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Iepinyn

YKxomdg TG TapoHGOg SUTAMUATIKNG epyaciog eivar n mopovsioon OAwV TV
mOPOiTNTOV PNUATOV Y10 TV KOTOOKELN KOl TN CMOTH Agttovpyia yevviTplag Van
De Graaff. Apywcd kavope pio 16Toptkn avadpoun 6Tov NAEKTPOSTATIKO NAEKTPIGUO
KOl OTIS TPMTEG NAEKTPOCTATIKEG YEVVITPLEG, VOTEPO. Guveyicaue pe v Ploypapio
T0v Kotaokevaot Robert Van de Graaff kon kieicape pe Aiya Aoyla yio T1g vynAég
TAGELS. 2T1 OLVEYEW TOPOLCLACOUE TIC OmOPOITNTEG apyES AETOvPYiag Tov
CUVOVTALE OTN YEVVITPLOL KOl LTOAOYicape TG BewpnTikég TYES TG TAOTS KOl TOL
peopotog. Metd mopovoldoape TO KOTAOKELAOTIKO HEPN mov amaptilovv v
YEVWITPLOL KOl TG TO. GUVOPUOAOYNCOUE Yot VO OMGOVUE HOPPY] OTNV OIKN HOG
KOTAoKELN. AKoAoOONcav ot SOKIEG OV £ytvay HE TNV YEVVITPLO KOl TO TG
KATOQEPOUE VO LETPNGOVUE TNV TOPAYOUEVN TAON Kot TEAOG KAgiooue pe kdmoln

CUUTEPACLLATO TTOL OVTAOVVTOL Ot T OG0 PHABaE 6T S100POUT Yo TNV KOTAGKELN.

A£Ee1g — KAEWDLA: NAEKTPOCTATIKOC NAEKTPIGUOC, NAEKTPOOTATIKY YEVVATPLA, Van de

Graaff, xataockevn, vynAég taoelg



Abstract

The purpose of this thesis is to present all the necessary steps for the
construction and proper operation of Van De Graaff generator. First, we made a
historical review of electrostatic electricity and the first electrostatic generators, then
we continued with the biography of the manufacturer Robert Van de Graaff and
concluded with a few words about high voltages. Then we presented the necessary
operating principles found in the generator and calculated the theoretical values of the
voltage and the current. We then presented the components that make up the generator
and how we assembled them to give form to our own construction. We followed up
with the tests that were done with the generator and how we were able to measure the
voltage produced, and finally we closed with some conclusions drawn from what we

learned along the way about the construction.

Keywords: electrostatic electricity, electrostatic generator, Van de Graaff,

construction, high voltage
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[MpoAoyocg

To avtikeipevo g Tapovoag epyaciag eivatl 1 Tapovsioocn e SadKaciog
Kataokevng yevwntplog Van de Graaff. ZEexwvavtog eneEnyodue Tig apyég mov démovy
™V Agrtovpyia TG Kot VOTEPO OVOAVOVLE TO ATOPOLTNTO HEPT VIO TNV KOTOOKELT
™mg.

210 TPOTO KEQAAOMO YIVETOL MO 1OTOPIKY] OVOOPOUY| OYETIKA UE TOV
NAEKTPIGUO KO TIC TPMDTES NAEKTPOCTOTIKES YEVVITPIEG TOV KOATOCKEVAGTIKOV TPV
etacovpue otv yevwnipia Van de Graaff. Zvvéyeia €xet m Proypagioc tov
KoTookevaoty g yevwnplog, Robert J. Van de Graaff, xor téhog xdvovpe pio
avaPopd oTIC VYNAEG TAGELG.

Y10 dgvtEPO  KePAAOIO YiveTtar ovaQopd OTIC apyéG AEltovpylag TNg
yevntplog, mapovcstdloviar To Pacikd HEPN TOL TNV OTOTEAOLV Kou YiveTon
VTOAOYIGUOG TV Be@PpNTIK®V peyedav.

210 Tpito KEPAAULO TOPOVGIALOVLLE TO LEPT TNG KOTAGKEVNG KOl TOV TPOTO UE
TOV 01010 TNV OAOKANPAOGULE, LECH POTOYPOPLKOD VAIKOV Kot ene&nynong.

210 TE€TOPTO KEPAAOLO OTOTEAEL TO TEWPOAUOTIKO HUEPOC, GTO OMOi0 YivovTol Ot
HETPNOELS TNG d1ATAENG.

210 méUMTo KEPAAOL0 GVVOYILoVTal TO ATOTEAEGLLATO TTOV TPOKVTTOLV Old TIG
BewpnTikég TIHEG Ko 1o melpapo Kot avtAOOVIOL GUUTEPAGUOTO GYETIKE HE TNV
KOTOGKEL.

Télog 610 TopdpTpa Tapatifetar  Tatévia mov katébece o Robert J. Van

de Graaff 610 Apepicavikd I'pageio Tlatevimv.
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Kedparawo 1: Eloaywyn- lotopikr Avadpopun

To ta&idr pag yo v Kataokevn g yevvntprog Van De Graaft Oa Eexivnoet
pe pio 16TOPIKY avadpopr] otV £vvolo TOV MAEKTPIGHOV, MG TopaTnpnOnKe Kot
EPUNVEVTNKE TO QUIVOUEVO OO TOVS OPYOI0VG TOMTIGHOVS, OAAG KOt 010l NTAV Ot
TPOTOTOPOL 7OV TEWPAUATIOTNKAV Ko Eypoyov  yie ovtd. H avadpoun 6Oa
oVUTEPIMAPEL TOVG OMNUOVTIKOTEPOLS GTAOUOVC otV 1oTopion Kot Ba emikevipwOel
KLPI®MG GTOVG EMOTNOVEG OV LE TO £PYO TOVG OGYOANONKAV [E TIC NAEKTPOCTAUTIKES
unyovés. Ipoywpdviag o pAcoLpHE Yoo TOV €pevpétn TG yevvhTplag, Robert
Jemison Van De Graaff .Téhog 0o movpe Alyo Adyw yo Tig LVYnAég TAOELS

aVaPEPOVTOG Y10 TOL0 AGYO TOPAYOVTOL KO TTOLEG ELVOL O1 EPAPLOYES TOVG.

[Ipwv Ouwg Eekvnoovpe TV 10TOPIKY| avadpoun kpivetar ovoaykoio vo
OpiCOVIE TL EVVOOVUE LE TOV OPO MAEKTPOCTOTIKEG UNYovEC. Mio MAEKTPOGTATIKN
punyovn M oAM®OG MAEKTPOCTATIKY YeEVVITPLOL €lvan piol GLoKELT M omoio Tapdyet
oTOTIKO NAEKTPIGHO, INAAST] NAEKTPIGUO GE VYNAN TAGN Kot YOUNAO GUVEYES PEVULAL.
H ocvcocmpevon tov niektpikdv goptiov yivetor cuvnlmg oe éva axpodEkTn €600V,
0 omoiog pmopei va gival pio ceaipa, évag KOAVOpog N o TAGKO TOV OVGLUGTIKA
nailovv Tov poro 1oL TLkVETH. Ol MAEKTPOCTATIKEG YEVVNTPLEG UTOPOVV VL
YOPIGTOVV GE OVO KaTNyopieg, avirloyo HE TOV TPOTO POPTICNG TOVG, GE UNYOVEG
N (friction machines) mov ypnoomolovy To TPPONAEKTPIKO  QUIVOUEVO
(MAexTpiopog mov mapdyetar oo exaen 1 TPPn) Kot oe unyavég emaymyng (induction

or infuence machines) mov ypnoyonolOHY NAEKTPOGTUTIKN ETay®YN. [1]

To mpdTO €100C NAEKTPOSTATIKNG YEVVINTPLOG, Ol UNYAvES TPPNG, MNTAV Kot
OLTEG TOV SNULOVPYNONKOY TPAOTA AGYO TNG AMAOTNTAG TOVG, LE TNV TPMTN YEVVIATPLO
p1png va ypovoroyeitar tov 17° awdva. Ot pnmyovég emppong, omd v GAAN,
onuovpyndnkay pHetd Tov «NAEKTPOPOpo» mov epnupe o Alessandro Volta, pia
duataén 1 omoia Aertovpyel e POPTIO € EMAY®YNG, ONANON YMPIg VO LITAPYEL ETOPT].
[2]

Ot unyoavég Tping Aettovpyovv pe Bdomn 1o TPPonAeKTpikd PovopEVO, TO

omoio mapovcwdletoar OTov  dVO  ovTikeipevo €pBovv  oe  EmOQY] Kol HETA
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ATOLOKPLVOODV 1), KON O OTOd0TIKA, OTOV TPIPTOUV pHeTalh Tovg. ZuvnBmg ot
HOVOTEG, ONAOY| Ol OLGIEG TOV OV lval AYDYUES, OTWS TO YLOAL KOl TO TAAGTIKO,
etvat kahot 1000 6TV TOPAY®OYH 0G0 Kol 6TV cvyKpdtnon eoptiov. To goptio mov
TOPAYETOL KOTO TNV ETOPYT] OTOONKEVETAL OTNV EMPAVELN KADE COUATOG KOl YU avTd
ovopaleton empoavelakd @optio. To &idog tov @optiov, M Eévioon Kol TO
aneAevfepopéva  @option  elvol  omOTEAEGUO  TOAAGDV  QOIVOUEVOV  TEPA  TOV
TPPONAEKTPIKOD, OTIMG TO PALVOUEVO KOPAOVA, Y10 OPKETA 0md T omoia Oa pdcovpe
napokato. A&ilel vo onueiwdel 6t dV0 1 Ko TEPIGGATEPA PUIVOUEVO LUITOPOLV VL

ovvurdpyovv. [2]

Otr unyovég tpng otadlokd aviikatactddnkay omd to OedTEPO  €100G
NAEKTPOGTATIKAOV YEVVNTPLAV, TIG UNYOVEG EMOYWYNG, TOL GOV KUPLO UNYXOVIGUO TOVG
EYOUV TNV MAEKTPOOTOTIKY] EMOY®YN KOl UETATPEMOVY  UNYOVIKO €pY0  OF
NAEKTPOCTATIKY] €vépyela pe v Pondeia evog ikpod apytkod @optiov, to omoio
CLVEXYMDG OVOVEDVETAL Kol evioyvetal. H mAextpootatikn evépyeld mov mopdysTon

amofnkeveTal 6Tov akpodéktn e&ddov. [2]

H yevvitpla Van De Graaff kdvetl gprion kot towv 600 eavouévav, g tpng
KOl TNG EMAYOYNS, OOTOCO KOTOATOACGETOL OTIC UNYOVEG ETAYWOYNG, EVM TOLTOXPOVOL

ELGGYEL KO VEEG TEYVIKEG NAEKTPOGTOTIKNG OpTIoNG. [1]

1.1 HAektplopog kat HAektpootatikeg Mnxaveg

O nAekTpropdc, pio Bepemdong Lopen EVEPYELNG TOL TOPATNPEITAL OE BETIKES
KOl opvNTIKEG HOPOES Kol eKQPAletal G M kivnon kot 1 oAAnAemiopacn TV
NAEKTPOVI®OV, VINPYXE GTO TAOVNATN WOG TPV EUPAVIcTEL omoladnmote popen Conge.
Awcekatoppopla xpovio. mpv, O MAEKTPIOUOG, UPAviOTOV HE TNV HOPON T®V
KEPOLVAOV Kot aoTpar®dv. To poyvntikd medio g yneG, amopoitnTo yio TV dTnpnon
¢ (NG KabdS pog TpoeuAdccetl amd TV NAaKY oktivoBolia, sivol amotélespo TV
NAEKTPIKOV PEVUAT®V TTOV OMOVPYOVVTOL Otd TNV Kivion TOV PELGTOV TLPN VA
onpov g yne. Otav dnuovpyndnke (on 0 NAEKTPIOUOG ELPOVIGTNKE KOl GE OVTN.
>10 (owd Pacilelo €xovpe mopadelyuaTo OTMOS OVTA TOV KOPYOPLOV KOl OPKETMOV
GALOV YopLOV TOV £X0VV TNV IKAVOTNTO VO ONUOVPYODV NAEKTPIKO TTEdI0 DOTE vV

SlKPpivouv OVTIKEIPEVO YOP® TOVG, DOOTE VO UTOPOVV Vo «PAETOVVY GTO GKOTAOL,

12



OAG Kol TOo Tolo obvnbeg mopAdElyHa TOL MAEKTPOPOPOL YEAOD, TO OMOIO0
YPNOUOTOIEL NAEKTPIOUO YloL AUVVO KOTd TV Onpeutdv. ZT10 0vOpOTIVO COUO O
nAekTplopds etvar vTEVHLVOC Yl TNV EMKOWVAOVIOL TOL EYKEPAAOVL HE TO VLITOAOUTO
OO0, CTEAVOVTOC MAEKTPIKE CYLOTO HECH TV VEDPOV MGTE Vo, UTOPEl Vo EAEYYEL
OAeg T1g Aertovpyieg pog. Ilog dpmg pia Evvola av Kot TOG0 0E00UEVN KOl LEAETNLET

OTIG LEPEG OGS EPUNVEVTNKE At TOVS avOpdmove oty apyonotnta; [3]

X1doeg ypovio mpv peretnBel kot yivel yvoot 1 £vvola ToV NAEKTPIGHOV
0TOVG avOp®OTOLG, VINPENY AvaPopPEG oe apyaia aryvTioka Keipeva (2750 m.X.) yo
NAEKTPOPOPO YApL, TO Omoio palota amokalovoov «kepovvd tov Nethovy. T
HEPIKES YIAETIEG TO MAEKTPOPOPA Wapla peAeThONKOV
and toug apyaiovg ‘EAAnves, Popaiovg kot Arydmtiovg
YTpos Kol pUGL00iPeS, o1 omoiotl Tpostpenav achevelg
nmov €macyov oand acBéveles, OM®G TOVOKEPAAOVG Kol
eEMANVYiEG, VO OKOLUTNGOLV TMAEKTPOPOPO YEAM M
coAdyoe ¢ pio popen Bepancioc. H mpaotn avagopd
oV évvolo. Tov MAEKTPIoUOV Yiveton amd &vov molDd
yvooto EAXinva ihdcogo, padnpatikd kot astpovouo,

tov ®oaAn tov MiMjow. Ilapatipnoe o611 €lappd

Zynipa 1 O @aliic o Middjoog (624-  OVTIKEILEVO, OTTG TOVTOLA 1| TPiXES LG Youvag {mov,
620 éw¢ 548-545 n.X,) [5]

av TPIPTOVV o€ KEXPWTapL EAkovtal amd ovtd. O Oaing
0 Muwolog dev 10 daTVTTOGE aKPPOS COOTH, KOOMS
AmEOMGE TO PALVOLEVO GTOV HOyVNTIGUO, 0AAG givor Ko
TAAL M opYoOTEPT OVALPOPH GTOV NAEKTPICUO OV EYEL

kataypaget. [3], [4]

INa toug emduevouc
owwveg oev Ba  vmapEovv
avVOQOPEG OYETIKOL UE TNV

£Vvolo TOL NAEKTPIGHOD, MG

O0ToV 0 AyYAOG ETMIGTILOVOG
2yniuo 2 O William Gilbert (1544-
1603 p.X.) [5]

EModBer ¢ A, William Gilbert mepi 10 1600 p.X. Zyripa 3 H terrella zov

kataokevaoe o Gilbert [6]

Kol yutpog g Pacilocag

aoyoAEiTol pe mEpdpaTo YOpw 0omd TOV NMAEKTPIOUO Ko

13



emvoel TV Opo «mAexTpioposy. Na

onuewoovpe O6tt M AEEN MAekTPIoUOG

TPOEPYETOL OO TO NAEKTPO TOV GNUaivEL

keypumapt. O Gilbert ftov o mPdTOG

mov oto PiPAio tov «On the Magnet»

o 4 To versorium (lotiviky AéEn yioo to ybpiouo) GUGYETIGE  TOV 1’]7\,8K’L'p16u0 pe  tov

ITaV  TO TPWOTO NAEKTPOCKOTIO TOL ONUIODPYNOE O , , ,
}éilbert. [ﬂ’ e ot poyvntiopd oAAG Kol O TPMOTOS TOL

wpdteve Ot 0 mupNvag g I'mg mepiéyet
HETOAAO Kot OTL 0 AOYOG Tov ot mu&ideg delyvouv mpog to Poppd Moy emewdn n I'm
elvar m 10w évag TEPAOTIOC HOyvATNG. Anpovpynce HAMoTo €vo LOVTEAO TNG
payvntikng I'ng oe kiipaka 1 aAlmg «terrellay, po ceaipa @Toypévn amd opuktd
HOyVATY, OTOdEKVOOVTOS OTL €mdpd o€ pion poyvntiky Pehdvo 6mwg n I'm. ITo
CLYKEKPIUEVA TTEPVAOVTOG Mo Tu&ida v amd v terrella €ide 611 | mu&ida £deryve
TPOG TO HayVNTIKO TOAO NG, evod pia Berdva otov GEovd g v yovia kiiong. O

Gilbert gpnOpe oaxdpo TO MAEKTPOCKOTMLO,

GUOKEVY] TOL  YPNOWOTOlEITOL O©TO  Va
eléyyoopue  ov  KOmOw  ocoOpo  Elvan
nAekTpiopévo, oAAG kor T €id0G @optiov
QEPEL, Kol TEAOG OlOYMPLOE TO COUOTO OF

Hovetéc Ko aymyove. [8], [9], [10]

H mnpht mnlektpootatikn —pnyovn
Kkataokevaletar amd tov Otto Van Guericke (Ieppovd @uowkd, pnyovikd Ko

@WOc0(p0) 0 1663, TOL deV NTAV TimOTE AAAO

Zynuo. 5 O Otto van Guericke (1602-1686 1.X.)

e o ey nigrapooratiioh gz, [7] amo pio peyddn yvaiwn pmdio yepdn Oeio ko

tonofetnpévn oe évav dova. IlepioTpépovrag
™V unaha kol tpifovrag o€ avt) €vo KOUUATL DQOGHOL,

napatnpnoe Ot wapayotov onvonpog. [7]

Atyo wapd apyotepa, mepi to 1706, o Ayylog
emomuovag Francis Hauksbee omuovpynce t dwn tov

exdoyn g unyovng tov Otto Van Guericke. H onuavtikny

dwpopd Mtav 6t 0 Hauksbee ypnoiponoince kviivopouc,

drdc ¢
Zyiua 6 Hiektpoorazixiy oAAG kol TomoBEéTnoe €va YEIWUEVO KOAMOO pHECOH OTNV
nyovij tov Francis Haukbee

(1660- 1713 1.X.) [6]

14



YOOAVY UmdAa. Xe éva amd to TEPARNTE ToToBETNGE VOPAPYLPO GTO ECMOTEPIKO TNG
oQOIPOC, OPAPOVTOS TOV 0EP oTd avT Kol TpiPoviag T dnovpynce pio dvvorn

AGpym. XN GuVEXELD TPOYDPNCE O aPKETA akdpo mepduato Tpifoviag didpopa

VKA peta&o tovg. [11]

H Peitioon g unyavhg tov Hauksbee éywve amod
SPOPOVG EMGTNUOVEG, O TO CNUAVTIKOG EK TOV OTOIMV
nrov o kednyntig euokne tov Leipzig, Johann Heinrich
Winkler o omoiog mpdcbeoe Eva unyoviopd omd TAEKTIKN
pnyovn g emoyns, to Agyopevo Tretmechanismus, g

UNYOVIoUd HETAS00NG OAAG KOl SEPUATIVO KOUUATIOL Yio

kaAvTepn TP O Winkler emiong devipynoe mepdpoto

S 7 H oo 100 Yo vo OlOMIGTOCEL WS €vePYeEl O MAEKTPIGHOG GTO

Wickler (1703-1770 u.X) yio.
0Ny TOPAYYN NAEKTPIGUOD
and éva umovkdii umipag [6]

avlpomvo copa. Xe éva pHdAIoTo amd To TEPAUNTO TOL
®Onoe ™V yuvoiko Tov Vo AKOVUTAGEL VO AOUTTHPO TOV
Layden (mep1ocotepa Yo aVTOV TOPOKAT®), LE AVTO VO EYEL GOV OMOTEAEGLOL VO UMV
pmopel vo KOLVINGEL T TOJ0L TNG, OLOMIGTOVOVTAG OTL 0 NAEKTPIGHOS UTOPOVGE VOl

EMPEPEL O PVIKO OTAGHO PEYPL Tapaivor Kot Odvato. [12]

To 1745 o I'eppavédg Kinpukds, vopkdsg ko puowodg Ewald Georg von Kleist
(1700-1748 n.X.) éxave pio peydn avokdioyn TelpopatilOUEVOS LE TOV NAEKTPIGUO.

Avaxdivye 6t umopovoe vo arodnkevdoel Tov

niektpiopd oe éva Palo 1o omoio e&lye
EMKOADYEL €0MTEPIKA Kol €EMTEPIKA  LE
petoadAikd @OAAQ. Avt Tov M ovakdAvy”
ovopdotnke 1dAn tov Kleisten, n onoia, Afyo
apyotepo, to 1746, peiembnke oamd TO

navemotuo tov Leyden kot cuykekpipuéva

atd tov Pieter van Musschenbroek «ot

2ynua 8 H avaxdloyn e gidAng tov Layden axo
tov Pieter van Musschenbroek (1692-1761 u.X")
070 epyaotipio tov [5]

00NYNCE OTNV 7O YVOOTH HOPPN TNG, TNV
@An tov Layden , m omoia eivar pio
NAEKTPIKY] GUOKELY TOVL YPNOLUOTOOVTAYV Yo TNV OmoONKELON POPTILV VYNADV
tdoewv. Zuvnlwg amoteAovtoy amd €va yudAvo Balo pe emikdAvymn omd KATOo
HETAALO, £0MTEPIKA Kot €EMTEPKE, Kot €V PETOAAIKO OKPOOEKTN TOV Tpoeeiye

KkéOeTa péca amd To Kamdkt Tov Palov, yio va Epbel o EmOQY| PE TO EGOTEPIKO PVALO
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HETAALOL. OVG1OGTIKE OVOKAAVYE TOV TPMTO TUKVAOTH Kot forOnce oe TOAD peydio

Babuod oty e&EMEn TV nhektpootatik®vy yevvntpiwv. [13], [14], [15]

To 100 étog (1746) o Bpetavog

EMOTAUOVOG, 10TpdC Ko fotavordyog, William

Watson,  onuwovpyst v O TOL
NAEKTPOGTOTIKY UNYOVY OmOTELOVUEVT Omd

éva, ueydao tpoyd, o omoiog yopile 4 yvdAiveg

opaipes. Ot kvuplot aywyol Ntav pio Kévvn

omhov kot éva omabi mov kpépoviav omd
Zynua 9 H nlextpooratixn papyovi tov William
Watson (1715-1787 u.X.) dirpivovien o1 4 PETAEOTA Kopddvio. O Watson ftov emiong o
opoipeg, n kavny kai to omedi [16]
TPOTOG TOL KOTAAAPE OTL O MAEKTPIGHOG

petapépeTor POVo UECH VOGS OAOKANP®UEVOL

cvotquatog Kot O0tt n I'm pmopel va amotedet
S = uépog ovtov. [16]

Tnv 1010 dekaetio elyape Kot TNV epedpeon
™G TPMOTNG NAEKTPIKNG UNYXOVIG, OTMOC UTOPOVUE
va TNV yopokTnpicovpe, amd Tov XKoTcElo povayd

Kot apyodtepo  kaOnynt) ouhocopiog Andrew

Gordon. Ot «0pteg SPOPES ™G MAEKTPIKNG

Syiuo 10 Hiextpicoc oipéfrrog (eidoc pnyovig  pe MV MAEKTPOCTOTIKY  UNyovN

NAEKTPIKIS W) OVIiS) TOv ONuiovpynoe o , , , ,
Andrew Gordon (1712-1751 .X.) ooy~ EVTOTILOVTOL GTO OTL M MAEKTPOCTOTIKY UNYOVT)

OTOLO. TPOYUATOTOLETTOL KIVHON TOD i , ; ,
otpofilov uéco aveodpevanc niextpikos  TLOPAYEL HXSKTPKSHO HEG® NG GLGCMPELONG KOl

poptiov ota axpo. kale axtivog. To , , ; ,
NAEKTPLKG PopTio 10VICEL TO. HOPLO. TOV 0EPO. SWXSIPlGnG HXSKTPWUW POPTIOV XPNCLLOTOIWVTOG
ONUIOVPYDVTAS EVOL FEVTEPO NAEKTPIKO ., ., ;
poptio mov arwbeitar amé to poptio g HIYAVICHOVG OTG 1) Tpan nn nXSKTPOGTU‘TLKT‘
axtiveg. [6]

erayoyn. H miextpucq umyovn avtiBeta, sivon
GUOKEVT], M OmOolol UETATPEMEL TNV MAEKTPIKY EVEPYEWL OF
UNYOVIKY] KOl ovTiotpopa, Omw¢ Yo  mopddstypo ot
NAEKTPIKOL KIVNTNPES KOl Ol YEVVNTPLEG, KAVOVTOG YPNom

NAEKTPOUOYVITIK®V apydv. [17]

[Tept to 1752 éva amd to S10oMUOTEPO OVOLOTO TOV

18% audvo, 1000 TNG TOMTIKNG OAAG KOL TOVL YMPOL TNG

Zyiue 11 O Benjamin EMOTNUNG, ATOOEIKVVEL OTL 0 MAEKTPIGUOG givor €va 100G
Franklin (1706-1790 p..X.) [5]
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«PELOTOVY e BeTiKA Kol apvnTikd @optios Kot Oyt 000 &€ldn «pevot®dvy Ommg
Bewpovoav péxpt ekeivn v enoyn. Pvowd pwddue yoo tov Benhamin Franklin o
omoiog dev éuewve POVO ekel AL omédelEe OTL Ol KOTAGTACELS TOV MAEKTPIGHOV,
ONAadn Ta BeTicd Kot To opvNTIKA QopTtia, Empene vo epeavilovtal 6g (GG TOGOTNTEG.
Eniong diékpve 1o odpata oe povotég kot aymyovc. O Franklin BéPaia Epetve otnv
otopio Yoo T0 pLYoKivOLVO TEIPOUO LLE TOV YOPTOETO, KATO TO omoio mETOEE £val
XOPTOETO HEGO oe MAEKTPIKN katoryido. To meipapa ovtd glye cav OmMOTEAEGUA Vo

e€nyndel yoo TpOTN POPA M GVUVOESN TOL NAEKTPICUOD KOl TOV KEPOLVAOV KOl VO

dnuovpynbei to Tpwrto oreEiképavvo . [18], [2], [19]

Ye ovtd6 10 onueio ailer  va

avagepbovpe otov Ayylo emoTAHOVO KOl
ewocopo Hennry Cavendish o omoiog, av kot
dev  dmuoocievoe T gpyaocieg TOovL, givan
VevBuvog Yoo TOAD ONUOVTIKEG EVVOLEG TOL
NAEKTPIGHOV. MeTa&d TV aVOKOADWYEDV TOL
ntav, N €vvolo ToL MAEKTPIKOD OSLVOUIKOL (N
omwg 10 ovopoce «Pabud mAekTpiopov»), 1
évvola NG OMAEKTPIKNG otafepdc evog LAKOD,

ey

. (ovendish Il n oxéon petafd mlextpwod dvvopkod Ko

Zyjua 12 O Henry Cavendish (17311810  PEOHOTOG (0 onpepvog vopog tov Ohm), vopot
) wavroypai v L6] YL TNV KOTOVOUY TOL PEVLUOTOS GE TOPAAANAQ
KukAGpata (mov ofuepo amodidovtal otov Charles
Wheatstone), oALd Kot 0 VOUOC TOV aVTIGTPOPOV
TETPAYDOVOL TNG UETAROANG TNG NAEKTPIKTG SVVOUNG
ue v andctaon (rmov onpepa ovopdleTol vOHog Tov
Coulomb). To épya 100 Cavendish, mov
ypovoAroyovvton yopw oto 1760, culi&ytnkov kot
dnpocevdnkov and tov James Clerk Maxwell éva

atova apyodtepa, to 1879, kot apod ot avokaAvyelg

avTég elyav motwbei o dAlovg emotiuoveg. [18]

To 1768 o Bpetavéog  padnpotikog,

Zyjua 13 Jesse Ramsden(1735-1800  QGTPOVOUOG K Ol KOTOOKELOGTNG EMLOTNLOVIKOV
wX.) [6]
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opyavmv, ovopott Jesse Ramsden dmuovpynce v 01K TOL MAEKTPOCTOTIKN
YEVVIITPLO, YPNOILOTOIOVTAG OVTL Yoo Tr ovvnOiouévn yvdilwvn oeaipa, yoaivn
mAdKa, n omoia Tpifetor mhvw oe depudtiva paStlapdiio Kot dnpovpyel NAEKTPIKO

eoptio. To niextpkd Qoptio amobnkeveTOl GE OPELYAAKIVO TANIGIO KO LETPETOL JE

niektpouetpo. [2]

Tnv dexaetio Tov 1780 o peydhog I'dAlog

evoikde, Charles Augustin De Coulomb, pétpnoe tig
NAEKTPIKEC OLVAUELS e Eva gvaicOnTo dVVOUOUETPO,
10 «Quyd otpéyng», kot avtd TOV 0dNynoe va
OITVTTOCEL TOV OUMVUUO VOUO COUQOVO LE TOV

omoio: «H d&vvaun avapeco oe 0600 mMAEKTPIKA

QOPTICUEVO COUATA EIvaLl AVOAOYT TOV QOPTIOVL TOVG

KOl OVTIGTPOP®MG  OVOAOYN TOV  TETPAYDOVOL NG

ardoTaong Tougy. BéPata dev NTav T0 povadikd omd

Zyiua 14 O Loyoc ampéyng oo Charles  To, emTeLYHOTE TOV KaODG dnpocicvce meptocodTEP
Augustin De Coulomb (1703-1806 w.X.)

[20] and 25 épyo mAve OTOV MAEKTPIGHO KOl TOV

HaywnTiopo, omeg to vopo e tpipng. [18], [20]

AxolovBdvtag ta oxédio Tov
Ramsden, 10 1784, o Aavodg
egmotnuovog Martinus van Marum
ce ovvepyoosio pe  Tov  AyyAo
KOTOGKEVOGTY| EMGTNLOVIKQOV
opybvav John Cuthbertson,
KOTOOKEDOOE mv 1oLPOTEPN

NAEKTPOCTATIKY] UNYOV] TOL  &iye

vrapEel. Ta mepapoto péyxpt toOTE
Syhua 15 H peyédn niextpostatic unyavii tov Martinus van - YIVOVTOG UE UNYOVES TOV TOPTYOLYOLV
Marum (1750-1837 u.X.) oe ovvepyaoio. pe tov John , ,
Cuthbertson (1743-1821 u.X.) 6mwe exbiteton oto povosio  TAGELS NG Ta&emg twv 50.000 volt,
Teylers atnv OAavoia [6] , , )

EVO M punyavny tov Marum mapniyoye

tdomn mov éptove and 300.000 péxpt kor 700.000 volt ko anelevBépwve 30.000 joules
evépyewn pe omvnpeg mov €ptavav ta dvo modw (0,6 meters). H niektpootartikn

unyavn avtn ektibeton oto povoeio Teylers otnv OAlavdia. [21]
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‘Eva ypovo apydtepa, to 1785, o I'dAlog puokdc N. Rouland kataockedooe
pio 010popeTIKOD TOTOV NAEKTPOGTATIKY YEVVITPLOL AOTEAOVUEVT OO o PETOEMTN
fovn n omoia yvpvovoe YOpw omd 600 YEIOUEVOLS COANVEG KAAVUUEVOVS pE YoHVaL
Aayod. H tpifn tov peta&lov pe v yobva mopniyoye eoptio to omoio amodnkevdtav
0€ &VOl PETOAMKO KLAWVOPIKO GLUAAEKTY. Avti 1 yevvnTplo Bo Lopovcape vo v

YOPOKTNPIcOLUE OC pia Tpdn yevvitplo Van De Graaff. [2]

Alya ypovia apyotepa, 1o 1787, o

AyyAOG  KOTOOKELOOTNG  EMICTNHOVIKOV
opybveov Edward Nairne «otackedooe
NAEKTPOCTATIKY]  YEVWNTPLO. OO  YLOAMVO
KOAVOPO 1 omoio. UTOPOVGE VO TOPAYEL

VYNAO @oprtio, eite BeTiko gite apvnTko. To

Betikd @optio cvAAEyeTon amd TOV KUPLO

GUAAEKT &V 10 OopvnTIKd omd 1OV

. : GLALEKTN TOL €lval cLVOEdEUEVOC He TNV
2o 16 O Edward Nairne(1726-1806 u.X.) ue v
nlekTpootaTiKi unyavy ard yvaiivo kvlivdpo [6] TESplOXT"l ™mg TPle]Q. H ’YSVVﬁTpl(X 0V
YPNOOTOMONKE GTNV WTPIKN KOl GUYKEKPLUEVQ
0€ VEVLPIKES OTOPAYES, HOAOTES, EYKOOUOTA,

novodovto k.a. [2], [22]

H mo amodotikn niektpoototikny unyovi
mov  Aswtovpyel  pe TP  omodideTton  oTOV
AVGTPLOKO KOTOGKEVAGTY] ETIGTIULOVIKOV OPYAV®V
Carl Winter. H pnyavny Winter amoteleito amd
yvdAwvo dicko, o omoiog Tpifetar Kot amd TG 6VO
TAEVPECG TOV Kol amd €va (euydpt GULAAEKT®V
QOPTIOL  aVTIOWUETPIKE TOTTOBETNUEVO, TIOV NG

EMETPETAV VO, GLAAEYEL KOt T 600 €0 poptivv. X

OPWOUEVEG  KOTOOKEVEG  €va peydho  EOLAWVO

Zynua 17 Hiexwpoorotikn punyavij tov Carl
Winter, daxpivouye ta dodcrvlidio O0TUAOL pE UETOAAIKO TLPMVA GLVOEOTAV GTOVG
emoyyng [23]

GLAAEKTEG oTE Vo avénbel 1 xopNTIKOTNTA TOVG.

[23]
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[Tapatnpodpue 6tTL p€YPL exetvn v emoym
01 NAEKTPOCTATIKEG UNYOVES XPTCULOTOLOVCAY TNV
PPN OC UNYOVICUO QOPTIoNG. AVTO £pYETOL Vo
aALAaEeL pe To €pyo tov Alessandro Volta. To 1775
KATOOKEDOOE TOV «MAEKTPOPOPO», £VO. TUKVOTY

HOVIG TAGKOG TOL  YPNOUOTOIEITOL Yo TNV

Topay@Yn
2ynpa 18 O nlektpopopog wov onuiovpynce i
o Alessandro Volta (1745-1827 1.X.) [6]  OVICOPPOTTIOV TOV
NAEKTPIKOD QOpTiO

pécm G OdKaciog TG MAEKTPOGTOTIKNG EMOYWYTG.
Amoteleiton ond éva Aglo peToAAMKO Oloko e HOVOTIKN
Aapn ko amd pio dSimiektpiky mAdka. Tpifovrog v TAdka

pe plo yobvo 1M déppo mopdyetor MAEKTPIKO  @opTio,

ocovfog apvnTkd. Xt oLVEXEL TOMOBETOVING TO
HETOAAIKO  OloKo 7O Vv  OmNV  QOPTICUEVN)  TAGKO  Sysjua 19 H fowaiksj otiiin tov
napoTnpeitar OTL eV UETOQEPETAL ONUOVTIKO UEPOG TOV Alessandroolta [2]
EMUPAVEIOKOD QOPTIOL oTOoV dloko, OOTL M emaer] &ivor pkpn, oAAd TO
niektpootatikd medio mpokorel dywpiopd tov eoptiov. ‘Etor n midka eoptileton
Oetikd, evd O HETOAMKOG Olokog apvnrTikd, oervovtag v owdtaln ovdétepa
(QOPTIGUEVN GTO GUVOAO. XT1 GULVEXELN OKOVUTAOVTOG LUE TO YEPL TOV UETOAMKO OiGKO
(yeubvovtac tov) M mhdka mopapével OETIKG QOPTIOUEVH Kol LAMOTO Y10, OPKETA
peydio odotnpa. To dvopa tov Alessandro Volta €yel cuvoebel mepiocdtepo pe v
avaKAALYN oL Tpayportomoince AMya xpovia apyotepa, to 1800, amodeikvoovrtag Ot
0 NAekTpopdg umopel va mapoaydel and v emaprn 600
petdAlov kot kataokevdlovtag TNy «BoAtaikn oTHAn»
N aAlmg Vv mpdtn umatopio. Téhog swonyaye TIC
EVVOlEG TNG MNAEKTPIKNG YOPNTIKOTNTOS KOl  TOV
SLVOUIKOV, GTNV TN HETPNONG TOV 0moiov d0ONKe TO
6vouad tov. [2], [18]

[Tavo otmv apyn Aertovpylag g EmMAYOYNG
ompiydnke o Abraham Bennet xot to 1787

KOTOGKEVOGE TOV «OIMANGLOGTH (OPTION», 1ol GLGKELN

Zynua 20 O «aimloo1ootig poptiovy

tov Abraham Bennet (1749-1799 P p . .
1.X,) [6] TOPOUOLLL TOV TAEKTPOPOPOV, TOV MGTOGO UTOPOVOE VL.
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EVIOYVOEL £VOL LUKPO POPTIO UECH ETOVOAAUPOVOLEVOV YEPOKIVITOV YEIPIGUAOV LE

TPEIC LOVOUEVEG TAAKEG, OVTOG MGTE VO, VO TOPATNPNGILO 6TO NAekTpookodmlo. [2]

‘Eva ypévo apydtepa, 10 1788, o Ayylog
wukdg William Nicholson mpdteve tov 01K6 tov
dumlaclooty @optiov, 0o omoiog umopel vo
Oewpnbel ¢ M TPOTN TEPIGTPEPOUEVT UNYOVI
EMOy®YNG, KobmOG  elyapue v mpooHnkm

TEPLOTPEPOUEVOL pnyavicpov. Tlepieypaonke wg

2ynpo 21 O «dimhootaotis poptiovy Tov «&val (')pyowo, T0 omoio ﬁSplGTpé(pOVT(lg éva
William Nicholson (1753-7815 1.X.) [24]

Bapoviko, mapdyst TG 000  KOTOGTAGELS

NAEKTPIKNG evépyelog yopig TP M emkowvovia pe ™ yn». TloAlol emotipoveg

TEWPOUATICTNKOY KOl KATOACKEDAGOV OIKEG TOVG €KOOYEG TOL AMAOCLACTY, OTMG O

Tiberius Cavallo (1749-1809 w.X.) kot o Charles Bernard Desormes (1777-1862
w.X.). [2]

To 1820 o Aavoc ¢@uowog Hans

Christian Oersted mopoatpnoe 011 10

NAEKTPIKO peopo emnpealer NV

ovumeppopd ¢ Tuéidag Kot yvopilovtog

NoN 0Tt 0 poyvnTIcUog emnpedlel Kot

avtdg Vv Tuéida, EPyaie TOo cvUTEPAGLA

2ynua 22 O nlektpopayvitis mov ovoxcivye o Hans 0Tt 0 HeYVNTIGUOG KO O nkampwpog ere

Christian Oersted (1777-1851 u.X.) [6 ; , , ; , .
( wX) [6] glvan 1010 OVvaun €ite 0TEVA CLVIEDEUEVEG

duvduerc. H oavakdAvym Ttov elye oav  oamotéhecpo MV €PeOPESN  TOL
NAEKTPOLAYVTN, €VOG GUPUOTOS OV GUUTEPLPEPETOL

ooV HayviING 0ta To dtoppést nhektpikd pedpa. [18]

Atya xpovia apydtepa, to 1825, 0 moAd yvwotdg
I'epuavog puowog Georg Simon Ohm dnpoocicvoe v
TPAOTY TOV gpyacio, Kotd tnv omoia amédelEe OTL O Ta
vAMkd epeavifouv  avtiotaon oTovV MAEKTPIOCUO Kol

efétace ™V pelmon TG MAEKTPOUOYVNTIKNG OUVOUNG

oV TOPAYETOL AO v GUPHO OTAV OVEAVETOL TO UNKOG

Sy 23 Georg Simon Ohm
(1789-1854 1. X.) [6]

tov. To 1827 dmpocicvoe 1o donuo PBiprio tov «Die
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galvanische Kette, mathematisch bearbeiter», 10 omoio mepieiye Tov opdvLLO VOLO
tov Ohm Kot 0pilel 6TL TO peLA TOL dlaPPEEL Eva ay®YO ivar avAAOYO TNG S10LPOPAS
SUVOIKOD Kot avTIoTPOPMS availoyo g avtiotaons. A&ilel va onpeudoovpe 0Tt 0
vopog tov Ohm ftav 1 apyn yoo TV LaBNUATIKOTOMGN TG PUGIKNG Kol AmoTEAET
OeuéMo yloo v peAétn g emoTiung tov nAektpiopov. Emiong to 1830 o Ohm

Katookevbooe pion unyovn TPPNng mopopol pe v

yevvitpla tov Van Marum. [25]

To 1831 o Ayyhog @LOWKOG KOl YMUKOG
Michael Faraday mpaypotonoince éva meipopo Kotd

10 omoio kivnoe éva poyvnmn péoa kot €€ amd €va

KUKAMKO mnvio amd ovppo Kot €Tl mopryoye pedpa.

Zynua 24 Higxmpixn yevvitpio, tov

Michael Faraday (1791-1867 u.X.),

OTOTEAOVUEVN OO UOVIUO UOYVATH,
010KO TEPLOTPOPIS, OKPOIEKTES

popriov xau yrjkzpo [6] 1edi0v KOVTA 6710 cUppa vo petafdiretor cuveymg. To

[Hapampnoe Op®g 0Tt AVTO {GYVE LOVO AV O LOYVITNG

ouvéylle va Kwelte @dote M 10x0OS TOL POYVNTIKOD

(QOVOUEVO OVTO OVOUAGTNKE «NAEKTPOUOYVITIKY] ETAYOY» Kot £6€1EE OTL UNYOVIKY
gvépyelo. Umopovce vo. ypnoworomndel yio vo moapayBel miektpikn evépyewa. Agv
éuewve poOvo ekel Opmc, gwonyaye TV £vvoll TOV OSLVOUIK®OV YPOUUDV ®G HECO
wepypapng €vog mediov, amédelEe TV apyr] OlTNPNONG TOL  POPTIOL KOl
katookevooe Tov «kAwPO Faraday», o omoiog sivon éva ayoywyo mepifAnuo mov
YPNOOTOLEITOL Y10 VO UTAOKAPEL To NAEKTpOpayvnTIkG Ttedia. TELOG KaTaoKEDAOE
TNV TPOTN TPOKTIKN NAEKTPIKN YEVVATPLL, @O 1 MAEKTPIKY unyovny tov Andrew

Gordon, mov &idape Tponyovuévmg, dev eiye kamotla ypnon. [18]

Tnv dw ypovid, o 1831, o Itordg
evokog Giuseppe Belli onpovpynoe v
OK10 TOV MAEKTPOCTATIKY YEVVITPLO. TTOV
Aertovpyoboe pe  emaywyn 1M 0AMOC
«miaclooty. H dwe  opd pe Tig
VROAOITESG YEVVITPLEG EMAYWOYNG TTOV Elyav

KatookevaoTel puéxpt tOTE NTOV OTL €l)YE

2ynua 25 O «oirlooiooticy tov Giuseppe Belli (1791- GUHHSTPia 0TOVG OLKpOSéKTSQ 8%(,)601) Kot
1860 u.X.), noli ue niextpduetpo rou Leyden jar [26]

TOPTYOYOV TOVTOXPOVO ETEPOCTUN TAOT).
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Amoteleito amd 000 KAUTLAWMTEG LETOAAKEG TAGKES Kot PLETAED TOVG TEPLOTPEPOTOV

éva (e0y0g TAOK®MV TOV £QEPAY ETIGTPOOT OO LOVAOTIKO VAIKO. [2]

To 1840 o Ayyloc pnyovikdg Kot
emyyepnuotioc  William  George  Armstrong,
KoOADC TopATNPOLGE OTATIKO MAEKTPIOUO Vi
exméumeTol and €vo AEPnTa oto avlpakwpuyeio
tov  Northumberland, egumvedotnke  éva

OLLPOPETIKO €100C MAEKTPOCTATIKNG POPTIONG UE

xpoN otrov vyming mieong. 'Etol katackevaos
éva véo €ldog unyavav, Tov voponiekTpikdv. O

TPOTOG Agrtovpyiag TG yevvnTplog ivar o e&ng.

Zéfzg gi&i%&%ﬂ??f?l 61%0%2 201))( iVl[lzl_l;llm O atudg vyning mieong, mov mapdyetal e €va

povopévo  Ppacthipa,  doxetedeTon  HECH
COMVOV OV TIC dtappéel KpYo vePO 6e Ui GEPA amd EoAva guaiyyla. O 6TaTiKOg
NAEKTPIOUOS OVOTTUGOETAL OVAUESOH OTA OETIKA (QOpTICUEVO QULGTYY KOl GTOV
OPVNTIKG QOPTIGUEVO OTUO KOt CLAAEYETAL OO GLAAEKTN POPTIOL HE avATOdN Popd
and ta euctyywo. H dnpiovpyia tng voponiekTpikng pnyoving obnce tov Armstrong
va. ooyoAnBel mEPIOGOTEPO HE TO KOUUATL TNG HNYOVIKNG KOl OVAUESOH OTO
EMTEVYLOTO, TOL TOL OKOAOVONGOV TOL €mOUEVA XPOVIOL €Vl 1 KOTOGKELY] TNG

KPEUAOTNG YEPLPOS Tov otapoy Tyne 6to Newcastle Kot 0 VIPAVAKOS PN OVIGHOG

™G Yépupag tov Aovdivov. [27]

To 1865 o T'gppovog ymuikdg Ko
evowodg August Joseph Ignaz Toepler
KOTOGKEVOGE TNV OIKIGL TOL U)oV ETOY®YNG

! omoio

OTTOTEAOVTOV

oo 000

dlokovg  mov

2ynua 27 Hiextpootatikn unyovi tov Wilhelm
Holtz (1836-1913 u.X.) [6] yupvoOvcov

otV ol

Toplerfle Glelirifiermaidine

Katevbvvorn. Xtov TpmTo dicko TapdysTon optio Tt 28 Hisiopoooamih unyavi wov

, , , , , August Joseph Ignaz Toepler (1836-1912
pécm TpIPNg Kol otov devTeEpo Péow emaywyns. H wX,) [6]
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N0V 0TY ¥PNCLOTOONKE apyOTEPO GTA TPADTO LUTPIKAE UNYOVILLOTO OKTIVEOV X.
Tnv 10w mepiodo dpmc Exovpe Eva ahdo I'eppavo euoiko, tov Wilhelm Holtz, mov
KOTAoKELALEL TopOpota emayykn unyavn pe tov Toepler. A&loonueiwto gival 6Tt ot
V0 EMOTNUOVES, TOPATL Ol UNYAVESG €LYV EAAYIOTES SLUPOPES, OEV GUVEPYACTNKAV.
['o o Adyo avtd teivovpe va avagépovpe ovtd to €100g TG unyovng «Toepler-

Holtz», wg opo tiung kot otovg dvo. [28], [29]

Tnv dw mepinov mepiodo, YOpw 610

1867, o IpAavodg pabnuatikdc, uotkog Kot
pnyovicdg  William  Thomson, 1% Baron

Kelvin oyedialel ko katackevdlel S1apopeg

NAEKTPOGTATIKES YEVVITPLEG EMAYWYNG OTNV

Zynpa 29 O «ovatpopodotney tov Lord Kelvin
(1824-1907 n.X.) [6]

TPooTdOeld Tov Vo AVCEL SAPOPO TEYVIKE
TPOPANUATO GTOV YDPO TNG UNYXUVIKNG OAAG
Kot vo e€eAiEel tar emoTnuoviKd Opyava Tig emoyns. Mio amd avtég, kot iomg M
ONUOVTIKOTEPY, €lval 0 «OovaTpo@oddTNG», 0 0moiog amoteAeital amd 6Vo KVPTA,
povopéve Koppdtior petdAlov kot amd pio Hovouévn GTHAN 6To KEVIPO 1 omoid Ue
™V oepd ™G £pepe ota drpa petaAlkés mAdkes. H €& emaymyng @option ywdtav
HECM TIC TEPIOTPOPNG TNGS OTNANG Kot TIG TPPNS UETAED TOV LOVOUEVOV ETLPOVEIDV.
Yxed140TNKE Yo Vo €EOVOETEPMVEL TIC OVOTOPEVKTEG OMMAEIEG AOY® O10PppPONG M
atelog povoong kol ypnotpomomnke Kvpiowg ¢ vmofondnon g Asttovpyiog
TNAEYPAPIKOV GLGTNUATOV, OTMOG KOl TOL TPMOTOV VRTOOUAAGGI0V KoA®diov GTOL
omoiov TV Kataokevn £maiée onuaviikd poro. Axkopa epévpe pion VOPONAEKTPIKN
N0V TOL AEITOVPYOVGE LE TOV 1010 TPOTO pe TNV pnyovn tov Toepler amAd avrti yia
TEPIGTPEPOUEVOVG OloKoVS YpnoyLonolovce otayovidln vepol. BéPata o Adpdog

Kelvin éuewve oty 1otopia kKuping yio tnv cuvels@opd tov otny Beppodvvapiky. [30]

To 1868 eiyape v
onupovpyia SpOpmV
LUNYOVAV TOL AELITOVPYOVGOV
ocvvovdlovtog TP Ko

enayoyn. Ot mo dbonueg

and  oVTEG  NTAV  TOL

2o 30 Moy August Kundt e gvon) voukol  Augqust  2xiue 31 Miyyavii rov Ferdinand
(1839-1894 1.X.) [31] PH ? g Philippe Edouard Carré (1824-
1900 «.X)) [321
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Adolf Eduard Eberhard Kundt kot tov I'ddhov epgvpétn Ferdinand Philippe Edouard
Carré. H npadtn mepieiye €va yodAivo 01oKo mov TeploTpeOTaV PE £vo, GOGTNO OO
Tpoyorieg kot wpdvteg. H pia mievpd tov dickov tpifdtav amd déppa poptilovtag to
YOOAL Aoy TPIPg Kot 1 GAAN TAELPE glye 00O UETOAMKEG «YTEVEG) TOL GUVEAEYOV
mv eoption. H punyoviy tov Carré amotelovtav omd 600 yudAvoug diokovg Kovtd
TOmoBETNUEVOVG 0 €Vag GTOV GALO, TTOL TEPIGTPEPOVTAV avTiBeTa, emdyovtog avtifetn
@option oty kéOe empdvelo. MeToAMKEG YTEVEG KOVIA GTOLG OIOKOVG GUVEAEYOV
mv @option. Bcwpeiton kot évog mpdyovog g yevvnrplag Van de Graaff,
aVTIKOOIGTOVTOG TOV OioKO [e dvTa Kot BAlovTog £va o ATOTEAEGHATIKO GUAAEKTY
eoptiov. Kot ot dV0o pnyovég evd Mtav opkeTd OmOd0TIKEG, NMTOV TopdAANAQ
domavnpég Kot TEPITAOKEG Kol avTIKOTAOTAONKOY Ypriyopa amd v unyavr; Wimshurt

nov Oa dovue Tapakdto. [2]

Axopa évag mpodyovog g yevwntplag Van de Graaff fitav n unyovn enaywyng
nov oyediooe o Itaddg euoikdg Augusto Righi (1850-1920 p.X.) to 1872 o pukpn
pndAloto nAkio katd v ddpketo g datpiPng tov. H yevvintpla tov Righi ftav
€Vag KPOG TUTOG MAEKTPOGTATIKNG YEVVITPLOG OV GKOMOG TNG MTOV v LETPAEL
LIKPEG OLOPOPES SLVOIKOD KOl Yo avTd TO AOYO TO OVOLOGE «MAEKTPOUETPON.
AmotehoVTOV omd £vo AOCTIYEVIO UAVTA, OPELYAAKIVOVG TPOYOVG, TOV TEPICTPEPOVY
TOV AVTO HETAPEPOVTOS TO QOPTIO Ko pio ceaipa wg GLAAEKTN Tov QopTiov. Ta
uépn avtd tov niektpopétpov tov Righi, dmwg kot tov Pacikd tpdmo oOpTIoNS, TO

ocvvavtaue 6mmg Ba dodue apydtepa otnv yevvntpio Van de Graaff. [33], [2]

Atya  ypovie  apyodtepa, T0 1873, o0

IVIaxwellss LKot6£Cog puotkog kot pabnuatikog James Clerk
LY el 3 VY5 i~

SHUATIONS Maxwell mpaypatonoince pia peydAn cuvelseopd
OTNV  KATOVONGCN  TOL  MAEKTPOUOYVNTIGLOV.
Baociomke omv 0Oeopia tov Faraday mepl
SUVOLIKAV YPOUUDV TV TEdIOV Kot TNV e£€ppace

ponuotikd oe poMg téooepls €ElGMGELS, OV

Sy 32 Or eiodoenc tov James Clerk Oglyvouv MG GLUTEPIPEPOVTOL TO NAEKTPIKE Kot

Maxwell (1824-1907 u.X.), ot omoieg
Ppilorovial Yopoyuéves aTo KAt HUEPOS TOV
aydAuatos tov ato Edyfoipyo [6]

poyvntikd  medio o Ohec T ovvOnkec. Ot
e€ionoelg Tov Maxwell epappolovrarl e&icov ota
NAEKTPIKG OGO KO TO. LOLYyVNTIKA eSO Kol e ovTO TOV TPOTO amodeiydnke pia Kot

KOAT 1 oxéon Tov oVo mediwv. ‘Eva akdpo onuavtikd ehpnuo mov TpoEKuye and 1o
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épyo tov Maxwell, ftov 0Tt Ta NAEKTpOpOyVNTIKA TTeEdiao Tagidevay e TV TaydTNTO
0V QTOC, N omoia eiye mpooeata petpndel pue oyetikn akpifeto omd tov Armand
Fizeau (1819-1890 p.X.) kot tov Leon Foucault (1819- 1868 w.X.), kot 6TL T0 QmG
gtvon pio popen niektpopayvntikng oktivoporioc. [18]

To 1883, kou perd amd tpion ypoOvia
EPELVMV, 0 AyyAOC €QEVLPETNG KoL UNYOVIKOG
James Wimshurts édnupotdpynoe pio and t1g mio
Ol0edOUEVEC KOl OmOOOTIKEG — UNYOVEG
enayoyng tov 19 adva, m omoio MrTov
TAVTOXPOVOG  €VOKOAN  OTNV  KOTOGKELN.

Amotedeitor amd 600 povopévovg odickovg,

2yiua 33 Mipyav) Wimshurts(1832-1903 X)), 1 yp@Avovg  OTNV  OPYIKY  KOTOOKELY] KoL
omoia el oto. wAdyia ovo Leyden jars [6]

TAUGTIKOUG GE LETOYEVESTEPES KATATKEVES, Ol
omoiot etvar tomoBetmuévor mapdAinAia oe evwaio GEova Kol TEPIGTPEPOVTIOL LE
avtifeteg Qopéc. Aymyino @UAAN givor KOAANUEVO GTOVLG OIOKOLG Kol KOTd TNV
TEPIOTPOPN TOV OloK®V EpYovial o€ €moen He TIC UETOAMKEG «Povptoegy Tov
Bpiokovtor otov opldvtio d&ova dNUovPYDVIOS POPTio, TO 0mol0 JOYETEVETAL GE
dvo giareg Leyden. H cucompevon tov goptiov @tdvel o€ éva kpioto onueio kat
onuovpyel omvOnpa avapesa 6Tovg dVO OKPOSEKTES, GTOVG OOioVe N Téom Uropel
vo. @tdoet kot 1.000.000 Volts ko m dwdwkacio apyiler &ava. O Wimshurts
EUTVELGTNKE TOV oGO amd Tt yevwhTpla Tov Holtz kot yi” avtd to Adyw cuyvd

avapépetar og «Holtz-Wimshursty. Xpnopomomnke oe mepdpoto eLGIKNG oAl

KO Y10t TNV TPOQodOTNon unyovnudatov oktivov X. [34], [2]

Mia dekaetia apyodtepa, to 1893, o
W. R. Pidgeon mapovcicce  pia
NAEKTPOCTOTIKY) oV EMOYWYNG
moipvovtog To KOADTEPO KOUUATIO TV
unxovov Whimshurst kow Voss. H pnyovn
amoteleiton  omd  éva M mepliocdHTEPO

Cevyapila yoahvav dlokwv tomofetnuéva o

Kowd dfovo Kol TEPIOTPEQPOVTOL  GE

2ynua 34 O 0iokog amo Ty eTaywyiK unyovy too
W. R. Pidgeon, ézw¢ tov eiye oyedidoet otnv
ratévra wov eiye katabéoer [35]

avtifeteg  KatevBvuvoels. Ov  diokot
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KOADTTOVTOL a0 €val PElypa KEPLOV Kol PNTIVNG, OV TOVS TPOGOIdEL TOAD KOAN
uovoon, aAld kol OAa To extedeléva LEPT TNG YEVVITPLO LOVDVOVTOL AetTopep®c. H
punyovn dwbétel otabepés emaymyég tomobetnuéves pe TETOWO TPOTO MDOTE VO
dmlootdlel TO QOIVOUEVO NG MAEKTPIKNG EMOY®YNS kol €tol SmAoctdlel TO
TapayoUEVo pedua. AVtd mov TETVYOvEL 1| Yevvijtpio Tov Pidgeon gival n peimon tov
PELUATOV SLOPPONG KO TOL aPYLKOV GopTiov Evapinc. To HOVO HELOVEKTNUA TG TV

10 akpPod K6GTOG Katackevng. [35]

Me v aAloyn TOL OOV EYOVLE TNV OVATTVEN TOAADY OKOLO, ETOYMYIKMV
UNYOVAV pe SmAolg 1 Kot TPITA0VG diokovg Tig omoieg dev Ba avolvcovpe d1e£0d1Ka
TP LOvo Bo avapEPOVLE EMLYPAUUATIKA, V10T, 0w PAETOVLE OO TIG YEVVITPLES
tov Holtz kou Toepler kot petd, n popen tovg dev arddler onuavtikd. To 1900 o F.
Tudsbury avakdioye 611 av mepikieicovpe pio yevwnipla pe petariikd 0aropo, o
omoiog mepiéyet 010&€idto Tov AvBpaka 1| GLUTIEGUEVO AEPX, LELOVOVTAY dPACTIKA Ot
OlppoEC, EMTPEMOVTOG EMG KO TPES QOPEG peyorvtepn tdom €£6dov. To 1903 o
Alfred Wehrsen eionyaye tov mpdto dicko mepiotpogng omd efovitn. To 1907 o
Heinrich Wommelsdorf katackebace pio dikid tov gkdoyn tig unyavig tov Holtz mov
YpNoonoovcoe Oloko Kot mnvio. evoopotopéve oe TAGKES KeAovloltn (pelypo
nitrocellulose kot camphor). O 1610¢ avéntuée apKETEC OKOUO OPKETEC VYNANG
amdO00NG MAEKTPOCTATIKEG UNYOVEG, WHE TNV MO YVAOOTH VO €lvol 1 «Unyovi

TUKVOTOV» ToL. [2]

[Tepvavtag otov 20° audva 1 €mGTAUN TS PLOIKNG Pprokdtav o KpicyLo
onueto. H xhaokn punyavikn, n onoio Kuplapyodoe ylo aldVEG OV UTOPOVGE TAEOV
vo gEnynoet ta eavopevo mov cuvéBavav 6to pkpokoouo. ‘Etot dnuovpyndnke
évag véog KAAOO0G NG UNYAVIKNG, oL Ba aGy0AOVTAV LE TOV KOGLO GE OTOMKO Kot
VIOATOUIKO eminedo, 1 KPavikn punyavikn. duowkoi 6mwg o Albert Einsten kot o Max
Plank apyicav vo e€epeuvodv 10 VEO aVTO KOUUATL TNG QUVOIKNG, Opms ypetdlovov
Kol T KOTOAANAO epyoieio yioo va 1o emtuyovv. Edd €pyetanr va maifer moAv
oNuovTIKO poro 1 yevvitpla Van de Graaff. Ot vrepuynin téon mov dnpovpyovoe M
YEVVITPLO, EMETPETE GTOVG PLGIKOVE VO EMTAYHVOLV TOL COUATIOW GE TOAD HEYAAES
TaYOTNTEC KOL VO HEAETIIOOLV TI GULUTEPIPOPE TOVG He TpoToQavy axpifela. H
yvevwntple Van de Graaff dvoige tov Opopo yuoo mOAMAEG amd TIG UEYOAVTEPES
avakoloyelg tov 20%° awdva. Xopig avtiv 1 katavonon pog yi tov kocpo Ba o

TOAD OO POPETIKT].
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1.2 Bloc Robert Jemison Van de Graaff

O Robert Jemison Van de Graaff yevviOnke otig 20
Agkepppiov tov 1901 omv Toaokaiovlo ™G Aloumdpo.
‘Htav yiog tov Adrian Sebastian Van de Graaff xot tng
Minnie Cherokee Hargrove. Kotd v maidiki tov nikio

eoitmoe oe dmuoota oyoreio g Taokaiodlo kot otV

ocvvéyewn elonydn oto IMovemomuo ¢ Alaumapo. Exel
éhafe to mruyio Bachelor to 1922 kot to wrvyio Masters éva szgg 365 grsgf??:: 3§$ZOH
xpOvo apyotepa, to 1923, ko To 6H0 GTNV EMGTAHUN TOV nhixia[38]

UNYOVOAOYOL unyovikov. Metd tv amo@oitnon, dovieye yia €va xpdvo yuo. TV
Alabama Power Company w¢ Ponbog epevvnti. Xt OLVEYEIL GTOLOOCE GTO
[Movemotuwo g ZopPovvng oto Iloapict katd ta € 1924-1925, 6mov o
napakolovOnoe dwré€eg g Marie Curie yuo v aktwvopoiio. To 1925 nfjye oto
navemiouo ™ O&popdng ommv AyyAio pécm evog d1ebvoidg mTPOoypAUIOTOS
vrotpoeldv. Exel mapélafe to mruyio Bachelor, to 1926, kou Ph.D., to 1928, oty

evo. [36]

Katd v didpkela tov orovdmv tov otny O&popdn o Van de Graaff édeiée
EVOLLPEPOV Y10l TOL TEPAUOATO TUPNVIKNG QUOIKNG KOl EVOTEPVIGTNKE TNV 10€d TOV
EMOTNUOVOV NG €MoYNG OTL pia pépa T copatidln Bo propovcay vo emttayvviodv
1660 TOAD OCTE VO OOTAGOVY TOV TVupNva Kol T0Te Ba yivouv yvootd mOAAG
TPAYLOTO Y0 TNV QUOT] TOV HEHOVOUEVOV OTOUMV. XLVYKEKPIUEVO TopakolovOnce
uio dkeén tov Sir Ernest Rutherford (1871-1937 p.X.), o omoiog eiye avakoldyet
™V VIepEN ToL ATOUOV, GTNV 0moia TOVIGE OTL VILAPYEL LEYAAN OvAYKN EAEYYOLEVIG
EVEPYELNG OTN UEAETN TNG TUPNVIKNG QUOIKNG YO TNV EMTAYLVON COUOTIOIOV Kot
TPOETPEYE TO KOWO vo, acyoAndei pe 1o avtikeipevo. O veapog eottntig Van de
Graaff mpe ta Aeyopeva tov Rutherford mold coPapd kot £fake okomd va @TidEEt

pio cvokevn ToL Oo eméTpene oTa COUOTIOW va enttayvvovTal. [36]
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To 1929 emotpéper ong
H.ILA. «oir evtdocetor  oTO
gpyaotiplo  tov  Palmer  tov
navemotuiov tov Princeton  wg
National Research Fellow. Exeivn
mv mePiodo ol QLOTKOL
eepevvodoay TpOTOVE BOTE VO

Tapdyovy LYNA Téon HEC® TNG

HETOKIVNONG  MAEKTPOUOYVNTIKOV
poptiov. O Van de Graaff Bprke Zynuo 36 H yevvitpia. IMV mov wapoveiace o 1933 [38]
Adon oT0 TPOPAN L,

YPNOLOTOIMVTAG EVOV ILAVTO TOV TPEXEL LETAED TPOYOAIDV GE SLUPOPETIKE SVVOUIKA
Kol TOTOOETMVTOG TOV HEGO GE GOUIPIKO Oy®mYO, KATAPEPE VO LETAPEPEL TO POPTIN
a0 TOV AVTO GTY 6PAipa Le OmMOdOTIKO TPOTO, EKUETAAAEVOLEVOS TV QUGIKN TAoM
TOV POPTIOV VO LETAKIVOLVTOL 6TV €EMTEPIKT| empdveln TG opaipag. Ev cuveyeia
KATOOKEVALEL TO TTPAOTO HOVIEAO MAEKTPOGTOTIKOD EMLTOYLVIN OTOL UTOPOLGE VoL
napa&et taon 89KV. Tt cvvéyeln Peltimoe T0 apykd Tov 6YEd10 Ko To Noéufplo
tov 1933 napovcioce 610 Apegpikavikod Ivetitovto Puoikng T véa TOV YEVVITPLL TOV
umopovoe vo mapaéel tdon 1MV, evad
t0 péyeboc g NTav  pOMg Alya
pétpa. [36]

O 16te mpdedpog tov MIT
Karl Compton, otav éuafe yo ta
katopOdpata Tov Van de Graaff oto
Princeston, tov mpookdAiece va

yupicel TO® GTO TOVEMIGTIUIO OTN

0éom TOL EMGTNUOVIKOD GLVEPYATY.

Amodéytmke v mpdtoon kot exel

2ynua 37 H peyaldn yevwnmpio. mov katookedooe Uéoo. oto
vméoTeyo aspooKapdy [38] épTinée MV TPOTN  TOL  pHEYAAN

YEVWNTPIL HEGO ©€ €va LTOGTEYO
otéyaong agpookaeav. H pnyov ypnoyomolovce 600 YLOMGUEVES GQAIpES OO
alovpivio dwapétpov 4,57 pétpwv, tomoBeTnuéveg AV GE LOVOUEVEG KOAMVES

vyovug 7,62 pétpa kot 1,83 pétpa dapétpov. Ot koAdveg tomobetnOnKav mTave ce
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payec Tpaivov Kot avoyodnkay 13,1
HéETpa Tave amd to £dagos. H kdébe
ocopaipa glye ™ Ok TG yevVViTpLL
eoptifovtog ™ pio Oetikd Ko TV
GAAN apynTiKd, ®OTE 1 TdoN PETAED
TV 600 va givon OMAGCLO amd NG
yevwntpog povng me. H umyavn

ELOOVIOTNKE YL TPMOTN POPA GTIC

2ynpo 38 210 eowtepino e ueyaing yevvipiog 7MV, 28 NOS],LBp{OD Tov 1933 ko mv
diaxpivovtal o avtag kot 0 koAvopog mepiotpopns [38]

EMOUEVT MUEPO EPTOCE OTIS GEAIDEG
¢ New York Times pe titho «Man Hurls Bolt of 7.000.000 Volts», kafad¢ to Volts
OV UTOPOVGE VA TapAyel Ntov eEwmpaypatikd yio v emoyn. To 1937 n yevwnpa
avt petagépbnke oe Bdlopo mieong oto MIT, dmov ypnoyomomnke yoo v

TopaymyN VYNNG evépyetog axtvofoiriog. [36]

To 1935 éhafe to dimhopa evpeotteyviog and tig H.ILA. No. 1.991.236 yw
TNV EPEVPEGT] TOL KOl TOV ETOUEVO YpOVo, T0 1936, Tavipevtnke pe v Catherine
Boyden. Mo{i aréktnoav 800 yrovg, tov William kot tov John. O Van de Graaff ot
ovvéyeln. cuvepydotnke pe tov John G. Trump (Beiog tov mPONV TPOESPOL TMV
H.IT.A.), xaBnynt) tov TUNHOTOG NAEKTPOAOY®V pnyoavikov tov MIT ko pe tov
William W. Buechner kaOnynt puoikng tov MIT. Kotookebacov poli pio yevvitplo
Van de Graaff ywo watpikn xpnom, mo cuykekpipéva yio vo Topayst aktiveg X yio Ty
Oepancio KopKviKOV dykov pe axpipng dlelcdvutikn aktivoBoiia. To mpdto poviédo

ypnouonomdnke and v atpikn ool tov Harvard to 1937. [36]

Katd v owbpkein tov Agvtépov Ilaykoopiov IToAépov o1evbvve tO
Padioypaeucd Ipoypappa Yyniov Tacewv, 10 omoio ypnupatodotovToyv omd TO
opoomovolokd I'pageio Emotmpovikng ‘Epevvag ko Avantuéng tov H.ILA.. Kotd
mv Ontelo Tov oe avty ™ B€om TpomomoincE TN YEVVATPLO MOCTE VO UTOpPEl va
e€etdlel pe axtiveg X toydv poyués oe mopopaykd tov Iolepikod Noavtikov. Tnv
dekaetio Tov 507 epnUPe TOV HETAGYNUOTIOTY] LOVAOTIKOD TUPTVO, O OTOI0G TOPTYOYE
OLVEYEG PEVLLO. DYNANG TAONG LE TN YPNOT LAYVNTIKNG POTG OVTL Y10 NAEKTPOGTATIKNG
poptiong. [37]
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Metd v AEN Tov TOAEUOV GUVEPYASTNKE UE TOV Trump kot évav Ayylo
KaOnynt niektporldyov unyavikov ovopatt Denis M. Robinson kot dnpodpyncov
mv Etapeio Mnyovikov Yyniov Tacewv (High Voltage Engineering Corporation 1)
aAlwc HVEC) oto Burlington tg Moaocayovoétg, 0mov kot S1ETEAESE EMKEPUANG
QLo1KOG kot emotpovac. H gtoupia,
TOV EMOUEVO KIOAOG YpOVo, Eexivnoe
Vo KOTOoKELALEL KOl VO TOLAGEL
NAEKTPOOTATIKEG ~ YEVVATPLEG  Ylol
xpnon otV TPIK, ™G
OVTIKOPKIVIKY Oepameia Kol
axKTvoypooia, oA Kol g

EMTAYVVTEG COUATIOIOV o€ Sdpopa

TEPAUATO.  TUPNVIKNG (PLGIKNG,

o 39 O Robert Jemison Van de Graaff oty eyxatdoraon SanDYXdVOVT(XQ Méca os }\jfya Xp(')vux
doryujc emitayvvry tandem Emperor [38]

va yivel o Bacikdg TpounBevtng Toug.

To 1947 mapéhaPe 10 perddho Duddel Memorial ond v ‘Evoon ®uvoikdv g

Meyding Bpetaviag. [37]

[Mapépeve oto MIT péypt ko to 1960, dmov kou mapartnOnke pe okond v
mpn evaoyoinon tov pe v HVEC. To 1966 mopéhape to PpaPeio Tom W. Bonner
arnd v Apepwcovikr) Evoon Quotk®v yio v GUVEIGPOPA TOV GTNV OVATTVEN TOV
niextpootatikdv yevwnipiov. O Robert J. Van de Graaff nébave to mpowod g 16™
Iavovapiov Tov 1967 otnv Bootdvn oe nAikia 65 etov. Katd m dibpxeto g Long
TOL OMUOGiELSE TOALAPIOUES EMGTNUOVIKES EPYOCIEG KOl KATOYVPMOE ENTA
dumlopata gupeoctteyviag. Tnv otiyun tov Bavdtov tov mepiocdtepeg amd 500
emtayvvtéc copotdiov Van de Graff Asitovpyovocav oe neplocdTepeg omd TpLOVTA
YDPEG, EVA TO GYEN TNG YEVVITPLOG EVETVELGOV TOALEC LETAYEVECTEPEG UNYOVES, OL

omoieg Aettovpyolv émg kat onpepa. [36], [37]
1.3 YynAeg Taoelg

210 onueio avtd, TP TPOYWPNGOLUE GTO KLPLO WEPOG TNG €Pyacioc, GTNnV
vevwntple Van de Graaff, 0o piinoovpe ev ouvtopio yo Tic vyniéc taoels. Ag
OpYICOVUE HE TOV OPIGHO TMOV LYNA®V TACEWV, KATO TOV Omoio pio Taom yu vo

Bewpeitor vy wpénet va gival ave tov 1000 Volt yio evoliaccouevo pedua kot
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dvo tov 1500 Volt yuo cuveyés, obuemva pe t Aebvrp Hiektpoteyvikny Emitponn
(IEC). [39]

O Paocikdc AOYOC Ypnong TV LYNAGV TACE®V €ivol Yoo THV HETAPOPE
NAEKTPIKNG EVEPYEWONC OE UEYAAEG OMOCTACELS HE OIKOVOUIKO TpoOmo. Qo1dG0
TOPOTNPOVUE KOl GAAOD TNV YPNHON TOLG, OTMG OTO MAEKTPOCTOTIKG QIATPO OTIg
KOUIVASES SL0pOPOV EPYOCTAGI®OV Y10 TOV TEPLOPIGUO TNG OTHLOCOOPIKNG LOAVVOT|G,
OTNV TOPAYMOYN OKTIVOV X OTO W0TPIKE UNYOVILOTO, GTO CUCTNUO aVAQAEENS TV

BevQvokvnmpov, TIc NAEKTPOGTATIKEC PaPES, o8 emTaYLVTEG coUATIdV KAT. [39]

Onwg avagépape TPONYOLUEVOS VYNAEC TACELS GLVOVTIOOVTOL KOl GTO
EVOALOGOOUEVO KOl GTO GLVEXEG PEVLO, OG OVOADGOVUE TO TPATO £I00G Py Kot
TO GUYKEKPIUEVA TIG YPOUUEG HETOQOPAS. Oswpovtag Ue tv @acikn Tyn g
tdong, 1 to pedpa avd eacn, @ v eacikn yovia, R mv opkn avtictacn avd ¢don
o€ (o TPIPOCIKY YPOUUT HETAPOPAS Kot P n petapepduevn evepyd 1oyv, moipvoope

tov tomo: P = 3U,lcosp. Ov andreleg Aoy tov @awvopévov Joule eivar: Py =

312R. Apa mpoxdntel N oyéon: Py = P? amd TV omoio ToPUTHPOVUE OTL

v 0gdopévn petapepopevn oxd P kot opikn avtiotoon avé edon R, ot Beppucég
anoAeleg elval pkpdtepeg 660 LYNAGTEPN €ivol 1 TACN TNG YPOUUNG UETOPOPAC.
Avtd onpaivel 6Tt 660 peyoAdtepN M TACN TOCO HKPOTEPO TO KOGTOG UETAPOPAS.

[39]

H nmpotm ypopun petopopds vyning tdong katockevdotnke to 1891 o1
I'eppovia pe ovopaotikn taon 15 KV kot évaove Tig moreig Adpev kot Ppoavkeovpn,
evd M mpotn ypoupn 400 kV oty Evponn dnuiovpyndnke oty Zovndio to 1952.
Yruepa m tdon AETovpYing TOV YPOUU®V HETOPOPAS TOV YPNCLLOTOOVVTAL OV TOV
mAavitn dev Eemepva ta 765 KV, evd otnv EALGSa vdpyovv ypouués 150 KV kar 400
kV. Edd a&ilel va onueiwbel 0t1 vdapyet évo avdtato 0plo 6to 1060 VYNAN propet
va givor  petagepopevn téon, kabng and évo onueio kot petd 0,tTt eotkovounon
yiveTon amd TIC onMAEIEG AETOLPYING, XAVETOL OO TIC SMAEKTPIKES OMMOAEEG GTOV
nepBarirovia aépa, eEotiog OVIGHOL TOL omtd TO VYNAO NAEKTPIKO TTedio, aALL Kot

amd TO TOAD PEYOAVTEPO KOGTOG KaTAoKEVNG. [39]

[Tepvhpe tdpa oNV dVLTEPN KATNYOPIO VYNADY TACEWV, OLTEG TOV CLVEXDV

Thoe®V. XPNOUYLOTOLOVVTOL Y10 T LETAPOPA GE EEAPETIKA LEYAAES OTOGTAGELS, O10TL
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elval oKoOvVOHIKOTEPES Kol TAPOLSIALoVY LUKPOTEPES NAEKTPIKEG ammAeleg. H mpot
YPOUUY VYNAODE GUVEYOVS TAOMG KATOOKEVACTNKE OTNV Zoundia Yoo TNV cVUVOEDT

Tov vnolov Gotland to 1954. [39]

H vymAn ocvveyouevn tdorn mieovektel €vavit ¢ eVOALUGOOUEVNG G pia
oelpd  epoppoywdv. H mpotn mepintwon eivor m vroBordcoio  dtacvvoeon
OLOTNUATOV, OTOV Ol LYNAEG YOPNTIKOTNTES TPOKOAOLV EMTALEOV OMMAELES E€QV
ypnoporombovy evarliacodpueveg Taoels. 'Eva 1€1010 Tapddetypa mopatnpeitor otnv
OllovVOESN TOV  EAAMNVIKOD HE TO 1TOAMKO GUOGTNUO  HETOPOPES, OmOv  E£Youv
ypnowonomBel 160 km vrofpdyov kerwdiov 400 KV cuveyovg peduatog. Mia
dgvTEPN €QOPUOYN TOVG glvarl M avénon G oYvVOS VOGS VITAPYOVTOS SIKTVOV GE
TEPMTMOGELS OOV EMTAEOV YPOAUUES LETAPOPES elvar dOVGKOAO va TomoBetnBovv. Mia
KOO TEPIMTOON ¥PNONS LYNAOVG GLVEXODS TAGNS €ival M HETAPOPE 1GYVOG Kot
otafepomoinon ¢ téong Heta&d CLGTNUATOV EVOAAACGOUEVNG TAGNS, TO Omoin
glval pun ouyxpovIGUEVA, OTMG TOPOUOLN YPNOLLOTOIOVVTOL KOl OTIS OVOVEDGCLES
TNYEG EVEPYEWS YO TOV GLYYXPOVIGUO TNG EVOAALUGGOUEVNG TAONG TOVG. TEAOG
TPOTILOVTOL Yo Helwon KOGTOC, KBS N ypnon Tovg amortel Aydtepovg aywyos
(0pov dgv VILAPYOLV TPELS PAGELS) KOt EMTAEOV 01 Ay®Yoi ivol AemTOTEPOL, APOV OEV

VILAPYEL TO EMOEPUIKO PAIVOUEVO TNG EVOALOoTOUEVNS Tdong. [39]

Q061660 01 cvveXElG VYNAES TAGELS £YOVV KOl OVTEG LELOVEKTILLATO, TO OTTOi0L
evromiovton Kupimg oTNV UETATPOTY, TO OWKOMTIKE HEca Kot tov €deyyo. Ot
uetatponeic AC/DC vynAng tdong Kot T0 avtioTpoQo £xouv Oplo VIEPPOPTIONG. X&
LIKPEG OMOCTACELS Ol UETATPOTEIS OVTOl €YoVV TEPIOCOTEPEG AMMAELES OO TIG
yYpappég evarlacoopevns tdong. Emiong ot dtaxdmtes 16y00oc o€ vynAég thoelg gival
OVGKOAD VO KOTACKELAGTOUV, KOOMG To. TOE0 mov dnpiovpyovvtal givarl eE0PETIKA
peydia. Télog, o €heyyog ™G pong optiov amortel KoAr emkowvovio petald OAwv
TOV TEPUOTIKOV ONUEl®V e TN pon @optiov va mpémel vo. elvar eAeyyOuevn pe

eapetikn axpipeto. [39]

‘Eva moAd onpaviikd mpoPAnNpa mov cuvavtapue 1060 GTIG EVOAAOCGOUEVES
060 Kol ot ovveyels vynAég taocelg eivar 10 TPOPANUA TV vrepthoemy. Ot
VIEPTACELG UTOPEL VO 0QEIAOVTOL GE YEPIGHOVG OTMG 1) SLOKOTN YWPNTIKOV PELLOTOG
N o€ gvepyomoinon kot amavalevén oG YPoUUNG HETOPOPAS HE OVOIKTO GKPO 1) GE

OlOKOTT]  UIKPAOV  ETOYOYIKOV PEVUATOV 1) O0KOTN PEVHATOV PPoyLKOKAW®GCNC.
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Yreptdoelg umopet va cupovv eniong Adym Kepovvav anevbeiag mivm oTig YPopES
HETOQOPEG Kot eueavifovior pHe TN HOPeN 00LOVI®V KLUAT®V OAAL Kol of
vrepmndnoels. Ot televtaieg opeilovian o didomacn g HOVOONG avipesa oe 600
KUKADUOTO SLOPOPETIKNG TAGNG, OTOTE TO KOKAMUO LE TN HKpdTEPT TAoN PpiokeTon

Eapvikd vd peyaddtepn téomn and v tdomn Asttovpyiog tov. [39]

Mo vo avTipeTomotody to TpofALTe aVTA Kot Vo eE00POMOTEL 1] AGQOAANG
Kot g0pvbun Aettovpyio Tov cvoTnUoTog Bo TPEmeL ot unyavikoi vo yvopiloov Tig
TAGELS TOV EMIKPOTOVV KOTO UNKOC TOL OIKTVOV, TOGO GTNV UOVIUN OAAG Kol 6T
HETAPOTIKY KOTAGTAGN, ONA0ON GE TEPIMTOOT TOV EUPAVICTOVV VItEPTAoELS. Emiong
0o mpémel va givor yvoot] n 0€omn Tov NAEKTPIKOL TESIOV €VTOG TV S0POPWV
GLOKELMV Kot 1 B€om, OV VIAPYEL LEYOADTEPOG KIVOLVOG KATOGTPOPNG TOVG. TEAOC
TPEMEL VOL ELVOL YVOGTI 1 OVTOYT TOV LOVAOTIKOV DAMKAOV GTIG KOTATOVIGELS TIG 0oieg
voiotavtal. Ola to mopamdve mpodmodétouv t6c0 Oewpnrtikny perémn emi tov
QOLVOUEVOV TOV TPOEKKEVAGEMV KOl TNG NAEKTPIKNG SIUOTACTG TV €V AOY® VAK®OV

660 kat SteEoymyn LETPNCEDV TAV®D 6& cLYKEKPIUEVEG dtatatelc. [39]

"Eto1 odokAnpooape Ty €16aymyn HoS Kot LOGTE ETOOL VO, TPOY®PT|COVLE
07O KUPLO UEPOG TG epyaciog, Tov givarl 1 yevvitpla Van de Graaff. Ilpota dumg, yio
vo Kigloovpe TO KOUUATL TOV VYNADV TAcEw®V, mapabétovpe €va GUVIOUO

POTOYPAPIKO VAIKO.

2ynpa 40 Aracvvoéoers ue vynli coveyn téon otny
Evpwnn, e kOKKIVO 01 DTOPYOVCES, TPATIVO OL
VTOKOTACKEVT Kou UTAé o1 vITo mpoTaon [6]
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Zynuo 42 Metooynuotiotic otafuod uetotporis (converter transformer) evaliacoduevov / coveyois peduatog
(E.P./Z. P) 800 kV, o¢ aiBovoo. doxiucrv [39]
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Kedpaiaio 2: Apxn Aettoupyiag

10 KePAAO0 0VTO O OVOAVGOVUE TOV TPOTO AEITOLPYEIOG TNG YEVVITPLOG
Van de Graaff kot ta d1dpopa pawvopeva Tov mapatnpodvtat. Xty opyn 0o kdvovpe
L0, GUVOTTIKY] TOPOLGINGT TV Pacik®v pepodv g yevwnrplog. Ev ocvveyeio Ha
UIAMNGOLUE Y10 TOV TPOTO UE TOV OMOI0 TMOPAYETAL O OTOTIKOG MAEKTPIGUOS OTN
YEVWITPLOL KO OTN CLVEXEW Ba avaeepBode 6TO0 GEUIPIKO TVKVMOTH, GTOV OTOi0
amoOnkevetatl. Télog Ba dovpue amd molovg mapdyovteg emnpedletatl 1 HEYIGTN Tdon

OV UTOPEL VoL TAPAYEL 1] YEVVITPLO 0ALA KO TTO10 €ivatl To BempnTikd HEYIOTO.

2.1 Ta Baowka pEpN

+
o +
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+|- -
+|- -
(4]
Rd MR,
LO:
+°
+
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Zynua 43 Zyeoiaypouua e yevviprag Van de Graaff
Y10 mopomdve oyfuo Prémovpe to Pacikd uépn pog yevvhtplog Van de
Graaff. Xto voopepo 1 givar ) petodhik opaipa. Xkomdg TG EVOL VO GUYKEVIPAOVEL
T0. POPTioL TOL TOPdyovTOL HE TNV NAEKTPOSTATIKN POPTIoN. OvuolaoTikd ival €vog
TUKVOTNG. To VAIKO katackevng ¢ eivan cuvinbmg kdmolo avoleldwto HETAALO Kot
wpémel va givar 660 TO dvvotdv WO Aela yivetor ®OTE VO AmOQOYOLUE TNV

OVOLLOl0YEVELD TTEGTOV.
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¥t0 vovpepo 2 Ppioketon mn aveo okidoa 1N oAM®dG nAektpdodlo. Eivar
TOMOOETNUEVO KOVIA GTOV AVTO, YOPIS OUMG Vo, TOV OKOLUTAEL, Kol TO GAAO TOL
GKpo elvarl GVVOESEUEVO e TN HETOAMKY oPaipa. LKOTOG TOV €ival Vo, LETAPEPEL TO
QoptTio Omd TOV WAVTO OTNV UETOAAKN o@aipo Kot eivor @TIypévo omd KATolo

aydyo PETaAL0, Omwmg o yarkds. Ilpotipdron eniong va dwabétetl potepd dxpa.

Y10 voouepo 3 kot 5 BAEmovpe TIg TPoYaAieg | AAMMG KLAIVOPOLG. XKOTOG
ToV¢ gival TPoPavaS va fondncovv oty Kivnon tov avta, oAl eniong HECH NG
NAEKTPOGTATIKNG TPPNS HE avTdV, TPocdidovy N AapPdvovy niektpdvia. Xvvnbwg o
v KOAVOPOG €lval KOTOOKEVOOUEVOS OO KATOL0 OVOETEPO UETAAND, EVD O KAT®

Ao KATolo NAEKTPapvNTIKO VAKO. Emtiong o kdtw KOAvOpog cuvoEeTal e To HOTED.

210 vovpepo 4 gyovpe v Tovio M HAVTO AT HOVOTIKO VAKO. O KOplog
pOAOG NG €ivor M HETAPOPA TOL POPTIOV OO TNV TOPAYWOYT], TOV YIVETOL GTO KAT®
HUEPOG TNG YEVVITPLOG KOl VO TO PETAPEPEL OTN UETOAMKT cpaipa. Xvvnlwg To VAKO
KOTAGKELNG TOV €lval KOOLTGOVUK 1 6TV OKld oG TEPIMTOOT OKATEPYASTO dEPLLQ

Lwov, 10 omoio niekTpileTon TOAD EVKOALL.

Y10 voOuepo 6 Ppioketar n KAT® okida, 1| 0AM®G TO KAT® NAEKTPOVIO. Eivan
YELWUEVO Kol GKOTOG TOL gival va Tpocdidel N va apaipel NAeKTpOVIOL Ao TOV v,
Onmg kol 10 Gve nAexTpovio givor eToyHéVO amd KOTO0 ayDdYHO HETAALO Kol To
dKpo TOV TPOTIHATOL VO, Elvar puTePd, eV 00TE QVTO OKOVUTAEL TOV 1dvTa, TOPOTL

Bpioketor ToAD KOVTA TOL.

210 voupepo 7 €xovpe ToV KOAVOPO amd HovmTiKO VAIKO. H dovied Tov givat
va ompilelt v ceaipo Kol vo TopExel LOVOGN OTNV KATOOKELT] MOTE VO UNV
VILAPYOLV TPOWMPES EKKEVAOGES. Mmopovv vo. ypnotpomotBovy apketd VAKE, To
omoia. Kotaokevdlovtar oe popeN KLAivdpov, omwg plexiglass, pvc, axdua Kot

KEPOLULKAL.
2.2 HAektpootatikn ¢poption

>10 TPONYOOUEVO KEPAANIO TOPOLCLAGAUE TO OVO €0 MAEKTPOCTUTIKAOV
YEVVIITPLOV, TIG UNYAVES TPIPTG KOl TIG UNYOVES ETOYMOYNG, OUWOG TPV TPOYDPTCOVLE
etvat ovaykoio vo WANGOLLLE Y1 TO TL aKPPMG EVVOOVLE LE TOV OPO NAEKTPOCTATIKOG
nAekTpiopds. Liyovpa Ol TEPICCOTEPOL E£YOLUE TMEPOAUOTIOTEL HE TOV OTATIKO

NAEKTPIGUO, EYovTag TPIYEL éva UTAAOVL 6 PdAMYT UTAovlo Kol TO €YOLUE OEL vV
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«KoAGew og avtn. Tt cvuPaivel Ouwg Kol EAPViKG TPOGOideETOL QLT 1 KAVOTHTA

OTO UTAAOVL,

['o vo To amoavToovE 0VTO TPETEL VAL LANIGOLLLE Y10l TAL ATOLA, OO TO OTTOla
amoteAobVTOL To TAvTo YOpw poc. To dtopo amoteAohviol GTOV TLPHVO TOVG O
VETPOVILL KOl TPOTOVID, EVAD YOP® OTd TOV TLUPNVO TEPICTPEPOVTOL TO. NAEKTPOHVIN
tov6. Ta Tpmtovia givar OeTikd popTicuéva, To NAEKTPOVIO APVNTIKE, EVED T VETPOVIQ
dev @épovv @optio. ['evikd 1 VAN elvor ovdétepa QopTIGUEVN, onuaivovag OTL Ta
dtopo, ta omoio TNV omoteloVV, Exovv {60 aplBUd TPOTOVIMV Kol NAEKTpoviwy. Av
éva dTopo €xel peyolutepo aplind mpotoviov amd mAektpoviov, T0Te givol OeTikd
(QOPTIGUEVO, EVD OV EYEL TEPLOCOTEPO NAEKTPOVIA glval apvnTikd @optiocpévo. Ta
TPMOTOVIO GTOV TVPTVO TOV ATOUOL OV PUTOPOVV va LeTaANB0bV, 10 ndévo mov propet
vo 0AALGEEL OOTE €Val ATOLO VO OMOKTNGEL OETIKT 1 opvnTIKN @OpTIoN €ivan va doeL 1)

va Aapet nhektpovia. [41]

Y& KAmola VAIKA, To dTopd Toug, £Xouv TNV W10TNT Vo Aopdvouy niekTpdvia
EVKOAOTEPA AO TO va. dlvovv, evd KAmow GAAO TOVG €ivarl €VKOAOTEPO va divouv,
oOtav €pyovtal 6e €MAPN UE KATOo GAAO LVAKO. Me Bdon avthy v WidtTa TOV
VAMKOV £YOVLE KOTAGKEVAGEL TNV TPPONAEKTPIKN GEWPA, KATE TNV 0ol £vol VAIKO TO
omoio divel mo ghkora nAekTpdvia am’ 60Tt AapPdvel Torobeteitan ota OTIKA, EVO Eva

GALo To omoio Aapfdvel o e0KkoAa am’ 0Tt divel Ppioketon oto apvnTiKd. [41]
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Aniline formaldehyde resin 3 Wood
Polyformaldehyde 1.3-1.4 Amber
Polyurethane foam Sealing wax
Ethylcellulose Poly (methyl methacrylate)
Sorbothane Nickel, Copper
Polyamide 11 Sulphur
Polyamide 6,6 Brass, Silver
Melamine formaldehyde Gold
Hair Poly urethane flexible sponge
Oily skin Poly (ethylene terephthalate) (PET)
Dry skin Epoxy resin
Glass Hard rubber
Acrylic, Lucite Poly vinyl butyral
Leather Poly chloro butadiene
Rabbits fur Natural rubber
Asbestos Polyacrylonitrile (PAN)
Quartz Acrylonitrile vinyl chloride
Mica Poly (bisphenol A carbonate)
Lead Poly(vinylidene chloride)
Rock salt (NaCl) Polyolefin
Wool Poly chiroether
Cat's fur Polyvinylidene fluoride (PVDF)
Silk , woven Polystyrene (PS)
Aluminium Orlon
Poly vinyl alcohol Polyethylene (PE)
Poly vinyl acetate Polypropylene (PP)
Paper Silicone
Cellulose Polyimide (Kapton)
Cellulose acetate Polyvinyl chloride (PVC)
Polyethylene glycol adipate FEP
Polydiallyl phthalate Polydimethyl siloxane (PDMS)
Cellulose regenerated sponge . Polytetraflourcethylene (PTFE)
Cotton Silicone rubber

e Steel Ebonite

(contd.)

Synua 44 ITivoxog tpifonlextpiic oeipdg vk [45]

Amo ™ Béom ToVg oTNV TPPONAEKTPIKN GEPAE UTOPOVLE V. KOTOAABOVLE TU
0o copPel av pépovpe oe emaEn 60O PN aydYa LAKE, Toto Ba ydost nAekTpdvio Kot
étol B poptiotel Oetikd, kot oo Bo AaPel nhektpdvia Ko Ba @opTioTel apvnTIKA.
Ooco mo peydin andotacn £xovv peta&h tovg oty celpd 1060 o peydin Ba sivor m
petagopd niektpoviov. Kdmolor axdpa onpavtikol mapdyovieg mov kabopilovv 1o
puéyeboc M 1N OBpKEI TOL QOIVOUEVOL TNG MAEKTPOOTOATIKNG (QOPTIONG &ivon M
vypacia, Ol POTOL GTNV ATHOCEOIPO KOl TO TOCO Aeieg givon ol em@dveleg. Xnv
nePInTOON MOV M OTHOCEOp glvar TOAD VYpPY, TOTE M VYpOoio. KOAVTTEL TNV
EMPAVELD TOV VAIK®OV Kot ap€yel pio 01€€000 YOUNANG avtictoong yo Tn porn Tov
@opTiov. Avth 1 ddpoun emMTPENEL GTOL POoPTiaL Vo Emavacuvoedodv Kot £Tol va

eEovdetepdGoLY TNV avicoppomnio poptiov. Emiong ot pvmotl otnv atpdceopo Exovv
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v 010 emidpaocm wov £xel N vypacic. TELOC 1 OHEAOTNTO TOV DAMKOV £XEL KOl QLTI
EMIOPOON OTNV QOPTIOT, OCO MO AEIEC Ol EMPAVEIEG TOV VAKOV TOL £PYOVTOL GE

emapn t660 o Ko Oa ivar 1 nhektpootatikn eoption. [41]

Ye avtd 10 onuelo kKaAd elvor va Eexabapicovpe OTL 11 MAEKTPOCTOTIKY
@OpTIon €vOC LAIKOD dgv oyetiletarl dueca pe v Tpifn. Me v 1piff] ovolaGTIKA
aVTO TOL TETLYAIVOVUE €Vl VO, PEPOVUE TEPIGGOTEPT] EMPAVELD TOV LVAMK®OV CE
ETOLPT] KO VO, EVIGYVCOVLE TNV NAEKTPOCTUTIKY] POPTION, YOPIG Vo £YEL KATOLL GYEOM

N 0w 1 PPN pe o povouevo. [41]

A@ob oavoldoope TO TU givor M MAEKTPOOTOTIKY QOPTION KOl TOTE
EMTLYYAVETOL KO TTOTE EVIGYVETOL, TALE VO TEPAGOVLE GTNV NAEKTPOGTATIKY] OPTION
0V wavta oty yevwnrpo. Van de Graaff. O xdto kdAwvdpoc, o omoiog &ivor
OVLVOESEUEVOS UE TO NAEKTPIKO HOTEP Kau givar Tvdypévog pe tovia teflon, apyilel va
Kwvet tov avra. O dvtog, o omoiog otV S1KN HoG TEPITTMOOT Eival OTIOYUEVOS ad
akatépyooto oéppa (0AAd Ba pmopovos vo givol Kot amd AGGTYO 1 KOOVTGOVK)
apyiler va poptiletan Betid, evd 0o KOAVOpog apyntikd. Avtd eényeitor gvkora omd
OQLTE 7OV OVOQEEPOUE TPONYOLUEVOS VIOl TNV TMAEKTPOCTOTIKY QOPTION, KOOMG
Brémovpe otL 10 teflon PBpioketor moAd younAd omv tpiponiektpiky celpd, oTO
aPVNTIKA, EVO TO déppa glvar ynAd, ota Betikd. Puoikd o eoptio Tov Wdvto prnopet
va gival apvnTikd Kot Tov KUAIVOPoL BeTikd avaidymg To LAIKG TOL ETAEYOVUE Yiol

KOAWOpo kot dvta. Kot ot 800 mepumtdoelg @oOpTions avta- Kot® KuAivopov

eaivovtol oTic Tapakdte eotoypapicc. [41], [42], [43], [44]

NAAN AAAN
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2y 45 O 500 TepimtdoeLs pOpTIoNS TOV WAVTa, oploTepa opvntiky) kol 010, Oetirny poption. [44]

40



21 ovvéyeln €va YEIOUEVO PETAAAMKO NAeKTpOO0 elvar Tomobetnuévo Kovid
OTOV KAT® KOAWOPO, Ywpic OUmG va akovumdel Tov udvia. Emedn 1o apvntikd
NAEKTPIKO Tedio TOL KVLAIVOpOL glval Mo dvvatd amd aVTO TOL WAVTE, KOODS TO
@opTio 6TOV KOAVOPO EIVOL TIO GLYKEVIPOUEVO, €XEL GOV ATOTEAECUO Vo amwbel Ta
apvnTikd eoptia (MAektpdvia) amd o AKpo TOV NAEKTPOSIOV Kot Vo, A Vel Ta OETIKA.
Eniong 660 mo «putepd» givar tar dkpo Tov NAEKTPodiov 1060 To £viova cupfaivel
TO POLVOLEVO KO Y10l VTO TO AOYO EUElG £XOVUE XPNOYLOTOMGEL TOAVKAWVO KAAMOL0
YL T0 pOLO TOL NAeKTPOdiov. Eva akdpo amotélecia Tov £VTovou NAEKTPIKOD TEdion
7oV OMpovpyeital Heta&d Tov KVAIVOpPOL Kot Tov NAEKTpodiov givar otL aparpel amd
o HOpL TOV OEPA TOL NAEKTPOVIA, WUETATPEMOVTAS TO. GE€ TWAAGHA, TNV TETOPTN
katdotoon g VANG. 'Etot éyovpe and ) pio ta niektpdvia, mTov SuomdoTnKay amd
TOV 0€pa, VO TPOGEAKDOVTOL amd To. AKPA TOL NAEKTPodiov, mov £xel Betcd poptio,
Kot oo v AN To BeTikd gopticpéva popto (to mAdopa) va EAkovtal omd Tov
APVNTIKA QOPTIGUEVO KOAVOPO KOl VO KIVOOVTOL TTPOG OTOV. TNV S10dPOLT, WGTOCO,
YL TOV KOAVOPO GLVOVTAVE TOV UAVTO Kot TPOSKOAAGVE G€ avToOv. Na onpetwdel 6t
TPEMEL VO VILAPYOLY OPKETE GOUATIOW 0EPO DOTE VO AEITOVPYNGEL 1] YEVVITPLO KO

Y10, T0 AOY0 anTo dgv umopel vo Aettovpynoet oto kevo. [41], [42], [43]

O wavrtag, Aowmdv, €yovroc Betikd @optio katevBOVETOL TPOG TOV EMAVE®
KOMVOPO Kot T0 €mdved MAEKTPOSI0, TO 0omoio gival GLUVOEOEUEVO LE TN UETOAAIKN
opaipa. O KOAMVOpog avtdg e avtifeon pe Tov KAt
elval  katookevoopévog ovvnbog  amd  kdmowo
0VOETEPO  PETOAAO, otV Ol poG mepinTmon

alovpivio, kot Bo AdPet v 0o oOpTIoT TOL £XEL O

wavtog, onote Betikn. ‘Etor Ba mapatmpnoovpe éva

- e e e | RO OVTIGTOYO POIVOLEVO LE AVTO TTOV EI50LLE GTOV KATM

T\ VN NI
@Gi ® ? KOAWVOpO, O0AAG  avtioTpoga, OmAadn o Avo
# | F I +| top KOAMVOpOG, BeTikd opTicpuévog, OTmg eimayple, ammbel

+ + + + roller
++ to. OeTikd Qopticuéva dtopa mov Ppickoviol otV
belt

+ * T emPavela Tov avto. Ta dkpa Tov dve nAextpodiov,

TOPAAANAQL, £YOVV  QOPTIOTEL OapPVNTIKA omd TNV
ynuo. 46 H @opuion e uetodlikng
opaipog e Oeticd poptio
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EMIOPOON TOV NAEKTPIKOV TESIOL TOV GV KLAIVOPOVL, KOl GUVETMG EAKOVV TOL BETIKA
QOPTIGUEVO dTopo. 7oL  @evyovv omd Tov dvia. Emiong, oOmwg eidape ko
TPONYOLUEVMG, €xovpe TAAL pion oAANAemidpaocn pe To poOplo Tov 0€po, T Omoin
yivovtor TAdopa, Kot EYovpe To OeTIKA dTopa aépa va EAKoVTaL amd TO0 NAEKTPOSI0
KO TOL 0PVNTIKA VoL YOPVOUVY Tiow otov udvta. To Betikd popTicpévo poptio mov €xel
palevtel 6T0 NAEKTPOSIO EV TEAN PTAVEL GTNV UETAAAIKT CQUipO LEG® KAAMITIOL TOL
oLVOEEL aVTA To SO, OOV KOl ATADVETOL OLOOHOPPA GE OAN TNV EMPAVELL TNC.
Yy ewova mopatnpodue T poptio otov ave kOAvdpo (top roller), niektpddio
(brush), otnv petaAlikn opaipa (collecting sphere) kot Tov wavto (belt). [41], [42],
[43], [44]

Mia tedevtoio moapatipnon eivor 0t av Béhape va ovénoovpe, 1 Kot va
dumlacidoovpe, 10 pedpo Tov Topdyel N YEVVRTPIL Hog TtOTE B UTOpOovGAE Vo
OVTIKOTOGTIGOVE TOV (VM KOALVOPO, 0 0moiog OTmg elmople ivol KOTOGKEVAGIEVOS
Ao 0VOETEPO UETAANOD, e KOAVIPO amd KATO0 LAKO TO omoio Ppicketol oto OeTIKA
omv tpioniektpikn oepd, Omwc yioo moapdaderypa nylon. ‘Etor Oo eixe oav
amotédecpo vo anmbel mepiocotepo Ta BeTikd poption amd TOV AVTO TPOG GTO AVE®

NAEKTPOSI0 Ko €V TEAN va avENGeL To pevpa. [41]
2.2 Mgylotn BewpnTikn Taon

A@o? &idape g Aettovpyel 10 ecmTEPIKO NG YevwnTplag Van de Graaff pbe
n opa vo egetdoovpe TL cvpPaivel katd v Asttovpyia e Onwg simape pe ™
Jldkacion TG NAEKTPOCTATIKNG QOPTIONG TO (OPTIO HECH TOL Ave MAEKTPOdIOL
QTavel otV oeaipa 6mov dwoyéetor e OAo0 10 guPadd e H tdon omyv eEmtepun
eMPAveLNG TG opaipag cvveyilel va av&avetal 060 Agltovpyel To HOTEP €S OTOL
Eapvikd mapayfel pilo omiBo, coav pikpn aotpomy], Kou UEPOS NG POPTIONG
aropoptiotel otov aépa. H yevwirpua Bo mapdéetl oniBa av kdmolog 1 kTt aydyipo
TANGAGEL KOVTA TG DOTE v AAPel avtog 1 avtd pépog g eoptiong. H dwdikacia

avtn Ba cvveyilel va copPaivel 660 o kivnehipag doviegdet. [43]

H péyiot Beopntikn tdon mov prnopet va Tdcoel 0 GROPIKOS TUKVWOTIG, OTMG
delyvel kan To Gvopd g etvon 1 téon mov Bo LITopovSE Vo «KPATHCEY N GPAipa TPV
enélBel ddomacn o€ €vo WaVIKO, Un TPoyHotiko, oeviplo. H péyiom Bempnrikn
Tdomn, Aowmdv, givar cuvapmnon G UEYIOTNG TESOKNG £VIaonS Oldomacng TOv

povetikov pécov Eop kot tng dimAekTpikng 6tafepds Tov HEGOL, TOV GTNV TEPITTMON
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pag eivat o aépog kot dpa Ty Bempovpe ion pe ot ToL Kevow, dpa gy = 107°/36m
F/m. T xavovikég cuvOnkeg migong kot Ogppokpaciog 1 uéylotn medaky €vioon
dibomaong pmopel va Bewpnbei 6TL 1oovTan Tepinov pe 3 MV/m. Apa propodpe va

VTOAOYICOVE TN UEYIOTN TIUN OC EENG:
To niektpd medio E opaipag aktivag r divetotr amd tov tomo:
E = Q/(4mgor?) (2.1)
H yopntwomta piog povouévng ceaipog axtivag r divetal amd Tov TOmo:
C = 4meyr (2.2)
o omoiog yia I = 0,1 m yiveron: C = 11 pF

o opaipa aktivag r = 0,1 m ypnoponowdvrag tov tomo (2.1) xor tov tomo Q = CV

YL T0 POPTio, TO NAEKTPIKO medio yiveTat:

E= e V/r(2.3)
Apa cvvemdyeTol:
V =Er (2.4)

Ko po.  péytotn évroon sivon Vg, = (3 X 108 % 0,1) = 300.000 Volts

[Mapatnpodpue 6tL M péytom thon e€optdror HOVo amd TNV OKTIVOL TOL CEOPIKOV

TUKVOTN.
Me avt) TV T 6oV YVOUOVO, LTOPOVLE VO, VTOAOYICOVLE Ko TIG EENG TIEG:

M¢é£yioto Qoptio:

OQmax = CVinax = 3,3 leC (2-5)

MéyioTo pevua:

I = gyEmaxbv (2.6)
6mov b = to mAdtog Tov wavte =3 cm=0,03 m
V =1 TO(VTNTO TOV HAVTA

v=(n/60) * 7z *d (2.7)
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6mov d 1 dudpeTpog Tov KLAiIvdpov= 0,026M kot N ot 6TPoPES Tov Kivnpo= 2800

rpm
ipa v = (22) £ 0,026 ~ 3,81 m/s

Kot oVVENDG [ = 9Epa bV = 3,03 pA

H péyiom evépyeia mov pmopel vo moapaéet n yevvitpia Van de Graaff peosod g

amo@optiong divetor amd tov THmo:

E =0.5CV?(2.8)
Tn yopnrikdomnta C kot v péytom 1aon Vmax ta £yovpe vroroyioet, dpa: E = 0,5 J
2.3 Taon Aettoupyiag

Mo vo Ppodue v tdon Aswtovpyiag g yevvitpuwg Van de Graaff 6o
Eekvnoovpe and Tov 1avto. Osmpodue HOVOUEVO 1dvTa TAGTOVG b pe empovelokn
TUKVOTNTO POPTIOV G, 0 omoiog Ppioketal péca pe nAektpikd medio E(X) peta&d dvo

NAeKTPOSiV pe amdoTaoN S, OTWS PAIVETAL GTO TAPAKATW GYT|LLOL.

2ynuo. 46 O povewuévog wavtag mhatovg b pe empoveloxy mokvotnro poptiov 6, o omoiog fpioketor uéoo e
nlextpiko meoio E(X) petald ovo nlexpodiwv ue andoroon S

[391

To poptio Tov £yel Eva Tunpo Tov wdvto dx givol:
dq =0 *b+dx (2.9)
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H 60voun mov aokeital Tdve otov avta stvat:
F=[ dF =[ E(x)dqg=0x*b[ E(x)dx (2.10)

Av o dvtag kwveitan pe otabepr| tayvtnta v=dx/dt evavtia ovthg g dHvoung tote M
ATOPOATNTI UNYOVIKY dvvaun givat:
X
P=Fxv=0xb*v [ E(x)dx(2.11)
E¢’ 6cov:
dq

=%

dt=a*b*v(2.12)

KOl
V = [, E(x)dx (2.13)

[Ipoxvmter Ot1 M punyaviky oxvg vy v kivnon tov wavta stvor ion pe v

niektpikn oyd €6dov VI.

Emedn n téon ota dxpa Tov dvta dev avgavel anepldopiota, aAAd vdpyel dStoppon
®¢ mPog TN YN mov axkolovbel Tov vopo tov Ohm (avtictoon wavio R) kot 6mmg
nepeypdonke amd ™ oyéon (2.12), mpokvmtetl 4t 1) Tdon 6T dKpa TNG YeEVVITPLaS Ha

etvau:
V=I1I*R=0xbxv*R(2.14)
OOV G = 1 EMPAVELNKT] TUKVOTNTO POPTIOV GTOV IUAVTO
V =1 TO(VLTNTO TOV HAVTA
b = 1o m\dtog Tov avTo
R = avtioctaon dwappong
[39]

Ag voloyicovpe TP £va £va TOVG OPOVG TOV YIVOUEVOL. EEKIVALE OO TOV
T €0KOAO Opo, 0 omoiog eival TO TAATOG TOL 1WdvTo kol To yvopilovue €§

OYESOGLOV:

b=0,03m
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H avtictaon dwappong R pmopel va vroroyiotel pe tov €€Ng 1pomO. Apyikd
gyovue 0Tt M €0k aywywdra p tov plexiglass 1 Poly Methyl Methacrylate
(PMMA) wopaivetar amd 1022 soc 107 | éto1 pmopodpe vo mdpovpe pio péon Tiun
ota 10% Q m, n onoia kobiotd T0 plexiglass modd kakd povety. H eéotepicn axtiva
TOV KLAIVOpOVL givar 7 ¢m, to mdyoc Tov 0,3 cm Kot to prkog tov 50 cm. H avrtictaon

otvetol amo tov TOTO:

0,5

e A 16
(0,07%2-0,0642) 1,98 * 10*° Q

R=ps=10"x

6mov | 10 pnKog Tov KLAIVOPOL Kot A 1 EMPAVELD. TOL OLOPPEOLY TA PEVLATA
dwappons. To pevua DC Swappéet OAn v emeavela Tov KVAIVOpoL og avtifeon pe to

AC, 6710 01010 15YVEL TO EMIEPLUKO POIVOUEVO.

H taydmra tov pdvta 6mmg v érovpe vmoloyicel oty (2.7) givor v = 3,81
m/s .

Ooco apopd TV EMPAVELNKT] TUKVOTNTA GTOV UAVTA, OEV UTOPOVLE VO TNV
vrohoyicovpe axpifdg. Mrmopovpe ®wotdco va mdpovpe pio TR ™S TAEEMG TOL
5*10t C/m?n omoia sivon avapesa oto 10720 kar 107 kou avramokpiveTar ota vAKE

T Omoio, £pyovtal o€ EmaPy, oSNAadn to akatépyacto dépua ko to Teflon. Mg avty

NV T UTOPOVLE VO VITOAOYicovpEe TNV Téon amd v (2,14): [50], [51]

V =0,03m* 1,98 * 101°2 * 3,81m/s * 5 * 10711 C/m? = 113157V
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Kedpaialo 3- Kataokeun:

Y10 ke@AAoto ovtd Bo aoyoAnbovpe AETTOUEPDOG WE TNV KOTOOKELN TNG
yvevwntplag Van de Graaff. Apywd 0o mapovoidcovpe to kKobéva amd o Koplo pépn
™G YEVWITPLOG Kol otV GuvEyela Ba mpoympnicovpe otnv cuvappordynon tme. H
KOTOOKELT EVEYEL KAMOlo, onueio. ota omoia 0 €mid0E0G KATOOKEVOGTNG TPEMEL VOl
dMGEL 1010iTEPT TPOGOYN MOTE VAL SICPAAIGEL TNV 60T Agttovpyia Tc. Ta onueia
oto onoia mpémel vo TpocEovpe Ba avaivBovv oty cuvéyela. BéPata ektodg amd Ta
Baocwd pépn ypnopwomomoope kot pion TAnOodpo amd pikpd vVAkd Ommg Pidec,
oo, kAn. Ilpwv mpoywpricovpe Opmg oty Katackevn Oa yivel avapopd oTig

Baoikég apyés acpareiog.
3.1 Baoikeg apxeg aopaieiag

Evd, 6nog éxovpe avapépet, 1 yevwntplo Van de Graaff mapdyet Aiyo niextpikd
pevpa, avTd oL TPEMEL va. evvomnBel etval Twg dev TpokeLTon Yo Eva moryvidl. Apyikd
va Eekwvnoovpe Aéyovtog OTL TN yevvnple Bo mpémer va v yepiletor pudvo
€EEOIKEVUEVO TTPOCMOTIKO HE XPNON TPOCTATELTIKOV €COTAIGHOD OT®G YavTioL Ko
yood. IMopokdto moapabétovpe pepwods Kavoves ac@oAeiog mov TPEMEL Vo

TpovVTUL Atd OAOVG:

o Atopo pe kopdloKd mpoPAfuoato Kot dtopo e Pnuoatoddtn 1N GAA
NAEKTPOVIKE 10TPIKA EEQPTNLLATO aToryopevETOL VO YEWPilovTal TV YEVViTPIO )
VoL TNV TANGLACOoVV.

¢  Oocot emBopovv va TopakoAovVONGovLY TV EOPTIOT| TNG YEVVITPLAG Ol Tpémet
Vo Kpatovv amoctaon acpoieiog mepimov 1,5 pétpa and avty. Ocot
nAnocidoovy 1 épBovv oe emaP pe TV YEVWITpLo TPEmeL va PePormbBoldv Ot
EYOUV APALPECEL OTIONTTOTE PETOAMKO amd endve Tovg. Emiong mpotipdron va
ayyiCovpe ™ oeaipa pe 10 0e&l xEpL, OOTE TO PEVUA EKPOPTIONG VAL TEPVAEL
0G0 TO OLVATOV TTO PAKPLYL ATTd TV KOPOd.

e H ypnon g yevwtplog dev mpémet va yivetan og vypo mepPAiiov 1 Kovtd og

vepo KoBMOS pmopet va TpokAnBovv axkoHoleg eKQopTicELs.
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ATOUOKPOVOVUE OTIONTOTE MAEKTPOVIKO KOVTA amd TNV YEVVATPLO, OTWG
VIOAOYIOTES, POAOYL, KIVNTO KoOMG T LYNAG VOIt Kotd TIG EKKEVMOGELG
Umopel VoL To, KATOGTPEYOLV.

Awbétovpe TAVTOL KOVTE otV YeVWhTpLoL €va YELOUEVO KOAMOO0 TO OmOoio
YPNOWOTOOVLE YO VO OTOQOPTICOVUE TNV  YEVVNTIPL TPV TNV
OKOVUTNGOVLLE.

Av Kdmo10g BELEL VAL OKOVUTINGEL TNV YEVVITPLL TTPETEL VAL TOTAEL GE LOVOUEVT|
TAOTOOPUO, OTI®G £Va TAOCTIKO GKOUTO, KOl 1) EKQOPTICY| TOV TPEMEL VoL Yivel
pe apyod Kot ereyyouevo tpomo. Exoviag kieioet v YEVVNTPLOL OKOVUTALE TO
«POPTIGUEVO» dTopo pe €va pakpd EOAo yia 15-30 devtepdienta g OTOL
ekQopTIoTEL. AEV YPNOIUOTOLOVUE TO YEIWUEVO KOADOO KaBMG 1 amopdpTion

Oa yivel otrypuaio Kot Bo VidoeL £vTovo T0 GOK.

[42], [46]

3.2 lNapouciaon Twv VAIKKWYV TNE YEVVNTPLAG

Y ovtd 10 onueio Ba mopovcidoovpe OAa T VAKG To  omoio

YPNOLOTOMCOUE Yo TNV KOTOoKELT ¢ yevvntpog Van de Graaff poli pe to

avtioToro POTOYPAPIKO VAKO. Tlpv Eekiviicovpe Ba MBeia va avaeépm 6Tt OAN 1

Katookevn Paciomnke yOpw amd ™ UETOAMKN c@aipa Kol TNV OAUETPO TNG OTNG,

kabmg givor to Mo 0VoKOAO KOUUATL ¢ Tpog TtV gvpeon. Emopévag av kamolog

BeANoEL VO KATOOKEVAGEL TNV O1KIAL TOL YEVVITPLO Kot Bpel coaipo pe peyolvtepn

071, LTO GLGTIVETOL.

MetoAMidg  TUKVOTNG:  XPNOLUOTOUCOLE

&va. GOOPIKO aVOEEIOMTO UETOAMKO TUKVOTY, TOV
omoio mopoyyeilope omd Site tov eEmTEPKOD,
dwpétpov 20cm o omoiog @Epel omn SWUETPOL

7,2cm kopupévn pe Aéilep.

2ynuo 47 H petallikn opaipa
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Sy 49 To dayrvrior ard plexiglass mov
KOAANOGUE Y10, VO OTEPEDVETOL 1] GPAIPO,

Zynuo. 48 H otily
plexiglass

Iudvrac: EmiéEape (ovn
and axkatépyacto dépua {dov, v
omoio ayopAcaLE Omd KOTAGTNHLO
depuatav, kabng dnwg deifape
OTOV VoK NAEKTPOPVNTIKOTNTAG,
eoptiletor TOAD e0KOAQL.

KoMmnoape ta 600 dxpa g {dvng

Movouévn GTNAN

ompitng: Emélope  om)in
ompiéng amod plexiglass Hyovg
50cm n omoia eved mapdAANAa
TPOCPEPEL  LUOVOOT], EMTPEMEL
610 v BAETOVUE TO UNYOVIGUO
kivnonc. To mdyog 1ng elvan
0,3cm k. 1n  eEotepkn

dwpetpdg g 7cm. Xto embvo

LEPOG TNG TPOGOPLOGOUE Eva «dayTuAidy and plexiglass mote va
epapuoler n omn ™G ogaipag. Ayopdotnke Kot emeSopydoTnke

a6 tomikd epyactnpt eneéepyaciog plexiglass.

ue BSVClVéKO?\}u(X MOTE VU 'YiVSl éV(l(; 2o 50 H depudrivy {eovy mpiv tny koAlioovue

KAELOTOG UAVTOG KOl AELAVOLE [LE

YOOAOYOPTO TO GNUELD TNG EVEOONC.

Zynua 51 O kbdlivopog mov  Eyovue 49
wlier pe teflon

KoMvdpou:

KOAMVOpOV — KOYOUE KOUUATIOL OO  GUUTOYT|

@ v «xotackev  teV

4

KOAMVOpO aAovuviov, To omoion GTAAOMKOV G©E
TOTIKO UNyavovpyeio, To omoio d1€0ete Tdpvo, MOTE
Vo Tépovv TV Hope1 KapovAlo ov {nrovcape. Ot

Vo KVAwvdpor dbétovv Tig 1d1eg dwnotdoels, 4,5



cm pnkog (4,1 cm o kVPLog KOAVOPOGS Y®PIg Ta TANIVA oTnpiypata) Kot 3CM SIUETPO

(2,6 cm o KVplog KOAWVOPOG YWpPiG Ta TAIVG otnpiypoTa), evd Egovv d&ova 8mm

dwapétpov. O kdtw KOAVIpog elvan ToAryuévog pe tawvior Teflon (éxovpe onuadéyet

™V eOpPAa Le TNV omoia TO TVAMEANE, DGTE 1| TEPIGTPOPN TOL HAVTA VO YiveTan omd TV

avamodn Kot vo, unv to EeTuAiyeTan).

Baoeig ompieng: T'a mv ompiEn mg OANG e

KOTAGKELNG ypnoiponomoope 600 Paocelg. H mpd
etvar EOAvN Pappévn pe Aaka, AGTE Vo, TPOCOEPETAL
N KATOAANAN pévoon, kot glvar n Kevipikn Pdon
névo oty omoia Ba opyBel 6Aog o unyoviopods. H

dgutepn  elvar Ko

avt]  EOAVN  aAAG

T ™m Qopa

Boppévn pe proiivn

| vmooTnpIKTiK Pdon,

m—

Kot siva N Zyjua 52 H emave faon otipiéng

n omoia otnpilel T GTHAN GTNPIENG KO TNG EMITPETEL

Syt 53 H sipia (éaw) faon otipicne VO avePoxatefoaivet, ovtog dote va pvOuiletor o

Vyoc.

Kuwnmpag: XpNoYomomcaue éva
KINTNpa ond ToV aveEHGTHPO YOENG OVTOKIVITOV.
Agrtovpyet pe pmoatapio 12V ko amodider 2800
rpm. Xvvictoton 1 €mA0YY €VOG HOTEP VD TOV
1000 rpm mote vo £yl TNV POTN VO EKKIVIGEL TNV
kotackevy. Télog ovvdéoape €va  Sakdm
ON/OFF peta&d g upmatapiog kot Tov potép
(MOTE VO TO OvOolyokAEivovpe amd kel mo e0KoA,
xopic va yperdleton vo, amocvvosovpe Kabe opd

-

v urotapio.
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P e o e
ypnowonomoape givor  onelpotol  pe
dwapetpo 8mm. O emdveo afovag £€xet

m unko¢ 13cm kot o kbt a&ovag 34cm.

Zyiua 55 O exave dlovag and whaoticd EmiléEape va YPTOULOTOI|COVUE
TAOGTIKO emdve GEova, kabmg Ppioketal

o€ KOVTIVI] amdotoon amd T ceaipa kot Bélape va eipoote ciyovpot 0Tt dev Oa

VILAPYOLY VILEPTNONGELG.

R T A

5 0

ovvoEdEIEVOG oTO HOTEP. To  Zxiue 57 To povieudy tomov pillow block

Zynuo 56 O karw aéovog

Poviepav:  Zvvoéoape 3
povAepdv otov kdtm d&ova, o omoiog

QEPEL TOV KAT® KOLAWVOPO Kot givort

poviepdv givon tomov pillow block pe
d&ova 8mm kol eEmtepKn SAUETPO
28,5mm.

HAextpddw: T miektpodowa
eMALEQUE YOAKIVOL AETTTOL GUPLLOTO OTTO

TOAOKA®MVO  KOADOO, o©TO  omolo

dwcape 10 oyfua g xtévag. Eyovv

13\|[0C_, 3cm 1o emdvm Kol 2CM 1o KAT®, Zxiua 58 To niekmpddio amd pikpd Kaiboia, wov ovg
EYOVUE ODTEL TO TYNUO THS YTEVOS
eV 10 TAGTOC TOLG efvor  2cm.
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Xpnooromoape Aentd cHpUOTO KOOMS 1 AVOUOL0YEVELD TOV TEDIOV OTIG AKPES TOVG

elvar peydan kot €1t to eatvopevo Corona epeaviCeton oe peyolutepo Paduo.

Avtantopac: XpNGLOTOM|GapE
€VOL OVTATTOPO Y10l VO GUVOEGOVUE TO
HOTEP pe ToV KATm dEova. O aviantopog
avtOG ovvdéel 6mm, mov eivor 1
dugpetpog tov GEova mov  PEPEL TO
potép, pe 8Mm mov givar 0 KEVTPIKOG

pog a&ovag.

2ynuo. 60  Mropva. oty omoia
OVVOEETOL TO KAAWOL0 YEIWONS

owtpes: EmidéEape
o000  COIKTNPES  MOTE  Va
oLYKPOTOVUV TN OTAAN otabepn|
ndveo ot Pdon katd TV
Aertovpyion g yevwhrplag. Ot
OLYKEKPIUEVOL COIKTNPES ¥

xpnoorolovvar oty oTpPin

2o 59 O avidmropag mov GOVOEEL TO UOTEP LE TOV
Kkatw acova

Mnépva: Tw v odvdeon 1oV  KAT®
niektpodiov pe v  yelwon mpocBécaue otV
KoTaokeLn pio umdpva . XTnv vIodoy| TG GLVOEETOL

TO KOAMI10 TNG YelmoNg.

G(D)\fﬁ\/(})\/ (PUGIKOI’) GEPfOU KO Sysiua 61 H opoxtipeg mov ovykpatobv ) oty
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OBéTovy 010 E0MTEPIKO EMEVOLON OO KOOLTGOVK, Kol £TGL 0EV OKOVUTAEL TO

uetadAikd pépog otn otnin plexiglass.

To vmdéhowma pkpd vikd: Eedcov avoivcape to Pacwed pépn g

KOTOUOKELVNG G€ ovTO T0 onueio mapabétovpe pepkd amd To SAPOPO VAIKE TOL
YPNOUOTOMNCAUE, OTMOG Spopwv €100V Pidec, malyddia (kavovikd, Hod Kot
ac@areiog), yoviég, tavio teflon, kalddia Yo TNV cVVEEGHOAOYIO TOV HOTEP HE TNV
umatopio, allen, Teépki, podéreg HeTAAAKEG, OTTMG Kot 600 PodéAES amd KOOVTGOVK.
I'evikd mpoomadnoape ta mePIGGOTEPO OO TO. VAIKE OTw¢ To Tadiudadia, tig Bideg Kot
TOVG GEOVES, VA TA TAPOLLLE OALUETPOL MM, OGTE VAL Hog ival o EDKOAN | GLAAOYN

KOl GUVAPLOAOYNON.

3.3 ZuvappoAoynon

Y10 onueio avtd PTAcapE 6T cVVAPUOAdYNoN TG Yevviitplag Van de Graaff.
Xt0 kepdlowo avtd Oa mpoomabcovUE VO KOADWOLLUE, HECH (QOTOYPUPLDV KOl
KOTAAANANG emeENynong, Oho to Prjlate mov eKTEAEGOUE DGTE Vo OTIAEOVUE pio
YEVWITPLO. TTOV AEITOVPYEL OMPOPANUATIOTO KOt TaPAyEL OGO TO dUVATOV HEYUADTEP

Tdon.
1° pépog: H Baon

Hekwvdpe and tig Paoeic e xoataokevng. Tpumnoape v kdto Pdon ot
onpeia wov Ba Prddvovtav ta Koppdtio g viilag, mov ypnoedovy oty otNpign
Kot puBuion tov Vyovg g dve Pdomng, ypnowomoidvtag tpumavi. To 1d10
emavordPape oty aveo Pdom. Xtnv ocvvéyewn avoifaue tpoma peyébovg 7cm, pe
YPNOT TOTNPOTPVUTAVOV, GTNV TAV® Pdor, 660 dnAadn eivor 1 S1EUETPOg TOV COAN VA
plexiglass. Téhog mpocbéoape évo axdua VAo kdbeto oty endvm Pdon, oto omoio
Bidmoav o1 6EIKTNPES TOV GLYKPATOVV TV oTHAN plexiglass kot to otepedoaye pe

YOVIEG.
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2ynue 62 H éve Baon pe v oty plexiglass kor tovg apurtipes vo. tyy ovykpatoty

INo mv évoon g kbt pe v mhveo PAcn YPNOLLOTOMGOUE, OTMG
avagépape, Koppdrtia pog vrifoc yoABavilé and atcdi. Koyape Aowmov v viila
tov 1M o¢ 1éc0¢epa ica péPT, maipvovrog Koppdtie tov 25cm. To koppdtio ovtd
oV ovvéyew to tomobeTnoaue ot Tpimeg mov elyaue avoifer ot Pdoeic.
Xpnotiporomoope Ta&yddto ac@oieiog 6To KATO UEPOS MOTE VO EILAGTE Glyovupol
ot dev Ba EePfdmoel, evd oto emdve puépoc Parape mTalipndolo TOTOL TETOAOVIOC,

®oTe va givol o €OKOAN M TEPLGTPOPT) TOLS OTAV YPEELETOL VO TPOGOPUOGOVE TO

vyog g Pdong.
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Zynua 63 H abvoeon tg avo pe v katw Paon we t ypRon twv UETOLMKOY vTi{oy

2° pépog: H otiidn otipiéng

Tpuomioaue ™ othin plexiglass oto endve péPoc g KAVOVTAC TG TpOTES
dwpétpov 8mm, and T omoieg B mepvael o emdve dEovag. Efvar onpoavtikd va

ava@épovpe 0Tl ypnowomombnke tpumavt eWdwd yio plexiglass, kabdc éva
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OTMOL0ONTOTE TPLTAVL UTOPEl VO payisEL TO DAIKO. XTr GUVEXELD KOYaUE Eva LIKPO
Koppdrtt amd GAho coirva plexiglass ecwtepikng dopétpov 7¢cm o omoiog epapudlet
070 €EMTEPIKO TNG GTAANG HOG Kot TOV KoOAAoape pe emo&ikn pntivn. [ldve oe ovtod
TO KOUWATL apudlel | on TG HETOAAKNG o@aipag. OAOKANPOVOVTAG TIC EPYACiES

OTN GTHAN TNV KTEPAGOLEN HECH ATO TNV TPUTA TG Gve PAoNg Kot 6T GLVEXELD TV

OTEPEMOOALLE LLE T YPT|ON TOV GPIKTNP®V, TOVS 0Toiovg Podacaye oto kdbeto EvAo.

Zynuo. 64 H otiln otpilng pe my poma mov Eyovue kaver atov ave alova kai To d0oyTvAIOl TOL EYoviE
TPOTaPUOTEL YLa. TV TTHPICT THS TPAIPOS

3° pépog: O dvrag

Metpricape kol KOWOUE TOV OEPUATIVO 1UAVTO OTO UNKOG 7oL O&lape
(108cm). Xmv opyn evocoue To GKpo PABOVTAC TO, OUMG SUMICTOCOUUE TOG M
peyaAn avopotopopeio 6to Hyog g (dvng mov dnpovpyndnke cto onpeio giye oav
ATOTEAEGLO O UAVTOG METE amd Alyn dpa TEPLOTPOPNS va Pyaivel amd Tov KOAVSPO.
‘Etot avtd mov KAvope Kol GUVIGTOOUE Kol GE OMOOV €MIO0L0 KOTAGKELOOTN Vo
axoAovOnoet givat va koAAncetl v {ovn pe BeviivoxoAidro. ‘Eva axdpa pripa ntav va
&vooupe Ta dipa g Ldvng mov o KOAAGyoE LETAED TOVS HE EVOL YLOAOYAPTO, OVTOGC

®ote vo petmbel Kt dALo 1 Stopopd VYovg 6To oNpEio TG EVEOOTC.

4° népog: Ot d&oveg

Yvvapporoynoape tpmta Tov dve acova. Tlepacape yo apyn tov aova péoa
and v pio tpoma g otAng plexiglass kot votepa Tov PdAape pe T cePd o
POdELD KOOVTOOVK (DOTE VO NV aKOLUTAEL 0 KOAVIpog oto plexiglass), pia podéra
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HETOAALKY] KOl GTT) GUVEYELD TOV KOAIVOPO. XTO ONUElo anTd TEPAGALE KOl TOV TUAVTO
Kol TEAEIOOOUE PE pio podéAO UETOAMKY Kol TV GAAN podéia Kaovtoovk. O
KOMVOPOG pog BéAovpe va meplotpépetar ehevBepa Kot YU’ ovtd 10 AdYo PdAape povo
podérec kat Oyt maipdote. ‘Etol oAoKANpOoApE TO, VAIKGO TOV UTOIVOLV GTOV TOV®
d&ova Kot Epeve HOVO Vo KOWYOLHE OVO KOUUATION KOOVTCOVK Kot ovTd pall pe dvo

TAQGTIKA TOELAOL0 VO T BLODMGOVUE GTO EEMTEPIKO TOL AEOVOL.

2ynua 65 O avew alovog 1ol e tov KOAIVOPO Kal TOV IUAVTO. TEPOTLUEVO

Y oUTO TO KOUUATL PTACAUE GTNV GUVAPUOAOGYNON TOL KAT® AEova, OUmG
TP amd ovTnV givarl TOAD onuavtikd va gipacte ciyovpor 6Tl ot 6v0 GEoveg gival
oV 1010 gvbein, MOTE Vo TEPIOTPEPETAL COGTA O UAVTOS KOl Vo unv Pyaivel omd
ToVg KLAIVOpovg. Otav otyovpevtikope yw v 0éom tov kTt afova, TNV
ONUEIDGOUE PE €V LOAVPL kol Tave otnv gubeia avt Prdmdoape Tic EVAves BAcelg
pe ta povAepdv. Etvar onpaviikd va avoaeépovpe 0tL oty apyn eiyope tonobetnost
Vo poviepdy atov dEova, £va otV apyn Kot £vo KOVTA GTOV KIVNTHPO, OUMGC, ETELN

0 Gfovhg pog eivor oapketd peYAAOG, OOMICTOGOUE KATA TNV Agrtovpyia Oti
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TOAoVTELOTOV 0€ peYdAo Pabud pe amotédeocua va Pyalel petd amd Alyn dpa tov
Wavta amd Tovg KLAVOpPOLS Kot yio To Adyo avtd mpochicape £va Tpito povAepdy
oV HEON TOL. XNV oLVEXElL Aomdv mepdoape Tov AEovo PEGO amd TO TPMTO
povAepdy kat Bddoape 6e avTdV e oelpd Eva Taliddt, pio podéda kat Eva YKkpoPep
Kol VOTEPO. TOV KUAWVOPO, TOV OTO10 TPOMNYOLUEVMDG TOV eiyope TUAIEEL pe Touvia
Teflon, kot petd mah avtiotorya ykpoPep, podéia kat maipadt. Ta d0o ma&iuddio ta
o@ifape KoOAG pe T XPNoN YOAMK®OV KAEWIOV KaOOG 0 KOAVOIPOG anTdg BEAovpe va
neplotpépetor poli pe tov aova katl va unv eivar eAevBepoc onwg o emdve. Téhog

TEPAGALE TOV UAVIO OTOV KVAWVOpo Kot OAo poll petd péca omd to GAla 0o

povAepdy.

2ynpe 66 To povlieudy Proouéva pe tig fooeis tovg

!F | QLT . h“' |
20 Ak

Zynua 67 O kdrw alovag pali e tov KOAvOpo Kai TEPOTUEVO TOV ILAVTA,

5% pépog: Kwvnmpog

2TEPEMOUNE TOV KIVITNPO YPNOLOTOIOVTAG 2 YOVIES, TIG omoieg Podoape

omv Baon. ['a meportépw otPIEN YPNOLOTOMGALE VO TGEPKL, TO OTOI0 TEPACOLE
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TOVO amd Tov Kvntipa kot Bdocape pe v oepd tov oty EOAvn Pdaon. o v
€VOOT TOL KWWNTNPA HE TOV AEOVO TOL KAT® KULAIVOPOL YPNGULOTOMCOUE &V
oLVOEGHO aEOV@V, TOV EVAOVEL To. 6MM tov dEova Tov KVNTPa HE To. MM Tov
KOprov d&ova. O kwvnipag pag Aettovpyet pe de téon 12V kan €xel dvo ToydnTec.
Epeig ypnowonomooape v vynin taydrta tov 2800 rpm. Télog cvvoéosape Eva

kovuri ON/OFF otov kivnmipo kot Tpocapprocape 300 aKPOSEKTEG OTO GKPO TOV

KOAW®SI®MV TOV OGTE Vo, €ival 1o EDKOAN 1] GOVIEST] TOV GTNV UTOTOPI.

2ynuo. 68 O KIviTipog OTEPEWUEVOS LUE TO TTEPKL KOl TIS YWOVIES

2ynue 69 To kovuri ON/OFF tov kivitiipa.
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6° pépoc: Hiektpodia

Koyape ovo woppdrtic omd TOAMKA®VO KOAMOO YoAkoD Kol  TO
TPOTOTOMGOLE KOTAAANAO MOTE Vo, TAPOLV TO GYNUO YTEVOS. XTI GLVEXEWL TO
nepdoape o€ yovipd ybAkwvo ovppa. To kbt MAEKTPOSI0 TO CLVOEGOUE HE TN
umopva, v omoio ot cvvéyxewn yewwooape. To mhve MAekTpdd10 akovUTdEL TO
€0mTEPIKO TG opaipag. Kat ta 600 niektpddia To gépae KOvid oTov udvta, yopig

OLL®G VO OKOVUTTOVV.

A

L Qhvommrtomtonmmaon

Zynuo. 71 To kdrw nlektpddio
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Téhog TomoBenoape TNV QAP KOl £TGL OAOKANPOGULE TNV KATOCKELT TNG

yvevwnpiag Van de Graaff.

2ynuo. 72 H yevwijpia Van de Graaff olordnpwuévy
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Kedpaiaio 4: Metpnoelg

4.1 MEtpnon pe xpnon Jetpntr vPnAwy Tacewv

Metpnoape v tdomn ¢ yevvitplog Van de Graaff cuvdéovtog oe cepd éva
HETPNT LVYNAGV Thoemv g etaupiag Brandenburg (Model 149-04), o omoiog
Kotaypagetl thoeig péypt 20 KV. Eidape 611 uodhg oe Aiya devtepOrenta 1 TlOM
Eenépace 1o 0pro Tov 20KV. MdahMota cuvdécape Kot £va TOALOYPEPO, O OTO10G OGC
delyver v evbeia ypapun mov dwypapst to DC peduo, o pukpég actdbeiec oty

gvbeio opeilovtal o€ SLAKVUAVGELS GTNVY TAXVTNTA TEPIGTPOPNS TOV UAVTAL.

2ynua 14 H évoeiln otav n taon Cenépaoce to. 20KV
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BW Limit

On Off

Volts/Div
Coarse

[
[ 2] max{mum @D Pos Width
Maximum @D Rise Time

[(prioges ———ee—

Zxrj,ua‘75 H é_\;iszé‘n a_‘rov TOAUOYPaPO
4.2 MEtpnon pe facn To PNKog Tou otvonpa

"Evag dAAog TpdmOg oL YPNGIUOTTOLEITAL Y10 TNV HETPNON TNG TACNG TNG YEVVITPLOG
etvon to sphere gap method, xatd to onoio eépvovue kovtd g pia yeltwpuévn cpaipa
Kot vroAoyilovpe v tdomn pe Pdon 10 unKog tov omvOnpa mov mopdyetor. O
axolovbog Tivakag pog deiyvel e TYWEG 6€ TAOM Kol UKOG oTvOnpa avaAoyo e T
SIAUETPO TOV GPALPDV, GE KOVOVIKEG cLVONKES VYpaciag kKot Ogppokpacioc. [48]

Maximum spark length [cm| between spherical electrodes in
dry air at normal conditions.

Upeak diameter [em Upeak diameter [cm)]

kv]| 25| 5| 10| 25| needle || [kV]| 50| 75| 100
5013015015016 | 042 140[5.15

10027 [ 029030 [ 032 | 085 160|595

15042 [ 044 | 0.46 | 048 | 130 || 200 | 7.60 | 7.50 | 7.50
20 | 058 | 0.60 [ 0.62 | 0.64 | 175 || 240 | 9.20 | 9.10

25 0.76 | 0.77 | 0.78 | 0.81 2.20 250 9.55
30 | 0.95 | 094 | 0.95 | 0.98 2.69 260 9.95
35 (117|112 | 1.12 | 1.15 2.69 300 [ 11.8 | 11.6 | 11.5
40 | 141|130 | 1.29 | 1.32 3.81 340 | 13.7 | 13.2
45| 1.68 | 1.50 | 1.47 | 1.49 4.49 350 13.5
50 | 2.00 | 1.71 | 1.65 | 1.66 5.20 360 | 14.7 | 14.1
60 | 2.82 | 2.17 | 2.02 | 2.01 6.81 400 | 16.8 | 15.9 | 15.5
70 [ 4.05 | 2.68 | 2.42 | 2.37 8.81 440 [ 19.2 | 17.9

—
=
o

80 3.26 | 2.84 | 2.74 114 450 177
90 394 | 3.28 | 3.11 13.3 460 | 20.6 | 18.9
100 4.77 | 3.75 | 3.49 15.5 500 | 23.6 | 20.9 | 19.9
110 5791 4.25 | 3.88 17.7 540 | 26.8 | 23.1
120 7.07 | 4.78 | 4.28 19.8 550 22.2
130 5.35 | 4.69 22.0 560 | 28.5 | 24.2
140 5.97 | 5.10 24.1 600 | 33.0 | 26.7 | 24.7
150 6.64 | 5.52 26.1 640 29.3
160 7.37 | 5.95 28.1 650 27.3
170 8.16 | 6.39 30.1 660 30.5
180 9.03 | 6.84 32.0 700 33.4 | 30.0
190 10.0 | 7.30 33.9 740 36.8
200 11.1 | 7.76 35.7 750 32.8
210 12.3 | 8.24 37.6 760 38.5
220 13.7 | 8.73 39.5 800 42.2 | 36.0
230 153 | 9.24 41.4 840 46.5
240 9.76 43.4 850 39.3
250 10.3 45.2 860 49.0
300 13.3 54.7 900 53.7 | 43.0

(©Jochen Kronjiger www.kronjaeger.com

Zynuo. 76 O wivokag To0 péyiato 10¢ov ae GUVAPTNON LE OLGUETPO TV TYALPDV
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Mmropovpe va yivoupe kal 1o akpipnig YpnOUOTOIDVTOS TOV TUTO:
2*xdx*E

g+ /(%)2+4

Omnov:

d elvou To punKkog Tov oV pa

I etvan 1 axtiva g opaipog

10 E pmopel va vroroyiotel o¢ €€Ng:

0,54
E=272x6(1+

\/S*r)

eV 10 O Tov ovopdleTan cvuvteleoTtng 0OpOBwong, eaptdrtal amd v Beppokpacio
Kot TV mieon kot divetan omd Tov TOTO:

293p

~ 760(T + 273)
[49]
Epeic mpaypoatomomcape v petpnon ya mieon pia atpoceapa, ondte Exovpe p= 1
atm= 760 torr.
Mertpricape v Beppokpacio 6To pyacTiplo TV NUEPQ TG LETpnong kot Exovpe T=
23°C.
211 CULVEXELD AEITOLPYNCOLUE TNV YEVVITPLL (OGTE VO UETPCOVUE TO WUNKOG TOV
omwvOnpo kot AdPoape ™V T TOv 3,5CM. X1 CLVEXELN TPOYUOTOTOMOOUE TO
nelpapa GAAEG dVO PopEC daTe va BydAove to p€co Opo, 0 omoiog eivar
‘Etolr pe tic tég tov unkovg tov omvOnpo PmopovpEe va VTOAOYIGOLUE TOV
ovvterEoT] 010pBmaong o:

_293x760 0.99
©760(23 +273)
Ko étot to E vmoloyileton ¢ e€ng:
E =272%099(1 + ———) = 31,55
( V0,99 * 10)

Apa KOTOANYOLLE GTNV TAON:
_ 2x35%3155 220,85

35, [35,.,, 47
10 TG0 +4

= 47kV
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E‘)m'ya 77 Hpayuazroroinon uétpnong pe sphere gap method
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Kedpaiaio 5: Zuumepaopata

5.1 ZUvoyn CUPTIEPACHATWY ATIO TA ATIOTEAECUATA

2TV mOpovGO SIMAMUATIKY £pyacio avoivdnke o tpdmog Asttovpylog piog
yvevnplag Van de Graaff. TTapdAinio mopovotdotnkay ovaALTIKG OAG To LYOVIKG
Kol MAEKTPOAOYIKA NG MEPT Ko TéEAOG Ociéape TOV TPOMO HE TOV  OmMOi0
KOTOUGKEVAGOUE TNV OIKIA UAG YEVVATPLO. ZNTOVHEVO NMTAV VO GYEOIGCOVUE Kol VOl
KATOGKEVAGOLUE i YEVVITPLO. AELITOVPYIKT] Ko ao@aANg otn ypnon. To anotéleoua
NTav N YeVWNTIPLd LG v SOVAEVEL OMPOPANUATIOTO Kol VO Topdyel Tdon Gve Tov

20KV, to omoio TV kab16Td Kot ac@aAn ot Omota TeEPapaTe BEAOVUE VO SIEEAYOVLE.

5.2 [Mpotaocelg yia eANOVTIKN Epeuva

OloxkAnpmvovtag Bo NBela va Tpoteived KATO10VG GTOYOVS Yo LEAAOVTIKN
avantuén g topovooag yevwntplag Van de Graaff. Mropovv va peletnfondv tpomot
ot omoiot B awENGOVY TV TAGN TOL TAPAYEL | YEVWIATPLO, OTMG TaPOdELYLATOG YOpN
vo. xpNoomolfodv SloPOPETIKA LAIKG GTOV 1UAVTE KOl TOLG KULAIVOPOLG 1N 1M
wpocsOnin piog ddtacng mov Ba divel poptio oty yevwntpla. Emiong mpoteivetan
YPNOM TNG YEVWNTPLOG Y10 SlESaymyn d1apOpmV TEWPAUATOV, To. omoia B avadeiEovv

TOL POVOLLEVOL TOV GTATIKOV NAEKTPIGHOD KOl TOV VYNADV TACEMV.
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53 Claims.

This invention relates to electrostatic gener-
ators for the production of direct current volt-
ages, and also to apparatus including an electro-
static generator and the electrical device, such
as an X-ray tube, operated thereby. )

Influence machines of the general types de-
signed by Holtz and Wimshurst have been em-
ployed in the production of direct current po-
tentials, but the output voltages have been re-
stricted to relatively low values. The presence
of the conducting wires or bodies required to
transfer the electrical charges from the rotating
disks to the generator terminals facilitates leak-
age and limits the maximum voltage that may be
established between the generator terminals.

Higher potentials may be obtained by the
rectification of alternating current but apparatus
of this type is quite costly and, as with influence
machines, the maximum available voltage is
limited. So far as I am aware, the maximum
steady direct current voltage attained by prior
workers in this art was about 700,000 volts, and
was obtained by the rectification of alternating
current.

An object of this invention is to provide an
electrostatic generator which will produce
steady, direct current voltages of an order sub-
stantially higher than any previously obtained
by influence machines and/or the rectification of
alternating current. An object is to provide a
generator in which the electrical charges are
established directly upon the electrodes or termi-
nals, as distinguished from prior influence ma-
chines in which the charges were collected upon
a system of conductors leading to the electrodes.
A further object is to provide an electrostatic
generator having electrodes in the form of hollow
bodies, and non-conducting charge carriers
which transfer charges between the interior of
the hollow electrodes and a grounded point.
More specifically, an object is to provide an
electrostatic generator including two hollow elec-
trodes supported on insulator columns, and a
charge carrier for each electrode, the charge car-

-riers having the form of silk belts passing over
pulleys within the electrodes and driven by
motors located at the base of the insulator col-
umns. Other specific objects relate to the pro-
vision of high voltage apparatus combining
generators of the types stated with the high po-
tential electrical apparatus to be energized
thereby.

These and other objects of the invention will
be apparent from the following specification

(CL 171—329)

when taken with the accompanying drawings,
in which, .

Fig. 1 is a side elevation, with parts in section,
of one embodiment of the invention,

Fig. 2 is a side elevation of a combined gener-
ator and X-ray tube installation, the generator
being adapted to produce potentials of the order
of several million volts,

Fig. 3 is a diagrammatic view of the charge
transferring system of the generator shown in
Fig. 2,

Fig. 4 is a side elevation, with parts in section,
showing a unit having a charge carrier of disk
form,

Fig. 5 is a somewhat diagrammatic fragmen-
tary side elevation, with parts in section, of a unit
having a fluid charge carrier, and

Fig. 6 is an enlarged fragmentary view of the
carrier system of Fig. 5.

Two substantially identical units are shown
in Fig. 1, the units being turned at right angles
to each other for the better illustration of the
structural details at the base of the units. Each
unit includes a wheeled supporting base 1 to
which is secured a bracket 2 that carries an insu-
lator column 3. The insulators 3 may be, and
preferably are, glass rods of a height sufficient
to provide adequate insulation between the
grounded base 1 and hollow electrodes 4 that are
mounted on the rods 3. The exterior surfaces of
the electrodes 4 are free from projections or
points which would promote leakage and, in gen-
eral, will be of spherical form.

The lower portion of each electrode is provided
with slots 5 for passage of a non-conducting belt
6 that passes over a pulley 7 mounted within the
electrodes 4 and a conducting pulley 8 that is
located at and driven by a motor 9 on the base
1. The belt 6 is non-conducting and may be
silk or a fabric treated with a non-conducting
flexible plastic, such as a cellulose ester. Inter-
posed between the two runs of each belt is a solid
insulating medium, herein of glass, and com-
prising the glass rod 3. Within the electrode,
brushes or combs 10 are provided adjacent the
belt 6, the brushes being electrically connected
to the interior of the electrode.

The belts 6 constitute the charge carriers which
transfer to the electrodes the electrical charges
which are established at the lower ends of the
belts. The apparatus for charging the belts is
shown diagrammatically in Fig. 1, as an alter-
nating current source 11, a transformer 12, and
a rectifier 13 in the secondary circuit of the trans-
former. The terminal of the secondary which is
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negative, during cycles when rectifler 13 is con-
ductive is connected to ground and the positive
terminal of rectifier 13 is connected to a brush
electrode 14 adjacent the portion of the upward
run of belt 6 where it engages the lower pulley
of the positive electrode unit. At the negative
electrode unit, a conductor 15 extends from
ground to & brush electrode 16 that is adjacent
the lower portion of the upward run of the belt
and directly opposite the rounded electrode 17
that is connected to the positive terminal of the
rectifier 13. The clectrical charges placed on
the belts by this low voltage circuit are indicated
by the 4+ and — signs adjacent the belts.

It will be apparent that, as each charged belt
passes by the brushes 10, the charge passes from
the belt to the brush, and thence to the interior
surface of the electrode 4. As charges can not re-
main upon the interior surface of a hollow body,
the electrical charges pass to the exterior sur-
faces of the electrodes. The fact that charges
will not accumulate at the interior surface makes
it possible to increase the charge or voltage on
the electrodes 4 to a value determined only by
the form and location of the electrodes. The
maximum voltage that may be established be-
tween electrodes 4 is limited by the sharpest maxi-
mum curvature of the electrode surfaces, and by
the spacing of the electrodes from each other
and from ground, i. e., from the conducting brack-
ets 2 which carry the rod insulators 3.

The legends applied to Fig. 1 indicate the volt-
ages obtained with one particular generator in
which the electrodes 4 were twenty-four inch
spheres mounted on seven foot glass rods. With
spherical electrodes of this size, leakage from the
electrode restricts the maximum voltage on the
electrode to about 750,000 volts, thus limiting
the voltage between the oppositely charged elec-
trodes to about 1,500,000 volts. The belts 6 were
of silk and the rectifier charging system estab-
lished a relatively low voltage of about 5,000 volts
between each brush and its corresponding round-
ed terminal.

This external source of relatively low voltage
for charging the belt is illustrated in the drawings
to facilitate a more ready understanding of the
method of operation of the device but it will be
understood that the machines may be made self-
exciting, in which case they may be primed by
small stray charges generated by friction or oth-
erwise. Furthermore, it will be apparent that
each unit can be made to operate as a motor if a
high potential difference is established between
the electrode 4 and its grounded base. For ex-
ample by moving the units to bring the electrodes
4 into contact, and operating the motor 9 of one
unit to establish a high potential upon the elec-
trodes, the belt 6 of the other unit will be driven as
the electrical charges move upwardly from the
grounded base to neutralize the charge established
in that unit.

A little consideration of the described appara-
tus will show that, by decreasing the curvature of
the electrode surfaces and increasing the insula-
tion between each electrode and ground, higher
voltages may be obtained. The absence of con-
ducting paths between the electrodes, and the
transfer of charges to the interior surfaces of the
electrodes make it possible to increase the volt-
ages to values of an order not obtainable with any
known type of direct current generator.

A generator system operative to produce volt-
ages of the order of several million volts is¢illus-
trated in Fig. 2. For convenience of description,
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it will be assumed that a maximum voltage of
about 10,000,000 volts is to be produced between
the spherical electrodes 40, i. e., a potential dif-
ference of about 5,000,000 volts between each
electrode and ground. The electrodes take the
form of a thin conducting shell 40 that is sup-
ported by an interior framework 41, the conduct-
ing shell being free from surface irregularities or
projections and having a diameter of about 10
feet. The insulator columns 42 which support the
electrodes 40 on the movable bases 43 may be
tubular sleeves of non-conducting material, for
example, paper or wood veneer impregnated with
shellac or an artificial resin. Adequate insula-
tion will be provided when the insulator columns
have a length of about fifteen feet.

To insure most efficient operation it is highly
desirable to maintain a uniform potential gradi-
ent between the electrode and ground along the
supporting column 42. This condition will ob-
tain when the insulating support presents high
conductivity in horizontal planes and a controlled
resistance in vertical planes along the column.
By providing a conductive coating upon the sur-
face of the column, the coating being of substan-
tially constant but relatively low conductivity,
the leakage flow of current will establish a uni-
form potential gradient along the column and,
since the potential will be substantially constant
over any horizontal plane, the lines of force in
the space within the column will be substantially
linear and parallel to the axis of the column.
This leakage coating may take the form of a
paint or varnish layer 428, of low conductivity,

as shown in Fig. 3 and at the left of Fig. 2, or it 3

may comprise a cord or thread 42° that is ren-
dered slightly conductive by treatment with
graphite or India ink, and is wound spirally
around the column 42, as shown at the right of
Fig. 2.

The gradual potential gradient down the insu-
lating column tends likewise to produce a lower-
ing of the electric field at points on the spherical
electrode adjacent the entering portion of the
column 42, thus resulting in the location of the
most concentrated electric field at a region of
the electrode remote from the supporting column.

The charge conveyor system may be of the type
previously described but, as illustrated, includes
a more efficient arrangement in which the car-
rier belt 44 is doubled back to provide a plurality
of upward runs. The current carrying capacity of
such a belt is, for a given belt width, equivalent
to that of two simple belts of the type shown in
Fig. 1. This method of increasing the current
output may be carried further by doubling the
charge carrier back and forth to provide addi-
tional sections of one upward and one downward
run. The current output may also be increased
by the use of wider charge carriers or higher
carrier speeds.

The collector brushes within the electrodes 40
are insulated from the electrode and the poten-
tial difference between the brush and electrode
is employed to place on the belt, just before it
leaves the hollow electrode, a charge of opposite
sign to that brought to the electrode by the belt.
The belt does double duty by not only bringing to
the electrode charges of one sign but also by
carrying away charges of the opposite sign.

As best shown in the diagrammatic view, Fig. 3,
the upward run a of belt 44 passes through a sleeve
or brush electrode 46 that is supported within but
insulated from the hollow electrode. The brush
electrode 46 is connected to a rounded terminal
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47 that is positioned adjacent the downward run
b of the belt and opposite a brush or comb elec-
trode 48. A similar arrangement of a brush elec-
trode 46’, rounded terminal 47’ and brush 48’ is
provided for the runs ¢ and d of the other sec-
tion of the belt. The brush electrodes 48, 48’ are

' connected to each other and to the interior of the
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electrode 40. At the lower end of the belt, brush
electrodes 49, 49’ are positioned adjacent the
runs b and d, respectively, of the belt and are
connected to rounded terminals 50, 50" adjacent
the corresponding upward runs. Brush electrodes
51, 51’ are positioned at the opposite faces of the
upward runs for cooperation with the rounded
terminals, the brushes 51, 51’ being connected to
each other and to ground.

If the electrode 40 is to be given a positive
charge, the upward runs ¢ and c of the belt 44
carry positive charges to the interior of the elec-
trode. These charges are removed from the belt
by the brush electrodes 46, 46’, thus placing posi-
tive charges on the rounded terminals 47, 47'.
The difference of potential thus established be-
tween these rounded terminals and the brush
electrodes 48, 48’ causes a corona or brush dis-
charge from the electrodes 48, 48’ thus liberat-~
ing negative charges that are drawn toward the
rounded terminals and, being intercepted by the
non-conducting belt 44, some or all of these nega-
tive charges are carried away by the departing
run of the belt. Obviously, this withdrawal of
negative charges from the spherical electrode 40
has the effect of increasing the positive potential
of that electrode with respect to ground. At the
lower portion of the belt, a similar action places
positive charges on the upward runs a, c, respec-
tively.

In the event that the corona discharge from
brushes 48, 48’ does not fully neutralize the posi-
tive charges arriving on the terminals 46, 46’
from the belt, the potential difference between the
interior or neutral surface of the spherical elec-
trode 40 and the brush electrodes 46, 46’ will
tend to increase. Pointed electrodes 47* extend
from the brush electrodes 46, 46’ toward the in-
terior of the shell and, by corona discharge, limit
the maximum potential difference which may be
established between the brush electrodes 46, 46’
and the spherical electrode. The discharge from
positively charged electrodes 472 to the interior
of the electrode 40 will increase the positive
charge on the hollow electrode 40.

These conditions will be best understood if it is
kept in mind that the pointed or brush terminal
constitutes a terminal having, at the region of
its pointed end, a high potential gradient as com-
pared with the potential gradient at the surface
of its complementary, relatively rounded ter-
minal. This creates an electric field between the
two terminals sufficiently intense to ionize the
air with the liberation of free positive and nega-
tive charges or ions. By far the greater number
of free charges are liberated in the immediate
vicinity of the pointed terminal where the po-
tential gradient is highest,—the so-called corona
discharge emanated from the point being evi-
dence of their presence. This causes the passage
or migration of ions of one sign from the pointed
terminal toward the rounded terminal.

If the pointed terminal is negative with respect
to the opposing rounded terminal, the free nega-
tive charges in the vicinity of the point will be
repulsed and driven toward the rounded ter-
minal to be intercepted by the belt. If the pointed
terminal is positive it will propel the free posi-

3

tive charges toward the opposing terminal and
the belt will collect positive charges. The charges
thus become “sprayed”, as it were, on the belt
from the pointed or brush terminal due to the
ionized condition of the air and to the electric
forces of the field.

In the embodiment of the invention shown in
Fig. 3, the voltage across the terminal is built
up by the structures holding the rounded ter-
minals receiving and accumulating the charges
which are initially placed upon the belt by fric-
tion or from any external source. Due to the
friction of the moving belt on the pulley, for
example, a small injtial charge may be applied
to the belt. This will result in the cumulative
separation of positive and negative electricity by
induction, thus charging the rounded terminals
and priming the machine. When the voltage
across the terminal gaps is sufficient to cause
ionization adjacent the pointed terminal, the
apparatus functions in a very definite manner
and begins to operate as self-exciting and at
full power.

In Fig. 1, however, a strong uni-directional
fleld is impressed across the lower ionization ter-
minals from a source of sustained voltage inde-
pendent of the belt and pulley and comprising
the transformer and rectifier. With excitation
supplied in this manner, the apparatus builds
up very quickly on the hollow sphere a high volt-
age charge of a certain and predetermined sign.

The belt is initially primed either by friction
or by some other source of small charges. It will
be apparent that, after placing an initial small

charge on the belt, the apparatus is self-exciting :

and will rapidly build up to its maximum output.

The high potential difference under which the
two electrode units are charged may be utilized
to supply direct current or, in fact, continuous
current power where desirable to a high voltage,
power-consuming device, operatively related to
the electrode units, and herein shown as extend-
ing between and supported by the electrodes 40,
the transmission of power taking place from one
generator to the other through this connecting
link which thus becomes a power transmission
element or line. As an example of such a device,
there is shown in Fig. 2 an X-ray tube compris-

"ing a glass cylinder 52 having a cathode 53 com-

prising a fllament sealed in one end of the cyl-
inder and having a metal target 54 secured across
the opposite end of the cylinder.. In the case
of a hot filament as shown, emitting electrons,
and in the event that the vacuum is high, the
power would be transmitted by electrons only.
On the other hand, of course, ions of both signs
could take part. The ends of the tube extend
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through openings formed in the surface of the -

hollow cylinder. The bounding edges of these
openings through which the tube enters are pro-
vided with a rounded, re-entrant contour to pre-
vent corona discharge thereat. The operators
work within the hollow electrodes, suitable doors
(not- shown) being provided to permit access to
the interior of these operating rooms. When
closed, the door should continue the continuity
of the smooth exterior surface of the electrode
to avoid the corona discharge which would take
place from sharp edges. The operators are thus
fully protected from the high potentials since no
charge exists on the interior wall of the electrodes.
This is a matter of great convenience as it en-
ables the operator to work in contact with the
electrode and avoids the use of external conduc-
tors. This feature is particularly important as
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it would be quite difficult to design conductors for
transferring current between the electrodes and
an electrical device spaced an appreciable dis-
tance from them. If the operator were outside
of the electrode, it would be impossible for him
to approach within several feet of the charged
electrodes.

As shown in Fig. 4, the charge carrier takes
the form of a disk 60 of paper, impregnated fabric
or other insulating material which is mounted
on and rotated by an insulating rod or shaft 61.
The upper portion of the disk passes into the hol-
low electrode 62 through a narrow slit and the
charges to be transferred to the electrode are
placed on the edge of the disk 60 by a corona
discharge electrodé 63 that is energized by a
relatively low potential source of unidirectional
current, which is indicated in Fig. 4 by the legend
5,000 volts”, and these charges are removed from
the disk by a brush or collector 63’.

As shown in Figs. 5 and 6, the charge carrier
is a fluid medium, such as oil, circulated through
the endless pipe line 64 by a pump 65. The fluid
medium is charged, at the lower portion of the
system, by a discharge point 66 which extends
into the conduit 64 and terminates adjacent the
larger and rounded electrode 67. Condenser
plates 68 are arranged within a portion of the
conduit 64 which lies within the hollow electrode
69, and washers or baffles 70 compel the moving
column of oil to flow between the condenser
plates. The condenser is charged by a current
source of low voltage, such as a battery 71 of
the low current drain type commonly used with
vacuum tubes as a plate battery, the battery be-
ing connected between one condenser plate and
the electrode 69, while the other plate is con-
nected directly to the electrode.

With this arrangement, the moving column of
a fluid non-conducting medium receives electri-
cel charges as it passes the pointed electrode 66,
and the charges are removed and transferred to
the electrode as the medium passes between the
condenser plates. If desired, the fluid medium
may have fine particles suspended therein to act
as the charge carriers, but this is not generally
necessary as the charges may be applied directly
to the non-conducting fluid. The fluid may be
a liquid or a gas or vapor, or a mixture.

The use of conducting spots or zones on a belt
or disk type of charge carrier operating in air
is, contrary to the prior practice, to be avoided
as it results in decreased efficiency due to the
lessened effective surface for transferring charges
and may materially reduce the maximum volt-
age that may be established on the electrode or
terminal. This will be apparent since a con-
ducting spot or zone on the charge carrier forms,
at the instant that it enters the slot in the wall
of the electrode, a relatively sharp edged exten-
sion of the electrode, thus promoting a corona or
leakage discharge from the electrode.

The endless belt, say of the type illustrated in
Fig. 1, may be driven by a blast of air, in which
case the pulleys may be replaced by curved guide-
channels, and the channels may be extended
along substantially the full length of the belt as
an enclosing housing and providing a passage-
way along the looped belt for the air. The air is
forced into the channel by suitable means and
is circulated through the channel carrying the
belt around with it.

The described apparatus are illustrative of the
cperating methods and of appropriate physical
structures contemplated by the invention. It will
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be apparent that other physical structures which
may be designed fall within the scope of the in-
vention as set forth in the following claims.

I claim:

1. In high voltage electrostatic apparatus, a
pair of spaced apart electrodes, means constitut-
ing an insulating support for the respective elec-
trodes, and endless non-conducting charge car-
riers for transferring charges between ground and
the respective electrodes.

2. In high voltage electrostatic apparatus, a
pair of mechanically independent and relatively
movable units, each unit comprising an elec-
trode, an insulating support for the electrode, an
endless non-conducting charge carrier for trans-
ferring charges to the electrode, and means at the
opposite end of said support for driving said
charge carrier.

3. In high voltage electrostatic apparatus, the
combination with a hollow electrode, and means
for establishing a high direct current potential
difference between said electrode and ground, of
a high voltage power-consuming device exterior
to said electrode and having one end thereof
extending through the wall of said electrode.

4. In high voltage electrostatic apparatus, the
cembination with a pair of hollow electrodes and
means for establishing high direct current po-
tentials of opposite sign on the respective elec-
trodes, of a high voltage power-consuming de-
vice extending between said electrodes and hay-
ing the ends thereof structurally connected to
the opposing walls of the respective electrodes.

5. In high voltage electrostatic apparatus. a
conductive shell of rounded form constituting a
hollow electrode and containing an interior op-
erator’s room to which access is provided, a col-
umn supporting said shell above ground and
insulating said shell therefrom, an endless non-
conducting charge carrier movable from a point
within said shell to a point at the opposite end of
said column.

6. The invention as set forth in claim 5, where-
in an opening is provided in said shell midway
the top and bottom thereof, in combination with
a high voltage power-consuming device exterior
to said room and having one end thereof con-
nected to said opening in said shell.

7. In high voltage electrostatic apparatus, a

pair of conductive shells and constituting each a 5

hollow electrode containing an operator’s room,
insulating supporting columns for the respective
shells, endless charge carriers for transferring
charges to the respective shells to impart thereto
electrical potentials of opposite sign, an elongat-
ed high voltage power-consuming device, and
means supporting said device between said shells
and with the opposite ends thereof projecting
through said shells to the interior thereof.

8. The combination with a hollow electrode, a
hollow insulating support for said electrode, and
a charge carrier within said support for trans-
ferring charges between said electrode and
ground, of means establishing a controlled po-
tential gradient along said insulating support.

9. The invention as set forth in claim 8, where-
in said support has the form of a cylinder and
said means comprises a coating of a material on
the wall of said cylinder having a receptivity
relatively low as compared with that of said
support.

10. The invention as set forth in claim 8,
wherein said means comprises a low conductivity
conductor wound on the wall of said support.

11. In an electrostatic machine, the combina-

&
&

40

45

60

75



=

10

15

20

45

GO

7%

1,991,286

tion of a body to be charged, said body being
insulated from ground, an  insulating charge

conveyor, and means supporting said conveyor

for movement along an endless path and with
a plurality of spaced portions of said conveyor
moving into and out of said body, and means for
transferring electric charges between said body
and each of said spaced portions of said conveyor.

12, In an electrostatic machine, the combina-
tion of a body to be charged, said body being
insulated from ground, an insulating belt, means
supporting said belt for movement along an end-
less path and with a plurality of spaced portions
of said belt moving into and out of said body,
and means for charging substantially the entire
length of said belt to effect thereby a transfer
of charges between the electrode body and points
on said belt path spaced therefrom.

13. In an electrostatic machine, the combina~
tion of an electrode body insulated from ground,
an insulating belt, and means supporting said
belt for movement along an endless path and
with a plurality of spaced portions of said belt
moving into and out of said electrode, means for
placing electrical charges on each of said spaced
belt portions moving towards said electrode body,
and means within the electrode body for trans-
ferring to said electrode body the electrical
charges carried thereto by the said portions of
the belt.

14. In an electrostatic machine, the combina-
tion of a hollow electrode body insulated from
ground, an insulating conveyor, and means sup-
porting said conveyor for movement along an
endless path and with a plurality of spaced por-
tions of said conveyor moving into and out of
said electrode, means for placing charges upon
that section of each of said spaced conveyor por-
tions which moves towards and into said elec-
trode body, and means for transferring charges
of opposite sign from the electrode body to that
section of each of said spaced conveyor portions
which moyes out of said electrode body.

15. In an electrostatic generator, a hollow
electrode, an insulating support for the same,
endless belt charging means including a plu-
rality of pairs of complementary flights extend-
ing into the interior of said hollow electrode,
means for driving said endless belt means, and
electrode means spaced from said hollow elec-
trode for placing electric charges upon the flights
of said endless belt means. .

16. The invention as set forth in claim 15,
wherein said driving means moves adjacent
flights of said belt in opposite directions, and
said electrode means places upon a belt flight
moving towards said hollow electrode an electric
charge of the sign opposite to that of the adja-
cent belt flight which is moving away from said
hollow electrode.

17. In ‘an electrostatic machine, the combina-
tion with a hollow electrode, an insulating sup-
port for the same, and charge-transferring
means within said hollow electrode, of endless
belt means for conveying electrical charges to
and from the interior of said hollow electrode,
said belt means including a plurality of pairs of
complementary belt flights passing into and out
of said electrode, supporting means for said belt
means and including a set of pulleys within and
another set of pulleys spaced from said electrode,
means for moving adjacent flights of said belt
means in opposite directions and charge-trans-
ferring electrode means adjacent said belt means
and spaced from said hollow electrode.

5

18. In an electrostatic apparatus, a pair of
spaced hollow electrodes of rounded contour, col-
umns supporting and insulating each electrode
from ground, traveling means for carrying elec-
tric charges of one sign to and into one of said
electrodes and charges of the opposite sign to
and into the other of said electrodes, and means
within each of said electrodes for transferring
to the electrode the charges brought thereto by
said traveling means.

19. In a high voltage apparatus, an electrode
structure comprising a hollow shell with an op-
erator’s room contained therein, and means for
electrostatically charging the shell,

20. In a high voltage electrostatic apparatus,
the combination with an electrode, of a movable
charge-carrying means for charging said elec-
trode, an insulating connection between said elec-
trode and a point having a high potential dif-
ference with relation to said electrode, and means
for establishing a controlled potential gradient
along said insulating connection, i

21. In a high voltage electrostatic apparatus,
the combination with a body to be charged, of an
insulating support for the body, a movable charge-~
conveying medium having & path of movement
entering the body in the vicinity of the con-
nection of said support, and means for establish-
ing a controlled potential gradient along said
support. :

22. An electrostatic machine having a body
to be charged, a movable charge-conveying
means, means establishing a plurality of paths
for said conveying means, each path having an
entry into and an exit from said body, and means
for transferring electrical charges between said
body and said conveying means.

23. The invention as set forth in claim 22,
characterized by the fact that the means for
transferring electrical charges serves to trans-
fer electrical charges to said body from said con-
veying means at a plurality of the entering por-
tions of said conveying means. )

24. The invention as set forth in claim 22, in
which the means for transferring electrical
charges serves to transfer electrical charges from
said body to said conveying means at a plural-
ity of exit portions of said conveying means.

25. The invention as set forth in claim 22,
characterized by the fact that the means for
transferring electrical charges serves to transfer
electrical charges from said conveying means to
said body at a plurality of entering portions of
said conveying means and to remove electrical
charges to said conveying means from said body
at a plurality of exit portions thereof.

26. An electrostatic machine having a body to
be charged, and movable charge conveying means
for transferring electric charges between said
body and said conveying means, said conveying
means having a plurality of looped portions with~
in said body.

27. In an electrostatic apparatus, the combina-
tion with a body to be charged, of a hollow insu-
lating tube supporting said body, and a moving
conveying medium for transferring electric
charges to said body having a path of movement
within said insulating tube.

28. In an electrostatic apparatus, the combi-
nation with a body to be charged, of a traveling
charge conveying medium operatively related
thereto, and means for causing a transference of
electric charges to said medium comprising a
source of sustained voltage independent of said
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medium and opposed terminals between which
said medium travels, one of which is connected
to said voltage source, said terminals providing
one a region of relatively high potential gradient
and the other a region of relatively low potential
gradient.

29. An electrostatic apparatus, comprising a
hollow body to be charged, insulating means spac-
ing the same from ground, an endless charge con-
veyor with means for causing the travel of the
same into and out of said body, means for ap-
plying electric charges to said conveyor at a
point outside of said body, an electrode within
and insulated from said body for removing elec-
tric charges from the entering portion of said
conveyor, a terminal connected to said electrode
and presenting a relatively extended surface po-
sitioned adjacent the departing portion of said
conveyor, and an electrode connected to the in-
terfor of said hollow body and positioned ad-
jacent said departing portion and opposite said
terminal, thereby to place charges on the depart-

. ing portion of a sign opposite that of the charges
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brought to said body by said conveyor.

30. In a high voltage electrostatic apparatus,
the combination with an electrode comprising a
hollow body of rounded contour, of means for
charging the same to an abnormally high volt-
age, said body having an opening in its sur-
face, the bounding edges of said opening having
a rounded re-entrant contour, and a member
entering the opening in said body.

31. In an electrostatic apparatus, the combi-
nation with a body to be charged, of a charge-
conveying medium, means for applying electric
charges to said medium, and means for transfer-
ring charges from said medium to said body, in-
cluding charge collecting means operatively re-
lated to said body and comprising conducting ter-
minals of opposite polarity and an independent
source of voltage for exciting said terminals.

32. In an electrostatic charging system, the
combination with a pair of terminals, of electro-
static means for creating a high potential dif-
ference between said terminals, an evacuated
tubular member structurally connected to one of
said terminals, and means. within the tubular
member for completing & path of current from
one terminal to the other.

33. An electrostatic machine comprising a hol-
low body constituting an electrode-terminal, on
the surface of which a high potential charge is to
be established, a movable charge carrier having
a looped portion thereof located within said body
and entering and leaving the latter, and means
substantially wholly within said hollow body for
transferring charges between said charge carrier
and said body.

34. In an electrostatic machine, the combina-
tion with a body to be charged, of movable charge
conveying means having entrance into and exit
from said body, and means for transferring
charges of one sign to said body from the charge
conveying means on entrance therein and for re-
moving charges of the opposite sign to said.charge
conveying means on exit therefrom.

35. In an electrostatic machine, the combina-
tion with a body to be charged, of an endless
charge conveying belt having a movement into
and out of said body, means for transferring
charges from an entering portion of said belt to
said body, and means for removing charges of an
opposite sign from said body to & departing por-
tion of said belt.

36. In an electrostatic machine, the combina-

83

1,901,236

tion with a body to be charged, of a movable
charge conveying medium having a path of move-
ment into and out of said body, means for trans-
ferring charges from said medium to said body on
entering the latter, and means for transferring
charges of the opposite sign to said medium from
said body on leaving the latter.

37. In an electrostatic apparatus, the combina-
tion with a hollow body to be charged, of an end-
less conveying medium having a path of move-
ment into and out of said body, means for trans-
ferring charges from an entering portion of the
medium to said body, and means for removing
charges of the opposite sign from said body to a
departing portion of said medium, both said trans-
ferring and said removing means being substan-
tially wholly within said hollow body.

38. In an electrostatic machine, the combina-
tion with & body to be charged, of endless charge
conveying means for carrying electric charges to
and into said body and having portions traveling
in closely adjacent parallel paths, and a solid
elongated insulating body lying between said par-
allel portions.

39. In an electrostatic power transmission sys-
tem, the combination with an electrode body, of
means for charging the same electrostatically to a
high potential, a second electrode body insulated
from ground adapted to be electrically connected
to said first body to receive current therefrom, and
an endless charge carrier having a path of move-
ment into and out of said second electrode body
with means for the transfer of electric charges
between said second body and the ground to oper-
ate said charge carrier as a motor.

40. In high voltage electrostatic apparatus, a
vertically disposed insulating column, a hollow
electrode supported at the top of said column,
an endless charge carrier and means for moving
the same between a point near the base of said
column and the interior of said hollow electrode,
means for applying electrical charges to a portion
of said carrier at a point remote from said elec-
trode, and means within said hollow electrode for
removing said electrical charges from said carrier.

41. In an electrostatic machine, a hollow body
of rounded contour constituting an electrode-
terminal on the surface of which a high potential
charge is to be established, insulating means
supporting said electrode, a pulley within and
substantially surrounded by said body, an endless
charge carrier comprising a belt having a loop
passing about said pulley and entering and leav-
ing said body, and means for driving said charge
carrier.

42. In an electrostatic apparatus, the combina-
tion with a pair of spaced hollow bodies consti-
tuting each an electrode-terminal on the surface
of which a high potential charge is to be estab-
lished, of insulating means supporting said bodies,
traveling charge-carrying means for carrying
electric charges of one sign to and into one of said
electrodes and charges of the opposite sign to and
into the other of said electrodes, and means sub-
stantially wholly within and surrounded by each
of said electrodes for transferring to the said
electrodes electric charges brought thereto by
said charge-carrying means.

43. In an electrostatic apparatus, the combina-
tion with a pair of spaced hollow bodies consti-
tuting each an electrode-terminal on the surface
of which a high potential charge is to be estab-
lished, of insulating means supporting said bodies,
traveling charge-carrying means for carrying
electric charges of one sign to and into one of said
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electrodes and charges of the opposite sign to and
into the other of said electrodes, means substan-
tially wholly within and surrounded by each of
said electrodes for transferring to the said elec-
trodes electric charges brought thereto by said
charge-carrying means, and means for establish-
ing a predetermined path of current transference
between the electrodes comprising & vacuous cas-
ing connected to and extending between ‘said
electrode-terminal bodies.

44. In an electrostatic apparatus, the combina-

" tion with & pair of spaced hollow bodies consti-
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tuting each an electrode terminal on the surface
of which a high potential charge is to be estab-
lished, of insulating means supporting said bodies,
traveling charge-carrying means for carrying
electric charges of one sign to and into one of
said electrades and charges of the opposite sign
to and into the other of said electrodes, means
substantially wholly within and surrounded by
each of said electrodes for transferring to said
electrodes electric charges brought thereto by said

‘charge-carrying means, means for establishing a

predetermined path of current transference be-
tween the electrodes comprising a vacuous casing
connected to and extending between said electrode
terminal bodies, and a power-consuming device
located in said path of current transference.

45. In a high voltage electrostatic apparatus,
the combination with a hollow body constituting
an electrode-terminal on the surface of which a
high potential charge is to be established, of a
moving charge-conveying insulating medium
having a path of movement entering and leav-
ing said body, means for applying charges to said
medium at & point remote from said body, and
means substantially wholly within and enclosed
by said body for removing charges from said me-
dium within said body, said charge-conveying
medium being of substantially uniform insulating
properties thereby to prevent concentration of
the electric field along its path and to suppress
corona discharges.

46. In an electrostatic machine, the combina~
tion with a body to be charged, of a_movable
charge-conveying medium for carrying charges to
and from said body, and charge transferring
means substantially surrounded by the equi-
potential surface of said body for transferring a
charge of one sign from said medium to said body
and for removing a charge of the opposite sign
from said body to said medium.

47. In an electrostatic machine, the combina~

tion with & body to be charged, of a movable
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charge-conveying medium for carrying charges
to and from said body, and charge transferring
means substantially within said body for trans-
ferring a. charge of one sign from said medium
to said body and for removing & charge of the
opposite sign from said body to said medium.

48. In an electrostatic machine, the combina-
tion - with a body to be charged, of a movable
charge-conveying medium for carrying charges
to and from said body, and charge transferring
means operating independently of and unaffected
by the potential of said body: for transferring
a charge of one sign from said medium to said
body and for removing a charge of the opposite
sign from said body to said medium. i

49. In an electrostatic machine, the combina-
tion with a body to be charged, of a movable
charge-conveying medium for carrying charges
between said body and & point remote therefrom,
and charge transferring means independent of
and unaffected by the potential of said body for
transferring to said medium at said point a
charge of one sign and for removing from said
medium at said point a charge of the opposite
sign.

50. The combination with a body charged to
a high potential, of a movable charge-conveying
medium operatively related to said body, and
means for operating said charge-conveying me-
dium as a motor including means for transferring
charges of one sign from said medium to said
body and for removing charges of the opposite
sign from said body to said medium, said charge
transferring and removing means operating in-
dependently of and unaffected by the potential
of said body. -

51. In an electrostatic apparatus, the combina-
tion with a movable charge-conveying medium,
of charge transferring means operatively related
thereto, and continuous charge supplying means
including an electro-magnetic source of power
therefor.

52. An electrostatic apparatus comprising a
movable charge-conveying medium, charge trans-
ferring means operatively related thereto, and
electro-magnetic means for providing continuous,
steady excitation for said transferring means.

53. In an electrostatic machine, the combina-
tion with a body to be charged, of a charge-con-
veying medium having a path of movement be-
tween said body and a point remote therefrom,
and a casing in which said medium is contained
and of which said body forms an essential part.

ROBERT J. VAN pE GRAAFF.
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CERTIFICATE OF CORRECTION.

Patent No. 1,991,236. February 12, 1935.
ROBERT J. VAN de GRAAFF.

It is hereby certified that error appears in the printed specification of the
the above numbered requiring correction as follows: Page 4, second column, line
69, claim 9, for "receptivity" read resistivity; and that the said Letters Patent
should be read with this correction therein that the same may conform to the
record of the case in the Patent Office.

Signed and sealed this 12th day of March, A. D. 1935.

Leslie Frazer

(Seal) Acting Commissioner of Patents.
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