TNV OPYIKT KOl TEMKT KOTAGTOOT.

Youo agnvetar vo oloOnoel oe mAdylo eminedo. H eowtepicn
EVEPYELD TOV COUOTOG LETAPAALETAL:

o) av petaPAindel n Beppoxpacio Tov.
B) o1t petafdrieton o HTNTAE TOL.
Y) d1011 petafdrietar To Hyyog 6To 0moio PPIcCKETOL TO CAOUA.

EniléEte T oot TtpodTOon.

Ao dpopeTikéG  TocOTNTE aepiov  Pplokoviow oty dw
Oepuokpacia. [ow amd Tig eMdOUEVEG TPOTAGELS Elval COGTN;

o) O1 0b0 TOGHTNTES £YOVV TNV 110 ECMTEPIKT| EVEPYELX.

B) MeyaAdTepn E0MTEPIKT EVEPYELD EXEL T LEYOADTEPT TOGOTNTA.

v) MeyoA0tepn €0MTEPIKN €VEPYEWD €YEL 1 TOCOTNTO TOV
KataAapPavel To peyaintepo dyKo.

d) MeyoAdTepn ECMTEPIKN €VEPYELD EXEL TO OEPLO HE TN
peyoAvTepn mieon.

O np®OTOC BeppOdVVAPIKOG VOHOG

2.9

2.10

2.11

1)
2)
3)
4)

5)

ZOpemva pe Tov TpdTo Beproduvapkd vopo, To Toco BEpUOTNTOS TOV
amoppo@d N omoPdaAlel éva OgpLOSVVOUIKO GUGTNUO Eivol 160 e
T0 aAyeBpiko GBpotcpa 1) TG HETOPOANG «vvvveeens eeeeenn, OV
GUOTILOTOGC KOL 2) wueneeneeneenieniieaeanaannn. OV TAPAYEL 1] OATUVA
70 GUOTNUA. (ZVUTANPOCTE TIg AEEEIS TOV AgimOVV).

O TpdTOC BEpLOdVVOIKOS VOLOG:
o) AmoteAel pia EKPpOoT) TG apyYNG SITHPNONG TNG EVEPYELNG.

B) Avopépetal 6€ LoVOUEV OEPLOSVVOIKA GLGTLLOTA.
Y) Loyvel povo ota aépia.
d) Loybel povo otig avtiotpentég petaforss.

EmAééte ™ ocwot andvinon.

Na avtictotyicete To GTOLXEIN TNG OPLOTEPG GTNANG GE GTOLXEIN TNG
de&1dg.

o) W=nRTIn Ve
\Y

IooBapnc avtiotpent petafoin B) W= p“—;p’AaV

looywpn avtiotpenth petafoin v) W =pAV

lo60epun avtiotpent| petafoin o) W=0

Kok avtiotpentn petafoin g) W= %
Adwopatikn avtioTpenty petafoin o1) EpPadov mov mepucieieton

omd TNV KAELGTH YPOLUUN OTO
darypappa p=f(V)
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2.12

2.13

2.14

2.15

2.16

2.17

No copnAnpmocete To Kevd:

To épyo evoc aepiov eivar Betikd OTOV TO 0EPLO ............ Xmv
..................... OVTIGTPENTY| EKTOVOON TO £pY0 TOV aepiov givar ico
LLE TNV EAATTMON TNG ECMTEPIKNG TOV EVEPYELUG. TNV «nvnvenreneennannnns
OVTIGTPENTH EKTOVMOOT] TO £PYO0 TOL 0gPiov gival ico pe tn epuotnta
OV ATOPPOPA TO UEPLO.

270 SLAYPALLLLE TOV GYNLOTOG 2.36 TAPIGTAVETOL Lo 1I6O0epUN KoL pa
adPotikn peTafoAn opiopévig mocotnTag aepiov. Iota kopmdin
avTioTolel o€ kéOe peTafoAn; AKaloAOYNOTE TNV ATAVINGT GOG.

"‘Eva aépro, mov apyikd Ppioketor otny Kotdotaon A, petafaivel otnv
kartdotaon B pe otabepn| migon kot ot cvvéyeln oty kotaotaon [
pe otabepd Oyko, Onmg delyvel To oynua 2.37.
1. H petafoln g ecmTEPIKNG EVEPYELNG TOVL O.EPiOV KOTA TN
depyacio AB givat:
o) OeTikn); B) Apynrikn;  v) Mndév;
2. H petafoln g ecmtepikng evépyelag Tov aepiov KaTd T
dtepyacia BI glvat:
o) OeTikn); B) Apyntikn;  v) Mndév;
3. H petafoin g ecoTEPIKNG EVEPYELOS TOV GLGTILLOTOG KOTA
N peTdPacy Tov amd v katdotaon A oty I gival:
o) OeTiKn; B) Apvntikn; ) Mnoév;
AUTIOAOYNOTE TIG OMOVTINOELS GOG.

Emiéére ™ cwot mpotoot.

o) XV 1600epun exTOVOON agpiov Eva PEPOC G BepudTnTog
OV OTOPPOPA TO AEPLO LETATPEMETOL GE EPYO.
B) 2V oofopn eKTOVOON, TO £pYo TOL aepiov ival ico pe T

70606 OepUdTNTAG TTOL ATOPPOPA TO AEPILO.

Y) 2y 16oyopn Bépuaven, 1 BepUOTNTA TOL ATOPPOPA TO ALEPLO
glvat ion pe ™ petaforr] 6TV ECOTEPIKT TOV EVEPYELQ.

d) 2ty adfatikn eKTOveooT To £pyo Tov aepiov givar ico pe
UETAPOAN TNG ECOTEPIKNG TOV EVEPYELOC.

‘Eva aépto, mov apyikd Bpicketar oty katdotaon p,, V,, EKTOVOVETOL
uéxpt o 6ykog Tov vo. yiver V.. No mapactabodv og kotvoig atoveg p-V
po 1wobepun kol po adeBoTiK) oL Vo 0dNYouV amd TV OPYIKN
KOTAOTAON OTIG TEMKEG KaTooTAoElg Oykov V. e mowa and Tig 500
LeTaPOAEG TO £pYO OV TTAPAYEL TO AEPLO EIVOL LEYOADTEPO;

‘Eva aépro pumopei va petafel amd po apykn katdotoaon A o€ o
TeMKn Katdotaon B, pe dvo tpomovg. o) Me o 1660gpun petofoin
kot B) Me o woofapny ektdoveoomn kot pia 16dywpn petaforr. Ot dvo
TPOTOL TAPLGTAVOVTUL 6TO GyNua 2.38 pe toug aptpode 1 kot 2.

To moc6 BepudTNTEg TOL ATOPPOPA TO ALEPLO ElvaL:

o) Meyaidtepo kotd ™ dtadpoun 1;

B) "I310 kot 671G V0 TEPMTOGELG;

v) Meyoalvtepo Katd ) dtadpoun 2;

[Towa amd T1g TpoThAsEL AVTEG Elvar opOn;

A1TI0AOYNGTE TNV ATAVTNOY| GOG.
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Ty. 2.39

2.18

2.19

‘Eva 0épro apykd Ppicketar otnv kotdotaon A. To aéplo pmopel va

petafPet omv kotdotacn B pe plo omd tic petoforég mov
maploTavovtal oto dudypoppa (oy. 2.39). Na cuykpivete yo Tig TPELG
Sldpopég ) To €pyo mOL TMopAyEL TO 0€po, B) TN petafoAn g
ECMTEPIKNG EVEPYELNG TOL agpiov, Y) T0 moGo Oepudmrog mov
ATOPPOPE TO ALEPLO.

[oteg amd 115 eMdEVES TPOTAGELS EIVOL COOTEG;

o) 2V 100)mpn LETOPOAN TO £pYo €lval Undév.

B) v odwPotiky ektovoon mn teMkn Oepupokpacio etvor
HikpOTEPT TNG APYIKNG.
v) 2T ad1ePotikn EKTOVMGN TO £PY0 TOL TOPAYEL TO 0EPLO Elvat

{00 pE TNV EAATTMON TNG ECMOTEPIKNG TOV EVEPYELNGS.

d) Xy 1660epun petafoin n OeppotnTo TOL AVTOALAGGEL TO
aéplo pe To TEPIPArAOV etvar Undév.

€) 2V KuKAMKY petafodn o €pyo Tov agpiov gival ico pe to
eUPadOV mov mepkAeietar omd T ypappq 6To ddypappa p-V.

I'pappopoprokéc e101kég Oeppotnteg aepimv

2.20

221

2.22

2.23

SOUTANPOCTE TO KEVEL:

H ypappopoplokn edikn Oeppommrta ekppalel to mocd Oepudtn-
TG oL TPEMEL va Tpoopepbel oe Eva mol aeplov dote va avéPetl 1
Bepprokpacio Tov KOTE ...ovvvvnnnnnnn... 210 aéplo, 1010{TEPO EVILOPE-
pov TapoLGlalovy 1 Ypappopoploky €0kn Oepuotnta vd otabepd
OYKO KOl 1] YPOUUOMOPIOKT EWOIKN OEPUOTNTO v.vvvveeieienneannenn,
..................... H oyéomn mov cuvdéet Tig 600 e101KEG YPOULOUOPLO-
KEG OEPUOTNTEG EIVOAL ..

IToleg amd T1g emOLEVES TPOTACELS EIVOL GMOTEC;

o) >t0 6TEPEA KO TO. VYPA, 1 €01KN Oeppomra e€optdtol pHovo
ond TO LAMKO TOLG. 2T OEPLO. 1) YPOLLOUOPLOKY ELOTKN
Oeppomta efaptatar kKabe Qopd kol omd Tov TPOTO UE TOV
omoio Bepuaiverat 1o aépto.

B) O Adyog Cp/CV, TOV YPOUUOUOPLOKOV EWIKOV Oeppottov
evog agpiov elvar pukpdtepog 1 icog tov 1.

v) 210, 100VIKE 0€pia Cp-CV = o10abepo.

0) H oyxéon AU=nC, AT &iver  petaforn) e £0wTEPIKTG
evépyelag evog agpiov og kdbe petafoin, avTiGTPERTN N UN.

H Oepuoxpacio pog mocdtrog aepiov avEavetor. H ecwotepikn
gvépyeta tov aepiov:

o) av&averat;

B) LEDVETAL,

Y) dev emnpedaletol amd T peTaforn otn Beppokpacio;
d) yperafovtal Kol GAAL GTOLYELD Y10l VOL ATOVTTICOVLE;

EniléEte T cwoth amdvtnon.

Eénynote molotikd YTt m ypOLLOHOPloKY €01KY Beppotnta Tmv
aepiov vd otabepn migomn gival peyaAdTePN OO TN YPOLLUOUOPIOKN
€101kn Oeppomra vd otabepd dyko.
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2.24

[Tob opeiovtar ot amokAicelg avapesa otig BempnTikéc TPoPAEYELS

tov C_ kot C,, Y10 T0 LOVTEAO TOV WOAVIKOD 0EPTOV KOl OTIC TEPALLOTL-
/4 p r V

KEG TIUEG TOVG;

AgbdTepog Oepproduvapikiog vopog - Ogppikéc pnyovég

2.25

2.26

2.27

2.28

2.29

Oepukn unyovn givaa,

o) To TpOAel;  B) 0 povpvoc;

Y) T0 TOOMANTO; &) O KIVNTIHPAG TOV ALEPOTACVOV);
Enélre ™ cwot andvinon.

Me motov tpdmo amoPdAletar OepprdTnTO KOTA T AELTOLPYIO TNG UNYOL-
VNG TOV QVTOKIVI|TOV;

[Tow amod T1g endpeveg mpotdoelg eivol coot;

o)
)

Y)

0)

Kébe Oepuuikny  pmyovn  Aertovpyel  avdpeca oe 600
Oeppoxpaoisc.

O ovvteleotng amddoons Mo Bepuikng pnyavng etvar to
TNAIKO TNG OPEAUNG EVEPYELNG TTOV LOG OIVEL 1] UNYOVI TTPOG
10 1060 OeppdTNTOg TOL ATOPAAAETAL OTO TN UNYOVT KOTO TN
Aettovpyia g,

Edv ftav duvatd vo eEorerpbovv ot tpiPég o cuvtereoTig
amod0oNc TV Deputk®dv punyavov 0o nTov icog e T povada.
H omddoon tev Oeppukdv pnyavov kopoivetol cuvinbmg ava-
peca oto 70 pe 80%.

Ot TopaKAT® TPOTACELS AVAPEPOVTOL GTO OEVTEPO BepLOdLVOLLKO
vopo. Iloteg givonl cooté;

o)
P)

Y)

o)

oT)

0)

Agv VTaPYOLV TEPLOPIGLOTL GTI LETATPOTI TNG EVEPYELNG OO
TN {0 LOpOT| TNV GAAN.

Xe po KukAMKn petafoin 1 BeppoTnTa TOV TPOGPEPETUL OO
10 TEPIPAALOV 6TO cVOTNUE, O peTacynuatiletor TANpOC o8
LUNYOVIKT EVEPYELOL.

Katd v 1660epun ektovoon, 6Ao 1o 10oc6 Beppomrag mov
amoppoPd 1o aéplo petatpinetal o€ £pyo. H petafoin avt
amotelel pa efaipeon oto devTEPO Oeppoduvapukd vopuo.
Me 1 onuepwn texvoloyla dev €xel emrevyfel n TApPNG
petatpomn g Oepudmrag e unyoviko épyo. EAmilovpe o1t
610 pEAAOV Ba T0 KaTopOdGOoLLE.

O de01ePOC OEPUOdVVOUIKOG VOUOG 0moKAElEL TNV VTTOPEN UG
Oepkng pnyovng mov €yel cuvteAeoTn amoddoong ico pe 1.
To yvuyelo petaeépet Beppuomta amd o Yoypd CHOUOTO TPOG
ta Oeppotepa.

H Beppomra petagpépetal mavta and to Beppotepa mpog To.
yoypotepa codpota. [1o 10 aviiotpopo omatteitor domavn
EVEPYELNG.

Aépe 6T Katd ™ Aettovpyia piag BepUtknig UNyovng 10 @EEALLO EpYo
€lVOL TAVTO UKPOTEPO OO TNV EVEPYELDL TTOV dOTOVATOL Y10, TI AELTOVP-
via g (Bepudmta). MAmog avtd mapafidlel v apyn datnpnong
NG eVEPYELNG; AITIOAOYNGTE TNV ATAVINGT GOGC.
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2.30  H 8dloocoa €xel 1epaoTio E0OTEPIKN evEPYELN. Qo UTOPOVGUE VO
YPNOLOTOUCOVLE OVTH TNV EVEPYELN YaL TNV Kiviion TV TAoiwv; (At-
KOLOAOYNOTE TNV OTAVTNON 00G).

2.31  Toteg amd T1g mapakdT® TPOTAGES TOV apopovv otn pnyovhy Carnot
glvol cooTEC;

o) H pnyovn mov emvonoe kot cuvappordynoe o Carnot @épet
onuepa to Gvopd tov.

B) O xvKAog Tov Carnot amoteAeitol omd 000 1600epEeg Kot dVO
10OYMPEG LETAPOALS.

Y) H pnyovy Carnot €yet  peyokovtepn amddoon  yroti
petatpémnet €& 0AoKAN oL TN OeprOTNTA GE MPEALO EPYO.

d) H amddoon tg unyoving Carnot efoptdrtor povo omd Tig
Oeppoxpaciec TV  OfoUEVOV  LYNANG  KOL  YOUNANG
Oepurokpaciog.

€) Otav kpaivel o Adyog g Oeppokpaciog g Wouypng
deapevig mpog 1 Beppoxpacio g Oepung, o (o pnyovn
Carnot, 0 GLUVTELEGTNG 0TOG00TG TG LEYOADVEL.

2.32  H amddoon pog Oepuikig unyavig dogv pumopet va givat ............. ano
Vv amodoon o unyavig Carnot mov Agrtovpyei avapeso otig i01eg
Oepuoxpacies. O cvvtedeotng amddoong pag punyovie Carnot eivon
............. (Zouminpmote o KeEVA).

Evtpomia

2.33  Toteg amod t1g endpeVES TPOTAGELS £IvOl COOTEG;

o) H oyéon AS= % dtvel tn petafoin g evrpomiog HOVO OTIG
TOAD LKPEC OVTIGTPETTES O1EPYUGIEG.

B) H petafoln g evrpomiog evog Oepproduvo ko GLGTHIATOSG
eCoptdtal Hovo amd TNV OpYIKN Kol TEAMKY KOTAGTOOT TOL
GULGTILLOTOC KOl OYL OTO TOV TPOTO OV EYVE 1 LETAPOAT.

Y) 21 SLapKeELL L0 TPOYUATIKAG (LU OVTIOTPENTNG) dlEPYOTiog
N EVIPOmio. €VOG LOVOUEVOD OpLOSVVOUIKOD GUGTHLOTOC
LELDOVETAL.

d) Xe évo LOVOUEVO GUGTNHO GE 1G0PPOTie 1| EVTPOTiDL EYEL TN
UEYLGTN TN NG,

2.34  "Eva Bgppoduvvopikod cootnua petafaivel and v katdotoaon A otnv

katdotaon B. H gvtporia tov cvotmiupatog oty katdotaon B etvon
peyodvTePN 0o TV £vIponia Tov 6TV Katdotoon A (S, > S ).
EniléEte T1¢ cwoTég amavtioselg ota epotiuata A, B, I

A. H otoio tov dopik®v otoygiov Tov cuotnuatog eivat
o) peyaAvtepn oty Katdotoon B,
B) pHiKpOTEPN oTNV KoTtdotaon B,
v) dgv €YOVLLE ETOPKT| GTOLYXELD Y10, VO OTTAVTIGOLLLE.

B. H woavotnto Tov GUGTANOTOS Vo TTOpPAYEL OQEAUO €PYO
o) ovENdnke pe 1 petdfocn TOv GLOTNUATOS GTNV

Katdotoon B,
B) pewmonke,
v) OEV £YOVLE EMOPKT GTOLYEID Y10, VO OTTOVTIGOVLE.
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2.35

2.36

2.37

2.38

2.39

I. To cuotnua Katd T S1apKELD TNG LETAPOANG
o) amoppoence Bepudtro,
B) améfare OeppottTa oo mEPPAALoV,
v) OEV £YOVLLE EMOPKT) GTOLYELD Y10l VO OTTOVTIGOVLLE.

‘Eva BAnpa corvodvetal 6€ Toiyo.

o) H xwvntikn evépyeto Tov PALOTOG LETATPATNKE GE SUVOLLKTY].

B) Metd v Kpobon 1 KvnTikn evEpYELa ToL PAIOTOS UNdevi-
omke. H ecotepikn evépyeta tov PANUOTOG Kot TNG TEPLOYNG
TOV Toiyov 61OV GENVMONKE aVENONKE.

Y) H evtponia Tov cuotipatog PANpa - Tolxog petmonke.
d) H wovotnto Tov 6ueTHNATOG Y10 TOPaymYN) OQEAUOD £PYOV
pelmonKe.

[Toteg amd T1g TpoNnyoLLEVEC TPOTAGELS EIvOl CMOTEC,

Av Bdhovpe €va TOTAPL vEPO GTNV KATAYLEN, TO vEPO Ba maydoet.
H ataéio tov popiov tov vepod 6’ avt v Kotdotaon (Tdyog) €xet
pewmbel og oxéon pe ekeivn Tov vINpye 6TAV TO VEPO PPloKoOTAV GTNV
vypN katdotaor. Eropévac n eviporia tov vepod peimbnke. MAmoc
LT M TEpinT®on omotelel eEaipeon oTNV YEVIKOTEPT TACT VO ALEA-
VETOL 1] EVTPOTin; AIKOMOAOYNGTE TNV ATOYY| GOG.

Y10 oynua 2.40 Toplotdvetol 1 KUKAKY| LETAOAT oL veioTATHL OpL-
ouévn mocotTa. agpiov. H petaforn AB gival 1660gpun, n BT 166y®-
pn ko A adofatikr. Kot m petapoin BT, i eviporia tov aegpiov
a) avéavetat; B) petoverat; v) Tapapével otabepn; Attioloynote Ty
QTAVINGT] GOG.

No avtietotyioete ta peyédn mov Ppickovial 6Ny aplotep GTAAN UE
TIG HOVAdEG PéTpnong otn de€ld oTnAn

H W a J
2) S By m
3) U vy N
4 p §) N/m?
55 VvV g) J/K

Noa anodobei o khkhog Carnot ce didypoppo pe AEoves TV evipomio
Kot TV anoivtn Beppokpacio Tov agpiov (S-T).
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"Epyo agpiov - tp®@T0g 0£pR0dVVOUIKOS VOROG

240  Aéplo pe oyko 0,004 m® Ogppaiveton pe otabepn micon p = 1,2 atm
néxpt o dykog Tov va yiver 0,006 m’ . Yroloyiote o £pyo mov mapdyst
10 aépto. Afveton 1atm =1,013x10° N/ m®.
[Am: 243,1J]

241  Avo mol aepiov Bepuaivovior amd tovg 27 °C otovg 127 °C. H 0ép-
poven tov agpiov yiveton pe otabepn mieon. YmoAoyiote 10 £pyo mov
mapdyetl 1o aépro. Atvetar R = 8,314 J / (mol K).

[Am: 1663 J]

2.42  Avo mol agpiov Ppiokovtal o€ Oepuokpoacio 27 °C. AlatnpdvTog 6TO-
Oepn ™ Bepuokpocio copmiElovpe T0 0EPlo MGTE N TEST TOL VA dt-
mhactootel. No vtoloyiotet 1o £pyo Tov agpiov.

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

(10N [Am: -3458 J]
2.43  To duaypappa (o). 2.41) mapiotdvel tn LETAPOAN evOg aepiov amd v
Katdotoon A oty katdotaon B. Yroloyiote 1o £pyo Tov agpiov KoTd
3,587

TN HETOPOAN avTn.
[Am: 4600 J]
1,013

. V(') 244 IMocétra aepiov kotarapuPdver 6yko 10 L kou éxer mieon 1 atm.
0,02 0,04 To aéplo extovvetal 1060epua péypL vo, SIMAAGLOGTEL 0 GYKOG TOV.
YroAoyiote 10 1066 OeppuodTnTOg TOV ATOPPOPNGE TO GEPLo. Alvovtat

e 241 L= 10" m’, latm=1,013x10° N/m?, In2 = 0,6931.
[Am: Q=702,1 J]
245  Aépwo Pploketar péca og doyeio mov kieiveton pe épporo. To aépilo
kotahopPavel 6yko V, = 0,008 m’, &yet Oeppokpacio T, = 300 K
kot wieon p, = 1,013 x 10° N/m* . ®gppaivovpe 0 a€pto viid oTade-
pn mieon, péypt n Beppokpacio tov va yiver T, = 375 K.
o) Yroloyiote To £pyo Tov agpiov.
B) Av katd ™) 0épuavon tov to aéplo amoppdence BeppdtnrTa
Q=1709,1 J vmoroyicte TN PHETOPOAN TNG ECOTEPIKNG TOL EVEP-
YELO0G.
[Am: W =202,6J, AU = 506,5J]
p(10" N/m’) 246 0,2 mol agpiov ocvumelovrar 1660epua oe Beppoxpacio 6 = 27 °C,
MOTE 0 OYKOG TOL Vo, ehattmbel 670 1Gd. YoAoyiote T0 m0c6 Oepuod-
2513 TNTaG TOL AVTAAANEE TO 0€PLO Le TO TEPPAALOV.
Aivovtal R = 8,314 J / (mol K), In2 = 0,6931.
1013} -oee [Am: -345,8 ]]
' V() 2.47  Aépro ekterel v KuKAKN petafoin Tov oynuartog 2.42. Ymoloyiote
' ' 70 Kabapd 1066 OeprdTNTOG TOV ATOPPOPNCE.
002 004 [Am: 1500 J]
Ty 2.42
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I'pappopoprokéc e101kég OeppoTNTES LOAVIKOD 0EPIOV

248

249

2.50

Idavikd aéplo Bpicketon o€ doyeio otabepod dykov 0,004 m*. To oé-
plo Oeppoivetan Gote M micon Tov amd 1,013x10° N/m* vo yivel
3,213x10"” N/m*. Na vroloyiotel 10 m066 OeppudTnTag mov omop-
pognoe 1o aépto. Atvetar 6Tt ot WavIKG agpta ioydel C, = 3/2 R.
[Am: 1320 J]

Aépio Bspuaivetar pe otadeph micon 1,013x10° N/ m*, dote o dykog
oV amd 0,005 m® va yiver 0,007 m’ . No vrohoyiotel 10 m066 Oeppd-
™tog Tov amoppdenoe To aépto. Atvetan C, = 3/2 R.

[Am: 506,5J]

Na vroAoyiotel 1 aHENGN TG ECOTEPIKNG EVEPYELNS OPIGUEVIG TOGO-
mrag agpiov 0tav To Bepudvouvpe e otabepn meoN TPOCPEPOVTAS
tov Beppdtra Q = 10 cal. I'ia to aépro woyvery = 1,41.

Atvetar 1 cal = 4,18 J.

[Am: 29,64 J]

BOeppikég unyavéc - Kokhog Carnot

2.51

2.52

2.53

2.54

INo v maporyoyn NAEKTPIKNAG EVEPYELNS, £V EPYOCTAGLO YPTCLOTOL-
el Ayvitn. AT v Koo Tov Alyvitn T0 €pYOSTAGLO TPOPOOOTEITAL LLE
Oeppomta pe puopo 900 MW kan wapdyet 300 MW pmyavikng 1oybog
OV GTI GUVEXEWN LETATPEMETOL GE NAEKTPIKY 1oYV. YTOAOYioTE TNV
aO00GT] TOL EPYOCTOGIOV KOTA TN LETATPOTN NG Oepudtntog o€ un-
YOVIKY] EVEPYELQL.

[Am: 33,3%]

Ogprukn pnyovh mopdyel oe kdbe KOKAO Agttovpying TG UNyoviKo
épyo 200 J. H amddoon g pnyavig tvar 25%. YroAoyiote to mocd
BeppoTTOg TOL ATOPPOPd, KAOMOG KAl TO TOGO BEPUOTNTOC TOV OTO-
BaArer n unyovn og kéBe KOKAO TNG.

[Az: 800 J, 600 J]

Ot BevQvounyavég 6Ta QVTOKIVITO ¥PNGILOTO0VV TN BeppdTnTa Tov
mapdyetat omd TV kavomn g Peviivng. Mépog g Oeppotntog autng
TN UETOTPENOVY GE LUNYOVIKO £PYO KOt TNV LIOAOWN TNV omoBAAlovv
otV atpoceopa. H amddoon piog tétolag unyovng etvor mepimov
20%. H Beppokpacio mov emtuyydvetol pe v kavon g Peviivng
glvar mepimov 2100 °C. Av 1 Beppokpacio e atpocearpag stvor 23 °C,
vroAoyiote TN BepnTiKd PEYIOTN 6300 TOV UTOPEL vau £xEL pial Té-
Too. pnyovh. (o Bempnoete 0Tt Ta KOwsoEpia amofdiiovtat ot Bep-
HOKPOAGIO TG OTHOGPOLPOG).

[Am: 87%]

Muo, unyavn Carnot vrofdiiel oe KUKAIKY peTofoAn 5 mol Wavikod
aepiov. H Beppokpacio tng Oepung delapevig eivor 500 K kot g yo-
PG 300 K. Katd v 1060epun ektd6VmG1| ToL 0 0YKOG TOL aepiov amd
V, = 3x10” m® yivetn V, = 6x10°m’. Yrohoyiote:
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o) To cuvteleatn andOOCNG TN UNYOVIG.

B) To épyo mov mapdyet | unyovn o€ Kabe KHKAo.
Aivovtal R = 8,314 J / (mol K), In2 = 0,693.

[Am: 0,4, 5762 J]

Evtponia

2.55

2.56
‘B
r V()
0,02 0,06
Ty 2.43
2.57
2.58
p(atm)
_____ B , T
A Y
----- A——A
. V(L) 2.59
224 448
Ty, 2.44

[Mocodt T ogpiov kaTarapPavet 6yko 4 L, pe mieon 2 atm, kot Ogpplo-
kpacio 400 K. To aépilo yoyeton pe otabepd 6yko péypt n mieor] Tov va
yiver 0,8 atm kot 6t cvvéyeln Bepuaivetal pe otabepn micon uEpt o
o0yKog Tov va yiver 10 L.

o) Noa aroddoete Tig petafforés avtég o€ ddypappa p-V.
B) Noa vroioyicete v tedkn Oeppokpacio Tov aepiov.
Y) Noa vroioyicete ) petafoin g evipomicg Tov.

Aivovtor 1 L= 107 m® kot 1atm=1,013x10° N/m?, In2,5=0,9163.
[Am: 400 K, AS=1,86] /K]

[Mocétta aepiov n = 0,2 mol veictatar ™V KuKAKN petaff ol Tov
oynuatog 2.43, 6mov AB 1660epun extovoon, BIT 1odywpn yoén, TA
adtefotikn cvpnieon. Na vroloyiotel | petaff ol g evpomiog Tov
aepiov otig emuépovg petaforég AB, BI kot TA.

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

[Am:AS,, =1,83J/K,AS, =-1,83J/K,AS  =0]

I[TPOBAHMATA

[Mocéta aepiov Ppicketar péca e KOAVOPO Kot KataAapupavel 6yko
V. To aépro extovmdveTar puéypt vo SImAacloctel 0 Oykog Tov. H gkto-
Voo™ Tov 0gpiov pmopel va yivel pe 16ofepun N e adfotikn N pe
oofapn petaforn.

o) No Tapactioete ypoeikd o€ dStdypappua p-V Tic Tpelg petafo-
AéG TOL PTOPOVV VAL 0ONYNCOVY TO 0EPLO OId TNV OPYIKT TOL
KOTAGTAGY] GTNV TEMKT).

B) e oo amd Tig Tpelg puetaPoiréc: i) To aéplo mapdyel Teploco-
TePO £pYo0; i1) To aéplo amoppoPd To HkpdTEPO TOGO BEPUOTN-
Tag;

To oynua 2.44 deiyvel ) ypaeikn mapdotacn g oxéong p = f(V),

omov p, V 1 mieon kot 0 6yKog evog mol Wavikod agpiov. Na yivel yia

™V 1010 KUKAMKN HETABOA 1 YPAPIKY TOPACTOCT) TOV GYECEMY P =

f(T) xou V = f(T), 6mov T 1 andivtn Oeppoxpacio, Kot vo VTOAOYL-

OTEL TO £PY0 MOV TOPAYETOL OO TO AEPLO KOTA TNV KUKAIKT LETOBOAN

ABTA.

Atvovton latm=1,013x10° N/m*, 1 L= 10" m’.

[Am: 2269 J]

Kvlvdpukd doyeio €xel tov GEovA ToL KATOKOPLPO Kol KAEIVETOL, GTO
EMAVO PEPOG TOL, pe EpPoro Papovg w kat epPfadod A, €161 ®GTE TO
aéplo mov meptEyel va Exel oyko V. To aépro Bepuaivetal Tl doTe N
Oepuokpacio tov, amd 0, va yiver 0'. Na vroloyiotel o pyo mov o~
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2.60

2.61

2.62

2.63

payetal and to aéplo. H Béppavon yivetar o ydpo OTOL 1) ATHOGPIL-
pikn mieon etvoi p, .

[Am: W:V[pm+ﬁj-( v -6 j]
A 273+60

Kvlwdpuco doyeio pe adtofatikd toyydpota £xel Tov AEovE Tov Kato-
KOpLEO Ko KAetveTan pe EpPoro Tavm Gto omoio Bpickoviot Sidpopa
otabud. Xto doyeio mepiéxeton V, = Im’ vdpoydvov, ce Beppokpa-
ota 6, = 27 °C ko wieon p, = 125x 10° N/m*. Apapdvrag oTodud
KGvovpe v Tieon ion pe p, = 10° N/ m” (atpoceoipiky mison). Na

VTOAOYLGTOVV:

o) O oOykog ko 1 Beppokpacio Tov agpiov GTNV TEMKN KOTAGTO-
on.

B) To £€pyo mov TopdayOnke Katd TV EKTOVOGT TOV.

Bewpnote Katd mpocséyyion v = 3/2.
[Am: o) 25m’, T=60K, ) W= 2x10" J]

Mia mocoTHTO 10viKoy agpiov mov amoteleitar amd N = 1,5x10*
nopia, Bpioketan og Heppokpacio 6, = 27 °C. Ogpuaivovpe to 0éplo
uéxpt n Beppokpacio tov va yiver O, = 127 °C 1) pe otabepd dyko Kot
i1) pe otaBepn mieon. No vmoAoyiotobv o€ KAOe mepintmon:

o) H petafoln g ecmteptkng evéPyELOg TOV 0EPiOv.

B) To épyo mov mapdyet To 0éplo.

Y) H Beppomta mov Tpocpépovpe 6To aéplo.

Atvovtar: R = 8,314 J / (mol K), N, = 6,023x10” uépro/mol kot
3

CV = ER

[Am: 1) 3105,8J,0,3105,8J 1i1) 3105,8 J, 2070,6 J, 5176,4 J]

H Oeppoxpacio g 0epung deapevig oe pio unyoavn Carnot eivon 0, =

127 °C xon tg yoypnig 0, = 27 °C.

o) No vToA0YIGTEL 0 GLVTEAEGTNG ATOS0GNC TNG UNYOVIC.

B) Av n unyovi amodidet 1oyd P =10 HP va vroloyiotel 10 m0cd
g Oeppotog mov amoppoed amd tn deEopeviy vVYNANg Oep-
pokpaciog og xpoévo t =1 h. Atveton 1 HP = 745,7 W.

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

[davikn Bepuikny punyovn AEITOVPYEL e TOV OVTIGTPENTO KLKAO TOL

oynpotog 2.45.

o) Noa napactadel ypoagpikd 1 kKokAk) petaforn oe d&oveg V-T
Ko p-V.

B) No vToAoYIGTEL TO £pY0 TTOL TOPAYEL | UNYOVT OTI OLAPKELD
evog KOKAOV.

Y) No VTOAOYIGTEL 0 GLVTEAECTNG ATOOOGNG TNG UNYAVIG.

Atvovrai: n tocotnTa Tov agpiov n = 0,975 mol, C,= 3R/2,R=28,314
J/ (mol K) = 0,082 L atm / (mol K), In2,5 =0,9163.
[Am: B) 2228,3 J,v) 0,275]
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2.64

2.65

2.66

2.67

2.68

2.69

‘Eva 10avikd aépro extedel v kukhkn petafoiny ABIAA 6mov AB

1600epun ektoveon, BT 106ympn yoén, I'A 1cofapn yHén, AA 166)®-
pn Oéppavon. Av eivoan p, = 6 atm, V, =224 L, T, =546 K, V= 3V,,

T, =273 K.

o) Noa amodobel ypapikd 1 wopomdve petofoin oe a&oveg p-V,
p-T, V-T.

B) Noa vroloyiotel 10 £pyo mov Tapdyetol omd To AEPLO KATA TN

SLapKELD OVTNG TNG LETAPOANG.
Aivovtan In3=1,1 1 Latm =101 J.
[Am: 10407 J]

Eva mol 1daviko0 agpiov gépetat and v katdotaon A (p,, V) oty

katdotaon B (2p,, 2V)) pe 6vo tpomovg:

o) Me pa 1660gppun Ko piae tisoPapr| petaforr.

B) Me o 1660gpun Kot pe i, 160xmpn LETAPOAN.

No vroroyistovv ta Q kot W oe kd0e mepintoon. Aivovtar tap,, V,,
In2 =0,6931, C, = 3R/2.

[Am: o) 6,8p V., 2,3p V. B) 5,2p V,,0,7p V]

H wvichkn petaforn tov Wavikod aepiov piag Oepikng nyoving amo-
TeAeital amd: o) po 1woxmpn 0Epuaven péxpt vo, TpItAaclocTEl 1) mie-
o1 tov, B) pia 1ofopn EKTOVOCT HEXPL VO TPITANGLUGTEL 0 GYKOG TOV,
Y) o 1oxmpn Yo&n HEXPL V. ATOKTNGEL TV OPYIKN TECT Kat, 8) pio
oofopn cvumieon UEXPL TNV aPYIKT TOL KOTAoTaoT. No vroloyiotel
0 GUVTEAEGTNG ATOO0GNC TNG UNYavIc. Atveton y = 5/3.

[Am: 2/9]

"Eva mol 1davikob agpiov, mov Ppicketar og s.t.p Oeppaiverar pe oto-

Oepn mieon péypt va SImAaclocTtel 0 GYKOG TOV Kol UETE WiyeToL pe
otabepd Gyko péypt va vrodmAaciactel n mieon tov. Na vroloyt-
GTOVV:

o) To €pyo mov TapayOnke.
B) H Beppomta mov avtodidydnke e 1o tepiPaAilov.
Y) H petafoln g evrpomiog tov agpiov.

Atvovtor: R = 8,314 J / (mol K), In2 = 0,693, 1 L atm=101,4 J.
[Am: o) 2271 JB) 2271 Jy) 5,76 1 / K]

"Eva. mol 1davikov agpiov, mov Ppicketor o€ s.t.p. cvuméleTor adio-

Botucd péypt n wieon tov va yivel 8 atm ko petd yoyetan pe otodepd
oyko p€xpt n mieon tov va yivel 4 atm. No vmoAoy1GTOOV Yo KAOE pe-
TafOAT TOV 0EPIOVL KL Y10 TN GUVOAIKY] LETOPOAT TOV:

o) H petafoln g ecmtepikng evépyelag, Tov aepiov.

B) H petapoin g evipomiog tov.

Aivovtail: R = 8,314 J / (mol K) kot In2 = 0,6931. Osmpnote 011 yia 10
aépro y = 3/2 ko C, = 16,628 J / (mol K).

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

[davikd aépro éxet 6yxo V, = 0,04 m’, mieon p, = 3x10° N/m’ kou

Oeppokpacio T, = 600 K. To aépio ektovadverar 1600gppo uEpL o
dykog tov va yiver V, = 0,16 m’, votepa yoyetor pe otabepd dyko
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2.70

2.71

2.72

(MOTOV VO, OTOKTNGEL TNV KATAAANAN TiEo Ao OOV Lol adloPatikn
ovumieon Ba 10 EEPEL BTNV APYIKT] TOVL KATAGTOGT. Na VITOA0YIGTOVV:

o) H ecmotepikn evépyela Tov aepiov oTnv apyIKr| TOV KATAGTAON,
KaOAdG Kot 6To TEAOG TNG 1660epUNG KoL TG 10OX®PNG HeTafo-
Me.

B) To £€pyo mov mapdyetal KOTA TNV KUKAIKT LETOPOAN.

Y) H petafoin g evrpomiog oTig EXUEPOVG LETAPOALS.
Atvovtar: R =8,314 J / (mol K), y = 5/3, In4 = 1,386 (0,25)" = 0,0992.
[Am: 18000 J, 18000 J, 7200 J, 5832 J,27,72 1 /K, 0, -27,72 T / K]

KvAvopikd doyeio, pe adtofatikd toryduata, Exel Tov GEoVE Tov Ko-
TaKOpPLPO, Kot KAElveTal 6TO endve PéEPOg Tov pe adtafatikd Eufo-
Ao eufadod A = 10 cm’ kou pélog m = 10 kg. O kdAvSpog mepiéyst
WoVIKO aéplo kol PpiokeTol o€ ydpo Omov 1 eEMTEPIKN Tigon elvat
p,. = 1,013x10° N/m’. Méco wog ovtictaong R mov Bpicketon
péca oto doyeio to aéplo Bepuaivetar apyd. Av 10 mocd Bepudtnrog
OV TPOCPEPETAL LEGM TNG avTiotaong eival Q = 50 J va vroloyiotet:
o) H petatomion tov gpporov.

B) H petafoln e ecmtepikng evEPYELNG TOV agpiov.

Aivovta: g = 10 m/s’, C,=3R/2.

[Am: 0,1 m, 30 J]

H vk petafoln tov 1doavikod aepiov piag Oepuikng unyoving omwo-
teheiton amd po 160xmpn Yoén AB, pe woofapn yoén BI' kot téhog
™ petaporn I'A, katd t dudpkelo TG omoiag M mieon Kot o dyKog
cuvdéovtal pe ) oxéon p = 600 + 400V (SI). Okeg o1 petaPorés Oem-
POVVTOL AVTIGTPENTEC. AV OTIG KaTaoTdoelg A kot I To aéplo €yel dyko
V,=2m’ xu V. = 1 m’, avtictoya,

o) No vroAoylotel To £€pyo OV TaPayeTaL GE EVAY KUKAO.
B) Noa vroAoy1oTel 0 GLVTEAESTNG ATOS0GNC TNG UNYOVIG.
Y) Noa kofopiotel av av&dvetot 1 ELATTOVETOAL 1) EVIPOTIO TOV OlE-

pilov Yo kéOe o amd Tig EXUEPOVG UETAPOAES.
Atvetau: C, :%R
[Am: 200 J, 0,051]
[Mocétta n = 2/R mol Wdavikod agpiov vTOPAAAETOL G KUKAIKY| LlE-
tafoin ABT. Katd ™ didpketa g petafoing AB n migomn kot o dykog
oV 0gpiov cLVOEOVTAL LE TN GYEGN P = —% x10°V +6x10°(SI). H pe-

taforn BI givat ioofapnc, ko n TA givar icoympn. O dyKkog tov agpiov

’ ) -3 3 -3 3
ot karaotdoelg A ko B etvon V, = 6x107 m” xou V; = 3x107 m”,
avtiototya. No vroloyicete:

o) TO £PY0 TOV TOPAYEL TO AEPLO KOTA TIV KUKAIKT LETOPOAN].

B) T OeppoTnTo IOV OTOPPOPE 1 amOPAAAEL TO BEPLO OTN OLdp-
kel kaBeptdc omd Tig EMUEPOVS PETAPOALG.

Y) TN HETOPOAN TNG evIpoTiag TOL 0epiov oTig peTaforéc AB kot
TA.

Atvovtow: C,=3R/2,AS, =3,5]/ Kk In2 =0,7.
[Am: 3007, -900 J, 30007, -18007J,-1,4J/K, -2,1J/K]
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Xy. 2.46 [Tocomra Oeppod aépa
avefaivovtag voiotator adwfart-
K1 EKTOVOON.

Ew. 2.15 Ot xopveég tov OAD-
LoV HEVOLV YLOVIGHEVES GLUVIDmG
G’ OA1 T J1GpKELD. TOV YPOVOL.

AATABATIKEYX METABOAEYX TOY ATMOXZOAIPIKOY
AEPA

Y11 adwoPatikéc petaforéc o€ yivetar avtaAlayr OepudTnTog ovape-
o0 670 cUGTNHA Kot To TePPaiiov. [Ipaktikd, yio va Bewpnbei adrofaticy n
UETAPOAT] KATOLOV aEPiov oL TEPIE)ETAL 08 doyeio O mpémel N To doyeio va
glvat LOVOUEVO 1) 1 LETAPOAT VO TTPOYLOTOTOIEITOL TAYVTOTO DGTE TO 0EPLO VO
punv Tpordfet va avtaiidéer Beppoma pe o tepPdiiov.

Adwopartikég petaforég cupPaivouy Kot GTOV ATHOGPOIPIKO aéPa, OT-
povpyavrog avéopeinoelg ot Oepuokpacio tov. [poxettal yia Eva amnd ta
(QOVOLEVE, TTOV AAUPAVOVY DTTOWYT TOVG Ol LETEMPOAOYOL OTOV LEAETOVV TIG LLE-
Taforég otV atudsEULPa.

L] L

Acg Bewpnoovpe TV mocdtTa BEPOD 0€PA EKTAOTG TOAALDY TETPAY®-
VIKGOV YIMOUETPOV IOV PpiokeTorl mivem amod pio kothada (o). 2.46). H mocot-
T VTN OV mepkAgietal amd adlofatikd ToyduaTo oAAd, AOY® TOL peydAov
OYKOVL NG, PG TO YEYOVOC OTL TO TEPLPEPELNKE GTPMLLOTO, OVOLULYVOOVTOL LE
aépa S10popeTIKNG Beppokpaciog Kot Tieong, TO GHVOAO TNG TOGOTNTUG AP0
pével avemnpéaoto omd to tepPdrdov. H cuvolikn mocodtnta, OnAadny, coume-
PLPEPETOL GOL VAL TEPIKAEIETOL OTTO GAKO LE adAPOTIKG TOYYDUATO.

‘Eotm 611 0 aépog avtog apyilet va avepaivel. Avto umopei va coppet
av Ppebel oe ymAdtepn Beppokpacio and To VIEPKEILEVO GTPMOUATA OTOTE M
TOKVOTNTE TOV B0 givatl LKPOTEPN ATTO AVTH TOV VIEPKEIUEVOV CTPOUATOV.

H nieon Tov atpospaipicon aépo EAATTMOVETOL Le TO VYOG amd TNV EML-
oaveto g I'mg. Avtd onpaivel 6Tt 0 OYKOG TG TOGHTNTOC GTNV OTOL0L OVOLPE-
poupaoTe avEavetal kot eneldn] dgv avtaildooetl Oeppomta pe to meppdilov,
N extoveon pmopel vo OewpnOei adofatikn. Ze po adafatiky ekTOVOON M
Oeppokpacio Tov aepiov pEWOVETAL.

"Exet dwamiotmOel 6T otav tétoteg paleg aépa avefaivouy katd 1 km
N Beppokpacio toug ghattmverot katd 10 °C. Apa, av o Oepun palo aépa
Tov Beccaikon kaumov, Oeppokpaciog 30° C, avéPel katd 3 km, 660 eivar
nePimov 10 VYog Tov Tapakeipevov OAduToV, 6TV KOpLPT Tov Ba Exel Beppo-
kpooia 0 °C. 'Etot eényeitan yiati ota fovva 1 Oeppokpacia eivor younAn o
avtibeon pe ) Oeppokpacio oTig TESAOES.



HAEKTPIKO ITIEAIO

81




&%

F

2. 3.1 Edv 6’ éva onpeio tov ydpov
OV KOTAAQUPAVEL TO MAEKTPOGTO-
o medio Ppebel éva goptio q Oa
dexbel dvvaun. Edv 1o q eivan Oeti-
K6 1 dvvoun Ba eivat opdppomN TG
£VTOOTG, EVO OV TO g EVOL OpVNTIKO
avtippomn.

E

/,/'

.
@/

Xy. 3.2 'Eva axivito onpetokd nie-
KTpKd @optio Q dnpovpyel yopw
TOV GTO YMPO NAEKTPOGTATIKO TEDTO.

3-1 EIZAT'QI'H

To «medion umnke 6to AeEILOYI0 TOV PLGIK®V OTIS APYEG TOV TEPAUGLLE-
vou awdva and tov Michael Faraday (®apavtét), mov tpocnabovce vo eEnyn-
GEL TAOG OAANAETIOPOVY CAOUOTO TOL dEV PPiCKOVTAL GE ETAPT.

Iledio (dvvape®v) givor n TEPLOYN TOL YOPOL HEGH GTNV OTTOL0 TO
KoTdAAnAo vr60epna déyxeTar dvvaun.

[edio umopei va dnuovpynoet o pale (Baputikd medio), £va, akivnto
NAeKTPIKO Qoptio (MAekTpootatikd nedio) 1 Eva poptio mov Kwveltal (poyvnti-
K6 Tedio).

e OAEG TIG TEPWITMOGELS HAG eVOlaPEPEL Vo, Yvopilovpe Tt dvvaurn Oa
déyetor 10 VTdOep OTAV TO PEPOVLE GE GLYKEKPEVO onpeio Tov mediov. H
avAayKn aLT 00NYNGE GTNV EIGAY®OYT TOL SLOVUGLOTIKOD HEYEBOLG £VTAGT TOV
™V opioape oG T dvvaun avé pLovado vwoBEUATOoG.

10 Ke@Aiao owtd Oo mepLoptoBode 6T PEAETT) TOV NAEKTPOOTOTL
KoV kot Tov Popvtikod mediov. To payvntikd medio Oa to dovpe Eexymplotd, 610
EMOUEVO KEPAAQLO.

To kowd avdpesa 6To NAEKTPOSTATIKO Kot TO BapuTikd medio sivat 6Tt
1 dvvaun oL dExeTOL TO VTTODE D EYEL TNV 1d10L S1evOLVET pe TNV EvTooT) Kot 0Tl
10 £pyo NG duvang Tov mediov dev eEoptdrar amd T dadpoun, etvar dnradn
oot pnTIKG TEdiOL.

Apyd Bo acyoinfovue pe o vopo tov Gauss, TOL TEPLYPAPEL TN
oxéon HETOEL TOL POPTIOL KOl TOL MAEKTPIKOD eSOV TOV dNUIOVPYEL, GTN
GULVEYELL LLE TO SVVOLKO, PEYEDOG IOV TEPTYPAPEL e SLOUPOPETIKO (CLUTANP®-
Latikd) Tpomo, To NAEKTPIKO Tedio Kat, TEAOG, [e To Tedio PapvnTog.

3-2 ENTAXZH HAEKTPIKOY IIEAIOY

YrevBopifovpe 0t évraocn 6’ éva onpeio A evoc NAEKTPOCTATIKOV TTE-
dtov eivar to otalepd TNAiKo TG dVVOUNG TOL OoKEITOL OO TO eSO G €val
eoprtio q (vrdBepa), Tov Ba Ppebdel oto onpeio A, Tpog o Poptio AVTO.

g-F
q

H évtaon elvar davvopatikd péyebog mov éxet v katedbvvorn g

dVuvaung mov ackeiton o€ £va BeTikd poptio.

Edv to medio dnuovpyeital omd onuetaxd eoptio Q kot n amdoToon
oV onueiov A amd 1o Q givar r 1 dSvvaun mov Ba dexbel To poptio q CHLE®VA

e to vopo tov Coulomb Oa £yl pétpo F=K_ |(r2_?| . Amo6 tov opiopd g évta-

oN¢ TPOKVITEL Y10, TNV EvToon mediov onpelokov goptiov Q oti

9l
r2

E=K,

H oyéom avaueca otnv évtaon Tov NAEKTPIKOD TEGIOV KOl GTIG TNYEG
Tov (poptic) pmopel va ekppactel e Eva adtoonueiota arid tpoémo. ['a va
yiver avtd yperaletal mpdta va opicovpe éva véo péyeboc, mov ovoudletat
NAEKTPIKN POT).
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3-3 HAEKTPIKH POH

‘Eoto éva opoyevég niektpikd medio kot o empdavelo eppfoadov A,
KGOetn otTig dSvvapkég Ypapupég Tov mediov (oy. 3.3). Ot dSuvapikég YPOUUES
Tov mediov oyedidloviat £161 Mote 0 apBUdS Tovg mov dromepva kdbeta ™
povadiaio ETpAaveLo Vo gival avaAoyog e To LETPO TNG EVIOoTG Tov Tediov. O
GLVOMKOG aplOUOS TOV YPAUUMY TOL SOTEPVOVY TNV EMPAVELL A glvat avaio-
yo¢ ue to ywopevo EA. To yvopevo ovtd 1o ovopdlovpe nAEKTPIKY] por} mov
dépyeton amod TV empavela A Kot 1o cvpfoArifovpe pe Q..

Av 1 emavela A dev gival KOst otig Suvoutkes Ypouués (oy. 3.4),
0 aplOUOg TOV SUVOULIKMY YPAUU®OY TOL SEPYOVTOL OO TNV EMPAVELD A givat
160G pe Tov aplipd TV SUVOUIKDY YPUUU®VY TTOL SIEPYOVTAL amd TNV TPOPOAn
™G EMPAVELNG GE £val EMITEDO KAOETO GTIG SOLVOLIKES YPOUUES.

A A A=A cuvh A
— 1z
' g -
> V‘
—19 > ' A

AT6 10 oynua 3.4 Brémovpe 6Tt A'= A cuvO. E@dcov o aptbuog temv
SUVOIKOV Ypapp®my Tov diépyovtal amd v A eivar icog pe tov apliud tov
YPOUU®V IOV d€pyovTal amd TV A', | NAEKTPIKN POT| TOL SEPYETAL OO TNV
emeavela A gival ion pe tn pon wov diépyetat amd TV emipavela A'. Eneion
A'=AocvvO kot EA'=EA cuvO 1 pon mov diépyetor amd Ty Empavelo A
etvon

@, =EAcuvO

H yovia 6 givarl n yovia mov oynpartilet éva didvocpa kébeto oty emipdvela
A, ag T0 ovuforicovpe pe A, pe T o1evBVVEN TOV SLVOUIK®OV YPOUUDV (Y.
3.4). Ilnpape éva kaBeto drdvoopa kot Ol amid v kébetn oty emedveia
EMELON UL EMLQAVELX EYEL OVO OWYELG KL, aVTIOTOLYO, 1| NAEKTPIKY poT| UTOpEl
va glvar Betien M apvnTikn. Emopéveg

H niextpwciy pofj @, wov diépyeron and o eminedn emeavea,
enpadod A, n omoia Ppiocketor péoo 6€ OpoOYEVEG NAEKTPIKG TEDi0
évtaong E, eivan ion pe

@, =EAcuvb 3.1)

o0mov 0 1 Yyovia Tov oynuoTilel To KEOETO 6TV EMLPAVELY OLAVOG IO
A pe 11 01€000VVeT TOV SVVOUIKOV YPURPAV.
H nigktpukni ponj oto SI perprétan o N m?/C.
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Xy. 3.3 H emodvewn givor toroetn-
pévn KkéOeto O6TIC SUVOLIKES YPOLL-
HEC, OLLOYEVODG NAEKTPLKOV TTEDTIOV.

Xy. 3.4 Ao Tic empdveteg A ko A’
mepvaeL N 110 NAEKTPIKT por apod
oo T 000 EMPAVELES JEPYETAL O
10106 0plOLOG SLVOLIK®V YPUUHUDV.



Xy. 3.5 o va Bpodpe v nhektpikn
POT| TTOL SIEPYETAL OO L0l ETLPAVELOL
toyaiov oynuotog yopilovpe ™V
EMPAVELNL GE LUKPA TUNHATA.

Xy 3.6 Kheom) emodvela péca oe
niextpicd medio. To kabetar Srovid-
opota AA €€ opiopod Kotevbvvo-
VTl TPog To EEW.

Xy. 3.7 To onueoaxd eoptio q Ppi-
GKETOL GTO KEVIPO GOOIPAG OKTIVOG
r.

211 YEVIKOTEPT TEPIMTOOT OOV 1) EMPAveln A dgv givon emimedn kot
Bploketol péco e avopo10YeEVEG NAEKTPIKO TTEDIO, EMELON OVTE Ol YPOULES TOV
7EGI0V TEUVOLV TOVTOD TNV EMLPAVELD e TNV 1010 Yovia, oUTE 1) £vToon EXEL To-
VToL TV 1010 TY, Yo vo BpovpEe TNV NAEKTPIKT poN| TPETEL VO YWPIGOVLE TNV
eMPaveln og PKpa TpuMpata AA, 1660 pikpd dote Kabévo amd vt vo puropel
va BempnBet eminedn empdvela kot og Kobéva amd avtd 1 £vtacn Tov mediov va
umopei va. Oewpnei otadepn. H niektpikn por) AD, mov Siépyetot omod pa 6Tot-
xewom empavelo AA etvat A, = E AA cuvO Kot 1 nAeKTpiKy por| mov SEpyetTon
a6 OAOGKAN P TNV EMPAvELR A TPOKVTTTEL 0td TO AOPOIGHE VTOV TOV OPOV

D, = ZEiAAicsqu)i

omov E,, 0. ot tipég v E kar 0 yio kabe AA..

2ovNn0m¢ Hog evOLaPEPEL 1| NAEKTPIKT POT) TTOV OLEPYETOL AT L0l KAEL-
oTN empdaveln. Oewpnote Evo NAEKTPIKO TS0 Kot HEGH G aVTO U0 KAEIGTH
emedvela cov umaAovi (oy. 3.6) N pe omolodnmote aAlo oynua. ' va vro-
Aoyioovpe TNV NAEKTPIKT POT TOL SEPYETOL OO OVTH TNV KAELGTI EXPAVELD,
axoAovBovpe T dwdikacio wov meprypdyoe o tave. Xopilovpe v emt-
Paveln og TOAD pkpd tunpata AA, vroloyiCovpe ™y niextpiky pon AD, mov
dépyeton amd Kabe Eva amd avtd ko, T€Aog, afpoilovpe 6GAovG Tovg Opovc. To
KG0BgTo ddvoopo og kKGOs pikpoé otoyyeio empdverog AA, apPaveton pe
@opa. mpog Ta £€@. Av og £va oToyElo EMPavELag Onwg T0 AA, 01 Suvopkég
ypoppég Katevbuvoviar Tpog ta 6w, N ywvia 0, givar pikpotepn tov 90°, 10
cvvnuitovo g yoviag eivar Oetikd Kot enopévmg kot n niextpikn pof) AD, wov
SEpyeTALl amd TO T OVTO NG EMPAVELNS elvar BeTikY|. Xe GAla TUMLOTOL
emaveag, 6mwg 0 AA, 6mov o1 Suvopikég Ypopupeg Katevbuvovtal mpog Ta
uéca, 6, > 90°, kar emopévaog AD, <0.

Av amd ™V empavela eEEPYOVTOL TEPIGCOTEPES YPOUUES OO OGES E1-
cépyovTat, 1 OAKY| por| etvar BTk EVD 0V EIGEPYOVTAL TEPIGCOTEPES OO OCES
e&épyovtat, apyntikn. 1o oynua 3.6 0 apliuds TOV YPOUU®DV TOL EIGEPYOVTOL
elvat {60g pe Tov apfpd TV Ypappody Tov eEEPYOVTAL, EMOUEVMS 1 OAKT pon
elvat unoév.

3-4 O NOMOZX TOY GAUSS (I'kéovc)

O vOuog 0 TOG GUVOEEL TNV NAEKTPIKT POT] TTOV SLEPYETOL OTTO LU0, KAEL-
OTN EMPAVELD LLE TO POPTIO TOV TEPIKAELEL 1] EMPAVELQ.

‘Eoto éva onuelokd Betikd @optio q. Ag QOVIOGTOOUE o GOOipa
aKTivag 1, OTMG 6To oYU 3.7, ToL £YEL KEVTPO TO GNLELO 6TO 0moio PpiokeTol
TO (POPTi0. O VTOAOYIGOLLLE TNV NAEKTPIKT POT| TOL JEPYETAL OO TH GPUIPOL.
I'vopilovpe 6TL M €vTooT Tov NAEKTPIKOD TTEGIOL GTNV EMPAVELL TNG GOAIPOG
€xetl LETPO

q_ 1 ¢q
E=K == e S 32
‘r* 4ne 1’ (3-2)

-

dtevbuvon aKTIVIKY Kot eopd Tpog o, EEm.

Xopiloope v emedvelo g 6POIpAg G€ GTOLYEIDON TUNUOTO AA,
1060 UIKpE dote To kabévo amd avtd vo uropei vo Bewpndel eninedo. Ot dv-
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VOUIKEG YPOUUES TOV TTESTIOV OV dMpovpyet To q Tépvouvy kdbeto kabe oTot-
YEWOM emeavelo AA kot 1o KaBeto dbvuopa AA o KaBe TéTola empaveia
elvat TopaAAnAo pe TIg dSuvapukég ypappés. H ok pon mov diépyetat amd tnv
EMPAVELL TNG GPaipag etvat

@, =Y EAAcuvD =Y EAA=E) AA (3.3)

O 6pog ZAA dtvel To gufadov g ceaPIKNG EmPAavelag Tov gival i6o pe
4nr. And 1i¢ oyéoelg (3.3) kot (3.2) maipvovue

(DE

= %47&2 .
4me, €

o]

Amo6 ™ oyfon vt TpokdaTel 6TL N NAekTpikn pon (D) etvor aveldp-
NN TNG OKTIVAG T TNG oPaipag mov emAélape. Avtd givor Aoyiko yloti, To TAN-
00¢ TOV SLVOUIKOV YPOUUDY TOV TEPVA GO OTOL0ONTOTE CPULPIKY ETLPAVELD
LEe KEVTPO TO poptio givar idto ave&aptnta and TV aktive TnG. XTnV TPoyUaTL-
KOTNTO M eMPAveLn Ogv ypelaletal va gival ceoIpiky. ATO 0TOLONTOTE KAEL-
ot emeavel, Tov TEPKAEiel To poptio g, (o). 3.8) Ba mepvdet id10¢ apBpdg
SLVOUIKOV Ypopp®dv. Eropuévoc, 1 nAeKTpikn pon yio Kabe KAEIGTH ETQAVELD
7oV TEPIKAEiEL To Poptio q givar ion pe avT OV PPIKOLE Yo T GPaipa, On-
Aoadm

To cvumépaco 6T0 0moio KOTAAEQLE YEVIKEVETAL KOl GTNV TEPL-
TTOON OV £YOVUE TOAAG ONUEWKE QOpTi, N POPTICUEVA cmdpata. Me v
apyn TG ETOAANALNG OTOSEIKVVETAL OTL ) NAEKTPIKT] POT) TTOL SIEPYETAL OO L0,
omoladNmote KAEGTN empdveln etvat ion pe Qm/sD OTOL ngK TO QPOpPTIO TTOV
nepucAeieTor amd v Khewot) empdveln. H mopandve mpotacn amotelel o

vopo tov Gauss yio To NAEKTPIKO TEST0. ZOUPOVOL LUE QVTOV

N NAEKTPIKI] PO1] TOV OLEPYETAL 0T PO KAELGTY] ETLPAVELD, LGOVTOL
HE TO ANAIKO TOV OMKOV POPTIOV TOV TEPIKAELIEL 1] EMLPAVELD, TPOG

™ 6t00epd € .

D, =S (3.4)

Tnv Khelot emeavelo mov TAEYOVLLE Yo VO EPUPUOGOLLLE TO VOLO Tov Gauss
0o v ovopalovpe emedvera Gauss.

Katd v gpappoyn tov vopov tov Gauss Tpénet vo iLocTe TPOCEKTL-
kol. Evo 10 goptio Q,, om oxEon (3.4), sivar to poprio mov BplG}(S‘EOLl uéoa
otV empdvela Gauss, 10 E glval to oAkd niektpikd nedio mov opeiletat 1660
o€ poprtia Tov Ppickovtal HEGH GTNV EMPAVELD OGO KOl GE POopTio, Tov Ppicko-
vtot EEm amd avThV.

O vopog tov Gauss givat OgpeAdd0VE ONUOGING GTNV NAEKTPOGTATIKY.
H onpacio tov gival avdroyn pe avtv tov vopov tov Coulomb. Xty wpoy-
LOTIKOTNTO 0 VOUOoG Tov Gauss kat 0 vopog tov Coulomb dev givat dvo ave&dp-
TNTOl PLGIKOL VOLOL, OAAG O 1010G VOLLOC OV eKQPALETAL LLE dVO SLOPOPETIKOVG
TPOTOVC.

2t ovvéyeta Ba dovpe 4Tl 0 vopog Tov Gauss divel edkola TNV €vta-
o1 TOL NAEKTPIKOV TEGIOV GE TEPIMTTOCELS OOV EYOVIE GUUUETPIKT KOTAVOUN
@optiov.
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Xy. 3.8 H nAektpikn pon mov diépye-
Tot omd TIg 600 EMPAVELEG givat 1d1a.

Xy. 3.9 To goptio q Ppioketor £€m
amd Vv emoedvew. Ot duvopukég
YPapUéS Tov mediov mov dnpovpyet
Ko €16EPYOVTOL G~ ot e€€pyovTon
o6 Kamowo GAlo onueio am’ avTi.
H cvvolikn nhektpikn pon mov mep-
vael amd TV emeavelo givor ion pe
undév.

Ew. 3.1 Karl Friedrich Gauss (1777-
1855). I'eppavog, évog amd toug pe-
YOAOTEPOLS LOOMUATIKOVG OADV TMV
ADOVOV.



E@appoyég tov vopov tov Gauss

Onog eimape, pe 1o vopo tov Gauss HmopoviLe va, VTOAOYIGOVE €0KO-
A0 TNV £VTOGT TOV NAEKTPIKOV TEGIOV GE TEPUTTOGELS TOV TO NAEKTPIKO (OPTIO
KOTOVEUETOL CUUUETPIKAL. ZTIG TEPIMTMOGELS AVTEC EMAEYOVUE PLO, ETLYAVELD,
(em@avero Gauss) Tov £y€L TV 1010 GUUUETPIN PE EKEIVI TNG KOTAVOUNG
T0V QopTiov.

ITAPAAEIT'MA 3.1

"Eva cpapicd kEAveog mov Bempolpe 0Tt £xel apeAntéo mhyog (o).
3.10) &yxet axtiva o kot Epel @optio Q, OLOIOLOPPO KATAVEUNUEVO GTNV ETL-
@aveld Tov. Bpeite v éviaon tov niektpikov mediov 610 £@TEPIKO KOt GTO
E0MTEPIKO TOV GPALPLKOD KEADPOUG.

Amévtnon:

Ene1dn 1o @optio €ivar OpOIOHOPPO KATAVEUNUEVO GTNV ETUPAVELL
TOV KEADPOVG, TO TEDI0 TOV dNUIOVPYEL TO KEADPOG EXEL OKTIVIKT dievbhuven
Kot 1 éviaon xel v O U o€ OAa To. oNUElD TOV amEYOVV TO d10 0o
TO KEVTPO TOL KEADQPOLC. ['tar Toug AOYOoLg 0ToVG EMAEYOVUE MG EMPAVELD
Gauss {10 GOUIPIKT ETPAVELD, OLOKEVTPY| LE TO KEAVPOG.

A) H emodveio Gauss €yet aktiva r peyaidtepn 1 ion g oktivag tov Xy 3.10 To nhextpikd goptio eivon
KEMDPOLG, T > a. OUOOLOPPO.  KATAVEUNUEVO — GTO
T SPUPIKO KEAVPOG.

Xwopilovpe v empaveia oe moAd pikpd tunuata. ‘Ecto éva omd
ovtd, epPadod AA. H kaBetn AA oty emipdveia AA Kot 1) £€vToon Tov tediov
G’ QUTH TNV TEPLOYT, Exovv TNV idta KatevBuvon (oy. 3.11), emopévmg n pon
OV OEPYETAL O TNV eMPAveLn AA givor

AD, =EAAcuv0=EAA

To 1610 1oydel ko yio kéBe dAro tpuquo AA g empavelag Gauss.
Apa 1 cuvolikn pon| givat

®, =Y EAA=EY AA=E4m’ (3.5)

Xy. 3.11 H emoedvewe Gauss eivor
oOAipO OLLOKEVTPN LE TO KEAVPOG e
Opwg amod to vopo tov Gauss £yovpe axtiva peyodtepn 1 {on g aktivog
TOV KEAMDPOLC.

P, = = = (3.6)

Amo6 (3.5) ko (3.6) €povpe

Q

»_Q .
E 4nr® = — enouévag E =
€, 4re, r
Avt 6pmg gtvor 1 oyéom mov divel Ty £viaot) Tov Tediov Tov dnpuovpyel Eva onpelako eoptio Q, oe
ondotaon 1. ETopévag 0 c@aipikog @pAoL0S GUUTEPLPEPETAL, GTOV EEMTEPIKO TOV YDPO, GOV VO NTAV £Va.
OTNUELOKO POPTIO GUYKEVTPOUEVO GTO KEVTPO TOV.

Ag dovpe Opmg TL suUPaivel 6TO ECOTEPIKO
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B) Emiéyoupe kot maht pio opotpikn emipdvelo Gauss opOKeVTPN e TO
KEMPOG TTOL TAOPA £YEL OKTIVA T < ol AV, OTMG KO TPV, POVTAGTOVLLE TNV EML-
(QAVELD YOPIGUEVT] OE GTOLXEIDON TUNHATE, O KaTtaAnEovpe TAAL oTn oyYéon

@, =Y EAA=E) AA=E4m’ (3.7)
Xopemva pe to vopo tov Gauss

D, = Qgﬂ opwg Q, = 0 enopévag PE =0 (3.8)

o

Xy. 3.12 H smedvei Gauss etvar
Amo (3.7) kou (3.8) mpokvntet E =0 cQoipa OPOKEVTPN HE TO KEALQOG

, . , , , , KO [l JKpOTEPN OKTIVOL.
ANL0d1] 670 ECMOTEPIKO TOV KEADPOLG OEV VITAPYEL NAEKTPIKO TEDTO. HeE HIEpOTED

Hoapatipnon

Ye kG0e copo vTapyel Kot OeTiKd Kol apvnTIKO oPTio. LT NAEKTPL-
K6 0VdETEPA CAUATA, TO TOGH TOV BETIKOV PopTiov gival {60 pe TO0 TOGO TOL
apVNTIKOV QOpTiov. Av éva oo ivatl opTicuévo mheovaletl o BeTikd 1 TO
apvNTIKO QOPTio. Xg £va POPTIGUEVO Ay®MYO Ol OTOOTIKEG SLVANES HeETAED
TOV opTinV 1oL TAEOVALOLY £ivat 16YVPOTEPES OO TIG EAKTIKEG SUVALEIG TOV Xy, 3.13 Oho to @optio TOV GQUL-
déyovtan omd to. poption Tov Exovv avtibeto mpdonuo. ‘Etol Te poptio mov  pwod aywyod Ppicketar omy em-
TAeovalovy TEivouy Vo amopokpuvioy HETAED TOVG Kol GUYKEVIPMVOVTAL ggvilg“l“é”'sjfm;;s“(gxs fgfyﬁﬁ
OTNV EMEAvEIN TOV ay®myoV.! Av o aywydg eivar cpaiptkdg to mieovalov (pot:ﬁopvq; Ewm GVYKEVIPOUEVO GTO
@OPTIO KOTAVELETOL OLOLOLOPPO TNV EMPAVELD TOL 0y®YOV. EmOpéVMOG TO  kévtpo tov (cav onpetakd @optio).
nedio mov dNUIOVPYEL £Vag GTATIKE POPTICUEVOS COUIPIKOS ay®YOG givan 10 ECOTEPU TOV ayy0d T medio
611010 pe 10 TEDIO EVOG POPTIOCUEVOV GPUIPIKOV KEADVPOVC. ivat pmdv.

ITAPAAEII'MA 3.2

"Eva moAd peydro (ameipov unkovg) cuppo eivol opotdopeo opTIGUEVO. AV TO POPTiO TOV PEPEL OVEL
povado, uiKkovg givar A (OVORALETL KOl «YPOLUUIKT TTUKVOTNTO opTiovy), va Bpebel n évtacn tov niektpikod
nediov mov dnpovpyet.

Amavinon:

[N Aoyovg cuppetpiog, To Tedio TOL INUIOVPYEL VO TETOLO0 GUPLO, EVOL AKTIVIKO KoL 1] TN TNG £VTa-
ong etvar 101 6e OAa Ta onpeia Tov amEyovy To 1o and o cvppa. Ta onueia AVTE ATOTEAODV Lol KLALVOPIKY|
EMPAVELDL.

[No va ekpetadievtovpe ™ cvppeTpio Tov mediov, emAEyove O¢ empdavelo Gauss TNV ETIQAVELD K-
Avdpov Tov €xet dEova To POPTIGUEVO VP, UNKOG L kot Bacelg mov yovv axtiva r.

H évtaon tov niektpikov mediov mov dnpovpyet To cvppa eivar kdBetn Kot £xet o id10 PéTpo og khbe
onueio g KVPTAG ETPAVELNS TOV KLAIVIPOV.

1 2TV TPOYHATIKOTNTE TO QOPTIO OV HUETAKLVOUVTIOL GTOV ay®yd givol to

erevBepa nAekTpoVIOL.
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Xy. 3.14 Enidéyovpe emodveia Gauss pio KOAMVOPIKT ETLPAVELD OLOAEOVIKT| LLE TO GVPLLO.

H pon mov diamepvd tig Paoeig Tov KuAivopov givar undév, yuoti n Evtaor eivot TopaAAnAn e Tig TAgL-
PEC AVTES. AV Y®PIGOLE TNV KVPTN EMPAVELD TOL KLAIVOPOL GE GTOLXEWMON TUNHATO, 1] KAOETN o€ KAbe T€TO10
OTOLYELMOESG TUNMO, ElvaL TOPAAANAY pe TNV €vtaoT Tov mediov. H oAk pon mov di€pyetol omd Tov KOAIVOPO
glvat:

+d

q)E = (DZTIZ BAZEIZ KYPTHS EMIOANEIAS — (DKYPTHE EIIDANEIAX

opmg Dy vprus EMIOANEIAY — ZE AA = EZAA =E2nrL

EMOUEVG @O, =E2nrL (3.9

To olkd @optio Tov mepikAeiet 1 KVAVOPIKY emipaveto ivar L A. Emouévoc o vopoc tov Gauss ypagetot

QSYK _ 7“_L
€ €

o o

D, =

E

Avtikafiotdvtog v niexTpikn| pon amd v (3.9) éxovpe

AL
E2nrL =— on6 6mov E =
€ 2me

o o

&, onAaon
r

N évraon o€ £va 6NUEL0 TOV TEGIOV TOV ONULOVPYEL TO GUPUO EIVAL AVTIGTPOPA AVALOYY TNG UTOCTAGTG
0mo avTo.

ITAPAAEII'MA 3.3

'Eoto éva entinedo pOALO Anelpv S106TACE®Y, TOV Eivatl opoldpopea opticuévo. To goptio ava po-
vada empdvelog ival 6 (AEYETOL KO KETLPAVELOKT TUKVOTNTA QOPTIOL»). ZNTAUE TNV EVTAGT TOV NAEKTPLIKOD
7EGI0V TOV OMLOVPYEL | POPTIGUEVT ETLPAVELL.

Amévtnon:

H évtoomn tov mediov, yio Adyovg coppetpiag, £xel dievbuvon Kabetn 610 eminedo TOL POPTIGUEVOL
@OALOL Kot TO 1010 PETPO G OVO onpeia Tov améyovv €100V ad TO POPTIGUEVO PVALO Kol BpicKovTal 6€ avTi-
Oetec mhevpéc.

Emidéyovpe og empaveia Gauss TNV ETQAVELN EVOG KLATVEPOL TTOL £YEL TOV AEOVEH TOV KADETO GTO Pop-
TIGHEVO PUAAO Kal TIG 000 PBAcelg Tov, epPadod A, Vo IGOTEXOVV amd TO POPTIGUEVO EMITEDO.
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EMPAVELD,
Gauss

Xy. 3.15 Emidéyovpe empdveio Gauss o KoAvopikn enpaveta. O dEovag tov KuAtvopov
glvar kéBeT0g 6TO POPTIGUEVO PVAAO KOl 01 BAGELS TOV 1GATEYOVV ATd AVTO.

H pon mov diépyetar amd Ty KupTr| EXPAVELN TOV KLAIVOPOV givar UNdEV apov KAOE GTOTYELMOES TUTLLOL
™G elval TapdAAnAo pe Tig Suvapikes ypoupés Tov mediov. H évtaom tov niektpikod mediov eival KaOeTn oTIg
Baocelg Tov KLATVEpoL Kot To PETPO TG givat 1610 kot 6Tig 60 Pacels. H por mov diépyetar and Kabe Paon elvar
EA. H oAikn pon} mov di€pyetan omd tov KOAVOPO glval

+ CDZTIZ BASEIS — CDZTIZ BASEIS — 2EA (3.10)

(DE = CDKYPTHZ EITIDANEIAY

To oAkd QOPTiO TOL TEPLEYETAL GTIV KLAIVOPIKY| EMLPAVELN €ival GA. ZOUP@Va pe Tov vouo tov Gauss

@EzQﬂ f o, -4 (3.11)
80 80
Amo (3.11) kou (3.10) mpokHmTet
A=A E=—2 (3.12)
€, 2¢,

Amo 10 0moTELEGO, TPOKOTTEL OTL 1 TN TNG Evtaong eivol ave&dptnn g amdGTaoTG Ad TO POPTL-
ouévo eUANO.

To NAekTpiKo TEHiIO TOV dNUIOVPYEL TO POPTICUEVO VIO OTEIPOV SLUGTACEMV EIVUL OPOYEVEG GE
KG0g TepLoyi] TOL YOPOL oV opileTan awd AVTO.
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q/F
NS-
Qlt
Q

@OQ,

2y 3.16 O ydpog yOpw amd to. pop-
TIGUEVO COUOTO EIVOIL NAEKTPIKO TTE-
dto. To nhextpkd medio ackel dSvva-

un F og éva poptio.

3-5 AYNAMIKO - ATAO®OPA AYNAMIKOY

Y7robéote 0T Eyovpe pepKd akivnta opTicuéve copota (oy. 3.16).
To coOpoTo 0VTE SMUOVPYOVV YOP® TOVG NAEKTPIKO TTedio. Av 6€ KGO0 oN-
peto A tov nAektpikod mediov tomobeToovpe Eva coUATIO Ue PopTio g, TO
nedilo Ba aoknoel oto goptio dvvaun F = Eq. Av petakivicooue 10 goptio
q a6 T0 onueio A, ot éva dAlo onueio B, tov niextpikod mediov, oe GAn ™
dudprela g Sadpoung to NAeKTPko medio aokel 6To poptio q dvvaun. H 60-
VO T, KOTA T LETAKIVION TOL pOPTIOn, TAPAYEL 1) KATOVAADVEL £PYO.

Amodekvietal 6Tt To £pyo TG SvvauNg Tov TS0V KATA TN HETAKIVN-
o1 TOoV PopPTioL q, amd To onpeio A oto onueio B tov niektpikod mediov, sival
10 1010, 6mota Sradpopn kot av emAEEQLE (TETola Tedio ovopdlovtat st p-
TWKG). Av pdAicto to £pyo owtod dtarpebet e To optio mov petakiveital, TOTe
t0 TAiko W/q, mov ekppdlet to £pyo ava povada eoptiov, etval aveEaptnto
oYL LOVO o T SLadpopY| GAAG Kot amtd To popTio TOV PETAKIVEITOL KABE POPd.

Tnv 110 To 0V TOV NAEKTPIKOV TTEGIOL TNV EKUETOAAEVOLOCTE Y10
va opicovpe £va véo péyebog, To dVVOMIKG. ZvyKeKpUEVaL:

Ovopdalovpe dGVVERIKO TOV NAEKTPLKOV TEHIOV 68 £va onueio Tov A
70 67100gp6 TNAIKO TOV £pYOV TNG SVVAUNGS TOV UCKEL TO TESIO GE
@opTio g, KaTA TN PETAKIVIIGN TOV QOPTiOV ¢ 0l TO oNuEio A 6TO
GTELPO, TPOS TO POPTIO TOV PETUKIVEITOL

V, = A2 (3.13)

To dvvapiké givor povopetpo péyedog. H povado tov 6to svstnpa SI sivon
70 1 Volt (V), mov wodvvapei pe 1 J/C.

Tn dapopd TV duvapukoy petadd 0vo onueimv A kot B v ovoud-
Covpe d10popd duvapkoL 1 tdon tov onueiov A kot B.

H dwgopa dvvapikoev, V.-V, avapeco og 600 onueio A ko B tov
niekTpikov wediov givar ion pe To Aiko Tov £pyov mov TaPayEL
KOTAVOADVEL 1] OUVOUT] TOV TESIOV KOTA TN PETAKIVIION €VOG QPOp-
Tiov q amé To onpeio A oto onpueio B mpog To @opTio q.

VA _VB — WA—»B
q

To épyo g dvvaung Tov mediov 6tav petatomileTol optio q avdpesa
o€ 0VOo onpeia ToV TaPOLSLALOLY d1aPOPd dVVALLKOD, elval

Wip = (VA _VB)q
Av T0 @OpTio TOL pETOKIVEITOL EIVOL TO GTOLEIMOES (QOP-
tio (e=1,6x10"C) xar 1M Swpopd Svvapikod TOL  TAPOLGIALOVY
ta onueio A kou B givar 1 V, to épyo ¢ dvvaung tov mediov eivat
W=1V-1,6x10"° C=1,6x10" J. To épyo avtd T0 ovoudlovpe NAEKTPO-
viof oAt kot o ovpforilovpe pe 1 eV.

(3.14)

1eV=16x10"17J
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H Sapopd duvapkod ekeppalet to €pyo tng dvvaung Tov mediov, ava
LOVAda pOPTIO, KATH TN LETOKIVION EVOG QOPTION LEGH GTO NAEKTPIKO TEDTO.
Eme1dn to dvvapukd oyetileton pe to €pyo, etvar éva péyebog e€opeticd ypnot-
Lo Yo TN HEAETN eVOG TPOPANLLOTOG amd EVEPYELOKT GToyn.

Av agpnoovpe o€ va onpeio A Tov niekTpikov mediov Eva BeTikd Qop-
tio avto Bo kvnbel oy katevBuven g dHvaung Tov d€xeTal amd To TEDIO.
To épyo avtig g dvvaung eivar Betikd Kot emOpEVMS 1 dPOPd SVVOLLKOD
peta&d tov onueiov A kat gvog GAAov onueiov B ot dadpour tov @optiov
(V,-V,) etvar Oetikn, dniadi| to duvapuko oto onpeio B etvar pikpotepo amd to
duvapkd oto onueio A.

To nhextpixo nedio avaykatet to Oeticd poptia mov agrvovar (v, = 0)
o€ éva onpeio Tov va Kvovuvtol 6Ty KotevBuven oty omoio To SUVOLUK -
Kkpoivovv. Avtifeta, Ta apynTiKd Qoptic KvovvTol TPog TNV Katevbuven oty
omoia To SUVAIKA avEdvovTaL.

To dvvapiké wediov Tov 0PEILETOL 6E GNUELOKO POPTiO

AT0dEIKVIETAL OTL TO GLUVOULKO TOV TEGIOV TOV OPEIAETOL GE GNUELNKO
eoptio Q, oe éva onpeio mov améyEL Amd TO EOPTIO ATOGTOCT I, EYEL TN

V=ch (3.15)
T

Hoapatnpriceg

1. 2t oyxéon (3.15) 1o poprtio pmopel va givar BeTikd 1 apvnTiKo. Avti-

GTOLY0, TO OLVOKO gival BETIKO 1 apvNTIKO. 4. 3.17 Snuetaxt poptio Q St

ovpyel 610 YOPO MNAEKTPIKO mEdio.
2. Ortav 1o nhextpikd medio dnpovpyeitar omd TOAAG GNUEWKAE POPTIO  To Suvauks oto onpsio A Tov TEdi-
Q,, Q,, Q, ..., y1a va. vroroyicovpe to Svuvaukd oto onueio A (V,), Q
ompidpacte otV apyf TS ereiiniiac. opuemva pe avth to duva-  ovevar V, =K —.
HIKO TOL TTESIOV TOV dMULOVPYOVV GTO GNUEID A OA T POPTIiO 1GOVTOL f
He 1o 4Opolspa TV SVVOUIKOV TV TTedimv Tov Bo dNUovpYoVsE TO
KaOe poptio Q,, Q, k.Ax. oTo oNpeio A, dnradn

V,=V,+V,+V, +...

Avvapiko QopTiopéVoL 0y®yov

'Evoc otatikd @opTiopévog aymyods, dnAadn €vog aywyods Tov QEPEL
axivnta eoptio, £xel TavTod TO 1010 SLVOUIKO, SOTL OV TO SLVALLIKO JEV NTOV
1010 Tavtov d¢ Ba elyape optio akivnta -6€ 16oppomio- AAAL POPTiO GE Kivn-
on.
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ITAPAAEIT'MA 3.4

21ig kopveég B kot I' vontov icoémievpov tprydvov ABIT mhevpdc a, govv A
tomoBetnOel ta onpelakd eoptio Q Kot -2Q, avtictotyo. No vToAoyIoTOVV:
o) To dvvapkd tov mediov oty Kopven A. o
B) To dvvapkd tov mediov 6to onueio M, pécov g BI.
Y) To épyo g dvvaung Tov mediov kATl T HETakiviion evac nAektpoviov Q M -2Q
ond to onpeio A oto M. B r
Xy. 3.18
Amévtnon:
o) Av 10 @optio Q Nrav pdvo Tov, 1o TEdio Tov Ha dnpovpyovce Ha giye o6To A Suvapd Vi =K, Q
o
: . , . . N —2Q
Avtictorya, to medio mov Ha dnpovpyodoe to poptio -2Q Ba eiye oto A dvvapkd V, =K —
To nedio mov dnuovpyodv Kot To dVo Poptio pali oto onueio A £xet Suvauko: ¢
\Y —VA+VA——K9 (3.16)
ATV 2 T c :
o
B) Me avéloyo tpomo Bpickovpe To Suvapkd Tov onpeiov M.
VIMZKC&:Zcha VZM:KCﬂz_4KCg
a/2 o} a/2 o
Vy =V"+v)! =—2ch (3.17)
o
WA%M 14
) V, = Vy =—22% emopévag W, =(V, = Vy )(-¢)
AvtikafietdvTog Tig TIéG Tov duvaptkob amod Tig (3.16) kot (3.17) maipvovpe W,..u =K. Qe
o

ITAPAAEIT'MA 3.5

"Eva tpotovio Parietar amd peydin andctoot, pe tayxdvnta v = 400 m /s, Tpog akivnto mopnva av-
Opaxa. No vroloyiotel 1 eEldylot omdoTacn and Tov TUPNHVE TNy omtoia Bo PTAcEL TO TPOTOVIO. AfvovTat:
10 oToEIMdEC Poptio e=1,6x10"" C, n pala Tov TpwTOVioL m = 1,6x107 kg , 0 atopkdg aptdpoc tov

avOpaia: 6, otadepd tov Coulomb K, =9x10° N m* / C* . @a vrmobécete 61 0 TPHVAS TOPAUEVEL 0KEVITOG
o€ OAN T1) S1GPKELD, TOV POLVOUEVOU.

Amavinon:

To poptio Tov TopnHva Tov GvOpaka ivor Q = 6Ge.

210 onueio A, T0 TANGIEGTEPO TPOC TOV TVPNVA, GNUELD GTO 07010 PTAVEL TO TPMTOVIO, M TOYVTNTO TOV
oTrypaio undevietat.

Epoappolovpe 1o Oedpnpo £pyov - evépyelag yio To Tp®TOVIO, KOTA TNV KIvNeT TOV 06 TO ATEPO UEYPL
) 0éon A.

Woa =Ky =K, MW, =0—%mpuz (3.18)
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Ouog W, ,.=-W,,  =-V,e (3.19)

oA A—w

omov V, 10 duvautkd mov dnuiovpyet o mopnvag 6to onueio A. Av to onueio A améyet and Tov Tupfve. andoTa-
onr

v, -k Q- & (3.20)
Tr Tr

AvtikaOietovrog Tig (3.19) kot (3.20) oy (3.18) &yovpe

2
ce
2
pl)

6¢? ) i
-K,—=-—m v~ en =
K, ™y EMOHEVMG T

r

amd 6mov r=10,8x10° m

3-6 HAYNAMIKH ENEPI'EIA IIOAAQN
XHMEIAKQN ©OOPTIQN

‘Eoto éva ovomua mov amotereiton and 600 onuewakd goptia, o q, A B
Ko g, (o). 3.19). Ag ovopdoovpe A ko B 116 O€o€1g TOUg KOt 1 TV andcTacn
tovg. Eme1dn ta goptio aAANAETIdpovv peta&d Toug, T0 GHOTN O £XEL SUVOULKN
evépyeta. Agv Ba elyav evépyela av Bpiockovtay 6€ Amelpn amdGTOoT TO Vo aTd
TO GALO DOOTE VO UMV OAANAETIOPOVV.

G O4+— 1T —> 0 q

2y, 3.19 Zvotnpo 600 OMUEINK®OV

. . , , , ; ; , opTimv.
H evépyela mov £xel To ohoTHo ToV 300 poptiov eivar fon pe 1o épyo PP

7oV amorteiton Yo vo petaeepBodv and mold poakpid kot vo 1omofetbody oTig
Bécelc Toug. Ag QovVTaGTOOLE Ui TETOL0 OLOIKAGIOL.

A B A B
j{<—f—’ GOe— 1 —>0g

@ ®)

Xy. 3.20 Apyicd TomoBeTovpe To q, oTo onueio A (a), 6T cuvEyELa To g, 6To onueio B (b).

g Oéoeig A kau B dev vrapyovv @optia. Ta q, kot q, Bpickovrar mord
LOKPLE KOl O€ ATELPT AmdGTACT] LETAED TOVG,.

To goptio q, umopet vo. petapepei oo A, yopic mapaywyf f doamdvn
£pyov. X1 cvvéyea petapépetar to g, oto B. To goptio q,, kiveitan péca 6to
NAekTpikod medio Tov mov £xet dnuovpyndet amd to q,. To £pyo mov amauteitan
Yo T HETOPOPE Tov etvar avtiBeto tov £pyov tng dvvaung tov mediov. Ei-
vat:

-W

wo—>B

=W

e = Vi, =K, (3.21)
Emopévog 1o épyo mov amarteital yio vo torofetnBovv to dvo poptia
o115 B€oe1g Tovg gival

w=k, Il (3.22)
T
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Xy 3.21 ZOHoTpHO TPIOV GUELKOV
QopTimv.

ITAPAAEII'MA 3.6

Toom elvar Kot 1 SUVOLIKT EVEPYELD TOV GUGTAUATOG TV dVO POPTIMV.

U=k 3% (3.23)
T

No oNUEIDCOVUE OTL 1] SUVOULKT EVEPYELD TTOV VITTOAOYIGOUE AVIKEL KO GTOL HVO
@opTioL — AVNKEL GTO GVGTN L. AEV LILAPYEL KOVEVAG AOYIKOG TPOTOG VO, OO~
GOVLE HEPOG VTG TNG EVEPYELNG GE KATO10 omtd TaL PopTiaL.

Ao ™ oyxéon (3.23) mpokvmtel OTL av TO. POPTiK Elval OpdVLLO M
SuVa KT Tovg evépyeta givar BeTikn. AvTd gival GUVETELN TOV ATOOTIKOV OV-
VApe®v mov avortvesovtol petasd Tovg. T va petapepBoiv ta goptio amod
TOAD LLOKPLE KOl VO TANGLACOLV GE OmOGTOOT I TPEMEL VoL TPoSPePOel £pyo
070 oOoTNUa. AvtifeTa, av To EopTia Elval ETEPOVLIO EAKOVTOL KOl ATOLTEITOL
apVNTIKO £pY0 Yo va TomofetnBovv o€ andotact 1 HeTaEy Tovg. Emopévmg n
SUVOLIKT] TOVG EVEPYELX VAL OPVNTIKT.

Me tov tpdmo oL TEPTYPAYULE PPICKOVLE TN SVVOLIKT EVEPYELD KoL
OTI TEPIMTMOGELS TOV EVOL CUGTNUO, OTOTEAEITOL OO TEPICCOTEPO GNUELOKA
eoprtio. Xto oynuo 3.21 mopiotdvetar £va cOGTNHO OTOTEAOVUIEVO amtd Tpio
onuelakd eoptio. H duvapukn evépyelo Tov GLGTNAATOG ivat iom e TO £€pyo
OV OTOLTELTOL Y10 VO, LETAPEPOOVY AVTA TO POPTIO, OTTO TOAD LLOKPLYL KO VL TO-
mobetnBovv Eva - Eva 6TIg BEaelg ToVG. Bpiokovpe £T61 6T SLVOLLKT EVEPYELL
TOL GLGTNHOTOS AVTOL £ivat

U — Kc q1q2 + Kc q1q3 + Kc q2q3 (324)
Y p o

IToapanpeiote 0TL 61N GYEGN AVLTN 1 EVEPYELX TOL GLGTNLATOG vl TO
GOpOIoUA TOV EVEPYELDY TTOV £XOVV TO QOPTio avd (evyn.

Teoipidio palag m, =22x107° kg @opticuévo pe Oetikd poptio q, =11x107 C Barleton pe apyucn
Taydte v, = 30 m /s Tpog 6g0TEPO GParpidto pe nala m, = 2m, kot optio q, = 2q, mov eivar apyikd oxivnto
o€ anootaon d =2 m and To TpdTo. AV Ta. GPaLpidla Bpickovtol Tavm o€ optldvVTio, AEl0 Kot LOVOTIKO ddmedo
va Bpebel n eldyiom andotacn L oy omoia 8o minctdcovy. Aivetoan K, =9x10°N-m?* / C* .

Amavrnon:

Ot duvdpelg avapeso oto cpoipide sivar anmotikés. 'Etol to '”o
copa palag m, emPBpaddvetor kot to copa pafog m, emtoyvvetat. Ocon

F,

TaydTnTe ToL M, gfvar peyardtepn g TaydTNTAC TOL M, N ATOCTACT pE- % 9
a0 TV copdtov pkpaivel. Kdmowa otiypn ot taydttég toug Ha yivoouv

{ogg Kat o cvvE el N TovTTE TOL M, Ho Yiver peyaddtepn and v to-

<
v

et

xOTTA TOVL M, (TOTE N OmdoTOON PETAED TOVG Oo peyaddver). To copato 20 «—L—> B
Ba BpeBovv onV eAdyIGTN dLVOTH OTOGTAGT LETAED TOVG T GTLYLT KOTE % %

v omoia ot TayvTNTES TOLG Ba e&lowBovv Xy. 3.22

v, =V, = 0.

H punyovicn evépyeto tov suotiuatog dtatnpeitat. Av Bemprioovpe og apyikn 0éon ) Béon and v
omoio farietar To oparpidio m; Kot ®¢ Tk m OEon mov ta cPaipidio Ppickoviarl 6TV EAGYIOTN ATOGTACN

peta&d toug O 1oyveL

K, +U, =K

apy apy, el

+U

TEA
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lmlug + Kcﬂzlmlul2 +>m,0l + K, %9,
omoTE d 2
1 2 2(112 3 2 2(112
; —mpy, +K, —=—muv +K_ —
n 2 1%0 c d 2 1 c L (327)

Emedn oto cvompa dev ackovvtol eEOTEPIKES SUVALELS, 1] OPLLT] TOV GLGTHLOTOG dLTNPEITAL.
P =P
TEM

apy
Oewpovtag Hetikn katevbuvon Ty apyikn opd kKivnong Tov m, N ToPATAVe GYECT YPAPETAL AAYERPIKA.

mu, =m,v, +myv, 1 m,v, =3mv
4 UO
ondte v=—"2
3
avtikadiotdvtoag oty (3.27) kot Advovtag o¢ tpog L mpokdrtet
2
ORI _p28m

- dm,v’ + 6K q;

Hopatnpnon: ['a ™ Aon tov TPoPANUOTOS YPNCOTOMCALE TNV 0Py SOTHPNONG TNG UNYUVIKNG EVEPYEL-
0G. Opwg, 1o medio mov dnpovpyeital omd KvoOUEVE @opTio. Eivol NAEKTPOROYVNTIKO TTedio Kot OTav, OT®S
ovpPaivel 6To TPOPANUE Hag T popTio EMLTAYHVOVTOL £VO, LEPOG TNG EVEPYELAC TOVE LETAPEPETAL LLE TN LOPPY|
NAEKTPOUAYVNTIKNG 0KTIVOPBOAING GTO TEPIBAALOV.

3-7  XXEXH ENTAXHX KAI ATA®OPAX AYNAMIKOY
2TO OMOI'ENEXZ HAEKTPOXTATIKO IIEAIO

H évtaon kot to duvoutko eivar pey€dn mov meptypapouvy 1o NAEKTPIKO
nedilo. Aoywo givat, Aomdv, ta dvo peyédn va oyetilovtat. [pdypott vrdpyet
L0 YEVIKT GYEOT] OVAUEGO GTNV EVTOGT KO TO SLVOLKO 1) 0TToio OU®G amantel
pobnuoticd wov Egpebyovv amd 1o eninedo ovtov tov Piiiov. Epeic 6o dovpe
¢ oyetiloviat avtd Ta 000 UeYEON 6NV TEPITTOGN TOV TO NAEKTPIKO TTEdI0
glvat opoyevéc. n N

Y

'Eotm 10 opoyevég nhextpikod medio tov oynuatog 3.23. Av oto onueio
A agebei éva Betikd poprtio g, Oa deytel dOvvaun F = Eq oty katebBovon tov
SUVOIKOV YpappdV Kot Bo kivnOel KoTd unKog TG SVVOUIKAG YPOUUNG GTNY
omoia PBpicketat. 'Ectw 6Tt B etvan éva dAAlo onpeio, mévo oty id1a dvvapukn  +Q >
ypopun tov anéyet omd 1o onueio A andotaon x. To épyo g dvvaung F kotd X >
) petaxivnon tov goptiov amod to onueio A oto onueio B givan .

Y

Y

Y d
v =
w
y
S

-]

.
>

W=Fx=Eqx (3.28)
| .
I'vopilovpe opmg 011 W = (VA -V, )q Ty. 3.23 Octikd oNUSIOKO QOPTio q
anveTol 6to onueio A opoyevodc
'Etot,  oxéon (3.28) yiveran Niektpikov mediov. To medio aoket
dvvoun mov €xer Vv katevhuvvon
SUVAIKOVY YPAUUOV.
L V-V, |V v dovay
qu=(VA—VB)q n E= Ax B 7 E=; (3.29),

omov e V oupforicape ™ dtopopd duvoutkod Tmv onueiov A kot B.
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v

b
>

Xy. 3.24 To épyo g dbvaung tov
medilov Kotd T petaxivnon Tov omd
10 A oto B eivar oo e 10 £€pyo xatd
T petokivnon tov amod to A oto I

> -
H > =
F -¢
H— P ——0|"
+ - -
= -
1 > -
d

Xy. 3.25 'Eva nAektpovio aprivetol
LG GE OLOYEVES NAEKTPIKO TEdiO.

Ag eEeTAOOLIE TOPO T YEVIKOTEPT TEPITTOOT) GTNV OO0, To oMueio A
ka1l B dev Bpickovtal mdve oty 1dta duvapukn ypopuun (oy. 3.24). Av avoyka-
covpe éva eoptio q, va Kivnbei arnd To onueio A oto B xatd pnkog g evbeiog
AB 10 épyo g dhvaung Tov mediov givat

AT
W =F(AB)ovv =F(AB)% =F(AI') = Eqx
ko enedn W =(V, -V )q
TpokvITEL TAAL 1) oYéon (3.29)

Ievikevovtag 10 cvpmnépacpa g (3.29) pmopovpe voa movpe OTL M
£v10.61] 6T0 OPOYEVES NAEKTPIKO TTEdi0 gival ion pe To TNAiKO TG dLoPOpag
OUVOUIKOD 0V0 0TOLMVONTOTE CNUEI®V TOV NAEKTPLKOD TEGIOV TPOG TNV
0TOGTAG] TOVG X, HETPNUEVT] KATE KOG P0G SOUVOIIKNG YPORUNS.

3-8 KINHZEIX OQOPTIEMENQN XQMATIAIQN 2ZE
OMOI'ENEXZ HAEKTPOXTATIKO ITEAIO

AVO TapAAANAES LETOAMKES TAAKES POPTIGUEVEG Ue avTifeta popTia,
OM®G 0TO GYNUO, dNUIOVPYOLV OVAUEGH TOVG OUOYEVEG NAEKTPIKO Tedio. Av
péco o’ avutd 1o medio Ppebel Eva poptiopuévo copatido Oa deytel otabepn

dvvaun F = Eq kot 8o amoxtnoet otabepn emrdyvvon o = E% .

A. Kivnon yopic apyukn taydtnra

"Eva niextpovio (oy. 3.25) apnvetatl ToAd KOVTE 6TNV opyNnTiKh TAGKO.
To niextpovio Ba deytel amd To medio dvvaun otabepov pétpov F = Ee (E:
€vTaom TOL TESIOV KOl €: TO GTOXEMOES NAEKTPIKO PopTio) avtipponn g E
Kot O kKtvnOet evBVYpappo opodd emtoyvvopeva, pe emdyvvon oo =F/m, .

H xivnon tov nAektpoviov TeplypaeeTol amd TIg GYEGELG

o=F/m,=Ee/m,
v=at
1

X =—ot’
2

OTtO TIC 001G UTOPOVUE VO, VTOAOYIGOVLLE:

1. IIéc0 ypdvo yperdletal To NAEKTPOVIO Y10 VO QTAGEL GTNV ATEVOVTL TAGKOL

1
Av 1 andotaon avapeoo otig TAdkeg eivar d omd ™ oyéon d = Eoc t;

. 2d
Bpiokovpe t, =, [—.
o
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2. Me mow toydTNTo OTAVEL TO NAEKTPOVIO 6Th BTk TAGKOL;

AvTtiKaO16TAVTOG 6T 6YECT L = o t TO YPOVO TOV PPNKOLE TOPOUTAVED
Bpiloxovpe v, =+2ad .

Ag KGVOLLLE Lo apOUNTIKY] EQEOPUOYT YO VO, OOVLE Y10 TOLOG TAENC
UeY€00VE TayVTNTEG KOt YpOVOVG LIAGLLE.

Av M dpopd SuvapKoh aVARESH OTIS UETOAMKEG TAGKES eival
V =1kV ko n andotacn petasd toug d = 5 mm 1 évracn Tov mediov 6To E6m-
1ep1k6 Tov Oa ivor E = 2x10° N/ C, n dvvopm mov Ba dexbei 1o nhekTpdvio
Ba éxet pétpo F= 3,2x107* N (e=1,6x10" C), n emréyvvon Oa sivor o =
3,510 m /s? (m, =9,1x107"" kg), 0 xpévog yia va. PTAGEL GTOV AméVaVTL
omhopd t, = 5,3x107"" s Karn telucn Tov ToxdTTOL L, = 1,9%10" m /.

AwtdEelg mov YPNGILOTOOVY TOV TOPATAVE® UNYovicpd (emtdyvvon
(QOPTIGUEVOL COUOTIOION GE OUOYEVEG MAEKTPOCTATIKO TEDI0) £Yovv gvpeia
EPUPLOYN GE UL GEWPA OO CLOKEVEG OTMC 0 POoUATOYPaPOg udlag, o Kabo-
OKOG COANVOG KoL GAAEC.

B. Kivnon pe apyki toydtntoe kaetn oTig OVVINIKES YPOPpES

Oeopobpe 6Tl o1 TaPAAANAEG HETAAMKEG TAAKEG TOL GYNLOTOG 3.26
glval eopTicéveG e poptia +q Kot -q, £yovv pnkog L, améyovv petald tovg
amootoot d kKot 1 dtepopd duvoptkod toug eival V. Eva nlextpovio eieépyetat
HE apykn TaxdTNTA v KAOETN OTIG SUVAMIKES YPAUUEG TOV OUOYEVOUG TTEGIOV
nov oynuatiletor avdpeca otig TAdkeg. To niektpdvio Katd v Kivnen tov
péca oto opoyeves medio déyxeTan otabepn dvvaun F.

[Noc ™ perén piog térotag kivnong Ba epappocovpe v
apyn TS aveCupTNoilog TOV KIVI|GE®V.

AwAéyovpe d00 GEOVEG TAVEO GTOLE OTTOIOVG AVOADOVLE
v Kivnon. Edd Ba emiéEovpe Evav d&ova TapdAinio o1ig dvva-
WIKEG YPOUUES KL VOV KAOETO G’ OLTEG.

Aoy M S10pOpA SVVOUIKOD OVAUESH OTIS POPTICUEVEG
TAdKeg gtvar V, 1 €évtooT Tov nAekTpucod ediov 6g 0TolodNmoTE

onueio Tov ydpov petald Tev TAakmdv o eivar E =% (opoyevég

nedio).

Ytov dEova X To NAEKTPOVIO dev d€xeTal Svvaun Kot £Tot Oa Kivn-

el evBOypappa opaid, S1TNPOVTOG TV APYIKN TOL TOXOTNTO V.

Ytov d&ova y déyetor kah’ OAN ™ d1dpKeLn TG Kivnong po dvvo-

un otabepn, KOTAKOPLON e opd mpog Ta Tave F = Ee 1 emedn
A%

Ve , . . .
E= rE F= T To niektpdvio Oa ekterécel 6° avtd ToV dEova

OULOAQL EMLTOYLVOLEVT] KIVION YOPIG apyIKn ToxOTNTO LE EMTA-
yovon
F Ee Ve

o, =—=—= (3.30)
m, m, dm,

€ €
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Xy. 3.26 To niextpdvio loépyeTOL
0T0 MAEKTPIKO medio pe TaydTNTA
KkG0etn ot Svvapkég ypopupés. H
dvvoun mov déxetor and To 1edio To
avayKalel va Starypayet TopaoAtkn
TPOYLAL.

Ew. 3.2 [Tepapatikn dudraén yuo ™
HEAETN TG AmOKMONG HoG 0EoUNG
NAeKTpoviov HEcO GE OLLOYEVEG NAE-
KTPIKO medio.



Xy 3.27 Otov 10 nAektpovio e&€pye-
Tt amd To Tedio Eyel amorAivel Kot
y, 06 TV apyiky Tov Sievduvon kar
N ToaLTTA ToL €ivarl GLVIGTOUEVN
™G apyIKAG TaxdTTOG L KOl TNG
ToOTNTOG v,

Tehkd, otov dEova x Oa 1oyvovv:

L, =V, (3.31)
X =v,t (3.32)
EVD GTOV Y:
v, =a,t (3.33)
1

ATO TIG GYEGELG AVTEC UTOPOVV VO VTOAOYIGOOVV:

1. XpOvo¢ Tapaioving 6To medio

To niektpdvio Ba eEEADeL amd To medio Otav, 6ToV dEova X Ba Exet pe-
tatomiotel katd L. Av ot oyéon (3.32) Bécovpe 6mov x to L kot Avsovpe o
TPOG t TPOKHTTEL:

t,=— (3.35)

2. Andxhon arnd v apykn dievbvvon kivnone otnv §€080

Edv ot oyéon (3.34) Bécovpe ot B€om ToV t TO YPOVO TOPALOVIG GTO
nedio Bpiokovpe TNV KATaKOPLEN ATOKAIGT] Y TOV NAEKTPOVIOL GO TNV aPYIKN
ToV B€om, Katd TNV ££080 TOov amd To TEdiO.

2

1 o 1ve(lL

Y =50tytf A Y=5g (U—J (3.36)
e 0

3. ToyvtnTa eE6d0v omd To TEdio

Katd v €£006 tov amd to medio, 1 tayHTNnTo TOL NAEKTPOVIOL GTOV
aEova x Ba glvan vy, =v, eved otov y Ba givaon v, = o t; kot amd 16 (3.30) ko

Ve L
(3.35) =——

Uly

Kot EPO=—"= (3.37)

4. H e&ilomwon ¢ Tpoytdc ToL NAEKTPOVIOV

H g&icwon g TpoyLds TOV NAEKTPOVIOV Eivar | 6Y£61] TOV GUVOEEL
TIG LETOUTOTIGELS TOV OTOVS (AEOVES X KO Y.

Avvoope v (3.32) og mpog t kot avtikadiotovpe oty (3.34) Aappad-
vovtog voyn kot v (3.30). Bpiokovpe €Tt pia oyéon y = f(x)
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1 t2,ylVexZ,y Ve o
=—Q - [ —
Y=ot 2dm, v 1 2dm,v}
TIpOKELTOL Y10, H1oL GYEGT TG LOPPNC Y = OX”, GpaL 1] TPOYLE TOL NAEKTPOVIOV
elvar Tapaforikn.

211 HEAETN TNG KIVNoNG TOV NAEKTPOVIOL LEGO GTO OUOYEVES NAEKTPL-
k6 medio O AaPape KaBdAov VoYM To PApog Tov. AvTd £yive Yiati To Pdpog
elvar apedntéo ouykprtikd pe tnv F. Evoeiktikd avaeépovpe 6Tt 10 fépog evog
niektpoviov etvar w, =8,9 x 107 N evd 1 nAekTpiky SHvapn mov déxston £vol
NAEKTPOVIO GTO EGMTEPIKO EVOG OLOYEVOVG NAEKTPIKOD TTEGIOL GOV OLTO TOV
wepypayape pe dtapopd duvapkov V =1 kV kot andotocn peta&d tov mio-
kdvd =5 mm sivar F=3,2x10""* N, dniadf 36x10™ popéc peyaldtepn tov
Bapovg. To cuumépacpa avtod, 61t 10 Papog elvar apeAnTéO GLYKPIVOUEVO LE
TNV NAEKTPIKY SVVOLN, 1GYVEL KO Y10 TO, GALO GTOLXELDOT COUATIOW ~TPMTO-
V10, TUPTVES, 10VTa- OTAV KIVOUVTOL LEGO GTO NAEKTPIKO medio.

ITAPAAEII'MA 3.7

Aéopn niektpoviov emraydvetar amd Ty npepia omd dapopd duvapkod V . Xn covéyeta praivel oe
OLOYEVEG NAEKTPIKO TTEST0 OV GYNUOTILETAL AVALESH GE SVO POPTIGUEVES TAAKES (TAAKIOI ATOKAIONG) KAOE-
TO OTIG SVVOLIKES YPOUUES TOV Tediov. H drapopd dvvapikod avapeoa otig TAdkee sival V kot 1 HeTa&d Toug
anootoon d. To pnirog tov mhakdv givar L. Ta nAektpdvia Pyaivovtag amd To opoyeveg Tedio TpocKPovovY G
@Bopilovca 006vn mov eivar TomoBetnuévn kdBeta oV apyikn devbvvon kivnong. H 006vn anéyel amdotoon
D omd 1o mhaxidio aroxione. H 6An didtaén Ppioketor péca 67 £va GOAVE DYNAOD KEVOD MGTE VO OTOPEL-
YOVTOL Ol GLUYKPOVGELS TV NAEKTPOVIDV He Ta pLopta Tov aépa. Na Bpebei n 0Eom oty onoia Ba Técel ) déoun

v o eBopilovca 066vN. Aivovtol 1o GTorKEWDSES PopTio € Kot N pdlo Tov NAekTpoviov m .

A
-
v
A
o

Ty.3.28
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Améavrnon:

Ta nhextpdvia emitoyvvopeva amd T S1popd Suvapkod V  armoktody Kivntikh evépyeta mov divetar
a6 o Oedpnpo EPYoV - EVEPYELOG.

2eV,
m

e

Emeoé =&V, ondte v, = (3.38)

H xivnon tov niextpoviov péco 6to NAEKTPIKS TS0 TOV SNUIOVPYOVV T, TAUKIOW ATOKAIONG, LEAE-
THONKE GTNV TPOTYOLUEVT TOPAYPUPO.

Orav T nAektpovia eEEADoVY and Ta TAaKidlo amdkAiong Oa £xovV EKTPOmEL OO TNV APYIKN TOVG TTO-
pelo kata y,. H amoxiion avtr vroloyiotnke oty (3.36) emopévag

2
y-tVvellt (3.39)
2.dm, | v,

H yovia mov oynpotilel n taydtnto e£6600 TV NAEKTpOVI®VY pE TNV apyikn dievbvveon kivnong, emiong
VROAOYIGTNKE amd T GYéom

- (3.40)

To nAextpovia Byaivovrag amd 10 opoyevég medio twv mhakdimv Kivodvrar evddypappa OpoAd pe v,.
MeyeBvvovtag v meployn e£6dov (oy. 3.29) PAémovue 611 oynuatiletol éva opboydvio tpiymvo pe kabeteg
mhevpéc Tig D kot y, ko vroteivovsa vy Tpoyid twv niektpoviov. Ioyvet

S(P(PZy—S ondte Y, =Dep ¢

Xy. 3.29

Avtikofotovrog v (3.40) Bpickovpue

_ DVeL

=— 341
dm, v’ (3-41)

2

H 0¢om g 6éoung otnv 006vn oméyel andotoon y,+y, and mv apyikn dievbvvon g déoung. Ano Tig
(3.38), (3.39) ko (3.41) Bpiokovpe:
VL L
YitY,= (D + _j

2v, a2
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O KAGOAIKOZ ZQAHNAX

O kaBodkdg corvag (oy. 3.30) elvar évog YuaAIVOG «COAVOCH TO
€6MTEPIKO TOL 0ToioV Ppicketan € LVYNAO kKevO. H Aettovpyia Tov otnpiletan
o€ TPELG SLOOYIKEG OLATAEELS.

H mpdt ovoudletor tieforo niektpoviov kat gival vaedbovn yia
NV TOPOYOYN, EMTAYVVON Kot E0TIOGT M0 OEGUNG NAEKTPOVI®V.

H debtepn eivar €vag cuvdvacpog opoyevay tedinv. Metafdiiovtog
NV €vTooT TOV TSIV KatevhOVOLLE TN SEGUN TV NAEKTPOVIOV.

H tpitn eivar 1 006vn oty omoia mapoatnpodpe ) B€on émov tpoomi-
TTovV T NAekTpovia. O oAV amévavtt amd T0 THAEBOLO Eival EMGTP®-
HEVOG e E10KO VAIKO OV £xEL TNV 010Nt v pBopiler, Onlodn vo eKTEUTEL
QmG, 6TAV TAVE® TOV TPOCTIMTOVY COUATIOW HE HEYOAN TayvtnTa. [ldve o’
OLTO TO TUN O TOL COANVA, TOV ATOTEAEL TNV 006VN, TEQTOLV e PEYAAN T D-
T To NAEKTPOVIO TNG dECUNG. XTO GNUEIO GTO 0TOI0 TEPTOLV TO NAEKTPOVIA
1 006vn eBopilet Evrova Kot dnpovpyeitar po @oTEWVN KnAida.

Ty 3.30

Xt0 aplotepd Gkpo tov oynuatog 3.30 ¢aive-
tat 0 TAgPoro. Ta nAextpovio mopdyovtal ekel pe
Bépuavon evog petadikod vipotog (kdBodog). Oeppai-
vovtog éva PétaAlo divovpe og Kamoto omd to Erevbepa
NAEKTPOVIE TOVL KIVNTIKY] EVEPYELD, OPKETT Y10 VO TO EYKO-
TOAELPOLUV. XTN GUVEXEWD TO MAEKTPOVIOL EmLTO)OVOVTOL
oo T0 NAEKTPIKO TESI0 TOV dNUOVPYEITOL AVAUESH GTNV
KkG00d0 ka1l o€ éva, AGAAo NAexTpodlo (Gvodog). H dvodog
Bpioketol o€ duvaptkd VYNAGTEPO 0d TO SVVapKS TG KaBOS0L Kol PEPEL OTT).
To. Tep1o60TEPU NAEKTPOVIL TTOL ETLTOYHVOVTOL TPOG TNV GVOS0 TPOGKPOVOVY
o’ avt). Oca and avtd mepvive omd v ony| oynuatifovv déoun Kot Kvov-
vtol Tpog v 006vn pe v opldvtia tayvTTo oL améktoav. H dtapopd
duvapkov petald avodov kot kafodov eivar pepica kV. ‘Etot, n todnra mov
amokToVV TaL NAEKTPOVIA glvan NG Thewe Tov 107 m /5.

Ew. 3.3 TnAeforo niextpoviov.

210 AePOA0, LILAPYOVY SUTAEELS OV EMTPETOVY TOV EAEYYO TOL
ap1Opol TV NAEKTPOVI®V TOL KatevBivovtal Tpog Tnv 080V Kot TV eotioon
mg déoung.

To gowtepikd Tov KabodkoD cwAnva, BpickeTol oe VYNAO KeVO (TTepi-
nov 107 atm). "Eto1 €Aay10T0mo100vTIoL o1 KpoOoES TmV NAEKTPOVIOY TG Oé-
GUNG LLE TO LOPLOL TOV OEPD TTOV TEPIEXOVTOL G~ QLTOV.
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Ew. 3.4 [TaApoypdeoc.

/\
VARV

2y 3.31 EvoaAlhacopevn téon.

A

t

Xy. 3.32 [Ipovet Tdon.

t

H déopn tov niektpoviov SiEpeTal 6T GLUVEKELD aVAUESH omd dVO
Cevyn petoddikomv mAakiov (TAokiot andkiionc). Xto éva (ebyog ta LeTtal-
Mkd TAakidwo givar opilovTia Kot To NAEKTPLKO TEGI0 TOL ONULOVPYEITOL OVALLLE-
66 TOVG eKTPEMEL TN OGN TV NAeKTpOoViVY Katakdpvea. To dAlo (evyog mha-
KOOV €ivol KOTOKOPUQO Kol EKTPETEL T OEGUN TOV NAEKTpOvioV opilovTia.
Ot oyéoelg (3.39), (3.41) deiyvouv 6t1 1 amdKALoN glvar avddloyn TG Stapopdg
duvapkod Tov eapuoletal petabd Tov TAakdimv. ‘Etotl to onueio g 006-
VNG oto omoio mpoomnintel 1) déoun e€aptdtar and TIg TAGELS TOL EQOPUOLOVLE
o€ Kabg ypovikn otiyun oto 6vo (evyn mhokdiov. Edv n dtapopd dvvapko
Kot 6ta 60 (evyn mhokdioy amdkAong lvatl PnNdeVIKN T NAEKTPOVIA TNG O&-
OUNG KIVOUVTOL YOPIC VO atoKAIVOUY ammd TV €00VYpoUUN TPOYLH TOVG KO TPO-
GKPOVOVV GTO KEVTPO TG 000vVNG.

Metd v €£060 amod ta medio TV TAAKIOIOV amdKAGeNG Kot UEXPL TNV
npockpovon ot eBopilovca 006vn Ta MAekTpdVia Kivovvtar gvBuypappa
OLLOAG.

O k0B001KO6g coANVag amotedel TO fOcIKO GTOLYELD TOV TOALOYPAPOV.
[To ovvleteg TapaAlayég Tov, TAve OU®G GTNV 1010 apy Aertovpyiang, amote-
AOVV 01 000veg NG TNAEOPAONG KOl TOV VITOAOYLIOTY.

[TAAMOI'PA®OX

Mo e101Kn €@appoyn Tov Kabodikov coinva eivat o TaApoypdeoc. To
KOP10 oTOLYED EVOG TAAUOYPAPOL Elvar Evag kafodikdg GOAVAS TOL 0T0l0v M
006vn gtvan Babporoynuévn MGTE Vo oG ETLTPENEL VOL KAVOVULE LETPNGELS.
E&wtepucd o TaApoypaeog eivat €va Kouti pe pio 006vn 6ty UrpocTti-
Vi TAELPE Kol SLAPOopovs puOGTEG (Kovpumid). Me toug puBioTég vTtapyeL
dvvatoTnrTo:
o) Na pvOuileton n potevotnta e knAdag. H pbBuion avt avtictot-
yel og petafoln g tdong mov emitayHVEL Ta NAEKTPOVIO GTO THAERO-

Ao.

B) Na pvbuiletor n tdon «odpwone» Yo v omoia Ho WANCOVUE TTLO
KéTO.

Y) Noa epappoletol eEmtepikd Téon oto TAaKide 0ptlovTIog Kot KOTUKO-
PLONG ATOKALONG,.

d) Noa eotidletorn 6éoun ®oTe 1 KNAlda va yivetol 060 To duvatd pKpo-

Tepm kot vo Eeywpilel kabapd.

Edv peta&d tov mhakidiov Katakdpueng EKTPOTNG EPOPLOGOVUE HLd
T6om 7oL peTaUAAETOL pE TOV YPOVO, £6TM o TAoN TG HOPETS L, = V Nuot
(evorlraocoouevn taon) (oy. 3.31) ko oto TAaKido optlovVTIaG EKTPOTNG OEV
epappoletol Taon 1N OTEWN KNAlda O Kiveltal Tave - KATO COUPOVA UE TIG
0VEOUEIDTELG TNG v. Ia EVOALOOGOUEVES TAGELG OTMC OVTI TOL SIKTLOL TNG
AEH n xnAida kiveitan 1060 ypiyopa (50 popég To 0eVTEPOLENTO) MGTE TO AT
Vo TN PAETEL GOV L0 KOTAKOPLOT YPOLLUY.
Téaon ocapowong

Edv petadd tov mhakidiov opilovTiog EKTpomnng EpapuoGOvUE TAON U,
N ool aVEAVETAL YPOLLIKE KOl GTI GUVEXELD, EAATTMVETOL OTOTOUA (TPLOVE®-

™ Téon oy. 3.32) n knAida otV 006V B Kiveitar oplovTia Kot 1I60TUYMG OTd
T APLeTEPE TTPOG Ta OeEIG Kot Ool eMGTPEQPEL amdTOUO oW, YioL va Eavopyi-
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o€l TAAL TNV 1010 Kivnomn. AVt 1 TaAvOpopkn optlovtia Kivnen g kniidag
ovopaletol cdpmon g 006vnc. Tnv 1don chpmong v epapurdlet o id10¢ o
TOALOYPAPOG KoL VILAPYEL SuvatdTnTa pHOUIGNC TNG GVYVOTNTA TNG L, DOTE VO,
EMITLYXAVOLLLE YPTYOPN 1 0pYN GEp®A.

Mepikég and Tig o amAEG XPOELS TOV TOALOYPAPOL Etval:

a) M£Tpnon 6uveoVS TAGEMS

Amevepyomoobe v téon capwong kot epapudlovpe v tdon V
mov BéAovpe vo peTpricovpe 6T TAOKIO Katakopueng amdkAions. H kniida
amokAivel katakopvea (o). 3.330). ATd TV andcToo TG KNMOAG amd 10O Ké-
vIpo TG 006vNG pmopovpe va Ppovpe v epappolopevn cuveyn taon V.

B) Métpnon evoALOGOONEVIS TAOTG

ATEVEPYOTOOVUE TNV TAGT GUPMONG KOl OTO TAMKIOW KOTAKOPL-
NG amdKAMoNg £papuotovpe Tdon g Hopefig v, = Vnuot (eVoAAAGEOpEVT
téon) (oy. 3.31). H knAida Ba avePoxatefaivel ypiyopa katakdpL@a, Kot GTNV
006vn Tov TaApPOYPAPoL Bo oynuatioTel o Katakdpuen ypauun (oy. 3.33p).
A6 TO KOG TNE YPOLULUNG LTOPOVLLE VO VITOAOYIcOVE TO V (TAGTOC TNG EVOA-
AOGGOUEVNC TAGTG). ZVYKEKPUYEVO TO UNAKOG TNG YPOUUNG Elval aviAloyo Tov

2V.
HNEEEEEN HNEEEEEN
ENEEEEEN HENENEEEN -,
ENEEEEEN HENEEEEEE

(@) ®

v MeghéTn KOpOTOpOpO®OV

Epopuélovpe tavtoypovo ™ v, (ton capmong), oto mhakidi opiovriag
OTOKAIONG KOl TN v, (evodhacoopevn) oto TAAKIO KOTAKOPLONG ATOKAIONG.
Av1d oV TpokvITEL 6TV 000V™ £lvar pia KVHOTOEWNS Ypouun (ek. 3.5) mov
OoVOUALETOL KLUOTOLOPPT TNG TACTG . Mmropovpe €161 va Tapokolovdncovpe
o1V 006V TOV TOALOYPAPOL KOl VO LEAETIIGOVLE TAGELG TOL LETAPAAAOVTOL
LE TO XPOVO, OTMG 1) EVOALUGGOUEVT] OAAG Kol TO GUVOETEG.

Emedn ta niektpovia £xovv moAv pukpn palo, n omoOKAon TG 0é-
oUNG TV NAEKTPOVIDY 6ToV Kabod1kd coinva cupufaivel 6yeddv akoplaio Kot
0 TOALOYPAPOG EXEL TN duvaTOTNTO VO OEi&eL TOAD Ypryopeg LeTaOAEG otV
tdion.
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Xy. 3.33 (o) Zoveyng toon V epop-
poletar oto TAOKISIO KOTAKOPLENG
amoxiong, n andotacn d e knAi-
dag and to KéEvrpo g 00ovng givat
avaioyn g téong V. (B) Evairoo-
oouevn tdomn epapuoletar oto TAo-
Kidlo KaToKOpLENG amdKAONG, TO
UAKOG TNG YPARUNG otV 006V etvarn
OVAAOYO TOV STAAGIOV TAGTOVS TG
eVOALOooOLEVG TAONC.

Ew. 3.5 H xopotopopen pog evor-
Aaocoduevng tdong Omwg eaivetot
oV 006V TOL TOALOYPAPOV.
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Xy. 3.34'Evog mokvotig amoteleiton
a6 600 YEITOVIKOUG arymyoVs QopTL-
cuévoug. Ot aywyol poptilovton e
eoptio +Q Kat -Q.

Ewk. 3.6 Tomol tukvetdv.

d
Xy 3.35 Eninedog mukvetc.

3-9 ITYKNQTHX KAI XQPHTIKOTHTA

O mokvetg glvar pia dtataén mov amodnKevel NAEKTPIKO QOPTIO Kot
NAEKTPIKN duvoulkn evépyela. 'Evag mukvetig anoteieitor amd 600 aywyolc
7oV Bpiokovrat kovtd kot ywpilovrot petald Tovg amd To Kevo, Tov aépa, 1 omd
Ao povotr. O aywyoi tov oynuatog 3.34 aroteloby Evav Tukvotn. Ot dHo
aywyol Tov amoTelohV TOV TUKVMTH OVOUALOVTOL OTTAIGHOL.

Mukvotig ovopdletal ocOGTNNO OVO YEITOVIKOV 0y®MY®OV (0TAL-
opoi), wov ympilovrar PHETAED TOVG HE KATOL0 HOVAOTIKG VAIKO. Ot
ayoyoi goptiovror pe optio +Q kot -Q.

doptio tov TVKVOTH ovopaletal To OETIKO POPTIO TOV EVOC GO TOVG
OMAMGHOVG TOV, VD TAGN TOL TLKVEOTY ovopdletatl 1 dtoeopd duvapkov V,
petald TV OTAMGUMY TOV. L& EVOV TUKVMTH omobnkeveTal TOAD O EVKOAM
@optio, and 6,1t o€ KABe Evo LEPOVOUEVO OY@YO AtO OLTOVG OV OTTOTEAOVV
TOV TUKVOTY.

e KaBe mukvmT N TéoTn Tov £ival avdAoyn Tov GopTiov Tov, dNAUN
10 TNAiKo TOV POpTiov TPOG TNV TAoN gival 6Tabepd. To TAiKo avTd TO OVOuA-
Covpe YOPNTIKOTNTO TOL TUKVOTY.

Xopntikémnra C gvég mokvet ovopdletar 10 otadepd
nnAiko Tov @optiov Tov (Q) Tpog TV Tdon Tov (V).

C=Q

A%

Movada yopntikétntag givan 1o Farad, mov copPoiileTan
peto F.1F=1C/V.

Ovopaletar étot mpog Ty tov Michael Faraday, o omoiog
peta&d Tov dAlwv, epgbivnoe Kot to Bépa g xopntwomrac. To 1 Farad etvon
TOAD peydin yopntikotnto. Ol Y0pNTIKOTNTEG TV TUKVOT®OV TOV YPT|CLLO-
moovvtal oty TPaén eivan g tdéng tov pkpogapdvt, (1 uF = 10° F), tov
vovoeopavt, (1 nF = 10 F) kot tov mikogapdvt, (1 pF = 1012 F).

O1 TUKVOTES TOPIGTAVOVTOL [LE dVO HIKPES TOPUAANAES 1GOVYELS YPOLLL-
HEG, e OKPOOEKTEG GUVOEDEIEVOVG GTO LEGOV TOVG.

Yrdpyovv moArol TOTOL TUKVOTOV. XtV eikdva 3.6 paivovion pepkot
oo avTovs. XVVNOmG TOiPVOLY TO OVOUE TOVG OO TO GYNLO TOV OTAIGU®OV
touc. O 6ealpkdg TLKVOTNG amoTeAeitol amd d00 OUOKEVIPOVS GPOLPIKOVG
OY®OYOVG KOl 0 KOAVIPIKOG amd 600 0poa&ovikong KUAVOPIKOUS aywyovg. O
EMIMED0C TUKVOTIG amoTeELEITOL OO OVO eMinmedeg MUPAAINAES, UETUAMKES
TAdKeG, 10106 empavelag A, mov anéyovv puetald tovg amodctoot d kot fpicio-
VTOL 1) LU0 OTEVOVTL GTNV GAAT).

H yopntikétnTta £vog eTinedov TuKveTY €ivarl avaioyn TG eTLPa-
VEWNG A TOV OTAMOUAV Kol avTioTpo@a avaioyn g ardéotacng d peralo
TOV 0OTAGUOV.

C=soé
d
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Fevicodtepa N y@pNTIKOTNTE €VOG TUKVOTY €E0PTATOL OO TO YE®-
UETPIKA oTotyela TG dtdTaéng (dnAadr omd 1o uEyeboc, To GYNLLO, TIG CYETIKES
0éoe1g TV dV0 ay®Y®V) Kol amd TO €100G TOL LOVOTIKOD VAIKOD (ovoudleTot
Kot SMAEKTPIKS) OVALEGO GTOVG OTAIGILOVG TOV.

O1 mukvetég amotelotv Pactkd oTolelol TMV NAEKTPIKOV Kol MAE-
KTPOVIKOV KuKAOUdTtov. Otav yopilovpe To KOvumi TOV padlo@dvoy Yo va
emAé€ovpe 6TaONO HETOPAMAOLLLE TN PN TIKOTN T EVOC TUKVOTN. To pmg Tov
EKTEUTEL TO PAOC TNG POTOYPOPIKNG UNYAVIG TPOEPYETAL OO TNV EKQAPTION
evOc TUKVMTH. O1 TUKVOTEG YPTCLULOTOIOVVTOL AKOLO GTOVG KOB0dIKOOG GOAN-
VEG, OTO, TOUT TV VITOAOYIOTAV KOl GE YIAMASES AAAEC EQPUPLOYEC.

ITAPAAEII'MA 3.8

Ew. 3.7 H Aertovpyia tov @rog g
potoypapucng  punyovig  ompileton
OTNV EKPOPTION VOGS TLKVOT Ol
péoov pag Avyviag Eévov. Kabog ex-
eoptiletor 0 MUKVOTG T0 0épto EEVo
wviletol pe amotéhecpo TNV £viovn
OVOAOUTT] LUKPTG SLOPKELNG,

O1 omMopoi EVOC EMIMESOV TUKVOTN £X0VV EMPAVEIL A = 4 cm” Kot 1 0mdGTacH Tovg sivar d =2 mm.

Yroloyiote:
o) Tn yopntikdTTd TOVL.
B) To @optio mov Oa amoktNoel 0 TUKVOTAG av cuvdebel og myn tdong V = 12 V. Aiveton

g, =8,85x107 C* /(N m?)

Amdvtnon:
H yopntwdémta evdg eninedov kvt divetal amod T oxéon:
A
C=¢g,—,
d

OO TNV 0Told, LLE OVTIKOTAGTOOT), PPiCKOVLLE:
C* 4x10*m’
N-m*” 2x10”°m

C=(8,85x10™"

To @optio Tov TLKVOTN, OTav cLVOEDel pe TV TyY, Ba eivat:

=17,7x10™" F=1,77 pF

Q=CV=1,77 pF 12V=21,24 pC=21,24x10"> C

ITAPAAEII'MA 3.9

"Evag eninedog mukvothg £xel yopnrtikotnto 10 puF kot poptiletal o mnyn pe tdon V =100 V. Xt ov-
véyetla, apod amocuvdedel amd TV Tyn, 0l OTAIGHOL TOL ATOUOKPVLVOVTOL £0G OTOV 1] ATOGTOCT LETAED TOVG

dumhaciaotel. Na vtoloyistovv:

o) M V& YOPNTIKOTNTO TOV TUKVAOTY| Kol
B) 1N TAGT TOL UETA TNV OMOUAKPLVOT) TOV OTAGUOV TOV.
Azmavtnon:
H apywn yopntikdmTo TOL TUKVEOTH VIToAoYilETOn Ao TN OYXEOT
A
C=¢,—
d
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Otov SITAQGIAGOVE TNV OTOGTOCT) TV OTACU®DV TOV, 1] YOPNTIKOTNTA TOV YiveTot

C=g, A (3.43)
2d
Awpovtag Kot péAn tig oyéoelg (3.43) kot (3.42) maipvovpe:
C
C=—=5uF
> K

To poptio 6TO0VG OMAMGLOVG TOL Ba TapapEiveL 1010 Kot LETA TNV ATOUAKPVVOT) TV OTAIGUOV. EQocov
0 TUKVOTNG 0€ GLVOEETAL € KATO10 KOKAMUA 01 OTAIGHOT TOV gival amopovouévol aymyol kot Oa dtatnpricovy
TO POPTIO TOVG. APOD E TNV ATOUAKPVVOT] TOV OTAGUMV 1) YOPNTIKOTNTA LETAPAAAETAL, OALA TO POPTIO HEVEL
70 1010, B0 GAAGEEL | TAGT) GTOVG OTAIGUOVG TOV TVKVMTH. AV 1 VEQ TAGT TOL TUKVOTY ival V' pumopovue va
yphyoupe

Q
C=— 3.44
v (3.44)
[Ipv TV amOUAKPLVGT TOV OTAGUMV TOV, 1) YOPTTIKOTTO TOL TUKVMTH NTAV:
Q
C,=— 3.45
TV (3.45)
Awpavrog katd péAn tig oyéoeig (3.45) ko (3.44) moipvovpie:
C_V nV'= <, V emopévag V' =200 V
cC Vv C

3-10  ENEPT'EIA AIIOOHKEYMENH XE ®OPTIZMENO
I[TYKNQTH

Xe TPONYOLUEVT] TOPAYpapo €ldape OTL OAeS Ol JATAEELS POPTIOL
€Youv op1IGLEVN NAEKTPIKT duvaukn evépyeta U, ion e To £pyo mov amotteitot
v va torobetnBovv ta poptia 611G BEcelg Tovg. 'Evog popTiopévog TukveoTng
&xet duvopkn evépyeta, U 1 omoia diveton omd ) oyéon

U= %CVZ (3.46)

H gvépyetla Tov @opTIGHEVOL TUKVMTY OTOSISETAL KATA TV EKPOPTION
TOV. AV EVOGOVE TOVE dVO OTAIGLOVG TOV TUKVMOTH UE Evay aywyd Oo peta-
KivynBovv eoptio. awd Tov Evav omAMoUO GToV GALO péypt ot 6v0 omAGol va
OTOKTNGOLV TO 1010 dvvopkd. Tote Aépe 0TL 0 TUKVOTNG ekeopTiotnke. Katd
TNV EKQOPTION TOV TUKVAOTH 1] amoONKELUEVT] NAEKTPIKT] SUVOUIKT EVEPYELD
LETATPETETAL GE BEPUOTNTO OTOV AYDYO TOL GUVOEEL TOVE OTAICLLOVC.
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Y7ohoyitopdg TG EVEPYELNG POPTICUEVOD TUKVOTY

Mo vo vroloyicovpe ™ dvvapikn evépyelo Tov €xel omobnkevpévn
£VOg POPTIGUEVOG TUKVAOTNG, 0 POVTAGTOVUE pia LTToOeTIKY drodikacio POpTL-
ong: Xe évay apyKa apopTIGTO TUKVAOTY] TAIPVOVLE UIKPEC TOGOTNTEG POPTIOV
+dq amd tov Evav omAMo o ko T TomrofeTodie otov GAAo. O omhondc and Tov
omoio agatpeitat Betikd Qoptio B PopTioTEl APVNTIKA EVEO O OTAGHOC GTOV
omoio mpocBétovpe Betikd poptio, Ha poptictel Betikd. 'Eoto q, ko Vot
TEAMKEC TIHEG Y10, TO POPTIO KOl TV TAGT TOL TUKVMTH.

H petagopd tov Tpdtov goptiov dq amd tov £vav omMGHO 6TOV GAAO
yivetor ympic vo Katovald®covpe £pyo. Me v andonacn OUmG TOV TPOTOL
eoptiov +dq omd tov €vav omAoud Kol TNV €YKATAGTOCT TOL GTOV GAAO, O
TPMTOG OTAIGLOC B £yl @optio -dq kat 0 devTepog +dq. Avtd Ba £xel mg amo-
téhecpa T Onpovpyia mediov. Topa ma, 1 peTtapopd véov goptiov dq amattel
npoonadeia (€pyo), €€ artiog g dvvaung dF' = Edq mov ackei to medio 610
eoptio. H d0vaun dF mov petaxivel 1o goptio mpénetl va eovdetepdoet )
duvaun dF’ tov medion. OG0 TpoywpdeL 1 POPTIGN TOL TVKVMTH, TO NAEKTPIKO
Tov 1edio Ba yivetor mo 1oyvpo kot Bo amorteiton OAOEVA Kol LEYOADTEPO £PYO
v ™ petakivnon eoptiov dgq. To £pyo g dvvoung dF sival Oetikd kat ico
amoAOTOG LE To £pyo tng ovvaung dF’ Tov mediov.

Av Kd4mow otiypn 1 Tdon Tov TukveT etvat V, to épyo g duVaUNG
7OV amotteiTot yio T petaxivinon eoptiov dq, 0o tov Evay oTAMeUO 6ToV GARO
glvai

dW =V dq.

, q , 1
Ioyoet C=— 1 V=—
X ; n Cq

H ypagwn napdotaocn g oyéong V = f(q) arnd T otryun mov to eop-
{0 TOV TLKVOTN glvar PNdEV PEYPL VOL AMOKTAGEL TV TEAKT TOV Tipr q , etvort
evbeia mov mepvaetl amd v apyn Tov a&ovav (oy. 3.37). Amo ™ YpoQIKn To-
PAGTOCT TOPATIPOVLE OTL OV TO GYNLLOL LLE TO WITAE YpOLO Umopel vo Bewpn el
TopoAANAOYpappo -kat propel vo, OswpnOei av to dq etvat anepootd pikpd- 1o
euPadov Tov Ba givar ico pe V-dq kot Ba divel 1o €pyo mov amarteiton yio )
petapopd tov eoptiov dq. To cuVOAKO £pyo TOL amatteiTal Yo VoL pOPTIGTEL
0 mukveTtg Ba etvat oo pe 1o eufadov Tov TPrYdVOL amd TN YPOUUN TOL dio-
ypbupotoc péxpt Tov a&ova g, OnAnon

1 1
W==qV,n W==CV,;
2 q() o T] 2 o
Emopévmg n duvapikn evépyela Tov QOPTIGUEVOL TUKVMOTH gival

o

UleVZ
2
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Xy. 3.36 O mukvetmg @optiletol
LE TN HETAPOPE. OMEPOCTA UIKPOV
eoptiov dq omd tov €vav omAGpo
GOV GALO.

0 > <
dq 9o q

Xy. 3.37 And ) ypopikn mapdoto-
on g oxéong V = q/C umopodue
VO VTOALOYIGOVUE TNV EVEPYELDL TOL
TUKVOTY.



ITAPAAEITMA 3.10

Ivkvomg xopntikomrag C, = 4 pF, poptiCetar and v mnym, téong V =20V, pe poptio Q. Xt cvvé-
XELOL O TUKVOTNG OIOGLVIEETAL 0O TNV TNy Kol GLVIEETAL pe apOPTIoTo TUKVOTH yopntikdttag C, = 12 pF
omwg 6to oynua 3.39:

o) Noa vroioyiotel 1) ko téon V' mov B amoKTGOVV 01 TUKVAOTES LETA T GVVOEST] TOVG.
B) To poptio mov Ha amokTHGEL KAOE TUKV®TAG UETA TN GVLVOEDT).
Y) Me 1 ohvdeon TV 6Vo TLVKVOTOV UETABAAAETOL 1| EVEPYELD TOV GuaThHatog. T16Go petafAndnke

evépyetla; [Tov opeiletarl n petaforn avty;
C,

C,
Amavtnon: H I Q *&I Ii

O mokvetg yopntikomrag C,, kotd ™ cUVOECT] TOL pE TV INYN

OmEKTNGE POPTIO C,
Q=C,V=80puC _I I,

Metd Vv anrocvvOesT] TG TYNG Kot T1 HVOEGT TOV dV0 TUKVOTMV

peta&d Tovg, £va LEPOG TOL POPTiov Q UETAKIVEITAL OOTE VO POPTIOTEL KOl O v
mokvotg C,. Ovmukvotég C, ka C, aroktovv eoptia Q, kot Q,, avtictorya Zy. 3.38
Kot 1 (kown) S10popd SVVOUIKOD GTOVG OTAGHOVG Yivetal V',
o) ZOUOOVO LE TNV apyn SLoTpNoNS TOV QopTiov:
Q=Q,+Q, (3.47)
TN kGBe Evo amd TOVg TLKVOTEG IGYVEL:
Q,=CV' xat Q,=C,V’ (3.48) C,
HQ -
Avtikafietovrog Tig (3.48) oy (3.47) éyovpe:
Q=CV'+C,V' 1 Q=(C,+C,) V' emopévag V'= Q__svy
C +C, C,
H|l |-
B) Avtikabiotovtog v T tov V' otic oyéoelg (3.48) vmoloyilovpe
TO POPTIC TOL AMEKTNGAV Ol TUKVOTES: ¥y, 3.39

Q,= 20 pC ka1 Q, =60 puC

[Mopatnpolpe 6TL 0 TVKVOTNG UE TN HEYOADTEPN YOPNTIKOTITA «KPATAED KOl TO TEPICTOTEPO POPTIO.

Y) H evépyeia tov cvotipartog petafindnke Kotd

U —tevesleve_levi—exio s
2 2 2

HeTd mpv

AU=U

To apvnTikd TpOSTLLO oNLLaivel OTL 1] EVEPYELDL TOL GLGTHHTOG eEAaTTtmONKe. H nlektpic evépyeia mov xdbnke amd
70 ovoTa Eyve BEpUOTITA GTOLE Ay®YOVS KATE TN LETOKIVIION QOPTIOV OO TOV £VOV TUKVAOTH GTOV GAAO.
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3-11 ITYKNQTEXZ KAI AIHAEKTPIKA

AmAekTpikd | poveTég ovopdlovrol Ta VAKE 6Tw®e 1o Addt, TO YV,
TO A0SOYOPTO K.G., TTOL OEV EMTPENMOVY TNV KIVION NAEKTPIKOV QOPTI®V GTO
€0MTEPIKO TOVG. O1 TEPLGGOTEPOL TVKVMOTEG £XOVV £Vl SMNAEKTPIKO Ovdpesa
6T0VG omAopovg Tovg. ‘Evag cuvnbiopuévog tOmog mukvmt| amotereital amod
OV0 HoKPEG AoVPidEG LETOAMKOV POAA®V, TOL ivol 01 OTAMG oL, OVAIESH OTIG
omoiec Ppioketar £va @OALO TAGTIKOV. 'Eva T£T010 GUGTNIO «GAVTOVITOY (OY.
3.40) tuhiyetol o€ popp] poAOD Kol 0 TUKVMOTNG TOV OMLLOVPYEITAL PE OVTOV
TOV TPOTO PIOpPEl va £YEL YOPNTIKOTNTA OPKETE LUKPOPAPAVT.

H tomobémon dinAextpikod petaé&d Tmv OTMGU®Y EVOG TUKVOTY €EV-
mpetel TPELG Agttovpyies. @) AOvel To TPOPANUA TG GLYKPATNONG TMV OTTAL-
GLMV TOV TUKVAOTH GE€ WIKPT OTOGTOCT LETAED TOVS YWPIG VoL EPYOVTOL GE ETA-
oN (o1t oMo ol Tov TVKVETY ENEWN EYOLV avTifeta popTia, EAKOVTOL Kot EyovV
™V Téom Vo aKOLUTHooVVY). B) TOAAEG POPEC TA NAEKTPIKA TTEdio TOV OMLIovp-
YOUVTOL AVAUESH GTOVG OTAGHOVE TOL TUKVMTH EIVOL TOAD 1GYLPE KOl VITAPYEL
0 Kivduvog va dnpovpyndei omvOnpag, o 0moiog KATAGTPEPEL TOV TUKVOTH.
Emedn moAhoi povmtég aviéyovv oe 1oyvpotepa medio amd ta medio Tov avTé-
YEL 0 a€pag givor mpotindTepn 1 xpnon tovs. H péyrotn évraon niektpikod
nediov oV omoio avTéyEl £vog HOVAOTNG OVORALETOL SINAEKTPIKY] AVTOYY].
v) HeE TN gp1oN SAEKTPIKOD QLEAVETOL 1) YOPTTIKOTNTO EVOS TUKVOTY.

To teAevT0Oi0 LWITOPOVLLE VO TO TOPATNPTCOVLE EVKOAN ®G EENG. Me éval
BoAtopeTpo PETPAE TN SLOPOPA OLVAUIKOD OVAUESH GTOVS OTAIGHOVG EVOGC
QOPTIGUEVOL TUKVOTH OV €Yl amocLvoebel amd TV YN mTov TOV POPTICE.
‘Ecto 611 pog detyver T V . Av avapeco 6Toug 0mAMGHOUG TOL TuKveTh Bi-
Aovpe éva OAAO SMAEKTPLKOD ~YVOAL, YOpTi, TAAGTIKO- 1) S10POPE SLVOLLKOD
naipvel Ty V pikpotepn omd v apyikn. OTov amopokpOVouLE TO SINAEKTPL-
KO M S10POPG SUVOUIKOD EXAVEPYETAL GTNV APYLKN TG T V.

+Q Q +Q Q

1D CL5

- + -
— BoAzépetpo -

AoV LE TNV €10aY®OYT TOL SINAEKTPIKOD 1 TAOT] EAATTOVETAL EVD TO
@OPTiO TOPAEVEL AUETAPANTO, 1] YOPNTIKOTNTU TOV TUKVAOTH 0LEAVETAL.

Av 1 yopNTIKOTNTE TOV TVKVOTN UE TO dAekTpikd givar C eved ympig
70 dmhekTpikd givar C , 0 hbyog

_ 3.49
K c (3.49)

o

AéyeTar OMAEKTPIKI] 6TAOEPA TOV VAIKOV.
H owmiektpwkn otaBepd K givar koBapoc aprOpdg, peyoldtepog
NG POVAOOS Kot Yo puKTPilel TO VAMKO.
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Metaiiko
PUALO AMAeKTPIKO

Xy. 3.40 ITvkvotig «odvtouttoy.
Amoteleitor omd dvo  pETOAMKA
@VAAo. Tov Swywpilovtar omd dw-
AEKTPIKO.

Xy. 3.41 Edv tomofetcovpe om-
AEKTPIKO OVALLEGO GTOVG OTAIGLLOVG
(QOPTICUEVOD TUKVOTH TO BOATOLE-
Tpo detyvet 6TL 1 d1apopd SLVaLKOD
HEUDVETOL.



Xy. 3.42 (o) 'Eva amko6 povoatopikod
poplo ektdc niektpikov mediov dev
givon dimoro. To kévtpo g KaTavo-
MG TOL aPYNTIKOL (QOPTiOV Guumi-
TMTEL L€ TOV TUPNVO. OOV Eival G-
YKEVIPOUEVO TO BeTikd @oprtio. (B)
To 1610 pépro 6tav Ppioketar péca
€ NAEKTPIKO MEdI0 LETATPENMETAL GE
dimodo. (v) Kémowa popua, 6nmg avtd
TOL vePOD, givar dimodo amwd TNV K-
TookeV) TOovg, gite Ppiokoviar e

niektpid medio eite Ot

2y 3.43 (0) Otav ta dimora Bpicko-
VTl €KTOC NAEKTPIKOV TTESiov eivat
toyaio. mpocovatolopéva. (B) Ta
dimoAa mov Bpickovral Léca e Nhe-
KTpKd medio Tetvouv va evfuypappt-
ofovv pe avtd. H gvboypapyion dev
givor omdlvtn, AOym g Oeppuknig
kivnong tov popiov.

H yopntikdtra gvog eninedov mTukvmTn 1e SINAEKTPIKO gival:

C=KC, M C=K80%

Ac dobpe Opmg moh opeideTar 1 adENOT TS YOPNTIKOTNTAS EVOG TTL-
KVOTH 0TAV OVAUEGH GTOVG OTAIGHOVG TOL TomofeTnBel dmhekTpcod.

Ao ) oyxéon C = Q/V zmpoxvmtel 0Tl €9’ OGOV TO QOPTIO TAPOLLE-
VEL QUETAPANTO Kot 1 yOPNTIKOTNTO ov&dvetat katd Tov mapdayovta K, pe v
EICAY®YN TOL OIMAEKTPIKOD 1) TAOT] TOL TUKVMOTH EANTTOVETAL KOTO TOV 510
napdyovta (K). I'vopilovpe 0TL 6T0 opoyevég nhektpicd medio N €viaon etvat
E =V/d. Apod 1 t1don Tov kvt EAatTdveTal Kotd Tov mapdyovto K kot n
€VTaoT TOL NAEKTPIKOV TS0V HETAED TV OTAIGU®OV ToL Yivetan K popég -
KkpotepT. Emopévog ta goptia mov dnpuovpyodv to medio Tpémel va EouV LEL-
®Bei. Av Kot To POpPTi0 GTOVG OTAGUOVS TOV TVKVMTY] TAPOUEVEL OUETAPANTO,
TO NAEKTPIKO TOL TESIO TPOKAAEL OLVOKATAVOUT GTO POPTIC. TOV SINAEKTPLIKOV.
To pawvopevo ovopdletal TOLMON.

Ta pépa tov dimAektpikov N ivor dimoia 1| yivovrot dimora dtav €166~
yovtot 6 NAEKTPIKO Tedio (oy. 3.42).

Kévtpo opap Kévtpo xatavoprg
Zoupikt katavopr mm".f’m"g’“ﬁém apvnTikod
poptiov 7 gopriov optiov
e
Moprivag . | .48¢ O
+Ze -Ie:) Kévipo
E=0 E H xoTavopic
Oetiko0
poptiov
(@ ® ()]

To dimoro ot Tpooavatorilovtot 6tav Ppebodv 6To opoyevég nAe-
KTpKd Tedio mov dnpovpyeitat petaé&ld TV omAMGUGY TOL TUKVMT (0. 3.43).

E———
E=0 E
(@) ®
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O mpoGoVATOMGOUOC TOV JIMOA®V £XEL MG OMOTEAEGHO 1| EMLPAVELL
TOV JMAEKTPIKOV OV PpiokeTol o emapn Le Tov 0eTikd omMc o va epeavilet
apVNTIKO POPTIO KOl 1 EMPAVELN TOV PPICKETOL GE ETOQPN LE TOV OPVNTIKO
oMo o, BeTikd poptio (o). 3.44). 'E1o1 10 cGuvolkd goptio mov dnpovpyet o
7edio etval piKpOTEPO ATTO TO POPTIO TOV PEPOVY Ol OTAIGLOL.

H dwmiextpiki] 610.0pa Ko 1 S1AEKTPIKY] AVTOYT] SLHPOPOV VAIKAOV

Yiuké A:r] 231;;21;{(1’] Am)\zm(r {)}/]:;]) avToyn
Kevo 1 Amepn
Aépag 1,00059 310°
Tvoli 5,6 14 10°
Ndrov 3.4 14 106
Xapti 3,7 16 10°
A1 KOG 2,5 15 10°¢
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Xy. 3.44 To dumhektpkd péoa 6to0
OLOYEVEG TEGI0 TOV MLKVMTY TO-
Advetot. Ta emayodpeva eoptio otig
EMQAVEIEG TOV ONAEKTPIKOD €AaLT-
TAOVOLV TO NAEKTPLKO TEd0 6TO ECW-
TEPIKO TOV TUKVEOTY].

Ew. 3.8 Kotowyido mdve omd 1o
Manhattan. Otav 1 évtacn tov me-
diov avlpeco oto GLVVEPO Kol THV
emaveta g I'ng yiver peyaivtepn
amd T SAEKTPIKT 0VTOYT| TOL PO
0 aépag yivetar oydyoc. Me toug
KePOWVOUG LeylAes TOGOTNTES POpP-
Tiov peTapépovIal, LEGH TOV aéPa,
ot I'm. Kébe xepavvog pépet mepi-
nov 10%° nhextpodvio.



ITAPAAEIT'MA 3.11

®opriCovpe mokvot) yopntkomrog C, oe taon V . Tt cuvéyela C, C
OTTOGVVOEOVILE TNV TTNYT KOl EIGAYOVLE OVALETH GTOVG OTAIGLLOVG TOV TUKV®- +Q, +Q,
T dmAektpkd pe dmiektpikn otabepd K. Bpeite tv tdon tov Tukvot) petd
TNV ELGAYMYT] TOV SIAEKTPLIKOV.

Amévtnon:

To poptio mov AmEKTNGE 0 TLKVOTHG KATA TN POPTIGN TOL £ivat

S m

Q =GV, (3.50) Ty 3.45

Metd v €l00y®YN TOV SINAEKTPIKOD, TO POPTIO TOV TOPAUEVEL TO 1010, 0(pOD
0 TUKVAOTNG €Yl 0mocLVOeDel amd TV TnyN, OU®S 1 YOPNTIKOTNTE TOV £Ylve

C=KC, (3.51)

Av V 1 1461 TOVL TUKVOTH HETA TNV EIGOYOYT TOV SINAEKTPIKOD ival

Covo _ &
KC K

o

V= % Kot Aoyo tov (3.50) kot (3.51) V=
MMapatnpovpe 6TL N Taon 1oL TVKVOTIH givar K @opéc pikpotepn amd tnv apykn.

ITAPAAEIT'MA 3.12

Eninedog mukvaotg pe yopntkoémmrta C =5 pF, cuvoéeton pe Tnyn ta-
onc V=10 V. Xopic vo amrocuvIEGOVLLE TOV TUKVMTH OO TNV TNYN, ELGAYOVLLE
aVApPESO GTOVG OTAIGIOVG TOV L0, TAAKO SINAEKTPIKOV, SINAEKTPIKNG oTodE-
pac K =5, mov kotahappdvel oAokAnpo to ydpo petasd Tov omMopu®y Tov. Na
VTOAOYIGTEL 1 ADENGN TOL POPTIOV, TTOL TPOKAAESE 1| EIGOYMYN TOV SINAEKTPL-

K00. Q4|C|7 g[l—

Amévtnon:

To optio Tov TLKVOTY], TPV 160Dl TO SMAEKTPIKO, MTOV:

Q=CV=50puC —”D HD
Metd Vv ele0y®yn Tov SIAEKTPLKOD 1| YOPNTIKOTNTO TOL TVKV®TH £ytve C': \Y A
C'=KC=25pF Xy, 3.46

E@’ 660v 0 mukvetg mopépeve cuvoedeévog LIE TNV TTNYN, N TAOTN GTOLG OTAIGLOVG TOL £Ueve oTadepn, iom
pe v taon V g mnyne.
To poptio TOV, LETE TNV ELGAY®OYT TOV OMAEKTPLKOV, Elval:

Q' =C'"V=250 uC
Emopéveg 1 adénomn @optiov Tov TPoKAAESE 1) EIGOYWYT TOV SINAEKTPIKOD GTOV TUKVMOTY| Elvat:

Q' —Q =200 uC
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3-12 TO BAPYTIKO IIEAIO

AvO copato pe ToAD LUKpES dlooTdoelg (onuetakeg LAleg), Tov Exovv
naeg m, ko m, ko Bpickovtor o€ andcToon r HeTadd Tovg, EAkoval pe dhva-
un Tov £yel PHETPO

mm
_ 172
F=G—52
r

6mov G 1 otadepd ¢ maykosuag Ehéng, G =6,673x107" N-m* / kg”. H §b-
voun avtr, 6rmg kot 1 dvvoun Coulomb, givol ST pnTIKY Kol KEVTPIKRAL.

H mopomdvo oyéon divel kot T SOV TOV avaTTOCCETOL LETAED dVO
OUOYEVOV GQUIPIKMV LaLOV M, Kot m,. TNV TEPInT®on avt andotaon I givat
1N amOGTACT LETOED TOV KEVIPOV TV COUPMOV KOl 01 EAKTIKEG SUVALELG EXOVV
oNUElD EPOPUOYNG T KEVTIPO TWV GOOLPDV.

H é\&n avaueca oe 000 copata, pe aitto to 6t €yovv pala, eivar
dvvaun omd omdctaot. H aAinienidpaon petaly palov meptypdeetal pe v
évvota Tov tediov. Kdébe pala onuovpyet yopw g medio. Av kamowa pélo Bpe-
Oel péoa oto nedio, To medio ™G ackel dSHvau.

To wedio mov dnuiovpyeitarl and paleg ovoudletal foapvtikd medio N
nedio Papvnrag.
Baputiké medio ovopdletar o yopog ekeivog 6Tov omoio kGOe pala
O&yeTOL dVVOUT.

! Kevtpukég Aéyovtar ot Suvapelg Tov ackobvtot LeTasd 600 COUATOV KoL TV

omoimv 0 popéag cvumintet e TV evbela TOL EvAVEL Ta KEVTPO LALOS TOV COUATMV.
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Xy. 3.47 Avo onpetoxég naleg mov
OmEYOVYV OTOCTOCT T EAKOVTIOL LE
dvvoun mov etvor avéioyn tov yi-
vopévou tov pal®v kot avticTpopa
OVAAOYN TOV TETPOYMDVOL TNG OTO-
GTOONG TOVG.

Ew. 3.9 Tuqua tov yoro&io pog.
H ovykpdémon kot n kivnon tov
YorAoELOV o@eiheTon oe PapuTIKEG
dvvapelc. H ootewvn ypouun mov
eoivetor o1 QOTOYpOQio. €ivol m
TPOYLA £VOG pete®pitn oL Sraoyilet
T YN 0TROCPALPL.



"o’y

Xy. 3.48 Edv ¢’ éva onpuelo tov yo-
pov 1oL KoToAapPavel To BapuTikd
nedio Ppebdel o pélo m Oa deybdel
dvvaun. H dvvaun eivor wdvra
opOppoTN TG EVTOONG.

[N v weptypaen Tov Paputikod mediov ¥PMGILOTOIOVUE To LEYED

£VTOoN Kot SUVOULKO.

"Evtacn (g) Tov nediov PapvtnTtog o€ £va Tov onueio ovopdlovps
70 ot00gp6 Thiko TG ovvaung (F) mov Oa deytel po palo (m) av

Ppebei o€ ekeivo To onpueio, Tpog T palo avTi

g=—
m

(3.52)

H évraon £xer v o1 kKatevBovvon pe ™ dvvapun. Movdada tng
évraong civorto 1 N/ kg1 1 m/ s%, dnhadn perplétor 6 povadsg emrdyov-

()| [a

H emtdyvvon mov O amoktioetl évo copo av apebei ehevbepo oto

nedio PapvnTog eivor o = — kot amd ™ (3.52) TpokvinTeL OTL g = A, ETOUEVOG:
m

Yto medio PapvTnTag, N évTacn TOL TESIOL o€ éva onueio TavTile-
TOL PE TNV EMTAYLVO OV B0 aTOKTIGEL £va 6ONO av aQedel ehev0epo og

gKeivo To onpeio.

To medio PapvTnTog, OTMG Kol TO NAEKTPOOTOTIKO TTEdi0, Eival dLaTI)-
pnTikd. Emopéveg yio v meptypaen tov givar yprioipo to péyebog duva ko
7oL opiletan pe TPOTO aVAAOY0. ZVYKEKPIUEVAL:

Avvapiko (V) tov mediov fapvtnroc, o€ éva Tov onpeio A, ovopdle-
Tl T0 6T00gpO TNAiKO TOV £pyoV TNG dOVVOUNG TOV TEdiIOV, OTAV NE-
Ta@épeTal palo m and To onueio A 6to anepo, Tpog TN pale avTi.

Movéda dvvapikov Tov foputikov wediov givarto 1 J / kg

Aww@opd dvvopuikoy petadd 6vo onueiov A ko B tov mediov Pa-
pUTNTOG OvopdleTor To TAiko TOV £pYov TG dVVOUNS TOV TEHIOV,
KoTA TN petaxkivion pog palec m and to onueio A oto onpueio B,

npog T pdla avti.

H dwapopd duvapkov ekppdlel To £€pyo g SVVOUNG TOL TEdiov avd
povada pnalog katd tn petakivnon pog palog omd to onueio A oto onpeio B.
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To wedio wov onuovpyeiton amwd onperaxn palo

H évraon paputkod nediov

‘Eoto pa onpetokn pdlo M. INa va fpovue v €vioaot tov Baputikod
nediov mov dnpovpyel N palo M og onpeio A mov anéyel amdGTOCN I O’ AL-
TV, TomobeTobE 6TO onpeio avtd palo m.

H palo m déxetan amd ) pnalo M dvvaun

F=G Mf“ (3.53)
r
H évtaon tov mediov oto onpeio A etvan
g= L (3.54)
m
AvtikaOietovrag v (3.53) oty (3.54) €éyovpue
M
g=G— (3.55)
T

To dvvapiké Tov fapvTikod TEdiov Tov dnpovPyel 1) onuetakn pato
M ocg onpeio A, mov anéyel amdoTaon r and T0 VAIKO onueio, £xel TUN

M
T

V, = (3.56)

H dvvapkn evépyero cvotipatog 600 VKOV onueiov ue pdleg my,
m,, TOL OEYOVY HETAED TOVG amOGTAO I, Eivan ion pe To £pyo mov amanteiton
Yo voL HeTapepBovy ot paleg amd moAd pakpild Kot vo tonobetBovv otic Bécelg
TOVG Kot efvat

U=-_g2uM: (3.57)
T

H dvvopikn evépyela cuotnuatog Tpdv vVAKGOV onueiov (o). 3.50)
vroroyiletat pe Tpdmo 510 pe 0 TOV TOL BKOAOVONGaE TNV TOPAYPAPO 3-5.
H dvvapukn evépyeto Tov GLGTHLOTOS Elvat:

Ue_gium, ,mm; . mm,
Y p a

Mopatnpiceig

1. Mo ocpatptk] opoyevig nala M copmeptoépetat eEOTEPIKA ooy OAN 1

pélo g va givon cvykevipopévn oto kévepo. Emopéveg ol mapomdve
GY£0ELG 16YVOVV TOVOUOLOTLTTO, KOl Y10 TNV TEPLYPAPT TOVL POPLTIKOD
7edlov OpoYEVONS Gpaptkod cmdpotoc naloc M aktivag R, vid v
npodmdOeon o1t e€etalovpie 0 mEdi0 6TO YDOPO EE® amd TN pndla Tov
oopotog (r > R). Edd tic amootdoelg Tig petpdpe amd 10 KEVIPO TOL
GPALPIKOV GAOUOTOC.

2. To apyntikd mpoonuo otn oyéon (3.57) vrodnimvel 6Tt Yo va KAvov-
He amelpn TV andctact ovo pal®v mov Ppickovtol apykd ce omd-
GTACT| I TPEMEL VO TPOCPEPOVLLE EVEPYELDL GTO GUGTI|LLOL.

115

Xy. 3.49 H évtaon tov mediov mov
dnuovpyet  onuetakn palo M €xet
og Kabe onpeio KotevOvuven mpog
péda.

Ew. 3.10 To cvotua I'm-Zeknqvn.

Xy. 3.50 Zoompa Tptdv VAKGV on-
petmv.



ITAPAAEII'MA 3.13

Avo ceauptkéc pateg m, Kar m, NPEROVV G€ GREPN ATOGTOOT UETOED TOUG.
E&attiag TG PopuTikig SHvaung mov acksi 1 pia otqv A opyilovv vo kvodvror T2 m,
minodlovtag peta&d tovg. Av Katd Tn S1dpKELD TG KIVGNG TOVG 0V OIOKEITAL GE

aUTEG GAAN dOvaun, va Bpeite Tig ToybTNTEG TOV Pol®dV TN GTIYUN TTov PpickovTol og )

—> <+
andotaon | peta&d tove. Aiveron to G. v, . e
—1—
m, m,
¥y. 3.51

Amévtnon:

Epocov o1 paleg de déxovtal GALES SUVAUELG EKTOG A0 TN UETAED TOVG EAKTIKY SVVAUN, TO GVGTNUA
TOVG EIVOL ATOPOVOUEVO KOL 1) OPUT TOL dtaTnpeitat.
Av Bewproovpe g apykn 0éon tn 0€on 6mov ot pnaleg NPEUOVY Kol MG TEAMKN OLTH OOV Ol HALES OmEYOVV
peta&d tovg andotaon | Ba woyvet:

P =P

apy, TEL
Bewpnvrag OeTikn TV Katevbuven mpog ta 6e&1d, N TOPATAVED GYECT YPAPETOL

0=m,v, —my,

AvVovTag O TPOG v, EXOVUE v, =v,—= (3.58)
ml

To wedio Papdtnrag eivot dlaTnpnTIKd, SNAAST 1| UNYOVIKT EVEPYELX TOV GVGTNUATOG dlatnpeital atadepn

U +K =U_+K
apy apy, el TN

1 1
omote 0:—G%+—m10f +=m,v]
I 2 2
. , , mm, 1m) , 1 2
avtikadiotdvtog ™ v, amd v (3.58) Bpickovue =-G I + EEUZ +—m,v;
1
. . , , 2G
Amo6 ™ oyéon avtn TpokvmTEL v, =m,
I(m, +m,)
. . 2G
Kot omd v (3.58) Bpiokovpe v, =m,
I(m, +m,)
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3-13 TO BAPYTIKO ITEAIO THX I'HX

Me 1KavoTomTIKY| TPOGEYYIoT, Lopovpe va Bewpricovpe ™) I'm cav o
opoyevi oaipa axtivog R =6,38x10° m kot péog M. =5,98 x10** kg. To
Bapvtikd medio g I'ng oe éva onueio A, oto eEmtepikd g Ba meprypdpe-
Tl omd TIg oyéoelg (3.55) kot (3.56) Tov mediov mov SNUIOVPYEL Lo oTUEL-
kN pélo. Emedn cvvnBog n Béom evog onueiov 6to medio Papvtntog g I'ng
npocdtopiletat amd T0 VYOG 6T0 0moio PpickeTor TO oNpEi0, EIVOL GKOTLUO GTIG
GY£0ELG AVTEG VO OVTIKOTOGTIGOVLLE TNV AOGTAoN T ard To KEVTPO TG I'g pe
10 Opotopa R+ h 6mov h 1o vyog tov onueiov mov pog evdtapépet amd my
emeavela g ['mgc. 'Etot o1 oyéoeig mov divouv v £viooT Kot To SLUVOLIKO GTO
nedlo Papvtnrag g I'g -mdvta avaeepdlacTe GToV EMTEPIKO TG YDPO- Ei-
vat

(3.59) Ka (3.60)

Hapatipnon

Edv ot oyéon g évtaong (3.59) Bécovpe h = 0 mpoxdmtel ) éviaon
Tov ediov PapvTnTog oTNV EMEAVELD TG IMg

Me avticotdotaon tov oV tov peyedov Ppickovue g = 9,8 m /s,
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Xy. 3.52 To onpeio A Ppioketon og
Vyoc h, Thve amd v emedvelo g
I'mg.

Xy. 3.53 ['po@ikéc mapaoTdcels Tov
HETPOV TNG EVTOOTG KO TOV SLVOLLL-
KOV G€ GLVAPTNON LLE TNV OTOCTOGN
amd to kévipo ¢ I, yo onpeia
mov PBpiokovrot £ and avh.

Ew. 3.11 Aotpovadteg oty emod-
vel g Zeqvng. Tapd tov Poapo
efomhopd tovg (180 kg), pmopodv
VO KOVOUV EVILVT®OGIOKE  GAUOTOL.
2y emeavela g Xenvng n évia-
on tov Poputikod mediov eivar €&
QOPEG LIKPOTEPT) OO CLUTH GTNV ETL-
paveta g I'e.



Ew. 3.12 To dwotnpomroto Pioneer
gykatoAeingl o PopuTikd medio ™G
I'mg. Exto&edfnke to 1973 kot tdpa
Bploketon £ and ta Oplo Tov NAt-
KOV [LOG GLGTILOTOC.

3-14 TAXYTHTA ATAOYT'HX - MAYPEX TPYIIEX

Me nowo tayvra Tpénet vo ektoevdel Eva avtikeipevo ndlog m, omd
v emedveia g ['mg dote va dapiyetl optotikd and to medio Papdtnrag g
I'ng;

['o va amiovotevcovpe to TpdPAnpa Bo Bewpnoovpe 6t I'm dev Ki-
veitat, Oa ayvoncovpe Tig fopuTiKEg ETOPAGELS OO TO, GALG OVPAVIC. CMOULOTOL
Kol O 0yVONGOLLLE TNV OVTIGTOGCT) TOL OTLOGPALPIKOD OEPAL.

E@ocov 1o Baputikd medio etvar dtotnpntid 1 Unyovikny EVEPYELD TOV
GLGTHLOTOC TV dV0 coudtav (I'm Ko copa) dwatnpeitat. Emropévog katd tv
Kivnon Tov copatog petald dvo Bécewv Ba 1oyvdeL

K,+U, =K, +U, (3.61)

Epappodlovpe m oyéon avt vy éva onpeio mdve oty emeavela g
I'mg xat yio 1o anelpo (exel OTOL dev VIAPYEL TAEOV POpLTIKNY ETIOPACT] KOl M
SVVOLLKTY] EVEPYELL TOV GLOTNHATOG GO - I givon undév U, = 0). H ehdyio
TN TNG TOYVTNTOG LE TNV OTOolo TPEMEL VA, EKTOEEVCOVLE TO OO Vol EKEl-
V1| Yo, TV omoia To cdpe Oa PTAVEL GTO AMEPO HE UNOEVIKT] TOYVTNTO, GPO
K, =0.
Amo v (3.61) &rovpe

1 M
K, +U, =0+0 ométe —mul+| -G |=0
2 R,

Avvovtag o Tpog v, Ppickovpe

v = ﬁizll,Z km/s=40320 km/h

Tr
Tnv TaydmTa v, TV ovopalovpe TEXVTNTE SLEPLYNS aATO TNV ETLPA-
vewo g I'mg.

Edv to onpeio ekté&evong Ppicketor og Vyog h amd v emipdvela g
I'mg pe Tov id1o TpomTO TPOoKLITEL OTL N TAHTNTA SLPLYNG diveTal Omd T oYX

o _ [2oM;
°* \R.+h

AxkorovddvTog TV 1610 dtadtkacio LTOPOvLLE VO BPOovLE TNV TayDTNTO
SLPLYNG Ao TNV EMPAVELL GAL®V ovpavioy coudtov. Etol ylo mapdderypo
v T Zedqvn Bpiokovpe 2,37 km / s, yio tov Apn 4,97 km / s, yia to Al 59,1
km /s ko y1o tov'HAo 618 km / s.

Ag dovpEe TdOpa TO TPOPANLA TNG TaYLTNTAG OLPLYNS He GALO TpdTO.
Avti va yaovpe va fpovpe e oo ToynTnTo TPETEL va ektoéevbel Eva cmpa
oo TNV EMEAVELD VOGS 0VPAVIOV codpatog nalog M kot aktivag R dote va
dtapvyet amo ™ Paputiky Tov EAEN Oa Bpodue TL aktive TpémEl va £xel Eval
ovpavio copa Haloc M doTe vo PNy ENTPETEL GE TITOTO VO SIAPVYEL OO TNV
eMEAaveLd tov.
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H peyoldtepn toydmto otn @von elval 1 Toy0TNTO TOV (POTOG
c=3x10°m/s.

. 2GM . , . as .
Av ot oyéon v, = R 7oV divel Ty TaydTNTO dLopLYNS BEcove dmov
2GM

2
C

v, = ¢ Ko Aoovpe wg mpog R Ppiokovpe Ry = . H axtiva avt) etvan
yvoot) o¢ aktive Schwarzschild. 'Eva ovpdvio copo palog M pe axtiva
pKpOTEPT amd OVTH TNV OKTIVO OEV EMTPENEL GE TIMOTE, OVTE KOV GTO (MG,
va dapvyel omd 1o medio Papvntdc Tov. Eva té€tolo chpe dev gival dueca
TOPOTNPNOO KAVEL OUMG AVTIANTTH TV TOPOLGIO TOV OO TIG IGYVPOTATEG
Bapvtikég EMEeIC Tov aokel oTov TEplyvpd ToL. TETOL GMOUATO BTN GUYYPOVT
evoKN yopaktnpilovtol pavpes TPOTES.

Ot cuvOTKeg TOV EMKPATOVV GTNV TEPLOYN LOG LOPNG TPOTOG KOt
oL ToOTNTEG SLOPVYNG Y1 TIG 0TTOleg WIAGUE givort TOAD PaKPLd amd avTd TOV
0 Kobévog pog avTAapPAveTol oV TPAYHOTIKOTNTA Kol OV TEPLYPAOOVTOL
OO TOVG VOUOVG TNG VELTAOVELNS unxavikng. H oyéon mov divel mv akrtiva
Schwarzschild mapdyetor Aapfavoviag veodyn tig d1opbmacelg mov emépepe M
Oewpia g oyeTkdTTOG GTNY KAAGIKT pnyavikr. To yeyovog dpwmg 0tt Gupui-
TTEL [IE TN GYECT TOL PPAKOLE V1oL TV TOYOTNTO SLOPLYNG YPTCILOTOIDVTOG TO
VOO S1oTHPNONG TN UNYOVIKNG EVEPYELNG HAC EMITPETEL L0 TPAOTN TPOGEYY1-
OT] GTO PULVOLLEVO.

[N va amoktooLE Eva HETPO TNG TUKVOTNTOG OTNV onoia BpiokeTot
N VAN o€ po povpn TpOTO AVOPEPOVIE OTL Y10 VO, TEPITECEL GE KATAOTAON
povpng tpdmag o 'Hitog mpénet va cvumiesBel o€ pia opaipa axtivoag 3 km, amod
6,96x10° km mov givar ofjuepa. Oco ya ™ I'n 0o énpene va cvumiechei o o
opaipa oktivag 9 mm. Aniadn 6An n pale g Oa énpene va cuykevipwbel 6’
éva pumoddxt peyéfovug icov e avtd TOL TIVYK TOVYK.
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Ew. 3.13 Ilpocopoimon povpng
TpuTag og VToAOYoTH. H OAn éhke-
To oo o povpr Tpdma oynuotilo-
VTOG YOP® TNG £VOV TEPIGTPEPOUEVO
dtoko. Ta dropa tov oeplov mov
oynuatitouv o SicKo emiTayLVO-
Leva 0toKTOOV TOOT| EVEPYELN DOTE
UETATPEMOVTOL GE LOYLPOTAUTEG TNYES
aktivov X. Ze Teployég Tou GOUTO-
VTOG OTOV OVLYVEVOLLE 0oLV OIGTA
HeYGANGg €VTaonG EKMOUTY OKTLVO-
BoAiag X vromtevopoote v Hrop-
&n g padpng tpomoc.



ITAPAAEIT'MA 3.14

Am6 10 onueio A tov nediov Bapvnrag e I'mg, mov Ppioketan e Vyog h = R and v empdveio g
I'ng (R, n aktive g I'ng), Barretar mpog to Arldotnpa £va chpa pe toxvTnTe v, = 16X 10’ m/s . No eéetd-
GETE OV TO cOua Ba daeidyel amd T Paputikh EAEN ™ I'mc. Av Ba dapuyel va Bpeite v taydtTd TOL dTAY
QTaoEL 6 TOAD HeydAn andotoaon omd T I'm. Atvovtar: 1 axtiva g I'mg R = 6400 km xou 1 évtaon tov
nediov Papvmtag oty empdveld e g, = 10 m/s”,

/ZGM
AnGvtnon: o) H raydmro dtapuync, oe dyog h, divetar amd ) oxéon v, = R }rl .
+
r

Av ot 0¢om tov h Balovpe v aktive g I'ng

2GM GM
gyovpe v; = L = L (3.62)
2R, R,
H évtaon tov mediov Papdtrag oty emipdvela ¢ Img etvar
g, = GI\ZIF ondte GM, =g R} (3.63)
RF
Avtikofotovtog v (3.63) oty (3.62) £yovpe Vs =4g,R; =8x10°m/s
Emeion v, > v, 70 codpa Oo Stopoyet.
B) ‘Eotm v 1 taydmTo e Ty 0moin T0 GO TAVEL 6T anelpo. ['a Tov vtoloyiopod g 0o epapuocovpe
T0 BedpPNa £PYOL - EVEPYELNG KOTA TNV KiVI|OT TOL GMOUATOG 0md TO onpeio A puéypt To dmelpo.
W=K_ -K, ondte (VA—Vw)mzémoz—%moi (3.64)
GM,. 2R,

Etvar  V_ =0 o V,=-

oL AOY® ™G (3.63) yiveTon V, =-
R, Y® ™G (3.63) v \ 5

Avtikafiotovag oty (3.64) Exovpue

—g, R, =0” —v? gmopévag v=1/v> —g R, =8/3x10°m /s

3-15 2YT'KPIXH HAEKTPOXTATIKOY KAI
BAPYTIKOY IIEAIOY

H pobnpotikn opotdtnta avépeso oto vopo tov Coulomb kot o vopo
g maykoopog EAENG (Kot ot 000 SVVAUELS Eival avVTIGTPOEO OVAAOYES LE TO
TETPAYOVO TNG ATOCTOCTG), KAOMG Kol TO YEYOVOG OTL KOt 01 dLO givat dtoTnpn-
TIKEG KOl KEVTPIKEG, 00NYEL G€ OKEWYELG OTL LITAPYOVV KOl TEPULTEP® AVOAOYIEG
avdpeoa ota dvo media.
2TV TPAYHOTIKOTNTO OU®S TpoOKELTaL Yo 000 media ota omoia ot da-
QOPEG €IV TEPLGGOTEPES ATO TIG OLOLOTNTEC.
Evdeictid ava@Eépovpie KATOEG S10POPES.
- Yrapyovv 600 0DV NAEKTPIKA QopTio Vi vdpyet Eva eidog pnalag.
- O1NAEKTPOCTUTIKEG OLVAELS EIVOL EITE OMOOTIKES E1TE EAKTIKESG EVM O1
Baputikég poVo EAKTIKEG.
- O1 NAEKTPOGTATIKEG SUVALELG EE0PTMVTAL OTTO TO E100G TOV VAIKOD TOV
VILAPYEL AVAESO GTO POPTIO, EVED 0Ol PapuTIKEG SVVALELS dev EEQPTO-
vTol od TO VAKO TOL VIAPYEL AVAUESH OTIS LALES.
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2YNOYH

Iedio ovoudaletal o xmpPog ekeivog 6Tov omoio av Ppedel To KaT@AANA0 KaOe Popd VOO dEXETAL dSVVOLT.

"Evtaon ¢’ éva onueio A evog nAekTpooTatikod mediov givar To 6tadepo TnAlKo g SUVAUNG TOV AGKEITOL 0o
to 1edio 6’ éva poptio q mov Ba Ppebel oTo oNEio A TPog 1o PopTio avTo.

F
E=—
q
H @opd g évtaonc Tov NAEKTPOGTATIKOD TEGIOV GUUTITTEL LIE TN POPA TNG OVVOUNG TOL OoKEiTOL G€ OETIKA

eoptia. To pétpo g évraong mediov enuetakov poptiov g eivor E=K| ng

H nlektpikn pon @ mov diépyetan amd pio eninmedn empdvein, euPfadod A, n omoio Ppicketan péca o€ opo-

vevég niektpikd medio éviaong E, eivor @, = EAcvvl, 6mov 0 1 yovia mov oynpotiCet To kdheto otnv empd-
veta Stivoopa A pe ) dtevbuvon tov duvapkdv ypoupdv. H niektpikn por petpiéton og povadeg N m?/C.

H n\extpikn pon mov S1€pyetor omd pio KAEIGTN ETUPAVELL IGOVTOL [LE TO TNAIKO TOL OAKOD (POPTIOV TOL TTE-
pikAeiel n emeavea, Tpog ™ otabepd € . (vopog Tov Gauss)
QSYK

P, =
€

o

Avvapiko Tov niektpikod nediov oe Eva tov onueio A (cuuPoirileton V, ), ovoudletar to otabepod mnhixo, Tov
£€pyov ¢ OHVOUNG TOL TTEHIOV TOV AGKEITOL GE POPTIO q KOTA TN LETAKIVIION TOV QOPTiov g amd To onpeio A
GTO UTEPO, TPOG TO POPTIO TOV LETOKIVELTOLL.

To dvvapikd givar povopetpo péyebog kat oto cvotnua SI £yel povada to 1 V=1 J/C.

H dwegopd dvvapko?, V,-V,, avapesa og 600 onueio A kar B Tov niextpikot nediov eivan ion pe to mniixo
TOV £PYOL TTOV TOPAYEL 1] KOTOVAADVEL 1] SOV TOL TEGIOL KOTA TN HETOKIVION EVOG OpTiov 0md To onueio
A oo onueio B, mpog to poprio q.

To dVVOUIKO NAEKTPIKOV TEHIOV TOV dNpovpYeiTol amd £va onuewdkd poptio Q ce éva onueio Tov Tov
améyel and o Q amdoToon I, EYEL TIUN
vok 2

r

"Evoc nAeKTPOOSTATIKA POPTIGUEVOS BY®YOS £XEL TOVTOV TO 1010 SLVOIKO.

H dvvapukn evépyera 6VoTNRETOGS 510 CNUEWIKAY QOPTIOY g, KoL ¢, TOV AmEYOLV HeTaD TOVG 0mOcTAo T
givo

U=K, 9,9,
T

H évtaon 670 opoyevég NAeKTPIKO TEHT0 cival ion pe To TNATKO TNG d1POPAg OLVOLKOD dVO OTOLWVONTOTE
ONUEI®V TOL NAEKTPIKOV TTEGIOV TPOG TNV UETAED TOVG OTOGTOCT X, LETPMUEVIG KOTO UKOG UI0G SVVOLIKNAG
YPOHNG.

e
X
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MvkvoTig ovopdletol To cOGTNIE SVO YEITOVIK®V ay®Y®DV (0mAGol) mov yopilovtot petaéld Toug te Kamolo
LoveTIKo VAKO. Ot aymyoi poptilovton pe poptio +Q ot -Q.
Xopnrikétnroe C gvoc mukvot ovopdaletor o otafepd TAiko Tov Poptiov ToL TPOG TV TAGN TOL.

A%

Movada yopnrtkotrag eivon o Farad (F). 1 F=1 C/V.
H yopnTikéTnTO £VOG EMITEGOV TUKVOTH EIVOL AVAAOYT LE TNV ETPAVELD A TOV OTAIGU®V KOl 0VTIGTPOPQ

A
avéioyn pe mv aroctoon d petaéd Tov omTAMoUdY @=IcH i
H yopnrucoémta evog mokvet) eaptdtal omd To YEMUETPIKA 6TotKeln TG O1dtaéns (dniadn amo to péyebog,
TO OYNLLOL, TIG OYETIKES BE0EIS TV dVO ay®YdV) Kot 0o TO 100G TOV LOVAOTIKOVD VAKOD (ovopdleTal kot on-
AEKTPIKO) AVAIEGO GTOVG OTAIGLLOVS TOV.

H evépyera mov €xel amoOnKevpEVN EVOG POPTIGUEVOS TUKVMTNG ELVOL

U:lcv2
2

H péyiotn évtaon nAektpikov mediov oIV omoio OVIEYEL £VOG HOVOTNG OVOUALETOL OMAEKTPIKT AVTOYN.
‘Evoc poveotg (dAektpikd) petald TV OTAMGU®V EVOG TUKVAOTY] TOLOVAOVEL TOVG OTAICUOVC, EXEL LEYAAD-
TEPT OMAEKTPIKY OVTOYN OO TOV AEPQ, OLEAVEL TN XOPNTIKOTNTO TOV TUKVAOTY.
Ovopalovpe dmiekTpikn} 6t00epd K evog vAKOD, TO AOYO TG YOPNTIKOTNTOS TOL TUKVMTY| LE TO SINAEKTPL-
KO TTPOG TN YOPNTIKOTNTO TOL TUKVOTH X®PIG TO SINAEKTPIKO.

C

K=—
C

H Bapvtkn £0En avdpeso oe §00 copato pe ToAd PKpEg d00Tdoels (onuetakes naleg) mov &xovv ualeg m,
Kou m, kot Bpickovtol o€ andctacn r ueTad Tovg, £xEL METPO {60 pe
F=G2

I_2

6mov G 1 otafepd maykoopiov éhéemc, G =6,673x10™"" N-m* / kg”. H Sbhvaun ovty eivon Stotnpnriky kot
KEVIPIKT).
IIedio PapvTnTag ovopdaletat o ydpog ekeivog atov omoio av Bpebdel kamota palo Oa deytel dvvap.
"Evtacn (g) Tov mediov fapvtnrag o€ £va tov onueio ovoudlovpe 1o otabepd nnAiko g dvvaung (F) mwov
0o deyrel o palo (m) av Ppedel og exeivo To onueio, Tpog ™ pala avtn
g=—
m
Movdda g £vtacng Tov Baputikod wediov eivarto 1 N/ kgn 1 m/ s2.
Avvapko (V) tov mediov PapvtnTtog oe €va tov onueio A, ovoudletal to otabepd TNAIKO TOL EPyov TNg
dvvaunc tov wediov katd T peTokivnon ualog m amd to onpeio A 6To Amelpo, TPog TN LAlo avT.
W
VA — Ao
m
Movada duvapkod tov Baputikod tediov etvar o 1J / kg.

Aw@opd dvvapkov peta&d ovo onueinv A kot B tov mediov fapvtntog ovoudletal o Tiiko Tov Epyov Tng
dvvaung tov mediov Katd tn peTakivnon pog palos m arnd to onueio A oto onueio B, mpog ) pale avt.
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H évtaon o¢ éva onpeio A BapuTtikod nediov mov dnuovpyeitor and pa onpetoxn pdloa M sivar
M
ga = G 5
r

To dvvopiké PapvTiked Tediov onuelakng palog M oe onueio A mov anéyel amdoTaon r amd QLT Elval
M
V,=-G—
r

H dvvopukn evépyeLa cuoTNHATOG 600 GNUEIKOV HaLOV M, , M., TOV ATEXOVY HETAED TOVG AmMOGTOON T £ivat
U=-gm
r
TayvTnTto S1eEVYNg and o Paputikd wedio e I'Mmg eival n ELdyloT) ToyOTNTA e TNV 0TOi0 TPETEL VOL EKTO-
Eevbel éva copa amd onueio mov Ppicketar o€ Vyog h and v emedveln g ['mg, Yo va dapvyel and To

Baputid g medio.
2GM;.
Uy =
R.+h

APAXTHPIOTHTEZ

1. To gpawvopevo T maripporog
Amotérecpo Tov Paputikov EAEemv TG ZeAvng kot tov ‘HAwov, ce
UEPIKEG TTEPLOYEC TO POUVOUEVO TNG TOAppotag pmopel va givor Beapo-
TIKO, OT®G cupPaivel otov kOAmo tov Fundy, mov delyvel n potoypa-
ola. Avalnmorte, pe m Pondeia Tov kabnynt cag oyetiky Bifioypa-
¢lo Yo 10 eovOpEVo.
To 0o mposeépeTat Yo piot GOVTOUN epyascial.

Ew. 3.14 To gowdpevo g dumog kot e TAnppupidag otov kéAmo tov Fundy otov Kovodé.
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Xy. 3.54

EPQTHXEIX

Hiextpukn pon - Nopog tov Gauss

3.1

3.2

34

3.5

3.6

H nextpicn pon mwov mepvael amd pia KA emipdvela eEoptdrat:

o) Moévo amd o Qoptio Tov TEPIKAELIEL 1] EMPAVELX.

B) Amo T0 POpTiO TOV TEPIKAEIEL 1 EMLPAVELD KOl OO TO GYNLLOL
™mg.

Y) Ao 10 cuVoAKS Qoptio Tov dnpuovpyel To Tedio, ONAadN amd
@optia Tov Ppickovtal VIO 1 EKTOG TG EMPAVELNS.

0) Amo 10 cUVOAMKS POPTIO TTOV VIAPYEL PHEGA Kot £E® omd TV

EMPAVELD KOl 0O TO GO TNG.
EniléEte T cwot amdvinon.

Xe [0 KAEIGTN EMPAVELD EIGEPYOVTOL TEPIGGOTEPESG OVVOUIKES YPOLLL-
uég amd 6oeg e&épyovratl. Ti cuumepaivete Yo To €i00g TOL POPTIOV
OV TEPIKAEIEL 1] EMPAVELDL;

Zto oynuo 3.54 ancikoviCovtar t€60epig KAEIOTEG empdveieg A, A,
A, A, xabBog kot ta optio +Q, -Q kot +3Q. Av @, ©,, O, kot @, givar
N NAEKTPIKT pon 7OV SLEPYETOAL OO TNV OVTIGTOLYN EMPAVELD. AVTL-
oTolyioTE OTA GTOLKElD TG TPMDTNG GTNANG GTOLKELR TNG HEVLTEPTG.

-Qle,
O, 2Q/e,
o, 3Q/e,
D, 0
O, 4Q/e,

-Q

210 €0MTEPIKO UOG GPaipag vdpyovv o eoptio +Q xor -Q. IToteg
oo TIG EMOUEVEG TPOTAGELS IVl GMOOTES;

o) H nextpikn pon mov diépyetat and T ceaipa ivar pnoév.

B) Tnv emedveio g opaipog dev T S1amePVOHY SLUVOLKES YPOLLL-
HEG.

Y) To pétpo g £viaong Tov NAEKTPKOD TTediov GTNV EMPAvELD
g opaipag eivar unoév.

o) O apBp6S TV SUVOLIK®V YPOLULADY TOV EIGEPYOVTOL OTT GO~

pa etvat i60g e Tov aptipd TV SLVOUIKOV YPOUUMV ToV EEP-
YOvVTOL amd VTN V.
"Eva onpetokd goptio Ppicketar 6To KEVIPO GQAPIKNG emipdvelac. H
NAEKTPIKT POT| TOL SEPYETAL Ao TNV EMLPAVELN PLETAPAAAETAL OTOV:

o) T0 Qoptio petakwvnOel omd to0 KEVIPO aAAG TapapEvEL PEG
GTINV ceaipa.

B) T0 Qoprtio petaxvnOel €@ amod T Geaipa.

Y) tonofetnOei devtepo poptio Kovtd, alAd £E® amd T cPaipa.

EmiAééte ™ owot amdvinon.

[Toteg amd T1g TpoTdoelg mov aKkoAovBoHV Kot 0popovY GTO POPTIO Kot
TO NAEKTPIKO TESIO POPTICUEVOL GOUIPLKOD Oy®mYOD EIVOl COGTECS;

o) To @optio TOL OyWYOD KATOVEUETOL OLOLOLOPPO GE OAO TO
YDPO TOL KATAAUUPAVEL.
B) 270 £0OTEPIKO TOL 0 AYWYOG OEV Elval POPTICUEVOC.
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Y) To nedio €€® amd Tov aywyd glvar 6poto pe o Tedio Tov Ot~
ovpyet £va onpelakd eoptio.

d) 210 £6MTEPIKO TOV AY®YOV, TO UETPO NG £viaong sivol avti-
GTPOPA OVIAOYO TNG ATOCTACTG OO TO KEVIPO TOV GPOLPLKOD
oywyov.

3.7 Noa napoctadel Ypagikd to HETPO TG £VTOOTG TOL NAEKTPIKOV TEGIOV

OV OMHOVPYEL GEUPIKOG POPTIGUEVOS aymYOG axtivag R, o€ cuvdp-
TNOoM Le TNV amdGTOoT X amd T0 KEVTIPO TOL ay®myov, Yo X < R kot x >
R.

AvVOpIKO TOV NAEKTPIKOD TESIOV - EVEPYELD GUGTILOTOS GTILELOKAV QOpP-
Tiov

3.8 Doprtio q, petakiveitan péca oe nhekTpkd nedio, omd To onpeio A 6to

onueio B. To €pyo g dvvaung tov mediov:

o) Eival pukpotepo av to goptio akolovbncel v mo couvioun
dwadpoun.

B) Eivau 010 og Oheg T16 dSuvatéc dStadpopés.

Y) E&aptdror and v toydtro pe TV omoio HETOKWVEITOL TO
ooptio.

0) E&aptdror and 10 0G0 Ypodvo drapkel | petakivnon.

EmAélte ™ owot amdvinon.

3.9 ZOUTANPOGCTE TO KEVCL.
Edv petoxwvnBei éva onuetaxd eoptio q omd onueio A og onueio B,
puéco oe nAektpikd medio, To £pyo TG dVVAUNG TOL TEdioV gival iGo
LE TO YIVOUEVO ..v vvevenian ceennannn, Tov 000 onuelov eni to poptio
q mov petaxwveitor. To épyo avtod sivol aveldpmTo .oovvvvenvenn... OV
axoAovfel To poptio KT TN pETOKivnon Tov and 0 A oto B. Tétown
medio, 0TS TO NAEKTPIKO, TOL TO £PY0 TOVG e€apTdTon LOVO amd TV
apyKn Kot TeEMKN 0éom Tov cOUATOg oL peTaKveiTol ovopdalovtol

3.10  To mAektpovioPort (eV) eivar

o) To poptio Tov NAekTpoviov;
B) Movéada dvuvapkov;
Y) Movada &vtaong NAEKTPIKoD TEdiov;

d) Movada £pyov 1 EVEPYELNG;

3.11  To duvopikd ToL NAEKTPIKOD TEGIOV GE VoL GNUEID TOV UTEYEL UMOCTO-
on r amd To GNUEWKO POPTio 6TO omoio opeileTan To medio givar -200
V.’Eva 6ALo onpeio mov améyel amdotacn 2r omd T0 GNUELNKO popTio
&yet duvopukd a) -100 V; B) -50 V; v) -200 V; 9) -400 V;
AKO10AOYAGTE TNV ATAVINGT GOGC.

3.12  Avo onuelokd goptio +Q kat -Q eivar torobetnuéva ata onueio A kot

B guB0ypappov tunpatog AB. Tlow amd Tig TPOTAGES TOV OKOAOL-
0ovv elvat cwo;

o) H évtaon tov niektpikod mediov oto péEGo M TOoU TUNHOTOG
AB givar undév.
B) To duvapkd Tov nhektpikov tediov 610 HEGO M TOL TUNHATOG

AB givor undév.
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3.13

3.14

3.15

3.16

Y) H dvvopikn evépyela Tov GLGTAHOTOS TOV dVO POPTI®V elvat
Unoév.

d) H duvopikn evépyela Tov GUGTHHOTOS TOV dVO POPTIV elvat
Oetucn.

AwTpéyovtag Lo SUVOUIKT YPOUUT KOTA TN QOPE TNG EVIAONG, TO dL-
VOUIKA

o) Av&avovrtar.

B) Ehattdvovrat.

Y) "Exovv v idwo Tiun.

0) Tinota and o TOPATAVE®.

Emiééte ™ owot amdvinon.

"Eva. apvnticd @optio, apnvetol péoca oe niektpikd medio. To poptio

Oa KOst

o) IIpog ta exei Tov o dSuvapukd avédvovrat.

B) IIpog ta ekel TOL TOL SUVOUIKE PELDOVOVTOL.

Y) [Ipog v katevBvuven Tov To SuVaKO Exel TNV 1010 TIUN.

o) H xatevbuvon oty onoia Ba kivnBel dev éxet va kavet pe 10
SVVOUIKO.

AKOOAOYNOTE TNV ATAVINGT GOC.

Awotoroynote v tpotaot: «To duvapkd evog NAEKTPOGTOTIKG POP-
TIGULEVOL ay®YOL givat 1010 6 OA TOL T GMpeio.

No mapoctadel ypopikd 10 SUVOUIKO GEAIPIKOD ay®YOL OKTivas R,
QOPTIGHEVOL e BeTikd poptio Q, 6€ cLVAPTNON UE TV ATOCTUCN X
amd 10 KEVTPO TOL, Yo X < R ko x > R.

Opoyevég NiekTpiké wedio

3.17

3.18

3.19

H dapopd dvvapicod peta&y 6vo onueiov A kot B, mov Bpickoviat
TOvo otV 1010 SUVOIKT YPAUUN LEGO GE OUOYEVEG NAEKTPIKO TTEDTO

o) dev e€aptdton omd TNV andoTacn TV onueinv A kot B.
B) glvat avéAoyn pe TV amdGTOCT TOVG.

Y) glvat avdAoyn Ue TO TETPAY®VO TNG OTOGTUCNG TOVC.

d) glvat avtioTpo@a availoyn He TNV 0mdGTACT) TOVG.

EniléEte T cwot andvinon.

‘Eva nlextpdvio ektoleveton pe taydmto v, Tapdiinia 6Tig duva-
UIKEG YPOLUUES OUOYEVODG NAEKTPIKOD TEdion, TNV Kotevbuven Ttwov
duvapukdv ypoppov. H kivnon mov Ba kdvet glvat:

o) EvB0ypopun opan.

B) EvBbypoappn opodd emitoyvuvopevn.

Y) EvObypoapun opodd emiPpaduvopevn.

AKOOAOYNOTE TNV ATAVINGT GOGC.

‘Eva niektpovio extofeveton pe tovTnta v Kabeta 6Tig duvopkeg
YPOUUEG OLLOYEVOVE NAEKTPIKOV Tediov. H kivnon mov Ba kavet
o) glvar vBOypoppn OpaAn.

B) glvat evBOYpopUn opaAd ETITAYLVOUEVT).
Y) éyel otabepn emTdyvvon.
d) glvat KuKAKN.

[Towa TpdTOoN €lvon GOOTN;
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3.20

3.21

3.22

3.23

H emtdyyvvon mov amoktdel opTIGUEVO COUATION LEGOH GE OUOYEVES

nAekTpkd medio

o) Mével otabepn.

B) "Exet otafepo pétpo adhd 1 katevBovveon g e€aptdron amd v
KaTeLBVVOT TNG APYIKNG TOYVTNTOG TOL COUOTIO0V.

Y) Eitvat avaroyn pe ) palo tov.

d) Eivat avtiotpopa avaroyn pe To poptio ToL.

€) Eivat avdroyn pe v évtaon tov mediov.

Emiéére T1¢ cmoTtég Tpotdoslc.

[Mpwtévia ko mopnveg He (He: nhov, atopukdg aptBuog 2, poaltkoc
appog 4) Pariovior pe v 101 TaxdTNTO KAOETO OTIC SUVOLIKES
YPOUUES OLOYEVOHS NAEKTPIKOD TESIOL OV dnpovpyeitat amd {evyog
eopticpévev TAakdiov. [oteg and Tig TPOTAGELG TOL OKOAOVOOVVY &i-
VOl GOOTEC;

o) O ypovog kivnong OAmv tov couatdiov péca 6to medio sival
o106,

B) H dbvoun mov déyovtarl ot mupfives nAiov givol peyoAdtepn
amo T SUVOLUN TOV SEYOVTAL TA TPMTOVIAL.

Y) To, TpOTOVIO ATOKTOVY PEYUADTEPT EXTAYLVGN OO TOLG TL-
pnveg nAiov.

d) Ot Topnveg Tov NAoL VEIoTOVTAL TN HLEYOADTEPT) EKTPOTN.

Aéoun niextpovimv, e v idta ToydTNTa, E16EPYETIL KABETU OTIG V-
VOUKES YPOUUEG OLOYEVOVG NAEKTPLKOD TTEHIOL TTOL dMIOVPYEITAL AUTTO
Cevyog poptiopuévav TAaKdimv. Av avénbel | Tdon avdpesa ota op-
TIGUEVO TAOKIOL0 TOV OMoVPYOVV TO TTEdIO:

1) O xpovog €650V TV NAekTpovioy amd to medio:
o) ov&avetat, B) HELDVETAL; Y) TOPAUEVEL IO10G;
2) H extpomn mov vepictatol n déoun ond 1o medio:

o) ov&avetat, B) HEIDOVETAL; V) TOPAUEVEL (D10
Emiélre T1g 600TéG amavInoELS.

Me mo1o TpOTO TOPAYOVTOL KOl ETLTOHVOVTOL TO. NAEKTPOVIO, GTOV KO-
00016 cOAVa; e TL XPNOYELOVY T, TAOKIOIO amdKAoNG 6TOV Kafo-
dwd cwinva; [ati eivol amapaitnTo 610 E6MTEPIKO TOV VA VTLAPYEL
KEVO 0€PQL;

Mvukveo T Kot SIAEKTPIKG

3.24

3.25

H yopntdmra evog nukvot e€aptdrat:

o) OO TO VAIKO TV OTAGUADV TOV.

B) oo TNV TACT TOV OTAIGU®OV TOV.

Y) oand 10 optio Tov.

d) omd T YEOUETPIKE TOV YOPOKTPIGTIKAL.

[Tow TpdTOoN €lvon GOOTN;

Moo amd o TapaKAT® SoyPAUUOTO TAPIETAVEL 1) TN YPNTIOTNTA TOV
TUKVOTI GE GLUVAPTNOT| UE TNV TACT TOV; 2) TO (POPTIO TOL TLKVOTH GE
GLVAPTNOT LE TNV TAGT TOV; 3) TNV EVEPYELD TOL TUKVMOTI GUVAPTIGEL TNG
TAGoMG TOV;
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3.26

3.27

3.28

3.29

3.30

3.31

(@ ® ® ®

Dopticpévog Tokvetng €xel evépyewn 0,2 J. Av dumhacidcovpe v
TA.OM GTOVG OTAIGLLOVG TOV 1 EVEPYELYL TOV:

o) Oa mapapeivet 010

B) Oa yiver 0,4 J.

Y) Oa yiver 0,8 J.

o) 0o yiver 1,6 J.

EmAéEre ™ ocwot andvinon.

Eninedog mukvotng yopntikotnrag C goptiletor Kor otn cuvéyeln
QITOGVVOEETAL QIO TNV TN YT TTOL TOV POPTIGE. AV UETE TNV 0TOGVUVIEGT
TOV amd TNV TNYN OITAAGIAGOVLE TNV OTOGTOCT) TV OTAGU®MV TOV, Tt
Ba cvuPet pe

1) T YOPNTIKOTNTE TOV;
2) TO (POPTIO TOV;
3) TNV 1461 TOV;

e k@Be mepintwon dMoTe pia amod TIC TPELS ATUVINGELS:
o) av&dveton B) petdvetar y) dev petafBaAAETaL.

[vkvetg ywpntomrag C, poptiCetar og Tnyn taong V Kot anoktd
@optio q. Av, Y®pic vo. amOGVVIEGOVUE TOV TUKVOTY Ao TNV Téon
7oV TOV POPTIoE, PAAoVUE OVANESH GTOVG OTAGUOVE TOV SINAEKTPLKO
otabepdg K, 11 6o cupPet pe

1) TN YOPNTIKOTNTA TOV;
2) TO (OPTIO TOV;
3) TNV 1o TOV;

Y Kabe mepintmon dmaote pio amd TIg AmAVTINCELS:
a) oev petafaiieton B) avcavetor K eopég v) petwvetar K popéc.

"Evag gpoptiopévog mokvetig €xel omocuvoebel omd v mnyr| mov tov
ooptioe. ['epifovpe 10 YOPO OVAUESH GTOVS OTAGUOVG TOV UE OInAE-
KkTp1Ko. [own amd ta mopoakdto peyédn peidvovral;

o) H yopntikdmro.

B) To poptio ToOL.

Y) H évtaom tov nAektpikod medion avAUEGH GTOVES OTAIGHOVG,.
o) H 1d0on tov omtMoudv.
€) Kavéva amd to mopamdve.

Eénynote yoti avEaveton n yopnTikdTTo VOGS TUKVAOTH OTaY HETAED
TOV OTAMOUOV TOL ToTo0eTN Ol SINAEKTPIKO.

SVUTANPOCTE TO KEVAL:

Av évag povotng totofet el péca o NAEKTPIKO TEdi0 TOAD PeYyIANG
évtaong gival havo va KotaeTpapohy Ol LOVOTIKEG TOV 1010TNTES Kot
va yiver ayoyds. H yopaxtnplotikn tipn g évtaong otnv omoia ovteé-
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3.32
3.33
3.34

YEL EVOG LOVAOTAG OVOUALETOL +vvvvenveniis ceeeeanannnnnn KOl LETPLETOL GE

' To1ovg AOYOLS YPNGLLOTOIOVVTAL TO. SINAEKTPIKG GTOVG TUKVOTEG
[To1o povopevo ovopdleTal TOA®ON TOL SINAEKTPIKOV;

No avtiotoyioete ta pey£dn g TpdTNG GTHANG GTIG HOVADES TNG OED-
TEPNG.

"Evtoon A) F
Avvopukd B) V/m
Evépyeia I ev

Amhiektpikn avtoy; A)  V

A

XopnTikdétta

Medio papotntog e I'mg

3.35

3.36

3.37

3.38

ZOUTANPOGOTE TIG TPOTAGELS:

"Evtaomn tov mediov Paputnrtog, e éva onpeio Tov, ovopdletal 1o oTo-

0epd TNAMKO .. v, , mov Oa aoknbei o wa palo m
av Bpebet oto onueio avtd, mpog ™ pale. H éviaon elvat ..............
uéyebog kot Exel v 1010 katevBvuvon pe ) dvvaurn. Movada Evtacng
Tov mediov PapvTNTOg EIVALTO .. ..\eee. .

[Moteg amd TIg TPOTAGELG TOV AKOAOVOOVV Eivol GOOTEG;

o) H évtaon tov mediov Bapvtntog oe £va Tov onpeio £yl Tavta
v Kotevbuven g dvvaung mov Ba aoknbei og o palo ov
Bpebel oe ekeivo T0 onpeio.

B) X k@0e onueio tov mediov Papdtnrag n évracn tavtiletan pe
v emtdyvvon g fopdTnTog.

Y) To wedio Papdrag g I'mg elvar opoyevée.

d) To medio Papvntag g I'mg eivarl aktvikd kot 1 éviacn tov
&xel Korevbuven mpog To KEVTPO TNG.
€) H évtaon tov mediov Paputnrog g ['mg peidvetar avtictpoa

ovAaAOYa LLE TNV amOGTOoN amtd TO KEVTPO TG IMg.

ZOUTANPOGCTE TIC TPOTAGELS:

Otav o péle kveitol oto medio Paphtntag To £€pyo TG SVVAUNG TOV
mediov elvar ave&dptnro g dtadpoung mov akorovbel To copa, eEap-
TOTOL LOVO OTTO .evveeiiiies veee e 0¢om tov copotog. To me-
dto BapvnToc, Omwg Kot To NAEKTPIKO Tedio, givarl medlo ..............
Tnv 1816t T0. VT TOL TESIOV PopOTNTAG TNV EKUETOAAEVOUOOTE Yo
va opicovpe to péyebog duvapkd. Ovopdlovpe dvvapkd Tov mediov
Bapdtrag g I'mg o éva onpeio Tov to oTtalepd TNMKO ..............
g SUVOUNG TOL TTediov Katd T HEToKivnon poag nalog m amd To on-
Helo ovTO GTO AMELPO TPOG v.vv'evenee

Xopo mov Bpioketor 6to Atdotnuo, pokpld and ) I, katevBhve-
tat tpog avt. H I'm Bewpeitor axivntn kot yopig atpocs@aipo Kot to
omua, pHEYpL va etdost otny emtpdvetla g I'mg, Kiveitol evbvypappa.
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T eldovg kivnom Ba Kavel, amd T otyun tov Ho prel 6to medio Papv-
mrag e ['mg néypt va gtacel oty empaveld g;

o) Evb0ypapun opoir;

B) Opoid emitayvovopevn;

Y) Emtayvvopevn pe exttdyvvon mov dtopkdg ovéavetar,

d) Emtayvvopevn pe emdyvvon mov dlopkdg Kpoivet,
AKOOAOYNGTE TNV ATAVINGT GOC.

3.39  Tloteg amod Ti¢ TPOTAGELS TOV 0koAOLOOVV Eival CMOTEG;

o) To duvapkd tov mediov Papvtntag g I'mg avéavetar dtav
OTOHOKPVVONOGTE oo ) I.

B) Av o palo agebet ehevbepn oto medio PopvnTog Kiveitot
7TPOog onpeio 6o T SuvapKd avEavovTal.

Y) Mo va peyokodcovpe v andotacn ovo polodv omorteitot
gvépyela.

o) H dvvapukn evépyeia cuGTAHOTOG GNUEWOKOV LaldV elvat wd-

VIO OPVNTIKY.

340  H toydmra dtoeuyng:

o) Eivar 1010 yio 6do to0 copoto mov ekto&evovtal and To 1010
Vyog.

B) Eivat avéroyn g pnalog t1ov cmdpUtog Tov ktogeveTat.

Y) Etvat avtiotpoea avdioyn pe m pdlo 1ov GOUOTOC TOV EKTO-
Eevetat.

d) E&aptaton and v katevBuvon oty omoia piyveral 1o oo

(ONAadn, omd o dv piyveral KATaKOPLPA 1 TAAYLX).
€) Eivar pikpotepn og peyavtepa Hym.
[Moteg mpotaoelg eivat opOEg;

341  Na ypapovv ol 6y€celg Tov divouv TNV EVTaon, TO SVVOLIKS KOl TV
TaOTNTA S10PVYNG, 6€ VYOG h and v empdvela g I'ng, oe cuvaptn-
on pe mv aktiva mg (R)), v évtacn tov 1ediov 6Ny enpaveld mg
(g,) ko1 to Yyog h amd v empaveia mg I'mg.

342  H I'm meprotpépetar o eAAEWTIKN TpoyLd Yop® ard tov 'HAlo. H pn-
YOVIKT EVEPYELD TNG Otatnpeital 1 Oyl KOTA TV TEPIOTPOPY| TNG; AlTl-
0AOYNGTE TNV ATAVINGT GOGC.

Hlexktpucn] pon - vopog tov Gauss

343  ’Evog diokoc oktivag r= 0,2 m PpiokeTon HEGO G OUOYEVEG NAEKTPIKO
nedio évtaonc E =500 N/ C. Yrnoloyiote Tnv nAeKTpiKn pon mov Siép-
Y€TOL Ao TO diGKO, Ov:

o) Eivai tomoBetnpévog pe 1o eninedd tov kdHeto 6TIg SUVOIKEG
YPOUUES TOV TTediOV.

B) To eminedd Tov glvar TAPAAANAO GTIC SVVOLUKEG YPOUUES.

Y) H xé0em o710 eninedd tov oynuoarilet pe TG SUVOUIKES YpoLpL-

Uég Tov mediov yovia 60°.
[Am: o) 62,8 Nm*/C,B)0,7) 31,4 Nm*/C]
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3.44

3.45

3.46

3.47

3.48

3.49

3.50

Mo khelot) empaveia mepikieiet poptio 10 pC. IMowa eivor n nAektpi-
K1 pOT IOV TEPVAEL OO TNV EMLPAVELQ,;

Alvetar: g, = 8,85x107"% C’ /(Nmz).

[Am: 1,13x10° Nm* / C ]

H mlektpikr] por} mov diépyeton omd Mo KAEGT EMPAVELD €ival
® = 2Nm’/C. Ynoloyiote T0 QopTio TOL TEPIKAEIEL 1] EMPAVELL.
Alvetar: g, = 8,85x107"* C? /(Nmz).

[Am: 17,7x1072C]

M andyn eivor tomobetnpévn péca oe OpOYEVEG NAEKTPIKO Tedio
évtaong E pe tpdmo dote 1) KukMKn ote@dvn TG va givot KOst oTic
SUVOIKES YPAUUES TOV (o). 3.55). YroAoyioTE TNV NAEKTPIKY POT) TOL
Sépyetarl amd TV empavelo Tov opilel To diyTv ™S amodYNS. Atvovton
n évtaon E tov mediov ko 1 axtiva R tng kukAkng 6Tte@avng g amo-

xme.
[Am: -EnR?]

Onwg yvopilete, oTnv atpoceaipo vrdpyet nAektpikd nedio. Tig nué-
pec pe kalokopio to medio sivon acBevég. Av o tétown pépa to me-
dto, Kovtd oy emedvelo g I'g, €xel pétpo E =100 N / C, xoted-
Buvon KaTaKOPLEY TPOG TO KATM, KOl VITOBEGOLLLE OTL Eivol TAVTOD
(oe 6N Vv emeavela ¢ IMmg) to id1o, vroAoyicte To Qoptio mov
oéper  I'n. Aiveton n aktive g I'ng R = 6400 km xot n otabepa
g, = 8,85x10™% C*/(Nm?).

[Am: -455,295 C]

"Evog Aentog oeapikdg eroldg axtivac R = 20 cm @épel nAektpiko
@optio Q =24 nC, opotdUOPOA KOTAVEUNUEVO GTNV EMPAVELL TOV. Nau
VTOAOYIOTEL 1) £VTOOT TOL NAEKTPIKOV TTEGIOV GE oMpEeio TOL AmEYOVY
amd T0 KEVTPO TOL

a) 1, = 40 cm, Ko

B)r,=10 cm.

Atvetar: g, = 8,85x107"% C? /(Nmz).

[Am: o) 1,35%x10° N/C B) umdév]

M opaipo axtivag R =1 m, and povotikd viAko, eépel poptio Q =
12 puC, opotdpopeo Kotovepnpuévo o€ oAOKANpo tov dyKo tc. T1oon
€lval 1 NAEKTPIKN poN TTOL SLEPYETOL OO L0 GPALPIKY] ETPAVELD, OUO-
KEVTPY| LLE TN POPTIGLEVT COOIPA, OKTIVOG

a) 20 cm B) 60 cm ) 80 cm 6) 1,2 m €) 2 m; 4

O 6yxog opaipag axtivag r vroloyiletol amd ) oyéon V=—mr’ .
Alvetar: g, = 8,85x107"% C*/ Nmz). 3
[A7:a) 10,8x10° Nm® / C B) 29,2x10* Nm® /C v) 69,4x10* Nm® / C
§) 135x10* Nm® /C €) 135x10* Nm* /C ]

"Eva o0ppo todd peydiov pnkoug £xet eoptio 4 pC ové HETPO PRKOLG
ToV. YToAOYiGTE TNV £VTOON TOL NAEKTPIKOV TTedion mTov dnpovpyei To
ovpua o€ amodetacn o) 10 cm kot f) 20 cm amd To GVp.

Atveta: g, = 8,85x107"% C*/(Nm?*).

[Am: 720x10° N/C, 360x10° N/C]
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AvvopKO TOV NAEKTPLKOD TEGTOV - EVEPYELD CVOTHNATOS POPTIMV

3.51

3.52

3.53

3.54

3.55

3.56

3.57

Inuetoxod eoptio Q = 2x107 C dnuovpyei nedio mov oe éva onpeio
Tov A €yet dSuvoukd V = 300 V. Na vroloyiotel | amdctacn Tov o1n-
peiov A omd 1o poptio. Afvetarn otafepd K, = 9x10° N m?/C?,
[Am: 6 m]

Inpetokd optio q= 2x10° C Ppioketar TomobeTnuévo 610 £LOV-
ypopupo tuiue AB, pikovg 3 m og amdctaon 2 m and 10 A (LETOED
0V A ko1 B). Yroloyiote m 61apopd duvauikod V, -V,

Aiveton 1) otafepd K, = 9x10° N m*/ C*.

[Am: -90 V]

To medio mov dnpovpyet éva onpetakod eoptio Q o éva onueio A €xet
évtaomn E =60 N/C kot duvapko V =180 V. Na vroloyicete o poptio
KoL TV omdoTaoT Tov onueiov A amd To onuelakd eoptio Q. Atvetoin
otafepd K, = 9x10° N m*/ C*.

[Am: 6x10° C, 3 m]

Inuetoxd optio Q= 2x107° C, Bpioketar oto onpeio A. No vroro-
vicete T0 £pyo TG SVVaAUNG TOL NAEKTPIKOD TTEdIOL KT TN UETAKIVI-
on goptiov q = 10° C and éva onpeio B, to omoio anéyst r, = (AB)
=1 cm ano 1o poptio Q, oe onpeio I, 10 omoio anéyerr,= (Al') =4 cm
omd 1o Q. Afvetar: K, = 9x10° N m*/C?,

[Am: 13,5x107° J ]

2nig xkopueég B ko I, opBoywviov tprydvov ABI pe A=90°, Bpioxo-

viar o optia Q, = 4x10™° C ko Q, = 5x10° C.AvAB =3 cm

kot A" =4 cm, va vToAoY1GTOVV:

o) To duvapukd oto onueia A kot M, 6mov M 10 péoov g BI.

B) To €pyo mov mopdyetan and To NAEKTPIKO TESIO KOTA TN HETO-
kivnon eoptiov 2x101° C amd to onueio A oto M.

Aivetor: K, = 9x10° N m*/C?,

[Am: 23250V, 32400 V, —183x10™° J ]

e Kabe kopven evdg 1o6mAevpov Tprydvov ABI, mievpdc a = 30 cm,
Bpioketon poptio q =2 uC. No, vToAOYIGTEL 1] EVEPYELD TOL GUGTHLO-
70 TOV TPV poptinv. Aivetar: K, = 9x10° N m*/C?,

[Am: 36x107 J]

Axivnto onpetaxd eoptio Q = 100 pC, Bpiokerar oto onueio A. Mi-
Kkpn oeaipa pe palo m = 10 g kot poptio q = 20 nC Bpicketor 610 o1-
ueto B, 010 1310 op1LovTio enimedo pe 1o A kot o€ omdotaon r, = 30 cm
amd avto. Av 1) opaipa mov Bpioketar oto onueio B apebei ehevbepn,
AOY® TG AT®OTIKNG dVVOUNG TToL d€xeTal, Kveitol yopic Tpiés. Na
vroAoyicete TV TayHTNTA TNG:

o) Orav Bpicketon o€ andctoon 1, = 60 cm and 1o A.

B) Orav Bploketor o TOAD peydn ondotacn and To onueio A.
Atvetar: K, = 9x10° N m*/C?.

[Am: o) \/gm/s,B) 2\/§m/s]
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Opoyevég niektpkd wedio

3.58

3.59

3.60

3.61

3.62

3.63

X& OUOYEVEG MAEKTPIKO TEST0, KOTA MUKOG LG SOUVOUIKNG YPOUUNG,
Bpiokovrat, swadoyikd, to onueio A, B kar I Eav V, -V, =5V ka1 o1
amootdoelg HeTa&d Tmv onueimv eivar AB = x kau BI' = x, o givan
Sapopd duvapkob avdpesa ota onpeia A-I" ko B-T7;

[Am: 10V, 5 V]

O o0épag givar HOVOTAG, ALY Yo NAEKTPIKO eSO EvTaomg peyald-
tepnc omd 3x10° V/m yivetar ayoydc (Snuovpysitor nAekTpikog
omwvnpag). H amdotacn petaéd tov niektpodiov o éva pmovli &i-
vat tepimov 0,5 mm. [1éon givor 1 ehdyiot dtapopd dSvvapkoy Tov
TPETEL VO EPOPUOCTEL 6TA NAEKTPOSLO, BGTE VO TopoyOel NAEKTPIKOG
onwvnpag; Oempnote 10 medio Tov dNUIOVPYEITAL AVAUESH GTA NAE-
KTPOOI0 OLLOYEVEG.

[Am: 1500 V]

2T0 OHOYEVEC NAEKTPLKO TEGTO TOV LILAPYEL AVALETH GE dVO OPILOVTIES
mAakeg pe eoptia +Q kot —Q, awpeiton (looppomnel) copatioro pnalog
m = 10 kg kot @optiov q= 5x107 C. Av ot 0 mhéikeg améxovy
peta&d Toug amdotaon | =2 cm, va vroAoyiotel 1 Stapopd duvoptkon
oV mapovstélovv. Aivetan g = 10 m /s>,

[Am: 400 V]

Avapeca og 600 TOPAAANAEG KATAKOPVPEG UETOAAKEG TAAKES, TOV Ei-
Vo QOPTIGUEVES e PopTio +Q kot —Q, 16oppomel tiol kpn QOPTIGHE-
N oQaipo EKKPeERODS, o€ BE0T TETOL MGTE TO VIO TOV Vo oynpotilet
yovia 6° pe v Kotakdpueo. Ot d00 TopdAAnies LETOAMKES TAGKEG
améyovv amootacn d = 10 cm kot Tapovoidlovv dtapopd dvvapikon V
=200 V. H opaipa tov ekkpepons &yet pélo m =2 mg. No vroloyiotel
10 QopTio TG opaipac. Aivovtar g = 10 m/s”, ep6° = 0,1.

[Am: 107 C]

HAgxtpdvio Béireton pe toxvmta v, = 2x 10° m/s mopdnio ot
SUVOLIKEG YPOLEG OLLOYEVODG NAEKTPIKOV TTEdiov évtaong E=91 V/m,

o) Noa vroroyiotel 1) dvvaun mov dExeToL TO NAEKTPOVIO KOl 1] ETL-
Téyvvon mov O amToKTHoEL
B) Na ypa@odv 01 GYEGEIS TOL TEPLYPAPOVY TNV KivNo1| TOV pEG

010 medio. EEETAOTE TIg TEPUTTMOOELS OTIC OTOIEG 1| TOYVLTNTO
tov niextpoviov givar I) opdpponn xan 1) avripporn mpog tig
SVVOUIKES YPOUUES.

Atvovton ) pée Tov nhextpoviov m, =9,1x10°" kg ko1 10 oTOYYELD-

dec poptio e=1,6x10" C .

[Am: 1,456x10™7 N, 16x10"” m/s*]

Hhiektpovio Bardeton pe toxdTNTO. L, OHOPPOTN HE TIG SUVOLIKEG
YPOUUES OOYEVOVG NAeKTpooTaTIKOD TEdiov Eviaong E. Na Bpebei oe
w660 ypodvo Bo undeviotel otrypiaio n todTNTE TOV, GE TOGO YPO-
vo Ba emoTpéyel otV apyikn Tov B€om Kot Tt ToyvTnTo Ba el TOTE.
ZyoMdote To anotérecpio. Atvovtol n pate Tov niektpoviov m Kot to
GTOLYEIMOEG POPTIO €.

[An: my, /Ee, 2my, /Ee, -u,]
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3.64

Aéoun nlextpoviov loépyetal kAOeTa 6TIG SUVOUIKES YPOUUES OUO-
vevolOg NAekTpikod mediov mov oynuatilovy 600 TaPIAANAES QOpTL-
opéveg mAdkes. Av n taydTo TOV NAEKTpovimy g d€oung etvai v vo
Bpebel n amdKAion mov Ba vrootel 1) déoun and to Tedio KabMG Ko M
ToyOTNTO HE TV omoio e€€pyovTal Ta NAEKTPOVIO. atd To Ttedio. Aivo-
vton 1 todmra v, o pnKog | Tov popticuévev mhakdy, N éviacn E
oV Tediov, N pala Tov NAexTpoviov m_ Kot To oTOYEIMdEG PopTio €.

Eel? , E%? Eel
Am: y= LO= |V + ———, =
AT Y = VT ez @0 ]

XoOpNTIKOTNTA - EVEPYELR POPTIGUEVOV TUKVAOTI

3.65

3.66

3.67

3.68

3.69

3.70

[Mukvetg yopntotmrag 6 pF, poprtiletor oe dtopopd dvvapkov 12
V. No vtoAoy1otel T0 popTio Tov.
[Am: 72 pC]

Ot omlopol enimedov TuKVmTH Exovv oynua dickov aktivag 4 cm Kot
améyovv peta&d tovg 1 mm. Ti poptio O amoKTHGEL 0 TVKVOTNG OTOV
ouvdebel oe Tdon V = 10 V; Atvetow: ¢, =8,85x107 C* /(N m?).
[Am: 444,6 pC]

Ot oMol evoc eminedov mukvoTy £xovv epufaddv A = 72 cm’® kot
améyovv peta&d toug d = 1,2 mm. Xtov Tukvotn epapuoletal taon V
=12 V. Yroloyiote:

o) Tnv évtacon Tov NAEKTPIKOV TEGIOV HETOED TOV OTAIGU®OV TOV.
B) Tn yopntikdTTA TOVL.
Y) To @optio tov.

Atveton: €, =8,85x10™% C*/ (N m?).
[Am: 10* V/m, 53,1 pF, 637,2 pC]

Eninedog mokvotg pe yopntikomta C = 10 uF ocvvdéetar pe mnyn
mov tov poptilet e tdon V =100 V. Xwpig va aropakpuvhei o mukve-
NG od TNV TNy STAac1alovpE TNV 0TOGTUGT TOV OTAIGU®Y ToL. Na

VIOAOYIGTOVV:
o) H véa yopnrtikdmta Tov TUKVEOTH.
B) To @optio TOLV TLKVEOTH TPV KOl UETE TNV OTOUAKPLVGT] TOV

OTAIGLLAV TOV.
[Am: 5 pF, 1000 pC, 500 pC]j

IMukvetng yopntikottag C = 20 puF eoptileton og tdon V = 500 V.
[Toom evépyeto pmopel v SMOEL 0 TVKVAOTHG OV EKQOPTICTEL,
[Am: 2,5 7]

[Mvukvetg xopntikomrog C, = 20 pF goptiCetor og taon V, =80 V. O
TUKVOTNG OTOGLVOEETOL OO TNV TIYT| TOL TOV POPTICE KOl GLVOEETAL
pe apopticTo mukveot ywpntikdémrag C, = 5 pF. Noa vroloyiotodv:

o) H téion mov 6o amokticouy ot d00 TUKVMTEG PETA TI GVVOEST
TOVG.
B) To poptio kdOe TLKVOTN PETE TN GUVIEDT.

Y) H nlextpkn duvapukn evépyeto mov Oo yobel pe tn ovvdeon
TV 600 TUKVOTOV.
[Am: a) 64V, B) 1280 uC, 320 uCy) 12,8x103 J]

134



AmAekTpika

3.71

3.72

3.73

3.74

3.75

Avapeca 6Tovg omAMGovg TukvmT yopntikottog C = 12 pF tomo-
Oeteiton dinhextpikod pe dinAektpikn otabepd 5. No vroroyiotei n véa
YOPNTIKOTNTO TOL TUKVOTY.

[Am: 60 puF]

"Evag mokvetg, xmpic diiextpiko, poprtiletotl o€ taon 240 V. L ov-
VEYELD OMOGVVOEETAL OO TNV TNYT KOl AVAUESH GTOVG OTAGHOVS TOV
€10GyETOL YVOAL, £TG1 DOTE VA YEUIGEL OLOG 0 YDpog. [Tapatnpodpe 6Tt
1N téon Tov TukveT petovetal o 40 V. Na vmoloyiotel n SinAekTpikn
otabepd TOL YLOALOD.

[AT: 6]

IMukvotg yopntikotntag C = 5 pF, yopic dinhektpkod, cuvdéstar pe
YN téong V = 10 V. Aletnpodviog ToV TUKVOTH GUVOEUEVO UE TNV
YN, YeULOVE TO YDPO AVAUEGH GTOVG OTAIGHOVG TOL U yopti. [la-
patnpovpe 6tL to eoptio Tov avEdvetat Kotd AQ = 150 pC. No vtoro-
vicete N dinAexTpikn otabepd Tov YopTLoD.

[AT: 4]

BEAOVLLE VO KOTAOKEVAGOLLLE EMIMEO TUKVWOTY LE YopnTikoOTnTa C =
44 nF ko tdon Aertovpyiog V = 2000 V. Qg dmrextpkd Ba ypnoiyo-
momoovpe Bakelitn, mov £xet dSiiektpicr ovroxyn E = 24x10° V/m
Kot dmAektpikn otabepd K = 5. Yroloyiote 10 eAdyioto epPaddv tmv
OTAG LMV TOVL.

Atvetat: €, =8,85x107"" C* /(N m?).

[Am: 0,083 m*]

O1 omAiopoi evoc eminedon mukvoTh £xovv euPadov A = 3 cm’. Avd-
LUEGO GTOVE OTTAIGLLOVE TOV LVTTAPYEL YOPTL, StNAEKTPIKNG otabepdc K =
4. No vroloyiotel 10 PEYIGTO POPTIO TOL UTOPEL VOL PEPEL O TUKVOTNIG.
Atvovtat: &, =8,85x107"7 C* /(N m*) xatn SmAEKTPIK avTo)H TOV
yaptiod E = 16x10° V/m.

[Am: 169,9 nC]

Iedio PapvTnToc

3.76

3.77

Noa vrohoyiotel 1 £€vToot Kot To SuVOKO Tov Ttediov PapdTnTog TG
I'ng o€ éva onpeio mov Bpicketon o Vyog h = R and v emedveid
™. Atvovtan n aktiva g I'mg R, = 6400 km ko n évtoon tov nediov
Bapvntag otV empévele g Img g, = 10 m/s® .

[Am: 2,5m/s*, -32x10° J/ kg ]

Yopo paloc m extofevetal amd v empAveld ¢ I'g katakdpvea
TPOG T0, Moo pe TodTnTa v, =10° m/s. Yrohoyiote m6co ymid Oo
@tdoet to oopa. Atvetorn axtiva e I'mg R = 6400 km ko n évta-
on tov mediov Bapvntag oy emedvele g Img g, = 10 m/s?.

H avtictaon tov aépa de Aapfdveral vToyn.

[Am: 50 km]
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H palo g I'mg givar 81 @opéc peyardtepn amd ) pdlo g XeAvng

Kot 0 AO0Y0G T®V 0KTivev Toug givar 11/3.

o) Av 1 évtaon tov mediov PopvTnTog otV empavea e I'nmg
glvar g = 10 N/ kg va vroroyiotel n évtaon tov mediov Bapv-
TNTOG GTNV EMPAVELD TNG ZEANVIG.

B) ‘Eva copa &yel oty emodvelo e I'ng Bapog 700 N. IToto Oa
glval To fAPOG TOL GTNV EMPAVELD, TNG ZEANVIG;

[Am: 1,66 N/ kg, 116,2 N]

Ao dwotnuikn e&€dpa mov Ppioketar o Hyog h and v emipdveln
g I'ng 0éhovpe va ekto&eDGoLLE SIUGTNUOTAOL0 MOTE VO EYKATOAET-
yel 1o medio Papdmrag e I'mg. Na Ppebel n ehdyiot taydTa Tov
TPETEL VO ODCOVUE GTO JAGTNUOTAO10. AYVONGTE TIG EMOPAGEIS TMV
GAL®V 0VPAVIOY cOUATOV TANY TG [M¢ Kot v kivion g e£E0pac.
Aivovtoin axtiva g I'ng R karn £vraon tov nediov Bapdmtog otnv
EMPAVELL TNG &, .

2g R} |

AT v, =
[ ° R.+h

Na Bpeite v taydmTo S10pLYNG EVOS COUATOG OO TNV ETUPAVELDL
mhaviTn pe pato m = M/8 kau mokvotnto ion pe ot g Img. H
TayvTNTA StopuyNg omd tn I'm eivarv = 11,2 km /s. H I'n ka1 o whovi-
g va BempnBovv opoyeveig axivnteg opaipec. O dyKog piag opaipog
dtveton amd ) oyéon V = %nﬁ .
[Am: 5,6 km / s]

H taydmro pe v omola @tavel évag petewpitng ot I'm pmopel va
ekTiunOei and 1o péyebog tov Kpatnpa mov Ba avoiel Katd v Tpo-
OKPOVGY| TOL otV empdvela ¢ I'mg. Amo 1o péyebog evdg T€To10V
KpaTpo EKTILALE OTL EVOC LeTE®PITNG £QTace TNV empdvela TS IMmg
pe tayvra v = 65.000 km / h. Yroloyiote v taydtnto mov giye o
petewpitng 6ToV Eumaive ota Optla TG Paputikng emidpaong e I'mc.
BOewpnote TIG TPYPEG TOV AVATTOGGOVTAL KOTE TNV KIVNoT TOV LETEM-
pitn otV atpoéceatpa e I'mg apeAnTtéeg kot ayvonote v enidopacn
TOV MOV 0VPAVIOV GOUATOV, TANV TG I Mg, otV Kivnon tov. Aivo-
vior R = 6400 km, ko1 g, = 10m/s”.

[A7: 14x10° m/s ]

Avo pkpég opaipeg pe palec m; = m Kor m, = 2m Ppickovtal 6€ omo-
otoon | peta&d toug ko €w amd onotodnmote nedio Papvntoc. Na
Bpebei To onpeio Tov ydPoL 670 0TOi0 M VTSN TOL PaPLTIKOV TEGIOV
OV OMILLOVPYOVV Ol GOOIPEG EIvat UNOEV KOl GTN GLVEYELD VO, VTTOAO-
v160el YU avtd 10 onpeio To duvapiko Tov Paputikov ediov. Afvetal
otabepd maykdouag EAENG G.

[Am: x =1 (\/5—1) omo TV m,, —Gl—m(Z\/E+3) ]

21ic kopupéc A, B, T' evdg tprydvov pe mhevpés a, B, v Ppiokovtar ot
oQaUPIKEG naleg my, m,, kot m,. No voroyiotei n evépyeio Tov omat-
TELTAL Y10 VO TIG OMOUAKPOVOLUE GE ATEPT] ATOGTACT, UETAED TOVG.
Atvetor m otabepd G.

mlmZ

Y

m, m,

[Ar: G +G

m,m
+G—22]
(04
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3.85
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ITPOBAHMATA

M oeaipa axtivag R amd povotikd vAko pépel popTio, OpotOUop-
OO KOTOVEUNUEVO G OAOKANPO ToV OYKO TG To @optio avd povada
oykov givar p. Bpeite m oyéomn mov divel v £vioot ToL NAEKTPIKOD
medlov TG oPaipag TOGO GTO £0MTEPIKO TNG OGO Kol 6TO EEMTEPIKO
™. opactiote ypapikd 1o HETPO TNG EVTOONG GE GLUVAPTNON LE TV
OmOGTACT T OO TO KEVIPO TNG GPAipAS.

. , . , 4
O 6ykog opaipag aktivag r glvar V = gnr
R’p
3g 1’

[Am: yuo r <R E=3p—r,yux r>R E=
€

o

]

"Evag kbAvopog, Todd peydlov pnkovg, £xel axtiva R kot gival opot-

OLOPPO POPTIGLEVOC GE OAO TOV TOV OYKO. To poptio Tov avd Lovada
oykov gival p. Bpeite v évtoomn tov nAekTpicod mediov 6TO EGOTEPL-
K6 Kol 610 eE@TEPIKO TOL KVAIVOpoL. Tlapactiote ypapucd to puéTpo
NG £VTOOTG GE GLVAPTNON LE TNV OITOCTOCT 0o TOV AEOVH TOV KLATY-
dpov.

[Am: yuo r <R E:;—r,yta r>R E=
€

(4]

R’p
2e.r

]

Zeoptkoc aymydg axtivac R = 10 cm sivar popticuévog pe goptio Q
=20 nC. Bpeite v €vtoomn Tov nAekTpikoD medion Tov dNpovpyel oe
oNeEin TOL ATEYOVY OO TO KEVIPO TOV I, = 2 cm, 1, = 8 cm ko 1, = 20

cm ond 1o kévipo tov. Afvetor: €, = 8,85 x 10" C*/(Nm?).
[Am: a) 0 B) 0y) 45x10° N / C]

"Eva pokpd evboypappo cOppa tepipdrietol amd Koilo HeTodliikd K-

AMvopo o G&ovag Tov 0moiov GuUTINTEL [l TO cvpua. To cvpua eivar
OLLOIOLOPPO. POPTIGUEVO UE POPTIO A avh povada pnmkovg. O KuAv-
dpKog aywyog elvat emiong OPTIGUEVOG LLE TO POPTIO OLOLOLOPPO. KO-
TOVEUNIEVO GTNV ETLPAVELY TOVL KOl UE POPTIO -A v LoVAda UKOVC.
Bpeite v évtaon Tov niekTpikol medion 6TO EGMTEPIKO Kol GTO eE®-
TEPIKO TOV KLAVIPIKOV 0y®yoD.

[A7: Xt0 ecwtepkd E =

r , 670 e€TEPIKO O]
2me,

o

AVO QOPTIGUEVO, LOVATIKG POALD ATEP®OV SOCTACE®VY gival Tapai-
Ao peta&d tovg, 6mwg paiveTar oto oynpa 3.56. To apiotepd OO
€YeL OV LOVASO, ETPAVELNG POPTIO +0, EVD TO 0e&10 £YEL VA LOVAdQL
empavelag eoptio -o. Na Bpeite tnv £vroom tov nhextpikod nediov o
onueio mov Ppickovral o) aplotepd TV dVO EVAL®V ) avipeso oTa
00 UM Kot ) de1d TV SV POUALW®V.

[Am: ) 0,B) E=c/¢, v) 0]
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3.90

391

3.92

3.93

270 GOAVO TNG TNAEOPUCNC, TO NAEKTPOVIO TOV EKTEUTOVTOL OO
™ Bepuovopevn kdBodo pe apeAnTéa ToOTNTO EMLTUYOVOVTOL, OO
£vol OHOYEVEG MAEKTPIKO eSO Katl apold dlovboovy amdotacn | =
1,5 cm pe v emidpactn Tov NAEKTPIKOD TTESIOV OTOKTOVV TUYVTNTO
L = 4x10” m/s, pe ™V omoia Kot GVVEXIOVY Va KIVOHVTAL PEXPL VOL
nécovv otnv 006v. No vroAoyiotel 1 évioaon tov mediov.

Atvovtat: e=1,6x10"" C, m,=9x107" kg.

[Am: 3x10° N / C]

To dTopo Tov VOPOYOVOL ATOTEAEITOL OO EVO TPOTOVIO (TLPAVAG) Kot
£€va NAEKTPHVI0, TOL TEPLGTPEPETAL YOP® 0td TOV Tupnva. Na virodo-
YioToHV:

o) H xwntikn evépyeta 1ov nAektpoviov.

B) H dvvopukn evépyeto Tov atdOHOV.

Y) H oA evépyetla tov atdpov.

o) H evépyelo mov mpénetl va TpocpEPOLE GTO NAEKTPOVIO BGTE

avtd vo Ee@iyel and v €AEN Tov mupnva (1) EVEPYELD QDTN

ovopaetotl £pyo 10VIGHOD).
Atvovtal: To GTOEIMOES QOPTIO €, 1 OKTIVO TEPLGTPOPNS TOV NAE-
KTpoviov r ko n otabepa K .

2 2 2 2

[Am: o) ~K S B) K, Sy 2K L5 K S
2 r r 2 r 2 r
AVO mopaAANAES PETOAMKEG TAGKEG, POPTICUEVEG e avtifeta @op-
Tia, SNUIOVPYOVV AVAUESEH TOVG OLOYEVEC NAEKTPIKO Ttedio. Eva mpo-
ToVIo PaAleTol omd TNV apvNTIK TPOG TN OeTIKn) TAGKO [E ToydTNTO
v, = 5x10° m /s, mopddinia Tpog Tig Suvapkés ypapués. Tota mpé-
TEL VAL EIVOL 1 S10POPE SLVOUIKOD OVAUESO OTIG 600 TAGKES, MGTE TO
TPOTOVIO LOMG VO OTAcEL ot BeTikn TAdKa;
Aivovtat: 1o 6Totyetddeg poptio € =1,6x107" C wou 1 pélo Tov Tpo-
toviov m =1,6x107 kg.
[Am: 1250 V]

Doptiopévo cponpidio palag m = 0,5 g kar goptiov q = —107 C -
AETaL KATOKOPLQO, TPOG TO, TAVE UE opy ik TapvTa v, = 85 cm /s amd
10 BeTIKO TPOG TOV APYNTIKO OTAGUO TUKVOTY, TOPAAANAL GTIS V-
VOLUKES YPOUUES TOL Ttediov Tov mukvoT. Edv 1 dtapopd duvapukon
petaéd tov ortMopmv etvar V =4 kV kot n peta&d toug andotaon d
=4 cm, va Bpebel n eldylotn andGTOoT Omd TOV apVNTIKO OTAGUO
otV onoia Ba pTécel To Gpapidto. Mmopolpe 6To TPOPANLA AVTO Vo
Bempnoovyie 10 PAPOG TOL GPALPLOIOV AUEANTED;

Afvetan g = 10 m/s”.

[Am: 1 cm]

Aenth déoun nhexktpoviov pmaiver pe toydtto v, = 2x10" m/s
GTO TESI0 POPTIGUEVOL EMMEOOV TUKVAOTY] TUPAAANAQ [LE TOVG OTAL-
opovg tov. H tdon petadd tov omhicudv tov mokvet) givar 80 V,
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N andéotaoct Toug eivol d = 2 cm ka1 To punKog tovg givar | = 12 cm.
Na Bpebel n amdKAon g 6éoung Katd v €£006 g and 1o medio
oV Kobmg Kot 1 Slapopd dvvapkod petald Tov onueiov 16650V
Kot Tov onpeiov ££0d0v. Alvetal 10 €101KO POPTIO TOL MAEKTPOVIOL

£ _175x10" C/kg.
m

e
[Am: 12,6 mm, 50,4 V]
1
Zearpkog ayayog Exet oxtiva R =10 cm ko poptio Q =— 3 x107 C.Ké-

o0 GTIYUN €va NAEKTPOVIO EEPEVYEL OO TNV EMPAVELL TG [LE UNdO.-
LV apyIKT ToOTNTA.

o) Noa vroAoyiotel 1 ToOTNTE TOV OTOV £YEL PTACEL GE AMOGTOOT)
r =30 cm amd T0 KEVIPO NG GPAipOC.

B) Noa vroioyiotel 1 pHéylotn TaydTNTO TOL B0l ATOKTNGEL TO NAE-
KTPOV10.

Atvovton: e=1,6x10"" C, m, =9x107" kg, K, = 9x10° Nm*/C?
[Am: 2,66x10° m/s, 3,26x10° m/s ]

Tdpa mov st optio Q= 2x107" C &ivar 6TepE®UEVO GTNY KOPLYY
mAGylov emmédov. To copatioo X €xet pdlo m = 1 mg kot goptio
q = 3x10™* C. To copotido X aprivetar eheddepo o Eva onueio Tov
TAAYL0V EMTESOL OV ATEYEL amOoTUON d Od TO POPTIGUEVO GO
YroAoyiote TNV TayVOTNTA TOL TN oTiyun| wov Ba etdosl ot Paon tov
TAQY10V emTESOL. Oempnote ATL 1| Kivion tov X yivetal yopig TpiPéc.
Egapuoynyw =3 m,d=1m, ¢ = 30°.

Atvovtat: g = 10 m/s” kot K, = 9x10° Nm?/C?.

[Am: 9,6 m / s]

Toatpikdg aymyods pe oxtivo R = 10 cm kargoptio Q = 2x107 C, éyet
Ho. AETTN OMY], KOTG PNKOG piag Olapétpov. Xe amdotacn d = 30
cm amd TO KEVIPO NG KOl GTNV mpogktacn tng gubeiog mov opi-
(el M omy, opivetar onustokd goptio, pe pualo m = 0,5x107° kg
ko goptio q = —4x10” C, 10 omoio Kveiton mpog ™ ceaipa. To
@optio pumaivel oty omn kot domepvd T oeaipa. No vroAoyiotel 1
YPOVIKY| dibpkelo TnG Kivnong tov eoptiov uéca otnv omn. Atvetat
K, = 9x10° Nm®*/C’,

[Am: 14,4 ms]

Avo [KpEG POPTIGUEVEG COATIPES TTOV £XOLV ica PopTio q Kot paleg m
Kot 2m ovtioTtorya, eivol EVOUEVES e AETTO VIO KOL IGOPPOTOVV GE
Aeio op1lovtio eninedo o andotaon | petagd tovg. Kamola otryur to
Vo 6TdEL Kot 01 Gpaipeg apyilovy vo KIvouvtol AOY® TOV AIT®OTIKMV
duvapemv Tov avarntviccoviot petald Toug. No vohoyiotel n oy bT-
T Tov Ba €xel KABe ceaipa TN oTiyUn OV 1 AndGTACT] AVAUEGEH TOVG
O £xer yiver 2. Atveton 1 otaldepd K.

K K
A:2,/ <, <
[Am q6|mq6|m]
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Xy. 3.59
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3.100

3.101

3.102

"Eva onpetakd goptio Q = 7x107° C givor tonofetpévo oe Hyoc h =

3,6 m amd 10 £d0pog. Ao To onpeio A mwov Ppicketatl o€ Vyog h/2 amd

70 £30(0g aprveTon o, pkph oeaipo palac m= 10~ kg, mov @Tdvet

670 £60pog (oto onueio I') pe toyvTnTo.v =8 m/s.

o) Etvol poptiocpévn 1 pikpn spaipa 1 oyt

B) Av amoderydei 6T1 lvarl popTIGUEVT VA VTOAOYIGTEL TO POPTIO
meqg.

Atvovron: K, = 9x10° Nm?/C? g = 10 m/s’.

[Am: 0,8x107° C]

H Bdom evog 1oockelole Tprydvou gival optlovTia, Kol 6TIG GKPES TNG
Bpickovtor ta goptia Q, =Q, = 5x107° C . And ™V Kopve1} Tov Tpi-
YOVOL oL TO eminedd TOL €lval KATAKOPLPO CPNVETOL COUATIO UE
nale m = 5 mg kar poptio q=-2x10"" C. No vrworoytotel 1 Toryd-
TNTA TOL T GTIYLY| TOV TEPTOVTOG OEPYETAL OO TO HECO TNG PAoNg
BT. Aivovtot: Mnkog Bdong | = 60 cm, vyog tprydvov h = 40 cm,
g = 10m/s*, K, = 9x10° Nm?*/C?,

[Am: 4,2 m/s]

2m PBdon Tov TAGYL0V ETITEGOL TOL GYNLUTOG BPICKETUL GTEPEDMUEVO
10 goptio Q= 4x10° C. Xe andotoon r = 40 cm omd 0 Q aPy-
VOULE éva QOPTIGHEVO GO pe palo m= 4 x107 kg kot optio
q= 2x10" C (oy. 3.59). Av 1| kivnon Tov copatdiov yivetor ywpig
TPPEC, VoL VTOAOYIOTEL:

o) H péyrom andoetacn amd 1o Q oy onoia O ¢ptdoel To copo-
Tidlo.
B) H péyiot taydmta mov 0o amoKTNoEL 0TOV OTOUOKPVOVETOL.

Atvovtat: g = 10 m/s*, ¢ =30°, K, = 9x10° Nm*/C’,
[A7: 0.9 m, I m/s]

"Evag mokvetig €yl amoouvoebel and v mnyn mov tov eoptice. Ot

omAopoi Tov A ko B, &xovv duvopuka V, = 50 V kar V, =-50 V, avti-
GTOLYO.

o) ITow etvar 1 Téon TOoL TLKVOTY;

B) Av yeiowoovpe tov omhopd B, Ba oALdEel o poptio Tov mTO-
KVOT);

Y) [Toto Ba givor To duvapkd Kabe oTAIGHOV, PETE T YEI®ON TOL
OTAIGLLOV B;

[An: &) 100 V, B) OXL, y) 100 V, 0]

To péyioto goptio enimedov TLKVOTH, OTOV HETAED TOV OTAMGUOV TOL
&xel aépa, elvar 2 puC. Ilow elvar 10 péyieto @optio mov pmopet va
(PEPEL O TUKVOTNG OV OVAUESH GTOVG OMALGLOVG TOV TOTOOETHGOVLLE
yoorl; H dmhextpucy avioyy tov aépa eivor E, =3x10° V/m xau
0V yvahov E = 14x 10° V/m. Amhextpicr otadepd 1oL YoaALoD
K=5.

[Am: 46,7 uCj
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Zvompa 800 mukvetov pe yopntikomteg C, = C, = 4 pF ocvvdcovtat
peta&d tovg mopdAinia. To cuoTHO TOV dVO TLKVOTOV GLUVOEETOL
pe myn taong V =30 V (oy. 3.60) ko ot mukvetég eoptilovtal. X
GUVEYELDL OLPOV OTTOGVVOEGOVILE TNV TNYN OVAUEGO GTOLG OTAIGUOVG
tov mukvet C, eil6dyovpe dmiektpikd otabepdg K = 5.

o) Noa vroroyiotel To poptio Kabe TLKVEOTY OTOV NTAV GLVIEDE-
HEVOL LE TNV TINYN.

B) Noa vroloyiotel 1 Tdon Kot To Poptio kKabe TLKVOT HETA TNV
QOGUVOEST] TOVG OO TNV TNYN Kol TNV EI00YWYT TOL dnAe-
KTpLKoV.

[Am:a)q,=q, =120 uC, B) V' =10V, q," =200 nC, q," = 40 pC]

Awomuikd oynuo pe pdlo m = 8000 kg koatevBovetor mpog ™
I'm. Tn otyun mov Ppicketan o dyog h = R 1 taydmtd oV givan
v, = 8x10° m/s.

o) Av 3V AEITOLPYNGOLV OL AVAGYETIKOT TOPALAOT TOV VO, VTTOAO-
yiotel N TaydTNTO PE TNV omoio Oa TPOGKPOVGEL GTNV EMPG-
vew g I'mc.

B) Av katd ™ o1dpkela TG KaBOG0L TOV OYNUATOG, GO TO VYOG

h péyxpt v emodveln g I'ng, Aettovpyncovv ot THpaviot,
dnuovpymvtag otabepn avacyetikn dvvaun F, va vroloyiotel
1 TYWN TS OGTE TO OYNUO VO OTAcEL 6TV empavelo TS I'ng pe
UNOEVIKT TaYVTNTO.
Atveton m aktiva g I'mg R = 6400 km «ot n évtacn tov mediov
Bapdnrag oty emdveto. g I'me g, = 10 m/s’. H avtictacn tov
aépa ogv Aapfavetol vToy.
[Am: 8/2x10°m /s, 8x10* N]

AwoTNUIKOG 6TaOUOC TEPIGTPEPETAL G EAAEWTTIKY TPOYLL YOP®
a6 t I, pe eldyiot kot péylotn amdoTacn amd To KEVIPO TG
r = 7x10°m xat r, = 9x10° m, avtictoya. Av n TaydTNTA TOL
otav Bpioketor og amdotaon 1, (eAdyio) eivor v, = 8x 10° m/s, va

VIOAOYIGTOVV:

o) H toydntd tov dtav Bpicketor og amdoTaon r, (Uéyton).

B) H eldyotn evépyeio mov mpémer va mpocpepbel o pio ov-
okev, palog m = 140 kg, mov Ppickeror 6To dSooTnpiKod 6Tad-
uo, Yo va TAGEL 6TO AmePo. AKOOAOYNGTE Y1oTi 1) EVEPYELD
ovtn givor 101 omd omo10dmoTe oNUEID TNG EAAETTIKNG TPO-
YOG Kot av paypatoroindei n fon.

Atvovton 1 axtiva g I'mg R = 6400 km ot n évtacn tov mediov

Bapvntag oy empdvela g Img g, = 10 m/s’.

Inpewvoeig: 1) H nepiotpoen tov Saotnukod otabpod yivetor xo-
pig omoladnmote ypnon Topadriov. I1) H elktikn 60vaun
peta&ld cuoKELNG Kol dloTNUIKOD 6Tafpod gival aple-
Antéa.

[Am: 6,16x10° m /s, 3,7x10° J]
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Ew. 3.15 O actpovavtng omnpile-
Tot 6To S0pLPOPO OV PpioKeTol GE
TPOYLA.

3.106

3.107

3.108

3.109

3.110

‘Eva dtoomnpikd oynue EEKva ympig opyikn ToyvTnNTo omd TO £60POC

Kol KWveiton karakopvea pe otafepny emrdyovon oo = 32 m/s>. Tn
GTIYUN] TOV M TOYVTNTE TOV OTOKTE TIUY TETOLN TTOV TOV EMITPEMEL VO
amopakpuvlel amd to medio Papvnrtag g I'mg otapatd n Asttovpyia
TOV TUPADA®VY Kot To Oy cuveyilet tnv mopeio tov. Nao vroloyiotei
70 VYOG GTO OTOi0 TAOVY Vo AglTovpyohv ot TopavAiot. Afvovtat 1
aktiva g I'mg R, = 6400 km xou 1 évtaon tov mediov Papdntag
omv emdveln g I'ng g, = 10 m/s”.

[Am: 1,6x10° m ]

®élovpe va otethovpe 610 Aldoue éva copa paleg m = 200 kg.
I'o T0 6KOTTO AV TO YPNGUYLOTOLOVLE TOPOVAO TTOL EKTOEEVETUL OO TNV
emoeavelo ¢ I'mg, katakdpvea mpoc ta ndve. O Topaviog Eekvdet
pe tayvmTa undév. Oempolpe 6Tl T0 CAOUN FEXETAL 0O TOV TOPAVAO
otabepn| mpowotikn dSvvapun F=4000 N kot 6Tt ta kohoe, Tov Topod-
Aov dwapkovv péypt va ptdoetl og Hyog 0,6 R amd v empaveia g
I'mg.

Na vroAoyicete 0 Hyog 6T0 0moi0 T0 GO B EYEL ATOKTHGEL TV
ATOPOITNTI TOYVTNTO Y10 VO SLOPUYEL 6TO Aot Kot TNV ToOTN-
Ta, Tov Ba £yel T0 chpa 6TV Pyet amd to medio Papvtnrac g IMg.
Atvovtan 1 axtiva g I'mg R = 6400 km «ot n évtaon tov mediov
Bapdtnrog oV emedveta g Img g, = 10 m/s?.

[Am: 3,2x10° m, 5,06x10° m/s]

O Adyog tov paldv g I'mg kot g XeAqvng eivar % =81 xou n
z

amdotaon TV KEvipwv Toug eivar d = 60 R.. No Bpebei o€ moto onpeio
g evbeiog mov evavel ta kévtpa I'mg ko XeAnvng 1 évroon tov wedi-
ov Bapdnrag eivor undevikn. Aiveton n axtivo mg I'mg R.. Ayvofiote
omoladnmote GAAN Paputikn enidpact ekTog amd avtég g I'mg kot tng
XeMvig.

[Am: x = 54 R and 10 k€vipo g I'ng]

Aot ko oynuo Eekva omo v empdveia g I'ng Kot Kiveiton koto-
Kopvea. H mpomotikn duvaun twv mopadAwv tov eival oe kdbe o,
Yo OAN TN drdpkela TG Kivnong, SumAdote Katd PETpo Kot avtifeng
QOpaG e TO PAPog TOV. YTTOAOYIGTE TNV TOYVTNTE TOL OTOV PTACEL GE
vyoch=R_.

Atvovtor: R = 6400 km, g, = 10 m/s’,

[Am: 8x10° m/s ]

"Evog dopvpopoc pe palo m = 100 kg mepiotpépetat, apykd o€ VYOG

R, mavo and v empaveio mg I'mg. Metd and opiouévo ypodvo, ydvo-
VTOG Oy - Gy VYOS, AOYM TNG GPOING ATHLOCQULPAG, TEPIGTPEPETOL

og vyog 7R /9.
o) Noa vrohoyiotel n petafoin] TG KIWNTIKNG EVEPYELAS TOV dOPL-
ob6pov.

B) Av 1 opom} atudsEapo dNUIOVPYEL TNV TEPLOYY| TNG TEPL-
oTpong avtiotaon A = 0,2 N, va vToAoY16TEL TO GUVOALKO UN-
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3.111

3.112

3.113

KOG TNG EMKOELO0VG TPOYLAG TTOL SIEYPOYE O SOPLPOPOC Y10 VL
QTACEL OO TNV APYIKT GTNV TEMKN TPOYLAL.

Atvovtar: R = 6400 km, g, = 10m/s”.

[Am: o) 2x10° J, B) 10° m ]

Awotnuiko oynua pe pdlo M = 8 ton Tov PHETOPEPEL GEANVAKATO PALOG
m = 1,5 ton, tiBeton o€ TpoY1d YOp® amd T LeAvr o€ vyog h = R/20
amo v empaveld g (R: n akrtiva g ZeAnvng). Kotd m didpkeia
NG TEPLGTPOPNG KATOL0 GTIYUN TO SLUGTNIKO oYM, EAevBEP®VEL TN
GEMVAKATO [LE TETOO TPOTO OGTE 1) TAYLTNTO TNG Vo eivon undév. H
celnvakatog apyilel T0te va KotePaivel mpog T TeAVN EKTEADVTOG
uBvYpapUn Kivnon Katl QTavel GtV EMPAVELL TNG [LE TV KOTAAANAN
YPNOMN TOV OVUCKETIKOV TUPAVA®V EXOVTOG TOYVTNTO UNOEV.

o) Noa vroloyiotel 1 tayhTNTo TOV SUGTNIIKOD OYNUOTOC OLLLE-
oG LETA TNV ATOPOAN TNG GEANVOKATOV.

B) Noa vroAoyiotel To €pyo TG SVVAUNG TOV AVOCKETIKMV TVPUD-
AV,

Atvovtal: H emitéyvovon g Paputntog 6TV EMQAvELD TG XLEANVNG
g, = 1,6 m/ s* kau n axtiva g Zedjvng R = 1680 km. Ayvofiote v
eMidpaoT) AAA®V COUATOV, TANV TNG ZEAVNG.

[Am: 1900 m /s, —192x10° J ]

"Evag dopupdpog pe ndlo m kiveitot kokhikd yopw amd ) I'n pe toyo-

mrta v. Ecotepkn didraén npokaiel Ekpnén pe amotéAecua o dopv-
POpog Vo yowpiotel o€ d0o uépn, and ta onoia to £va, pdlac m,, Guve-
yiler va kveitan otnv 10100 KUKAIKT TPOYL TOV Elye 0 SOPLPOPOS TPV
™V £kpnén evo to dAro, pdlog m,, amokTd My amapaitnTn ToxvTNTO
Y100 v dtapoyet amd v €AEN g I'ng. Yroloyiote Tig paleg m, ko m,
OTIG OTOIEG YOPIGTNKE 0 SOPLPOPOC.

[Am: 2m(v2-1), m(3-22)]

Ao ceaiptkoi TAaviTeg £xouv, 0 TpdTog aktiva R, = 1334x10° m

kot péle m; = 1209x10% kg kot o Sevtepog péle m, = 4m,. Ot wha-

VITEG TEPLGTPEPOVTOL YOP® OO TO KOWO KEVTPO HAL0G TOVG, EKTEAM-

VTOG KUKAKEG KIVIGELG YOpPiG TNV eMidpacn GAA®V SUVAUE®V EKTOC

amd ™ peta&d toug EAEN. H amdotacmn avapeso oto KEVTIPO TOvg ivat

| =40R,.

Aiveton G =6,673x10"" Nm® / kg”.

o) Noa vVTOAOYIGTOVV 01 OKTIVEG TEPIGTPOPNG TOVG,.

B) Na vrohoyiotel 1 ehdytot TobTNTE LE TNV OTTOi0L TPEMEL VAL
PAnOet éva PAuo. amd TNV ETPAVEIN TOV TPAOTOL TAGVITI
MOTE VO, PTACEL GTO dEVTEPO.

Znueioon: Oa Oempnoete OTL 01 TAUVITEG OEV TEPIGTPEPOVTAL YOP®

a6 Tov AEoVA Tovg Kot 0Tt dev EYOVV aTUOGPOLPAL.

[Am: 42,69x10° m, 10,67 x10° m, 1025,8 m /5]
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Ew. 3.16 O ®6Bog, Sopupodpog tov
Apn.



Ew. 3.17 Robert Millikan (1868-
1953). Hvopéveg Iolrelec.

TO IIEIPAMA TOY MILLIKAN

Tnv mepiodo 1909-1913, o Robert Millikan (Mikikav), pe éva gumvev-
ouéva oA TTEIPOLLOL TTOV TPOYUATOTOINGE GTO TUVETIGTHUIO TOV ZIKAYOV, LE-
TPNOE YO TPDTI POPE TO CTOLXEUDOES POPTIO € KOl AmEDEIEE OTL TO NAEKTPIKO
@opTtio etvat KPAvTIGUEVO - DTEAPYEL SNAOOT LOVO GE SLOKPLTEG TTOGOTNTES, TOV
glvat axépato TOAAUTAGGLO TOV GTOLYELMIOVS (POPTIOL €.

Y10 oyfuo PAémovpe TO HOVIELO TNG TEPOUOTIKNG CLOKEVNG TOL
Millikan. AmoteAeitor amd 600 mapdAinieg petadlhcéc mAdkes. H mévo mAdko
EYEL POl LIKPT TPUTO, otd TNV o7oia S1EPYOVTOL LKpa otoyovidla Aadtov. Ta
oTaYOVIOLo aVTA Eival EOPTIGHEVE AdY® TS TPIPNG TOVG LE TO AKPOPVSLO TOV
YEKOGTNPO e TO 0T0i0 Yekd(eTol To Addl. Mia opilovTio déoun emTog emTilet
T otaryovidio Aadlov, ta omoia pmwopolv vo mapatnpnovv pe évo Kpooko-
mo. Kabdg 1o g méptel mvo 6T 6Tayoviolo anTd poivovTol ooy AaUTepd
onpeio pécO 6TO GKOTASL.

Xy 3.61 To povtélo g cvokevng tov Millikan.

‘Eoto éva otayovidlo palog m mov givat pOpTIGUEVO LLE APYNTIKO (Op-
tio g, AOy® TG TPIPNG TOL UE TO OKPOPVGLO TOL yeKaotpa. Edv dev vapyet
NAEKTPIKO ESIO AVAUESH GTIG TAGKEG, GTO GTAYOVIO0 dpovv VO SLVALELS: TO
Bapoc Tov Mg oV KaTELOVVETAL TPOG TO KATM, KOl 1 avTioToon tov oépa F,
OV KATELOVVETAL TPOG T TAV®.

H avtiotaon (F) dev etvar otabepn aArd eEaptdror omd Ty To0TNTo
[e TV omoia TEPTEL TO 6Tayovidlo. [a pkpég TayvTNTES, 1 0VTIGTAOT TOL O¢-
YETOL GTOV GEPOL LDl LUKPT oaipa, OTMG 0l GTOYOVEG TOV A0V, divetal amd
T oyéon

F=Cvu=6nurv
61OV U 10 1EMEG TOV aépa (1EMOEG: Eva péyebog Tov delyvel TOGO TAYVPPEVCTO
glvat éva pgvuoTo), T 1 OKTIVOL TNG GTAYOVOS KOL U 1 TOYVTNTA TNG.

Ooco 10 Bdpog mg eivar peyaAdtepo omd TV avticTacn, 1 oToyova
emttayvvetat. Kabog opme n taydmtd g avEAveTal, HeyoA®VEL 1] avTioToom
Kot cuvtopa yivetat ovtifetn pe to Pépog. Tote N oTOyOV OTOKTA oL TEAKN,
OPLOKT] TOYOTNTA.

mg = F dpa mg = 6murv (3.65)
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H palo g otaydvog pumopel va ypapei m = Vp, 6mov p 1 Tokvomta kot V o
4
0yKoG ™G otayovas. O dyKog g oTayovag eival 5”3 (6yxog cpaipag).

Onodte n oyéon (3.65) yiveral
4, .4
gnr pg=6murv 1 gnr pg = 6mpL (3.60)

H toydtra pe v omoia Kiveitan éva otoyovidlo givol pePIkd EKOTOGTO TOV
€KOTOGTOV TOV PETPOV TO OEVLTEPOAETTO KOl ETOUEVMG EIVOL OLVOTOV VoL LETPT)-
O¢i, omoTe M oyéon (3.66) pag divel v aKTiva TG 0TOYOVAG.

‘Eoto tdpa 0Tt uvdEovLe TIg 300 TAAKEG [LE TOVG TOAOVS LULOG TTNYNG,
£T01 OOTE 1 ETAVO TAAKO Vo €L TO VYNAO duvaptko. Topa extdg amd Tig 600
SVVALELG TTOV avAPEPOMKOV TPONYOLUEV®MS, GTO CTOYOVIOl0 OGKEITOL KOl 1ol
duvaun and 1o medio Eq. Yrobésapue 6Ti To poptio q eival apynTiko, ETOUEVMG
N NAEKTPIKN SOV KaTevBvveTal TPOG Ta TAV®. AT TO HETPO TG dhvaung Oa
e&aptnBet av 1o otayovidlo Bo cuveyicel va KIVEITUL TPOG TOL KAT®, e KPOTE-
pn TovTTa, 1 Ba avtiotpéyet v kivnon tov. Omwg Kot vo YEL 1| GUVIGTAUE-
VI TOV TPLOV SVVAUE®V YIVETOL TOAL UNOEV KOL TOTE 1] GTAYOVA TEAKO OTOKTA
[ VEL OpLOKT] To TN TO.

Ag mapovpe TNV TEPINTOON OTOL M NAEKTPIKY dVVOUN €lval apKETA
UEYAAN Kot TO 6TOyoVidlo Kiveltol Tpog ta Tavm, tote M avtiotaon F, katev-
Bvvetar mpog ta KAT®. Av v’ gtvar 1 VEo oplokT| TaOTNTO OV B0l ATOKTHGEL N
oTayovVa, 1Y0EL

XF = 0 enopévog qE — gnﬁpg —6murv’ =0

Metpavtog v v’ Kot £xovtag 101 VIOAOYIGEL TNV aKTivVa, amd TN o)é-
on (3.66) umopobpe va vroAoyicovLe To QopTtio .

Me wo peydin oepd petprcewv o Millikan Bprjke 6tt to poptio kabe
oTOYOVOC NTOV OKEPULO TOAAATAAGIO UIKG GTOLYEIDOOVE TOGOTNTOC POPTIOL €.
"Exove axépo v vobeon 01t T0 poptio avTd NTav {60, G€ AmOALTN TIUN, UE
T0 QopTio evoc nAektpoviov. H vobeon| tov emPefoardbnke. o v epyacia
tov avtn o Millikan Tyfnke to 1923 pe to BpaPeio Noumel.
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F
l v To’
F
mg mg
) ®

Xy. 3.62 (o) Ot dvvapelg oty
GTOYOVOL OV TEPTEL LE TNV OPlL-
ok ™mg ToxvmTa v. (B) Ot dv-
VALELS TOPOVGTOL TOV NAEKTPLKOV
nediov.







MAI'NHTIKO IIEAIO

147

4

Nouog Biot-Savart 148
Nouog Ampere 151
Nouog Gauss 154
Kivnon popticuévawv
OWUOTIOV OE UOYVHTIKO
meoio 157
Avvoun Laplace 163

2ovoyn 166

Aoxnoeig 167



Ew. 4.1 Hans Christian Oersted
(1777-1851). Kabnyntig ouowmg
omnv Komeyydyn, avokdivye tn po-
YVITIKN OpAoN TV NAEKTPIK®V PEL-
patov, oavoiyovtag tovg opilovteg
Yo T KEAETN) TOV NAEKTPOUOYVNTL-
GOV.

I

Xy. 4.1 To payvntiko medio AB mov
dnuovpyet to tunpa A/ Tov ayoyod
670 onueio A, eivor kabeto oto Emi-
medo tov Pifiiov kot pe opd omd
Tov avayvoot mpog to Pifiio. H
@opd dnravetar pe 10 Q.

4-1 EIZATQT'H

To, peydia frpato 6TV EXGTHUN YIVOVTOL GTO EPEVVNTIKG KEVTPO, TOV
GUYKEVTPMVOLV TOVS KOPLPOIOVS EMGTILOVES TOV KOPOV TOLG KOl VAL £pO-
dwaopéva pe ta o eEehypuéva opyova. O kavovag, BEPata, siye Tig e€upéoelg
TOV.

Y11 e&apéaelc Tov Kavova, Evag Aavoc SAoKOAOG TG PLGIKNG GE GYO-
Aeto g Komeyydyne, o Hans Christian Oersted (Epotevt), xatd ) didpkela
eVOG MEPALATOG TOV EKOVE GTNV TAEN TOV, TOPATHPNGE KATL TOV GTOV KAPO
TOV NTOV OIGTEVTO: TO NAEKTPIKO pedLO emnpedlel Tn poyvntikh Tuéida.

Méypt tote Yvadpilov TNV DIOPEN TOV LOVILOV LOYVITAOV KOl TN LETO-
&1 tovg adnieniopaon. To meipapa tov Oersted £5e1&e OTL KO TO MAEKTPIKO
pevpa emdpd oTovg payvntec. Atyo apydtepa, o I'dAlog puoikdg Ampere, KA-
vovtog €va PpHo Urpootd, VTocTPEE OTL TO NAEKTPIKO pEvUA Elval 1 LOVO-
OIKN YN TOV HOyVNTIKGOV Qotvouévov. Tnv epunvela g oyéong avapesa
oTNV Kivnomn eoptiov Kot to poyvntiopd myv £8woe oAb apydtepa, To 1905, 1
Bewpia g oyeTIKOTNTOGC.

Ot oAMNAETIOPAGELG HETOED LOyVIT®V 1 HETAED HayVNTOV Kot KIVoD-
LeVOV QopTiV ival OAANAETIOPAGELS OO ATOCTOOT Kot Y1 avTd 1) £VVOld, TOV
7edI0V TPOGPEPETAL YO TNV TEPLYPOPT TOVG. AVTH TN QOpa Oo LANGoLUE Yia
TO POyVITIKG Tedio. Ommg KAVaLLE KOl GTNV TEPITTMOON TV dVO AAA®V TESIMV
OV HEAETNOOLE, TO HayvNTIKO edio o To Teptypdpovue pe TV EVTaon TOV
(tn Aéve Ko poyvntikn enaymyn tov mediov). o Adyovg amddtntag, Oo Aéue
«T0 poyvntiko medio By kat o evvoolpe «to poryvnTikd medio mwov Exet Evioaon
B».

210 KeQAAL0 avTO Bo acyoAnBodE apyIkd Le TIG TNYEG TOL LYV TL-
KOV eSOV, TOL ival ToL PEOLOTO, KOL GTI GUVEXELD LLE TIG SUVALELS TOV 0CKOVV
To. poyvntika media. To payvntikd medio mov Ba eEetdoovpie Ba eivor otabepd.

4-2  NOMOZXZ TQN BIOT KAI SAVART

Atyo petd mv avokaioyn tov Oersted OTL TO NAEKTPIKO PEVLLOL OT|LLL-
ovpyel YOpw ToL payvnTiko medio, o1 Biot ko Savart (Mmio kot ZaBdp), Pacilo-
LLEVOL GE€ TEPUUATIKEG LETPNOELS, KATEANENY GTO VOO TTOV SIVEL TO LOryVNTIKO
nedio mov dnuovpyel £vag aymyog o omoiog Stappéetal and pevLLAL.

Av évag aymyog dwappéetar amd peopo évraong I, éve moid pikpod
Tufqpa tov, pfkovg Al, dnprovpyei o€ éva onueio A mov anéyer ano-
otoon r omd to Tpfqpa Al poyvntié medio AB pétpov

_ B IA

AB 2
drt r

o @.1)

1 oyéomn avt 10 0 glvon ) yovia Tov oynuatiCovv ta dtavocpato Al
kot r. H G’raespfx K, Aéyetan ROyVITIRH 6}un£par0’mra 10V Kevov. To 81(1\/1)’—
opa AB givon k@beto oto eninedo mov opiletar and to Al kot o r ko 1 popd
TOV diveTon Ao ToV Kavova Tov 55100 XepLov.

148



Av tomofetncovpie TNV ToAGUN TOV dEEL0V YEPLOV GTO EMIMEDO TOL OPi-
Ceton omd 1o Al kot 1o onpeio A, £T61 dGTE 0 avTiyelpag va deiyvel T opd Tov
PEVLLOTOG KOl ToL LITOAOUTA S TVAN VO, BpickovTal amd TNV TAELPE TOL GNUEIOD
A, 10T€, 0V TOL KAPWOLUE, To. bITOAOTA ddyTuAa Ba deiEovv T opd Tov AB.
To tpunqua Al Bewpeital TpocavaToMouévo, ue popd idia pe T Popd ToL PEL-
LLOTOG IOV SLOLPPEEL TOV Ay YO.

To payvntiké nedio B, oto SI, perprétor og Tesla (T).
H poyvnrik) Stamepatdro, tov kevod eivan p, =4nx107 Tm/A.

O vopog tov Biot kot Savart, divel To poyvnTikd medio mov dnpovpyei-
Tal oo Eva Ldvo TOAD HKpO T Tov aywyov. [ va fpovpe To poyvntikd
nedio mov dnuovpyel o€ Eva onpeio OAOKANPOG O aymYOC, TPETEL VAL YOPIGOL-
LE TOV ay@yd 6€ TOAD HIKPA TUNHOTO Kot 6T GLVEYELD vo. aBpoicovpe (Sio-
VOGUOTIKA) TO TESI0L TOV STLLOVPYOVV OACL TOL LIKPEG TUMLLOTO TOV 0y®YOD GTO
onpeio mov e&etalovpe.
B=AB, +AB, + AB,+ ....

O vépog twv Biot kot Savart givat OepieMdong vOLOg 610 HoyvTIGHLO
kot moiler poho avéroyo e ekeivo tov vopov tov Coulomb 610 GTOTIKO NAE-
KTPIOUO.

4-3 EOAPMOI'EX TOY NOMOY TQN BIOT
KAI SAVART

To poyvntiké medio vOHYpappov peopaToPopov ay®yov

‘Eoto 10 guBOypappo cdpua tov oynuotog 4.2, uikovg L mov dwop-
péetal omd pevua évtaong L. o va vmoloyicovpe 10 poyvntikd medio mov
ONuovpyel 0 aywydg 6To oNpElo A, TOV AMEYEL ATOGTOCT O OO TOV AyMYO,
yopilovpe Tov aymyo cg ToA kpd tunpate. 'Eoto éva tétoto Tufipo Pikoug
Al ov anéyel andotaon r omd to onueio A. To pkpd avtd Tpfpo dnpovpyel
070 oNUEio A poyvnTiko medio HETPOL

IA
AB=Ee —-nue
47

2
T

To AB givar k0eto 610 eMinedo TG GEAIDNG LLE POPA TPOG TOV AVOLYVA-
om.

[N va Bpovpe to edio mov dnpovpyel OAOKANPOG 0 aymyds, GTO ON-
ueio A, abpoilovpe to medion OOV TOV TUNUATOV GTO 010l £XOVLLE YMPITEL
oV ay@y6. O vToAOYIGHOG TOL 0OPOIGUATOG ALTOV ATALTEL T XPTOT) OAOKAN-
POUATOV Kot vepPaivel To eninedo TV pHabNUoTIKOV 0wTtov Tov PBiiiov. To
afpotopa divet:

u

I
——(ovvh, —cuvb,)
4m o

B= 4.2)

Av 10 cVppa €xel Amelpo PNKog (UKo TOAD LEYOADTEPO OO TNV ATo-
otaon a) ot yovieg 0, ko 0, maipvovv Tipég 0 kon m avtictorya, karn (4.2) divet:

pote 2l

i (4.3)
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Ew. 4.2 Jean Baptiste Biot (1774-
1862). I'oAhio. Amd@ottog g me-
pipnung Ecole Polythechnique kot
kabnyntg oto Colége de France.
Acyolnke oxedov pe OGAOLG TOVG
topeig g Dok TuvepyacTnke
pe tov Savart og pua Osopio yio to
poyvntiopd. Bpofedbnike oamd ™
Pactlkn) etarpeion EMOTNUOV NG
AyyMog, kétt acvvnBioto av Adfet
Kovelg vmoyn tov TV gxbpdmTa
OV VANPYE GTNV EMOYN TOV CVALLE-
oo oty Ayydo kot ) FoAdio kot
GTO EMOTNUOVIKO TEDTO.

< L >
Xy. 4.2 10 onueio A T0 poyvnTikod
nedlo opeiletar 6T GLVEIGPOPA
OAOV TV TOAD HIKPAOV TUNUATOV
Al 100 gBVYpapOL PEVLHATOPOPOV
ay®yo.

A
A
s S
// :“ ;\\ 0
AL —>
< L >

Xy. 4.3 L0 oynuo aivovot ot yo-
vigg 0, ka1 0, mg oyéong (4.2).



R

1

Xy. 4.4 Me tov kavova tov de&lon
YEPLOV UTOPOVLLE VoL BPOVLLE TN POPEL
TOV SLVAUIK®OV YPOLU®OV TOL Tedion
OV dNHLOVPYEL 0 AY®OYOG.

Ew. 4.3 AwoOntonoinon tov poyvn-
Tiov mediov evhvypappov aymyon
e pwvicpoto Gdnpov.

Xy. 4.5 To poyvntikd medio mov om-
Lovpyel  KUKAMKOG  PELHOTOPOPOG
ay®ydg 6To KEVTPO TOL givan KaBeTo
670 €nined0 TOL KHKAOL [LE POPE TOV
Bploketan pe Tov Kavove Tov 6e€100
YEPLOV.

To pétpo tov B givar otabepod og kabe onpueio KHklov axtivag o Kot
dtevbuvon| Tov, o€ kdBe onpeio, kdBeTn o610 eNinedo mov opileTatl amd TOV Uy®-
v6 Kot 0 onpeio. Ot SUVOUIKES YPAUUES EVOG TETOL0V TEGIOV Eival OHOKEVTPOL
KOKAOL [LE KEVTIPO TTAV® GTOV ay®mYO Kol [e TO £MINENO TOVG KAOETO G~ ALTHV.

To oynua 4.4 divel TV TPIGOAGTATY OTEIKOVICT] TOL TTEdiov TOL dn-
povpyet €vag evBOYPALLLOG PEVUATOPOPOC ay®YHS TOAD LeydAov unkovs. H
QOPA TOV SUVOUIK®V YPOUU®V Umopel v Ppedel edkoAa pe TOV KOvOva TOV
0e&100 yeptov. ZOpPwva pe avtdv, Tomobetode Tov avtiyelpa Tov deE100 ye-
pLov GTNV KaTELOVVGEN TOV PEVUATOG TOV SLOPPEEL TOV OLyDYO Kol KAUTTOVLE TO,
vrorowa ddytvAa. H popd tmv Suvapkdy ypappoy givat idwo 1 T ¢opd mov
kaBopilovv ta dayTvAa.

To poyvnTiké n€dio 6T0 KEVIPO KUKAKOU PEVRATOPOPOV ay®yoD

To oynua 4.5 deiyvel évav KuKMKO ay®yd OKTIVOG I TOL SlopPEETUL
oamd pevpa évraong L. Ta va vroroyicovpe to payvntikd medio mwov dnpuovp-
vel évag TET010G aymYOg 6TO KEVIPO TOV, YOPILOvLE TOV ay®mYO GE TOAD LKPA
tuipata. Eva téroto tuiua Al, cdpgova pe to vopo tov Biot ko Savart,
dnuovpyet 6to ké€vipo O payvntikd medio pétpov
l’lO IAI] o HO IAZ]
aB, = 4n 1’ nuo0 = 4n 1

H devbuvon tov AB, eivan kabetn 610 eminedo Tov KUKAOL KoL 1| POPE TOL
mpog to. Tave. To emdpevo modd pikpd tunpo, unkovg Al dnuovpyel oto on-
peio O payvntikd medio pHéETpov
IA
AB, = ﬁ—fz
4T

idag karevduvong pe to AB,.

To poyvntikd nedio B mwov dnpovpyei oAOKANPOG 0 KUKAIKOG aymyOg TpoKD-
TTEL A6 TO OOVVCUATIKO GOpolcpa TV TEdimV oV dNUIOVPYOHV T TUALOTO
TOV ay®YoV, Kot ENEWN OAG Exouv TNV 1010 kaTtevBuvon,

u, 1Al +AlL +..)

B=AB, +AB, +AB; +...= >
4 r

(4.4)
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To @Opowopa Al +Al, +... diver v mepiperpo ToL KLUKAKOD aryeyod 27r Kot
n oxéon (4.4) yiveron

_ B, 2
4t r

B

To B, oto O, givotl kG0eto G610 €MIMEGO TOV KVKAIKOD Oy@YyoV Kol 1 pOpd TOV
dtvetat amd tov Kavova Tov 0100 Yep1ov.

4-4 O NOMOXZ TOY AMPERE (AMIIEP)

O vépog Tov Ampeére eival o YEVIKY] 6Y£0T OVOUESH GTO LOYVITIKO
nedio Kot oTIG TNYES TOV.

Eidape 611 évag svB0ypaplog pevpato@dpog aymyds onpiovpyel yopw
TOV HOYVNTIKO TEGI0 TNG HOPPNG TOV oYNUaTog 4.6, Le £vTOaoT LETPOV

B Mo 21
4n o
Ag yopioovpe po SUVOIKN YPOpUn 6€ TOAD pukpd tuqpata Al kot ag
vroloyicovpe To afpoicua TV yvouévev B Al cuvo katd unmkog g duvopt-
KNG ypopung. 0 eivar n yovia avauesao oto Al kot oto B. Engidn 610 cuykekpt-
pévo medio M yovia avth eivoar undév, To GLVNUITOVO NG YOViaG Elval Lovada.

ZB Al cuvo =ZB Al kon emedn to pétpo tov B elvar otabepd to dBpotopa

YPAQETOL

S BAlcuvO=BY Al =Z—°22na —p,I
T O

AvTo onpaivel 6Tt To AOpoIGHa TOV TPMOTOV UEAOVG gival ave&dptnTto
™G AmOGTACNG o OO TOV Ay®YO. ATOOEIKVIETOL OTL TO ATOTEAEGLLO OVTO givat
yevikd kot woybel Yo kibe KAelot| dadpoun péca amd TV omoin SEpyeTo
otafepd pevpo. Xy TePINTMON TOL 1) KAEOTH S0dPOLY| TEPIKAELEL TEPLGGO-
TEPO TOV €VOG PEOUOTO -Kail OEV EXEL OTUOGIA OV OL 0y@Yoi Elvar EvOVYpappoL-
KGOe pevpa TOL SEPyETOL LEGO aTd TO PPOY0 (KAELGTY] S10OPOLT) GUVEIGPEPEL
xatd p L.
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Ew. 4.4 AwcOnrtomoinomn tov poyvn-
KOV Tedlov KLKAMKOD oymyolh pe
pwicpoto 6101pov.

Ew. 4.5 Andre Marie Ampeére
(1775-1836). ToaAria. Kabnymtig
¢ Ecole Polythechnique. Awto-
nwoe po cuvheTikn Bewpla yio Tov
NAEKTPOLLAYVNTICULO KO OTESOGE TIG
LoyvNTIKéG 1010TNTEG KATOI®V VAL
KOV G€ LIKPOGKOTIKA KAEGTA pev-
LT GTO £6MTEPKO TNG VANG.

1

Xy. 4.6 Katd pnkog g duvopikng
ypopung ta Al ko B givot cuyypayp-
pd (0 =0).



Kota prkog piog KAEL6TIS 0100 popi]g T0 GOPOLCHE TMV YIVOUEVOY
B Al 6uv6 6ovTOL pE w1, 6mov I, To akyefpiko GOporspa tov
PEVUATOV TTOV LEPYOVTOL UTTO TNV EMPAVELD 1] OTTOl0 TEPLPALAETON
omo TNV KAEwoTH VT dradpoun. (Nopoc Ampere).

> BAloovO=pI,

H @opd mov avtictoyel og Betikd peopa opiletar and tov Kavove Tov deE100
YEPLOV. AV Ta dAKTLA TOV deE10D YEPLOV dElYVOLV TN POPA Kivnong oto Bpoyo,

Xy. 4.7 To 4Opowoud tov yvopévov ) ’ ) / .
0 avtiyepog opilet T OeTikn Popa Yo TaL pedUATO.

BAlouvO katd puikog onolacdimo-

1€ KAEIGTNG SL0POUNG OV TTEPIKAEL-
e1 70 pedpa I ivor ico pe L. To B otV mapoandve oyéon opeiletal T0GO 6Ta PEOILOTO TOV TEPIKAEL-

€1 0 Bpoyog (KAeloT d1adpoun]) 660 Kol 6€ PELLLTO TOVL Ppickovtal EE® amod
oVTOV.

Xy. 4.8 To dOpowopa TV yvopévov

BAlovvo kotd pikog kielotg St~
dpoung eivar ico pe ™ otabepd p \ ‘

eni 10 adyePpid AOpoIGHa TOV PEV- ' Al
B

UATOV TOL TEPIKAEIEL 1] KAEIGTY| dla-
dpopn. Edd to alyePpikd dOpotopa
0V peopdrov givor 1, -1, =1L +1,. I I’L I\
s
A M

[pénet va Toviotel 6TL 0 vOUOG TOv Ampere GYVEL LOVO Yo oTodepd
PEVUATO KOt Y10 oTaBEPE LLoryvNTIKA TTEdiaL.

Onwg o vopog tov Gauss PG emtpénetl va vToAoyilovpe To NAEKTPIKO
nedio Tov dnUovPYEiTOL OO GUUUETPIKES KOTOVOUES POPTIOV, £TGL KL O VOHOG
Tov Ampere HAg O1EVKOAVVEL va, vToAoYilovpe TNV £vTaon 6€ payvnTikd medio
nov gpeavifovv cuppeTpia.

ITAPAAEIT'MA 4-1

Ymoroyiopdg 100 payviiTikoV wEdiov wov dnpovpyel e00VYPappRog aymYOS PHE ATEPO PNKOG, TOV
owappéeTarl and pevpa otadepis évraonc. (To id1o0 TpOPANUA TO EYOVUE AVTILETOTIGEL YPTCILOTOIDOVTOS TO
vopo tov Biot kot Savart).

Amavinon:

H ovppetpion g Sidtaéng emiPdiiel to Hé€Tpo Tov pHayvnTikoy Tediov mov dnpovpyet £vag TETO10g
aywyoc va etvat 1010 o€ Oha o onpeia mov wanéyovy and Tov aywyo. H diehBuvon tov mediov, o kdbe onpeio,
glvar kaBet oto eminedo mov oynuotilel o ayydS Kot 1) amdcTUoT 0 TOV GNUEIOL Ao avTdv. Andadn To PETpo
Tov B givai 10 1010 og KGOe onpeio evog KHKAOL TOL €)EL TO KEVIPO TOL TAV® GTOV 0y®YO Kol TO ENINESO TOV
Kkd0eto 6° avtov. H diehBuvon| tov gival epantopevn oe Kabe onpeio g meprpépetog Tov KhkAov (oy. 4.9).

T va epapuodcovpe to vopo Tov Ampere emAEYOLLE 0L KAEIOT KUKAIKT SL00pOU| OKTIVaG o, L
KEVIPO IOV GTOV 0y®YO Kol TO EMinedO G KAbeTo 6 avtdv. Xmpilovpe tn Sadpoun o€ TOAD [KPE TN AT
Al
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®a vrohoyicovpe to dbpotsa TV yvopévev B Al cuve katd pniog
™G KuKAMKNG dtadpopng. H katevBuvon tov tunudrtov Al og ke onpeio givar
1o pe v katevbuvon tov B o exeivo to onueio, emopévmg n yovia 6 wov
oynuotifouv gival undév Kot To GLVNUITOVO TNG LOVADAL.

ANl e
ZB Al cuvb = ZB Al xon emeldn to pétpo tov B givan otabepd 1o dBpotoua ?
ypbpeTan ZB Al cuvl = Bz Al =B 2na T
I
Amd 10 vOpo Tov Ampere EYOVLE: ZB AloovO=p I =pl

Xy. 4.9 Epoppodlovpe 1o vépo tov
w1 w21 Ampére cg KUKMKN Sdpopn mov
Emopévog B2mo=p,Inq B= Z_;E = 4—;5 CUUTITEL PE 10, SUVALIKT] YPOULY.

Ddracape niadn amd ahio dpdpo ot oyéon (4.3).

ITAPAAEII'MA 4-2

Y7oAoYIopHOG TOV PayVITIKOD TEGTIOV CMANVOELOOVS, UTEIPOV PIKOVGS, TOV JLOPPEETAL 00 PpEVNO oTOOE-
pig évraong L

Anavinon: E B0 A

10 oynua 4.10 PAémovpe o TOU TOV GOANVOELBOVG I Emime- «— ] —
d0 mov mepEyeL Tov aEova Tov. I'vmpilovpe (Telpapatikd) 6Tl 6To E6MOTE- 0/0/0/0/CI0/0/0l00/0/0/00/0/0!0l0;
PO €VOG COANVOEIOODE UEYAAOV UNKOVG TO HoyvnTikd edio gival opo- B A r >
YEVES Kot TapIAANAO e ToV AEovE Tov. EEm amd To cmAnvoeldég 1o medio >

elvar 0o0evég, GUYKPIVOUEVO UE TO TEGIO GTO ECMTEPIKO. TTNV 1O0VIKN >

TEPIMTOGT) TOV TO UNKOG TOV GMANVOELSOVG EIvVOL ATEPO, TO LOYVITIKO BRHIXOIDOOOBOOOD

nedio E€m omd avtd pmopei va Bewpndei undév. Ty. 4.10 E@uppolovpie To vopo tov Ampére
TNa vo epopprocovpe To vopo Tov Ampere ETAEYOVUE piol dlo- o Swdpopn ATAEA.

dpoun oynuatog opboymviov unkovg |, 6Twe oto oyua 4.10.

To éOpotopa Tev yvopévev B Al cuve katd pikog g dtadpounc AT givan Bl. Katd pikog tov dwo-
dpopdv I'A kot EA to 1610 dOpotopa givar undév yiati, 0mov vdapyel, To Hoyvntikod medio gival kdbeto otn
dwdpopn. Eropévmg ouvl = cuv90° = 0. Téhog, katd punkog e AE eivon emiong undév yioti otnv meployn ot
dev vapyet payvntikd medio (B = 0). Erouévamg

ZB Al cuvO =B/

’Evu(rpcova ue o vopo Tov Ampe’re 10 a99010ua o £ivar ico pe To yvopevo mg otabepdc p, et s
GLVOMKO peda oV dlamepva To opboydvio mhaicto. Av I to pevpa mov dappéet kKabe omeipa kot N o aplfuodg
TOV OTEPDOV TOL TEPIEXOVTAL 6TO 0pHOYHDVIO TANIG10, TOTE TO OALKO PpELLL TOV dEpyeTar givor NI.

Emopévag ZB AloovO=p I =p NI 1 Bl=p NI  omnote B= MJ? (4.5)

av 6mov N/l Bécovpe n, 6OV TO N AVTITPOGOTEVEL TOV APOUO TOV OTEPOV avi LOVAda uMKovg, 1 oxéon (4.5)
yivetat:

B=p,In (4.6)

[Mopdro mov N oxéon (4.6) Bpebnke yio cOANVOEWES ameipoy UiKoVG, divel pe peyain akpifelo to
Layvn Tk edio 6TO €6MTEPIKO OTOLOVONTOTE COANVOEIBOVS LE LEYOAO UNKOC. XT0, AKPO, TOL GOANVOELO0VE I
Ty tov B glvon pikpotepn, mepimov 1 puon.
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v

21T

v

B

A\ 4

Xy. 4.11 H emodvelo A givor tonobe-
TNUEVN GE€ OLOYEVES ayvITIKO TEdio
hoTe 10 KGOETO 6” AT dtévoopo A
va oynuatilet yovio 0 pe g duvapt-
KEG YPOLLLLES.

=

Xy. 4.12 TNo kaBe Khelotn emeaveia
0 aplipog TV SVVOKOV YPOUIOY
mov eweépyovtar gfvar 16og pe Tov
aplud TV ypoppmv mov e&épyo-
VTOL.

4-5 MAI'NHTIKH POH

H pon tov poryvntikod mediov opiletat pe Tpomo avaAoyo He ovtdv Tov
opiomnke 1 pon ToL NAEKTPIKOL TTESIOL.

‘Eoto o eninedn empdvela epPfadod A HEGO G€ OUOYEVES LLOYVITIKO
nedilo. H poryvntikn por mov diépyetan and v empavela ivat

@, =BAcuvO

Omov 6 N yovia avAPESH OTIS SUVOLKES YPOLLIES KOl O pia KEOeTn oty emt-
eavela A. Movado g payvntikng pong eivatr to 1 Wb (Béumep).

Av n empdvela A dev givar eminedn M av o poyvnTikd nedio dev etvar
OpOYEVEG 1 av cupPaivouy Kot Ta 000, Yo VO VTTOAOYIGOVLLE TN HOYVNTIKY pon
7OV S1EPYETAL OO TNV EMPAVELL YOPILOVUE TNV EMLPAVELD GE GTOLXELDOT TUN-
pato AA, 1060 [uKpd ®oTe va pmopovv vo BewpnBolhv enimeda Kot TO pLoyvnti-
K6 medio oty meployn kabevog va umopei vo Bempnel otabepd. Yroroyilovpe
™ porn mov dEpyetar omd kdbe empdveio AA. To dBpolopa TV LayvnTIKOV
POMV TTOL JEPYOVTOL GO OVTE TA GTOLXEWDON TUAHaTa. Oa eivat 1 pon Tov wep-
vagl and TV EMPAVELD A.

4-6 ONOMOXZ TOY GAUSS 2TO MAI'NHTIZMO

Xmv mapdypago 3-3 gidape 0Tl N NAEKTPIKN PO TOL SEPYETOL OO
Qo KAELoTH empdvelo givot avaloyn LE TO POpTio TOV TEPIKAEIEL 1) EMLQAVELD.
Avtifeta pe 6,11 ovpPaivel 6To NAEKTPIKO TEGT0, GTO OTOI0 01 SOVVAULUKES YPOLL-
UEG elvar avoikTég (EeKvovv amd @opTio 1 KOATOANYOLV GE GOPTia), GTO LoyVN-
TIKO TTEO10 O1 YPOUUUES ElvaL KAEIGTES, OV EXOVV apyN KOt TEAOG. ZVVETELD QLTS
TOVG TNG 1010TNTaG ival 0Tt Yo KAOe KAEIOTH EMPAVELD. HECH GTO LOYVNTIKO
7Ed10, 0 0PLOLOG TOV SLVALUKDV YPOLLOV OV EIGEPYOVTOL Eivat TAVTO 160G e
oV 0pOpd TOV YPapU®VY oV e€EpYOVTOL. AP 1) LOYVITIKT] pOT} TOL S1EPYETOL
OO [0 OTOLOONTTOTE KAELGTT EMPAVELD ETvOL UNOEV.

H poyvntuki pon mwov owépyetol amd pio KAELGTI] EMPAVELD EIvaL
navrote pnodeviki). (Nopog tov Gauss 6to HoyvnTIopo)

®, =0 (4.7)

To @uod TEPLEYOUEVO QVTNG TNG TPOTAONG €lval OTL dgV LIAPYOLV
ONUEIOKES TTNYEG LOYVITIKOD TTEGIOV, OTMS VITAPYOVY GTO NAEKTPIKO TTEdi0. An-
Aadn dev vIapyel poyvynTikod avaioyo tov eoptiov. Téco o Coulomb, 660 kot
GAAol TOTELOY OTL O LOYVNTIGUOG TAPAYETOL OO «KATYY AVAAOYO UE TO MAE-
KTPIKO pOpTio. ZNUEPA OVTO TO AVAAOYO TO ATOKOUAOVE LOYVITIKO LOVOTOAO,
OV GNUOIVEL ATOUOVMUEVOG LoyVNTIKOC TOAOC. O Ampére Ty 0 TPMTOG TOV
VROGTNPIEE OTL OAQ TOL LLOYVITIKG QOIVOLEVO TTPOEPYOVTAL OO NAEKTPIKA PEV-
pata (poptio og kivnon), Kot dikaimdnke. Te Kavéva meipopa HEYpL TP OV
&yovv PBpebet payvntikd povorora. H vmapén evog povomorov Ba ftav e0KoA0
va, aviyveutel yati o dnpovpyohoe aKTIVIKO LoyvnTikd medio.

H oyéom (4.7) delyvel 0Tt dev LILAPYOLY AALEG TTNYES oYV TIKOV TTESTOV
EKTOG amd TOL PEVUATO.
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4-7 AYNAMH I10OY AXKEI TO MAI'NHTIKO
ITEAIO XE KINOYMENO ®OPTIO

"‘Eva axivnto @opTicuévo cmpotidlo dev avtidpd Héca, oe £vo, GTOTIKO
poyvnTikd medio. Av Opmg Kiveltol eKTpémetal amd TV Topeio Tov, EvOeEn 0Tt
TO COUOTION dEYETOL SVVOUN 0Td TO LoyvnTIKO TTedio.

Y7apyouv SLIQOopeS TEXVIKEG OV LOG EMITPETOVY VO TOPAKOAOLOT|-
GOVLE TN GLUTEPLPOPE KIVOOLEV®OV COUOTIOIWV HLEGO 6TO HoryvnTikd medio. H
ewcova 4.6 delyvel TOG UTOPOVUE VO SOTIGTOCOVLE TNV EKTPOTN TOL VPIGTO-
TOL Lo OEG N NAEKTPOVIOV At TO LLoyvNTIKO Tedio.

AT TNV EKTPOTY| TOL VPIGTATOL EVOL POPTIGUEVO COUATION0 TPOKVTTEL
OTL M dOVOUN TTOV dEYETAL OO TO LOYVNTIKO TTedio eival avaAoyn TOL HoyvnTl-
KoV mediov, TOV EopTiov, TNG TAXVTNTOG TOL COUATIO Kot &apTATAL KOl 0o
v Katevbovon g kivnong. H ddvaun peyistonolgitol 6tav 10 opTIcUEVO
copatidlo Kveltal kabeta oTig dSvVapIKEG YPOUPES. Xe GAleG KaTELOVVOELG
ghottovetal Kot undeviletatl 6tov KIveitot TapdAAnAn 6TIG OUVOLUKES YPOUUES.
Y k00e mepintwon n dvHvoun ovtr, 6tav ackeital, givar kaBetn ot dievbuvon
TOV HOYVNTIKOV TESIOV KoL GTNV TOYVTNTOL.
y

ABA A A A AB A A A A A

@ ®
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Ew. 4.6 H déoun niextpoviov mov
TOPAYETOL GTO GOAVO, KAUTVADVE-
Tot 6tav TAnclalovpe Evar LoyviT.

Xy. 4.13 (@) Otav 1 6éoun Tov nie-
KTpoviov otov Kabodikd cmAnva
givor mopdAAnAn pe to ddvoopo B
dev voiotatar extpormn. (B) Otav 1
déoun kveitol o omoladmote GAN
devbuvon extpémetar. H péyom
EKTPOTN TopaTnpeitot 6Tov 1 déopn
etvar kGBem oo B.



Ew. 4.7 O xovévag tov tpudv do-
KTOA®V TOL 3e&100 YEPLOV.

H 60vaun mov aokel to poryvnTikod medio ota Kvovpeva goptio dev Exet
TV 1010 d1evBvvon pe v Evtacn Tov tediov, OTwe cuuPaivel Le To NAEKTPIKO
Kot 1o Paputikd medio.

H @opd g duvoung egaptdron and To Tpdomno tov poptiov. Doptia
pe avtifeto mpoonpo dEyovral dSuvapelg avtiBetng KotevBuvvong.

[Mepaparta axpiPeiag £dei&ov OtL:

To poyvnTiKO TE0i0 AGKEL 6TO KIVOOUEVH NAEKTPIKE POPTiQ SVVA-
pun [ovopdaletal dOvoun Lorentz (Aopevtl)] pétpov

F=B|q|u nuo (4.8)

6mov 0 N Yyovia Tov oynpeTileL 1) ToVTNTO TOL CONUTIOON BE TNV
KOTEVOLVGT TOV payvNTIKOY TEGLOV.

H 6%vopn avt givor kGOetn oto emimedo mov opiletar amd TV
TaOTNTO KoL T1) 61€000ven Tov TEdiOV KoL | POPAa TG diveTon amod
TOV KOVOVO, TOV TPLOV UKTOA®V TOV 0£&100 YEPLOYv.

F

B B
+q q7 28
L] : L]
VE
Xy. 4.14 H dOvaun mov ackeiton and 1o poyvntikd nedio og va OeTikd kat Eva apyn-
TIKO, COUOTION0 TOL Kiveitat pe ToydTNTa L.

O xavovog TOV TPLOV SOKTOAMV TOL deE100 XEPLOL EQaproleTal ¢ EENG:

O avtiyepag, o deikng kot o0 pécog oynuatilovv tproopboydvio cvotnpa. To-
nmobetobe TOV avtiyelpa oty KotevBuvvon g kiviong tov Betikov poptiov
Kot 6TV avtife av mpokertatl yio apvntikd. Torobetodpe To deiktn oty Ko-
tevBvvon tov poyvntikov mediov (B). O péoog deiyvel toTe TV KartevBouven g
dvvaung (ew. 4.7).

Epocov n dvvaun etvon mévta KGO 6NV TOOTNTO TOL POPTIOV, Ei-
vai Kabem o€ khbe 6ToLYELMON HETATOMION TOV. Emopévmg o €pyo g o€ ke
TETOL0L GTOLYELMOT UETATOMIOT) EIvOL PN OEV. ZuvOvALoVTaG TO GUUTEPUGLLY ALTO
1e To Oedpn U £PYOV - EVEPYELOC GLUUTEPAIVOLLLE OTL T SVVaUT aVTN dgV pmopel
VO LETOPAAEL TNV KIVITIKT EVEPYELX TOL POPTICUEVOL COUATIOIOV.

‘Otav éva oPTIGUEVO CONUTIONN KIVEITOL e TAYVTNTO V, PECU GE
payvnTiké medio, n Svvaun oLV TOV UGKEL TO TESi0 pmwopel vo petafdrer
™V KoTEVOUVVEN GALG O)L KOL TO PHETPO TG TUYVTNTAS TOV.
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4-8 KINHZH OOPTIEMENQN XQOMATIAION MEXA
>XE MAI'NHTIKO ITEAIO

'Eva gopTiopévo cmpotidno mov Kiveital L€ 6To HoyvnTiko medio 6é-
YETOL OO oVTH dVuVaUN oL e€UPTATAL OO TNV TAXVTNTA TOL. A0 PEAETHGOVLE
OPIOUEVEC EIOIKEC TEPIMTMGELG TNG KUNONE POPTIGUEVOD GMUATIOON HEGH OTO
poyvnTikd medio.

A) Kivnon napdriinio otic S0vopIKES YPOURES

Av évo QOPTIGUEVO COUATIOW KIVEITOL TOPAAANAG GTIG OLVOLKEG
YPOUUES, N Yovia ¢ otn oxéon (4.8) eivau 1 0° 11 180°. Ko oT1g dvo mepuntod-
o€1g T0 Nuitovo g yoviog eivol undév, ondte and ) oxéon (4.8) mpokdntel 6T
TO poyvnTiko medio dev aokel Svvaun oto copotido. H kivion gvég tétorov
CONUTIOI0V PEGA 6TO PLOYVTIKO TEdi0 ivarl vOVYpappun opain.

B) Kivnon ka0eta otig duvopikég ypappés

‘Eoto éva @opTiopévo copatidlo mov Kiveital Pe ToyuTnTo v KABeT
OTIS QUVOUIKES YPOUUES OHOYEVODG LOYVNTIKOD TEGIOV TTOL €xel Kotevhuvon
KGOeTN oTo £Minedo NG 6eNidag pe popd mpog o, péoa * (oy. 4.15). To payvn-
TiK6 Tedio aokel 6T0 couaTido dvvaun To PETPO TG omoiag gival

F= B|q|u 4.9)

7oL TPOKVTTEL Ao TNV (4.8), av AdPovpe vdym 6Tt MU90° =1

H xotevBuvon g dvvaung, yio Betikd popticpévo
ocopatidlo, eaivetor oto oynua 4.15. H ddvaun avtr €xet
otafepd pétpo ko givan mhvta kabetn oty tayvINTA. Mia
TéTo0 SVVaN TailEl POLO KEVTPOUOLOL SVVOUNG KOl OVOL-
ykélel To copotidlo va Kivndel KukAud.

"Eva. gopTiopévo copatiolo mov Kiveita péca

G€ OOYEVEG PHAYVITIKG TEdT0, KAOETA GTIG dLVO-

KEG YPOPPES, KAVEL OpLOAY] KUKALKY] Kiviion.
E@dcov n dvvaun F mailer poho kevipopdriov dvvaung, da
epqital

X X X0 X
% X

X X XK X
vm X

X
X

X

Xy. 4.15 Oetikd EOPTIGUEVO GO0~
Ti610 movL Kuwveltol e TayvINTA v,
KGOETOL GTIC OLVOUIKES YPOLLLES OLO-
YEVOUG HoyynTikoy mediov, d€yeton
dvvaun otabepod pétpov, KaBetn
omv toyvmTd tov. To copatidio
Stypdoel KUKMKN TpoyLd LEGH GTO
Hoyyn T Tedio.

L
F=m— (4.10)
R
o6mov R n axtiva g KukMKNg Tpoylds mov Stoypdeetl To
ocopotidolo. Ao tig oxéocelg (4.9) kot (4.10) Exovpe Ew 4.8 TTewpapaticy Sétaln yo ™ HEAETN TNG EKTPOTNG
L2 oG 6éopung niektpoviov péca og poyvntikd nedio. To po-
B|CI| L= mE yvnTiko medio givan kdbeto otn SrevBuvon kivnong g 84~
oung. Ta nAektpovia KvoHVTOL KUKALKAE.
, mo
il =— 4.11)
Blq|

H katevbuvon avtod tov mediov cvpPorileton pe x. Eivat cov va PAémovpe
70 oW HEPOG evOG PEL0OVS oV dramepvd kiBeta T ceAida Tov PiPAiiov, Ko~
tevBuvopevo and tov avayvemotn Tpog avthv. Avtifeta 6o cuppoiilovpe pe
amAEg KouKKideS éva LayvnTikd Ttedio mov katevBvvetal amd T ceAda TPOg
TOV avoyvaoT, ometkovifovtog £Tot Ty atypn evog PELOVC.
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X

Xy. 4.16 Tpio nhextpdvia Pariovron
Le OPOPETIKEG ToOTNTEG KAOETOL
OTIG QUVOUIKES YPOUUES OHOYEVOVG
poyvntikov mediov oto onueio O. H
KTV TNG KUKAMKNG Tpoydg eivor
avaroyn g taydmrag. H nepiodog
glvor 110, KoL GTIG TPELG TEPITTMGELS.

Xy. 4.17 Kivnon @opticpévov co-
potdiov mov PdAietor TAGYO OTIG
SUVOIKEG YPOLLES OULOYEVOVG Lo~
yvntikov nediov.

H mepiodog meptotpopng Tov copatidiov Ppioketol ov TAPOLUE LITOYN OTL

2
L= %R . Av avtikatacsticovpe Vv aktiva, and 1 oyéon (4.11) mpoxdmtet

2nm

== 4.12

H televtaio oyéon deiyvel 0T 1 TEPI0J0G TEPIGTPOPNG, dEV £E0PTATIL
OO TNV TOYVTNTO N} TV OKTIVOL TNG KUKAKNG TPOYLAS 0ALG LOVO 0mtd TO €i00g
oV copatdiov (uala kol eoptio). 'Etol, av og éva poyvntikd medio Kvov-
VIOl KAOeTo 6TIC SUVOUIKES YPOUUESG TOL NAEKTPOVIO TOV £YOVV SLOPOPETIKES
TayVTNTES, B S1oypdeovy KOKAOVG SLOPOPETIKOV OKTIVOV 0AAG Ol TEPiodot
TEPLOTPOPNG TOVG Ba sivan idieg (oy. 4.16).

D) Kivnon pe toyoio yovia og Tpog T SVVOUIKES YPORpREG

‘Eoto évo copotidio mov e1cépyetal oe OUOYEVES PoyvnTIKO Tedio
Kot 1 Katevbuven e TayvTNTOG oYNUOTICEL LE TIG OUVOUIKES YPOUUES YmVia
0<<90°. Avalvovpe TV TadTNTE TOV V GE [0 GLVIGTOGH TUPGAANAN (V) KoL
o k@Ben (L, ) OTIG SVVOUIKES YPOPUES. AV TO GOUATIOW iye poVo ™ v B
ékave evBOypappn opodn kivnon (tepintwon A). Av eixe pévo m v, Oa éka-

Ve OUOAT KUKAIKY Kivnon (tepintmon B). Amo ™ cuvleon tov dvo kivicemv

mo

TPOKVTTEL Lol EAMKOEWNg Kivnon (oy. 4.17), ue oxtiva R = B| |
q

Ko Tepiodo

_ 2mm
Blq|
e ypOVO UG TEPLOSOV TO COUOTIO Tpoywpast atn dievbuven Tov
2mm

Blaf

dtavidel To oo ot dievbuveon tov Tediov 6To ¥POVo Kibe TEP1OdOL ovoudle-
T Prjpo e MK,

T

GEova twv x xotd B=v, -T=vy, . H ot08epn avt andotoon v omoia

A) Kivnon o€ avoporoyevéc poyvitikod medio

H tpoy1d mov darypdpetl Evo pOPTIGUEVO GOUATION0 HEGH GE OVOLOL0-
YEVEG LoyvnTiKO TTedio elvat yevikd moAOmAOKT Kot eEopTdTon KAOE popd amd
LOpOPT TOV TEGIOV.

To oynua 4.18 delyvel Eva avopoloyevég medio mov dnuovpyeitorl amod
dV0 KVKALKE Tnvia (TN vie Tov TO UAKOG TOVG ivot TOAD LIKpOTEPO Ao T 1~
LETPO TOVG), Ta ool Eyovv Tomobetn el o peydAn amdGTOOT, [LE T EMITESE
Toug TapdAinia. ‘Eva t€to10 edio ivat 1oyvpd Kovid oto wnvio Kot acBeveg
070 HEGO TG dtdTalng.

"Eva popticuévo copatioto mov Eekvael amd 1o £va dkpo Tov Tediov

Kkavel edkoedn kivnon. Otav @tdoel 6T0 GALO GKpo TOV TEdiOV 1) KivioT TOV
OVOOTPEPETOL KL TO COUATION0, S1orypaoovTag Kot TaAl EAMKOEDN TPOYLA, EML-
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oTpépel oto onpeio exkivnone. H kivnon avt tov copatidiov exavorappave-
ToL SLPKAC.

\+/

"Eval 161010 medio mayldevel To pOPTICUEVH COUOTION KOl AVAPEPETOL
GLYVE OC «UAYVITIKY] QLEAT.

e LoyvnTikég Ladeg £xel emtevybel n maryidevon peydAmy TOCOTHTOV
aldopatog (dniadn «aepiov» mov Ppicketol og Oeppokpacio Tave amd 10°
K kot amotedeitar amd niektpovia Kot Oetikd wovta). H mayidevon tov mAd-
opatog givat éva amd o TpofAnpaTo Tov TPEMEL Vo AvBovV TpoKEEVOL Vo
emtOyovpe eheyyouevn Beppomupnvikny cOVINEn Kot vo, EKUETOAAEVTOVLE Y10l
EPNVIKOVC GKOTOVG TV EVEPYELDL TTOL MOG STVEL.

Mo, poyvntikn @laAn, mov HoAG Teptypayape, oynuotilel To poyvn-
Tikd wedio ¢ I'g. Onwg gival yvmoTo, o1 SUVOUIKES YPOUUES TOV LOYVITIKOD
nediov g I'mg €yovv dto LopPN HE TIC SUVOLUKES YPOUUEG TOV HOYVITIKOD
nediov evog evBuypappov poyvin mov Ba giye ToVG TOAOVG TOV KOVTIH GTOVG
YE@YPOPLKoVg TOAOVG TG I'Mc. Ot SuVOUIKES YPUUUES dLTOD TOL TEGIOV elvat
TUKVOTEPEG GTOVG TTOALOVC.

Yy atpoceaipa e I'ng eieépyovtatl popTicuéva cmpatidln, Kupimg
NAEKTPOVIOL Kol TPOTOHVIQ, TOV GTO HEYOAO HEPOC TOLG TPOEPYOVTOL OO TOV
"HAo. Mepkd amd to copatidia avtd eykhoPiloviot 6to poyvntikd medio g
I'g ka1 ktvovvTot dlepKmdg amd Tov £va TOAO GTOV GAO.

To 1958, damiotddnKe Amd TIG KOTAYPOPES TV OPYAVOV OV EPEPE O
dopupopog Explorer 1 6t 1 I'm mepifdiieton omd dvo (dveg oTIC omoieg mapo-
mpHONKe peydin mokvotnta eopticuévey copatidioy. Ot {(dvee avtég ovo-
pdomkav (dvec Van Allen (Bav Alev) kot amoteAodviot amd Svo d0KTVAIOVG
nov anméyovv and 1 I'n 3.000 km, o ecwtepucds, kot 15.000
km, o eEmtepikde.

H mukvomta tov gopticpéveov copatidioy etvot dioi-
TEPO UEYOAN KOVTE GTOVG TOAOLC, OOV Ol SUVOUIKES YPOUUES
TOV TS0V TLKVAOVOLV. EKEl, 01 KPOVGEIC TV POPTIGUEVOV C®-
LTIV e TO GTOHO TOV aepimV TNG ATHOCPULPAS EXOVV MG
OTOTELEG O TNV EKTOUTN opathg akTvoPoliioc. H aktivoPfoiia
ot ovopdletar «aktvoforia Cerenkovy» (Togpévicop).

To Bopero 6éhac, mov ansikovileTal 6To EEMPLALO Ov-
o0 tov PBifAiov kot oy gwkdva 4.9, givol omoTEAEGUO OVTAG
™G oKTvoPoAlag. Avtictolyo eawvouevo, BEPata, eKOMAGVETOL
KOl KOVTA GTO VOTLO TOAO.
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Xy. 4.18 Mayvntikni o).

Ew. 4.9 Bopeto céhac.
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Xy. 4.19 doprticpévo copatiolo
ELGEPYETOL UE TOYLTNTA V, GE YDPO
OOV VILAPYEL NAEKTPIKO KoL [LOyVN-
T nedio, kabeta peta&d Tovg Kot
KAOETOL GTNV TOXVTNTO TOV COUOTL-
diov.

Xy. 4.20 Ao to Oetid popTicpé-
va copatid g déoung novo doa
&yovv tayvmro v = E/B cuveyilovv
Vo KivoovTan V0VYPOLLLLOL OLLOAG.

4-9 E®APMOI'EX THX KINHXHY OOPTIEMENQN
XOMATIAION

EITIAOT'EAYX TAXYTHTQN

‘Eva popticpévo copotidlo pe palo m kot goptio q 1GEPYETAL LE TO-
YOTNTO L GE U0 TEPLOYN OOV GUVLTAPYOVV OLOYEVEG NAEKTPIKO KO OOYE-
VEG poyvnTiko medio, kKabeta petad tovg. H toyvtnta tov copatidiov etvar
KGOeT 0TI SVVOLIKEG YPUUUES Kol TV dVo Tedinv (o). 4.19). To niextpikd
nedio gival KatakdpLEO TPOG ToL KATM EVAO TO HoyvnTiko medio givar kabeto 610
eninedo ¢ oeMdag, Le Popa TPog Ta Héca. Av To q gival 0eTiko, and to nAe-
KTPIKO TEdi0 dyeTOL SVVAUN LUETPOV |q|E LE QOPA TPOG Ta KATW, EVED OO TO
poyvnTikd dvvopn B|q| L HE eopd mpog Ta Tavw. Edv emdéEove Tic evtdoelg
TOV TESIOV OOTE N NAEKTPIKY] dvvaun va eElcoppomeital amd TN LoyVNTIKT, TO
copatidolo Ba cuveyicel avennpéacto v wopeia Tov. EElomvovtag T poyvn-
TIKY KO TNV NAEKTPIKT SOVOUT (B|q| L= E|q| ), Bpickovpue

E
v=— 4.13
. (4.13)

Av 60l TOL QOPTICUEVE COUOTIOWN LOG SESUNG £XOVV TAXDTNTO L = B

dev ekTpénovTal amd 10 cVVOETO TEdio. Av OPmG 1) déoun amoteleital and pop-
TIGUEVO, COUOTIOW LE SLOPOPETIKEG TAYVTNTEG, TOTE LOVO QUTH TOV EYOVV TO-

xOTNTO L zg Ba cvveyloovv v evBOYpapun mopeia Tovg (o). 4.20). Mia Té-

TOLN OLATOEN EMTPEMEL VO OITOLOVAOCOVLE TO. COUOTION OPIGLEVIC TOYVTNTOG
KoL YU 00TO AEYETOL KEMAOYENS TAYLTHTOV» 1 «KPIATPO TOYVTNTOVY.

TO ITEIPAMA TOY THOMSON (TOMXON) KAI H METPHXH TOY e/m

Av kot and v gmoyn tov Faraday vméBetav v dmapén niextpikd
(QOPTIGUEVOV COUATIOIOV HEGH T ATOUM, OGS GTO TEAOG TOV TTPOTYOVUEVOD
awova (1897), o J. J. Thomson anddeite nepapaticd Ty Hmapén evog T€T0100
ocopaTdiov, Tov niektpoviov. To weipapa tov Thomson €yve 6To €pyacTiplo
tov Cavendish Tov movemotuiov tov Cambridge, [le [0l GUGKELT] GOV OVTY
oL eaivetat oto oynua 4.21.
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Méca og évav KabodiKd GmAVA, GTOV 0Toi0 EMIKPUTEL VYNAO KEVO,
NAEKTPOVIO. TOV TPOEPYOVTOL GO 10 TUPUKTOUEVT] KAB0OO0, emtTayhvovTal
amo T opopd duvapkod V avapesa otny Kabodo Kot Tig avodovg A Kot
A’ xon oynuotifovv pa déoun. Zopeova pe to Bedpnuo £pyov-evépyelag M
KWVNTIKN evépPyelo TOL O aToKTNGOVY To NAEKTPOVIK ival iom e TO €pY0 NG
SVVOUNG TOL NAEKTPLKOV TEGIOV

Lo = ve qu= /2e—V (4.14)
2 m

OTOV € TO POPTIO TOL NAEKTPOVIOV KAT’ ALOALTN TIUN.

H déoun tov nhextpoviov gioépyetat o€ £va GIATPO TOYLTTOV, GOV
0VTO TOV TEPLYPAYOUE TPOTYOLUEVAC, KO GTY| GUVEYELN TEPTEL GE o, 006V,
070 GKPO TOL COANVE, 1) omoio eival KoAvppévn pe vawd mov ebopilet. Zto
onueio mov Ta NAEKTPOVIO TEPTOLY TAVE® oty 006vn t0 POopilov LAIKO @o-
tofolel. Ta niekTpdvia diEpyoviar ywpic amdkAion and T0 GIATPO TAXLTNTWV
puoévo 6tav 1 ToOLTNTA TOVG Elval L = B N ooppova pe v (4.14) 6tav

E [2ev . e E’
— =, |—— and omov Ppiokovpe 6TL — = -
B m m 2VB

O mocotteg E, V kot B pmopovv va petpnfovv kot €161 va TpocdlopioTel 1o
TAiKo y .
m

O Thomson Bpnke 6t T0 TNAIKO 0WTO YL TAVTOTE TNV 1010 TN, OVE-
EapnTa amd 1o LAKO TG Kadodov 1 omoladnmote GAAN cuvOnKn Tov TEPA-
patog. To yeyovog avtd £deiée OTL Ta copaTIowW TG dEoUNG, To OToia TOPO
mia ovopaovtol nAekTpdvia, givatl Koo cuoTatikd 0ANG TG VANG. ‘Etot, otov
Thomson omodideTon 1 AVOKAAVYT TOV NAEKTPOVIOV.

Mo, amodeKTi] GNUEPO TIUT TOV TTNAIKOV aLTOD givot
&/ =1,75881962x10"" C/kg

O Thomson améd®oE TN LEYAAN TLUN TOL TNAKOV GTI «UIKPOTNTA TNG
ualog m M 6to PHEYAAO QOPTIO €, | GE £Va. GLVOLOCUO KOl TV dVOY». AgKamévTe
xpovio, apyotepo. o Millikan vToAdyiGe TO GTOLEIDIEG NAEKTPIKO Qoptio. H
TN TOL € KOl 1 T ToL TTAiKoV Tov VoAdyloe o Thomson ékavav duvotd
TOV TPOGOL0PIGHO TG MAlag TOV NAekTpoviov. Mo amwodekTn GTUEPT TUUT TNG
nédog Tov niextpoviov ivar m, =9,1093897x107" kg.

I v gpyacio tov o Thomson tyumbnke pe to Ppafeio Noumel.

GAXMATOI'PAOOE MAZAY

O paopatoypaeog palag glvar éva Opyavo mov draywpilel Wvta mov
€xouv dapopeTIKO TAiKo palog mpog PopTtio.

O mpmTog Pacpatoypdeoc palag, kataokevdotnke 1o 1919 and tov
Francis Aston (Actov), padnt tov Thomson. Xto oyfua 4.22 eaiveton pio mo-
POALAYT CVTOD TOV POCUATOYPAPOV, TTOL KOTOOKELAGTNKE 0O Tov Bainbridge
(Mréwvpumpirl).
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Ew. 4.10 J.J.Thomson (1856-1940).
Ayylia. Amd TOVG GNUAVTIKOTEPOVG
QLOIKOVG TNG TEAELTALNG EKATOVTO-
etiog. Ot gpyacies Tov cvvéBaiav
OVGLOOTIKA 0TV ovamTLén TG o0Y-
XPOVNG ATOMKNG LGNS, Tiumbnke
ue to BpaPeio Nopmeh (1906).



Xy 4.22 O oopotoypdeog palog
tov Bainbridge ypnopomnotel éva
QIATPO TOYLTNTWV Y10 TNV TOPAYDYT
déoung 1OvTeVv pe v id1o TodTNTa.
2TV TEPLOYN TOL HOyVNTIKOV Tedion
B’, ta. 16vto pe ™ peyoldtepn pale
KWOOVTOL GE TPOYLG HEYOADTEPNG
OKTIVOG.
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[6vta and o Iyn mepvody péca omd T1g oYIouES S, Kot S, oynuoti-
Covtag por Aemt] SEGUT. TN GUVEYXELD TO LOVTO TEPVOLV HECH OO £va, PIATPO
tayvttev pe tedia E kot B, amd 6mov diépyoviot Lovo eketva mov £xovv tayb-
mro

v B (4.15)

Télog, T 1OVTO EIGEPYOVTOL OE L0 TEPLOYT OOV VITAPYEL OMOYEVES LLOYVITIKO
nedio B', kaBeto otnv o Td Tovs. To poyvntikd medio ta avaykaletl vo Ki-
vNnBovv Gg NUIKVKAKT TpoYLd, akTivag R, uéypt va técovv Tavm 6g pia gTto-
YPaPIKN TAGKA. ATO TO {vOg TOL APTVOLV GTI POTOYPUPIKT TAGKA LG Eivat
YVOGTH N aKTIVO TNG TPOYLAS TOV SEYPAYAV.
H axtiva g kukAkng tpoyldg HéGa 6To HoryvnTiko medio etvon

mv
- 4.16
Bq (4.16)
Amo6 (4.15) ko (4.16) mpokdmTel
m _ RBB' (4.17)
q E

H axtive R vroloyiletat 0o To i vog mov apivouV o, LOVTo, 6T GOTOYPUPIKY
mAdxko evo ta media E, B kol B’ etvat yvootd.

Avo copotidw pe 1010 poptio oAAd pe dtapopetikn pala Ha aprcovv
o1 POTOYPAPIKN TAGKO SL0QOPETIKA {yvn (o). 4.22).

'Eva omtd T0 TpdTo 0moTEAESUATA TOV £6MGE O PAGHOTOYPAPOG HAlag
NTav OTL TO VEOV OOTEAEITOL OO VO €ION ATOL®VY, LE YPOUUOATOUIKES LALEC
20 g/mol ko1 22 g/mol avtictorya. Avtd opeiletal oTo SLUPOPETIKO ap1Oud
VETPOVI®V TTOV £YOVV GTOV TVPNVE TOVG T dVO aVTA £idN aTtdU®V vEoL. ATo-
Lo TV 0TolV o1 TupnveS £xovv Tov id10 aplBud Tpotoviov (aTtoutkog apld-
LoG) oA StopopeTikd aplfud vovkieoviov dNAdN, Tp®TOVI®V Kol VETpoVimV
(nalikd apduo), ovopalovrol 1eéToma. Metayevéotepa melpapoto £6e1&av 0Tt
TOALG oTotyela Exovv 16dToma. [0 Tapadetypa 10 YADPLO VILapyeL pe polikd
apBpo 35 (sivor kon to 75% tov yAwpiov ot @von) Kot pe padkd apdpd 37
(t0 25%), 0 vBpaxag pe palikd 12 addd ko pe podikd 14 x.o.x.

v wpaén, pe tn oxéon (4.17), petpdpe tig paleg T@v dlopop®V 160-
TOM®V €VOC 0£00UEVOL 1OVTOG e YVmaTO poptio. Emiong, umopodue va petpn-
GOVUE KO TOVG AOYOLS TV pal®dVv, aKkoun Kot e6v o yvopilovpe To poptio.
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4-10 AYNAMH LAPLACE (AATIAAY)

Onwg cidape, Eva MAEKTPIKO QOPTIO TOV KIVEITOL UEGO GE UAYVNTIKO
nedio déxeTan duvaun amd to medio. Aoy glvar va mepyEvovpe 0Tl £Vag peL-
LATOQOPOC 0ymyOC mov Ppioketal pLésa o poryvnTikd medio Ba d€yeTat dvvapn
am6 1o medio. To nhekTpcd pevpa eival T0 amOTEAEGHO TG KIvoNG TOAADY
QOPTICUEVOV COUOTOIMV HESH GTOV aywyo. Xe KafEva amd ovTd T0 GOUATI-
ot To payvntikd medio aokel dvvaun. H cuvoiikn ddvaun mov dpa méve e
évav oymyo, €ivol To LOKPOOKOTIKO OMOTEAEGLO TMV OVVALE®V TOL AOKEL TO
LoyvnTikd medio o kdbe poPTIGUEVO COUATION0 TOL KIVEITOL LEGH GTOV Ay®YO.
'Etot, pmopovpe, amd ) d0vaun mov d€xeTal Vo GOUATION VO VTOAOYIGOVE
TN SVVaUN TOL SEXETAL O PEVUATOPOPOG Ay®YOS. O VITOAOYIGUOC aVTHG diveTan
670 T€A0G TNG TTOPOYPEPOL.

To 611 10 poryvnTikd medio aokel SOvVaUN Gg VoV oy@yd TOL JLoPPEETOL
oo pedO, UTOPOVUE VO TO JOTICTOGOLE pe T dudtaén g ewovog 4.11.
"Evag op1lovtiog oywydg 160ppomel ovApESO 6TOVG TOAOVG EVOC TETOAOELO0VG
poayvin. Otav 0 aymyog StappEeTorl amd pedI LETOKIVEITOL AV OVTIGTPEYOD-
HE TN POPA TOL poyvnTiKo mediov, o aywyog Bo petakivnlel oty avtifetn
Kkatevbuvon.

H dbvaun mov aockel to poyvntikd medio og vav aywyd ovoudleton
dvvapn Laplace.

To poyvnTiko medio aokel 6 vOVYpappo PEVRATOPOPO O Y®YO TOV
Pploketat péoa 6’ avté dvvaun

F =Bl nuoe (4.18)

o0mov @ N Yovie Tov oyMpeTilel 0 ay®yog pe TIS OUVUMIKES YPOL-
pég, | to pfkog tov aymyod ko I to pevpa mov tov dwappést. H
ovvaun givar kKGO£TN 670 EMimMEdO OV OPileTaLl OO TOV UY®YO KoL
TIG OUVOMIKEG YPORNES KOL 1) OPA TG OIVETUL OTO TOV KAVOVA TOV
TPLAV dOKTOAMYV TOV 0€E100 YEPLOV:

Yymuatioope tpicopBoydvio cvoTnua pe To Tpiot OAKTLAL (avTiyel-
pog, OelkTNg, HEGOG) Tov deE10V YePLov. Av 0 avtiyelpag delyvel T @opd Tov
PEVUATOC Kot 0 OEIKTNG TN POPA TOL TEdiov, 0 UEGog Ba deiyvel T Qopd g
duvaung (k. 4.12).

A ™ oyéon (4.18) TPoKLTTEL OTL AV O PEVUATOPOPOS AYMOYOS etvar
TapdAAnAog oto poayvnTikd wedio (¢ = 0° 1 @ = 180°) dg 6&yetan dvvaun omd
avTd, VM 0V gival KABeTog 6To poryvnTikd mtedio (¢ = 90°) 1 dhvoun mov déye-
Tow 0o 1o wedio maipvel ™ péytotn Ty ¢ F=BII.

Av 0 aymydc dev etvar evBOypappoc, Tov ympilovpe o€ PUKPA T LT,
unkovg Al, tdc0 pkpd dote to kabéva amd avtd vo puropel vo Oswpnbel gv-
00ypappo kot vroroyilovpe T dvvaun Tov ackeitol o kb Eva amd ovtd. H
SVVOUN TTOV EXETAL O AYMYOG EIVOL T GUVIGTAUEVT] AVTMV TOV SUVAUEDV.
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Ew. 4.11 Otav o aywyog mov Ppi-
OKETOL OVALUEGO GTOVG TOAOVG TOV
poyviAty  oloppéetol  amd  pedpa
exTpénetol omd ™ 0éon wwoppomiog
tov. H extpomn tov givar omotéhe-
oo TG SVVaUNG TOL dEYETAL Ad TO
poyvnTikd medio.

Xy. 423 H &ovoun Laplace mov
00Kel TO HoyvnTiko medio 6ToV aym-
Y06 etvon kaBetn oo eninedo mov opi-
Ceton amd tov ay@yd Kot TG Suvoyt-
k&g ypappés. H popd g divetor omd
TOV KOOV TOV TPLOV SOKTLAMY TOV
5100 yeprov.

Ew. 4.12 Emne&nynon tov koavova
TOV TPLOV SAKTOAOV TOV OeE100 Ye-
p1ov yo T dvvoun Laplace.



Amooan ™g oyéong F = Bl/ nue
To ke poptio mov Kiveitar HEGH GTOV 0y@YO dEyeTOL dHVOUN B|q| L NUO.
X X X X X X Tl Bpovpe ™ dVvaun mov dExetar 0 aywyds o MOAATAAGIAGOVLE T dHVAUN TOL SEXETOL
B AF KGO popTio pe T0 GLVOMKO aPIOLO TOV POPEDY POPTIOV LEGH GTOV 0y®Yd. AV N glvat 01 Popeig
X X X | X X X opTiov avé, Lovada dyKov, eneldn o dykog Tov cvppatog eivar A -l (A: m Statopy Tov cvppa-

L
' @ -0O ‘G Q=0 70¢), 0 OAKOG aptdpdC popév poptiov sivar nA - 1.
O =0 =0 =0 =0 H olwn dOvapun mov d€xetarn o aywyds etvor
X X X X X X F=nA/B|q[vnue (4.19)

Opwmg to yvopevo nA|q| L divet o pevpa mov dwappéet Tov aywyod. [Ipdypatt, n taydmta Tov

X X X X X X Ax
popéav ypheetar U = AX / At ondte nA|q| V= nA|q|— .
Xy. 4.24 'Evo otoyeuddeg tunpo At
PELUOTOPOPOL  Oy®YOD WEGO  OE
opoyevég poayvntikd medio. Ta nhe-
KTPOVIOL OV KWVOUVTOL GTOV ay®myo

déyovtar Shvapn amd To PoyVNTIKO  olaxh poptio |AQ| 7oL petokiveitol oto tpApna AX Tov aywyod
nedio. H dvvapn onpetdvetor gvoet-

KTIKG, TV GE £vaL popTiO. AX |AQ| I

At At

kot oyéon (4.19) yiverar F = Bl nuo

To ywouevo AAX Sivel Tov dyko oV TUAROTOG TOL YYD PAKOVG AX, 0TOTE TO YIVOLEVO

NAAX givot 0 oldg apOpdc Popémv 6° v Td TO TN L0 TOV AyMYOD KO TO |q| nAAX eivor 1o

nA|q| L= nA|q| (4.20)

Opropég Tov B

To B opiletar amd ) oyéon (4.18) oty mepintmon mov o aywyog etvat
TomoBeTNEVOG HEGH GTO EdT0 £TG1 MOTE Vo 0yeTon TN PEYIoTN dvvaun. Tote
nue =nuo0° =1 ko

B=

19
1l

Movaéda tov B eivarto 1 T (Téoha) 1 T=1 %

ITAPAAEITMA 4.3

210 oynpa 4.25 eaivertal Evag Luydg mov pmopel vo ypnotomon el yio T HETPMOT LAY VNTIKOV TESImV.
"Evag ovppdtivog Bpdyog mov dwappéetar amd yvmotd pedpo spPontifeton pept-
KOG péso o opoyevég payvntikd medio. To payvntikd medio aokel dvvaun ota
TUAHOTO TOV Bpoyov mov Bpickoviot evidg Tov mediov. Ot SuVAELG TOV 0GKOD-
VIOl 6TO KOTAKOPLPO TUALLATA TOV BPpOYov aAANA0eE0VOETEPBVOVTAL, EVD 1) OV-
VO TOV 0oKEITOL 6TO 0plOVTIO TUN LA TOV popel vo petpn0el pe to (uyd. Avtd
dtvel ) duvardtnTa pétpnong tov payvntiko mediov. ‘Eotw 6tL o opildvtio

TUALO TOL oy@yoD €xel unkog 10 cm drappéetar amd pedua 2 A KoL 1) [LoyVITIKY —

dvvaun mov petpape pe to Quyo &yel tiun 0,1 N. I16c0o givar o poyvntikd medio; :< : »:
, . X X X

Amavtnon: < % <V x x

Enedn 1o opldvtio tunpa tov Ppodyov givar kaBeto oto B 1 dvvaun mov d€xetan X X X X x x

omd 1o poryvnTikd wedio kai tnv omoia petpdpe pe to {uyo sivon

Xy. 4.25
F=BIl g
EMOUEVAS B :5:%:0,5 T
x0,1 m
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4-11 MAI'NHTIKH AYNAMH ANAMEZA 2E AYO
ITAPAAAHAOYXZ PEYMATO®OPOYZ AT'QI'OYX

2NV TPONYOVLEVN TTAPAYPOPO EIOOUE OTL OTAV £VOAG PEVLATOPOPOC
aynyog Ppioketol péca og payvntikd medio déxetor dvvaun amd avtd. ['vopi-
Covpe emiong OTL £vag oy@ydg TOL dlapPEETOL O pevULA dMutovpyel d1kd Tov
poyvntikd medio. 'Etot, av tomobeticovpe Kovid 600 pELHOTOPOPOLS Ay®YOVG,
TO poryvnTikd medio Tov evog Ba ackel Svvaun 6tov dAlov.

Ot mapdAinrot aywyoi Tov oynuatog 4.26 £govv TOAD HEYGAO UKOG,
dwappéovar omd opdppomna pedpata I wor I, kar anéyovv petagd tovg andota-
on a. O aywydg mov dwappietar and pedpa I, dnpovpyei, otnv neployf mov
Bpioketar o aywyog L, payvnriko nedio B,. To B, givar kabeto otov aywyo,
ommg eatveton oto oynue 4.27 kot to HETPo Tov gival

B, — Mo 2Lt 4.21)

41 o
Xopewva pe To vopo tov Laplace, n poyvntikn dvvaun mov déyeton
£voL TUMLLOL TOV SELTEPOL AYMYOD, pnKovg |, emeldn| Ppioketar o€ payvnTIKo me-
dio B, eivan

F, =B,Ll
7ov, Aoy ¢ (4.21), yivetat
F, = Ho Ll (4.22)
21 o

Mmopobie Vo EKPPAGOVIE TO ATOTEAEGLO OVTO KOl G SVVOUT OVE
LOVAd0, UKOLG

E_wpLL
| 2n «

Me tov kavéva Tov TpLov daktirmy, Bpickovue 6Tt n dovaun F, ka-
teVhhvETOL TTPOG TOV TPAOTO ay®YO. Me avaroyo Tpdmo Ppickovpe Kot T dHva-
un F, mov ackel o 6gvtEpOg aywydg og Tpmpa pmxovg | tov TpdTov. H dvvopn
avt] eivar avtidetn g F,. Otav howrdv ot aywyol dappéovtar amd opdppoma
pevpata Edkovtatl. Otav to peovparto eival avtippomra ol aymyoi arxwbovviat.
Enopévmg

Hapdrinror aymyoi wov owoppéovror amd opdppomo. pedpata i
KOVTOL, EVO TOPAAIAOL aY®YOi Tov dwuppiovTal and avrippoma
pedpoto amrmBovvrar. To pétpo Tng dvvaung pe Ty omoia EAKovran
1N arwOovvTal divetar amd T oyéon (4.22)

H dbvoun ovtr ypnoyiomoteitot yio va opicovpe T HovAdo, £VIOoNG
NAEKTPIKOV PELLLITOG TO ampere, ™G ENG:

1 A givar to pedpa mov 6Tav dwoppéel kaOéva amd 6vo mapdiin-

Aovg aymyovg mov Ppickovtal og amdsTtacn 1 m peradd tovg, o
évag aymyog aoKel o€ kKGOE pétpo Tov GArov dvvapn 2x107 N,
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I,T TL

Xy. 4.26 O aywydg mov dwppéetat
and peopa évraong I, dnuiovpyel
poryvntikd medio Tov 6T oNpeio Tov
devtEPOL oymyoL £xet évtaon B,. To
payvntiko nedio B, ackel 6to devte-
po aywyd dvvaun Laplace F.



ITAPAAEII'MA 4.4

Tpeig aymyol ToAD peydlov pnKovg etvarl TapdrAiniot, Bpickovtotl 6To id10 eninedo Kot SloappEovTal amod
opoppoma pevpaTa, o TpdTog I =8 A, 0 6g0tepOg I, Kar o tpitog I, = 2 A, 6nwg 610 oyfpa 4.27. Av 0 Tp®dTOg
Kot Tpitog oy@yog améyovy petald tovg amdotaon d = 10 cm, vo Bpebdel mov mpémet va PpiokeTar o dgvtepog
aYWYOG MOTE VO LIGOPPOTEL.

Amavinon:

‘Eotm 611 Y10 va 1copponel 0 devtepog aymydc mpénet va Ppioketal oe andotaon X and Tov tp®to. O
TPADTOC AY®YOS OOKEL GE TUNLOL TOV EVTEPOL, UNKOVG [, EAKTIKT SUVON

F =MoLl
21 X
O 1pitog aokel 610 1010 TUNHO TOL SEVTEPOV EMIONG EAKTIKT dSVVOUN
_ KB L1 |
P 2n(d-x) . P
T'o va 1ooppomel 0 aywyodg mpémet 4'__,3

B LL _p LL
T X 21 (d—x)

F, =F, enouévag

I I
Amd v tekevtaia oyéon npokvmtel -+ = —2— 1 4d = 5x onoTE
x d-xy  ———== d - ---

x=8cm Ty 427

XYNOYH

Nopog Tov Biot kan Savart. 'Evo o) pukpd tuipa Al ayoyod mov dwppéetar amd otabepd pevpa I dnuovp-
vel o€ éva onpeio A Tov amé el 0mOoTUO I O QVTO LOyVNTIKO Tedio AB, pétpov

1Al
Mo TAL o

AB = >
a r

6mov 0 1 yovia avapeoa oto Al xat oto r. To payvntikd medio AB ivor kabeto oto eninedo mov opileton omd
ta Al ko r ko i eopd Tov divetar amd Tov Kavova Tov de€Lov xepLov.

Nopog Tov Ampere. To a0poispo tov yvopévov B Al cuvh Kotd unKog omolaconmote KAEIGTNHG SL00POUNG
glvat ico pe to yvopevo (10 B Omov I, 0 GUVOMKO PEVLL TTOV JEPYETOL O TNV EMPAVELD TOV Opilet 1 KAEL-
oTN JLOPOUN).

Y BAlouvO=p]l,

Nopog Tov Gauss yio 10 poyvnticpnd. H poyvntikr por) mov S1€pyetot amd omolodnmoTe KAEIOTY|] EMPAVELQ
glvar punoév. o =0
Me Ghda Adyiar OV VIAPYOVY LY VITIKG LLOVOTOAQL.

Av éva, gopTio q KiveiTon pe ToyvTNTe L PEG 6 payvnTiKo mtedio B, To payvntiko medio 100 aokel ovva-
. F=B|q/vnpe,
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omov ¢ M yovia wov oynuotilel n tayxvnta pe To B. H dvvaun avt €yet dievbuvon kdbetn oto enimedo mov
opiletar amd ta v Ko B kot @opd mov diverar amd Tov kavove TV TPLdV SaKTOA®V Tov 0e£100 Yep1ov. H 00-
voun avt Aéyeton dvvaun Lorentz.

Emedn n F givat dtopkmdg kaOet o1 HeTatdmion, To EPY0 TOL ToPAyEL Eivat TAVTO UNOEVIKO, LIE ATOTEAEGLOL
Vo LETAPAAAEL TV KaTenBuven NG TaydTNTOC, OYl OLMG KOl TO HETPO TNG.

‘Otav éva popTIoNEVO CONATION0 KIVEITOL KAOETA 6TIS OUVOIIKESG YPORNES OPLOYEVODG HAYVIITIKOD TEGIOV

, , . , , , mv , 2mm
KAavel opodn KokAikn kivnon. H aktiva meptotpopng tov eivar R = W Ko 1 mepiodog T = m
q q

Otav e16€pyETOL LE TUYOLO YOVIO GE OLOYEVEG LLOYVITIKO TEST0 KAVEL EAKOEION Kivnom).

Ev0dypoppog aymyés pinkovg |, wov dwuppéetor anod pedpa évraong I ko Bpicketor péca 6& opoyeveg
RayvNTIKO Edi0, ST SVVaN
F =Bl nuoe

H 60vapun avt ovopaletor dvvaun Laplace, éxel diebbvvon kabet oto eninedo mov opileTal omd TOV ay®-
Y0 Kot TIG SLVOHIKES YPOUUES Kot Gopd Tov divetat amd Tov Kavove TOV TPV SUKTLA®V TOV JeEL0L XEPLOV.
‘Otav 0 aymyog etval KAOETOG GTIC SUVOIKESG YPOUUES TOL LoyvnTikoy Tediov 1 0vvaurn Laplace arnd ) oyéon
F =BIl . An6 m oyéon avt opietar to B. Movéda tov B eivarto 1 T =1 N/Am,

‘Otav 6V0 Tapaiiniol v0VYpappol ay®yol ameipov PKOVS dLaPPEOVTOL 0TO PEVNA, O £VOC AYWDYOG OOKET
oTov dAlo dvvaun. H dbvoun mov déxeton Kabe aymyog avd povado UinKovs Tov gival

F_p Ll

I 21 «
H dYvaun givar eAkTikn av ol aymyol dloppEOVToL o OpOPPOTE PEVUATO KOl OTMGTIKN OV dl0pPEOVTOL OO
OVTIPPOTO, PEVLLOLTAL.

Av 1 avé povado unmKovg duvaun mov ackeitol og Kabe Evay amd 600 TaPAAANAOVS EVOVYPAULOVS OyOYOVG
HEYAAOL UNKOLG OV dtappéovtar amd To 1010 pevpa kot Bpickovtorl o€ amdotoon 1 m peta&d Tovg, sival
2 %1077 N/m, t6te, €€ 0p1o100, 1| VTAGCT TOV PEVHOTOC OV Stoppéet KAOe aymyod eivan 1 A.

APAXTHPIOTHTEX

1. To poyvntiké nedio 6To KEVIPO £vOS TAULGI0V

Xpnoyomoote Eva AEnTO KOAMOO Y10 Vo, SNUIOVPYNCETE
€va KaTaKOpLPO opBoydVIO TANIG10, LE Lo 1) TEPIGGOTEPEG OTEIPECS.
Y10 KEVTPO TOL TTANLGIoL Tomtobetnote o moéida. Tlepiotpéyte ™)
duataén mote M Perdva g ToEidag va etvat TopaAAnAn Le To enine-
80 Tov TAoGiov.

2uvOEaTE TO GUPLLOL GTOVG TOAOVG oG pratapiag 4,5 V. H
Berova otpépetat. TvAiEte axopa pio popd T0 GUPLL MOTE VO, TPO-
obéoete pio oneipa oto mAaictlo. Tt mapotnpeite yo ™ yovio Tov
oTpdonKe TOpa 1 Perova;

Yuveyiote vo TOMYETE OTElpEG GTO TAAIC10.

Ew. 4.13
Tt epmodilet ) Perdva va tomobetnBel kdbeta 610 emMinedo

TOV TAOLGIOV;

167



Ty 4.28

1

«— 11—

Xy. 4.29

2. "Evag g€0koAhog TpOTOG Vo Tapatnpioete T ovvaun Laplace

Koyte o Aemt) Awpida ahovpvoxapTto Kol GUVOEGTE T1 GTOVE TO-
Aovg pmatopiog 4,5 V. ITAncudote 1o Popeto moOLo gvog evfhypapptov Loyvinn,
IOV TOV KPOTOTE KOTAKOPL(QO. B0 JeiTE OTL TO GAOVUIVOYOPTO LETAKIVELTAL

[Mnoidote oto aAovuvdyapto To vOTIo TOAO TOL poyvitn. Tt Tapa-
mpeite; EAEYETe av 1 eopd TG OOVOUNG CUUP®VEL LE TOV KOVOVA TOV TPLOV
dOKTOA®V TOV 0e&10D YEPLOV.

3. Kotoaokevdote éva tnvio

ToliEte YOpw amd Eva xApTIvo KOAVOPO £Vol LOVOUIEVO YOAKIVO GUp-
po (amd ovtd Tov XPNOUOTOLOVV Yo TG mepteri&elg Tov pnotép). Dpovtiote
ot omeipeg va epdanTovtal MoTe va ival TapdAinies petald tovg. Opovriote
emiong va ompiéete Ti¢ omeipeg (M. 1e KOAAQ) Yo Vo, unv @evyovV amd TOV
KOAVOpo. EVoTE TIG dV0 AKpeS TOL GUPUATOS MOTE va. vt aydylpes. To anvio
glvai étopo.

4. Koataokevdote éva poyvintiké Luyo

Ba YPNOYLOTOMGETE EVO GLUPUATIVO TAOIGLO 0td AEMTO GUPUO YWOPIG
uévoon (oy. 4.29). To mhaicio gival avorytd oto €va uépog tov. H didotaon d
vao. eMAEYEL KOTAAANAO DOTE VO, Y®PaEL 6To Tvio Tov Katackevdoate. H GAin
TAeVpd Tov Vo £xet ufkog | = 20 cm.

Ytnpi&te 0 TAaiclo o SO AEmideC YOPTOKOMTTN OV gival Tomobetn-
péveg Kotakopvea. Bpeite ) 0éon oty omola 1o mhaicto wwoppomel oplovrtia
kot onpewwote 1. Tonobetote To Tvio €161 Mote M TAELPA d ToL TAAGIOV
va Bpicketat péca 6to mvio kot 0 dZovag tov Tnviov va etvon TapdAniog e
TIg GAAeg TAEVLPEG TOL TAOLGIOV. ZVVOESTE KATAAANAG TO TAQIGLO KO TO TNVio
[e Tovg TOAovg pratapiog 4.5 V €161 doTE KO T0. VO VAL TPOPOSOTOVVTOL OO
to 010 pevua (oy. 4.30). [Ipoomabnote va wopponfoel To mAaiclo Balovrog
otV eAevBepn GKpT| TOL LKPA KOPPHOTAKLO oo xopTi. [Agite Kot To avtioTolyo
TEIPAN 6TOV 00NYO TOV EpyoaoTnpiov]

. 4.30
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EPQTHXEIX

O vépog Tov Biot kot Savart

4.1

4.2

43

4.4

ZOUTANPOGCTE TO KEVEL:

O vépog tov Biot kot Savart divel To poryvntikd medio mov dnpovp-
YELEVOL vt i pevpaToeopov aywyov. o va
VTOAOYIGOVE TO HOyVNTIKO TEGIO OV OMtovpyel OAOKANPOG O arym-
Y0G 0€ KAmo10 onueio, TPETEL VO YOPIGOVLE TOV Ay®YO GE TOAD LIKPA
TUNHOTO KOL GTI GUVEXEWL VO «.uveenennnn. TN GLVEIGPOPE OADV TV
TUNUdTOV oto omoia ywpicape Tov aymyo.

To poyvntikd medio AB mov dnpuovpyel Todd pikpd tunpe Al pgoparto-
©OpoLv aymyol G€ KATOO oNUEio, TO 0TOl0 OmEYEL AMOGTACT| I 0T TO
Tunua Al

o) €xet n devBvvon tov r.

B) &xel  d1evbvvon Tov aywyov.

Y) €XEL LETPO AVTIGTPOPO CLVAAOYO TOV T.
d) £xel LETPO AVTIGTPOPA AVALOYO TOV 12,

EmAééte ™ ocwot andvinon.

O vépog tov Biot kot Savart woyvet:

o) Movo yio 000YPOUUOVS AY®YOVG.

B) Movo yia ory@yodg Tov £X0VV YEMUETPIKO GYNLLAL.

Y) Movo yio orywyobg Tov To UNKOG Toug Bempeitan dmelpo.
o) INo kaBe aywyo.

ZNUELDOTE TN GMOOTN OTAVTON.

YmoAoyioTE TO LOYVNTIKO TTEGT0 GTO KEVTPO EVOC NUIKVKALKOD Oy®myoL
OV dlappEETOL amd pevpa Eviaong L.

O vopog Tov Ampeére

4.5

4.6

SVUTANPDOTE TO KEVEL:

ZOUP®VO, LLE TO VOO ToL Ampere 10 dfpoicpa TV yivopévav B Al cuvl
KT WKOG HL0G KAEIGTNG S1dpOpNG EIVOL 160 HE ...tneen... O vopog
Tov Ampere divet T dSvvaTdTNTO Vo LITOAOYILOVLE EVKOAN TO oYV TL-
K6 medio o€ JATAEELS TOV TOPOVGLALOVV .......... ...

[Moteg amd T1g TPOTAGELS TOV AKOAOVOOVV Eival COCTEG;

o) O vépog Tov Ampere 16YVEL LOVO GE TEPIMTMGELS GUUUETPIKMOV
STaEemv.

B) Mo mv epappoyn tov vopov tov Ampere Aappdvovpe vroyn
uévo 1o medlo mov oQeileTOl GE peEdUATO TOV TEPIKAEIOVTOL
670 Bpdyo.

Y) O vopog tov Ampere 1oYVEL LOVO OV T PELLLOLTOL TTOL OTLLOVP-
YOOV TO HoyvnTiko medio eivor otabepd.

d) O vopog Tov Ampeére gpoppoletorl Kotd PNKog KAEIGTAG O1o-

SpOUNG OTOLOVONTOTE GYNOTOC.
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Ty. 4.31

4.7

A)

B)

4.8

4.9

4.10

Katddnin wdeot) Sadpoun ywo Tnv €QOPUOYN TOL VOUOL TOL
Ampére givar,
o€ gufHYPaUIO Oy@YO OTEIPOV UNKOLG,

o) Lo, KUKALKNY Stadpopn] kAOeT 6TOV oywyo.

B) L0 KUKAKT Stodpoun TapdAANAN GTOV aymyo.

Y) pio dtadpopn oxfuatog opfoywviov pe 1o eninedo tov kaBeTo
GTOV 0y®YO.

d) pio Stadpopn) oynuetog opfoymviov pe To nimedd TOL TAPHA-

ANAO oTOV Oy®YO.
€ GOANVOELDEC,

o) pio KUKAKN dtadpoun kéOetn otov dEova Tov GOANVOELSOVG.

B) L0 KUKAIKT S1dpopn| o€ eninedo TopaAAnAo otov dova Tov
COANVOELBOVG,.

Y) pio dtadpopn oxfuatog opoywviov pe 1o eninedod tov KaOeTo
6TOV AEOVO TOL COANVOELSOVG,.

d) pio dtadpopn oynuetog opfoymviov pe To nimedd TOL TAPHA-

AnAo otov aZova Tov COANVOELSOVG,.
ZNUELDOTE TIG CWGTEG AMOVINGELS.

AVO povopévol aywyol Todiyovion 6mw¢ oto oyfiua 4.31. Ot ayoyol
dlappéovat amod avTippoma pevpota g idtog Evtaong. EEnynote yio-
Ti éva 161010 GVGTN O O ONLLLOVPYEL YOP® TOV HoryvnTiko Tedio.

I

e . i
I

Na avtiotoryicete Ta oToLyEio TG aPLoTEPNG GTHANG GTO GTOLYXEID TNG
de&ag.
, , N
1. Evbbypappog aymyog A. uOIT
n 2

2. Kuxhkog aywyoc B.
4n r

3. YOANVOEIDEG I. Z—OE
T T

A e L
4n 2r

To payvntikd medio evOLYPAULOL PELHATOPOPOV OYWYOV TOAD LEYA-
AOV LKOVC TOPLGTAVETOL LE OUVOLLKEG YPOLLES TTOV

o) glvat TapaAANAES KOl 10ATEXOVGEG.

B) £xouvv TNV Kotevbuven Tov aymyov.

Y) glvar opoKevTpot KHKAOL TaPAAANAOL GTOV Oy@YO.

d) glvatr opokevTpol kKHkAol KAOeTol 6TOV 0y@yd e KEVTIPO TOV
aywyo.

[ow etvon 1 cwotr| pdtaoc);
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4.11

4.12

4.13

To pétpo tov payvnTIKOD TTESIOL GTO ECMOTEPIKO GMANVOELZOVG TOV
dtappéetat omd pedpa sivat:

o) OVAAOYO LIE TO UINKOG TOL GOANVOELOOVG.

B) avdioyo pe TV £viacn Tov peOIOTOS TOL TO SLPPEEL.

Y) avticTpo@a avaAoyo Tov aplpol TOV GTEPDOV TOV.

d) AvtioTpo@o avaAoyo TNG OKTIVOG TMV GTEPOV TOV.

ZNUELDOTE TN GMOOTN ATAVTNO.

Kvpog axung o mepucheiet éva pafdopopeo poyvirn. No vroloyiotei
1N OAMKT LOYVNTIKY] POT] OV SEPYETAL OO TNV EMPAVELX TOL KOPOV.
[Toon Oa glvar n payvntikn pon av o poyvintng torobetnOel £ amd
Tov KOPo;

[log mpokdnel, amd 10 vopo tov Gauss Yo T0 LoyVNTIGHO, TO GUUTE-
POCUO OTL OTOKAEIETOL 1) VTTOPEN HAYVNTIKOV LOVOTIOAMV;

Advapn o€ KIVOOPEVO NAEKTPIKO PopTio.

4.14

4.15

4.16

4.17

4.18

4.19

Mmopei éva axivinto TpmTtovio va tebel og kivnon
o) amo €vo. LoyvnTiko medio;

B) amo EVo NAEKTPLKO TEDIO;

AKOOAOYNOTE TNV ATAVINGT GOGC.

H dbvopun mov aokel o poyvntikd nedio o€ KIVoOUEVO NAEKTPIKO (OpP-
tio €yel
o) NV Katevhuven TV SVVIIKOV YPOUUOV oV TPOKELTOL Yo Oe-
TIKO Qoptio Kol avtifetn av TPOKELTOL Yio ApVNTIKO.
B) T dtevbuvvon g ToyvTNTOG.
Y) dtevBuvon mov oynuatiletl pe TG SVVOLUKES YPOUUES Yovia ¢
F
8 [ —
He Mue B|q| 5
o) devbvvon kabet oto eninedo mov opiletal amd o B ko v
TaOTNTO.
Emiééte ™ owot amdvinon.

H dvvaun mov ackel 1o poyvntikd medio 6 KIvoOUEVO NAEKTPIKO POp-
tio, e€apTatal amo:

o) TO (OPTIO TOL COUATIOIOV.

B) ™ padae Tov.

Y) T devbovvon g ToHTNTAG TOV.
d) TNV TN TOL TNAlKoL q/m.

EmAéére v 1 TIC 00GTEC OTAVTIOELC.

"Eva niextpovio S1épyeton amd KATO0 YMPO Ympic v EKTPATEL 0md TNV
mopeia Tov. MmopoVUE VO GUUTEPAVOLLLE OTL OEV VILAPYEL LAyVITIKO
7Ed10 0TO YDPO CVTO;

210 oy. 4.32 PAEMOLLE TIG TPOYLES TPLOV COUOTIOIOV HEGH GE OUOYE-
vég poryvntiko edio. T copmépacua Byalete yio to €160¢ TOL Qoptiov
Kabe copoTidiov;

‘Eva. nlextpovio gioépyetal pe toydtnta v e £Ve, GOANVOELDES TOL
dwppéetar omd pevpa. Na meptypapel 1 kivon Tov niektpoviov, 66O
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4.20

4.21

4.22

X X X—X
X KX XX
X | X X X
X X XX
X X X—X

Ty 4.34

X X X X X

X X X X X

4.23

4.24

4.25

APOVO TOPAUEVEL HEGO GTO COANVOELDES, O) OV EIGEPYETOL TAPAAANAQ
He Tov aEova Tov GmANVoEdoVG, B) av elcépyeTan KABeTa 6TOV A0V
TOV GOANVOELSOVG.

H évtaon g koopkng aktivofoliog (QOpTIoUEVE GOUOTION TPOEP-
youevae and 1o Aot TOV KIVOOVTOL e TOAD HEYAAEG TaOTNTES)
otV ALdoka glvatl ToAd peyaldtepn am’ 6,11 6T ydpa pog. [1od vopi-
Cete 0L 0@eireTon aTd;

TNorti yoddel 1 ekodva TG TMAEOPUOTG €0V KOVTA TNG TomodeTGOVLLE
éva poyviTn;

210 oynua 4.33 eaivovtal TpES TEPMTMOCELS GTIS ONOIEC POPTIGUEVO
COUOTION Kiveital pe ToyhTNTo ¥ HEGO GE OUOYEVEG LOYVITIKO TTedio
B. ITow givor 1 katevBouvon g dvvaung Lorentz mov Ba deytel 0
ocmpatiow og kébe mepintwon;

4’

Ty. 4.33

AVO nAekTpdVie, KIvOUVTOL KUKAIKA, 6TO 1010 HoyvnTiko medio, [ To-
XOTNTEG U, KOL L, Yl TIG OToiEg 1oVl v, > v,. [Toteg and Tig emdpeveg
TPOTAGCELG etvol opOEg;
A. I Tig axtiveg mepiotpoeng Tovg woydet a) R, =R,

BIR,>R, y)R <R,
B. [ Tig ovyvomTeg MEpLoTpoPNg 1oydeL a) £, =

pyf,>f, v f <f.
210 oynua 4.34 eaivovtal -yopic KAMpoka- ot Tpoylég evog Tp®TOVIon
KoL VOGS NAEKTPOVIOV TOV KIVOUVTOL LLE TOYVTNTO {0100 HETPOV HECH OE
opoyevég payvntikd medio B.

o) [To1o amd T 60 GOUATION AVTIGTOLKEL TNV TPOYLE LEYOAVTE-
pNG aKTiVags;
B) [Mowa givar n popd g Kivnong kabe copatidiov;

DopTIcHEVO COUATION0 KIVEITOL LECH GE OLOYEVEG OV TIKO TTEST0 K-
Oeta oTIg SLVOPIKEG YPOUUES TOV.

[Moteg 0md T TPOTAGELG TOL AKOAOVOOVY Elval COGTES;

o) To payvntikd nedio de petafariet Ty opun Tov.

B) To payvnrikd medio dev emttayHvel TO COUOTIONO.

Y) To payvntid medio 6e peTafdALeL TNV KIVNTIKY EVEPYELD TOV
coUaTdion.

d) H dvvoun tov payvntikov mediov dev mapdyet €pyo.
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4.26

4.27

4.28

4.29

4.30

"Eva. opTiopévo copotidlo e16EpYETOL OE OUOYEVES LOYVITIKO TTESTO

pe taydnTa v, KAOET OTIG SUVOUIKEG TOV YPOUIES Kol apov dlarypd-

YEL NUKOKAL0, OTIMG deiyvel To oy. 4.35, e&épyetal amd avtd Ge ¥povo

t.

A. T gldovg poptio £yl TO GOUOTIONO;

B [Towa oy€on cvvdcet TN TaybTnTa V, pE TV omoio Pyaivel amd
70 1e6i0 e TV TaOTNTOL D, ;

T. "Eva 6e0tepo 61010 cmpatidlo Uraivel 6To poyvntikd tedio pe
TadTTa 20,
i. T'lo 0 ypdvo t, Tapapovig Tov deHTEPOL COUATIONON GTO TE-
dlowydeta) t, =t; Byt >t; y)t, <t;
ii. o mv axrtiva g tpoydg tov devtépov copatidiov R,
woyveta) R, =R; B)R, >R, y) R, <R,;

ZNUELDOOTE TIG COGTEG AMOVINGELS.

210 oynua 4.36 1 KOKKIVN Ypoppn Selyvel TNV POyl EVOS POPTICHE-
vou couatdiov. To copatioo katd v Kivior tov mepvdetl and 600
payvntikd nedia B, ko B, (eivar o yohaQieg mepoy€s Tov oynuatog)
OOV OLOYPAPEL MUKVKAIKES TPOYIEG. LTN GUVEYELN EIGEPYETOL GTO
OLOYEVEG MAEKTPIKO TEDT0, TOV OMNUIOVPYEITAL GTO E0MTEPIKO POPTL-
GUEVOL TUKVATY).

o) Tt gldovg QopTio PEPEL TO GOUOTIONO;
B) [Toteg eivar o1 katevBHVOELS TV dVO LAYV TIKOV TEdimV;
Y) [Toto payvntucd medio givar o 1oyvpo;
d) e mo1o amd o VO HayVNTIKG TEdiO TO COUATION0 TOPAUEVEL
TEPLGGOTEPO YPOVO;
+++++
-—’/
I

Ty 4.36

Ti xivnom Kavel éva PopTICUEVO COMOTIO TOV EIGEPYETUL GE OUOYE-
VEG payvntikd medio pe Tuyoia Yovio ¢ TPog TIG SUVOUIKES YPOLLILES
TOV; AITIOAOYNGTE TNV ATAVINGT GOC.

ZOUTANPOGCTE TO KEVAL.

O ogacpatoypdeog palog etvar pio ddtaén mov petpdel To mNAiko
............ TPOG «eenvenen venennn.. EVOG 10VTOGC. XpMOILOTOLEITOL Y10 TO
SLOYOPIOUO e o,

Na meprypagovv ta Pacikd pépn amd to omoio, amoTeAEiTaL EVOC Qo-
opatoypapog palag kot vo e&nyndet n Aettovpyia Tovg.
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431  Me mowa d1dtoén Umopovpe omd o SEGUN POPTICUEVOV COUOTION-
OV, 1E SLPOPETIKES TAYVTNTEG VO TAPOLE dEGUN GTNV OToio OA TA
copotid Oa Exovv v dta taydra; [eprypdyte ) didtaén Kot ™
Aettovpyia Tng.

AYvapn Laplace - payvntiki) dvvapn avapecao 6 mapaiiniovg ayoyovg

4.32  Tleprypyte TPEIS TPOTOVG LLE TOLG OTOIOVG UTOPOVUE VO OLOTICTM-
GOVUE TNV VITOPEN LOyVNTIKOV TEdiov.

4.33  Evb0ypoppog aymyoc mov dtoppéeTal amd pevpo Ppiocketorl péoa og
opoyevég payvntiko medio. Ilotog mpémet va lvat 0 TPOCAUVATOMGHOG
TOV ay®YOL MOTE M SVVOUN TTOL OEYETOL OO TO LOYVNTIKO TEdi0o Vo
glvar m péyom duvarn;

434  ZoumAnpdocTe To KEVA!
Evboypappog aywyods, mov dappéetarl amd pevpa, Bpiocketal péca o
ouOYEVEG oryvnTiko edio. H dvvaun mov 6€yetat o aymyoc sivor kdbe-
1 670 £Minedo mov opileTal Omd . .v'vven.n. . KoL M popa g divetal

435  ZoumAnpdoTe TIC ETOUEVEC TPOTAUCELS:
AVO TopdAANLOL oy@yol TOAD HEYAAOV UNKOLG OV dloppEovTal omd
................. PEVLLLOTOL EAKOVTAL, EVD OV SIOPPEOVTOLOTO .. 'vaevaevene.
PEVHOTOL «enveeenenaen. H d0vaun mov aokel o évag aymydg o€ pnkog |
TOV GAAOL ELVOIL OVAAOYT LLE TO YIVOUEVO ...vvevvennen.. KOl LLE TO UNKOG
| KO AVTIGTPOPOL OVAAOYT] et et s e

A r Noépog Tov Biot kon Savart

* 4cm *

IJ_ 436 O evbdypoappog aywyds tov oynuatog 4.37 dappéetal amd pevLd
Jem évtaong I = 10 A. Yroloyilote 10 poayvntikd medio B mov onpuovpyet

Tunua Al, Tov ayoyod pukovg Al = 0,2 cm (to Al va BswpnBel otoryet-
0, ®dec) ot onueta A ko I Afvetan 1, = 4t x 107 Tm/A.
Al I — [Am: 0,22x107° T, 0,048x107° T]
Xy. 4.37

4.37 O aywyog tov oyfuotog 4.38 amoteieitor omd 600 evOVYpapLLO TUAILO-

R T LEYAAOV UNKOLG Kot Eva NHKVKAKO, aktivag R. Na vroAloyiotel to
\ poyvnTikd medio mov dnpovpyet o aymyog oto onueio O, KEVIpo Tov

—>] 0 nuKvkAiov, 6tov dappéetorl amd pevpa Evioong L.
Ty. 4.38 [Am: pl ]
4R

438 O aywyoc tov oynuoatog 4.39 dwppéetar amd pedua évioong 1 kot
OomoTEAEITOL OO OVO OUOKEVTPO, MUKVKAIKG TUALOTO, OKTIVOV 0 Kot
B, mov eivar cuvdedepéva petach toug pe 000 axTvikd gvBhypappo
Tufpoto. No vToAoYloTel To HoyvNnTiKO Tedio 6TO KEVIPO TV MUIKL-

KAMKOV TUNUATOV.
(A HIB—-o) ]
4a
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Nopog Ampére - payvnTtiki pot] - vopog 1ov Gauss 610 poyvitiopo

4.39  Tlévte obpuata mov dappéovtal To kabéva and pedua évtaong I =
10 A k6Povv kabeta T cEAIdO GTO GNUEIN TOL PATVOVTOL GTO YN
4.40. Zto oOppota pe mepttd aptpo o peOUaTo £(0VV POPA TPOG TOV
AVOYVOOTI EVO GTO GUPLOTO IE APTIO aptOpd, 1 POPA TOV PEVUATOS
glval amd TovV avayvmotrn Tpog TN ceLida. Ymoloyiote to dOpoicua
tov ywvopévev B dlouvd ndave o kdbe kheioty dwdpopn S, S, S,

OV PAIVOVTOL GTO GYNLLOL, HE TN POPE OV deiyveL To PEAOG.
Atvetar i, =4t x107 Tm/A.
[Am: 0,4mx10™° Tm, 0]

440  TInvio amoteAeiton amd N = 400 oneipeg ko £xet uixog | = 10 cm. H
Kké0e oneipa €xel ddpueTpo A = 2 cm. To mnvio Sappéetal amd pevpa
évtaong [ = 10 A. No vmoloyiotei ) pLoyvntiky] pon mTov dt€pyetot omd

k&b omeipa Tov mviov. Afverar p, = 4n x 107 Tm/A,
[An: 161> x107 Wb ]

Advapn mov aoKeL TO poyvNTIKO TEGIO0 6€ KIVOUIEVO NAEKTPIKO popTio

441  Hlektpoévio Baddetar pe topdmro v = 10* m /s, kGOt oTIC Suvap-
KEC YPAUUES OHOYEVODG paryviTikow Tediov évtaong B = 2x107° T. Na
VTOAOYIOTEL 1 aKTiva Kot 1) TEPi0d0g TEPIGTPOPTC TOL NAEKTPOVIOL.
Aivovtar 1o oTolyElddec poptio e=1,6x10"" C wou 1 pélo Tov nhe-

ktpoviov m, =9,1x107" kg.
[Am: 2,84%x10° m, 17,86x107" 5]

442  dopticuévo cmpatiolo daypdeel KUKAKY Tpoyld aktivag R =20 cm,
péca og opoyevég payvntikod medio pe B =2 T. Av 1o goptio Tov cmpa-
diov givor 2x1,6x10™"° C vo vroloytotei 10 PETPO TS OPUNS TOV.

[Am: 1,28x10™° kgm /s ]

443  Tumyn mpémel vo €xel Eva payvntikd medio 6To JIoTNN, MOTE Vol
AVOYKAGEL £VOL TPOTOVIO TTOL Kiveitot e Toydto v = 10" m/ s kabeta
GTLG QUVOLKES TOV YPAUUES, VA dlarypayel KUKALKN TpoyLd aKTivag iong
pe mv axtiva mg I'ng. Atvovton m, =1,6x 107 kg e=1,6x10" C

kot R = 6400 km,
[Am: 15,6x107° T]

4.44  "Bvo mpotdvio Kot ve GopdTio o (topivog tov niiov 3He ) éyovv ioeg
KWVINTIKEG EVEPYELEC KOl UTOIVOVY GE OUOYEVEC LOYVITIKO Ttedio, kabe-
T OTIG SVVOUKEG YPOUUEG. AV 1 OKTIVOL TTEPIGTPOPTG TOV TPMTOVIOL
glvon R = 10 cm vo VTOAOYIGTEL 1| KTV TEPIGTPOPNS TOV COUATION
a. Atvetor 6t pale tov copatiov o givor tetpamidoia g paleg Tov
TPWOTOVIOL Kot OTL TO POPTIO TOV O SUTAAGLO TOL POPTIOL TOL TPWTOVI-

ov.
[Am: R =10 cm]
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X X X X X
o X X X X X

X X X X X

Xy. 4.41

A)

Ty, 4.42

4.45

4.46

4.47

4.48

Hlextpdvio mov Kwveitor pe toyxdmto v = 2x10° m/s umaivel og
YDOPO OOV GLVVTAPYOLV OLOYEVEG NAEKTPIKO KOl OLOYEVEG LAYV TIKO
7edlo pe Tig duvapkég Toug Ypaupég kabeteg peta&d tovg. To mie-
KTPOVIO pmaivel KAOeTa 0TI SUVOUIKEG YPOUUES TV dVO TESIMV Kot
Kiveiton evBVYpappa Ko opaAd. Av 1o poryvntikd meodio eivon B =0,02 T
VO DVTOAOYIGTEL 1] £VTOOT] TOL NAEKTPIKOD TESTIOV.

[Am: 4V /m]

Mia déoun amd niextpovia pe Kivntikn evépyeta K katevBiveratl mpog
UETOAMKY| EMQAvVELD, TTOV €ivan TomoBeTnuévn kabeta ot dievbuvon
g 6éoung. Mmpootd amd T UETAAAIKY ETLPAVELD VITAPYEL OLLOYEVES
Hoyvn Tk TEST0 e TIG SUVOUIKESG TOV YPOUUEG TAPAAANAES OTNV ETTL-
oaveta. To edpog Tov payvntikov mediov eivar D (oy. 4.41). [owa etvan
N eAdyiotn T B tov payvntikod mediov dote To NAEKTPOVIA VOL UMV
TEPTOVV WAV GTN UETOAMKY empavele. Afvovtatl: 1 palo tov nhe-
KTPOVIOL M KOl TO GTOYEIDOES NAEKTPIKO GOPTIO €.

2m K
Am: B= <
[ D ]
‘Eva. mAextpovio 10 omoio &yet kwnrikn evépyelon K = 20 eV

(1eV = 1,6x107" J) proivel o€ meployn OmOv VIAPYEL OLOYEVEC |La-
yvntiko medio B = 5x10 T. Av 1) taydTnta Tov nAektpoviov oynuotilet
yovia @ = 60° e TIg SUVOUIKES YPOLIES TOV Tediov, fpeite To fripa TG
EMkag mov Oa dtaypayet.

Atvovtor m, =9,1x107" kg xaw e=1,6x107"C.

[Am: 9,4 cm]

"Eva tpotévio emtoyvvetan o€ taon V =2000 V kat 6T cuveyeln sloép-
YETOL GE OUOYEVEG LOyYNTIKO TTEd{0 KAOETA GTIG SLUVAIKES YPOUES. Na
VIOAOYIOTEL 1 aKTiva TG TPOYLEG TOL Bal dtarypdnyet LEGA GTO LLoryvITIKO
nedi0. Atvovron To poryvntikd tedio B=2x107 T, 10 6TotXe1heC pop-
tio e=1,6x10" C xonn pdla Tov TpOTOVioL m =16x 107 kg .
[Am: 0,316 m]

AYvapn Laplace

4.49

4.50

Aywyog unkovg | = 40 cm mov dwoppéetar omd pedua évtaong I =8 A,
Bpioketot ovapeso 6TOVG TOAOLS 1GYVPOL NAEKTPOUAYVITH TTOL OM-
povpyet poyvntikd medio B = 1,2 T. Na vroAoyiotel 1 dbvaun mov
déyetal o aymyog,

o) av etvar kGBeTOC 6TIC SVVAUIKES YPOUUESG TOV eSOV, Kot

B) av oynuatiCet yovio 30°, pe T SUVOUIKES YPOUUES TOV TTEdTOV.
[Am: o) 3,84 N, B) 1,92 N]

O aywyog KA (oy. 4.42) éxel pala 40 g xor pikog | = 0,5 m, givan
optlovtiog kot pmopei va oMcbaivel yopig tpipég v og 600 Koto-
KOPLEOVG 0dNYOVG amd poveTikd VAKO. Ta dxpa K kot A tov aymyod
GLVOEOVTOL LE TTNYT, OTTOTE O Ay YOG drappéetat amd pedua Evtaong 10
A. Olo 10 cvotua Bpioketar péca o opllovTio OLOYEVEG LAYV TIKO
nedio B, kabeto 610 eninedo mov opiletar amd tov KA kai tovg kata-
KOPLPOVG 0O YOVG.
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4.51

o) [Mowa elvar m @opd Kot T0 PETPO TOV LOYVNTIKOD TTEGIOL DGTE O
aywyoc KA va icoppomei;

B) [Toto mpénet va givatl to pPéTpo Tov payvnTikow tediov B dote o
ay®YOC VoL KIVEITAL TPOG TOL KATO [IE EMTAYLVON o0 = 2 m/s” .

Aiveton g = 10 m/s>.

[Am: o) 8x107° T B) 6,4x107 T]

O gvBVOypappog aywyoc Tov oynuotoc 4.43 £yet palo m = 10 gr, pnkog
I =1 m xot kpépetor xkataxdpveo and dvo ouoto ghotipo. Olo to
ovotnuo Bpioketor péca oe opoyeveg payvntikd medio B = 0,2 T. Na
OYEOI0OTEL 1] POPA TOV PEVLLOTOC TTOV TPETEL VAL SIUPPEEL TOV AYDYO KOt
VO VTOAOYIGTEL 1] TN TOV BGTE AVTOG VO, IGOPPOTEL YwPIic va dExeTat
dvvaun amd o hotipla (To EAATHPLO VO SLOTNPOVY TO PVGIKO TOVG
Koc). Aiveton g = 10 m/s”.

[Am: 0,5 A]

Avvapeig petad Tapaiiniov pevpdTmy

4.52

4.53

4.54

AVO mapdAinhol oywyoi, TOAD UEYAAOL HNKOLG Sloppéovial omd
opoppona peopota I, =10 A ko I, = 30 A. O ayoyol angyovv petagd
tovg anodotoon d = 8 cm. Tpitog aywydg mov Swppéetar amd pedua I,
=10 A eivor mopdAiiniog e Tovg 00 TpdTOVG, Ppicketal 6To 110 emi-
eSO e ALTOVE KOl GTO HECOV TNG AMOGTAGNG TOVG. AV TO PEVILO TOV
dappéet Tov Tpito aymyd £xer avtibetn @opd and ta pedpato I ko L,
VO VTOAOYLIGTEL 1 SUVOY TOL OEYETAL O TPITOG OywYOS, OvA LLOVEAdaL
LHKOVC TOV, 0md oV GALOVG 300. Afvetar [, = 4t x 107 Tm/A.

[Am: 107 N/m ]

Avo TapdAiniot aywyoi peydaov purkovg dtappéoviat and aviippomra
peopota I = 10 A kot Ppickovior HEGH G6€ OUOYEVES LOyVNTIKO TTEdi0
B = 0,5x10* T, pe 1o eninedo mov opilovy kaOETO OTIC SUVOLIKEG
YPOUUES TOV poryvntikob tediov (oy. 4.44). O aywyog 1 sivat axhdvnto
OTEPEMUEVOG KO 0 aymyog 2 ehevbepog va kivnBel. No vroloyiotel
mola TPEMEL VoL elval 1 HETOED TOVE OMOGTACT| I' DGTE O AY®YOS 2 va
woppomet. Atverar p, = 4nx 107 Tm/A.

[Am: 4 cm]

Tpeig mopariniot petariikol aymyoi A, B, ko I' dtappéovtar amd ped-
pata g dwog évraong [ = 50 A kot anéyovv avd 600 amodctaor o =30
cm. 210 oyfua 4.45 TopIGTAVETOL 1) TOU TOV TPLOV Oy®Y®OV LE EMine-
80 kabeto oe avtovg. Ot aymyol B kot I' dtappéovtor amd opdppoma
pevpato evd ot aymyoi A kot B dtappéovion pe avtippoma pedpota.
No vToAOYIoTEL TO PETPO TNG DVVAUNG TTOL OEYETOL 1 LOVADO, KOV
Tov aywyoV I' and tovg dAAovg 600 aywyovc.

Atveton b, =4t x 107 Tm/A.

[Am: 166,7x107 N/m]
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4.55

Top1 Tov opoatovikod
GUGTIHATOG 4,

Xy. 4.46

TA 4.57

KvAvopikdc aymyog €xet datoun axtivag R = 4 cm kot dwoppéetan
and pevpa évraong I = 10 A. To peduo givorl OpOtOLOPEO KOTAVEUN-
UEVO GTI OLOTOUN TOV ay@YoVy, dnAadn 1 mTuKVOTNTO TV EAEH0EPOV
NAEKTPOVI®V TOV dNUIOVPYOVV TO peLLLN glvarl 1010 67 OAN TNV €KTaoN
TOV ay®yoV.

o) Ymoloyiote o payvntikd nedio o€ amooTacelS T, = 2 Cm KoL T,
=10 cm omd Tov G&ova ToL KVAVIPLKOD aymyoD.

B) Noa mopoactadel ypopikd T0 LETPO TOL LOYVNTIKOD TEGIOV TOL
dnuovpyel 0 aymydg 6 GLVAPTNOT LLE TNV ATOGTACT| OO TOV
a&ovad tov.

Aiveton 1, = 4n x 107 Tm/A.
[Am: o) 2,5x10° T, 2x10° T]

EvBoypappo chpua mov Exet dtatopun aktivag o mepiBAAleTot amd Ae-
o KOMVOPIKS aydyyo kEA@og axtivac b. O dEovag Tov KeEAPOLE
ovumintet pe tov aZova Tov cvppatog (oy. 4.46). Meta&y Tov cOppa-
TOG KOl TOL KEADQOVG LITAPyEL LoVmTIKS VAIKO. (H didtaén ovoudletan
OLOEOVIKO GUOTNUO YYDV 1 OHOAEOVIKO KaA®MO10). Ot dv0 aymyol
dappéovtar and peopata I kou I, avtibetng popds. Ymoroyiote 10
payvnTikd medio o€ éva onpeio Tov améyel ondGTACT I OO TOV KOO
dEova kot Bpioketor o) petald Tov dvo ayoyny (o <r < b) kai B) EEw
amd 10 cHOTNA TV dVo aywymv (r > b). EEetdote kot v mepintwon
6mov I, = L. H payvntu domepatdtnto 100 HovoTiKov vAkoy Ho
Oewpnbet ion pe éva.

I, -1
[A7: o) BZMLII’B) Bzuol—2|

2mr 2mr ]

Koo ayoyodg (oy. 4.47) éxet oxtiva r = 3 cm kot dtoppEeTat amd
peopa I =10 A. Na vmoroyiotel 1o poyvntikd nedio mov dnpovpyel o
ayoyog og onueio A mov Ppioketol mhvo o€ gubeio mov glvar KABeT
070 €MINEDO TOL KVKAOV, dépyeTat and To KEVIPO TOoL KOKAOL O Kot
anéyet omootaon d =4 cm and o O. Aivetar 1, = 4n x 107 Tm/A,
Ynoo£iln: Xopiote Tov KOKAMKSO ay®Yd 6 TOAD [UKpA TURpaTo. Avo-
A0ote To dibvuopa AB og kdfeteg cuvicTdoeg, N o TV omoimv Oa
&xel ) SevBvvon AO. Zvuykpivete v €vtacn Tov mediov Tov dnpt-
0VPYOLV dVO AVTIOIOUETPIKE LUKPG TUALLOTE TOV oy®YO0D.

[Am: 0,452x107* T]

Y10 oynua 4.48 mopiotdveton Evag pacpatoypdeog pnaloc. Ta 1dvia
mov mopdayovrol amd v Ny [ aeod emttayvvBodv amd niekTpicd
medlo mov dnpovpyeitan amd TAoN V, €1GEPYOVTAL GE TTEPLOYN OTOL
VILAPYEL OLOYEVEG HoryvNTIKO Ttedio B, kGOeTa 6TIG SUVOUIKES YPOLULES
tov. Exel, apov S1oypdyouv nuikukAKn Tpoyid, TEQTOVY GE PMTOYPO-
Q1K1 TAGKO OOV ATOTLTIMVETAL TO 1Yvog Tovs. ['vopilovtag to poptio
TOV 1OVTOV, TNV Tdom V, 10 poyvntikd nedio B kot v andotaon x, Tov
{yvoug 6T POTOYPUEIKN TAGKO 0mtd TO onpeio 16000V, UTOPOVLE Vo
vroloyicovpe ) palo Tov wvtev. Av V=95V, B = 0,08 T to poprtio
KGmotov 16vtog eivar q=1,6x10""° C xar 1 amdotoon x Ppébnke 0,5
m vrohoyiote ) palo Tov 1VToG,.

[Am: 3,368 %107 kg ]
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4.59

4.60

4.61

4.62

4.63

4.64

e opoyevég poyvntikd medio B =1 T eioépyeton nAextpdvio pe toy0Tn-
tav = 10" m/ s. To didvuopa Tng TayvTTog oynuoatilel yovia ¢ = 60°
pe  devBvvon TV SuVapIKGOV YPOUUdV TOL Tediov. Na vToAoyioTel
TOGEC KUKAKEG TTEPLPOPEG BoL KAVEL TO NAEKTPOVIO HEXPL VO OlaTpEEEL
andotaon X = 1 m Katd ) d1eH0vVen TOV SVVALUK®V YPOUU®V. Alvo-
vtou m, =9,1x107" kg kou e=1,6x10" C.

[Am: 5600 eprpopés]

Hektpdvio pmaivel oe yopo 600 medimv, £vOg NAEKTPIKOD Kol EVOC
UOYyVITIKOD, [E OUVOUIKES YPOUUES TTOPAAANAES Kot avTippores. H ta-
Y0OTNTO TOL NAEKTPOVIOL givat KAOETN OTIG SUVOLIKES YPOUUES TOV TTE-
diwv. Na peremnOei n kivnon tov.

To yAdpro amotereiton amd 600 woToma. Ot paleg TV 160TOT®V Elvat
m, =37x1,673x10" kg xar m, =35x1,673x10"" kg . MovocOevr|
wvta yAopiov emtaydvovtal amd v npepia pe taon V =7 kV. Zm
GULVEYELD KIVOUVTOL LEGO GTO OHOYEVEG poryvnTiko Ttedio B = 0,5 T evog
QUOUOTOYPAPOL HALOC KOl TEQPTOVY GTN PMOTOYPOQIKT TAGKa. Bpeite
w660 Ba anéyovv Ta {yvn TOV dVO IGOTOTMOV GTI POTOYPUPLKT) TAGKCL.
Aiveton o ototyelddeg poptio e =1,6x107" C.

[A7: 8x107° m ]

Aywyog TA palag m = 60 gr kot pikovg | = 20 cm, propei va ohoBai-
Vel yopic TpIBéc péEvovtag cuvedc oplldvTiog, Tavm cg 600 TopdAAN-
Agg paPooLS amd HOVOTIKO VAKO ov oynpatifovy yovia ¢ = 30° ue
v opilovtia dievbvvon. To 6Ao choT e PpicKeTal LEGH GE OLOYEVEG
KaToKOpLEO poyvntikd wedio, B =1 T (oy. 4.49). Na Bpeite ) @opd
KoL TNV €VTOoT TOL PEVUOTOG TTOV TPEMEL VO OPPEEL TOV aymyo TA
®ote vo. 1ooppomel. Aiveton g = 10 m/s”.

[Am: 3 A]

OpbBoymvio Thaictlo €xel mAevpég o Kot B Kot SoPPEETOL GO PEVLLNL
évtaong I, (oy. 4.50). 'Evag evbbypoppog aymydg mord peydiov un-
Kovg Ppioketon 6to id10 eminedo pe T0 TAAIC10, SlPPEETAL OO PEVLLA
L, etvar mopGAANAoG pe Tig TAEVPEG TOL TAGLGIOV PAKOVG 0L KOt OEyEL
OO TNV TO KOVTWVY TAELPA andoTtact Y. Na VTOAOYIGTEL 1] GUVOAIKY
dvvaun mov d€xetar To mAaiclo amd Tov evduypappo aywyd. Atvovio

T uoa Ila IZ’ a, B) Y
[ATC: F — MOIII2G’B
2my(y +)

Aent) 6éoun povocsbevav 10Oviev yAoplov €loépyetal 6€ mEPLOYN
OOV GLVLTTAPYOVY OLLOYEVEC LLOYVITIKO TESTO KOl OLLOYEVES NAEKTPIKS
medio kabeto peta&y tovg kol kabeta otn devbuveon g déoung. To
noyvntied medio eivar B, = 4x10” T kot 1o nhektpucd medio E =
2000 V/m. Mepikd amd ta 16vta dev eKTpETOVTAL Kol cuveyilovTog TV
TOPEL TOVG SLEPYOVTUL OO AETTN O JALPPAYLATOG TTOV 1) EXLPAVELL
Tov givor kabet ot dievbuven ¢ déoung. Apécmg PETd T 61000
TOVG Ao TNV 07N, TA OVTO EIGEPYOVTUL GE OLOYEVES LAYV TIKO eSO
mov M €vtact] Tov £yel pétpo B, = 0,1 T ko eivon kdbetn ot S1e0-
Bvvomn g déoung. Ta 16vTa EKTEADVTOC TOPO, KOUTLAGY PO Kiviion
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EMOTPEPOVY GTO SAPPAUYLO KO OTLLLOVPYOVV TAV® GE PMTOYPAUPIKN
TAGKO, OVO GTIYLLOTA TOL OEYOLV HETaED Tovg amdotacn d =2 cm.
o) Yyedidote TNV OAN dtdToén.

B) Eé&nynote yuoti pepcd 16vta amokiivouv péca 6to cuvOeTo me-
oto evd dAha cuveyilovv avemmpéacta TNV TOPEio, TOVG.

Y) Eé&nynote ywoti ta 16vta oynpatifovv 600 otiypata.

d) Katé moca verpdvia S1apépovy ta SV0 1GOTOTO TOL YA®PIoL;

Aivovtar: to otorysimdec optio e=1,6x10"" C kou 1 pélo Tov ve-
tpoviov m, =1,6x107" kg .
[Am: 2]

TO ®AINOMENO HALL (Xo)

To 1879 o Edwin Hall dwonictwoe 611 o€ éva mAakidio mov dwoppéetan
amd pevpa, tomobeuévo péoa oe poyvnTikd medio, dnulovpyeital dapopd
duvapkov g d1evbhuven mov givarl KAOETN GTO PEVIL KO GTO HOyVNTIKO TTEDTO.
To @owodpevo avtd, mov eivarl yvootd wg eowvouevo Hall, opeiletar otnyv
OTOKALGT TOV VPIGTOVTUL 0L POPEIS TOV PEVNATOC, €€ arTiag TG dVvauNg
OV OEYOVTOL OTO TO PayVITIKG TTEdio.

H avéivon Tov arotereopdrov Tov gavopévov Hall o€ éva ayo-
Yo TAoKiO0 divel TANPOPOPIES Y10 TOVG POPEIS TOV NAEKTPIKOV PEVROTOS
KOU Y10 TNV AVKVOTNTA TOovG. To QUIVOUEVO TO EKNETUALEVONOOTE OTY| pUé-
TPN O LOYVITIKAOV TESI®V.

'Eoto évog aymyog o€ oynua TAGKOG TOL OOPPEETOL OO PEVLLOL KATH
™ BeTikn KatehBvvon Tov déova X. TNV Kotevbuvon y vadpyel OLOYEVEG Lo
yvntikd wedio B. Edv o1 gopeig Tov niektpikov pedpotog gival eAevBepa nie-
KTpdvia, (oy. 4.51a) avtd Bo kivovvtal Tpog TV apvntikn katebbovvorn Tov
GEova x pe o péon TavTnta u, (Taxdte 610Aicnong). ro niektpovia ontdh
T0 poyvntiko medio ackel duvaun F pe katehBouvon mpog to endve, Kot Guve-
TAOC ATOKAIVOLV A0 TNV TOPEIN, TOVG Kol GLGGMPEVOVTUL GTO EXAVMD HEPOG TNG
TAGKOC. Mg T GLGGMPELOT TOV NAEKTPOVIOV GTO EMAVMO UEPOG TNG TALKOG
onpovpyeitar mepicoeia Betikoh poptiov 610 KATW® HEPOG TS, H cucodpevon
{omVv TocoTTOV BTV Kot apynTiKoD POPTIOL GTO KATM KOl ETAVE® UEPOS TNG
TAQKOG GUVETAYETAL T1) ONULOVPYI0 GTO E0MTEPIKO TNG TAGKOAG OLLOYEVOVS NAE-
KTpKov mediov 1o omoio ackel ata eAevBepa niektpovia dvvaun Eq, pe popd
po¢ Ta kKATe. H cucodpevon nhektpikov @optiov cvveyiletal uéypig 6tov n
niektpikn dvvoun Eq e&icopponnoet  payvntiky dbvoun F.

y

(o)

Xy. 4.51
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Me éva evaicOnto YoABavOUETPO UTOPOVLLE VO LETPHIGOVLLE TN SLOPOPA duva-
pkov mov dnpovpyeitol PHeTa&h TOL KAT® KOl TOV EMAVEO UEPOVS TNG TAAKOS
eontiog TG CLEGMPELONG NAEKTPIKOD POPTIOL. AVTN 1 SLOPOPE SVVOLLKOD
ovopdaleton taon Hall (V).

Edv o1 popeig Tov niextpikod pevpotog givar Oeticoi (6nwg copPaivet
6€ 0pLoUEVOVE Nymyovg) (oy. 4.51P) avtol Ba extpamody TPog Ta TAVE® Kot
£T01 GTO EMAV® PEPOG CLGCOPEVETAL BETIKO POPTIO EVA GTO KAT® OpVNTIKO.
2ty mepintwon avtn To Tpdonpo s taong Hall etvon avtiBeto and 6,11 mpuv,
otav ot popeic rav niektpdvia. [Ipocdiopilovtag Aowwdv TNV TOMKOTNTA TG
tdong Hall mpocdiopiletar to mpodonuo tov popéwv poptiov.

Mmnopovpue va Bpooue pia Exppaon yio v taon Hall av Bounbovpe
OTL GTNV KATAGTACT 1GOPPOTIAG 1 OVVALN TOVL HoyvnTikoy mtediov F = B|q|od
e&loopponeital amd T dVVOUN TOL NAEKTPIKOD TTEdIOV E|q|

B|q|v, =E|q| § Bu, =E (4.23)

Edv to mhdtog Tov aywyoo gival d, tote E = VTdH Kot M oyéon (4.23) yivetan

By, = % ondte V,; =Bdy, (4.24)
Amd ) oyéon (4.24) mopatnpovue 6t av yvopilovpe v tdon Hall to B kot
10 d, pmopovpe vo vrtoloyicovpe TV TodHTNTA dSLOAIGON oG TOV POPE®V TOV
PEVLATOG.

H évtaon tov pedpatoc pmopel va ek@pacdel Kot mg cuvapTnon Tov
aplBpod n TV EOPL®V QOPTION avd LoVAde GYKOVL, OTIMG VITOAOYIGTNKE 0T
oyéon (4.20)

L
n|q|A ’
omov A to gufaddv tng datopng e mAdkog. @étovtag ot oxéon (4.24) v
(4.25) Bpiokovpe

I=n|q|Av; 9 v, = (4.25)

__IBd
n|q| A

H

Ao ™ oyéom avTi| UTOPOVLE VO VTOAOYIGOVUE TNV TUKVOTNTO POPEDV PEL-
LLOTOG TOV 0ly®YOU.

Téhog yvopilovtog Tig 1O10TNTES TOV AYDYLLOV TAUKLSI0V, ONANOT TNV
TUKVOTNTO POPEMV PEVUATOG KOl TO 100G TOV POPEDMY POPTIOL, UTOPOVUE VL
YPNOUYLOTOU|COVLLE TO QOIVOUEVO YOl TN HETPNON AYVOCT®OV LOYVNTIKOV Tedi-
V.

To povopevo Hall éxer toAAEG TPOKTIKES EPAPLOYEG GE SLAPOPOVG YD~
POVG, LETOED OTMV KO GTNV LOTPIKT.

To aipo mepi€yet 10vTa Ta omoio KivouvTol (e TNV TayOTNTO PONG TOL.
Mmnopovue vo Osopicovpe TV Kiviion TV 10VIOV ooV NAEKTPIKO PELLLOL.
Egappodlovpe éva poyvntikd nedio kdbeta oe pio optmpilo Kot HETPALE TV
tdon Hall mov avarticcetal 6to ToydUatd g, And T oxéon mov divel v
tdon Hall propovpe va vroAloyicovpe v évtaon tov pedUIATOG KOl GTY| GL-
véyeto amd T oyéon (4.25) v ToydTNTO TV 1OVIMV TOL VoL KOt 1) TOYOTNTO
pong tov aipatoc. I'vopilovtag v ToydTNTO PONG TOV GilATOg GTNV apTNnpic
01 YloTpoi Umopovv vo BYGAOVY GUUTEPAGLLOTO Y10 TV KOTAGTOGT TOL KUKAO-
(POPIKOV GLGTAATOG TOV achevr).
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HAEKTPOMAI'NHTIKH
EITAT'QI'H
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Ew. 5.1 Michael Faraday (1791-
1867). Ayyroc. O matépag tov fTav
@TOY0G o10epdc. H exmaidevon| tov
NTov otoretdons. Xe nikio deka-
POV XpOvov dovieve g Ponbog
Biprodétn. O Michael e Bifiiode-
Tovce amlag ta Piiia, to diéPale
KlOAoG. Apydtepo, G YPOLUOTENG
tov Davy yvdpioe t00G peyolvte-
POLG PLGIKOVG TNG EMOYNS Tov. Htaw
Babotata Opnokevdpevog. H emt-
GTNHUOVIKY TOV dpOGTNPLOTITO NTOV
tepdotio. Méypt to téhog ¢ Comg
TOV Ol ONUEIOCES TOL TEPLElyaY
deKaébl yMadeg KaTaypioels, Tov
kaBapdypage kot PiPArodetovce
TPOGEKTIKG povog Tov. Hrov eéat-
PETIKOG TEPAUATIKOG PLOIKOG. XTOV
Faraday o¢eihovpe t Oepermon
TOV MAEKTPIOHOD HE TN ovyXpOvN
Hoper.

5-1 EIXAT'QI'H

2TO TTPONYOVLEVO KEPAAOLO €10aLE OTL TO NAEKTPIKO PEVLLO GUVETAYE-
Tat T dnuovpyio poyvntikod mediov. Xta 1831 o Ayylog epguvntig Michael
Faraday (®@apovtél) perétnoe 1o evdeyouevo n dmapén poyvntikov mediov vo
dnuovpyel 67 évo KAEIOTO KOUKA®UO MAEKTPIKO pevpa. Mio celpd and mel-
papoTe ToV 001 YNCOV GTO GUUTEPAGHA OTL £VO. 6TaOEPO LoyvnTIKO TTEdio O€
dnuovpyet nhektpikd pevpa. Avrtifeta, av petafAndei n poyvntikn pon mov
dépyetor amd TV enPAaveLe Tov opilel To KOKAMUO, GTO KOKA®UA eppavifeTol
éval ompocdOKNTO PEvUN. XTa 1010 GUUTEPACUATO KOTEANEE TV 1010 YpOoVLd,
ave&dptnra and tov Faraday, o Apepwkavoc Joseph Henry (Xévpt). H onpacio
TOV QAIVOUEVOV, TTOV OVOUALETOL NAEKTPOUAYVNTIKY ETAYMOYY], Elval TEADPLN
GTO GUYYPOVO KOGUO. Apkel va avagépovpe OTL 1 TOPAYOYT KOl LETAPOP
NAEKTPIKNG eVEPYELNG otnpileTal 67 avTo.

Aéyetar 0TL OTOV TOV pAOTNGE EVOG TOMTIKOS TOGO XPNOLpeS givat ot
avakaAdyelg Tov, o Faraday andvinoe: «Ilpog o mapdv de yvopilm, oA pio
pépa Bo UTOPEGETE VOl TIG POPOLOYNGETEN.

Ew. 5.2 Hiextpoyevvitpieg vdponiektpikod otabpod. H mapaywyn niektpikng
evépyelog otnpileTan 6TO PUIVOUEVO TNG ETOYMYNG.

5-2  HAEKTPOMAI'NHTIKH EITAT'QI'H

Oa 0pYICOVLLE TNV TEPTYPOPT TOV POIVOUEVOD LE JVO TEIPAUATO, LLE TO.
omoia umopet va wapatnpnOet.

Mp®dTo. Zuvdéovpe ta AKpa VOGS VIOV LE Eva «YAAPAVOLETPO TOV
undevog» maote va dnuovpyndei kieloto koxlopa. To yolBoavouetpa givar ev-
aloOnto Opyavo TOL HOG EMITPEMOVY VO UETPAUE HIKPES EVTAGES PEVLLOTOG.
70 YOABOVOUETPO OV YPNOUYLOTOIOVUE, TO UNOEV PPIoKETOL GTO HEGOV TNG
KAipaxog. O delktng Tov, avaAoyo Le T POpA TOL PEVLATOG OTOKAIVEL TPOG TN
pio M Ty GAAnN Tievpd tov pundevoc. [inoidlovpe oto mvio Eva pafdopopeo
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HOyVITN, €161 ®OTE 0 AEoVAg Tov va TovTileTon pe Tov a&ova tov mnviov. Katd
™ S1dpKel TNG KIVoMG TOL LayViTN TO YOABOVOLETPO dElYVEL OTL TO KOKAMLLOL
dloppéetat amd pedLLD, OV KOl OEV EYOVLE KOULE TNYN.

Xy. 5.1 Otav vrapyet oyetikn kivnon tov po-
YVNTN ®G TPOG TO TNVIo TO YOAPavOUETPO delyvel
pevLLOL.

Otav 0 poyviTng oTOUOTACEL Vo Kiveital to pedua unoeviletatl. Av
OTTOUOKPOVOVLE TO HOyVITH TO YOAPOVOUETPO Oeiyvel OTL TAAL TO KOKA®UO
dwappéetar amd pedpo, avtifetng eopdg Topa 6e oyéon pe mpv. Mo akoun
TopaTNPNON ivarl 6TL 1] amdKAIoT) TOV YOABOVOUETPOV, Apa 1) EVTOOT] TOV NAE-
KTPIKOV peOLLOTOC, eEapTdTol amd T0 TOGO YPNyopo TANGIALOVLLE 1] OTOLaKPY-
VOVLLE TO LotyVATY).

AgbTepo. Xvvoéovpe o, AKPO oy@YIUov TAoloiov o€ YOAPavOUETPO
£101 ®oTE Vo dnpovpyeitol kKAe1oTo KukAmpa. Eltedyovpe to mhaicilo ato ydpo
€VOC 1GYLPOV OUOYEVODG LOYVNTIKOD TEGIOV TOV OMLIOVPYEITOL AVAUESH GTOVG
moAOVG evOg Niextpopayvinn. Kotd ) dibpkela g €10660v (av to emimedo
TOV TTAOLGIOV 08V €ival TOPAAANAO GTIC SUVOUIKES YPOUUES), TO YOAPavOuE-
Tpo deiyvel pedpa. Otav to mhaicto Ppebel va kiveitar eEohokAnpov evtdg Tov
nediov to pevpa undeviCeratl. Katd ) didpketa g e£600v Tov mhatsiov and
T0 medio eppavieral Al pevpa oto TAaiclo avtifetng gopdg and mpiv. Kot
€00 M £VTaoT TOV PEOHOTOC Eival LeyaAdTEPT OV 1 €10000¢ Kal 1 ££000G Yivouy
YPNYOpoOTEPQL

AvTO OV GUVEPT OTN SLAPKELD TOV SVO AVTAOV TEPUUATOV HTAV OTL
petafAndnke n poyvntikn por| amd v empavela mov opiletal ond TIc oneipeg
TOV TTNVIOL GTNV TPOTN TEPITTMOO, OO TIG GTEIPEG TOL TANLGIOL GTN JEVTEPN.
e autn TN petafoir] mpémel va avalnTGoLvE TNV attia TG dNovpyiag Tov
NAEKTPIKOD PEVLLOTOG.

Av o€ Kamow amd TIG TPONYOVLEVES TEPUTTMCELS TO KUKAMMO 1TOV
avotyto, o€ Ba vMpye pevpa. Q6TdG0, KATd T O1dpKeLn LETAPOANG TG Loty -
TIKNG PONG, OTO OVOLYTA GIKPO TOV KUKADOTOG ~TOV TNVIOL 1] ToV TAoGiov- Oa
eppovilotav téon. H tdorn avtm ovopaletol taon amxd eraymyn.

Oa mpémel va onuelwbel OTL Yoo TV EUEAVICT) QLTS TNG TAOMG dEV
glvat avaykaio vo vedpyel Tvio | TA0icL0 TOAGOV GrelpdV. Apkel vo, LETO-
BAnOei n poyvntikn por mov SiEpyeTat amd TV EMPAVELL TOV 0pileL 0 aywyog.
Torte, kotd TN SbpKeLo TG LETOPOANGC, Ep@avileTal 6To AKPO, TOL Ay®YOL TAOT
amo enaymyn (oy. 5.3).

To @owvépevo TG ePEAVIGNG TAONS OTU GKPO KATOW0L Ay®YO0U,
eEartiog TG petofois ™G poyvnTIKNG PoNg mov dEPYETUL O
TNV EMQAVELN TOV 0PILEL, OVORALETUL NAEKTPONAYVITIKY] ETAYOYN.
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Ew. 5.3 Iepopatikn enideén on-
povpyiog pedHaTOC 68 KAEGTO KV-
Khopo eéottiog g Kivnong evog
poyvnT.

N

| —
ir

Xy. 5.2 Katd v €icodo tov mAat-
clov oto poyvntkd medio, o yoA-
Bavopetpo deiyver 6t 0 TAGIGLO
dwppéetor amd pedpaL.

X X X X X X X

AD

X X
™

X X X X X

X X X X X

Q)

X X X X

X X X X X X X

AD X X X X X X

X X X X
)

X X X X X X
©

X \X X X X [X x

X X X X x X

X X X X X X X

Xy. 5.3 Otav petofdrderor n po-
YVNTIKN pOT| TOL SEPYETAL OO TNV
eMEaveln Tov opiletl évag oymyog e
TO GYNHLO TOV, GTO AKPO. TOL OrymYOD
eppavifetor taon amd emaymyn. To
apoéoNuo + Kol - 6TO GyNuo efvol
avbaipeta.



O vopog oV SEMEL TO POVOUEVO, OVOUALETAL VOLOG TNG EMAYMOYNS 1
vépog Tov Faraday kot dtotvndvetor g e&ng:
H niektpeyeptikn dOvapun mov endyetor € £vo KOKAopa givar ion
pe to puOuo petafoing TG poyviTIKNAG Pofg mov SEPYETAL U
TNV EMPAVELD TOV 0PILEL TO KOKAONO.
_ |AD, |
At

EIT

Av 10 KK opo arotereitar amd N oneipeg kar AD, eivar n petoforn mg pa-
YVNTIKNG pONG 6€ KAOE OTELPO, O VOLLOG TNG ETAYMYNG YPAPETOL

[AD, |

Ep =N—2 5.1
B At (.1
Hapatnpioceig

1. H oyéon (5.1) diver ) péon nhektpeyepTikn SOV TOL EXAYETAL GTO

KOKA@Uo o€ xpdvo At. ['a va vmoAoyicovpe TNV NAEKTPEYEPTIKT dVVOL-
N, 6TO KUKA®LOL, KATOl0 GTIypun t TPEmEL 0 xpovog At va ivar amelpo-

oTh puKpoC. | do |
Een=N °
dt
2. Av 0 pvOuog petafoing mg payvntikhg porg etvot otadepdg koun E

Oa £xel otabepn TN 6TO YPOVIKO drdoTna At.

3. To mvio N to0 TAaiclo OV AVAPEPONKAV TPOTYOOLEVE, £YIVAV MAE-
KTpKES mNYES. Emopévag 1 tdon ota dkpo toug Ba eaptdtot and to
pevpo Tov Stappéet to kKoKAmpa. H oyéon (5.1) divel tnv niextpeyep-
TIKN SUVOUN OVTNG TNG TTNYNG, ONAXOT TV TACT GTA AKPO TOV oy®-
v00 otav O droppéetar amd pevpa. Av 0 aywyog cuvdebei oe KAeloTO
KOKA®UA, 1 TGO oTo AKpo. Tov Ogv gival iom He TNV NAEKTPEYEPTIKN
dvvaun oA eivor pelopuévn katd tov mapdyovia IR, 6mov R 1 avri-

GTACT| TOV.
A o5 IT! R V., =E-Ir
o—l B—>o
A [ B
Er
V,=E R
AD 0
SR [ Via = Egn = IR,
roa L AAA—
Vi=Ee R,
Xy. 5.4
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ITAPAAEII'MA 5.1

K\e1o16 cuppdtivo kKukAiko miaiclo Ppiocketal pEG 6 OHOYEVES HayvnTikO Tedio pe To eninedd Tov
KGEOETO OTIG OLVOLUKEG YPOLUES TOV TTediov. Kdmota otiypr] to poyvntikd medio apyilet va avcavetat e otobde-
p6 pOuo kot and v N B, = 0,1 T yiveron B, = 0,5 T o€ ypoévo At = 0,2 s. To mhaicio amotereiton amd N =
100 oneipec. To eufadov kade oneipag eivar A = 4x10~ m*. H avtictacn tov mhaiciov sivar R = 20 Q. No
VTOAOYIGTOVV:

o) H nextpeyeptikn dvvaun mov endyetal 6To TAAIG1O.
B) H évtaom tov peduatog mov dtappéet T0 TAUICL0 KOTd TN SLOPKELL TOV POIVOUEVOV.
Y) To NAEKTPIKO POPTIO TOL SEPYETOAL OO LULOL TOUT] TOL GUPUATOG KATE TH SLAPKELL TOV POLVOLLE-
vov.
Amdvinon:
o) Epocov petafaiietar o poyvntikd medio, HETOPAALETOL 1] LOYVITIKY] POT) TOL SLEPYETOL OO TNV EML-
oavetla Tov opilovv ot omeipeg Tov mhatsiov. H niextpeyeptikn dhvoun mov endystol 6to TAaiclo givat:
E N |A(D| 1
=N—— 5.
e AL (5.1

AD = A(BA) = AAB = A(B, - B))

Avtikabiotovtag oty (5.1.) Bpiokovpe E, =8 V

B) H évtaon tov pedpatog wov dlappéet To TAAIGI0 6TO ¥PovIKd dtdotnua At gival
E
[=—fL 5.2
R (5.2)
omd OOV TPOKVTTEL 1=04A
v) To poptio mov S1EpYETOL OO L0 TOUN TOV Ay®YOD KOTA TN SLUPKELN TOL PUVOUEVOL ivat
Aq = TAt (5.3),

OmoL At 0 ¥pOVOC OV SL0PKEL TO POALVOLEVO.

[Tapdro mov ta oTotyeia mov yvmpilovpe emaprkovV yio va vtoloylotel To optio amd ™ oyéon (5.3)
a&ilel va avtikatastnoovpe To pedpa and ) oxéon (5.2) ondte n (5.3) yiveton

E

Aq = —HLAt.
a R
Av 611 GY£0N VTN AVTIKOTAGTGOVUE TNV NAEKTPEYEPTIKY dVvoun and v (5.1) Tpokdmtel
ACI)|
Aq= N|— 54
q = (5.4)
Kot TeMKd Bpickovpe Aq=0,08 C

[Mopatnpnote 6TL TO GLVOAKO POPTIO TOV PETOKIVEITOL Eival oveEAPTNTO TNG YPOVIKNG OIAPKELNG TOV
(POLVOUEVOD.
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Xy 5.5 O ayoyog KA xveiton péoa
0€ OLLOYEVEG paryvnTikd medio.

—

A ]
X X )q_) X X x'X

X X X X X X X
X X X AHX X yX
X|[x=T X[I'x X X
—» U
X[[x_x x[fx x x

X X X X X X X

Xy 5.6 O ayoyos KA olcOaivel
TIve  O6TOVG  OKIVITOVUG  oy@YoULg
xAZx'. Oho 10 cvomua Ppickeron
Léca o€ opoyevEG LayvnTikd medio.
H ovoodpevon goptiov oto dkpa
tov ayoyov KA, mpokodel xivnon
@OPTIOL GTOVG AKIVIITOVG Ay YOVG.

5-3  EYOYTPAMMOZX AT'QI'OX KINOYMENOX
XE OMOI'ENEXZ MAI'NHTIKO IIEAIO

Av kot ta teipapoto emBefaidvovy TANpmg to vouo Faraday amopévet
0OLEVKPIVIOTO TO MG dNOVPYOVVTAL TO EMAYWYIKE pevpata. To mopakdTo
Tapaderypo eoTilel KATMG TO TPy LT,

Evbdypappog aymyog unikovg L kiveiton pe otabepn| taydtnto v kabe-
TO GTLG OLUVOUIKEG YPOUUEG OLOYEVOVG payvnTikov ediov B (oy. 5.5). Ta eled-
Bepa NAeEKTPOHVIA TOV, GUUUETEYOVTAG GTNV KiVIG1] TOV 0y®YOoV, KIVOUVTOL KOl
OUTA PE TaXDTNTO L KAOETA OTIG SUVOUIKES YPapUEG TOL Ttediov. 'Eva edevBepo
NAEKTPOVIO EMEON KveiTal Le TaydTNTe ¥ HECH GE poryvnTiko mtedio Ba deytel
dvvaun Lorentz F = BU|q| N Popa tng omoiag eaiveral 6to oynua. H dvvaun
ot TpokoAel TV kivion tev ehedBepmv nAektpovimv mpog 1o dkpo A Tov
aywyov. 'Etet dnpiovpyeital Guocdpeuon apvnTikod goptiov 6To dkpo A, Kot
mAeovacua Betucod eoptiov oto dkpo K. Ta goption avtd dnpiovpyovv 610
YDPO TOL YYD opoYEVEG NAekTpikd Tedio Evtaong E pe popd amd to K mpog
10 A. Ta ghedBepa nAexTpdvia d€xovTol Tdpa po axoun dovaun E,, = E|q|
avtifemg eopdc amd ™ payvntikn. Oco 1 dvvaun Lorentz eivar peyoldtepn
OO TNV NAEKTPIKY], | GLUGCOPEVCT| POPTIOV cuveYileTal, e OAO KOl KPOTEPO
pvOuo. ‘Etot, ) éviacn tov niektpikod wediov avédvetat Kot og ToAd Aiyo ypo-
VO T0 LETPOL T®V dvo duvapewmv yivovtat ioa, Sniadn

E|q|=Bvlq| 4 E=Bv (5.5)
Tote mavel n petaxivnon eoptiov kot to onueio K Ppioketar e vyniotepo
duvopkd amod o A.

H duapopd duvapkov V,  petald tov axpov tov aynyod K kar A vroroyiCe-

KA

tat amd v (5.5) av Bécovpe 6mov E = KoL ADGOVpE O TPOg V, ,, OTOTE

npokvumtel Vi, = BuL.
[Mpdkertar yio pior S1opopd SLVaLLKOD TOV OPEIAETAL GTH dPAGT TOV HOYVNTL-
KoL edilov (emdryeTot amd TO HOyVNTIKO TEDIO).

Ag Bswpncovie Tov 1610 aKkpPOG aymyo vo Kavel Ty 1010 Kivinon péca
670 1010 medio. Tmpo OGS T AKPA TOL 0y®YOL OAMGHAiVOLY TAV® GTOVS aKivn-
TOVG aymyoug XAZX' (oy. 5.6). H cusompevon optiov, ata dkpa TOL oywyon
KA, mov ogeidetar oty kivnor tov, TpoKaAel TNV Kivnon @optiov 6To T
KAZA tov akivntov ayoyov. Ag pavtactovpe Eva ehevbepo NAeKTpoVIo TV
ayoynv KAZA. To nhektpovio Ba kivnBet mpog 1o onueio K, diatapdcscovrog
TPOG GTLYUNV TV 1ooppomia TV optiov ota dkpa K kot A. Mo véa petoxi-
vnon eoptiov péca otov aywyd KA Ba anokatactioet nv icoppomnia. To id10
0o cupPel pe kabe nhektpdvio Tov PTavel oto onpeio K, dniadn o aywyog KA,
Aertovpyel ¢ avtAio opTiov, MG NAEKTPIKY TNYY|, NAEKTPEYEPTIKNG OVUVOLNG
BuL.

Av €vag ev00Ypapnog ay®yodg KiveiTal P TaVTNTA UV, HEGA GE OULO-

YEVEG YV TIKO TTEGT0, £TOL MGTE 0 AYMYOS, N TAYVTNTO KL TO 1o-

YWNTIKG edio va givan kGOeTa ava o0 peTald Tovg, 6TOV AY®YO

OVOTTOGGETOL AEKTPEYEPTIKY] OVVOUN OTO ETAYOYN

E,, =BuL
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X710 1010 amoTéEAEG L0 KATOA YOV LE [e TO VOUo Tov Faraday. Ag emavér-
Bovpe otov aywyd KA mov olcBaivel méve 61oug akivtoug aymyovg XAZX'.

O aywyo6g mov Kiveiton Kot ol akivintol aywyol oynuotilovy éva KAel-
010 TAaiclo oynuatog opfoywviov TapoAnAoypappoy pe avéovouevo upa-
dov A. Zougpwva pe to vouo tov Faraday, 6to mhaicto 0o avartuyfet HEA amo
EMAYOYN

_AD _A(BA) BAA _BLAx _

E. =
AL At At At

BLv

BéBaia oty mepintwon evog vBHypoppon aymyod wov Kiveitor péca

@y

0T0 payvnTikd medio (oy. 5.5), to mnAiko 6710 vopo tov Faraday, oev
umopel va mopgyel To puOUd HETOPOANG TNG HOYVNTIKNG PONG, YIOTL OV €)el
VOO 1] LOYVNTIKT pO1| TTOV StEpyETaL o Eva VOVYPOLLLLO TUN IO OTT(C Elval O
aywyos. Zmnv mepintoon avth AD eivar poryvntiki por) mov SiépyeTon omd v
empdvela wov opilel o aywyog pe tnv Kivnon tov (oy. 5.8).

K
X X7 X X @ X X X X X X X XgX
X | X X X X X X X X X
X | X X X X X X X X X

L]
X | X X X X x X|\x x x X
X X[ x x | x X X X||X x X X
A

X X X x ¥ x X X X X X X X X

A

@ ®

Xy. 5.8 Tty wepintoon evog aywyod mov Kiveitar pésa o€ payvnTikod medio, AD
€lvol 1 LoyvnTikn pot| oL SEPYETOL 0o TNV EMPAVELR TTOL 0pilet 0 aywydS pe TNV

kivnon tov.

Oa UTopoVGAE AOITOV VO TOOUE OTL NAEKTPOUAYVNTIKY ETOY®YN &i-
VOl TO POVOLLEVO TNG ELPAVIOTG TAONG GTA AKPO AYOYDV OTOV HeTAPAAAETOL 1
LOYVNTIKT POT} IOV SEPYETAL OO TNV EMPAVELD TOV 0pilOVV LLE TO GYNLLOL TOVG
N 6tav Ao TNV EMPAVELL TOL 0pilovV LEe TNV KIVNoN TOLG JIEPYETOL LOYVITIKY
pon.
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Xy. 5.7 Kabog o ayoyog KA xvei-
T, petafaiietor to epfadov tov
mhaiciov KAZA, pe amotélecpo vo
peTafdAAETOL | LOYVITIKY POT TTOV
diépyetat and avTo.



ITAPAAEITMA 5.2

Aywyog AT pe pikog | = 0,4 m kveiton pe toydnTo v =5 m/ s, yopic Tp1ég, Taved 6TovE TOPUAANAOVG
ay®yovg Ax Kot ZX' LEvovTag StopKmg KAOETOG Kol o€ €mapn e avTovs. Ta dkpa A kot Z Tov oymy®dv cuvoéo-
vtol peta&d Toug pe cvpua avtictaong R =5 Q. H avtiotaon 6Aov tov AAeV ayoyov sivol apeintéa. H 6An
diartaén Bpioketon péoa o€ opoyeveg poyvntikd medio B = 0,5 T kdbeto oto enimedo mwov opilovv ot aymyoi. Na
Bpebei n dOvaun mov amatteitot yio va, dtatnpn0el isotoyng 1 kivion tov aywyov Al

And X X X X X X X
mavrnon:
ot xB x  x L ¥
Eneidn o ayoyog A" kiveiton péco oe poyvntikd medio, o avtov X X X ”x x
EMAYETOL NAEKTPEYEPTIKT] OVVALN R F; F
XX X X X X
E.,;=Bul=1V | I
X, XXX XX
INo va Bpodpe ™ Qopd TG NAEKTPEYEPTIKNG SOV @avTalOpooTe Eva
, , . , . , X X X X X X X
amd ta ehevbepa niektpdvia Tov aymyod Al To niextpovio Kveitor Kot .59

0T, pali pe Tov aymyd, pe toyvTnTe v. Me 1oV Kavova TV TpLdV doKTH-
AoV Bpiokovpe 6t1 10 nAekTpdvio Ba deytel duvaun amd To HoyvnTiKo medio
mpog o axpo I' tov aywyov.

Emopévemg, oto dipo I' copedetar apvntikd optio kot 610 A Oetikd (oy. 5.9). To KAeloTd KOKADUA
AAZI" dwppéetar omd pedLo EVTAONG
I= Een _ 0,2 A
R
H @opd tov pedpatoc ival avti Tov oyUATOG.
Eme1dn o ayoydc Al dwappéetor amd pevpa, d€xeTar omd To poyvntiko medio dvvaun Laplace.
F =BIl=0,04 N
Me tov Kovova TV TPLaV daKTOA®VY Bpickovpe 0Tt 1 @opd ¢ dvvaung givar avtifet pe ™ eopd tng kivnong
OV ayYyov.
INo vo kveitan o aywyog pe otobepn taydnTo Tpénet va aoknbeil oe avtoév dHvaun F avtibetn pe
dovaun F,.
F=F =0,04 N

Xnpeioon
Av cg €va KOKA@UO VITEpYovuy dVO TINYES, GUVOESEUEVES OGS OETYVEL
to oynpa 5.10a, 1 GLVOAMKN NAEKTPEYEPTIKN SVVOLTN GTO KOKA®LLO Elval

E E +E
E, =E, +E, ko110 pghpo, [ = =2 =12
o 1 2 pevp R, R
Av 01 600 TINyEg elvat cLUVOEDEUEVES OTIMG GTO KOKAMMUO TOV GYNUATOG
5.10B 1 cuvoAkY| NAEKTPEYEPTIKY] SVVAUN GTO KUKAMUO Elval
E E, —-E
E, =E, —E, kot 1o pebpo [=—2 =12
o 1 2 pevp R R

oA

ok

oL
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Xy. 5.10

ITAPAAEIITMA 5.3

Avo opilovtion petailikoi aywyoi A® kot I'Z pe apeintéa aviictoon anéyovy peta&d tovg I =1 m (oy.
5.11). Ot aywyol PBpickovtal 6e KOTOKOPLPO OLOYEVES HayvnTiko medio B =

1 T. H petaAiiwr| papdog KA Bpioketar e cuveyn emapn pe Toug aywyois X X X X X X X

AO kot I'Z ko pmopet va oloBaiverl ympig tp1éc, mapapévovtog kabet oe s Axe s X(+)K « O

avtovg. Ta onueia A kot I cuvdéovtar pe mnyn niektpeyeptikng dvvoung E =

12 V. Tn otiypn pundév kieivoope to dakomtn A, omdte 1 pafdoc KA apyilet X| X X X X X

va Kwveitat. Na vroloyiotel 1 oplokn toydtnta mov o omoKTioeL. E® o « « % %
XX X X0 A XX

Amavinon: X X X X X X X

y. 5.1

Tn otiyun undév (oy. 5.12a) mov kAeicape 10 dokdTIN, 0 AymYHS
KA ftav axivntoc. Movadtkn nAeKTpeyepTIKn SUVOUTN 6TO KOKA®UA ival 1) NAEKTPEYEPTIKY SOVOUT TNG TNYNS

(E). To xoxhopa dwoppéetat amd pedua I = £ , TOV OTTO{OV 1 POPA TOL PaiveTol 6To GYNua 5.12a.
oA

Enedn o aymyds KA dwappéetar omd pedpa, déxeton and to payvntikd nedio dovaun Laplace F, = BII

Me v enidpacn avthg TG SOOVAUNG O AyWYOS OTOKTA ETLTAYLVOT OL = R opdpponn pe T dvvaun (oy. 5.12a).
m

‘Eoto o0t1 ™) otiypn t (oy. 5.12B), o aywydg Ba £xel amoktiost tayvtnto v. Epocov kwveitat, AOYm

EMAYOYNG AVaTTOGGETOL 6° oTOV NAekTpeyeptikh dvvapun E., = Blv g omoiag n moiwdéta eaivetar 6o
OXTHOL.

To pedua oto KOKA®UO oPeileTal oTN X X X X X X X X X X X X X X
dpdaon g mnyNg E xaw oy E_ | ko n €viaon w Ay ),/A\X K @ x Ay VA‘X(+)K v 8
ToL diveton amd T oyEon J- 11 o= J- I )
_E-E, E-Bly x| x x xUf% K x| x x xNf* ¥
- R, - R, BTx x x X X BTx x x X X
O ayoyog Oo emraydveror péypt XX X X XX XXX X0 XX
otiyun mov N F, Oo undeviotel. Avtd Oa copfet Y % % x /; v % % % x Q v %
otav 1 évtaon Tov pedpatog Bo pndeviotel om-
adn otav () B
E—Blu=0 Xy. 5.12

E
H toyvtrto ekeivn ™ otiyun 0o mdpet tn péytotn T mg v, Y10 TV omoia Oa glvon v, = Bl =12m/s
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Xy. 5.13 O poyvnmg mincualet oto
mnvio. ZOUPOVAE [LE TOV KOVOVO TOV
Lenz, to pedpo mov emdystor 610
mnvio éyetl Tétoe Popl MoTE améva-
VTL OO TO HoyVITH TTOL TANGLALEL TO
mnvio va dnpovpyel 6H00 poyvnTt-
K0 TOMO.

X X X X X X X
K
XA X X X X X §
-+
XNX X X K X X
R F < > F
XX X XIT( X X
L
X, X X X K~ X X
Z A X

X X X X X X X

Xy 5.14 O ayoyog KA oloOaivel
TIV® GTOVG aKIiVNTOVGS ay@Youg AX
kot Zx'. ZOpemvo pe tov Kovova
Tov Lenz 1o pevpa amd emorywyn mov
dnpovpyeitat 6To KOKA®LOL, EYEL TE-
o POPE, AGTE O KIVOOUEVOS Oly®-
v0g va déyetar dvvaun Laplace, mov
avtitifeton 6NV Kivnom tov.

5-4 O KANONAX TOY LENZ KAI H APXH
ATATHPHXHX THX ENEPI'EIAY XTO
GAINOMENO THX EITAT'QI'HX

O Lenz (Aevtg) datvnmoe £vay kavdva Tov divel T popd TOL PELLLO-
TOG OO EMAYWYN. ZOUP®VA [LE TOV KOVOVa avTd

TO EMAYOYIKE pedpaTa £(ovv TETOWN QOPa DOTE Vo, avTLTIOEVTOL
GTO (iTIO TOV TO TPOKOAEL

[Maipvovtog voyn tov kavova tov Lenz, mov mpocdiopilel ™ @opd
TOV EMAYOYLKOV PEVUATOG, Gpal KO TV TOMKOTNTA TG EXAYWYIKTG TAGNG, YPO-
@ovpe T oyéon (5.1) mov exEpaletl TO VOO TNG EMOY®YNG LE TN HLOPOT:
AD

B, =-N—
Hil At

O kavévag Tov Lenz amotelel ovvénela g apyms oaTypnong g
gvépyerag. Xto 000 mapadelypoTa Tov akoAovfovy Ba dode Thg epapuoletal
0 Kavovag Tov Lenz kot yioti 1 oopd tov pedpotog mov opilet eival cuvéneia

™G 0pyNG SLOTAPNONG TNG EVEPYELOG.

[Minowélovpe 6to Tvio Tov oynpatog 5.13 to fopeto TOLo gvog gvbv-
ypappov poyvit. Kabog mAncialet o poyvinmg, n LoyvnTikn por mTov mepvaet
amod TG onelpeg Tov TVIoL aVEAVETUL Kot TO TNVIO CUUTEPIPEPETAL O TNYN.
Emne1on ta dkpa tov eivor evopéva, 1o KOKA®O vt KAEIGTO Kot £T61 TO TVio
dwappéetat amd pevpa. H popd ovtod Tov pedpatog GOUPOVE LE TOV Kavova,
tov Lenz, Ba elvar 110100 DoTE va avTitifetatl oty aitio Tov To Tpokdiese, va
eunodifer onAadn to POpelo TOAO TOV pHOyVATN Vo TANCLAGEL AVTO onuaivel
OTL M GKpn TOoL TNVIOL TTOL Elvat TPOG TO HEPOG TOV POPELOL TOAOL TOL HAYVITN
mov mAnotalel Ba cupumEPLPEPETAL MG POPELOg TOAOC.

Mo va vrepviknBet n drnwon wov déxetal o poyving omd 1o Tnvio
SOTOVATOL EVEPYELD, TOV LETATPENETAL GE BEPOTNTO GTOVG Ay®@YOVS. Av TO TTN)-
vio dappedtay amd pevua avtifetng Popdc, amévavtt amd to fOPEL0 TOAO TOV
poyvin Ba dnpiovpyovoe voTio poyvntikd moro. O vOTIOG Loy VN TIKOG TOAOG
Bo aokovoe EAKTIKT OUVOUN GTO LOYVITY LE OMOTEAECHO VO, UMV OToLTEiTon
Kol Tpoomdfela yuo va TAncidcel. Avtd Ouwg gival avtifeto pe v apyn
TN PNONG TNG EVEPYELNS, Yot Y®pic Kapd Tpocstadeia, ympig va damovaTol
evépyela, 6to mnvio Oa mwapoaydTay NAEKTPIKY EVEPYELD AOY® TOL PULVOUEVOD
™G EMOyWYNGS.

‘Eocto topa o aywyog KA mov kiveltol, péca oe opoyevég paryvntikd
nedio B, pe otabepn toyvtnTo v, LEVOVTOG GE ETOQPY| LLE TOVG OKIVITOVG 0y®-
youg AX katl Zx' (o). 5.14). Adym Tov gotvopévou g emaywyns o aywyog KA
GUUTEPLPEPETOL MG TNYN KO, ETELDN TO KOKA®LO Elvar KAEIGTO, drappéetan amod
peopa. O aywyodg déyxetarl amd To poyvntikd medio dvvaun Laplace. Zopeova
pe tov kavova tov Lenz ) gopd tov pedpotog mpénet va ivol tétola dcTte vo
avTitiBetatl oy attio Tov To TPokAAesE, dNAdY TNV Kivinon tov aymyov KA.
To pebpo mpémet va Exel téTown popa mote 1 duvaun Laplace mov ackeitol otov
aywyo va avtitifetol otny Kivnon tov.
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[N va dratnpeitan n kKivnon tov aymyov 16otayns, ivatl avaykaio va
aokeitor og avtov dvvaun F, avtibetn pe ™ ddvaun Laplace. Méom tng 60-
VOUNG VTG TPOCPEPETAL GTO KOKA®MO EVEPYELD. AV TO pevpa giye avtifetn
@opa, To poyvnTikd wedio Ba aokoboe oTov aymyd duvaun idlog katevbvvong
pe TV ToOTNTA TOV. XNV TEPIMTMON QT eV amoTeitan evépyeia yio vo d1a-
mpndet n kivnon Tov aywyoL kol 6to KOKAWUO Ba Topaydtay SlopKd NAe-
KTpIKN evépyela Tov Oa petatpendtav oe Beppotnta oty avrtictaorn R. Ouwg,
CUOUPOVO LE TNV apyn STPNONG TNG EVEPYELNG EIVOL AOVLVATN 1) TOPAYOY
L0 LOPPNG EVEPYELG Y®PIG avTioTol(N domdvn GAANG LOPONG EVEPYELOG.

H apyn owtipnong g EVEPYELUS OTO QUIVOUEVO TG EMAYMOYNG

H 10906 g apyng datpnong g EVEPYELNG GTO PULVOLEVO TNG ETO-
YOYNG pmopet va, deybei Kot ToGoTIKG.

'Eoto wél o ayaydg AT mov kiveiton pe otabepn toydtnta v péoa o
OLOYEVEG HoyvnTIKO Tedio B, pévovtag o€ emaen Le Toug akivToug aymyoug
Ax ka1 Zx' (oy. 5.15). ®ewpolpe 6T 1 Kivnorn Tov aywyoL yivetol yopic tpipés.

"Exovpe Bpet 6TL 670 KOKA®UO ETAYETOL NAEKTPEYEPTIKT SVVOUN

E., =BvuL.

Edv 10 xdkhopo mapovcidlel cuvolikd avtiotaon R Oa dwappéeton

oand pedua
- E.q _ BuL .

R R

g ypovikd ddotnuo At, To peopa, Aoy® eawvouévou Joule, Bo amodmoel 6To
nepPdAiov BepuotnTa

BV}

Q=I'RAt= At.

Mo va dwatmpovpe v kivnon tov ayoyov KA 1cotayn mpémel va
ackovue emtepikn dvvaun F, avtifetn g dvvaung Laplace mwov déyxeton o
KA.

E B’vl’
F=F =BIL=B—*L= 1‘;

210 ypovikd ddotnua At 0 aymydg petatomileTor Katd AX = LAt Kot
t0 £pyo ¢ F ot0 1610 ypovikd didotnpa Ba sivar

B’ul’ AL = B’v’L’

W, = FAx = At.

BAémovpe 611 ypetdiotnie va Tpocs@Epovie Epyo iGo e TN BeppotnTa
OV TOPAYONKe.
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2. 5.16 O ayoyog O otpépeton pe
YOVWOKN ToydTTo ©, YOp® 0md TO
axpo tov O, péca oe OPOYEVES Ho-
yvntiko nedio. To eminedo nepiotpo-
ONG TOL etva KAOETO GTIG SUVOLIKES
YPOLLLLES TOV TTESIOV.

A\

Xy. 5.17 O diokog oTpEPETUL IE Y-
VIOKN Toy0TNTO © YOp® omd dEova
7ov dépyetan amd To KEVTpo Tov. H
GTPOQIKN Kivion Tov dickov yivetat
Léca Ge opoyeveG LayvnTikd medio.
To eninedo Tov HiGKOV ElvOl GLVEXDS
K60£T0 6TO HOyVNTIKO TTESTO.

5-5 XTPEOOMENOX ATQI'OX

‘Evoc aymydg OI, unkovg L, otpépetar e otabepn) YoVIOKN ToyOTNTO
® YOpw omd a&ovo mov mepvaetl amd o akpo tov O. To eminedo mePioTPOPT|g
TOV eiva KAOETO GTIG SUVOLIKES YPOLLLES OLOYEVOLS LaryvnTikoV Ttediov B. Zta
erevBepa NAEKTPOVIO TOV 0y@YOD TOL KIVOOVTOL pall e OVTOV TO HOYVITIKO
nedio aokel dSuvaun Lorentz e€attiag tng omoiag 610 dkpo O TOL ay®YoL GLG-
oOPEVETAL OPVNTIKO POPTio Kot 670 akpo [N Betikd. O aywydg yiverotr mnyn.

H poyvntikn ddvaun mov déyovral ta eAedBepo nAeKTpOVIO OEV £YEL TO
010 pétpo o€ kdbe onpeio Tov ay®YOD YTl ) YPOUUIKT TaXOTNTO TV OTUEIDV
ToV ov&dvetat avdioya pe TNV andoTacn and ToV AEova TEPIGTPOPNS (VL = OT,
OTOL T 1) ATOGTOGCT ATO TO KEVIPO TEPIGTPOPTG).

Eidape oty mopdypapo 5-3 6TL pmopovLE Vo VTOAOYICOVLE TNV NAE-
KTPEYEPTIKN duvauUn omd emaymyn Ue To vopo tov Faraday, apkel o 0éon
0V AD va Bdrovpe T por| TOL TEPVAEL OO TNV EMPAVELD TOV Opilel e TNV
kivnomn Tov 0 aymydg 6ToV avticToro YPOVO.

Xty mepintwon mov e&gtalovpe Ha woyvet:

_ADy
EIT At
omov @, =BA
BAA
Gpa =— 5.6
p B =y (5.6)
O aywyog capdvel v empdvela dickov mov &yt kévipo O kot axtiva L. O
AA
pLOUOG AN LLE TOV 07010 GOPMVETOL 1| EXPAVELN gival 6TabepdS apov 1 Yo-
VI0KT) ToOTNTO TEPIGTPOPNG Eivar otabepn|. Etol pmopolpe vo ypdyoope 0Tt
AA L’
o (5.7)
AT

6mov TL? to epfadov Tng empavelag mov opilel 0 oymydg GE o TARPN TEPL-
otpon| kot T 1 mepiodog mePIGTPOPNG TOV.

B¢tovtog T= 2n (5.8)
)
kot pe Baon v (5.7) n (5.6), divel
Ep = lBo)L2
EIT 2

YTPE®@OMENOX AIXKOX

Oewpole ay®Yo dioKo pe axtiva 1, Tov omoiov To emimedo sivat
KGOETO GTIC QUVOUIKES YPOUUES OUOYEVODS UayvnTIKOD TTEdiov. ZTPEPOLLLE
10 dioko pe otafepn yoviakn toxdmTo @ YOpw amd AEoVE Tov TEPVAEL Omd
TO KEVTPO TOV KO €ivol TOPAAANAOG GTIC SVVOLUKEG YPOUIES. Av Bempnoov-
pe 0Tl 0 dioKog amoTELEITOL OO Eval LEYAAO 0plOUd Oy@YDV GOV ALTOV NG
TPOTYOVUEVNG TTOPAYPAPOV, TOTE OVANESH GTO KEVTIPO KOl GE OTOLOONTOTE

onueto g meppépetag Oa vapyet Eyp = %erz
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MropovEe Vo YP1GILOTOUGOVLE CVTH TN CLGKEVT] MG TTNYN oTadepng
TéoNg av TN GLUTANPOCOVLE UE oAcBaivovsec emagéc (YNKTpeg) dmwS 01O
oynpa 5.17.

H molkotta g HEA mov avanticoetot amd enaywyn eEoprdrol omd
TN QOPA TEPIGTPOPTG TOV JICKOV. XTNV TEPIMTMGT TOL GYNUATOG TO GNUEIR TNG
TEPLPEPELNG TOL diokov Ppiokovtal oe VYMAGTEPO duvapkd omd To Kévipo. H
ovokevn ovopdletat diokog tov Faraday.

5-6  XTPEOOMENO ITAAIZIO — ENAAAAXX2OMENH
TAXZH

'‘Eva aydyo mhaiclo oyfiuotog opfoywviov mopoiAnAoypaon Kot
epuPadov A otpépetal e oTabfepn YOVIOKN TOYLTNTO © LECH GE OLOYEVEG Lo
YN TKd wedio yupm and a&ova Tov givol KAOETOG 6TIG SUVOLIKEG YPOUUES TOL
nediov Kot BpiokeTon 6To EMiNEdS TOVL.

| r ................. -
LTI

Av ™ ypoviki| otiyun t = 0 to emimedo Tov MAouciov givor KaOeTo
010 B og pia tuyaio ypovikn otiypn t To mhaicto Bo €xel oTpagel katd yovio
0 = ot Ko N poyvnTikn pon pésa omd TV emMPAveLD Tov TAoiciov Ba gival
@, =BAcuv ot. Kabdg 1o thaicto otpépetor 1 poryvnTikn pon Léca. omd tnv
EMPAVELL TOV PETAPAALETOL KO KOTA GLVETELN GTO TTAOIG1O eppoviletal nhe-
KTPEYEPTIKN dOVauN omd emaywyr]. Ao o vopo tov Faraday mpokinret:

Eey = —diB = 0BAnuot!

Edv to mhaicto pog £xet N oneipeg t0te @, = NBAcuv ot kot avtictorya

E.; =NoBAnpot.
H tdom avtn, mov mo cuyva Ypageetat Le T Lopen
v=Vnuot,
omov V=NnBA,
elvat ntovoedng suvaptnomn tov ypdvov (oy. 5.19) kot ovoudletal evariioo-

oopevn Tdon (ac) yoti n TOAKOTNTA TG EVOALAGCETAL, GTO ¥POVO LILOC TEPT-
GTPOPTG TOV TAOLGIOV.

! To amotérecpa Tposkvye amd TNV TOPAYDYION TNG LOYVITIKNAG PONG MG TPOG

70 (pHVO.
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o=V nuowt
Xy. 5.20 Zta dxpo tov avtiotdt R
epapudletar evorracodpevn tdaon.
To ovuporo TOPIGTAVEL [0,
YEVVATPLOL  EVOAMOGGOLEVIG TAONG
(evalhaKTNG).

T/Z\/T \/ t
Xy. 5.19 H evailaccodpevn téon HeTaBAALETOL NLTOVOEDMOG LE TO YPOVO.

*  To V &ivor 1 peyaidtepn Ty mov Umopel va whpeL n TaoT, LETPLE-
T og Volts kot ovopdaletal mAdTog TS EVOALaceopevn S TdONG.

*  To ywépevo ot ovopdletor @don g tdong Kot sivat yovia, pe-
Tpnuévn oe rad.

*  To ® ovopdleTor YOVIOKY] 6VYVOTITA TNG EVOALOGGOUEVNG TAOTG
Kot gival 160 pe T YOvVieKn ToybTNTe TEPIGTPOPNG TOL TAULGIOL

, , . rad , ,
oL TapTyaye TNV tdomn. Metpietar e — . H yoviakn cvoyvo-

S
™t cLVoEeTal e TV Tepiodo T, ¢ eVAALUGCOUEVNG TAGTG, OT-
AadnM 10 ¥pOVO PEGH GTOV OO0 1) TACT) OAOKANPAOVEL Lot TANPN

. . 2n , .
EVOALOYT TILDV UE TN OYéon ® = el H mepiodog petpiétan o s.

Eniong @ =2nf omov f 1 ovyvdémra g evarlacoouevng tdong
dMAadn o aplfudc TV TANPOV EVOALAYDY TNG TAOTG GTI LOVAd

1
Tov ypovov f = T Metpiéton og Hertz (Hz) 1, aAlmg, s

[Tovtod N HETOEOPA Kot SLVOUT TNG NAEKTPIKNG EVEPYELONG YivETOL g
evallacoopevn tdon. v EALGSa, ota dikTvo TV TOAE®V TO TAATOC NG
EVOALOCGOUEVNG TAOTG, OTNV KATAVAA®OT|, gival V = 22042 V kot 1 GVYVO-
mro =50 Hz.

5-7 ENAAAAXXOMENO PEYMA

Yta bxpo  evog avtiotdrn epappolovpe  evOAAOGGOUEVT]  TAON
L=Vnuot ue po YEVWATPLO EVOAAUGGOUEVNC TAONC.

H téon avt) e€ovaykdlel Ta ehevbepa nAekTpOVIO GTOVG 0y YoVS Vol
KAVOUV TOAGVIMGN HE GLYVOTNTO TN CLYVOTNTO TNG EVOAAAGGOUEVNG TAONG
OV EPOPUOGOLLE.

H évtaon tov peduatog mov dlappéet To KOKA®ULO KATolo oTlyun eivat
v Vnuot
R R
omov 1o I givar n péyretn Ty ™G évraong Tov pedpoTog (TAGTOC) Kot dive-
Tl OO T GYECN

i=Inpot

I=—
R
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To pedua avtod, Tov 1 Popd Tov peTAUPUAAETOL TEPLOOIKE, UE TO YPOVO,
ovopaletol EvoALIGoONEVO PEVNO. XTO oyfua 5.21 Taplotdverol ypopikd n
£VTO.0T TOV EVOALOGGOUEVOD PEDUOTOG GE GLVAPTIOT| LLE TO YPOVO.

Me to ovpporo i o cupporilovue pedpata mov petafdAlovat Le TO
poOVO.

i

T2 T t

H yovia ot ovopdletor paon kot T0 @ Y®VIOKH GUYVOTITO TOV EVOA-
AOGGOLEVOL PEVUATOC.

H evaliaccopevn 1aom mov epaprocape 6To GKPO TOL AVTIGTATN Kol
10 pedo Taipvouy TavTdYpove TN UEYIGTN 1 TNV eAdyIoTn Tun. Aéue OtTL Ta
0vo neyédn Ppiockovran 6 Paon (1 0TL 1 S10POPE PAGTC TOVG vl UNSEV).

KaBdg ot popeig Tov nhexTpikod optiov HEGH GTOVG 0y®yoDS TOL K-
KADOUOTOC TAAAVTMOVOVTOL, TPOGKPODOLV GTO 1OVTO TOL TAEYUATOG KOl YAVOUV
TNV EVEPYELD. TOV TOVG TAPEYEL Yo TNV Kivnon Ttovg n wnyn. H evépyeia vt
amodidetol vo popen Bepudtnrag oto mepPdirov. IMapovoidletor K €dm,
OTMG KO 6TO KUKAMUOTO GLVEYOVG PEVLOTOG, TO PavoLevo Joule.

Xy. 5.21 To evoAlaGOOUEVO PEVLLLL
HeTAPAALETOL MUTOVOEWOMG UE TO
xpévo.

[TAPAAEII'MA 5-4

Avtiotdng pe R =20 Q, cvvdéetan oto diktvo g AEH. Onwg yvmpilete ) téon mov mwopéyet To dikTvo

e AEH éyet mhdtog V = 2204/2 V kot svyvomta 50 Hz. Na ypagtei 1) e€icmon Tov evaAlaoodpevon pedpo-

TOG OV OLOPPEEL TOV OVTIGTATY).
Amavinon:
To mhdtog g évtaong Tov pevpotog eivar [ = % =12 A
H yoviaxn coyvémra o = 2nf = 100%
Emopévog 1 e&icwon tov pedpotog mov dloppEet TOV avTioTdTn Eivat

i =Inpot =112 qul00mt

5-8 ENEPI'OX ENTAXH - ENEPT'OX TAXH

Emedn 1o evodlhacoopevo pedpa kot 1 EVOALACCOUEVT] TAOT dLOPKADS
petafdrdiovial, to vo yvopilovpe TL T €XOVV OPIGUEVT GTIYUY EAN)IOTN
npoxTikn ola €xet. o To Adyo awtd, otmplopevorl 6to Beprukd Qovopevo
OV TPOKAAOVV GE £VOV AVTIOTATY|, OPILOVLLE TIG EVEPYEC TOVG TILES, TTOV Eivar
ueyén otabepd.
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LY Vz
(o) ®

Xy. 5.22 Av n Ogppoémra Q, mov
napdyetol and o cvveyég pevpo I
etvat {ion pe m Beppomra Q. , , OV
nopdyetor and To EVOAAAGGOUEVO
pedpa, tote I =1

AvI =1 t61e V=V _

'Eoto o avtiotdg R (oy. 5.220) mov dwoppéetot omd eVOALAGSOUEVO
pedua i. Trov avtiotdrn mapayetat Oeppomzro. Eotw Q. ,, N Oeppdotnra mov
napdyeTon o ¥povo t. Ltov 1010 avtiotatn dwfifalovpe cuveyég pevpo (oy.
5.22B). Ze xpovo t otov avtiotdrn Ba mapaydel Oepuomra Q.. Av n évtaon I
TOV GLVEYOVG pevpOTOG fvar T€Towo MoTE Qy = Qpyay » N TYL CVTN TOV PELHLO-
T0G ovopALeTaL EVEPYOS TIUN TOL EVOAALUGGOUEVOU.

Evepyog évraon I evég gvarhaccopévov pedpotog ovopdleran 1
£vTaon £vOg 6VVEYOVS PEVLATOS TO 07010 TPOKAAEL TO 1010 OEPIKO
OTTOTELEGO, LE TO EVOLAUGGONEVO PEVNO, OTOV OLOPPEEL TOV 1010
OVTIGTATI], GTOV 1010 Ypbvo.

Amodekvieton 6t To I kau 10 mAdtog I tov evarlloocopévov peduatog cuv-
déovtat L T oyéon

1

[ =
ev \/E

Evepyog taon V_ mog gvorraccopevig taong sivar n tTipn ¢ ov-
veYovg TaoNG, Tov av £QUppootel 6Ta dxpo avtietdtn (R), mpo-
KoAEL oVVEYES pEOIA £VTAONG I6NG 1E TNV EVEPYO EVTAGT TOV EVUA-
Laccépevov pedpatog mov 0o TPOKALOVGE 1] EVOALACOONEVT TAO
GTOV 1010 aVTIGTATY).

Amodewcvieton 0T n evepydg thon V kot 10 mhatog V g eVaARAGGOUEVNS
Téong cuVOEoVTaL LE TN GYEOM

v =Y

ev \/5

Ortav Aépe 611 01 pevpaToddTeg oTa omitio pag dtvovv 220 V, 1) 61t Kd-
7oL, GLGKEVT] doVAEVEL 6TOL 220 V, 16 A, avoQepOUACTE GE EVEPYEC TILEG.

To 6pyava oV YPNGIHOTOIOVLE Yo TN LETPNOT) EVOAALAGGOUEVOV T~
GEWMV KO PEVHATOV JElYVOVV eVEPYEG TILEC.

5-9 O NOMOZX TOY JOULE (TZAOYA) - [EXYS
TOY ENAAAASEOMENOY PEYMATOX

H evepydc tipun g éviaong evog eVOALUGGOUEVOD PELIOTOG Elval M
TIUN TOV GLVEYOVE PEVUATOC TTOL GTOV 1010 YPOVO dNUIOLPYEL GE Evay avTIeTdTN
To 1010 OepKd amoTeAEGHOTA e TO EVOALAGGOUEVO. ETopévmg 0 vopog Tov
Joule 6T0 evairacoopevo ypdoetol

Q=1 Rt

A%

H 1woy0¢ tov gvarlaccopévov pedpatog (o pubuds pe tov omoio to
EVOALAGGOLEVO PEVLLOL LETAPEPEL GTO KUKAMMO EVEPYELD KABE GTIYUY|) OlveTal
oand T oyéon

p=vi } p=i’'R
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Emedn n éviaon tov pedpotog petafaAleTor S10pKmg, 1) 100G OEV EXEL
otafepn Tyn. ['lo va Tovicovpie 6TL 1 100G petadALeTaL e TO YPOVO OVOULA-
Covpe TNV oYL OLTH GTIYpLOiN 6.

H otiypaion 1oy0¢ €xetl ehdyiom mpoktikn aio. Xtnv tpdén xpnoyto-
notgiton 1 péon 1oydg, 1 omoia givarl otabepn. Eivaln 1oydg mov kotd péco 6po
KaTovoAOveETOL 6T0 KOKA®po. H péon oyic opileton wg e&ng:

Méon 1oy0g P ovopdletor To Tnhiko TG EVEPYELNG TOV PETAPEPEL

TO NAEKTPIKO PEVNO 6TO KUKA®NO GE YPOVO HLUS TEPLOSOV TPOS TO

APOVO aVTO

P=—
T

H péon 1oyc o€ évav avtiotdn ioovtot pe

P=V.I 1 | P=PR

EAEAY &V

[TAPAAEII'MA 5-5

Aywyog mov £xet avtiotaon R = 8 Q cvvééetar og evallacoopevn tdon evepyod tung V=16 V. Na
VTOAOY1GTEL TO TOGO BEpUOTNTOG OV OTOdiIdEL O AywYOG 6TO TEPBAALOV G€ Xpovo t = 10 min.

Amévtnon:

H evepydc évtaom tov peduatog mov dtoppEet Tov aywyo gival

I - VEV

eV

=2A

Amo to vopo tov Joule Bpiokovpe
Q=1 ,Rt=19200J

5-10 TENNHTPIEX ENAAAAXXOMENHX KAI
YYNEXOYX TAXHX

2y mopdypoaeo (5-6) peketioope pio StAToEn TANGIOV GTPEPOLLE-
VOU UEGO GE OLOYEVEG LOYVNTIKO TEGIO TOL TOPAYEL EVOALOGCOUEVT TAGT).
[Tpoéxetton yio To TPOHTLTO TG YEVVITPLOG EVOAALOGTOUEVNG TACTC, TOV AEYETOL
Kot gvarhaktipog. H mapaydpevn tdon avanticeetol 610 e£mTEPIKO KOKAM-
po pe tn Pondeta dvo daktvAiov emapng (oy. 5.23) ot onoiot TepioTPEéPOVTaL
Le 10 mAaic10. Xtobepég emapés, mov ovoudlovtol YNIKTpes, oMcbaivovyv 6Tovg
OOKTLAIOVG KOl ATOTEAOVV TNV ££000 TOV EVUALIKTIPA.
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Xy 5.23 Apyn Aertovpyiag yevvitpt-
oG evaAlacoopuevng Tdomng (evolro-
KTPaAg).

Ew. 5.4 Avvopd modnidrov.

Ew. 5.5 Avvapo (ecotepiko).

Ew. 5.6 Potopac.

Ew. 5.7 H nAextpicn evépyela peto-
QEPETAL OO TOL EPYOSTAGIL TOPUY®D-
YNG OTNV KOTAVOA®OY| HE Oy®YOLS
UETOPOPEG VTTO VYNAN TAOT.

To 1610 akp1Pdg amoTéAecia EXOVIE 0V SLUTPTIGOVLLE TO TAOIGLO GTO-
0epd KOl TEPIGTPEPOVIE TO UAYVITY] TOV OMUOVPYEL TO HoyvnTIKO Tedio. Ag
dovpe TV mepinTmon tov duvapd Tov moonidtov. H kivinon g pddag Bétet
0€ TMEPIGTPOPIKN Kivnon &va LOYVATI OTO ECMTEPIKO EVOC TAOIGIOV TOAADV
onelp®v. O oTPePOUEVOS LLayVITNG AEYETOL “pATOPAS” VD TO aKivITO TANIGLO
“otdtopog” (oy. 5.24)

Xy. 5.24 H apyn Aettovpyiog tov duvopd evog modnidtov.

Y10 pYOCTACLO TOPAYMYNG EVEPYELNG O LOYVITNG EXEL AVTIKOTAGTOOE
amd Evav niektpopayvitr. O potopog onradn eivar Eva mnvio mov dappéetal
oo cLVEXEG pevpo Ko Tifetanl og mePIoTPoPIKn Kivnon pe T Pondela evog
otpofitov (tovpumiva). O otpdPirog tibetar o€ kivnon pe S1GPopove TPOTOVG.
2’ €vo, VOPONAEKTPIKO EPYOCTAGIO EKUETAAAEVOLOCTE TN UNYOVIKY EVEPYELQ
LL0G VOATOTTMONG Y1t VO KIVI|GOVLE TO GTPOPIAO K £TCL TN HETATPETOVLE GE
niektpiky (oy. 5.25). X’ éva OgpponAEKTPIKO EPYOGTAGIO LE TNV KAOOT Atyvitn
Oepuaivovpe vepd, 0 ATHOC TOV TOPAYETOL OTOV EKTOVMOVETOL, [LE KOTAAANAES
dlTaéelg, moA Kvel o oTpOPIo K.0.K
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210 oynua 5.26 eaivetar n apyn Aettovpyiog pog mnyng wov divel ou-
veyn (0x1 otabepn) taomn. Edom, avti yio dvo ave&dptntovg Saktuiiovs, 6mmc
GTOV EVOALOKTIPO, TO, AKPO TOV TAOLGIOV gival cuvoederéva e 600 NUSAKTL-
Movg mov meptotpépovtar poll pe 1o miaicto. H didtaén avt) Aéyetotr cvrAE-
KNG Tn otiyun mov 1 tdon aALALeL TOMKOTNTO Ol GUVOESELS LLE TO EEMTEPIKO
KOKA®LO aVTIOTPEPOVTOL KOt 1) TéoN TTov Taipvovpe givarl cuveyng (oy. 5.26).

| . § NV VEAVAVYAN
’ \ | T2 1 :
SRENNN

Xy. 5.26 Apyn Aettovpyiog TG YEVVINTPLUG GLVEYOVS TAGEMG.

5-11 ANOPO®QXH ENAAAAXXOMENHY TAXHX

H evaAlaocodpevn tdon mopoucidlel TAEOVEKTAOTA EVOVTL TNG GUVE-
x00G. Oumg, moALéG cLOKEVES KabNuepVIG ¥pNong xpetdloviatl cuveyr| Tdon
Kol piMoto otafepn- Yo vo Asttovpyncovy. Tn petatpomi] pog evoriioo-
oOEVI|G TAGG G GUVEYI] KOl 0TI GUVEYELN GE 6TADEPT] TNV EMTVYYAVOLNE
HE TO GVVOLUGNO 000 JLITAEEMY, TOV avopOMTI Kol TOV £opaivvTiy.

Ytov avopbot ypnoiponotodpe dvdove. H diodog eivan pia didtaén
IOV EMITPETEL GTO PEVILOL VO, T SLOPPEEL KOTA T Lo opd DKOAN EVE TPOUKTL-
K@ O droppéetar amd pevpa Kot TV ovtifetn eopd. H diodog mapiotdveton
pe to ovpPforo P kot M eopd katd v omoia dappéeTon amd pevpa givan
vt oL delyvel 10 Bérog. Ba pumopovoape vo TOVpE OTL [, WaVIKY 31000G
ToPoLGIALEL UNOEVIKY OVTIGTAGT KATA T Hiot pOpA Kot ATEPT avVTIoTAoT KOTA
™V avtibem eopd. Xto oynua 5.27 PAémovue pia didtaln avopbwong tng
EVOALOCOOLEVTG TAOTG.

Upp

A r 1)I'A
V"/\//\\/-» %—»% N/
T2 T t T2 T t
B A
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Xy. 5.25 AGypopLplo LETOTPOTNG TG
UNYOVIKNG EVEPYELOG GE NAEKTPIKN.

Ew. 5.8 I'evvitplo oe otabpd ma-
PUYOYNG MAEKTPIKNG EVEPYEWNS e
TUPNVIKT] EVEPYELOL.

Xy 5.27 Awtoén avopboong g
evolhoooopevng tdong. H evalhoo-
couevn tdon v, otV £icodo TOL
KUKADUOTOG LETOTPENETOL GE GLVE-
M vy, oY £€odo.



Xy 5.28 Awdtaén pe téocepig d16-
S0VG TOV PETOTPENEL TNV EVOAAUG-
obpevn tdon oe TANPOG avopbm-
pévn. Kotd ™ pio npumepiodo g
tdong €16600v Otov 1O onueio A
givor og ynAdTePO duvapkd and to
onueio B, ayovv ot diodot K, evod
Kot Vv Al nuepiodo dyovv ot
diodot K.

Xy. 5.29 Me tov g€opalovtny, | TAN-
pwg avopHouévn Taom PeTaTpEmETOL
og Taom oxedov otadepn.

v

1
]
v

~
v

v

v

it

2y. 5.30 To opboydvio mhaicio mov
Sdwppéeton amd pedua  Ppioketon
Léca o€ opoyevEG LayvnTikd medio.
To Cedyog dvvapewmv Laplace mov
0GKOVVTOL GTO TAOIG1O TO GTPEPOLV.

H ocvveyng tdon mov maipvoovpe pe ) dtdtoén avthy ovoudleTol pept-
KAOG avopOopévn (nuavopbmpévn).

>t0 oynua (5.28) PAémovpe Eva KOKA®UO TO 0010 [E VoL GLVOVOGHO
SO0V HETATPENEL TNV EVAARAGGOUEVN TAOT L, , TNG E1GOO0V, GE GLVEYN TACT
v, otV £€0d0. H téion ot ovoudletar aipwg avopOopévy.

Vas

/\
| T/2\/ T\/t B T2 T t

O efopodvvtig amoteleitol amd £vav TUKVOTY Kol £VaV OVTIGTATN
GLVOESEUEVOVG TTOPAAANAL. AOY® TNG SuoKOAMOAG OV TOPOVSIALEL TO KOKAMLLOL
Vo TOPaKOAOLONGEL TIg YN Yopeg HETAPOAEG TG TAGE®MS Hag divel otnv ££000
TOV TAGELS GYEOOV GTUOEPES. AV TPOPOSOTHCOVLE TNV €GO TOV e TANP®G
avopBopévn tdon, kabmg 1 téon 16660V avédvetal o TVKVOTHG QopTileTal
Kot 0TOV 1 TAoT €16000V TAPEL TN UEYIOTN TN TG TO POPTIO TOL TLKVMOTY
yivetor péyioto. T cuvéyEln, KaOmg 1 TAoT 16050V UEIDVETUL, O TUKVMOTNG
expoptileTar pécm tov ovtiotdrn. O xpovog mov dlapKel 1 EKPOPTIOT TOV
TUKVOT €EopTdTol omd TIG TIWES TNG avTioTaong Kot Tng yopntikoétntag. O
YPOVOG EKPOPTIONG OLEAVETAL OTAV Ol TIUEG TOVG Elval HeYOAES. XTO KUKAMUA
e&opdivvong ot Tiuég Tov R kan C glvar peyddeg. ‘Etol ) 1don 610V TUKVOTY,
dpa ko n taon e&6dov (V,,), petdvetor ToAD o apyd amd v Téon £16630v.
Otav 1 16on otV 16000 -KaBMOG avEaveTat ThAl- yivel ion pe TNV Téorn 6Tovg
OMAGOVG TOV TVKVOTY apyilet ek vEou va av&avetal to goptio Tov. To eavo-
LEVO emavOAapPAvETOL OTOV 1) TAOT Yivel HEYlotn. Me KatdAANAN emhoyn TV
oToeimv mov cuvhETovy ToV avopOmTH UTOPOVIE VO EMTOYOVUE TAGELS KATA
KOVOTIOUTIKN TPOGEYYIoT 6TadEpEC.

L
- c <r

5-12 O HAEKTPOKINHTHPAX

O nAekTpikoi KivnTpEg ival S0 TAEEIS TOV PHETATPETOVY TV NAE-
KTPIKI] EVEPYELD 6 PNYOVIKT]. ANAaST| EVOg NAEKTPOKIVITIPOG Elval Lo ovTi-
GTPOPN NAEKTPOYEVVITPLOL.

Apyn Aertovpyiog

TomoBetovpe éva opboydvio TAAIGI0 6TO EGMOTEPIKO EVOC OUOYEVOLG
LOYVNTIKOV TEGTOV. ZUVOEOVIE GTA AKPOL TOL L0 TTNYT GLVEXOVG TAoNG V, OTo-
Te T0 TAoiolo drappéetal amd pedua. ZTig TAEVPEG TOL TAUGTIOV Bo aloKovVTOL
duvapeig Laplace, 6mmg detyvel o oynpa 5.30. To {evyog tov duvapeny otpé-
(€l T0 TAaio10.

Yvvdéovtag To mAaiclo P’ Evav AEovo UITOPOVUE VO EKUETAAALELTOVLE
TNV TEPLGTPOPIKN TOV Kivnon.
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[eprypoapr] TPOYRATIKOD NAEKTPOKIVII TP,

2T0VG NAEKTPOKIVNTIPES OEV VITAPYEL LOVO £VOL PELUATOPOPO TAAIGLO
oML ToAAG. Ta mhaicia avtd eivotl Torofetnéva TAVD G€ Evov KOAVIPO Ao
poAokd oionpo, to pétopa. O pdtopac pUmopel va oTpEeeTal YOP® Omd TOV
a&ovd tov (oy. 5.31). v em@dveld ToL Kot Kot HNKog ToL AEOVE TOV QEPEL
OOAOKEG. XTOVG OOANKEG TEPTTVALYOVTOL YAAKIVOL LOVMUEVOL AY®YOL, £TGL OOTE
va. dnpovpyeitatl po oelpd amd mhaicta. Ot dKpeg OAMV QVTOV TOV TAUGI®V
KOTAAYOUV G £vay KOAVIPO, T0 6VAAEKT. O GuALEKTNG YwpileTal og TUNPO-
T0, LOVOUEVA HETAED TOVG, KAOE Eva amd To 0Toia Elval G NAEKTPIKY ETOQN LE
éva mAaiclo. Avo axivnteg YNKTPES amd Ypapitn Tov UTopovV Vo cuvdedovy
pe Tyn téong V, epAnTovTol 6To GLAAEKTY.

O potopag meptfdiretar amd éva otadepd TUNL, TO GTATOPA, TOL PE-
PEL LOVILOVG HOYVATEG (GTOVG IIKPOVS KIVINTNPES) 1 NAEKTPOLAYVATEG (GTOVG
peyaiovg). O otdropag dnpovpyel payvntikd medio kdbeto otov dEova Tov
potopa.

Otav o kivnpog pevpotodotnOel, Eva amd To TAaiclo wov gival To-
AMYLEVA GTO POTOPQ, ALTO TOV EKELVN TN CTLYUN ELVOL GE ETAPN LLE TIG YNKTPEG,
dwappéetat amod pevpa. To payvntd medio aokel 6” avtd {evyog duvapemy Kot
10 otpéeel. Mall oTpépetal Kot oAOKANPOG 0 poTOPaG. Me TN GTPOPT YAVETOL T
EMOLPT TOL TAUIGTIOL OVTOV LE TIC YNKTPES Kol SLOUKOTTETOL TO PEVLLA, £VO, GALO
mAaicto Opmg Taipvel T BEGM TOV KoL, £XOVTAG EMAPT| LE TIC YNKTPES, Y10 TOV
1010 AOYO0 GTPEPETAL KL 0VTO. 2T GUVEYELN £va, GALO Taipvel T BEom ToL K.0.K
€101 dtatnpeitor n Kivnon tov pdtopa, Tov PpickeTor LEGH o€ POyvnTIKO TEdio.

O1 niektpokvnipeg €xovv amddoon and 50%, ot pikpoi, £mg 90%
ot peydrot. Ot yprioeig toug eivar anepiopiotes. Ta niextpikd kotoaPidl, to
piEep katr n pilo TOL AVTOKIVATOL, Ol AVEAKLGTNPES, TA TPOAEL KOl TO HETPO
AELTOVPYOVV LE NAEKTPOKIVITIPEG.
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Xy. 5.31 HAektpoxwnmpog (opyn
Aertovpyiag).

Ew. 5.9 Mila avtokivitov (ekkivn-
™Pag).



Xy. 5.32 To mvio A dappéetorl amd
peopa petafantmg éviaons. To po-
YVNTKo medio mov dnpovpyei to -
vio A petafdAdietal, e amoTELEGHLO.
Vo HETAPOALETOL M HOyVNTIKY pon
oL dEpyetTat oo to mmvio B kot va
dnpovpyeitar 6° wTO NAEKTPEYEPTL-
K1 dvvoun amd emaymyn.

Ew. 5.10 Metoaoynpoatioms. H
Aertovpyia tov otpiletor oto Pat-
vopevo g apoaiog enayoyng. H
Tdom Tov ePapuoleTal 6To £va Tnvio
petaoymuatiCetot og po GAAN Téon
Sapopetikod TAGTOVG 6TO deVTEPO
mnvio.

5-13 AMOIBAIA EITAT'QI'H

Xopewvo pe to vopo tov Faraday 6’ éva axivnto kOkiopa emdyston
L0 NAEKTPEYEPTIKT SVUVOUTN EQV LETAPAAAETOL 1] LOYVITIKT] POT] TTOV SEPYETOL
omd 10 KoK opa. Tn petaforn g HoyvnTikng pong UTOpoVUE Vo TNV TETH-
yovue pe tn Pondeto evog deHTEPOV KUKAMUOTOG GTO 0010 peTaaAAovpe TNV
évtaon Tov pedpotog. Aéue 1ote 0TL ToL 0V0 KUKADOTO fpioKOVTOL OE ETAYM-
Y1 6vlevén.

[ AR
SNy
DT —

e —
- \N

H gpoavien niextpeyeptikig dvvaung ¢’ éva KokAopa, séotiog
™G petofoig Tov pevpatos mov copfaivel 6’ éva drho KUKAOpA,
Aéyetar aporfaia emaymyn.

Yy mepintoon ™G opolaiag ETOYOYAG O VOUOG TNG EMOYW®YNG

AD , , ,
E., = _NE umopel va mapet T popen

Ep = _Mﬂ

i (5.9)

To M ovopdaletor ouvTeLEsTNS APOPaiog ETAYMYIS TOV KOUKAMUATOV.

Metpiétan pe ) povada 1 H (Henry), 1 H=1 % .

Xopemva pe ) oxéon (5.9),

N niekTpeyeptikny dvvoun and apoifaio emaymyn mTOV AVUTTUGGETUL GE
évo, koK opo B eEartiog petafoing g £vraong Tov peORaToS 6€ £va, KV-
Khlopa A, givor avaioyn Tov puvOpov pe Tov omoio petafdrieTor To peopo
0TO0 KUKAONA A.

To powvopevo g apotpaiog eraymyng sivatl £vtovo oty mepintwon
Vo IViev pe Koo a&ova.

O ovvteheotg apotPaiog eraymyng 6vo mnviov eEaptdral amd Ta ye-
OUETPIKE TOVE YOPUKTNPLOTIKA, TN GYETIKN TOVG BE0M Kol TO VAIKSO TOL TVLPI VAL
TOVG,.
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Ynohoyiopdg cuvrereot aporpaiog eraymyng 6vo tnviov

B0, VIOAOYIGOVUE TO GUVTEAESTN OUOBO0G ETAY®YNG OVO TNVIMV GTNV EOIKN TepPi-
TTOOT) TOL £YOVV KOWO d&ova, OTmS 6To oynua 5.33.
Ta mmvia £xovv, avtictoye, N, kot N, oneipeg kat eivat Tonofemuéva £161 doTe va. £xovv Koo
a&ovo, pe o mvio 2 va mepikigiet To anvio 1. To mvio 1 dappéetan omd petafarldpevo pevpa
i,. Eav ta mmvia dev nepiéyouv kdmoto cdpa 6Tov Tupnva. 1 EVTact Tov poyvntikod mediov mov
ONUIOVPYEITAL GTO EGOTEPIKO TOL ANVIOL 1 -Apa Kol 6TO EGMTEPIKO TOL TViov 2- Oa divetan and
m oyéon:

B=p,nj
OOV 1, M HOyVNTIKN SI0MEPATOTNTO. TOV KEVOD Kat N, 0 APOLOG GTEPDY TOL TPMOTOL THVIOL 0véL
HOVEO0 LKOVG.
H poyvntkn pon og ke oneipa tov mviov 2 Oa eivor:
@y, =BA =p,nAj

omov A 10 euPadov TG EMEAVELNS 6TV OTolo LeTAPAAAETOL 1] pON).

H enaydpevn niextpeyeptikn dHvaun oto mnvio 2 Oa eivo:

AD Al
Egn =—N, AtB :_N2“0n1A?tl

omov N, 0 ap1buog oreipmv Tov Tnviov 2.

To ot0fepd yivopevo NzuonlA, mov o to cvuPorilovpe pe M, eéaptdtor povo amd Ta
YeOUETPIKE oToLyEln TV V0 TNViev.
Edv to mvia givar todypévo yOop® amd mopnve. omd VAKO TOL 0moiov 1 HoyVNTIKY

Swomepatomra | lvar otabepn (ave&dptntn tov B ) tote

M, = N,pp,n A

Edv emavorafovpe ™ Sodikasio oty avtifetn nepintwon 6mov va petafaiiopevo
pevpa i, oto mvio 2 endyet HEA oto mvio 1 kataAyovpe ot cyéon
Ai
2
_MIZ
At

Oa mepipeve kaveic o M, kou M, va eivon Stapopetiicd enetdn ta dvo mnvia dev eivar

E

EIl —

010, kau Yol 1 pon) mov Siépyeton omd ot dev eivar {dto. Opwg, o M, xor M, eivan mévta
ioa ko O ta supPorilovyie pe To supPforo M.

5-14 AYTEITAT'QI'H

To koKhmpa tov oyfuotog 5.34 teptiapufdvel Inyn, pvOoTIK) avti-
GTOON, AOUTTIPO, TNVIO Kot O10KOTTY. METAKIVOVLE TO OpOoUEd 0TI PLOLLCTL-
K1 avTioTOoT ®GTE 0 AAUTTAPOS HOMG VO pmToPoAel. Av avoifovpe TO d1aKo-
N A tov KuKAdpaTog Ba Tapatnprcovue 0Tt Yo Alyo o Aaumtipog cuveyilet
vo. @ToPoAEl Kot HAAIGTO, OUECSHOG UETE TO GVOLYLLOL TOL OLOKOTTT), TTO £VIOVA
a6 Tpv. Avtd copPaivet yoti n amdTopn Hel®OT TNG EVIOGTS TOL PEVUATOG
7OV JLOPPEEL TO TTNVIO TPOKOAEL OVTIGTOLYN EAGTTMOOT TOV LAYV TIKOD TOV TTE-
oiov, EMOUEVMG KOl TNG LOYVNTIKNG PONG oL dEPYETAL amod TIS omeipeg Tov. H
UETAPOAN TNG UOYVNTIKNG PONG GTO TNVIO EYEL MG OMOTEAEGUA TN OMNLOVPYia,
NAEKTPEYEPTIKNG SVVALNG OO EXAYMYN GTO TNVIO.
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Xy. 5.33 Ta d0o anvia &govv Koo
a&ova.

Xy. 5.34 Av avoiéovpe T0 dtokOTTN
0o mapaTnpHGoLLE OTL O AQUTTIPOG
e&axolovbel vo. potofolel ya Alyo
xpOVvO.



Xy. 5.35 H nhextpeyeptikn dvvoun
oo ovteToy®y avtitibeton o pe-
Tafoln g £vTa.ons ToL PEVUATOG.

Xy. 5.36 Metd 10 KAeiowo tov da-
KOt 10 pedpa kKabvotepel va Thpet
TNV TEMKI) TOL TIUT.

H nlextpeyeptikn dvvaun mov dnpiovpyeitarl 6to mnvio 6tV avoi&ov-
LE TO O1OKOTTY|, TPOKOAAEL PEVLLLO GTO KOKAMULA TTNVIO - ACUTITAPOG KO OLVOryKd-
{el 0 Aapmtpa vo potofoAncet yio Aiyo.

Hlektpeyeptikn dvvaun ompovpyeitar oto mnvio kot kéOe popd mov
070 KOKA®O (060 0 S10KOTTNG EIVOL KAEIGTOG) LETOPAALOVLE TO PEVUO TTOL TO
dwppéet. Hiektpeyeptikn) dbvoun emayoyikng mpoérevons dnuovpyeitor 6
KGOg KOKA®UO 6TO 07010 HETAPAALETOL 1] EVTOGT) TOV PEVIATOC, GLVIOMG OULMG
T peAetdue ota mvio yloti ekel To pavopevo givat evtovotepo. To pavopevo
OVOLALETOL QLTETOY Y.

Avtenaymyn ovopdleTal T0 QUIVOUEVO KOTE TO 0moio dnprovpyei-
TOL NAEKTPEYEPTIKY] dUvaun o€ Eva KUKA®pa, 6tav petofaileTon
70 pevpa 1oV 10 Jroppéel. H nhektpeyeptii oOvaun mov onpovp-

yeitar ovopdleron nhekTpeyepTiKn dvvapn ono avtenayoyn (E, ).

Av 10 pedpa o dtappéet Eva TNvio aLEAVETUL, GOUPOVOL LLE TOV KOVO-
va tov Lenz, oto mnvio onpiovpyeitol NAEKTPEYEPTIKY OVVALT TOV TOPEUTODT-
Cer v avénomn tov pedaTog. AV TO PEVLO GTO TNVIO LEIMVETOL, 1| NAEKTPEYEP-
TIKN SVVOUN oL dNovpyeiTaL £xEL TNV TAGCT VA TO dloT)PNGEL 6Tadepo.

&) ) Q) 1§

To nvio avtopd 6€ kKGO peTafoin g £vTaong Tov PEONATOG TOV
70 dwuppéel.

H avtenoyoyn eivor 1010mrta 1@V KOKAOUATOV OvVTioTOWYN UE TNV
adpavela Tov copdtov. Ta copato aviietékovior ot petafoir g toyd-
™tég Tovg. To KUKADUOTE AVTIGTEKOVTOL OTN LETOPOAT TOV PEOUATOG TOV TO
dwppéet. METPo TG AdPAVELDG TOV GOUATOV givar 1 nalo toug. METpo g
0OPAVELLG TOV KUKA®UAT®V EIVOL 0 GUVTELEGTNG QVTETAYMYNG TOVG.

1o oynpa 5.36 To KOKA®UO TEPAOUPAVEL TNYT), S1OKOTTY, AVTIGTATY
Kot Tvio. Av kAgioovpe T0 d1oKOTTN, TO KOKA®UA apyilel va dtappéetol omd
pELU, ETELDN OU®G TO TNVIO AvVTWOPE GtV avENon Tov PeOUATOG, TO PELL
kabvotepel vo mapel TNV teAkr Tov T 1.

L i

—o0000— |
|_.A/!_|._

E,r t
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10 oynua 5.37 o petay@yog apyikd ival ot 0€om A Kot 10 KOUKA®UO
dwappéetar amd otabepd pedpa I . Tn otrypn unocv, o petaywydg tonobeteitar
ot 0éon B. To koxAopa cuveyilet yio Aiyo xpovo va StoppEeTal amd PELLLAL.
To mmvio, avtdpdvTag 61N peimon Tov pedIATOG ONoLPYEL NAEKTPEYEPTIKY
duvaun mov divel yuo Likpd xpovo pevpa 110G pOPA e TO apPyIKO PEVULAL.

O vopog ™G aVTETAYOYIG

To QovOUEVO NG OVTETAY®YNG OTOTEAEL pioL €101KT TEPITTO®GT TOV

. , . , ADy
eawvopévou g emaywyns. O vopog g enayoyng E., =-N m yiveton

GTNV TEPIMTWOOT TNG AVTETAYWOYNG
Al
E,,,=—L— 5.10
AYT AL (5.10)
O ovvtereotig avoroyiog L ovoudletol 6UVTELEGTIG QVTETOYMOYNS 1] CUTE-
aayoy. To (-) ot oxéon eivar cuvéneia Tov kavove Tov Lenz.

Amo ™ oyéon (5.10), mov amoteAel €101KN EKQPACT) TOV VOOV TNG EXAYWOYNG,
TPOKVITEL OTL

1N NAEKTPEYEPTIKI] OVVAUY 06 OVTETAYMYY] 6€ £vo. KOKAOpA glvar
avaioyn pe to puopé perafoing g Evraong Tov pedLATOS TOV TO
owappéel.

H oyéon (5.10) diver tn péon nAEKTPEYEPTIKY SVVAUN OO CVTETOY®-
. T va Bpodpe Ty T g pia YpoviKy GTiyUn TPEREL 0 ¥povog At va etvat
OTEPOSTH UIKPOC.

di
E,=-L—
AYT dt

Ao ™ oyxéon (5.10) mapotnpovpe OTL O GUVTIEAEGTNG QVTETOYWYNG
evoc mnviov, gival aplOuNTIKE 160G LLE TNV NAEKTPEYEPTIKN dVVAUN TOV EMAYE-
Tol 6710 Tvio, 6Tav To pevpa petafdiietar pe puOud 1 A/ s.

Movada pETpnong Tov GLVTEAESTY awtenay®yng eival to Henry (H).

O ovvtedeostig avTETAY®YNG VO TNViov eEapTtdTol amd To YE®UETPL-

KO YOPOKTNPLOTIKG TOL Kot amd Th HoyVITIKY O10mEPUTOTITO TOV VAIKOV TOL
Bpioketol 610 E6OTEPIKO TOV.
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2. 5.37 H petoakivnon tov petoyo-
vyo0 omd ) 0éon A ot 0éon B d¢
undevilet apéomg o pedpa 6To KO-
Khopo e&ottiog Tng NAEKTPEYEPTIKNG
SOVOUNG OO QVTETAY®Y TOL OVOL-
TTUGGETOL GTO TNVIO.



Evepyswoxi] perétn

Y10 TEpOO. LE TO AQUTTNPA EITOLE OTL UETA TO AVOLYUE, TOV SLOKOTTN,
0 AQUTTNPOG, Yo Alyo xpovo, cuveyilel va pmtofoiel. Avtd deiyvel OTL 610
KOKAOUO VITPYE amodnKevpévn evépyeta, 1 omoio 060NKe GTO AQUTTAPO Kot
TPOKAAESE TN POTOPOAIC TOV.

Amodeikvietol 0Tt éva mnvio Tov dtappéetat amd pevpa I Exel amobn-
KEVUEVT EVEPYELD GTO LAYVITIKO TOL TTESI0

v=lrp
2

Y7@0oLoYIopPOG TOV GUVTELEGTI] GVTETAY YIS TNViOV

To poyvntikd medio 610 E6MTEPIKO €VOG TNVIOV TOL SLOPPEETAL OO
pevpa etvon
B=p,ni

Omov [ M HoyVNTIKY SLOMEPOTOTNTO. TOV KEVOL Kat n 0 aptBudg omepdv ave

. , N
povado pMKovg n = T

Am6 Kabe omeipo Tov TVIOL TEPVAEL oYV TIKT PON:
®, =BA =p nAi
omov A 10 eufaddv TG omeipag Tov Tviov.
H nlextpeyeptikn dvvaun amd ovtenaywyn oto mnvio Oa gival
do, di N* di

E,..=—N =—NunA—=-u —A—
AYT dt M, dt K, | dt

omov N 0 ap1Bpdc Gmepdv ToL THViov.
2
To ctofepd yvopevo I_A glvar o cuvteleotng ovtemaywyng L

TOV TNViov Kot eE0PTATOL LOVO 0T TO YEOUETPIKA GTOLYElD TOV TNViov.

Edv to mmvio mepi€yet mupniva omd LAIKO LOyVNTIKNG SomepoTdTNTOC
L, O GUVTEAEGTNG AVTETAYMYNG TOV Oa glvar:

N2
L=HH0TA

208



[TAPAAEII'MA 5-6

270 KOKAMUO TOV GYNUOTOG O HETAY®YOG Bpioketat apyikd otn Béon A
Kot To Tvio dlappéetal omd otabepd pedia.

o) Na vroAoyiotel 1 T Tov 6TaBePoD PEVUATOC GTO KOKAMLLA.

B) TomoBetovpe T0 drokomTn 61N B€0m B K0t T0 KOKA®UA Yo Alyo ypovo
e€axorovbei va, dtappéetal amd pevpa. No vVToAoYIoTEL 1| NAEKTPEYEP-
TIKN dVVOUN TTOV dMpovpyeitat 6To TVio Kabmg Kot o puOUOC e ToV
omoio petafdAAETOL 1] EVTOGT] TOV PEVUATOG, TN GTLYLY| KOTA TNV 0ol
TO PEVLLO GTO KUKAMUO ExeL TN 1= 2 A.

Y) [16om Beppomto amodidetal 6to TEPPAAAOV, ad TN CTLYUT OV O LLE-
Taymyoc tonobeteitan otn 0éon B péypt va undevictel to pedpa 6To KOKAMULOL,

Aivovtai: 0 cuvtedeoTtig avtenaymyns tov tnviov L = 0,1 H, n niektpeyeptikn dOvoun Kol | E0OTEPIKN AVTi-

otoon g myns E =20 V, r = 0 ko n avtiotacon R = 4 Q. To mmvio elvar 1dovikd (dnAadn dev €xel @MUK

avtictaon).

Amavinon:

o) Otav 1o mvio glvar cuvdedepévo pe v Tnyn Kot dappéetal ond otadepd pedUa 1 NAEKTPEYEPTIKT
Svvaun amd autenaymyn ¢’ ovTo gival undév. Movadikn NAEKTPEYEPTIKN OVVAUN GTO KUKA®UO givorl
VT TNG TNYNG. ZOUP®VA pe To vOpo tov Ohm

= E_ 5A
R
B) Apéomg Petd to Gvorypa Tov S1aKOTTY, TO VIO, OVIWOPOVTIG GTN UEIMGOT TOL PELLOTOS OMLOLPYET

NAEKTPEYEPTIKT OVUVOLN OO OQVTETAYWOYT KoL Yl Alyo ypovo divel pedpa idtog Katehbvvong e To apyL-
k6. Epapudlovrog o vopo tov Ohm 1t ypovikn oTiypn Kotd TV omoio to pedpo kaddg peiovetat xet
T i =2 A, éyovpe

=t g CiR=gV

O pvBuodg pe Tov omolo petafdiietar To pevpa TV idta ypovikn otryun Ba Ppebet amd ) oyéon

di di E
E,...=—L— emopévorc —=——2L=-80 A/s
AYT dt TIOH G dt L

To apvnTiKd TPOCTLO GTO OMOTEAEG LA OElYVEL OTL 1] £VTUGT) TOVL PEVLOTOG LELDOVETOL.

Y) H Beppomra (Q) mov mapdyetat oty aviictaon Tpoépyetal and TV evépyela Loyvntikov mediov (U)
7oV &iye amobnkevuévn to mvio.
IIpw o drakomTNng Tomoben el ot Béom B 10 mnvio dappedtav amd pevpa I ko iye amobnkevpévn
evépyeta (U) oto poryvntiko tov medio. H evépyeta avt petd v tomobétnon tov diakdntn oto B amo-
dideTon oV avtiotoaon kot petatpénetol og Oeppotmta (Q).

ZOUQOVA LLE TNV apyn SLOTHPNONG TNG EVEPYELOG

Q=U=%LIZ =1,25]
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XYNOYH

Otov petofailetol  HoyynTikny pon mov SEPYETOL amd TNV EMLPAVELN TOV OPILEL £VaG 0y®YOG LLE TO GYNLLOL
TOV, GTOV Oy®YO EMAYETOL NAEKTPEYEPTIKN SVVAUN 1| OTOi0 160VTAL [E TO PLOUO HETABOANG TG LLOYVNTIKNG
pong.

N |AD,|
At

‘Otav gvbvypappog aymyos pikovg L kwveital pe otabepn toyvtnta v (v L L) o€ eninedo kabeto oTic duva-
LUKEG YPOUUES OLOYEVODG LaryvnTiko ediov B, eppavilet HEA and eraywyn, ion pe

E,, =BuL

1§

EIT

Y gu0hypappo aywyo pikovg L mov otpé@etar e otadepn yoviakn ToydtTe 0 YOpm amd a&ova, Topai-
AnAo e TG duvoukég Ypoupég tediov B, mov mepvael and to éva tov dipo, eppaviCetor HEA and enaymyn
ion pe

1
E.n :EBmLz

To, emaymywkd peduaTo £(oVV TAVTo TETO0 POPA MGTE Vo OVTITIOEVTOL GTO O{TIO TOV TO TPOKUAEL.
O kavéveg Tov Lenz ekppalel v apyn daT)pnong TG EVEPYELNG GTNV EMAYOYT].

Yto GKkpa oTPEPOpEVOL TANLGI0V N ommep @V, LPadod A, TOL GTPEPETOL LE GTAOEPT YOVIOKT TOLTNTA ©
YOpw amd dEova Tov PPIicKETOL 6TO EMIMESO TOL Kot Eivol KAOETOG GTIG SVVOUIKES YPOUUUES OLOYEVODS Loy V|-
TKoV 1ediov B avanticeetal amd emaymyn Tov EVOALAGTOUEVT TAG.

v=Vnuot, 6mov V=NoBA

Evepyog évraon evallaocoopevov pedpotog sivoal n otabepr Eviacn pedpotoc mov o mpokaiovoe to 1010
Oepkd amoTEAEG LN OV OLEPPEE VAV DUKO 0y®YO Y10t TO 1010 ¥POVIKO SIAGTNLO LE TO EVOALUGGTOUEVO PEVLLAL.
I

| =
eV \/E
Evepyog taon sivor ekeivn 1 otabepn 1don mov av epoppocdel ot dkpa vog ovTIoTATH 0VTOS dtoppEeTan
amo otafepd pedua £vioong iong pe v evepyo Evtaon.
A%

V =
gV \/E

H\extpoysvviiTpra ivor o1dtaén mTov HETATPETEL UNYaVIKT evEpyela o NAekTpikn. H Aeitovpyio g Pacile-

TOL GTO POLVOLEVO TNG EMAYWDYNC.

O nAekTpkoi KivnTipES ivat S1oTdEELS TOV LETATPETOVY TNV NAEKTPIKY] EVEPYELD, GE LNYAVIKY.

To @owvopevo g epedviong HEA ond emaymyn o’ éva kokhopo egortiog g LetafoAing g évtaong Tov
PELLOTOG G €Vl GALO KOKA®UO AéyeTon apotfaio eray®yn
——Mﬂ kot E ——Mﬁ

EIll — dt EIl2 — dt

1§

6mov M 0 cuvteleoTNG apoPaiog ETay®mYNS TOV 600 KUKAMUATOV.

H enayoyin HEA mov avanticoetal 6° Eva kOKA®po Aoym g LeTafoANg TG £VTAoT G TOV PEVILOTOG TTOV TO
Swppéet Aéyetar HEA a6 avtemayoyn.

o0mov L 0 cuvteELEsTG ALTEMOY®YNG TOV KUKAMLOTOG.
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APAXTHPIOTHTEX

Kotaokevdote puo amwi yevvitplo

Ba ypelooteite

- ‘Evav nAextpikd kivntipa 1} T QUYOKEVIPIKY| UNYOVY| TOV €p-
yootnpiov.

- "Eva dicko amd alovpivio (axtivog Aymv eKatostdv) Tov Piro-
pet va oTpépeTat.

- "Evav metalogidn poyvin.

- TaAPoavouetpo tov pundevoc.

- KaAddwo ovvdeong.

XPNOOTOGTE TOV KIVITHPO 1 TI PUYOKEVIPIKT UNYOVT Y10
va TepLoTPEYETE TO dioko pe otabepn yoviakn taydtnta. Torobetnote
70 dioKo pE TETO10 TPOTO MGTE Vol LEPOG TOL va. BpiokeTar petad Tmv
TOAWDV TOV TETAAOELDN HOYVITT).

Yuvdéote pe 10 YOABovopeTpo 000 NAEKTPOOLD, TOV EPATTO-
VT0ll 670 016K0, TO £VO GTO KEVTPO KOL TO GALO GTNV TEPLPEPELYL TOV, OE
éva onpeio avapeso 6Toug TOAOVE TOV LLOYVITH.

H yevvtpia givan £toun. [epiotpéyte 10 dioko.

ZNUEIDGELS:

1) H 16taén anotedel amopipnon g TpdTNG YEVVITPLOG TOL Koi-
TackevdoTKe amo to Faraday.

2) H emayouevn niektpeyeptikn dOvaun givat oviloyn pe tn 6o-
LVOTNTO TTEPLOTPOPNG TOV diokov. H didtaln pmopei va ypn-
opomombei yuoo T péTpnon g cvyvotntoc. Y7modeiEte mmg
umopel va yivel avtd Ko TpoTeivete (o epapuoyn g uedo-
dov.

Kotaokevdote évav amhd NAeKTPIKO KivnTiipa

®a ypelooteite: pio EOMvn Bdon, mepimov 2 m AEnTO HOVE®-
HEVO YOAKIVO cOpua (0o avTd TOL YPNOLLOTOLOVV Y10 TIG TEPLEMEELG
TV Potép), (o umatapio 4,5 V, éva pikpd svBOYPOUIO LoryVviTY Kot
000 akaumTo COPUATO Y10, TN CTNPLEN TOL «POTOPY.

Kataokevdote éva Aentd mhaiclo 6éka omelp®mV, dl0GTAGEDY
2x2 (cm?), pe to povopuévo yaikivo cpua. Ta 6vo drkpa Tov Oa e&é-
YOLV OO TO. LEGE, TV OTEVAVTL TAELPOV (). 5.39a). EVoTE TO pOVO-
TIKO VAKO amd T1G AKPES TOV GUPUATMV OV EEEXOLV.

TomoBetnote 6€ £va Koppdtt EHA0V 0HO KATAKOPLPA GUPLLATO
oV KataAyovv cg V, Tov 18100 vyovc. [Tave oto EHAo tomobetrote
Tov gufvypappo payviTn. ZuvoEcTe TOV TOAOLG TNG UTOTAPIOG GTA
dvo evBvuypoappa cupuata (oy. 5.39P).

(a) B

Xy. 5.39
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Xy. 5.40

EPQTHXEIX

Nopog g emaywyig

5.1

52

53

54

5.5

5.6

5.7

"Evag xukhikog Ppdyog Ppioketon HEGO GTO OUOYEVEC UOYVNTIKO Te-

dio mov dnuovpyet Evag niektpopayvinng. Bpeite Tt mposavatoiicud
TpEMEL vaL EXEL O PpOY0g MGTE 1 LOYVNTIKT POT| TOV TOV SUTEPVH VOl
glvon

o) péyom,

B) endyoT.

ZOUTANPDOOTE TIG TPOTAGELG:

Otav mincudocovpe va pafdopopeo payvitn o€ évo mnvio, £T61 OCTE
01 GEOVEG TOVG VO, GUUTITTOVY, UETOPAAAETOL o.vvvevns eenens, oV
SiépyeTar omd TIg omeipeg TOL MNViov. AVTO £YEL WG AMOTELEGUA VO
dMuovpynOel 6To TNVIO ..ovvvnvinves e To eoawvopevo ovoudleton

"Eva cupudrtivo mhaicto Ppicketol pca 6To LoyvnTIKO TEdio TOV O1-

povpyet évag niextpopayvinmne. No avapépete VO TPOTOVS LE TOVG
omoiovg pmopet va dnpovpyndei nhektpeyepTikn SVVAUN 0T ETAY®YN
670 TAIG10.

Av 1 poyyntikn pon mov diépyetat omd TV Em@avele, Tov opilel Evog
ayoyog ov&hvetar pe otabepd pubUo, 1 NAEKTPEYEPTIKT SVVOLT TOV
dnuovpyeitatl atov aywyod o) avéaveral; B) peidvetat; 1 y) HEVEL GTO-
Bepn;

2o Swhypappo E_ = f(t) Tov oxfuotog 5.40 mapiotdvetal ypopikd
NAEKTPEYEPTIKT SVVAUN TTOL EMAyETAL GE £va KOKA®po. Tt exppdletl To
eUPadOV TG EMUPAVELNG TOV TEPIKAEIETOL OVALESO GTI YPOLL TOL
Sy PAUUATOG KOL TOV GEOVA TV XPOVOV;

To cuvoAiKd POPTIO TOV PETOKIVEITAL G KAEIGTO KOKAMMLA, AOY® TOV
QUVOUEVOD TNG ETOYWYNG, 0PTATOL OO

o) T YPOVIKT] SLEPKELD TOV POIVOLEVOD.

B) T0 pLOUO e TOV 0010 PETAPAAAETOL 1] LOLYVITIKNY PON.
Y) TNV €vT0oT TOV PEOUATOG GTO KUKAMLLA.

o) TNV OUIKY| OVTIOTOGT TOV TOPOVGIALEL TO KOKAMLLAL.

EmAélte ™ ocwot TpoTao.

210 oynua 5.41 eaivovtot ot dtadoyikég BEcelg evag petaAlkov da-
KTVAIoV. O dakTOAOG TEPVAEL amd €val Loyvn Tk Ttedio (1 meployn pe
70 YoAdllo YPOUR) TOL 01 SVVOULKES TOV YPOUUES elval kEOeTeg GTO
eninedo Tov duKTLAIOV. Xg TTolo 1] G€ TOlEG amd TIG OYTAO PACELS TNG
Kivnong, Tov TaPIGTAVOVTOL GTO GYNLLO AVOTTOGGETAL NAEKTPEYEPTIKN
dvvaun amod enaymyn oTo SaKTOALO;
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5.8

Xy. 5.41

Akivntog KUKAKOG aymyOg PplokeTol HECH GE OLOYEVEG LY VITIKO TTe-

dto pe 1o eminedo Tov kdbeto oTIg SuvapukEg Ypappés. Av To pétpo B

TOL HOYVNTIKOD TS0V pEldVETAL EKBETIKG e TO YPOVO, GTOV Ay®YO

o) onuovpyeital otabepn nAekTpeyePTIKN dSOva.

B) dnovpyeitor nAekTpeYEPTIKT SOVVOLN TOL LETARBAAAETAL LLE TO
poOVvo.

Y) d¢ dNUoLPYELTAL NAEKTPEYEPTIKN SVVOL).

[Mowa amévinon eivor opon;

To @owvépevo TG ETAY®YNG OE KIVOOUEVO AYMYO

59

5.10

5.11

[To¥ opeiletal TO PUIVOUEVO TNG EXAYMYNG GTNV TEPITTOOT TOL £VOG
ayoyos Kiveital péoa o otafepd poyvntikd medio;

"Evag aymydg apnvetar va mécel amd vyog h, g meployn oty omoia

VIapyel optlovIIo OUOYEVES HoyvnTiko tedio. O aywydc, o€ OAN ™ Ot-
dpketo TG Kivnomng Tov, Tapapével opllovtiog Kot KABETog 6Tig duva-
UIKES Ypappég Tov mediov. Tlowo and to TopaKaT® SloypaLLOTO TTo-
PLOTAVEL TNV TACT GTO (KPO TOV OTIG OLAPOPES YPOVIKEG OTIYUES; (€2
YPOVIKY GTIyUn undév Bewpeiton 1 otiypun mov aeédnke eledbepog o
ay®Yoq).

\Y \Y

(@ ® ()]
Xy. 5.42

Axivntog evBVOYpapIOC 0y@yOg TOAD HEYOIAOV UAKOVS OloppEETal amd
otabepd pedpa évtaong I. Aymyog AB givor mapdAinioc otov TpdTo
Ko aopakpOveTal and avtdv pe otabepr| tayvtnta v (oy. 5.43).
IToto amd o Sroypappota oto oynue 5.44 TaploTavel TNV NAEKTPEYEP-
TIKY OUVOLN TOL OVOTTTUGOETOL GTOV 0y®yd AB katd tnv Kivnon tov,
G€ GLVAPTNGN LE TO YPOVO;

Xy. 5.43

(@ Y.
Xy. 5.44
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X X
>

X X xX™

X 4 X X K X

X X X K X

X P S —l 7 X

X X4 X X K X

Xy. 5.45

X XY X X K X

X "X X X X¢ X

5.12

5.13

TToteg amd T1g emdUEVES TPOTAGELS Elval GOOTEC;

o) e axivnto aymyd péca og otabepd poyvntikd medio dev ava-
TTOGGETOL NAEKTPEYEPTIKT SVVOLT.

B) Agv avonTUGGETOL NAEKTPEYEPTIKN dVVAUN GE AY@YO OV Ki-
veitol HEGO G OVOLLOTOYEVES LLOYVITIKO TTEDTO.

Y) e ay®yd oL KIVEITOL TOPIAANAL GTIG OVVOLUKEG YPOLLLLES oL
YVNTIKOD TEGIOV deV OVaTTOCCETAL NAEKTPEYEPTIKT SVVaUN.

d) Katd v mepiotpoen evog aymyod péca o€ payvntikd medio,

NAEKTPEYEPTIKT OVVOUN OVOTTOGGETUL GTOV AY®YO LOVO OV
KT TNV KIvNon Tov TEUVEL TIG SLVOIKEG YPOUIES TOV Tediov.

H pdéfdoc KA tov oyfuatog 5.45 umopei vo oloBaivel, yopig tpipéc,

6tovg opllovTovg aywyois Ax kot Zx' Topapévovtag mivio KABet

6’ awtovg. Ta dxpa A Kot Z tov ayeydv cuvdéovtat pe avtiotdtn R.

Ol n odtaln Ppioketar oe OPOYEVEG KOTAKOPLOO LOYVNTIKO TEDTO.

Aivovpe ot papodo apyikn TaxdTNTO V TAPAAANAN GTOVS Oy@YOVS Kot

v aenvovpe erevBepn. H kivinon g pafdov Ba etvon

o) gVOVYpOUUT ORLOAN.

B) OLLOAG ETLTAYVVOUEVT).

Y) EMTAYLVOLEVT LLEYPLS OTODL 1) TAYVTNTA TNG OTOKTIGEL L0, OPl-
ok} Ty (v, ).

d) emMPBpadvuvoevn.

ZNUEIDOTE TN COGTN ATAVINGT) KOl ALTIOAOYNOTE TN,

O kavévag Tov Lenz

5.14

5.15

5.16

5.17

Noa copminpmbovv ta keva:
O kavovag tov Lenz givor cuvErela pog yevikotepng apyns tg euot-

KNGy TNG OUPYNG « - e v emeeeemeeeeeaeee eeneeee e e e aeeeeeens Sopupova e
Tov kavove tov Lenz, 1o pedpa mov dnpovpysitan €& artiog Tov Qat-
VOUEVOL TNG EMAYWOYNG EYXEL TETOWO vuvevvreannnnn, ®oTe va avTitiBeTon

GTNV 01Ti0l TTOV TO TPOKAAEGE.

Amo éva Aemtd Vo kpépeton ofapne HEToAMKOC daktOAoc. E&n-
ynote Tt o daktoAog Ba extponet amd ™ 6o 1ooppomiog Tov av
TANGLAGOVUE G” aVTOV €va payviTh, Omws delyvel To oynua. 5.46. Tt
TEPIUEVETE VL GUUPEL oV 0 SUKTOALOG £)EL EYKOTN;

Agnvovpe éva payvin va mécetl Katakopveo. Kdtm amd to poyvit
Bpioketon opldvTiog kukhikds aymyoc (oy. 5.47). Na cvykpivete v
EMTAYLVOT IOV £XEL O LAYVITNG OTIS O1dpopeg BEGELS TOV e TNV EML-
Téyvvon g foapdTnTog.

Bpeite ™ @opd tov pevpatog oo mnvio I, poig kheicovpe to Sakd-
ntn oto mnvio I, (oy. 5.48).
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5.18

Ty. 5.48

O daktolog Tov oynuatog 5.49 Bpioketon péco oe PeTAPOAAOUEVO
opoyevég payvntiko edio. To emimedo Tov daxTvAiov gival kKABeTO GTIC
Suvapukég ypapupég tov mediov. Otav to poyvntikd medio avédvetat,
0 OKTOAMOG OlappEeTal amd PEdLA TOV EXEL T POPE T®V JEIKTMV TOL
poloyiov. [Towa etvat n opd TV SLVOUIK®Y YPOUU®Y TOV TESIOV;

Evollaccépevn 1601 - EVOALOGGOUEVO PEVNO.

5.19

5.20

5.21

5.22

Xg MO0 QUGIKO POVOUEVO OTNPILETOL 1] TOPOAYWYT) EVOAAAGGOUEVNG
téong;

Edv avénbel n cuyvotnto meptotpoPng ToL pOTOPO. UOG NAEKTPOYEV-
viTplog Tt Ba cvpPel oty evepyd T TG TAOTG TOL TOPEYEL 1| NAE-
KTPOYEVVITPLOL;

o) ®a mopopeivet idro;

B) ®a avénbet;

Y) Oo pewwbei;

Emi\éEte 10 cwoTo.

[oteg amd T1g TOpaKATO TPOTAGELS EIVOL COGTES;

o) H @opd tov evarlaccopuévov peduatog aALALEL TEPLOSIKA.

B) H evolhaccopevn tdon ota dpo eVOG aVTIGTATI Kol TO PEVLLA
7OV TOV dluppéet £xovv TV 1d10, cLYVOTNTO Kot Ppickovtal G
@aom (Taipvouy TauTOYPOVE LEYITTN KOl EAGYLOTY TIUN).

Y) H evepyog Ty 1o evoAAOoCoOUEVOL PEOIOTOC OmoTeEAEL T
pEoT TN TS £VINONG TOV.
0) To aito mapaymyng BeppdtToc o€ Evav avTIoTATN OTAV dlop-

péetal amd pevpa givar 1010, eite TpdKeLTAL Y10 GUVEYEG EITE Y10
EVAALOGGOLEVO PEVLLOL.

€) To mAdtog TOV EVOALOGGOUEVOL PEOUATOG METAPAAAETOL ML~
TOVOEWMG LLE TO YPOVO.

Ol AQUTEC OTO OTITL HOG TPOPOSOTOVVTIOL UE EVOALACCOUEVT] TAON
gvepyoL Tng 220 V kat cvyvottog 50 Hz. Avtd onuaivel 6tt dop-
PEOVTAL OO EVOALAGGOUEVO pEVIO UE TNV 1010 cuyvotnTa. [otl dev
TOPOTNPOVVTOL AVEOUEIDGELS TNV EVTAGT TOL POTIGHLOV;
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5.23

5.24

5.25

5.26

Av 1 evepydg TN TNG €VTOGNG TOV EVOALOGGOUEVOD PEVUOTOS TOL
Slappéet Evay avTIoTATN SIMANGLOoTEL, 0 pLOUOS LLE TOV OTTO10 O OVTL-
oTaTNG 0modidet OeppotnTa oto TEPPAALOV

o) duthaocidleral. B) tputhacidleral. y) tetpaniocidleTol.

d) mopapévet id106.

EmAéEre 10 c00T0.

To apmepOUeETPO KO TO. BOATOUETPO TOV YPTGLULOTOLOVVTOL Y10 LETPT]-
GEIC 6TO EVOAAAGGOEVO pELLL divouy

o) TNV vepyo TIUN TV PEYEDDV.
B) ™ péom Tiun.
Y) T0 TAGTOG.

d) 1 OTUyLoioL T,
EmAééte 10 c0T0.

ZOUTANPOGCTE TO KEVEL:

Mt MAEKTPOYEVVITPLOL UETOTPEMEL  vuvneeneanannnnn gvépyel o€
................ EVEPYELD, EVAD O MAEKTPIKOG KIVINTHPOG UETUTPETEL TNV
NAEKTPIKN EVEPYELLL GE .ovvnvenennnnnnnn.

H petatpomn g evoOAAAGGOUEVNC TAGTG GE GUVEYT YIVETOL LE TO GUV-

dvaoud 600 SATAEEDV TOV ............... KOL TOV tevvrnrinnannnnn. (0]
€EOUOAVVTNG OTOTEAEITOL OTO OVTIGTOTN KOL v vvaevanaens. oLVOEDdEE-
VO e,

Apoipaia erayoyi - avteTaymy

5.27

5.28

5.29

H évtaon tov pegvpatog mov doppéet Eva mvio petafdiretor and v
T I oty tyn 21 H nextpeyeptikn dvvoaun and avtenaymyn Tov
OVOTTUGGETOL GTO TNVI0

o) glval peyoddtepn ov 1 HetafoAn g £viaong Tov peduaTog Yi-
VELYPTYOPOL.

B) dev efaptdror amd 10 ¥pOVO GTOV 0moio yiveTon 1 HETOPOAN
OALG LOVO O TNV apyIKN Kol TEAIKT TN NG €VTAONG TOL
PEVILATOG,.

Y) e€opTdTol 0o TNV MUK OVTIGTOGN TOV VIUPYEL 6TO KOKA®-
Lo

d) e€optdrorl amd TV TNYN TOL TPOPOSOTEL TO KOKAMLOL.

[Towa amd Tic TpoMyobeveS TPOTAGELS Etvat opOn;

O ovvtereotnC aLTETOYOYNG EVOC Tviov eEaptdton

o) 0o TO VAIKO TOL GUPUOTOC TTOL €xEl ypnopomombei yuo vo
KOTOOKELOGTEL TO TTNVIO.

B) omd TV £VTACT TOV PEVILATOG TOV TO OlUPPEEL.

Y) omd To YEOUETPIKE YOPOKTIPIGTIKA TOV TNVIOV.

) omd To VAIKO To omoio PpioKeTal 6TO E6MTEPIKO TOV TNVIOV
(Topfivag).

EniléEte T0 cwotd.

H evépyeia mov elvan amoBnkevpévn oto poyvntikd medio evog tnviov
otav dwappéetor omd pevpa Eviaong I etvan 2 J. Av dimhacilootel o
pevLo TOL dtoppéet To Tvio, 1 evEPYELd Tov Ba givat

o) 1J; B) 2, v) 417, o) 81J;
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5.30

5.31

5.32

5.33

Awbétovpe ouppo ukovg d =4 m pe to omoio BEAovpE Vo KATOOKEL-
doovpe €va Tnvio uNKovs / e 660 To SuVATOV LEYOADTEPO CUVTEAECTN
avtenoyoyns. Etvon mpotipndtepo:

o) va ToAiEove To cVpLO £TCL, MGTE Ol OIEIPES VAL £XOVV LIKPT
OLIUETPO KOl ETOUEVMG O aplOUOS TV GTEPOV VO, VOl LEYA-
Log;

B) VO KOTOOKEVAGOVE OTEIPES PE UEYOAT OLAUETPO, OTTOTE OVOL-
yraotikd 0o petwbei o apBpdc tovg;

Y) 0 GUVTEAEGTNG OWTETAYMYNE TOL TTNviov Oa eivar id10¢ Kol 6TIg

00 TEPITTOCELS;

Yto mvio Tov oYNUaTog 5.50 avanTOGGETOL NAEKTPEYEPTIKT SVVaN
Ao OVTETOYWOYT], UE TNV TOAKOTNTO OV deiyvel to oynua. To mnvio
Soppéetar amd pedLLo TOL

o) €xel otabepn £viaon Kot popd mpog ToL deEE.

B) &xel otobepn £vtaom Kot pOopa TPOG T, apPloTEPJ.

Y) €xel opd Tpog Tal SeELA KoL 1) EVTACT) TOL ALEAVETOL.

o) &xel eopa TPog Ta 6e&10 Kol 1 EVTAGT] TOV EAUTTAOVETOL.
€) €xeL opA TPOG TO OPLGTEPA KOl 1 EVTOGT TOV QVEAVETAL.

oT) €XEL QOPA TTPOG TA OPLOTEPG Kol 1] EVTAGT TOL EAUTTAOVETOL.
Na emiléEete Tovg TOAVOVE GUVOVAGLOVG.

Y10 oynpa 5.51a, apyud o petorywyoc A etvar tomobetnpévog otn Béom

A o to nvio dwappéetar amd otabepd pevpa. Tn otryun undév o pe-

Taymyoc tonobeteitan otn B€om B. H évtaom tov pedpotog 6to mnvio,

Ao TN GTIYUN TTOL 0 UETAY®YOC TortobetnOnke oto B, 6g cuvdptnon

He 10 xpOvo divetar amd To dibypoppo 6to oxfue 5.510.

o) H amoOnkevpévn evépyela oto mnvio gival peyaAdtepn m xpo-
VIKH oTiypn t, 1 otyun t,;

B) H nAektpeyeptikn dOvaun oto mvio eivar peyaldtepn  (po-
VUK oTiypn| t, 1 T Xpovikn otiyun t,;

L .
aYeYeYe Yo' 1

Ty 5.51

No avtiotoryicete o pey€dn g mpdTNG GTNANG UE TIG LOVAOEG OTN
devTepN

1. o, o) rad/s
2 E., B) Wb
3 ® y) H

4 M 5 V

5 L g J
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Nopog ¢ emayoyng

534  Kvrkhkdg ayoydc eppadod A =10" m*> tomobeteitan pe o emimedo
TOV KAOETO OTIC SUVALUKEG YPOAUUES OLLOYEVODE paryvnTikoD tediov B =
0,2 T. No Bpebei n niextpeyeptikn dOvaun amd EX0y@YN TOL dNUovp-
yeitan 6Tov aymyd av uéco oe xpovo At=107 s

o) 10 medio pundeviletan,

B) T0 Tedio dumhacialetat,

Y) 1N QOpA TOL TESIOL AVTICTPEPETAL,

o) 10 Tedio mopapével oTadepd Kot 0 aywydg otpépeTol kKot 90°

MGTE VO, YIVEL TOPAAANAOG LE TIC SUVOLIKEG YPOLLUES.
[AT:2V,2V,4V,2V]

535  Kukhkdg aywyods oxtivag r=10/ Jr em éxet avtiotaon R=2 Q. O
ay@yog tomobeteitan e 1o eninedd TOL KAOETO GE OLOYEVEG Oy VN TIKO
nedio mov av&dveral pe otabepd pudud AB/At= 0,2 T/s. Na Ppeite v
£vT0oT TOV PEHUOTOG TTOV SLaPPEEL TOV KUKAIKO ory@yo kal Tn Oepuikn
160 TOL OVOTTOGCETOL G AVTOV.
[Am: 102 A, 2x10° W]

OK10"Wb)

5.36  H poyvntikn pon mov SiEpyeTol omd KAEIGTO GUPUATIVO TANIGLO AVTi-
otaong R = 10 Q, petafdAiretorl pe 1o ypdvo OT®G POIVETOL GTO 016~
YPOUHO TOV GyApatog 5.52. Na yivouv, pe tnv idta KAipoka ypovov, Ta

dloypappato.:

o) NG NAEKTPEYEPTIKNG SVUVOUNG OO ETOAYMYT OV OVOTTUGGETOL
670 TAO{G10.

B) NG £VTOGNG TOL PEVUOTOG TOV SLALPPEEL TO TAAIGIO.

5.37  Kvukhko mhaicto aktivag r =2 cm pe N = 100 oneipeg €xet avtiotaon
R =25 Q. To mhaicio Bpicketal OAOKANPO HECH GE OLOYEVEG LLOYVT)-
TKO edio Tov oYNUATICETAL OVALESO GTOVG TOAOVG EVOG NAEKTPOLLOL-
YVATN, LE TO EMIMEDO TOV GTMELPDOV TOL KAOETO GTIC SUVOLIKES YPULIES
Tov mediov. Xta dkpa Tov TAAIGIoV cuvdEeTal forioTikd YoAPavoLe-
tpo. (To BorAotikod yorBoavouetpo gival évo gvaicOnto dpyavo mov
HETPAEL TNV TOGOTNTO TOL POPTIOL TOV UETAKIVEITOL GTOVG Oy®YOVG.)
To Barlotikd yarBavopetpo el avtiotaon R, = 45 Q. Amopaxpo-
VOULLE TO TAOUG10 07t0 TO TEDTIO Kail SLUTIGTOVOVUE OTL TN O1APKELL TNG
amopdakpuveng kvhnke oto kokAopo goptio 183,4 nC. No vroro-
ywotel To puétpo B tov poyvntikod mediov avapecse 6Tovg TOAOVE TOL
NAEKTPOUAYVATY.

[Am: 10,22x107 T ]

5.38  "Eva poaxpd coinvoedég Exet 200 oneipec/cm Kot dtappéetat amd ped-
o I =4 A. 210 ecmteptko Tov vITdpyel KukAKO mTAaicto pe 100 omeipeg
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Kot dtapetpo d =2 cm. To eninedo Tov KLKAKOV TAOLGIOL givat kdOeTo
otov dEova Tov GmANVoEW0VG. To pedilo 6T0 COANVOEDEC UnoevileTan
o€ ypovo At = 0,02 s. Yroroyiote T LEGT NAEKTPEYEPTIKT SVVAUN TOV
EMAYETOL GTO KVKAKO TAGIG10.

Atvovtan 1L, = 4m x 107 Tm/A, = = 10.

[Am: 0,16 V]

To @owvépevo TG ETOYOYNG 6E KIVOOUEVO AY®YO

5.39

5.40

541

5.42

O ayoyog AT, pe pfikog / = 1 m kar avtictaon R, = 5 Q, xweiton, pe
TayvmTa v =10 m/ s, Yopic TpIPEC TV 6TOVG TAPAAANAOVG 0y YOVG
Ax xou Zx', pévovtog dlopkmg Kabetog kol o emapn W’ avtovg. Ta
dxpa A Kot Z, TV TopIAANAOV ay®Y®V GUVEEOVTOL UETAED TOVC e
avtioctaon R =5 Q. H avtictaon 6Awv ToV GAOV ayoydv eivat ope-
ntéa. H 0An dudtaén Ppioketon péco og opoyeveg poyvntiko medio B
=2 T k&Beto oto eminedo mov opilovv ot aywyot.

Na vroAoyieTovv:

o) H évtaon tov pedpatog 6to KOKA®LLA.
B) H téion ota dxpa tov aywyod Al
Y) H Oeppomta mov amodidet n avtictaon R og ypdvo t =5 min.

[AT:a) 2 A, B) 10V, y) 6x10° J]

Zuppdtivo opHoydvio TapaAANAOYPApIO TAAIGLO, 1) LIKPOTEPT] TTAEL-
pa& Tov omoiov eivar o = 20 cm, €1GEPYETOL GE OUOYEVEG LAYVITIKO
nedio B =2 T pe 1o eninedd tov kdbeto otig duvopikés ypapupés. H
ToOTNTO TOV TANLGIOV Elval TOPAAANAT 0TI HEYAAVTEPT TAEVPA TOV.
[T6on dOvaun mpémel vo AOKNGOVUE GTO TAAIGIO Yo VO UTOivVEL GTO
poyvntikd medio pe otabepn toyvTnTo.v =1,2 m/s.

H avtictaon tov mhousiov eivar R =0,8 Q..

[Am: 0,24 N]

To ovpua AI'ZA tov oynpatog 5.54 €xel otabepn drotopr]. Ot mhev-
péc Al kot AZ givon mapdiinieg peta&d toug kot kaBeteg ot I'Z. To
eninedo Tov TANIGI0L glval KAOETO GTIG SLVOUIKEG YPOUUES OLOYEVODG
payvntkov wediov. To cvpua OK, mov éxel apeintéa avtiotoon, Ki-
veitat pe toydmra v = 12 m / s £T61 OGTE VO EIVOL GUVEXELN GE ETAPT
pe ta ovppato Al' kot AZ kot ka0gto 6° avtd. Av I'Z =20 cm ko1 B =
2 T va vroroyiotei n tdon V., T otiypr| mov I'O = 20 cm.

[Am: 1,6 V]

AbO KatakOpveo cOPUATO apeAnTéng avtiotaong vyovg h = 10 m,
anéyovv petaé&d tovg | =1 m. Ot mhve dkpeg Tovg GLVOLOVTOL LE GVP-
ua avtiotaong R = 1 Q. ’Eva tétapto ovppa pe palo m = 0,04 kg umo-
peiva oMcBaivel yopic tpin Tave ota Vo TPONYOLUEVE COPUATA LE-
vovtag cuveymg opovto. Ta cuppato Bpickoviol LG GE OLOYEVES
payvntiké medio B = 0,4 T, ka0eto 670 eninedo tov cvppdtov. Kanow
OTLYUN O@NVOLUE TO oplOVTIO GUPUA VO TEGEL, EEKIVOVTAG OO TIG

219

X X X X X X X
A

XAXXX X?(
- v

XxSOX X X X X

R

XX X X X X

|

X

XZXXFX)g(

X X X X X X X

Ty.5.53

o o & °
e o o °
e o o ®




TOVO GKPES TOV KATOUKOPLP®YV GLPUATOV. No VTOAOYIGTEL:

o) H oproxn (péyrot) taydtnta mov 0o amokToel TEPTOVTAG.

B) H Beppodtra mov Bo mapoyBel onv avtictaon péypt  otiyun
7OV TO GUPUA PTAVEL GTO £60.POG LLE TNV OPLUKT] TOV TAXVTNTA.

Aivetar 6Tt TG0 TO KOTOKOPLPO GUPLOTE OGO KOl TO GUPLLOL TOL OAL-

ofaivel mapovoidlovv apeintéa avrtictaorn. H emtdyvvon g Papvd-

mrog eivar g =10 m / s%

[Am:2,5m /s, 3,875 ]]

AVo mapdAinia petodiikd cOppota AT kot AZ améyovv | =40 cm kot
70 eMined6 Tovg oynuoartilel yovio ¢ = 30° pe tov opifovta. Tpito cvp-
po KA pe péla 10 g pmopet va ohobaivel yopic tpipég ndvo oto AT
Kot AZ pévovtag cuvey®S KADETO KOl GE ETAPT UE AVTA. ZUVOEOVUE TO
Al kaw AZ o Béon tovg pe avtiotoon R = 1,6 Q. Ot dAlot aywyol
dev €yovv avtiotaon. OAo To cuatnua PpicKeTon 68 KOTOKOPLOO OLO-
vevég poyvntiko medio B = 1 T. Na vwodoyiotovv:

o) H opraxn taydmra mov Ba amoktioet 1o cOppa KA av apebet
va KivnOet.
B) H dvvaun Laplace mwov déyetor T0T€ TO KIVOOUEVO GUPLLO.

Aivetan g = 10m/s”.
[Am: 0,667 m /s, 0,058 N]

To pawvopevo TG ETOYOYNS OE GTPEPOUEVO AYMYO

5.44

5.45

Aydyyun papdog AT uikovg | = 1 m otpépetan pe otabepr| yoviakn
tayvmto ® = 10 rad / s yOopw amd aEova mov diépyetal amd onueio O
™G paPoov kot eivar kdbetog ot papdo. To enimedo mePIGTPOPNG TG
papoov givar KGAOeTo OTIC SLVOUIKEG YPOUUESG OLOYEVODS LOYVITIKOD
nediov B=1T . H andctacn tov onpeiov O amd 1o dpo A g péfdov
elvar AO = 0,4 m. Na Bpebei n dtopopd duvapkoD Tov avamTHGGETOL
AOYO emayyng HeTadld TV akpwv g pafdov.

[Am: 1 V]

XaAxwvog diokoc Exet aktiva 10 cm kot otpéeetar YOpw amd tov dEo-
va tov pe ouyvotnrta 1500 otpopég/min. To eninedo tov dickov givan
KAOETO OTIC SUVOIKES YPAUUEG OLOYEVODG HoryvnTikoD tediov. H téion
OV OVOMTOGGETOL LETOED TNG TEPLPEPELNG KOl TOV KEVTPOL TOL dICKOV
etvan -0,628 V. Na oyedibioete T S14t0n Kot VoL VITOAOYIGETE TO HETPO
B tov poyvntikod mediov.

[Am: 0,8 T]
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Evollacoépevn 1601 - EVOALOGGOUEVO PEVNO.

5.46

5.47

5.48

5.49

5.50

5.51

No vToAoYIoTEL 1| EVEPYOG TIUN TNG EVOALAGCOUEVTG TAONG TTOV €T~
yetol 610, dkpo. opboywviov mhaisiov gpPadod A = 500 cm? ko N =
80 omelp@v Otav TEPIGTPEPETAL UE YOVIOKN ToybtnTa ® = 48 rad / s
YOpo® amd aEova mov PpickeTol 6To EMimedd TOL Kot givor kKAOETOG GTIG
SUVOLUKEG YPOUUES OUOYEVOLG HoryvnTikoy wtediov B = 1,62 T. Av 10
mhaiclo €xel cuvokn avtiotaon R =10 Q kot ota dkpa tov cuvdebet
eCwtepikn avtiotaon R, = 100 Q va vroroyiotel n peyakdtepn Ty
TOV PEVUATOG TTOL JSLPPEEL TO KUKAMLLAL.

[Am: 220V, 24/2 A]

Evalloktipog amotedeitol amd opboymvio maaicto 100 orepav, oo~
otdoemv 50 cm*20 cm, TOV GTPEPETOL LEGO GE OLOYEVES LOYVITIKO
nedio B = 0,02 T, ue cuyvotta 900 otpo@éc/min, yOpm amd dEova Tov
elvar kaBetog otig dvvapkég ypapuéc. o etvor n péyiom tipn g
Téong OV TOPAYEL

[Am: 18,84 V]

IInyf ovvexovg tdong V, =100 V dtav cuvoedet pe avtiotdtn R mpo-
KoAel TNV 010 Ogppukn 1ox0 He TNYN EVOALOGGOUEVNG TAGNC GUVOED-
pevn pe avtiotdtn 2R. Av o1 E6mTEPIKES OVTIOTAGEIS TOV TNYOV Oe-
opnodv apeintéeg Vo VTOAOYIGETE TO TAATOG TNG EVOANUGGOUEVNG
TéomMG.

[Am: 200 V]

H evoliacoduevn taon v = 10072 nulo0nt (SI), epapudletal ota
dxpa ayoyov avtiotacns R =50 Q. No vroloyiotel 1o moco Oepudtn-
TOG TOV TOpdyeTal 6ToV aymyd € ypovo At = 1 min.

[Am: 1,2x10* T]

Avtiotoon R tpogodoteiton pe evOALOGGOUEVO PEVUO TNG HOPONG

1=Inu314t ko kotavalovel péon oy 100 W.

o) Noa vrohoyiotel | oTiypaio 630G TOL KATOVAAMVEL 1] AVTIGTO-
on ™ oty t, =5x107s.

B) Av I =04 A mow n TN G TAONG TN YPOVIKN OTIYUN
t, =2,5x107s;

[Am: 200 W, 250 V]

Hlektpwn Adpma mov €yxel avtiotaon R = 40 Q tpopodoteitor pe
EVOALOOGOUEVT] TGO TNG LOPPNG L = 80\/511 ul00t (SI). No vmohro-
YIoTEL 1| HEOT] 1GYVG TOV KOTAVOAMVEL 1) AGUTOL.

[Am: 160 W]
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Apopaio erayoyn

5.52

5.53

O ovvtedeotg apoifaiog eraywyng ovo mvieov eivar M = 0,2 H.
H évtaon tov peduatog oto évo mnvio petafdiietor pe pobupd
di/dt = 50 A/s. [Town givar n nAeKTPEYEPTIKN OVVOUT TOV ETAYETOL
670 GALO TVvio;

[Am: 10 V]

‘Eva paxpo mmvio IT, éxern = 1000 oneipeg/m. To euPadov kae onei-

pog sivar A= 107 m”. ‘Eva dgvtepo mnvio IT, ue N = 200 omeipeg
mePPAAAEL TO KEVTPIKO PEPOC TOV TP®OTOL. Kdmota otiyun, n évtaon
TOV pevpaTog oL Stappéet To mnvio I, avhveton pe puOud 10 A/s. Na
VITOAOYIGTOVV:

o) O ovvteheog apopaiog emaymyng tv 600 TnVvioy.

B) H nhextpeyeptikn ddvopun mov endyetar oto anvio I1,.
Aiveton: g, =4nx107 Vs/Am

[Am: 0,87x107™* H, 8nx107* V]

Avtenayoyn

5.54

5.55

5.56

5.57

‘Eva. mnvio pe pikog | = 10 cm, éyet N = 100 oneipeg, epfadov

A= 10" m* n xdOe pio. No vroroyiotel N nAekTpeyepTikny dvvo-
Un omd OVTETAY®YT TOL OVOTTUCGETOL GTO MNVIO T GTLYW| 7OV
TO pevU OV TO dtappéet peTafdrretor pe pvOud 150 A/ s. Aivetan
u, =4nx107 Vs/Am.

[Am: 61x107° V]

Invio €yet N = 400 oneipec. Otav dwppéeton omd pedpo I =5 A, n po-
yvnTen por} Tov Siépyetan and k6de omeipa Tov eivon ®y = 107 Wh.
No vVToA0YIGTEL 0 GUVTEAESTIG OVTETAYMYNG TOL TTNVIOV.

[Am: 0,08 H]

"Eva mnvio €xet ovvtedeot avtenaywyng L= 6x107 H kot ouikn avti-

otaon R =4 Q. ¥ta dkpo tov mnviov cuvdéetor nyn E = 12 V. [1oon
gvépyela Oo amobnkevTel 6TO PLoyvnTiKO TEGio TOV TViov dTaV TO PEL-
HoL TAPEL TV TEAIKT TOL TIUY;

[Am: 0,027 J]

270 KOKA®UO TOV GYNUOTOG 5.56 1 TNYN £YEL NAEKTPEYEPTIKN SVVOLN
E =24 V kot apeintéa ecotepikn avtictact. O avtiotdtng et ovti-
otaon R =10 Q. To mmvio gival 10avikd Ko €Yl GUVTEAESTI AVTENOL-
yoyng L=0,02 H.

o) Apycd o petoywyog Ppioketor otn Béon A kot To KOKA®UA
dappéetar and otabepd pevpoa I . Na vroroyiotel n Ty ow-
700 TOL PEVIOTOC.

B) O petaymydc petaeépetat ondtopa otn Béon B. Kdmowa otiy-
u1, T0 pevdpa 670 KOKA®pa &gt Tiun i = 1 A. No vtoloyiotein
NAEKTPEYEPTIKT SVVAUN OO AVTETOYWYT GTO TNVIo Kol 0 pub-
oG LETOPOANG TOV PEVUATOG TN GTIYUN| OUTH.

Y) Na vroroyiotel 1 Oepuodtra mov Ba Tapaybei oto KOKA®U,
070 TN GTIYUN 7OV O HETOY®YOG petapépbnke otn 0éon B ué-
¥PL VO UNdevioTel To pedo 6T KOKA®LLO.

[Am:a)2,4A  B) 10V,-500A/s v) 0,058 J]
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5.58

5.59

5.60

I[TPOBAHMATA

"Eva kle10t6 KukAikd miaicto pe aktiva r = 8 cm ko N omeipeg €xet

KOTOoKEVOOTEL amd ydAkvo cVppa dtatouic s= 0,1 cm®. To mhai-
o10 Bpioketon péca o opoyevég poyvntikd medio B = 2x107° T pe
10 emimedd tov KaBeTO oTIg dSuvapukég Ypoupés. To mhaicto otpépeTon
katd 180°, pe a&ova meploTpoPng pia. dtapuetpd tov. Na vroloyiotel
t0 Qoptio mov Oa mepdoel and pin datoun Tov cUPHATOC. Atvetor 1
g1k avticTaon Tov yoAkod p = 1,6x10° Q cm.

[Am: 107 C]

OpbBoymvio TAaicto amoteleitol amd dH0 CUPLATA YPOUOVIKEAIVNG TA
omoia givar akivnto kot anéyovv amdotaon | = 10 cm kot TopoLo1d-
Covv avtictaon R* = 0,01 Q/cm. Ta dAla 600 cOppata etvor yaAkvo
Kot yopig avtiotaot. To éva givol akivnto kot To GAAO pwopel vo, OAL-
oBaivel yopig Tp1Pég Tave ota cOppota ypopovikeriving. To mhaiclo
Bploketor péca oe opoyeveég HoyvnTIKO medlo HoyvNnTIKNAG ETOY®OYNG
B= 5x107 T pe 10 eminedd tov kdOeT0 GTIC duvopkec ypaupéc. To
KvNTo YEAKIVO GUpLO KIVEITOL LE GTOBEPT] TOLTNTA. AV TN YPOVIKY|
OTIYUN UNdEV M 0mOGTAGT) OVAUESO T YAAKIVO GUPLOTO EIVOIL OUEAT-
Té0,
o) va Bpebei oyéon mov GLVIEEL TV €VTOGN TOV PEVUOTOC TTOL
dwappéet 1o mAaiclo pe To ypdvo.
B) VO VTOAOYIGTEL 1) TN TNG £VTOOTG TOV PEVIOTOC TN OTIYUN t =
2s.
Y) va YIvel Ypaeikn TopdoTtacn g £VTAoTG Tov peOLOTOC LE TO
YPOVO.

-3
[Am: o) &A B) 1,25 mA]

AvO TtopaiAinia, opilovtia cvpuata, Al kot A'T', peydiov pnkouvg Kot
OUEANTENG OVTIOTAONG GLVOEOVTAL OT Gkpa TOvg A Kot A’ pe tpito
ovpuo avtictaong R, = 0,1 Q. 'Eva tétapto cOppa XX pe pdlo m =
0,1 kg, uqxog L = 1 m xon avtictacn R, = 0,5 Q unopel va ohchaiver
yopic Tp1Péc, névovtag kdbeto Kot o eman, ota onueio X kot X', pe
ta cvppato Al kot A'T'. To ovotnua Ppicketal HEGa 6€ OUOYEVES Lo
yvntiko medio B = 0,2 T kéBeto 010 £mMinedo TV GUPUATOV.
o) Aockovpe oto cvpua X', Tov apyIKa eival akivito, otabepn
dovaun F =1 N mopdAinin ota Al kot AT’ ondte 1 TodTnTd
TOV 0TOKTA Kamoto otafepn Tiun. Na vroloyiotel  tdon ota
GKpa Tov HeTA TN oTafgpomoinon TG TaOTNTOS.
B) Kémota otryun movel va aockeiton n dbvoun F kot n taydmta
TOV GUPHOTOG XX netd and Alyo undeviletat.
B,- Na vroAoyiotel 0 puOude petaforng g toybrog
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5.61

5.62

KoODG Kot 0 puOUOg HeTaPOANG TNG KIVITIKNG EVEPYEL-
0,G TOV GUPLOTOG XX TN ¥POVIKT GTLYL| TOV 1 TOYOTN-
Té TOL pIKpoivovTog £yve iom He To GO TG LEYIOTNG
TIUNG TNG.

B, Noa vroloyiotel 1 Oepudtnra Tov anéPfare T0 KOKA®-
po 6to mepPdAlov katd tn Sidpkeld TG emPpaduv-
GG TOL GUPUOTOC.

[Am:a) 0,5V, B)-5m/s% -3,75W, 11,25 ]]

Avo mapdAnia cvpuato odnyoi, pe unkog d = 10 m kot apeAntéa
avtiotaon anéyovv omootaon | = 1 m, oynpotiCovv pe 1o opilovtio
eminedo yovio ¢ = 30°. Xt Bdon Tovg ol aymyol evdvovTol LE GUPLA
avtictaong R, = 0,1 Q. ’Evag npiopatikdg aywyog pe pato m = 1 kg
umopei vo, oAlcOaivel Tveo oTo GUPUATO 00TYOVS YWPic TPIPES, Ta-
papévoviag cvveymg opidvtioc. To cvotnua Ppicketal 6e opoyeEVEg
payvntikd medio B = 0,5 T kdbeto ot0 eninedo Tmv cupudtmv. Tov
oplovtio aywyd, mov €xetl avtiotaon R = 0,1 Q, aokeitar otabepn
dvvaun F = 15 N, mopdAinin pe to GOPHOTO-001 Y00 Kot pOpa TPOG
Ta Tave. Tn ypovikn otypn t = 0 0 aywyog Pplokdtav ot PAcn Tov
TAGyLov emimédov mov opilovv ot aywyol. YnoAoyiote:

o) Tnv oplaxn taydtra wov Oa amoktinoel To cvpua ovefaivo-
VTOG.

B) Tnv téiom ota dKpa TOL PETA TV ATOKTNGY| THG OPLOKNG TOYD-
mTog.

Y) Tn BeppotnTo mov Oa wapayel, péypt Tn GTIYUN TOL TO GVUPU
Ba eTdoel otV KOPLEY| LE TNV OPLOKT TAYVTNTO.

Aivetan g = 10m/s”.

[Am:0) 8m/sP)2Vy)68J]

Avo mapdriniot opilovtiol aywyol Ax kot A'X' pe apeintéa ovtioto-

omn améyovv petald toug | =1 m kat o drxpo tovg A kot A’ cuvdEovTat

pe aywyo avtiotoong R =5 Q. 'Evag dAhog aywyog KA, pe palo m =

0,5 kg, yopig avtictaon, pwropei kot olcOaivetl yopic tpiBéc pévovrog

Kd0eTOC KO G€ EMAPT UE TOVS TOUPAAANAOVG oy@yovg AX kot A'x'. To

GUGTNULO TOV TEGGAPOV y®Y®V BpioKETOL LEGH GE OLLOYEVES LLOYVITL-

k6 medio B = 0,5 T ké0eto 610 eminedod tovg. O aywyog KA sivor apyt-

Ké axivntog. Tn ypovikn otrypn) t = 0 aokeitor otov aymyod KA dvvaun

F, tng id1o¢ d1evbvvong pe avt Tev TepdAAnNA®y oy®ydv, 1) 0Toic Tov

gEavaykdlet vo kivn el pe otodepy emrdyovon o = 2m/s’ .

o) Na yivet 1o odypappa F = f(t)

B) Av 10 €pyo mov Tapdyel 1 dvvaun F amd ) ypovikn otiyun t =
0 péypt ™ ypovikn otyun t = 6 s givor 50,4 J vo vroAoyiotel
N Beppotta mov Tapdydnke oV avtiotoomn 6to 1610 YpoviKd
1A TN AL

Y) Na vroAoyiotel 0 puOUOS e TOV 0010 AVEAVETOL 1] KIVITIKT
EVEPYELD TOV AY®YOV TN YPOVIKN OTIyp t =6 s.

[Am: B) 14,4 1, v) 12 J/s]
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5.63

5.64

5.65

5.66

Avo oprlovtiot petarlikol ayoyoi AA ko I'Z pe apeAntéa avriotaon
anéyovv petald Tovg | =1 m (oy. 5.57). Ot aywyoi Bpickoviol oe Ko-
TaKOPLPO opoyevEG payvntikd tedio B = 1 T. Metailikn papoog KA,
Bpioketan og cuveyn emaen pe Tovg oywyovs AA kot I'Z kon pmopet va
oMobBaivel ympic Tpiéc Tapapévovtag KAOeT oe AVTONG. XVVIEOLLLE
ta onueia A ko I' pe tovg méhovg Tnyng nhektpeyeptikng dvvaung E
=12 V ko apnvovue eredbepn ™ papoo. Na vroroyiotel 1 oplokn
TayOTNTA TOL BoL ATOKTYOEL.

[Am: 12 m/s]

Ot aywyot Ax kot I'y dev mapovoidlovv avtictaon, eivatl Katakdpueot,
anéyovv peta&d toug I =1 m ko ta dkpa Tovg A kot I cuvdéovtal pécm
Sdwokomtn pe niextpikn mnyn mov €xet E =24 V ko r = 0 (oy. 5.58).
O ayoyog KA, pe ndlo m = 0,1 kg kot avtiotacn R = 20 Q, pmopei
va oloBaivel yopig pipég Tavm otovg aywyovg Ax kou [y, pévovtog
ouveyms optlovTiog Kat oe eman] pe avtovs. Olo to chotua Ppicke-
Tol péca og opoyevég payvntikd medio B = 1 T kdbeto oto emimedo
Twv cvupudtov. Kieivoovpe to dtakdntn A kot a@rvovpe Tov aymyd KA
elevBepo va kivnbei. No vtoloyiotei n péyiotn (oplokn) ToydTNTO IOV
Oa amoktoet. Aiveton g = 10 m/s?.

[Am: 4 m /s]

Ot katakdpveot aymyol A" kot A'T” oto kOKA®p TOV oYNpatog 5.59

€youv apentén avtiotaon Kot gival peydiov pnkove. O aywyog KA

éyetavtiotaon R =3 Q, unkog I =1 m, pale m = 0,2 kg kot propei va

oMoBaivel yopic tpipég pévovtag optldVTIOg Kot 6€ NAEKTPIKN ETOPON

pe toug ayawyovg Al kot A'T”. H 0An didtaln Ppioketal péco og opo-

vevég poyvntiko medio B = 1 T kdbeto 610 emimedo TV aymydv, Ue

(Opa TPOG o, PHEGH, OTMG PaiveTal oto oynua. H mnyn €xel niektpe-

veptikn dvvaun E = 12 V ko ecotepikn avrtiotaon r = 1 Q. Kdamow

oTiyun o ayoyds KA aprvetatl va olMcobnocel eved o daxdmg A etvat

avorytos. Otav o aymydg KA dwavdcet dtlotnpua h = 0,8 m «heivel o

SloKOTTTNG,

o) Na Bpebet 1 emtdyyvvon Tov aywyod KA (Létpo, opd) apé-
OMG LETA TO KAEIGIHO TOL SLOKOTTY).

B) ®a yivel n tayHTo ToL aymyov KA kdmowo otrypn undév; Av
Va, Vo DTOAOYIGTEL 1] TAOT] GTO (KPO. TOV OTH T GTIYUN.

Y) Na Bpebel n tayvnta (L€Tpo, Popd) mov Ha amoKTNoEL TEMKE
0 aywyog KA, katd t S1dpKeLn TOL POIVOUEVOD.

Aivetong = 10m/s%.

[Am: o) 10 m/ s? ko @opd wpog o Tave B) 9V y) 4 m/ s Ko popd Tpog

0 Tévo |

Avo mapdAiniot optlovTiol aywyol Yopig avticTaoT], TOV ATEYOVV Le-
ta&y toug | = 0,5 m, cuvdéovtol 6To GKpa TOVG HE 10AVIKO TNVio GL-
vieheot avtenayoyng L = 25x107° H ."Evag ayoyoc AT, pe pdlo m
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5.67

5.68

=150 g kou avtiotacn R = 5x107 Q, umopei va oloBaiver ympic
TPIPEG HEVOVTOG KAOETOG KOl GE EMAPT LLE TOVG TOPAAANAOVG 0y®YOVC.
To oot Bpicketar LEGH GE KATAKOPLOO OPOYEVES LOYVITIKO TTEdTI0
B =0,1 T. Ack@vtag otov aymyd Al kamowo dOvoun F, mapdAinin pe
Tovg 0p1LoVTIONG aymyolS, TOV KIvoVpE Ue TPOTO MGTE 1 £VTAOT] TOL
pPEVLATOG 6TO KOKAMA va divetal amd T oyxéon i = 2t + 3 (SI).

o) No vroloyiotel 1 NAEKTPEYEPTIKY SUVOUN OO OVTETOYWOYT
OV OMOVPYELTOL 6TO TNVIO KOTA TN OLUPKELD TOV POLVOLLE-
Vouv.

B) Noa Bpebei kat vo amodobel ypapikd 1 oxEc TOLV GLVOEEL TNV
TayOTNTo TOL aywyoL Al pe To Xpovo.

Y) Na vroloyiotel o puOpodg Av/At pe tov omoio av&hvetar 1 to-
YOTNTO TOL AYOYOV KATE T1 OLAPKELL TOV PALVOUEVOU.

d) Na vroroyiotel 0 puOUdS e ToV 0moio TPOGPEPETAL EVEPYELL

6T0 KUKA®UO LEG® TOL Epyov TG F, T xpovikn otiyun t =4 s.
[Am: a) 0,05V B)v=2t+4 (SI)y)2m/s*3) 10,2 /5]

To tetpdymvo cuppdtivo TAaiclo Tov GynpaToc £xel migvpd [ = 0,25
m Ko avtictaoT ovd povada unkovg R* =1 Q/m. To mhaicto pmaivet
pe otabepn tayvnTa v = 0,05 m /s o€ opoyevég payvnTikd medio mov
&xet évtaon B =0,4 T kot gvpog d =40 cm (o). 5.60) pe 10 eninedd Tov
KEOETO GTIG SUVOLIKES YPOUUUES TOV TTESTOV.

Na yivel ypoa@ikn TopactacT TOV TopouKITo HEYEdmY 6€ GuvapTnon

Le to ypovo.

o) Maoyvntikn por wov diépyetal omd T0 TANIG1O.

B) Hlektpeyeptikn dHvoun mov dnpovpysiton 610 mAaicto.
Y) Pevpo mov droppéet 1o mhaicto.

d) Tdom avapeoso ota onueio K kot A.

€) Avvaun Laplace mov 6éyetot to mhaioto.

To kOKAwpa Tov oynfuatog 5.61 amoteAdeitar amd Ty NAEKTPEYEPTL-

KNG dovvaung E =40 V kot ecmteptkng avtictaong r =2 Q, 10avIKo wtn-

vio pe ovvtereotn avtenaymyng L= 0,5 H kot avtiotdtn pe avtiotoon

R =8 Q. Kamowo otryun kAeivovpe 10 S1aKOTTN TOL KUKADUOTOG.

No vroAoy1GTOOV:

o) H tehucn Ty g évtaong tov peuIatog 6To KOKAMLLOL.

B) H nextpeyeptikn dOvoun Tov avarTOGGETOL OO QVTETAYMYN
670 TNVio TN OTYUN Katd TNV omoio T0 PeEVUO 0TO KOKAMLLOL
av&aveton pe pubuo di/dt = 6 A/s.

Y) H évtaom tov pevpatog 6To KUKAMLO KoL 1) EVEPYELN TTOL EXEL
amoOnkevtel 6to TVio TV 010 oTIYUA.
d) O pvOuodS e ToV 0moio amobNKeHETAL EVEPYELDL GTO LLOLYVITIKO

7edio Tov TViov TNV 1010 GTIYUN.
[At: )4 A, B)3V,y)3,7A3,4219) 11,1 W]
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5.69

210 kOKAwpa Tov oxfpatog eivat E=12V,r=0,R, =3 Q,R =6 Q,
L =0,2 H. Apywd o daxomtng A elvar avorytdg kot 1o KOKAmpo og
dlappéetar omd pedLLO.

o) Tn otryun pundév kheivel o dtaxdng. 1) No vroloyiotovv ta
PEVLLOTO GTO KUKAMUO OUECMG LETA TO KAEIGIUO TOV OL0KOTTN
Kot 2) HETA omd apKeETO Ypovo, 0Tav Ba Eyovv amokoTacTadel
Ol TEMKEG TULEG.

B) AoV omokataotafovy ot TEMKES TIHEG TV PEVUATOV, OVOl-
youpe to dtakdmTn. 1) Na kabopicete motot KAGS01 TOL KUKAM-
patog eEakolovBovv va dtappéovtat amd pEVvLL KOl VoL oYedLd-
GETE TN QOPA TOL peduatog. 2) Na vroloyicete ) OepuoTnTa
mov Oa mapoyOel GTIC AVTIGTAGELG OO TN GTIYUY| TOV OVOiyov-
HE TO O1aKOTTY HEYPL VO undevioTel To pedpo 6To Tvio.

[Am:a) 1)2A,02)2A,4A,P) 1,6J]
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Ew. 5.11 James Clerk Maxwell
(1831-1879). O xopveaiog Oew-
PNTIKOG PLGKOS TOL 19 cudva.
OepeMog ™G ovYXPOovNG NAe-
KTpopayvntikng Oempiog Kot £vag
amd toug Bepelwtég g Ogppo-
SUVOUIKNG KOl NG XTOTIGTIKNG
pnyoviknig. FevwnOnke oto Edp-
Bovpyo amd Swokexpévn oKo-
T6E0IKN OKOYEVELD. TOVO0GE GTO
Kéwmprl 6mov dokpidne. Aida-
&e og S1POPU TOVETIGTAHLO GTHV
AyyMia kotodnyovtog oto Kéi-
umpul. Eiye 16tumn aichnon tov
KLoOHop, NTOV EEMPETIKA KOAMEP-
YNUEVOGC, Eypape TToinon KoL NTOV
HEAAOV ECOCTPEPNG YOUPOUKTNPOG.

OI EEIZQXEIX TOY MAXWELL (MAEI'OYEA)

2116 apyés Tov 190v amva ot gpguvnTég elyav avtiinedel 6Tl 0 NAe-
KTPIGHOG KOt O [LoyVNTIoCHOG elval cuyyevh] @atvopeval.

To 1820 o Oersted £de1&e pe to mepipnpo meipoud Tov 0Tl £va, NAEKTPL-
KO pedpo dnpovpyet Yopw Tov poyvntikd medio.

To 1831 o Faraday ka1 o Henry, ave&dptnta o évag amd tov GAAo, To-
patnPNoaV OTL OTOV HETARAAAETOL 1] HOYVNTIKY PO UECH OO EVOL KOKAMLLOL
0TO KUKAMUO ETAYETOL NAEKTPEYEPTIKT] SVVOUN.

To 1865 o James Clerk Maxwell Aapfdavovtag vedyn 6An v mpon-
yoovuevn gumepio (Coulomb, Ampére, Faraday....) dStatdnwoe téocepig e€160-
OELg, OV oNuepa givatl yvootég og eélomaelg Tov Maxwell kot teprypdpovy
OAOL TOL NAEKTPOLOYVNTIKA pavopeve. H omoudatdtnto Tmv e£Iodoemy auThv
GTOV NAEKTPOUOYVNTIGUO EIVOL VTIGTOYN UE TN OTOLOAOTNTO TV VOUMY TOV
Newton otn punyavikn.

O Maxwell d¢ dtotOmmaoe Oleg aVTES TG EEIGMGELG LOVOGS TOV, TIG £dM-
o€ OUmG oav Eva eVIaio GOVOAO, ETIGNUAVE T1 GTOVOALOTITA TOVG Kol LEGM O~
TOV TPoEPAeYE TNV VITAPEN TOV NAEKTPOUAYVITIKOV KUHAT®V, 0L d1adidovTat
LLE TNV TOYVTNTO TOV OTOG.

Tpetg anod 11g e&lomoelg avtég TIc yvmpilete on:

H mpo elval o vopog tov Gauss

Q £YK

€

o

DO, =

E

OV GLVOEEL TO NAEKTPIKO TEGTO LE TO NAEKTPIKO POPTIO TTOL TO OMLOLPYEL.
H debtepn eivar o vopog Tov Gauss yio To payvnTicpo
D, =0

OV ONADVEL OTL OEV LILAPYOVLY UOYVNTIKA LOVOTOA, SNAGOT OEV VITAPYEL oL
YVNTIKO OVTIGTOLYO0 TOV NAEKTPIKOL (OPTIOV.

H 1pim givar o vépog g emayowyns tov Faraday
AD,
At

Mio, S166T0eTN 0TOD TOV VOUOV, TNV 0Toio, OV TV avaAdGouE, givol 0Tt Eva
petaforiopevo poyvntikd mtedio dnuovpyel nAekTpiko medio.

E -N

END T

Télog 1 tétapt e&icmon glval 0 vORoG Tov Ampére, TPOTOTOUUEVOS
omd To Maxwell.

O vopoc Tov Ampere GuVOEEL TO LOyVNTIKO TTESIO0 LE TIC TNYEC TOV, TOV
elvan Ta nhextpikd pevpata. O Maxwell tov tpomomoince g €1g:
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D BdloovO=p, I, +eu, a0,
dt

2t oyéon avty, @, ivar n NAekTpikn por| mov S1EpyETaL AmO TNV KAEL-
ot ddpoun yopw amd v onoio vroroyiletar to GOpowspa B dlcuvl. H
Tpomonoinon mov enépepe 0 Maxwell dnAdvel 60TL Ty TOL paryvnTiKoD TTEdi-
oV dgv elvat HOVo To NAEKTPIKO pedU 0ALY KOt TO UETOPAALOUEVO NAEKTPIKO
nedilo. A&ilel va onuelmbel 60TL TNV emoyn exelvn dev giye yivel kKavéva neipapa
07t0 TO 07010 Vo aTodekvVETOL OTL Eval LETABOANOUEVO NAEKTPIKO TTEST0 UmopEl

vo dnpovpynoet poyvntikd nedio.

H nAextpopayvntiky Bewpia, 6mwg ™ dotumtoce o Maxwell, cuvdéet
TO NAEKTPIKO KoL TO LoyvnTiko medio pe Tig mny€g toug. I[Inyég touv niextpikcon
nediov dgv glvar Lovo ta poptio aAAG Kot T0 LETAROAAOUEVO LOYVITIKG TTESTN
Kol TYEG TOL LAYVNTIKOD eSO elvar Oyl Lovo T peOOTA OAAGL KOL TOL LLe-
TaforAdpeva nhekTpikd medio. ZOpeova pe ™ Bewpia avtn, n peTaforr) Tov
€VOG eSOV GUVETAYETOL KO T1) onpiovpyio Tov drrov. Katd tov Maxwell
TETOLEG METOPOAES MAEKTPIKOD KoL HOyVNTIKOV TEdiov mpémel va dladidovtat
GTO Y®PO, OGS dradidovTal To NYNTIKA 1 Ta VIATIVE KOUATO. XTO KEVO, Ol dl0-
TOPOYEG AVTEG TTPETEL VOL S10,01d0VTaL [E TNV TOHTNTO C TOL PMTOG.

Atyo xpovia apyotepo o Hertz (Xeptl) emiPePaince melpapotikd tig
npoPAéyelg tov Maxwell, Tapdyoviog NAEKTPOUOYVITIKA KOUOTO GTO €PYO-
GTNP10, KOl LETPOVTOG TV TOYVTNTE TOVC.

H mliektpouayvnrikn Oewpia, o0nmg dwtvnmdnke omd to Maxwell,
énonée omovdaio, av Oyl T0 GTOLOAOTEPO, POAO GTN JTVT®ON NG Bewplog
™G oyeTikoTNTag amd tov Einstein. Me ) Bewpia g oxetikdtnTog TOAAEG
Baokég Evvoleg g uoikng avadempnOnkay, ot eélomaoelg Tov Maxwell dpwg
TopEREVaY AOKTEC.

TA HAEKTPIKA TOY AYTOKINHTOY

O NAekTpKOg £EOTMGUOGS TOL AVTOKIVITOV TEPIAAUPAVEL:
IInyég niekTpiki|g evépyerug: | Uratopio Kot To SLVAO,
Koatavorlotég nhextpuaig gvépyetag: 1 pio, ta eota, ol kabapliotpeg, Ta
NAEKTPIKE TapABvpa, TO PASIOKAGETOPMVO, T UTOL i, O AVEUIGTAPUC, O KAL-
LOTIOUOG Kot GAAQL.

OI [THI'EXZ

H pratapio sivar cuoviBog poivpdov, éxet HEA 12 V kot umopei va
napéyet péytoto pevpo amd 150 A g 250 A.

To dvvapd eival o NAEKTPOYEVVITPLO TOL EKUETAAAEVETAL TNV Kivn-
OT) TOV KWVITNPO TOL CUTOKLVI|TOV Y10l VOl TAPAYEL NAEKTPIKT| EVEPYELD.

H pratapio optiletor omd 1o duvapd 6tav o Kvntipog gival oe Agt-
Tovpyia.

To duvaud cuvodevetat omd Eva puOeT (ATONHTOS) TOL KAVEL VO
OOVLAELEG.
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Ewk. 5.12 Heinrich Rudolph Hertz
(1857-1894). I'dvog evkatdototng
UEYOAOOOTIKNG OIKOYEVEWLG TOV
ApPodpyov. I'vopile moArég E€veg
YAOGoEG peTaE) TOV OmoimV Kot
apafud. Awapale tov Ounpo oto
TpwtdTLTo. MabnTrg Ko Ponbog
tov Helmholtz dwaxpibnke yio tnv
QoPepn TEWPAROTIKT TOV emMOesL-
otmro. [Ipoonébnoe icwg mepio-
60TEPO OO OMOLOVONTOTE GALO
vo eMPEPUIDOCEL TEPAUOTIKAE TNV
niextpopayvntikn Oewpio  TOL
Maxwell ko ta. kotdpepe. [1EOave
oe nlxio tpuavta €61 eTmv, Odpa
™m¢ «fnAog tov Bemvy, Omog elne
o Helmholtz 6tav épade yio o 0d-
Voo TOV.

EN@ETO

/4




Xy. 5.63

Xy. 5.64

o) Awkomtel T @OpTIoN TG Umatapiog OTav VT €XEL POPTICTEL TAN-
pwGC.

B) Yroypemvel To dSuvapd vo mapgyel akplPOg TO amapaitnTo PEVLLO Yid
TN AEITOVPYIO TOV KOTOVOAWDTOV.

OI KATANAAQTEX ENEPI'EIAX

Ta provli

INo va TapayBei omvOnpag avapesa ota nAektpoddia evoc pmovli, mov
amgyovv peta&d touvg amd 0,5 mm £mg 0,7 mm, pEca 6 £V GUUTIEGUEVO Uiyl
aépog - Peviivng, Tpémel va epappocovpe pia téon yopw ota 10.000 V.

Tnv tdon vt v Tetvyaivovpe pe ) fonfeto dVO0 COANVOEWB®Y TL-
MypéEvey YOpw ard Evav Topnva Lodakod xdivBa. To éva coinvoeldés (Tpw-
TEVOV) €)EL Alyeg omeipeg kat Tpopodoteitol pe yoaunin tdon. To devtepo cm®-
Anvoedécg (devtepevov) Exet mepimov 20.000 omeipec.

"Eva gidog draxdnt (o1 mhativeg) petaffdAAiel To pedo 0TO TPOTEVOV
OLOKOTTTOVTAG TO KOt AmOKAOIGTOVTOG TO J1ad0YIKA. XAPT GTO POIVOLEVO TNG
apoaiog ETOy®Yng 6To GKPO TOL GEVTEPEVOVTOS AVOTTUGGOVTOL TAGELS OO
10.000 V émg 30.000 V. Avtiy 1 vynAn tdon xotoavépetor oto pumovli pe
GEPG. LLE TNV OTTOl0L TTPETEL VO AEITOVPYNIGOVV.

H pila

H pia elvar évog pikpodg NAEKTPOKIVI TIPS TOV KOTOVOAMVEL LEYAAQ
TO0GH NAEKTPIKNG evépyelag. [V avtd cuvdéetar am’ evbeiag pe v pratopio e
dvo kaAddo peyding datopung. H pila éxet avaykn and pedpa 100 A - 300 A
v va Asttovpynoet. Ilpdkettor yio pevpa 20 gopéc peyaldtepo amd avtd mov
yPELOVTOL TO PMOTO TOL OVTOKIVITOL. Edv petd and €51 og entd dgvtepdienta
ouveyoLS ¥pNoNg TG LG TO AVTOKIVITO OV TAPEL UTPOCTA TPETMEL VAL TTEPTLLE-
voupe €va ypovikd dtaotnuo Tpv Eavadokipdoovpe. H mapaywmyn tov pedpo-
TOG OVTIOTOLYEL GE LULOL YMLLKT avTIOpaoT) 6TV HraTapic Tov eivot TpoTIHOTEPO
va cupfaivel 660 mo apyd yivetal. Ileplopilovtag to ypdvo Aettovpyiog g
piCoc Beipovpie Aydtepo TNV poTopio.

Or grhol KOTAVOA®TES

Av K0l 01 VTTOAOUTOL KOTAVOAMTEG OEV KATOVAADVOLV TO. TOGH NAEKTPL-
KNG EVEPYELNG TOL KATAVAADVEL 1 1o, KOAO glvat va unv Agttovpyodv 6tav o
Kwvntnpog o€ Aettovpyel yloti eEavtAovy Ty pratapia.

Ytov mivako Tov aKoAoVOEl avapEPOVTL KATOEG TILEG KATUVAAMGONG
NAEKTPIKNG 16YVOG

Mila Beviivokwvnipa 1-2 kW
Mila kvnmipa diesel 2-3 kW
Beppavtikn avriotaon tlapion 250 W
HAextpikd mapabovpo 100 W
KaBapiompeg 80 W
Padlokacetdpmvo 20-40 W
OoTo mopeiog 2X60 W
DoOTO PPEVOV 2X21W
[Ticow pota 1520 W
Dotionds Kapmivog 3W
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I[IINAKEX XTA®EPQN - XPHXIMA MET'EQH

OEMEAIQAEIX ®YZIKEY XTAGEPEX

‘Ovopa

ToyvtnTo 10V EWTOG

doptio nAekTpoviov (amdALTN TIUN)
Baputikn otabepd

Ytafepd Planck

Ytafepd Boltzmann

Ytafepd Avogadro

Ytafepd TV aepiov

Mélo niektpoviov

Mala veTpoviov

Malo TpoToviov

AmAextpikn otabepd Tov KEVO
>tafepd Coulomb

Moyvntikn SemepaToTNTO TOV KEVOL

AAAEX XPHXIMEX XTAGEPEX
Mnyaviko 16odvvapo g Beppotntog
Kavovum atpoceopikn| mieon
Amdlvto undév

Hl\ektpoviofort

Evépyelo npepiog niektpoviov

Xvuporo

(¢]

Az o~ F QO

1 atm

0K

leV

mc?

I'pappopoplakog 0ykog wavikov aepiov (s.t.p.) V
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Ty

3x10° m/s

1,6x107™" C
6,67x10"" N-m* / kg
6,626x107* J-s
1,38x107” J/K
6,022 x10” popa/mol
8,314 J/ mol-K
9,1x107" kg
1,675x10 kg
1,673x107" kg
8,85x10™* C*/N-m’
9x10° Nm*/C*
4nx107 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

ootoportiki petapoir): petaforn ot dbpketa g onoiag To cvotna dev avtaildocst Bepudmra pe 1o mePBAMAOV.
0dtoPaTiKd Tolympe: Toiyouo ToL deV EMTPETEL TNV avTOALOYT OEpproTnTOG.

oktiva Schwarzschild: n péyiom axtiva mov mpénet va €xet éva ovpdvio copa naloc M yuo va gtvar povpn tpoma.
oktwvofolria Cerenkov: opatr aktivoBoiio 0V TPOEPYETAL OO TIG KPOVGELG POPTICUEVMV COUATIOIMV LLE TO. GTOLLOL.
opoifaio eraymyn: n LPAVION NAEKTPEYEPTIKNG SVVAUNG € £va KOKA®MLO eEoTiog TG LETAPOANG TOL peOLLATOG GE Eval
A0 KOKA®LOL.

avopOmon evorraoodpevng TAGNG: 1 LETATPOTT TG GE GLVEYN TAON.

OVTIGTPENTI PETABoOM: peta oA} 6TV omoio VITAPYEL SVVATOTNTO ETUVAPOPAS TOV GVGTAIATOS Kot TOL TEPBAAAOVTOG
GTNV OPYLKT TOVG KATAGTAON.

omolvtn Ogppokpacio: n Oeppoxpocio oty Kiipoko Kelvin. To undév g khipaxog eivot to amoivto undév.

am6lvTo pnodév: 1 Beprokpocio KT and Ty and v onoia dev givar dSuvatd va tdcove. Avtictoyel otovg -273 °C.
aTpounyeviy: 160¢ Oeppukng HNxoving. X avt To «LEcovy givat To vepd, deEapevn vyming Beprokpaciog o A&Pntag 6mov
Oeppaivetat To vepod kat deEopevn YOUNANG BepLOKPAGING O GLUTVKVOTHG OOV YOYETOL TO VEPOD.

OUTETAYOYN: 1 ELEAVION NAEKTPEYEPTIKNG SVVAUNG € £va KOKA®UA OTaV LETABAAAETOL TO PEVLLA TTOV TO dlapPEEL.

B

Baputké medio: o ydpog otov onoio 6tav Ppebdel po palo Ba dexbel Svvap.

Bopero 6ELUG: POTEWVO PUIVOLEVO TTOL EKONADVETAL KOVTA 6TO POpeto TOA0 TG IMG Kot 0QeiheTon GTIG KPOVGEIS POPTICLUE-
VOV 6OHOTIOIOV HE T dTopo TOV aépal.

Bpaocpdg: povdpevo katd to omoio £va vYpo petafaivel oty aépta @don amd 6An ™ nalo Tov.

r

YOABAVORETPO: OPYAVO TTOV dELYVEL OV TTEPVAEL PELLLAL.
YPORPIKY] TUKVOTNTO QopTiov: TO TNnAiko Tov Poptiov Aq TTov avtioToyel oe punkog Al evog aymyod mpog o piKog avtd.

A

otaTnpNTIKG Tedio: medio 6to omoio 1 dVYVauN TOL aoKel eV TOPAYEL £PYO KATA TN LETAKIVNGN TOV VITOBEUATOC O KAEL-
oTY| TPOY1G.

010Qopa dSuVapIKoD (LeTa&d dVo onuelmv PapuTikod Tediov): To TAIKO TOL £PYOL TOL TOPAYEL 1] KATAVOAMVEL 1] SOV
TOV edioLv KOTA TN peToKivion pog nalog m omd to Eva onpeio 6to GAAO TTpog ™ udlo av.

dta@opa dvvapkov (Letald dVo onpeimv NAEKTPIKOD TEGIOV): TO TNATKO TOV £pYOV TOL TUPAYEL 1] KATAVOADVEL 1] SOVOUN
TOV eSOV KOTA TN HETOKIVIION POopTiov q omd T0 £va oNWEI0 6TO GALO TPOG TO POPTIO AVTO.

OMAEKTPIKI vVTOY]): 1 TYL TNG EVTACNG TOL NAEKTPLKOD TEGIOV TAV® amd TNV 0moio, TO SINAEKTPIKO GUUTEPIPEPETOL (OG
ayoyoc.

OMAekTPIKI 6T00gpa (SMAEKTPIKOV): 0 AOYOG TNG YOPNTIKOTNTAG EVOG TUKVAOTN LLE TO SINAEKTPIKO TPOG TN YOPNTIKOTNTO
TOV 1510V TLKVOTH GTO KEVO.

OMAEKTPIKO: GO GTO 0TTO{0 dEV UTOPOLV Vo KivnBohV NAEKTPIKG POPTia, O HOVMTHG.

01000G: GLOKELY| TOV EMTPEMEL TNV KIvNoN TOV NAEKTPOVIOV HOVO TPOG pio Katevbuvon).

dvvapn Laplace: n duvapn mov 6€yetat peopotopopog aywyds mov Ppicketat og LoyvnTikd medio.

dvvapun Lorentz: 1 dOvopn mov d€xetat Evo NAEKTPIKO POPTIO OV KIVELTOL O PayVNTIKO TEDTO.

OUvauN KEVIPIKN: 1 dSuvaun aAAenidopaong petald 6vo paldv 1 dVo eoptimv mov €xet ) dievbuvon g evbeiag mov
opiletar and Ta KEvipa PAlag N Ta KEVTIPO QOPTI®V AVTIGTOLY.

dVVOIKO BapuTiKoD TEGIOV: TO 6TAOEPS TNAIKO TOV £PpYOV OV TOPAYEL 1] SVVOLY TOV TEdIOL KOTh TN petakivnon pnalog
m oand éva onpelo Tov TEdiov HEXPL TO AmEPO TPOG TN KAlo avT.

dVVOIIKO NAEKTPIKOD TEdi0V: TO 6T0OEPO TNAIKO TOL £PYOV OV TAPAYEL 1] SVVOLTY TOV TEGIOV KOTA TN LETOKIVION POp-
tiov q omd éva onpeio Tov mediov PEYPL TO AMELPO TPOG TO POPTIO OVTO.

duvapod: yevwntpiao.
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€101K1] Ypoppopoproky) 0eppotnta vro otabepn micon (Cp): 70 006 TG OEPUOTNTAG TTOV TTPETEL VO, TPOSPEPOVLLE OF 1
mol aepiov, Tov onoiov N wigomn pével atabepn), yio va ovénbel n Beprokpacio Tov kotd 1 °C.

€10 ypappopoploxy] 0gppotnta vwé 6tedepd dyko (C,): 10 1066 NG HeppdTog MOV TPEMEL VO TPOGPEPOLKE GF 1
mol aepiov, Tov onoiov 0 dyKog eival 6Tabepdg yia va avénbel n Beppokpacio Tov kotd 1 °C.

ELOIKN YPOULROLOPLOKT] OEpproTNTA: TO TGO TNG OEPUOTNTAG TTOVL TTPETEL VO, TPOCPEPOVLE GTN LOVEda PALEG TOV LAIKOD
v va avéndet 1) Beppokpacio tov katd 1 °C.

KN OgppéTTa: 10 T0GO TG OEPUOTNTAG TTOV TPETEL VO TPOGPEPOVLLE 6€ 1 g Tov VALKOY Y10 va avénoovpe ) Ogppio-
kpacio Tov katd 1 °C.

eKTOVOON eAevBgpn: 1 adENON TOL OYKOL TOL AEPIOV TOL YIVETOL XMPIG TOPUYDYN £PYOV, 1| AVEUTOIIGTN aHENGT TOV
OyKov £vac aepiov.

EVOLAOKTIPOGC: 1| YEVVIITPLO EVOALAGGOUEVG TAONC.

EVOLLOGGONEVO PEDIO: PEVLLO TOV OTTOTOV 1 EVTAGT EIVOIL OPLLOVIKT) GUVEAPTNOT TOL ¥POVOUL.

evePYOS £vTaet (eVOALOOGOUEVOL PEVLOTOG): 1 £VTOOT EVOG GLVEYOVG PEDLLATOG TTOV EXEL T, 1010 Beppukd omoTeléopota
LE TO EVOALUGTOLEVO.

gvepyog Taon (EVOAAOGGOUEVIG TAOG): M T TG SLVEXOVS TAoNS Tov OTay epappoletal og o avtictaon divel pedpa
pe évtacn iomn pHe TV evepyo TIUN TOV EVOALUGTOUEVOL PEVLLOITOG TTOV TPOKAAEL 1] EVOAAAGGOUEVT TAOT.

gvepyoc ToyvTNTo: N TETpay®@VIKN pilo TG LEGNG TIUNG TOV TETPAYDOVOV TMV TUYLTHTOV.

évtacn PapuTikev TEdiov: To TNAiKo TG dVvaung Tov déyeTot nalo m ce vo onelo Tov mEdiov TPog T 1o aVTH.

£vtaon NiekTpikoV mediov: To TAiko ™G dVVaUNG oL dExeTaL PopTio q oe Eva onpelo TOL TEdIOV TPOG TO POPTIO AVTO.
H kotebBvvon g cvpmintet pe vy katevboven g ddvaung mov aokeital o€ Oetikd goptio.

évtaon payvnTiko aediov: to tnhiko g péylog Svvaung mov déyetat amd payviTiko medio évag aywyog urkovg |, mov
dappéeton oo pevpa Evtaong I, Tpog to yvopevo II.

gvrpomia: péyehog mov cuvoLetal Le TNV oTosio Tov ETKPATEL GTO SOUKAE GUGTATIKG TOV GUGTILLOTOG KOL LLE TV KOVOTI-
TOL TOL GLGTNLOTOG VO TOPAYEL EPYO.

eCagpioon: n petdfaocn evog COUATOC 0o TV VYPT GTNV AEPLO. PACN.

eEdton: n e€oepimon mov yivetor HOVoO amd TV EMPAEVELD. TOL VYPOD.

ggicmon TS TPoyLac: N cLVAPTNON Y = f(X) TOV GUVTETAYUEVOV TOV GAATOC.

ETOYOYN: M ELEAVIOT] NAEKTPEYEPTIKNG SVVANG GE EVaY oY@y OTaV HETOPAAAETAL ) LAYV TIKT POT] TOV TTEPVAEL OO TNV
EMPAVELD TTOV OpileL e TO oYNOL TOV 1 OTOV SIEPYETAL LAYV TIKT pOT) amtd TNV eMPAveLa TOV opilet e TNV Kivion Tov.
eMOY YK 60CEVéN 000 KUKAOPATOV: 600 KuKAOUOTO BpicKoviot 6€ emayyik] 6VLELEN OTOV 1) LETAPOAT TOV PEVLLOL-
TOG GTO €va dNovpyel NAEKTPEYEPTIKT SVVaLT 0mtd Emaymyn 6To GALO.

EMAOYENS TAYVTNTOV: SLUTAEN TOV EMTPEMEL VAL TEPAGOVY LOVO QPOPTIGUEVO COUOTIOW TOV EYOVV OPIGLLEV TOYLTNTOL.
Bociletor 6T0 GUVOVAGHO HoyyNTIKOD Kot NAEKTPIKOD TESIOV HE TIG SLVALIKES YPOUUES TOVG KAOETEG HETOED TOVC.
EMIMEDOS MVKVOTIG: TUKVOTNG TOL 0010V 0L OTAMG 0T gtvot TapAAANAEG EMIMEDEG LETOAMKES EMLPAVELES.

em@avero, Gauss: Lo KAEIOTY ETLPAVELN TOV EMIAEYOVLLE Y10 VO EPOPHOGOVLLE TO VOO Tov Gauss.

EMLPOVELOKY] TUKVOTNTO POPTIOV: TO TNALKO TOV POPTIOL AQ OV AVTIGTOLKEL OE EMPAVELN AA TTPOG TV EMLPAVELD OLTY.

ECMOTEPIKI EVEPYELU: EVEPYELD TTOV EUTEPIEXEL EVOL CMLLOL KOl EIVOL TO AOPOICHO TOV EVEPYELDY TOV COUATISIOV TOV TO
anoptilovv, MG OTOTELEGLLO TNG GYETIKNG TOVG KIVIIONG MG TPOG TO KEVTIPO LALUS TOV GMUOTOS KOl TV OAANAETOpAcEDY
peta&d toug. E€aptdral omd ) Oeppokpacio.

Z

Coveg Van Allen: (dveg mov nepifdrrovy ) I'm o11g omoieg mapatnpnnke LeydAn TukvOTNTO POPTIGHEVOV COUOTIOIMV.

H

NAEKTPIKI] POT] U6 GTOLYELDON EMPAVELX AA: TO YIVOUEVO TOVL LETPOV TG £VTOOTG TOV NAEKTPLKOV mediov emi To epfoa-
dOV TG empavelog AA enl To GUVNUITOVO TNG YOVING AVALEGH OTNV £VTOOT KoL TNV KAOETN TNV EXPAVELD.

NAEKTPIKO TTEDi0: 0 YDpOg oTOV omoio dtav Ppebet Eva poptio Ba deybel dHvapun.

nNiekTpoviké TnAeforo: Tunpa Tov KaBodkov cOARVA oV e£AGPAACEL TNV EKTOUTT, EMTAYVYVON KoL E0TIOCT| TOV NAe-
KTpoVviev.

NiekTpoviofoit: 1o £pyo mov mapdyel 1) SOV TOV TEGIOL OTAV HETATOMILETOL TO GTOYEIDIEG POPTio peTa&y dVo onpei-
@V oL £x0vv dropopd duvapkov 1 V. (1 eV = 1,6x10™" Joule).
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Oepikd povopévo 6OGTNN: GOGTNUE TOL OeV OAANAETIOPA LE TO TEPIBAMAOV TOV. OgpLKd LOVOUEVO OV OEV OVTOA-
Adocel Oeppotnta pe To mepBariov.

Oeppki] pnyoviy: pnyovn Tov HeTaTpENEL T BepudTTa 68 UNYOVIKO £PYO.

0£ppodvvoptKl] 160PPoTia: 1 KOTAGTACY] GTNV 0Toin 01 OEPLOSVVOLIKES LETUPANTEG TOV GUGTIIATOG TAPUUEVOLY GTO-
Oepéc.

Oeppodvvopkn petafintn: péyebog Tov YPNGLULOTOIOVUE YO VO TEPLYPAYOLLE £Vl BEPLLOSVVOLIKO GUGTN L.
Ogppoduvopiki: 1 emoTiun mov eEeTdlel TIG LeTATPOTES TG BEPUATNTOC GE LNXOVIKO £pYO.

OepproOTNTO: LOPPN EVEPYELNG TTOV PETAPEPETAL OO £VO, MO GE EVOL GALO TTOL €)EL YOUNAOTEPT OEpLoKpOGiaL.

I

BOVIKG aépla: MakpooKoTiKd, To, AEPLO TOV VITOKOVOVV GTNV KOTAGTATIKY e£i0man, 68 OAEG TIG cLVONKEG. AT [LKpO-
GKOTIKY Gmoym To. aéplo. TV Omoiv Ta popla lvat TEAELES GOAIPES, deV AAANAETIOPOLV LeTa&D TOvg Tapd LOVO dTav
GLYKPOVOVTOL KOl Ol GUYKPOVGELG LLE TO TOYMLATO TOV d0)eiov 6To omoio Ppickovtal eival teheiwg ELACTIKES.

weofapig petafoin: petafoin otn SLdpKeLn TNG OTOL0G 1) TEST TOV aEgpiov pével oTabepn.

1600gpun petafoin: petafoin o didprela g omoiag 1 Beprokpacio Tov aepiov pLéEVeL otabepn.

w66toma (dTopa): dropa oL €YoV TOV 1610 aTopKd apBid aALG SlopopeTikd pnallkd aptBpod - dropa Tov id1ov cTotyeiov
OV £Y0VV SLAPOPETIKO aptOUd VETPOVIVY, Gpa SLapopeTikn LAl

160 0p1 petofoin: petaforn ot didpKela TG omoiag 0 OyKog Tov aegpiov pével otadepog.

K

KTk Ogopio: Oewpila Tov StatvndONKE Yo va epunveLTEL 1| cVUTEPLPOPH T®V aepiwv. Bacwkn g Tapadoyn 6Tt Ta
aéplo amotelovvTaL 0md peyddo apBid copaTdimV Tov KvoOvTol AToKTa.

KopeGPEVOL aTRoi: ATHOT TOV GLVVLTTAPYOVY GE 1IGOPPOTIA LE TNV VYPY PAGT] TOL GMOUATOG.
KUKMKT petafori): kéOe petafoin oto TEAOG TNG OTOL0G TO AEPLO EMAVEPYETOL TNV OPYLIKT TOV KATAGTOGN.

KkOKkrog Carnot: Kvkhikn avtiotpent petafodr] optopévne mocottag aepiov mov neptlapfavetl 1660epun extovoon,
adtafatikn EKTOVOOT), 1600gp N cVpUTieon Kot adlofatiky GVuTiET).

M

ROYVITIKI PO} 06 EMLPAVELX AA: TO YIVOLEVO TOV HETPOL TG EVINOTG TOV HayVNTIKOD Tediov emti To epPadov g emt-
@avelog AA enl T0 GLUVLUTOVO TNG YOVING AVALESO GTNV £VTOOT KOl TNV KAOETN TNV EMPAVELD.

poyvnTiK) @udAn: poyvntiko medio mov eykhmpBilet poptiopéva copatidia. Eivat ioyvpd ota dkpa kot ac0evég 6To péco.
ROYVNTIKO 71Ed10: 0 YDOPOG GTOV 0TOi0 GEXOVTOL SLVALELS KIVOOUEVO NAEKTPIKG QOPTICL 1) PELUATOPOPOL ALY@YOL.
LOKPOCKOTIKY] RELETN: 1| LEAETT) EVOG CLUGTNILATOG KATA TN SIEPKELD TNG OTOL0G AdLOPOPOVLE Y10 TOVG SOUKOVG TOV Ad-
Bovg (dropa, popa, K.AT.).

povpn TPYTA: OVPAVIO GO Y10, TO OTTOI0 1 ToYOTNT JLAPVYNHG LGOVTOL [E TNV TAXVTNTO TOV EMTOC-TOV OEGLEVEL GTO
Boputikd Tov mEGIO KOl TOL POTOVLAL.

péon 16y 0g (EVOAAAGGOUEVOD PEVILATOC): TO TNAIKO TNG EVEPYELOG TTOV LETAPEPEL TO EVOAAAGGOUEVO PEVLLO GE YPOVO LLLOG
ePLOS0L TPOG TO YPOVO QVTO.

péon TayvTNTO PoPiev: 0 HEGOG OPOC TV TOYVLTHTMOV TOV LOPImV.

pnyovi] Carnot: Mo daviky Oepikn unyoavi Tov €yl To HEYOADTEPO GLVTEAESTH andd00NG Amd OAES TIG UNYOVEG TOV
Lertovpyovv avdueco otig Oeppokpacieg T, kot T,

MUKPOGKOTIKY] HEAETN: 1 LEAETY EVOG GLOTNUATOC e PAON T GVUTEPIPOPE TV SOUKDY TOL AMOmV.

IT

TOAPOYPAPOG: NAEKTPOVIKT O1ATAEN TOV EMLTPETEL VO TOpOKOAOVOOVLE KOt Vo LeTpape PeTAPUALOUEVESG TAGELG.

medio duvapemVv: yHpog oToV 0moio ackeitatl SuVapN 6To KaTdAANLo VoBepa oL Ppioketat 6e LTOV.

o mOavi] TaxOvTNT (TOV HoPimV EVOG AEPIOV): AV OLLOSOTOMCOVUE TO, LOpLa. VOC aepiov pe Bacn v TodTTd TOVS, 1
TobTNTO TG o ToALTAN 000G opddac.

TOLMOT SMAEKTPIKOV: 1] AVOKOTAVOUN TV NAEKTPIKAOV QOPTI®V TOL SINAEKTPLKOV OTOV EICAYETAL GE NAEKTPIKO TEDTO.
TUKVOTIG: GLGTNHO SLO AYOYOV OV BpicKovtal 6€ HKPT omdoTooT Kot Yopilovtat amd To KEVO 1 0o £va, SINAEKTPIKO.
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POTOPAG: TO KIVITO HEPOG LLOG YEVVITPLOG 1 EVOG NAEKTPOKIVITIPOL.

z

onpuewoxn palao: pdlo mov glvat GLYKEVIPOUEVT GE EVOL GNUELD- GO0 TTOV £YEL TOAD IKPEG OLOGTAGELS.

onpeio Bpaopov: to onueio Léoemg.

onueio {Eoema: n Oepprokpacio otny omoia Ppdlet Eva vypo.

otabepd Tov Boltzmann: to mniiko g naykodcpiog otabepdc Tmv 6avVIKOV aepiov pe tov aptdud N,.

OTOTOPOS: TO aKIVITO LEPOG [LOG YEVVITPLOG 1) EVOS NAEKTPOKIVITHPO.

GUVTEAESTIG OROPAi0g ETAY®YNS 6V0 KUKAOUAT®V: TO TNAIKO TNG ETOYOYIKNG NAEKTPEYEPTIKNG SVVOLNG TOV OVOTTOG-
oetal 6€ £va KOKA®UO TPog To puOUd HETABOANG TOV PEVLOTOC GTO GAAD KOKAMLLOL.

GUVTEAECTIG OVTEMAYOYNS EVOS KUKADNATOG: TO TNAIKO TNG EMAYMYIKNG NAEKTPEYEPTIKNG SVVOLNG TOV OVATTOGGETOL
070 KUKA®LO TPOG TO pLOUO HETABOANG TOV PEVUATOS TOV TO JlePPEEL.

GUVTEAESTIG 000061 OgpIKiS PNyaviiG: 0 AOYOC TOV £PYOL TTOL A0didel Ge VoV KOKAO 1) unyovn Tpog T Oeppotnta
7oV maipvel amod T Oeppn defapevi oTov 1610 ¥povo.

oVVTEAEDTIG 000001 OEpIKng UNYaviiG: 0 AGYOG TOV MPEALLOL EPYOL TTOL ATodidEL Ll Bepitkn unyavi Tpog T Bep-
potn o Tov TPpocAapPavel amd To TePPAALov.

T

TGon 6ap®eng: 1 TEPLOdIKT TGO OV EQaPLOLETaL oTo TAAKISIO 0plLOVTIOG EKTPOTNG EVOG TAALOYPAPOV. XOPUKTIPIOTL-
KO NG ivat OTL ALEAVETOL YPOLULKE Kol N devileTat amdTopa.

TOYOVTNTA SLEPLYNG: 1] EAGYLOTN TAYVTNTO OV TIPEMEL VO, EYEL EVOL GO Y10 VoL eyKaTalelyetl To Paputikd medio evog ov-
PAVIOV GMOUOTOC.

()

QUGNOTOYPAPOS Palag: 610TaEN TOV YPNGULOTOLEITOL Y10, T HETPNGT) TOV THATKOV M/q POPTIGUEVOV CMUOTIOIMV.
@0opropog: 1 exmoumn axTvoBoriog and Eva COLM GTO OO0 TPOGTIMTOVY PMOTOVLA 1] POPTIGUEVE CMOLOTION TOV EYOVV
EVEPYELQ LEYOADTEPT] OO OPLGHEV TUY).

X

AOPNTIKOTNTO TUKVOTI: TO 6Tafepd TNAIKO TOV POPTIOL TOL TLKVOTN TPOS TN SLOPOPAE SVVALLKOV OVAUEGH GTOVS OTTAL-
GovG TOL.
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AAOABHTIKO EYPETHPIO

A

oepimv vopot

aépia, WaVIKA

oktivo Schwarzschild
axtwvopoAiia Cerenkov
apofaio eroymyn
avopBmon evallaccdpevng Téong
amOAVTO UNOEV
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B

Baputucd medio g e
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Ppacpog

r

YEVVITPLO. GLVEYOVC TAOMG

A

SLPopa SVVOUIKOD
OMAEKTPIKT avTOYN
dmAekTpIKn otobepd
dMAeKTPIKO

OMAEKTPIKOV TOAMOT)
SOVOUTN KEVIPIKN

- Laplace

- Lorentz

SOVOUN LOYVNTIKY] OVALESO, GE
TAPUAANAOVG Oy ®YOHG
duvapucd Baputikod mediov
- NAexTpov mediov

E

€101kn OeppotnTa

€101KN Ypoppopoplokn Beppotnta
- vm6 otabepn micon (Cp)
- 16 otabepd oyxo (C,)
exTtOVmOon erevbepn
EMkag, Prna
EVOALOKTAPOG

EVEPYELN SUVOLIKT
EVEPYELN, ECOTEPIKN
gvePYOG vtaom

gvePYOC Tdom
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110
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47, 48
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199

93, 94, 115
41
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gvEPYOGS TaXOTNTO

évtaom

- Bapotikov mediov

- NAEKTPIKOD TTESTIOV
EVIPOTiQ

EVIPOTLOG LUKPOGKOTIKY] EPUNVELN
e€oepimon

e&aton

eElomon KaTOGTOTIKY|
eEopdAvvon téong
EMOYWYN NAEKTPOLLOYVITIKN
emaymyikn oulevén
emopdveler GAUSS

épyo aepiov

V4
{wvec Van Allen

H

NAEKTPOKIVNTHPOG
NAEKTPOUAYVNTIKT ETAYOYY|
NAEKTPOVIOPOAT
niektpoviov mieforo

®

Oeppodvvopkn

Oepproduvatkod GLGTILATOG IGOPPOTHa
Oeppoxpacio amdALTN

Oeppomta

Bewpia KivnTiKn

I

ooppomio Beppoduvoptkn
16oTOTOL

160G pLéom

woyOg oTlypaio

K

K0.B0OIKOC GOANVOG
Kkavovag Tov Lenz
KOPECUEVOL OTHOT
KkOkAog Carnot

- Otto
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M

pélo onpetokn

povpn tpbma

LEAETY| LUKPOGKOTLKN
UEAETN LOKPOGKOTIKT
péon 1oy0g

petafant, Oeppoduvvopikn
petafoin adtafotikn

- OVTIGTPENTY

- KUKAIKN

- 1looBapng

- 1600epun

- 160 PN

unyovég Bepuicég

pnyovn Carnot

povada Ampere (0piopog)
povada Tesla (opiopdc)

N

vopog Ampére

- Boyle

- Biot-Savart

- Charles

- Gauss Y10 T0 poyvnTiopd
- Gauss Y10 ToV NAEKTPIGUO
- Gay-Lussac

- Faraday

- Bepuodvvapxde 1og

- Bepprodvvapkods 206

- Joule

- Poisson

11

TOALOYPEPOG

nedio PopuTid

- Bapvtikd g I'g

- S0t pNTIKO

- duvapemv

- LoyvnTiko
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- LOyVNTIKO KUKAIKOD olymyov
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