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A H.JllIlIlJlt'r I'l"llgnuu lias l,ccil ,lcvdol)Ctl wli'd. :>ilHulitlcs llu~ dt:f-

hUll ilVi&I;llidH' in •. vliudrif-ally syuuutlrit" cieri rie HcltI~ I)y hiH"Ug each
•.:I •.:rt full till ourl, idl i's ft,lHsiuus tin H~h'l'uS(OI)ic s,:alc, Au i&lbtll'llluu
fur IIi(' ~ill1l1Ld 1'111 ,.1' ~hicldiub t·Jrt.~ds ,Iuc 10 ~1)4""Cdl~ugt.:s WilS •.Ic·
vdllp(~,I, 1),!f.1 :ods uf dt.~drull .lUUICfUle (ullis'ull ,:r4)SS sl~diollS fur
IWh gi,St':J1 .1IM-1111 allil IlIclh.tIlC. l••lvc la'(:11 Iw:ulc aV~lil••.l,lc in tile pru-

gfiUIl. Illt't'~,ligidiuJl~ Wt~h~ funic" IJut h.r a luixlufe (if HO'l" Hq;uU

with l{J~:;, )Iwillilllt:, AVi•.li•.udlt~s will~ i)ilS illlllJliJln~l,oll:~ uf IlHlI"C tlH1U

fl' 10" fUllld 1ft' ::.iIlIllLdt.:tI rtHuplcldy, Fur Ilu:~ •.' g.HS g"ius I1U iuflu"
t:IlU: uf till' iin-lIl1i1djd,:tl SPi~ft~ dl.U"gc hU Uw ~pHti.d Illslril~utiuH (If
llll: HViditlLd,,: t'tHlld IH~ ttl.!:>crvc,l. t;as ulupliliCitnUJI litkc.s ••h~f~ uJily
du~c tu lilt' allude (," 1UO/"")l hut earlier iuui:t, •.tiulls struJloly iuUu-
t.:J1l't: tl ••, OYt~fidl Ultdllph,",.liuu f,u:luL Sul'::ihuduel:s IU ttlc tiUIe «tilt

SP'lt'C ..list rihulitlll hi~VC IH:CU uhscevc •..•in lile ,itVal'UH:IH: uf ~iltgh: pi i-
Iltal"Y dt:d rHU~" Tllcy lea,l 10 (Wi. or uwrc part ial 'Ivi,I'H.dlc~ tiCIIHrHt totl

Ill' seve."al 11~.'r in lillie HlUI scvcrill hlUHln:tI JHU i•.lulI!) the ,•.•wdc ill
SP4U'C. ".ld iiLl hVilliHldlCS have •.tiIHCh:>ioIiS (Jf;.:; ,!5JHH illuHi:) ,Iud ;:;: ,1~j
dl'gfCt:S ilflllllltl tile Hlwtl,: (IJudt full \Vitili. ludf 1I1clXiul1l1l1). Tllt.:ir .It:-
vc!0pu14:ul i~ (Olllpldt~d witldu ;:::::O.f.Jht:f, 'l'lu.: full spafC •."lIargt' uf
cl (JIIII,ldl'd pilrl i,lI ilV'llilllt.:hc h>idu ;::::llt.UO) lc;ub, lu t1u )igllili(iWI

dWllgt: of Iht:~I~ l'ar ••.uldcfS fur SI:fulitiary av,daudl\.,ti -Icvdupiltt:) lu·
~it.lt.' (Ii~ ~pitrl' dl;,rg(~ uf 4tli cilr)lC( OHe, TIIC results itft: ill sill.i~f'trloI"Y

agn:t'IHt'lIl witll fllrllH~1" cxpc.iluculal iHVt~::.lil!.'ltiuHS.
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Einleitullg

III dcr lIod"'lIc'l;icl'hy,ik kOllllll1. I'CIIlzIIlll!)e cille kalllll lIud, ZII iihcrschallc."lc Vielf'Ill VOII
))"kklurclI ZII'II EillSidl., IIH1 1l"llkliulICII zwisd,ell dCII klcill.lell I\UIISlilllClIlell Ilcr h,111le-
rico ZII IIl1lcrslld,cl" 11>,c Aufg •.I ••. isl cs, IllforllllLliollCII iil.cl· 01'1., 1'III'"b, EII""gie, MILsse
Ill"l Ladllll/; ulI,1 lIud, cillig •. wcilcfe'l'1>ysillllliscl,c Gl'OtiCII ,Ice all dell Iteakliollell hcteiliglclI
'fcild,ell zu liderll. nitl ••.i wenkll z.T .• e1lr IIl1lcrscl,iedliehc' VU,,!,;ill!)e ill dCII Ddeklorell aus-
gclIlIlzl, 1111'dic Wcd",dwi.llI"'ll,ell <Icr E1cllleulllrleilchell 111,,1il"'"r F"II\"I"'u,lukle ZlIlIlcSSCIl.
AII!)"II,cill 1111111"ill IIfSl" iilll',lid, lIlikwslwpischer VUf!)ILIII\ IIlIf ciuer lUilkn"kopisd'CII Ehclle
lIuchwci.hhr !)"Illad,l w"fd,,". n.,zlI wird ,Ii,: ZlIsl"Bllsiiudenlll!), dic VUI, del' Tdlehcl1l'eilllioll
illl Dctcltl.uf illlSgdiisl w,"',k, .owcil v<'rsliirkl, dull sic· IlIci."'IIS c1c1drduisch udcr uplisd •.
IlIiiblid,,1 .iguitikillli V"" dell Ilillkrgfllll.bigllillcll dc. Dd"klofs IIl1l<:rsd,i".Iell wcr.kll kllll.l.
Es kOHuut iJsu .1afHuf HU, \'cr~l ilrkuub:lvcrC.dln.:u zu thul •.:u, die t:iHt:r~cilb ciue b'H,I .•cI'c 1.\·CH-

lllllll; vuU Sit,Ilit} uud Jliulcrgl'HUd till J)."lcklol' gl~::.tl~Lt(·1I1"Iulcrcr~cjl!..o alu:r trut~dl.·lu lI&og,lidlst
vide fiir .Ius .il.wclli~c Ercil;lIis slH:~.ltbdlc Eit)c~usdlid'lcu l.cw.dut:u )IZW. d,: •.eu Hd~ullshukliun
ZHlU:lscu.

~cil vit"leu .1illu l.dUtlt"l1 lH:rcits licll()l'CU GUSlUHi:iilliuu~kH.UlIlU:l'AI zu tin' i~111wc.:ilc;')lcu VCl'-

111'"ilelcll D"kktllrlyl'''" ill .I•.•. 1!lIcl'''"''l'l\i''I'I,y~ik. Si" kUIlIllICII VUIl l'rlllHll'liullul· iil.", Drift-
Lis ZII Slre.,llIcl- ","1 FlIllkcllkllllllll<:r1l ill vidfiiltigcl' Form ZU'" Eillsillz. Allell El'scI,,,illllll!;S'
(0 •.•lie II isljc,lllCh ,kr )'fIlZdI1;CIIII:ill.11I1l •• Iel' ZIIIII N,u·l"veis .Iel' Elellll'llli'l'l<:ikhcll ,,,,./;.'III,l.l.l
wil'.I, Iliillllich .Iic IlIlIisidilill "iu •., u,kl' IIlchl'crer GII,lIlOldtiilc .Iul'd, <IllSprillla •.•,. lIilrhzllwci-
sCIIII.: 'I'eilrh,,". 1111Gll. ,I.:. Ih ",1,1 Ill" licl\"l1 uhlllllld •• ICIII 'J\:ild,clI.lllrd,gillll; .r•.• ·ic LiUlulI[;C'1I
VOl', ,lie raullllidl f,dl'elllll, f,">illllllldl 1111111I11,d.Iicllclld vcrvidflldll IVC"''''" kOIlIl<:Il. \1111So
cill d"klI'Ulli.c1, vc'rw"rll",rn AII'gilll(;,.igllill.lc, ))clcklors ZII liefe •.••. lJIIlc:l'.d,i",k zwi.dl<:11
c.leu vcr:idltctlcucu C,,~iUlli~id.iull~llilllll11Crll hc.~:lldu;u jt:llocli lJc.:z"·lJ~lld, del' V"~l'ftdln:n, luit.t.dfl.

.I•.•.er <lie Lildlllll\SSil1l1ll1ll1l1g lllul -v •.•.vidflldlllll[; e..cull\l..
Die v'lrliq;"11I1c Ad ••'d. lH,,.·hiiflil\1 sidl mit l'H.zc"CII, wi,: .i,· ill I'r0l'0dillllltl· 111111Drifl-

kauuucl'u \,O •.kOlllIlH·U, Dil';-'C hlH:zidku Typeu V,Ut Gusi(ulisalitJlltiluHuluc..:ru f4l1ulcu laugc ~t.:it
IIl1r ltb urbcIIIl'lill.lIid'l: Ni,,·I,w,·i.gniil,· £illl\lIlIf, ill .li,· 1I11cl"·lIcrgi"l'lly.ik. S,'il IICl1lT""1
\\'t:l""eu ~il" jc~ludl ,Iud. :till' B•.·:,tIIlUlulUg tks EhC"~"'VClh,slcs ~~:' ,IeI' iu tlt:u Itc..~Hktiuucu cr~

Z"lIl\lell 'I'.·ild"·11 .·ill/o;"'.-II.l. IL'll,it llitl .id, illr Allfl.\ltlJeldd.1 Villi .1•.•. Ol'ls· 1111111IIII'll Is I>c-
bliullJlUIIJt :lUf Euc..:q;it·uw:>')\Il1g tlud 'I'c:i)du:lildcutilik4Itiun cfw(·it •.:t I. Eilu' t;t:uuuc l\cllHluis

.Ic.·•. VU"Ij~;lIgl' ill dic'~""11 Hl'll'}... I \lIl'U i~1 a1it' VtH j"I~~t:t:t."llljfi ••. c.:iuc fUluli"rl t: lut.a'pl •.·t h.liull CICI'

luit ihueu i)C'WOUIU'IIl:U DlltcH.

\'\';ilt •.•.lld die EII'''·g ••.;,t.l~;'''l: dll.d. IlIlIisllliulI s.llI'ic ,lie Drift 1111.1J)1l)"".iulI ,I"•. frc:il\c-
~c1~lclI Elc:ktlUIICli HlId }IIIU'1i lH Ijr'Jpoltiouill· HAul DriflktllHlIl"'fU lll(;Urcli~dl gut vC'f~lall~

,It:1I ~;iud P L IlC!;C.:u fiil' .lil· 1.;"ltll,!;svc:rvic.:lf.,rhuul; l (;(UIIl:"Jtlll·k~uJ!J) ulll Siguahlndll ~Ul' Leit
uur N;lhl·nlllh~IH·MlIU:il'llllr.I·1I \'01". nil; vurlic·l1c:11i1 •... A"IH ..:il i~l" •.;iu Beitrag :lniU hC;:lo:..t:ICU

V •.·r:itiiudlli::i ~lie:-.c~ P.I"II1.I·:,:,(':-',

Eti WUHk l·j H(;'.11111"1 (\'1 prlll',r;dJHlI ~,~HIWifkdl. ttill:! e~ l'lllli'll~lidill •.Ile VlH 1;,i1ligi' d"f' t:i,·k i tl,-

Fl.lukLiollswcise vou PI·opodiollul- IIlId DI·iflkal.llll.lel"ll
1,) Priuliiriullis4dioll .

1.1.1 IUllisilliull durcll";l1 l;cbdclIes 'j'"ilchclI
] ,\.~ 1,,"i5iilillu durclt 1'IIlJIull'·Il. , .. , .. ,

1.2 U•.•V<:gllllg der Elcklrllllell ill. dcktriscI,clI Fcld .
1.3 GiI.""rsl iirkllllg lIlld FUllkliollc., dcs Fiillgil.",
1.4 Sib"'.!CIl!>ldllll'/; \llld Auslese .

2 l'vlotival iuu dCI' Ad.eit
2.1 I\lIr,.a UI'crt.lirk iit.Cf dCII I\clIlllllisslillld ZUf Lil\ViIlCIlClllwirl,llIll~
2.2 Audcr,' Allsiilze lIlld l\rilik ' '
2.3 Sit)lulid.iu)\ V(lU Elcklroucll~dIWi;n1JCH ill Ga~cH
2.-1 Ocr AU'ill~ <lie.cr A •.t."il .

Dros
3.1
3,2
3.3

PI·"l;l"alll.lll ~LAVA "lld 'ci •..., Eutwiddlllll>
Di •. 1'r<Jgn'"llllslruklur illl UI,crt.lirk
Srltritte- dn I'rllgrallluI"llllVi •.lduUl; ....
Oil' wi •.ltl,i".lclI I'rlll>'"1I1l1U,alt5rhuill.l' , ..
3.:1.1 D('sct. •.•:illllug ,lc:r l\il.lIlllu'r 111111,1<-1'iillllc:r,," Pill'allu'ter
3.:1.2 lIl'\\'('guug .In Elckt ru"cu , .
:1.:J.:J \V •.rhsdwirklllll; .1•.•. Ekltlr<lI'''u lIlit dCIlI Fiilll;ilS
3.3.'1 n"n:d'"l1llg tler c:!ck!.ri".·I":1l Fdda
:J.:J.fJ Dil' vlllIsliiu.!ig" I'rul\J illlllllslrllklur

'.l Ergebllisse
4.1 0,,: Elllwi,·kllllll; d"r i,,,lk"':1l LiIW;Il" , .
4.2 D,,' riill,"lirlll' 111111z,'illidll: El:lwicklulIg v"," l'ltrlii.!lil\villl'u
.I.:J DcI' Eilllfufl <ieI' At.scltirllllll.g' ."klllldi;r" l'"di"lIilwilll:u

5 Fchlc •.•ld •.••dltllllg lUlll Di>kllssioll del" Eq;c1mi •• "
:>.\ F.·I.!c:r I.'" fild,l '1"1\
r..~ Di::.luls::,ldu (IeI' Eq;d-lUl-S:ii.:



lleuhewcgllu/; 11I,,1-sl •.euulI/; iu eillelll Gas IIl'i Allw",ellllcil dcld •.isd ••.•. 1'.-Idcl zu sillllllie •.eu.
Dilhci wunle di<: P•.ugrullllllslruklllr ,pezidl auf ,Iic Vcdli'll.llisse iu zylilldn'yllllllcli-isdiell
dekl •.isdwlI Fd,lnu zu/;esehllillell, wi<: ,ie ill ,ieI' UlIIgcl,ullg .In Si[;lIaldJ iihlc ill dC:1IgCIIUIIU-
lell DcLckturtypcu VOl kuuuucu. Es ~oll jeclodi crwiibul wcn(t:u •• lad.l - aUt Cc.:.:»l.LIuLprugnuuul

l~Clucsscn - l)t:riug,fi'l)'Hc AudcrullBcll iu W(~lli~(~B Ullt.(~r)'nllL'ut:ll callell ::.l'IIl' vid ulll)clHciuCJ'cU
EillSlltZ .Ies P",grnlllllls z"lassc:u wii •.•kll, wie eS aUI Uci'}Iid de:r D •.iflf\c,r\lIvilldit;kc:ilshc:,lilli-
IlII1UgCU (s. Kal" :1.:1.:1) Huell gczeigl w"rdell kUlluk.

Mil llilfe des P •.••gra IIIIliS wunlc:u Aspekte de:r Gilsv.· •.•liirk,"q; ill dC11lGilS Ar[;(m-Mell,uu
(Misdlllllgsvcdliillllis aU'Yo-l U%) 1I111<:l'suclil.

Die ArI"'il Iml fulgeudc: Gliedc:ruug: KiI}lilci 1 •.ekilpitulinl klllz dic I'rillzipiclle Puuk-
liollswcisc V"" P""l'urliuual- uwl Driflkaullllerll. Bier wi •.•1 IIl1f die ven.fhicdclICII all .ler
Sigll/llelll.sldlllllg heleiliglcu P•.uzesse cill[;Ct;III1[;CII. 1"''l,ild 2 will cdilllterll, W •••. UIlI ciuc t;e-
ziellc Sillllllill.i ••u ,kr Elcklnmeuillwille uulwell.lit; crsehic:u lIud WilnllU del' hic •.•. eillisiede
Allsalz gcwilldl. wur,le. III I\llpild :I werdeu daull .lie Slrllklu!' des SillllllllliulIsprognuulI's
"ELAVA" 1111.1scille ElllwicklUIlt; hcsdlrielJell. IJcslJlldac, Gcwichl wi •.•l IlierlJei allf .Ier
zugrullddiq;elldell physik,Jisdlell Mo,ldlhildullg liq;eu, wuhillgegell die verwelldelcll AlglJ-
l'illlllleu reelll kurz Hht;dllll"ldl wenlelll,oullcu. 1\II}1ilci 'I schliellliell rcfcrierl ,lie Ert;c1missc,
<lie lJislaul; lIIil dellt PrugnlulllI gewlluueu wc •.•leu kouuleu ullli ill l\u}lild 5 ZUSllllllilcU lIlil
tIell 1·'"hl"nl'ldl,," .liskutierl werdell. Dorl wi •.•1 Iloeh eiu.ual uuf tI,lS I'llysikalisrhe Moddl
1II111tIic Sehwicrit;kcilcu eill~egnu~eu, tIic ciue I;C'1I111eFd.lcral,,,·hiltzllllg b"hi'·l<lel'll. Biue
ZIISllllllll"llfassllug Lesdllielll die A rheil.

ICapitel 1

Ii\unktionsweise von Proportional- und
Driftkalumel'l}

l'nll'0rliollal· uud Drift kauuut'fli kOllullell heulzulilt;c ill videu B)(l'crilUelllcll .lei' lIoeheller-
t;icl'hysik ZIlIU Eillsalz. Sic w" •.•lcu lJculllzl, 11111lufOl'lllilliollcll iiloer di" Dill ••• uud oIell EIl-
el'l;ievcrlusl '¥i dcr zu 1"·,,IJlldlle'lIlcll Tcild,ell zu llcwiullell. 1.11Allgellleiucll heslehc:n diese
Dclcktol'eu ••us eiuelll G;'SV"IIIIllCIl. ill dCIIl sid, eill AlludclI.lrahl geriugcu Durch lIleSSCI'~
(GroUeuOnIIlUIlj; 10 bis cillige IllIuderll..,1 ilU Durclllllcs~er) Ulld cille je uuch Killll&lIel'ull-
lerscl.icdlidl illl,g"slillt"'c I\all •••dc bcfiJ"lell. Dei Driftk,""11 ••"-" l •.elcll Zll .Iicser Auunllluug
uuell Fcl.lfonuelclctl'lIdeu hiuzII. ,lie ,Ic,u Verhlllf des dekll'i ••d.ell FcI,les eiuc "I'elielle (;eollle-
lrie ~ebell sollcu. Ol.wolol die 1'1.y,.ikulisdlell Pl'iuzil'iell, .Iie lJei,leu DeleklorlYl'eu lllt;ruu,lc
Ijc~eu, l'riuzipidl i.l<:uti,dl siud. I\ibl. <:s do ell groUc Uulusdliede lJeziit;lich illl'c, Aufhi.luS uu,1
ihres Eiu,alzes. Wiihrelld 1·,ol',,,liuui,lkauuue •.•• ill IIer Hegel uur ciucu klcillclI qllcHchuill
(lIlax. welligc elll illl DUl'dllu,''''''I') ulld eiu slurk illlwlllOt;elles, hiilllig zylilldl'l'sylllll.drisdle ••,
dcklriscl,,:s Fel,1 l,esil Z"II, ,doli<:lll sidl bei Dl'iflkullllllt:l'll Ull IIcu illlwu.ugeu<:11 Fd.ll,e",'irh
uodl eill Gcllicl au, ill d"lll dil, d"klriscllC 1"<:1,1so vorgel)"hell winl •• 1•• 11 ciuc ciu.leulit;l·
Ucziehuug zwischeu .IeIU IJ,"',b!\augsurl eiues Teilcl",us u",1 .1"1' EUlsld'"I1t;szl,il de", I\ ••u.-
luer,ig,wls I••,sl illlllil \\,'" .Icu l,illlll. IVleisl wird fiir IIiesell ·I',il eiu .uuglid,st, 1",ulUgellcs Fcld
uug"sl •.•,bl (A Il\veicllllll~l'II ilu l'rlllllille Uneid,).

Vil' FlIllkliull i,l 111111wit' 1',,1,;1: Bill Teild.ell .h.rd"I',erl .10" Ga,vulllilleu ulld iC'IIi,icrl
dal,,:i eiu <Hler 'lIdll'el'c A I"1111'/ lvlul"k iil" .Ics Fiillgu,cs. Vi" pllsil,iv<:11 Il,uellri-'llll'fc lIlld die
fn:icu Elckll'lIllcll wcnleu dllr •.h ,his illolicg"u,l" dcklrisd.c Fd.t gd •.cllul. uud l,,:wcf.ell sid.
~Ul' I\"ll"hle In.w. AI",,'" d •.•. jl'wl·ili[;CIl l\illlllllCI'. Celilll"l .IllS Elcklrull ,1,,111,ill .Ius sdll'
sl-urke ekklrisdu, 1·\·ld iol tI •.•. "ulllitlcllllll'e" UIl."d'UII[; .ks Alltlllc •••lrilht.:s sell' .Iie sol\.~-
Illluule G"s"t:r5Ii,ik"ug .·i". d,h. di" Elddrun l\,"willlli :<.wisdlell scincll Slollen Illil .hou GllS-
lu ••I.:kiiI.:1l t;"uiig"ud Eu,·,~i,'. IIIlI ,dl.sl i"uisicH·Il.l ZU wi •.kcu, ,dlliigl ciu w"il.· •.•·s El<:kl •.on
UUb .·illell' l\,I"ld.i-.1 f•."i uud fiilil" , •••••il. zu t·illcl' Vc •.vidf"cllulIl\ .1<:•. uC[;illiven L"hlll~elll .Iit:
sid. Iluf <lie Allu<lc zlll,t'W"I\1'1I ((;" .•"e,·.I.id;ully), Gleidlzeitil\ wel'.leu IIl11iirlid. uucll l>tlsilivc
luneuriilllpk, t;",.ild'" , <IiI' ill. dckt ri,d,en Fcld zu •. l\illlwde tlriften. D ••.•.11 .lie Dewcgunl:\
.Ier IlUU ,,,111' I;•.••Jkn Zuttl V,," Ladullgcu illl cleklris,hcll Fd,1 t'1l1sldtl eiu c1c1.1.-i,d.e£ Signal
:<.wisd.cu 1\ utlwd" '"lll A"",k • .Ia, llIit ~e"il\udeu V•.•.••I ii•.k"rll c1dct"ullisd, weik.-v<: •.sliirkt
uud allsdtliclle'HI ilUllly"i"11 w •.•. d"" kall'l.

Auf .lie .,i"l.dUCll AI,,.,I ••,ille <li,';;c, f'ru:<.<:sscs s••11 i.1l fulgellllt:lll'll"Z "iUl\l·t;illlgcu ,,,er,lell.
EillC Illlsfiihrlid", •.c 1)•••.,I.-IllIlll; tI•.•. I'llllklitll.swt:isc vou P•.••l'''rtiuuitl· uud IhiftkuI'"lleru
lilllid sid. 1..11. ill It I.
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UuLer dt:•. PrilltiiriouislLliuH iu cine •. Propudlollid- odcr DriflkililllJU;1' vcr~tt'l,t Uti,U tlicji.':ui!>(:u
10IiSllliollt'" ,tes )·'iill/l.l>es, .Iie 1I1l11lilldhilr dlln·h .Ias llild'ZIlWei"elldc Teild"'11 erful/lcll. Sic
kmlll illlf zwci /lrtlll,biill1i •.h verschic<lcllell ''''''llell g"sd,,,hclI: Ers1ells dllreh illdils1ische dck·
trOtllll/lllclisdle Sirellull/l .Ies - ill dieselll Flllle gell"lcllell - 'I'<·ild"'lIs all d"11 Mulckiilell des
Fiillg"sc,,; ode.' zw"ilt:lIs. illl Filllc ,I"" TcildlCII Cill 1'1101011isl. dllffh volls1iilltligc Absorplion
,h,rch eillcs ".or t-!"khiilc.

Eiu Au"drllfk fiir den llIilll.,..cll <Iill"erelltidleu Eucrgicvcdnsl ~~ (Ellergievnlusl pro Eill-
I,ei lsliiugc) ei IIe. l;dllliellcll TeikhclIs ill eillelll MediulII ilufl;rllll,1 VOll ClIIlIll",h· Wed.sd wir-
kllllg \Vllrde i1l1 Halllllell <Ier rdalivisliscbell qllalltelllllcchallik elllwickdl ","1 is1 ills Ueth<·-
B1odl·Clcidlllllg lJekillllll:

Ar~on
6cIII

1 ullll.

PI me
A hl.ildllllg 1.1: Ellcq;ie\'erlll.l eillcs 'r.:ildlells <lnrdl lo",.illiioll ill Arl;(>l1 (lJ!)

killclisd"'l1 EIl<:"l;ic w<:i! ••I'erh"lI. ,Iiesel" Greuz<:. Dicses Vedlilhcll isl ill Abb. 1.2 illuslrierl.
Z.B. \~erd'~l1 vlln elliell, 1 (,""" Prolou ill eiuer Sd.id.l voo 1,,," Arl;lll' lIuler Nurlllallll'·

(N,,: Loschllli,lt· Z.ddj 1'.111<: Eleklrllllelll.ullllll; Ill,,1 'Illassej Z. A .1': l\.-rllladlllll;sz.dIJ, Alolll-
gcwidll ulld Didll" dcs M"diumsj .}.I): Ladllllg ulld G<:.chlVilldigk"it (1:1-'- ~) llt-S eillllLufcll,lcll
Telldlellsj'-: di" Li~I.1gcsdllViucli,;keil; h i,l .lie .IIgcllhllllle Dirhicilluklillll). lu dies<:lll ver-
Cillf"cl.lcu A IIsdn,rk siucl wecla hiiherc OnlulIllllcU da dddl'IIlll"b"e:tiscl,ru Wedl.dwirkullg
(nrelllS"lrahlullg. Cerellkovlid,t, Ubcrg ••llgsslndolllul;) llocl. Srhalnlkllrrek IIIICll allfl;rulld del'
gClIlLlleu cl,eu,i"r!1C'1l Sl.rukl.ur cles Ml'llilllllS heriirksidllil;1. 'I'rub.clcill "csrlIlTiI,1 cr dell Vcr·
11I1If,Ies dilfcrelltidlell Euerl;ievetlll.ls rechl gul. GleidlllUg 1.1 zeil;l. d ••11 dcr 811ergievulu.1
Ullllbl.iiugil; V""I tier I,t ••ssc ,Ie" iUllisiercl"l.:u Teikhells isl. Er fiell1 zlllliirh.l ilu D<:rcieh
Ilidll-rcl ••livisli»dler Ellerl;ieu ullgdiihr llIil ii. ah. eHeid,1 bei clw.,}1 -- (l.OG ciu Millillllllli
(lIIillillWI iUlli,i aCrlde 'l'ei/dlell) lI11d sleil;l ,1111111Zll .cllI· 1101,,;11EllCfl;i,'u hill LII'I;Shlll wieder
hll, IJis "I" eill 1"!i,1<:1"1errddll, ,Ia. bei GI,sell clWlL !iO% iil><:r delll Milli,".JlVert liegl. Die·
• eS Plllle,," i.l eille FIJIl;e ,Ies sogelllllllll<:l1 Diehlecffekts, P••larislllioll.cfld<:lell fIll MediullI,
die CillCll weilc:l'Cll AIIsli"ll cles EIl"rl;ievcdllsls verhillll<:rll. Biue kllrl.e lJi,kllssiorl llueh dCl'
I,ier verllllcl,liis"iglell 1'cnllc gihl 121 (S. G4. dorl a"rh !lilllVei.e allf clie 01 igillldlld'eilell).
Ahhil,hllll; 1.1 ",•.il;l eiuell lYl'isd";1l Vedllllf dcs Ellcrl;ievedrlsts.

Der mittlere Ellcf!lievedllst ill eill<:r Sehidll tier Dicke hx i.1 ~1fh.£. On I.i1buehlid,e Ellcr·
gievedusl isl j"dud, llileh PuissuII-Slatislik vcrleilt uucl 1I111erliegl - ill.heslllldere iu di:UllCU
Schirhlcll - slark"l1 Flukltllllillllell. D••rt isl .ciue Verleilullg 11I'<·il.llIil "illlOlU MilXiullllll. ,IllS
uuledllJh ,les Illiltlercll Ellcrl;ievedllsts (iegl, lIud ciue,u LlIlg"U A usliiufer Zll IIl.hell Euergicu.
Lauclall IIII,1 Slerul,,:illler elllIViekclleu Ilts ersle cillc eillfad ••, Ilcsdlrl'ilJlIlll; die"er Verteilllug.
Spiiler wlInlc IIlil delll S0l;<:llilUlllell Phu1ui,hsorpti".u. luuis,lI.iuus /vloclcll (I'A 1M) "ille hI'S'
sen,. llllerclillg ••. Hid, sclll' vie! kIllHl'lizierler': P •••.alllclrisi •.•.lllll; l;,"!;,·I"·1l 1I:l1. S. tl8f). Ersl fiir
sdlr dirke Sdlicillcll. ~~h .•. A' 21l1,tJ"('I:>, wirel .lie V"rteihllll; III1t;cfiilir 1;,,"lif';rmig.

D<:r 1l1lsg"l'riil;I, .. hod,el ••,rl;di~dl(: AII"lullfe.- cler V"rl.<:illlul; is1 VOIl U"delllllllg fiir dic Dc·
lllilslrllklllr dn f'rillliiriollisillioll. Die 'Vedlse!wirklllll; cles 'I\·ilrhcll. llIil diillllell Sellie!.lclI
II<:S Mcdill'"S ko.UII Ills cille AI.folgc: c1i"k.-ekr J'rol.","c 1 •• ·:;dll'id"'11 werd,-". hei dellell .llIs
'l'.:ilcl,ell .i,·weib IIl1r llIil eillelll EI<:ktruJl r('aginl. Wiihrellcl cler IOriillk '('"II .Ii"ser J'rillliir·
cleklrolleu Eu •.•.giell l.esi1zl. c1ie lI11lerilidl. de.- /oui,i •.•.llllg:;'·lle'!;ie d,," t-ledilllllS li'·gell. [lihl
es ,1""IIIUdl "ill'.' r<:fl.l 1".I.e \oV •• hn,d,cilllidll,,·il fiir di" ErLl'II!;IIIIl; Vo" Elck I •.••""" llIit dlla
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f'lJl;hiihe (willkiirliche linhcill

AI.IJihl""/l 1.2: SI'"kll'lllll 01 •.•. (;'·'i111.1'''lerl;ie (Lllllclllu,Sl'eklnUll) vo" cllln:I, /1I"i.alioll "r-
Z,,"!;tell prillliircn £1<-klroll"11 III

,liul;llng<.n 10 Ekkl,rll"en llIit. I"chr Ills 1&1'1/, d<:1Il 1••llisatioJlsl'0l<:nlilll von Arll(,11 (l\<:uilllcr:
l!i.8e~' !:lUIl. 1'<:•.•'"'!;'·S ••.•·III. 111111die \\'lIhrscl..-illlidekcit ••..in Ekklrllll ",il llIel,r aL lote\'
2.11 JilHlell. hdl'ii~l illlll ••.r1,i" 0.1 III. Die." sOllellalllllcu b· Elcld r,","ll we ••I,,,, l.lcvon"l;I, ,ellk·
redel zlIr '1\'ilel'CllSI'"1.' .·wittierl. Sie dllrcl,lallfclI illlClscils .lilS FiilllllCdiulll.l.is alll·l, si," i~••:
EU(;lt~tC iu ~ lUCi:it . iuui:\lCl"cudc'll StijUt'U \'crlun;u l,alJcll l5'e!..:u.u41,tl·iIHlu.diou). Jj"r 1Iiaxiulid
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.lIliulI durcll cill gcl.ukll". '1'c:ild'<:II, Wi,lIrellti ,Iiesc ill •.•, killcli.d,c Ellel'f;ic ill vi.:lcu Eiu·
~clreilkliollell 10",/; •• "" vedicrC:II, "''''I;ierl eill PI"Jlou 111.1'IIU CillClII eill~il;clI l'uull, Ilil dCIlI
es .eille l;e5allli<' Ellell;i" all cill ~:tcl"wlI utlel' cill Alo.II/Mukkiil) Jes Medillill. llllgiol. Die
Wnl,rsclleiulid.keil P fii,- die A1""l'l'lioll eille. 1'1101011. dcl' Elle,,!;ie E ill eillell\ MecliulI\ del'
'}":ild,el"liclll,' N ill. Fllultti".1 dcr Did:c des MClliullI. ;&: isl l;egcLell lIul'dl

lJubei isl. III tlic AII~ •.I,I dcr c·illfi.lkllllell Plootullell 111111I die Zalal tier IIl1d. eiuer Sll'eclw
J: lIud. vud"'ll<klleu PI,,<lu1II"1. o(E) ist, del' ellcl'l;ieulJlriilll;il;e Wil'klllll;s'lucl'.dmiU fiir die
Al1.url'liulI cille. 1'1",11"" <tu,d, dil. Medilllli. Oil: Groll<: ;, knllll dlHlII uls lIliull:l'c freie
Wel;liill/;e dl:s Pholull. iulef)'rC'lierl werd<:lI.

J" lIud, 811ergie dl:b t:lllf.dklllkll l'I,ulolls winl die ALso •.••liull VlIlI IIl1le •.scltictilidlell PI'U-
~cs~ell ,lulHillicrl:

lHogliclic Ellcrl;icillJcrln'l; Iud cill Elckl.roll isl

EAt =- 21l1.t:~t{'-/,

dc •. killcllli,li,d.c •. GrclI1.wl:rl ol:i Allllalllllc eilll:. ZWl:ikc'r ••cr,l,,/Ie. (.",eI, II/). Isl D.E .lcl'
gesullllt- EllergieVt:r1I1~1 cillC. TcilcltclIs cllllallg .eillcr 51'111'IIl1d H'; die willierc fiir cine lu-
lIi~alillll valn,.lIchle A•.beil, liilH .idl dic AII~altl del' prillliil' 1111.1.I'hlllldiir Cllblumlellell
Elek [1'011-1011-Pilar,,' ~II

'/1'1' =- 11'.
a,bschiiI.1.ell - eille Rcd'Cllwei.c, dic frcilidl dic deklrollischclI, lIiel,l iOlli.ierelldclI, ullcI mole-
kllla",," AII •.q;"II;"1l illl Mcdill'" vcrllildali'ssigl. III, Milkl I:rzl:lIgl "ill willilll;')iolli"icrew!cb
'l'cildl(:1l ill Argull clWil 2Dl'rilllu •.c IOlll:lIl'ilh •.e jc 1'11' 1111.1D-I 10llCllPillll'C illsgcsaml (P), vgl.
allch Tillt. 1.1),

YUII 11''''''11111111\fiir IIi,· OrlsallHilsllll15 "ille •. Drift- odeI' Pr"I", •.liulI,.!killlllllef isl Ilic lIrcilc
de •. IUli ••,li""»pllr .les lIad""w,,i.CI,)"" Tcilel","., A IISbeldaghl:belld ibl l,iediir die Rcid,-
w(,ile .I"" lIiedeH'lwrgcl isdll:1I h- Ekk l"Ullell, Sic l,el rag! fiir ElleI'gi"1I ulllciliall, 3 J.:dl ill
Argllll zwisd,clI w,,"il;ell 1"'1 IIl1d eit. ltJOlt,". PI, Del' Spurr".lills winllllithill ill der.elLell
C •.i'J!ellurtlllllllg licl;1:1I 1111.1kleilll:r seill ills .In lI,illlere Ab~I.,,"d ~w,'ic:r I'nlHiircleklrulI"". dt:r
ill Argoll clwa 3011I/ll1 l,driil;l. (5.",). Die Seklllldiird.:kl,rulll'lI WI'I'<1CIIsid, it!. •• ill Crlll'l'l:lI
11111illr jewl:ilil;e. I'rill,ilrcs Ekkl 1'''" hel'lI111 ;1I",nlllell (l!:/c:Ul'IllIclI"'u,lIn), /'dcl,rittulllige Gasc,
wie sic .d. lI,'ill,i,,'l'"IlI;e" ZII 8,lelga.clI ill Pr"l'ol'li""ill- \Il'.! Drifikallll'l>'r11 III del' Itcl;c1 Vel'-
tretcll !,illd, J'Ctluzs,'n'u die Spurbn;ile weiler bChCuiihl'r di('~CHl \'\I('1't, da ;')1"dl\n:h zll~i~t,lidlf;
Aur("ljlllll~:)IJJf"dw.llisIlICJl (Vihn~ti(HH:HJ HutatiulwlI) h(::lticr itls l'l'iuc Eddbjl:l{' dil' Euel'gic •.It.:•.
Elcklrullt:1I i1l1fz\lllclIIlH:U VCl'IU()gcu.

'l'idJ.-llt- 1.1 zei~l "illl' Dbcl'~id" ,1,,1' EigcIIsdaaftell eilliger l,i,"lig vnw","lc\.cr Fiill(;,,;c.

Fiir ,'''" lIclrid, VOIl 1'1'''I'"rliollill· 11.,,1 DrifLkulIllllel'll i.1 ,IiI: Al,~oqlli,," VOIl PlaulGllell illS'
LI:.olltlc •.•: ZII 're,l- IIl1d 1\ illil.ralioll.zwecltell illlcl'cs,IUlI. J1icnu wcnlc:ll IIIcisl L".el' lllil Plw-
10llellellel'gi"u Vull eiuigcII I:V ••del' I'Il1liuuklivc 1-S11'1Ih1el' IIl1b dl:llI kcY-lIereici. eilll;e.clzi.
Z.ll. dCI'0llit:d eill G J.:c\l 1-(~IIi1l1t 'UIS riller ~~Fe Qllelll: vCl'l;kid,b.,1' vid EIlt:rl;ic wic::eill IIli·
lIilllllliolli.ieI'Clldc. Teilel":11 ill :J. nil dlles G".es. Dc\.l'iicJ.llichc Ullicrsdlie,lc "1:.leI.el' jecludl
IlillSiclllliel, ,Iei' l'i'Ullllidll:u Y"rleilllllg del' IUIICIII'''''I'''. Dn IlI"lills del' IUllelll'ilitl'Vcl'leilllllg
winl ill d,e;I:II' FI.II 11111'V'," del' Hcid,weile dl:l' lIiedcl'Cllel'l;clisdll:1l (~ Iih;\I) ElcH •.ollCIl
I>c,lilllllli. si" I.c\.riil;l, wi., ul,ell •••,gegd,ell, ciuil;e 100/ml. DIt. I'holllll I.illlt:diillllllso kcillc
Spill' ill del' Ii:UIIIIUl:f, bUlld •.•.1I lIur Cill"l1 eill~il;eu Clllslcl' verl;lcicl.swci,1: 1".I,el' 10llelldidll<:.
J)ic~cl' VIII.laud isl V"11 1;1',.11.:1'Iledclltllug fiil' d"u 1'1'0~dl (1<:1'Gasver,ti,rkuug (•. 11,).

D"s Ah~illkl:1I tier E"'ltlnll,.'lIe",:q;i"1I ,11:1'l'l'i.uiin:1I 1111.1sekllllcli,rell El<:ktl'UIlCII ul,lcl' ,lie
uil:.lril;slc 10Ilisierlllll;.c·III"'~ll' .I". Fiill~iI.l:. k,ulII thnllllHlYllilllliscl, Itls Thcl'lllillisicnlug I,c·
,eltl'id"'11 wndcu, ni,' EI.-I" 1'''"''" [;"bl:lI ••,Iiluge EIIl:l'l;ie illI dils GItS "", bi •• ie "ill"11 G"'id,-
l;ewidal.~lIstaild .lIil ill111.'rr •.idol 1••• 1"'11.

Iu 1'1'0I'0rli""ill- \11111U, iftl,i1uuIIl· •.•• i.1. iu ,1<:1'EU(:&'l;id,il.,IlZ ud'('11 .10:1' 'l'<:IIII'I:I,••lllr .It-s
Ga.c. 1111..1,1I0d, tlil. lI,di"I~"II.1t- deklri.d.c C''':lII zu l.cl'iirhirhtigcu, .Iii' lIIil dCIl fl'ciell L,,-
tllIlll;I:1I wt:dl.elwil'kl llI,d il,",'u illl zeitliclll:u Mill.cl EII"rl;ic zufiilll'1. Dil:bl: i.l .c1,ou illl
ve,,!;It:id.sweibC .d,wadll'lI F.-Id .I,,, Driftl.t:!'eidlS VIIU Dl'iflkllu.ult.:ru utHl el'sl I'cdll i 1fI Gllb-
v"rsliirkuul;"l.cr"id, wC.C:llllid, ~Ii;lll:f Ills ,lit: ll,cru,i.d.e Elleq,i" .It:!' Elckl.rlJllell (;;:= 40 III-el').
III ,-illl:II' IYl'i,ch"1I Dl'iftfdd VOII~,Il. 7liO ;;;;.~,~ "cll'iil;l .it: ill Arl;l,".Mclllltil-Gns (MiHhllugs-
Vt~l'l.iihlli::i UO~~I -lU'Yu) t:lWil :~.~ (0\1, WHS ciuclu Juilllcrcu Cesl'll\"'iud'bkcitsbclrHb vuu 880-;;;~

VVt:lllll\leid. 1I11,·j, 1'1101.11111'11illr" Ellt:rl;il: tlllrd, ..1<:1,tnJlllil{;I ••.l.i~d,e \AJ.'rk.d wil k 11111;illl flle-
<li"," <lcl'0lli(,I'('II, i.1 ,IeI' M"d';'lli'"l11b illl Ddail <1••1'1, w,,"t:lll.lirl, v<:,.d,i •.tlcll VillI ,leI' IUlli- JVUIl nUll an winl (ii, Ji,: 1~"II~tillhOlll( ..u ~uwl,111 hlulUuu·r ,vic III\J),oLlIhuCf (;i'~(,Ja Uq;rilf MuhoLiil VoC'H'o'Clldd

wndl:lI.



!:lIlsprirlll .. Dic Ekkl.rtJlICII 1":W"l~(,1l"irl. j•.d"ell lli,,1I1.Illil di."er Ce'.:!I\\'IIl,ligl",il ,,"l' dic All-
Otle ZH. ViC'JII~d&r SlOUCH sic iUHHcr wieder lllil Ca~luulclii)lell ZH:-aIUI1J1U'll uud wt..:flleu OlUS ihn:,.
Ilichlll"l\ idli!,dcllkl.. III cillelll ltulllOgCllcll dck I. i,eI":1I Fcl.l ,ldll si,,1. ,·i"c slahile cll'cklivc
Cescllwi"dil\kt'il eill, Illil der sich die ElcklrullclI illif ,lic All'''''' "lI),ew,,!;,,", dic lhiflge.,,:!,uJill·
dilJkcil. I Ill'<' Griillc, clwa. 30 - 50,;;;!, fiir tYl'i,eI,,· C",c 1111.1Driftl'cl,bliill,cll. isl Illil der
wesclllli"h J,iilll'"cll Ei~cllg;cscllwilHligl,cil VOII ~riillell,)nl"lIl1l;sllljillig DOll ,~'2;'0'011veq;lcicllclI,
Danlus wir.t dClltlid" d"lI,lie Slillislisrlll' VertcilulIl; dcr Slrcurielll.llllg lH:i ZIlSllllllllclls:iillell
wil dell G",.Ill"lck'ilcll die ZWllugsfiillnl\lg <Iurell das dektri",,"c Fdd 11111'schr scllwltch "ur
Geltullg kOlllll.CU liilll..

Die D,iflgc,,:"wiudigkeit cilles (;iCies winl iu ,Ier I'mlO.is Illeisl als FIlUklioll dcr rC'1uziat •."
Pdd,I,irl, •. ;: illll;"gelJCll (JI: Druck des Gase,), A Ill" 1.3 l.eir.1 il,rc" Vc:rh, III' l'iir eillige 1.1'1;0"-
lllisclllll'I'YlI. Di •. slilrke Allhiillgigk"il .Ier Driflgcsell\viudil;keil VOll .In ZIISa.llllllCUsclzIIUg
,Ics Ga"es isl oll'"usiclillich,

}\"IllIlU'ru sowie geschi"kk Ii:;dil.;alioll k"IIlI":,,sierl, so ,Ildl Irol" sclllcdlicr I(Clllllllis Jes
V•.•.lalll'" d •.•. Drin.g"sd,wiodig"ell 1101'.11Allss"gell iiber die LlIge <ler 'J'eilchcl\sl'lIr gell\l,chl
\Verticil h()UlICU

Die Orb· Drifl"eil-Dnidlllll[,\ isl fiir Driflk""IIlCrH Illil iltrell nll~gedd •••lell ll.ctirkell 110-
Illugell.,.. FelJ"liirke weot'llllid. clllfuel.er zlI he.d,n:il ••,Il, lI11t IllUli deu Zci11'IIukt des T"il·
c1lelldll;'dll:\llugs I" dwa Illil lIill'" eiu"s Szilililllliurs "e:;hlllllll, kllllll llei Kelllllllis dcs D,·ifl·
gciSd,will,ligkcilsved'lIIL "11.1 .kr Zeil I, ,1.:1'Sig'li,IcIIlslchuIl6 Illll Allo,lcll.lrllill .In AbslllllJ
,ieI' '1\,ild":Ilsl'"r ""
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o

:Ii = f" ,,/),;/,111
I.

bcrcelll'cl wer,I.:Il; IIV"I': .Ii" Driflgescltwilltligkcil. Dic llllwlllogclliljil ,Ies Gasvt:rsli"rkllllgs-
fchles hlilt. :;iell iu dic,"'ll l\a'"I1Il'l'Il fiir Driflslreekcu, tlie dCIl III1<1ill. "es illltolllu~eueu De-
I'cid,s iil,cr"lc.gell, ••" •.•.1, Ii ;.lib •.••li,," dilllilli""CIl, ,Ill seill EiliHllll sid, aliI' "i.: Atldiliou ciller
li:ulIslllute 1< "" ,kr v" ••• IlulI"'l;''''':U Fddl,el'"iclt nlleill voq;"g"belicli Drifl"cil ll"sd,dillkl,

You wcil griillcrcr IInk"l ""g fiir "ie OrlSillltlii,lIl1g VOIl Driflkilll'"1l,rll isl, Ili,11dic Tcil-
cltellsl'"r ill ""I' n"gc/I.id,l illlf "i II"I' Lillie gleid,cr Ihifl~eil (lJU"/"'/JII") vnlallf,," winl, sci cs.
weil sic lIicltl seuklt'l:ltl "\l",lJrtIHcld vt'\lii"fl Ulla weil,lic hl.ellr"lIcll derli:llllllllerlldriillllill
sim/.

Die Dilfll,i/J1l tier Elcl.trllllclI wirJ ""IlI.:iSt 11111'fiir ,lie "eitlidlc Elll"i"klullg tics Siglllli.
ciuc:> t:iuzclucil l~kkLrllllf·J1dll~lcn.l vull UCdCIILuH(; ticjn. 111I'ChlcH 1\ 'Husuerll i~l .lac ~lulidlschc
ScltWllllkll1l6 tlcr Aukullftsz"il ill tier Hegel klcill gegell ,It" sy"l<:u".li,d.e Uusid.etlleit, ,lie
tillS .Ier 11l:,d,rid"'lIell Alli';llrltroui"iljil ,IeI' Sl'lIr "l'wiidlSl. Eillc ,IcllIillinle •.•, Di.\':u,.ioll del'
Slolll'ru~.t's'i", di,' Zll d •.•. DiJrll,i,,1I .1<:1'E1cklrullell (iiltrell lillliel sidl ill .I<:u li:apitc/u 2 111111
:1.:1.:1,

DcI' l~iuJluJ/ "iu", liIlIlJ/ldfd.l"J llllf dic Elckl""IlCllhcw"gllug .picll ZW1I1'ill dtr l'rllxi.
cillc widllil~" Rull<:, i,l al. •.•. fiir die vurlicgellde Ad",il, die sich uuf •.•:ill clcklrisdle Felder
hesellriiukl, uid,t VUII }\,'.kulllll!;. Eill<' Dc.dlreihllug eler ,luI"it V~dlllllllclll:1l Elld:te 1111'
tcrl,lcihl. d".wq;'·11 1111 di"s"r Stdl<:. Sic wi •.•t z,D, ill 1111!."I,ebcII, DOl'I lilldel .iell Il\lell
(:illc IIlilkros~.ul'isellt' A I,ltalldllllll\ oIcr Di Il'lIsillll , dic Ili"r ails .piitcr ersielillicltell Griiu<lell
fllst uIIssd.lidllirlt iil,,,r dic st ali.1 isrlll: Yerleilllllg del' Slrc •••.idllulll;eu eill"clller E1ektwllcu
I,esd,ri"hcu wirJ (s. Kal'. 2 1111.1:1.:1.:1),

--'--'---r--Yl--1-r-'--'-t--'-r-l-I--I--'-'-I-·-'-·· [-I--

A, +

Ahhiltlllll~ 1_:J; Drifl.g"sd,willtli~keil<:l1 vou Elch Inil."" ill vcr.dli"d •.ucil ..\q;"Il-Mi,dlllll~CIl
j·ll Di •. I'ro"e»e i.1I Flillga, .I•.•.h allllllcr VedWlIll'li"icH:1I sid. wes""tlid,, WellII die Sliirkc dcs

c1cktrisdl"l1 Feld.:> Sll ~r,,1l wi •.•1 (eillige k Y pro elll), dllll .lie Elcklruueu "wisdlcll eill"c1l1eu
t.Jtk •. hUluulaliv iitH.:" uwhn.:uo St(}Ul.' uc.:uug Eucrl:)ic ilUflU:l.UH:U. UHI ::.cll.tit Gi,:J,lUtJ~ckii.lc uure~-
l)c.:u u..lc:r iuui~i('l"cU ~u Jl~~.IJIIC1L E~ koullul C.h'liU :l.U ciucr VcrvidfilduUll:) .14.:1'Eldd •.uucul.ilhl
I,,;. ~1l..·idlz.l;itiber JlruduLl.itlll «it· •.•• 1i,zubdJ(.ri~c.:u lUJlcuJ abo iUbgC.:ii&1ul zu l.iuer ZU11iduHC \ler
fH,i 1,c:wel:,1idll'" LIIIIlIlIl;"'" I>i",e •. Blr"kl, <Ii.: SOllCllhlllll" G'lJuc:nl,i •.h",y, wi •.•1j., lwei. Ik-
hicbs41l't (kr J\.~Hlult.;r 1111lc:nlrlldil (~.B. ill ~(lg("uiuIHteu1"Hi~idiull~kaflltHc.;ul) udt.:f ~(·lIutz.l,
'"" .Ii •.. Z •.I,1 .Ic •. ).;.d"ur:.1riig"" , .•w";l tll vc:r~•.iillc •.••• <I •• lll·ill gill IIhel"".·.i"bilrc. elekt •.i,d.cs
Siguhl au Ill'" }\UllllI1C •. idll;q~riJrt:'lI wCHku kaull.

Dil' NlllwI· •••ligk"il l·illl·1 V., •.,liidlllll~ wi •.,1 fi.••. I'rol'orli"'IilI- 11••.1 Driftki"llI"cn. sul'orl
el'~i(htJid" WCIIU luhH bl dl:uk t I d.di \;'11 luiuiuwliuuisiC:l'CIUlcti T.:tJdlt.:U iu t)'pi~dH:H )I\tillba~cu
1111"W,,"il'," hll".lnl Ekl.l •.••II·luII·I' ••ill'l· 1'•.•• nIl c •.ze"!;l, ,1"lell dird Ic:r N••cllweis illlilcr •••.·
tlcllllid ••: Sdl\vierigk"ilcl' 1"·I,·il," wii •.d", ))" •...1, I~il'" besdlid<lc \V ••ltl dCl }'"I"lIli ••l" "lid ,Ic •.

Iu Pl'OpO.·tiuIWlkilIJ1UI(~l'n IJzw, iall iullUIU()gl'lu:u '(\:il dl'~ Fddl'::' Vult Ul'iftkuHIIHcru sau,I
llie Yerlliill"i,sl' w",c"lliell kOI••plizic •.tl:r, ids I,i •.•. 1•• :"clllid.etJ, D;os d..1.I •.;,dle Feid iill(!<:rt
siel. d ••rI on " •• ,1'1111<:11,d;dl vide fii •. ,Ii.· El.:kt •.••"CIIIJI'w.'gllllg .·llill·;tI;lni"li,d,e Criillc •• lIid,l
ihrell Gl.:id'l;.cwielot:;wl'rl. elTcichell kii""",,, D••s gill ".11. ill l.e"o"deICIII t-.L.Jl" fill' tlell crtilell
rJ'uwu:)cll(l·l~ucJlizic;IILclI, iluf (kit i"l~fli!lr1ich ill )\11)" ~ l.:illg'-'l.~ilU~l:U wird1 ilber illlCh fiir die
D •.il'lgcscllWilllligkt:il Illld die killcli,.·],,· Elle •.git:, Eillc Z!l,iilzlidlc S•.J.wi •.•.igk.:il riilt •.1 tlulaer,
.lidl die J) •.ift I'\I'"ellI\·illtlig!tci I twi Sell" 1a1l11l:1I(0 l; ,IS V•.•.,t ii•.k IlIlgs- ) 10'..1.1,.1ii 1 Itlill clO.l'"•.illlclltell
pri1klisdl lwulIl l;llg~illblidlist.i. Heide PruIJlc'IIIC wcrd.·l1 In:j Proporlj{lIlidJulllJJUCf1I, priuliir
dllrd, d,," Ideillcll qlle •.,c1l11ill (kllu •..•.D •.il'twcb) Illld .kll EillSiltz, cill •.•. I\ndkll AII~,alol Vull



Ccolllctri •.• I<:r I\illlllllcr cncicl.l'll"l1 cillcll Vnlilllf dc, deilit i,d":ll Fdd,'s, der illl UlIlfd<l dcr
NlIcllwei,dcklrodc ('Ilci,l der Allodc) ~Il H' IIiJhl'l1 Fd.blilrh •.11fiil,rl, dilll dorl Ci.,vcr'liirklllll;
eillsctzl \llId l.rl,l~dcllI - ill DriflkHllllllCI'JI - eillc 1;11'dc:lillierl.<: (J, bi-Drifl.zcil lInid"ll,!; fiir dCII
Drifll'lllllll crl'illlcll 1,leilA. Dil ~1I1l.cisl. diillllC, lillll;e Driihk "Is Allodell v<:rwl'lIdcl wenlell.
wirel d", Gil,ver,tiirkllllg,fdd ill der Hel;c1 illl wcscllllicl,cll ~yJilldcr'Yllllllclri,d, SCill, IlHtI
dCll1~lIfu)[;e I'rul'0rliullill ~II ; (1': ll"di\l') ,,1,fi,lIell.
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eleklrische feld,liirke
AbLildull1; ).'1: Vnllilliell des C",vcrsliirkullg,f"klur, I.ei ~lIllcl'Il":t,,I"II' F.·ld III1l dCIl Sil;lli.l·
.Imhl. fiir ~wci En:iglli,s<' llIil IIllkr.c1,i,·,lIichcl· Prillliirclektrullell~llltll) I

III A hhiilll;igl<t:il VUIl dell vorl,err,c1":lldcli Fcld,liirkcll IIlllcr,d"'iliet '"illl drei n"rciche
.Ier Cil,vcrsl.iirhlllll; (1'1;1. AI,I •. ).'1):

(I) I.u Uc;1"cid~ uictlfi~cr Ij'd&.btiirkeu rcidll die Vtlll (It:1I Eleklr(lllt~lI ,i1\lf~~(-1I0111uH'lIeuEHcrbic
lIi"hl 1111', '"" ~II eiller wi •.klid..-II Cil,vcr,i.iirl(Ullf. ~II liiltn:ll_ C.-l.-gl'ldlid,e IUllb ••i.ill·
W'II [;1"idICIl ill ct.wa dell Verlll'i. itll ElcldflillCIl "",, der .I11•.d, Allltafllllll;ssloUe lIlil
dcktrllIlCf,;.divcll Ai.IIIlICIl od •.•. "",,It l"Il"1l illl Fiillgil, ellbl<:I,I, IIlld die Z.tI,1 der 1I.,,,h-
Jo;nvic"'lIl'1I Llldlllll;ell ellbp •.id,i. dell pfi'lliir I'r~ell[;l •.•, Elc-Idlllll-!,>!,-l'ililrcll. Hie •. Iicgl
tler Arhcibbcrcid. YOU ]ulli~u.liul1~k~'IUll1t'l'II_

(II) Zu 1'0111:'-':11F.-ld,lii •.kclI hill ,d~1 ,LlI1I1 die l·il-\C:llllid,e (;a,vcn.lil •.klllll~ cill. D" •. Mulli-
plikillillll,fakl.ul' :;t.:igl rll,dl alii VVcrl.c:Ilis ~11 ,,: Ill' 1l1I, wIII."i dil' AIIZitld <Ie•. iluf dcr
Auod(' lIi,dlgcwicSCIlClI EJcltlrulicll propurliullitl ;'.111' Lidd Ilt'r I'rillJiirdcldrlHICl) Llcibl:

J'rtJl"JJ'lwlI"ILt:I'l'id,'- (nercid, 'JI" ill ,Ie •. Altl)il,lulIl;)_
n"i wcilt: •.elll AllwadlSclI Ii•.•. Fd.blii •.ke (lJe •.cidl JJL) gd.l ,lic,e sl •.elll;e l"roporlin-
ualilid verlorcul IIlld SillliguugSt:ffcklc: J;CWIIlUCU hU nc,lc"luu~ (Sc,ui.}J,'uJw.-tiuuaILt:.
,·cid.). Di" 1",I,e L"IIIII {-;,.Iid,le ill, Gll' UIII die AlIlllle fiihrl ~II cillcl' Ah,ehwiichUIlI; ,res
UiI,vl'l',liirklllll;sfd.l"" ". dalllllld,colgelldc EleUnllll:ll cille ge •.illg" •.e Verviclf,"chulIl; er·
f,.hl'll. Die,cr Elldd ist III11SUhll:igel' •.iigl.cr, j,. /l1'(ilJer die AII~llhl de •. Prillliirrlekll'OlICII
Will', wi" illl Kllrv,· (~) .Il'lIlli,,1. eni"hlli"h.

(III) Die ItcidclI I\lIfVclI l) I ,"ltl (~) l •.cll'cll ,id. schliclllich, WCllll Siillil;ullg,cffckk dic Ch"
vel',liirkulIl; ,IIIII,ill;".-ell IIl1d .I"•. G",!)cf·M,·j/lCf·IJCfCich ('Heid,l wil'll, ill delll ,id, ,lie
L.willcllclllwirkhlllf; ,iI"'l die g"'''llIlc Liillgc .Ir:. D•.••ltlc' " •.,I •.eck!. Die Cl"venlii •.kllll~
i,t d,,,", llI1illJI,iill[;ig vo" tiel' Z"ltl de •. P.-illlii •.cleklwllell. Jell,eits dc, Gcig"r-Miiller·
ne •.eid" l •.iigl ,id, <Ii,· EIlI};"lulIl; dt:!' K ••lllllle •. VOIl bcll>,l wciler, IIIl1I c, k.lIllllll ~'I
cillelll perlllllllclllcll SlfIIllIlI,,1l ,I"rd, .Iu, Cus.

Fii •. ))rift.- \lut! Prupurl,iuJlidldtiulucfu ~iHtI VOl' Hllt:u Diu6,CH tlcr PrulHJI-tiuuhl- ilLer z.rl'. ilU4·h

,Icr Sellli·Prop"rliullull,,:r •.id. tin l:it,vc"'lii •.kuII6 VUII lJcdcIIllIlIg. Eill Zid die,er AIl>eil isl
e" Erkellllllli"e iil'er dell VI,e"!;illll; ,Ii e'er bcidclI BCl'cichc ~u gewillllclI, ••1,0 ~u b,,:>!illllllell,
wdel,c Lil,hll'bbko~elli.rilliI.IIWIl ,igllilikillll die LilWi'W'Wlllwiddllllj; l,,:r:i1111IIUell.

ZlIr Q"illlliji~ienll'l; .I•.•.C",v,· •.,lii •.klllll; wi •.•l ill del' Hegel der MlIlLiplilo.lioll>f"ktor JI!
"Ilgegcl,ell, der bid. hll, d':I" Vc,ltiilLlli, dcr ,,"I' ,lcllI Dodll IlIlChl;<:wi",cllell ~II ,lcll l'ri,"ii •.
t:f~C"61l'1I Blcldrollell ull·,:I.lId. E •. liilll ,id, ,I" •.ch IlccigllcleWillti ,ler 1\ ""I1I1r:•.gc:olllclric,
ill,IH~,ulldere ,Ie, Dllrdllll<"'.· •., ,I", Allu,lelltln.l,lc" ulld ,Ier ,lIIlicl;clI'!<:1I Spillllllu.gell illl
Hlllllllell de, ill AlllJ. l.-t .li,rgc,lclllclI Vcrlilllfs jibel' weile UCl'cid,e vc •.iinde"lI.

III dcr Lil.t:ralll" lilldell sid, "f! FUl'llldll ~"r Ik •.cd'lIIll'g Vull AJ itll. delll Verlilllf ,~c, cr,lclI
TuwlI,ell.l-l\uclIi~iclllell lIIil d •.•. Fdd,ti ••.ke. DCI' c•.•lc Tuwll,ell.l·(\udli~i,,"t bilJl .Iic AII~hhl
.Icr VUII"illCIII Elekt •.••11I"" l~illlll:ilsdfifLweg e•.~e"l;lell Bleklrllll·lllll·I' •••••.c "" 1lI1lll,iilll;l VOII
de •. deki. •.i,ch'·l1 J'''-ltlsliirl,c 1111.1d"Il' D•."d, .Ie, Fiilll;llSc, ill>. Bill 'uld,cr AIl, ••l~ ,r.JIl:illl dil'
slitlislisdwlI Elrcklc ~" ll<-gillll dl'l' L••willellelllwi,·klllllil jClluch ~II wCllig ~II I,criick:>id,lil;cll.
Fiir c'iuc iltlsf,iltrlidlc J)i~k ll:-.~iUli ~C:i II'c:r uuf l\hp, 2.2 VCl'W't~~CH_

Eill dclilillinle> Va,I,,,,,llIi, de •. U,.,ver:.lii •.kllllll HlIlI <ll:r L••willcllelli.wi"klllllb val'lIIg1
IIclJCII ,ler ))"lrild,llllll; V'lII Slii/lell .I•.•.ElcklrollclI lIIil dCII Fii1l6i1bllwlckiilell, d.,1l weit.e •.c
Pru;t.cstic l.cflidisiddigt. \\Il:rtkHI die tai.:r in flclH T'cnlliuu~ jJ,·()z.:.sJC lwc:;it:,- b.lw, JuiJu;n:,' 0,-,1-
1I1l1l!)~"SilU""C;Il/:;d.dll. w•.•..I•.1I ><.Il"II. All erster Stelle ~ei I,iel' dn ,ogcllallllie J'clllli'II/.EjJ'd:/
/:;ellllllllL Ivlall vn.le"t ""l •.•. il,", llie 1""i,,,LiulI "illt·s UllslcikhclI' dllrd, Sloll mit <:il""11
~wejlell Mulchil, dilS .id, ill cillt:lll llUf.en:gteli Z",lulIll hclilldet, ,I<-S><:IIE,,,:r6ic "1.cd,,,11> ,ieI'
J(JHisicfUhb~.I:Ul'r1:)'e llc~ ~l uUpart Hers llcgl. ht .lit~ Lt.:l,cutid~,ut.:f tle~ "ugt.:n~gleu ~\lsh'Ullt:s ci·

",:> Mukkiib A valtiill "j-.llIiillil; {-;•.••Il, wild es lIIil Iwl,,,r \.y"ltl',dll,jlllirl,k"il ill ,Ii",el' Zeil lIIil
t.:jIH:IU Molckiil 11 :l.llSiIUtIl1~-H:;l'JS~4;UI iu hciliCU Gnlltd:Lus',.'IHI zuriirkkdln'u (uHI U ,Iufch die
il~Jt.:,.ll'Ug(:lIc Ellcq;it' iUUl~lIt'ITU. E::. ktluunl i'boo 10n duc.:r hijlwl'cU Ci,S\lt.·oili'rkuug, ~,b 'HUU j"lb

,In Allllul""c Icdil;lid, """ Ekltll''''' GilS·Stiillr-lI verlll,,1<:1I wiil'lle. Oi",,,1' Etfckl. i,,1 jedorh
unr iu ~p('ziC'Jl("u CilhCUI ::'111.!.Cl1illllllt:ujJt.:IIU;UY'(;'UL'U. vou l1riiUcrcr Ilctlt:lIlull(:;_

• Nudl Uit:iut"1II V,'(~li1Hdlli~ IH:>ldll 1;1'1': :.11t:l1l)&:JI,ul,orliuhuliliil in \Vi(~lirh~,:illllu ~WiM'ht:u '~CHI ""tI,-lwel'
"In lUll Ulltlll uiuhgnvJnclH II 1,;1,111111)"11uud In l'riltIU,,-h-LLJoIH-IUiJlll. d,'uu uhdl d'-II Er6cl,ui:ro.=tcll tli,-:ro,-r
Ad ••,al (v1)1. I\up, II) "lUlU •.In l\lullillli~alitH~)fllLlor M, ,~.-u t:i ••• ,iuldun. Eh.:kLUlIi t.-,fiillrl. UUI ~i:.1" cine
G.oUclioldulIlt8 u•.li,h ul,,'u ~,~w, llult:1l VI.III MiUdwcrL 41bwddiCII. In l',fJIHilltoUhl· uutl J)llhlhIlHllt"1I wCllku

41~I-:<" AI,w"icltllllgt'lI jt.'\ludl .hlldl dll' ~ClIlk L.•III VOII J·,iudlrdcllhHlcll (lYl'i:rodl: ;:::. IUtI) !'oluli:.'i:.cli gq;liiud.
IlIh ,lnU ,li •.. l",ul'"rLiullhliti;1 tll' dit'~l' 1\ IlIlIUIC"U ill gulu N~III:'lIn6 c,fiilll i:ro"



J1l1J1H~r tril t liillgq'l:lI cillc ~lIsi~tzlidlt.' .It1ui::ii,1 iUB dUl dl A 1':iUl'plioH VlIII llhvleJlwll uuf,
c.lie: VOII ilUl),("JT~I(,1I Gll~H10ld(,ilc-u abgesl.nd.ll WCl'dt'H] WCIIB dic:-.e ill illl"C1l Gnllulzushuul
zuriickl<"hrcu. 1Ii" •.~ilt das ••·II,e wie heilll I'elillilll;' ElI"d(I: LiC"!;ldie Elleq~ie dc:s I'hululls (111."
dcs allL~cr~:gtc.;11ZUS(.iUH)'::-') obcrlwlb dcr IUHi~it'nlHb::..sd,,\'dh- d,:s ill,~url)in'f·IL(I(.;u MuJckiib.
kUIIIlUI. (·s ZII eillc" 10lliSillil.lll. 1st die Heichweil.e des l'h"l""s illl 1.'''I1/;a:, 1;""U 111111sciue;
Ellcrgir I,iil,o· ilb die Au:;l •.it lsarh"il, I,allll es aud, du •.d, )·b"ludl.'kt. ciu 1~lddnJ1l ill'S dell
Elckt. •.••d.·11 .1•.•. I\illlllllt:" bnilusliisl'u. Heiole 1IIi)!;lid,hil.'1I riibrell .law, daU die Lllwiue
llid,1. liilll;cr (;.'I"IU lolmlisi •.•.l bki"l. Sit· :;illd IIi•. wesel1lliche Orsa •."," fii •. die Uil.llll1~ vou
SCkulldiirlawi.,el1 ul1d die Ausdclll'"I1~ de •. Elllladlll1g iihe •. die ~"S;\ll1te Liill!;;e de:; D'·I,I,les
illl Geige •.· M illlc •.·llereid, de •. GlIsve •.st.iirkul1!;;.

UllI Sd(llu,liirlawillell ZII llllle •.d •.iickell IIl1d dell Eil1sal~ oIes Geigel-llliillef·i.lcreid,s ZII
l,iibcrel1 FcioIsi.ii •.kel1 hill zu verscl,id,clI, wenlell D •.ifl.· ullol J'rup(Jj·liullillklllllll1'·lllzlIlI,eisllllil
4.:ilU'IU GL:ll1i~rll ilUS eiucUI C&UfilcllCIl Edd~a~ (iH~besuutlcrc Ai'gOU) uud ciuc'lli udt·l' ulcI,rCi'CIl

kUlllplcxell G.",ell {z. II. CO" CII., (:, lIu, i·e, I1.II) I,et.riehell. Die kUllll'lcx.· •• M"ld, iile :;ill.1 ill
dn LJ~':, de •• Eller~i.,iiIH: •.ln'llilllS I'llUlollelllllJSu'l't.illlllltler PelllliJ'~ Sliill,," d ••rcl, Allre~u ••~
YOu Vil.l'aliuH~- "1l~1UulHtiou~l)iultlcll ilufztlIH:huH:Il. ultuc zu eillcr Sckuudililawiuc ,u flilll·cu.
Sit' wi •.kell Ills sligenllllllt.l:s (/ucuc},yu,. Da illre VilJl·lllil'"S· 1I11t1Hut.aliulIslHllldell aher IIl1ch
,lllrch Eleld •.•.Il1:;l.lille allllere!;;1 wenlelllci)lllll'Il, vcrsdlid,ell sic dell Eil':;,,(z d •... GI,sv"l"bljirkllll~
~u II,j)ICft'll FeJd:-.lilrkeu) clue EigclI~dwfl. die ~le:1I 1\allllllcr!,clrit'l, cl:-.rliwt:l't. Aus (licsclu
Grlllld luadll'.1 Edd~ase ill I,ller Il'·gel eillell w,,:;elllli •.I.ell Hc:;ll""llcil d,:> Fiillgllse, IIU'.
Die Allswal,) \1011 1\1I1,",c"~II,el slill I,ier jeduch lIidll lVeiler <li,I,"t.i •.•.1 wertlell. Geei{;IIet.c
l\1i~dIUlll~t:11 lil.:>:it;1I cinCH sidu.:rcn Detrich Lei G~~::..vcrstitrk\lllg~faktt.rt:u Li~} l.H lOG udcr sog:ur
1()1 ZII.

Vcrei IIfOld"."1III liilll ,ii'l, S"I;('II, 11all /' •.,.~e,:;e zlVeil •.•. Onllllllll; tlst I.,·i ,,,hr h"IIell Gus·
versliirkllugell a •• l.!e,lellt.llll!;; !;;eWillllt'll. Sie wllrdell de,l'idl> ill tlt'r vudiq';l:tlllclI Silliulaliull
\'(:I'Il;H'hlit~l~il>" .

tier I.hiflsl.recke illl c1a:kIrisdlell F;:ld lIuf dus SI'IIIIUUII!;;s>ig,UIII. Dil ,IeI' iil>ca-wie\;ellde Teil
tier Elekt.nmclI iUUlIlllillcll".le •. Niil.c des A 1Il••lellll •.••hl e:; enell!;;l winl, IYl'ischenvcisc Cilli\;e
1"1l iil,cr dcr D •.uhl"l,edlii •.Ii •., i:,l il ••· lIeill'll!;; ZUII' Sl'nllllllll~:;si~II ••1 kleill illl Vc •.hiillllis ZII
,Ie III tier I,,"C", .lit: zuu ••:ist dlid,e 111111his zu •.· l\ ••ll.ode zlI •.iickzul<:~':1I 1",1,,:11. Auch die
DUIl<:r tics Elt-klr,,"e"l"'!:;":; isl kiln (;::: Il.rtll.ec) illl Ve,"!;leich ZUlli luuell,it;lIlll, dn, iiha
die t; •.iiUe n •.iflslll·ck,: fiil .Ii,· IUllell l,iulIUS, vt:rsliil"kelltl Ullch lIod, ihre we:;elll\ich ~e •.ill[;(·I·e
lIeweglid,keil l,illLulrill. Die I,iil ••.•.•: Ilt:w"~lid,kcil .1"1"Eleklmllell fiillrl zw •••. ZII cinelli •.••.
sel,cn:1I AlIst.ie~ ties Ek"I•.••II("u,il~lIld,. dils Illilhiu iu .Ie •. Fl'iil,pltilse de •. 5i!;;IWl<:lllblcllllllg
11,," 1\ alllllleljlllb tlulllilli •.•.l, dod, wir,1 dieber IW·"kl .11I•.d •• lie I"'~n:llzl<: IIilllJ(,l"eile ,ihlid,er
AlIslesecleklrllllikell 111111"1dflick I.

1)lIS Kilu'Il,ersi~ll1 •.II\i1IIl' i.ho ill ,eh •. ~lIler Niiht:rllu!;; IIJleiu dll •.dl dell IOllelll'ub (,escl, •.i,,·
(,ell wertlcll. Seill zeillid,,· •. Verl,,"f F(I) ist tlillIll dlll"d,
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!;;"l;el>t:II, lIlit dellsclhell lJc1.eid,uUII!;;ell wie oLelli t,,: die Diclekll izili'l,hltlslilul.ci I,,: ellie
Zeitkullsll,"I<:, di" VUIIdn i1l1liege,"l<:u 51'ilIIIIIIIII;, de •. !\illlllll(,l-k"l'.,zit.iillllld dClll gewiihllclI
Fiillg,lI:; il(,lliillt;l. Eille Ailkillllll; Villi GlcidlUlIg 1.3 lilillet. sid, iu Itl.
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Die E•.zI·ugulIl; vil·l •... fn:il><:lVet;lid,,, •. Lilllllll~ell illl clclrtrisclll:1I Fdd idlcill fiih •.l lIichl zu
ciucr IlH:HJ.ill'l.'!1 SPilllHUllliSiilJdcfllUg otler c:illt:lfl Sll't.H~dlul1 tlu]'d. die' 1\i.IUll1lt'l". E•.~l WCUll

tiid. (lie LiUluu'bt:1t lH:wc!~CU "lIcl lrcllucu) ilbu Eucl'gic iUlh dClll }i't.'ld i1UflidullCU, k.U1U ciu
dckl.ri"rl ••.s Sil!.llallllll;,,~ •.jjrl:1I "'"nit-II. E:; winl sllw,,101 VUII .ler lI"W"glllll; ,ler Ekld •.ullell wie
d" •. IUll"1I 11l·"l.illlllll, Wellil Illlel, >lie Cllllrakt.<: •.islil( tier h"i>l1'1I Ikil, iil."· sehr ll11lersel,il:<Uidl
iSl. A IIsseldlll:!:;I'I.c",1 bill.l die J.lewe~li()'keitell 1,1 \Jlld I' .I", beid.·" Lildlllll;sl.Iii~en'rlell"
1111.1illl·.· D •.ift"l,ed", illl ddcl •.ibd,ell Fdd. Die Ahl,iill!;;igl.cilell Ill;llllCII i,"> Il<:r fulgelldell
A1,leil IIII!;; lll'l,;,·srhiilzi. W('•.,I<:II.

Dc •. llert:icl, 11111die Allud.: eille •. Drifl- ode •. P...,purliullilll.Il"'"lel 1(;11111ill aste •. Niil,e,,""[(
ab Z.diudc.:1 kOlltkUSillur l.eschricLcu wenkll. Dil: luJihile:'lilli;11e SPilllUt111J!.~iilJtlcr~ulg (LV, ~li(.;
('ille Lllllllll!; (I illl !\uII,lell:;llt.o •. LClVidd, W!:II11bil' ,id, 110' die SI •.•,,·k,· ./,. ill Iildilll<:r Hiellll1l1[;
hew,,!;I, isl dallll

(I <1\'
<II' ~ .- - <I,.

I( .'1 '0 ,I,. 'fypiscl.c Ihiftz.·itl'1I Iii •.die' \lew'·!;;I1I1~ d" •. IlIlIell Zllr 1\lllllOd!: Ii"gell ill .Ier C •.olkIlUhIIlUllt;
VOl' •...1l. 1 "111.'11.'1:. Eiuc .AU:->ll'~C· lk~ j\allllllcr~iguHb.. lihcr ciucu :,o)...h };tu~ell Zl:itruHlu ist jCdlh:h
Illlpruklisd., weil :;i!: ,·ill'· sdll· Illlll;C Tulzeil Il<:r )\11l1I1I1l:•. ZIl•. Ful!;;e l,iill". Glcicl.llll/; I.:t
Zl'i~l. jedurh, didl di!: w'·."·lll.lidll· Sp'lIll1llll/;siill,I<:rIlIl[; ill Zt:ilcll eillt. •.ill, di" Ideill "e~ell die
D •.iftzcil. .1•.•. IUIl<:1Ii,1. II ••.s(" Ei!!,l'lIsd'hfl .Ies l\11I1I1I1l:•.si!;;IIIIL winl 1I1l"l'.""lll.zl, illl!l'lll llli,lI

wol,ei I dil' Lii "bl' , (.' .Iil' 1\llpaziliil 1'1"0EilllICibliillJ.;'· lI11d 1'" di,' Spillllllllll',sdilrc"':lIzzwi"ch("1I
Allud" lllld 1\I,lI,,"I,' dl's l\III11I!:II""I,,rs isl. Glcidlllll), I.:! vt:rd"ullirld d •.•, slllrkell Eillflllll



die KlllIllllJllC •. iiLcr ciu Widcrstllud-l~ollllc1Il>ilto •.-GJic<l (JlG- GIit:<I) .,ushc'!. Dildu •.ch winl
dus Si~uilJ JIlii. ciue •. Zcitkollstllllt<: T = JiG' ,Iilk •.euziat 1111'\seilll' Diwn hiul.<:•. delll HC-
Glied Ullf typisehc •.wcise weuil;c hllildert IIS<:( I,cgrt:llzl. A bhiltlllu~ 1.::1 ZCil;1 dell V<:l'll1uf <:ill"S
Kuuuuersi~lHds hei V<:l'wcuduIIl; v<:l'sdlietleucr IlC-Glicd •.•..

N"d. ,Ic •. Dilfcreutiiltiou winl ,Iils KilUIU'<:l'"i~lIill ckktlolli,dl wcit •.•.vc •.slil •.kl. 11IIII UlI-
schlicJJclId di~italisiert. DilZll wcr,lclI sdlllellc Auid0l;- Digital- Will 1111C 1 (fA J) C.11) ve •.wellllcl,
die di" SigUill ill Abstiilldcll vou l.y!,isclle •.wcise 1I1••jet: ubtilSI.<:U lllltl dell j",vciligcu SPI1I1-
lIIJ1l~SlVert ill tligitillisic •.clc •. Fo •.m uhspcichcrll (Vl;l. 1.6). VUUI FADC lVi•.,1 de •. Pills iu eilll'u
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ALhilduug 1.G: I,ullullcrpuls uilt'h .110" Digilalisi('l'Il1lg dlln·1. elll('l1 FADe. Eiu I"ADC-Diu
eub!' •.idlt 10 " ••.•. , <:ill CuulIl ist eiu Digilillisie""llg>s,·I, •.iH l!:il

COIll!,lll"r eillgclescu 111111illlsdtli.-llellli illlsgelVt:rld.
Mit Bilk vt:.."dlie,I(,,":1' All\oril.llIllt:ll killlll 1111'dcw digilitlisinlell Sigllitl di'llIl elliC Zeit-

1I11lrk,' fiil' die Allklllllhzcit del' EI,·I<ll'oll<:1I ilm n •.•.l.l I\CW,lIl1l'''' we •.d,·11. lIei KClllltllis de •.
O •.l.s-Drifl,z,·il-Ut:zidlllllg dc •. l\illlllllCr is! damit dcr Od ,Ies Tcilrhclltllll'd'l;allgs I.c,tilllllll.
Biu"" kmzliII iit"'IHirk iil,el' eillig" giillgigc Algol'ilhlll<:1I gil.l. 11il,

Au" ,Iew llllc~nd iil,,:1' dCII Pills I""". die dc!'ollierlc Lil<lllll(; \llld ",,",il dcr Eller(;ic""r-
Illst ,Ies lIa(bgcwi,,~ellcll Tcildlell. 1"",lilllllll. \Vertlcll 171. Dic I.cidell wirbtlf;sleu FUllktiollCll
V('II Pro!,urli""ill- 111111O •.iflkallllllcru, S!,IlJ'l'ck,ltlstruktiml'"lo1 Tcildll·llid •.•dili),iltioll uus ,ICIlI
Ellcrgicve.-lllst, ,illol ""Illit gewiillrkiste.t.

ICapitel 2

Eill geuaue. Vcrstiilldui" olcl' Sigllulfoflll"11 VOII Pru)lodiOllul- Ulld DriflkulIIlllcnl isl fur riuc
fuudierl.e Allulysc dcr 1\ alllUlcnlilteu ullediiUlieh. Variatiullcu ,ieI' l'ubfonu hilLell UllllliUcl-
IllIre AuswirkllllbcU uuf oIie MC"'"llb del' LUbe ,IeI' Teilellell.)lur IIlld ,Ics Euergievcrlusts ~~.
Es i.t .Ic.llillb Illltwcllllib, AII\"rillllllcU ZlI filltlell, die elltwcdcr - weil~lihclld - \l11i,IJlli.illgig \'Oll
sulcl,ell Srl"vallkull~ell .illd'lller et"cl, eiue Ahsdliit"Ullg dcr lIuftretlilldell Fellin ,,"lassell, .0
dull (liese ill dcr Au"werlllll~ Lcrii.-l"irhtil;t wenlcll 1r0IlUCII.

Biller dcr wcsellllidlCII I' •.uu·s>c, vuu deuell die Pulsfo"," ultltiillgt, ist .lic Cusverstarlr.llllg.
Die l'UUllllidlC IIlltl zeitlidlli Struktllr IIn EIc1.twlleulllwillc I,cstillllllt di" ErzcllglIllg del' )losi-
tivell IUIlCIl, tlen:1I Drift. Ila.-ll AI.sdlllitt lA tlell wesclllliellell Dcitrug zllr SI'"IlUlIIIgsiilldulIllg
. Illlli dllmit .1IIeh dCIII Slrt'llltlllll . ill dcl' l\illlllller liefel"L Dic gellullc Ji:clllltllis clCI' IOllis'f-
ti ••llbbtllti,til. illllnl.ull. tin Ekklr"llclllilwilWI ist hlso CillC Vorbcdillgllllg fiir eill clclllilliedcs
Verstiilltillis .Ier l\uIIIIll(·qll.bc.

DilS winl kiaI'. wellll IIlilll "idl Ull dic AlIsfiihrllllgcll VOIl l\al'ilcl 1.:1 crillllert, wu die
AI)hiill~i~kcit dcr Gasv"l'sl;;1 kllllg VUIII clclrtri"c1lell Felli bes.-hriclJell wllllle. Dud wlIl'tle
I",•.•·it.s erwiillllt, ,lull ZII 1,,,1"'11 Gil.vcl"stiirlrungell Ilill die l'r0)lurliullilliliit zwiscllclI .Ier ZllM
del' l'ril"iirdcklrollclI lIud 01.· •. illlf ,Ielll D •.••ht lIucltgewies"IIt'1l Llldullgell ullfgchuLell ilil. Gcht
1IIi11lbd Allb\Vedllll~ 1•.,,1,.1"111 VOll ciller I.estelleuclcll l'u)lorlilllllliitiit IlllS, winl dlls ~~, dcs
TcikhClts illl Mittel ZII Ilic,lril; It.-slillllilt wertlell 1l11l1z.ll. tlie MOl\lidllrcit Teilelll:1I .Iurch i1II'CIl
dlllmklcrislisd":11 Blleq,;icv •.•.lll,,1 Zll IIl1te •.sd,eitlell Yel'Sdlledltert si.-It.

Die ()l'lsilllllo"lIl1b tI•.1 1-: ""1111.:•. hiLlIl;t elltscheitlellli Villi ,11'1'Stl,Ioilitiit ,Iei' Zcilllllll'kc fiil'
die Allkuufl'"lcit det" Blcld •.••I"'ll illIl Dwht IIh. Dl'iftl\e~d"vill,ligkeil'('1l tlcr BlclrtrUllt~1I vuu
ty!,iscllcrw('i"" ~U .~;::" v." L"'I'.Cll hci Illll\c.trtLtcu AlllliisllllgCII VllU 1'11. lUll Ill", .11.11 t1ic ",c-
IUCti:>CUcu Zeil.cu iluf Wt:uigt.:" 11.'; •. '" bCHilU l'cl'r(Jdu~il':d. WCftlcu ki.iuUl'U. Hetleukl !lULU, dull die
1I11II1"gCll1-: 'lllllllcr"iI\Ui,)'· II"" c:lWil IIl1e I U" •• "" ult~dllsld Uilli <li,;il idisicd wcnlcu, leu.-h-
lei ,., ulll"illcll •••r Cill, dilll cille Z"illicslilllllluul; ,Ii"scr Giile lilli' Illiil'.Iidl ist, WCIlIl "clil'
~Ilvcrlii".il;c, wcilgcl":I1<1 vou tI•.•. jc:wliiligcu l'"lsf,Il'11I ullill,hiill!;i",,· Au"lys,:"lbul'illllllell zur
V•.•.fiigullg sl.dlclI.

Diclie AIl"fiilal'llllgclI VC"ill"dJiLIIJid'C:II, ,llll! "illl' UIII"rsudlllug tlcr GIl.vcr.tii.-lrllllg iilocr
,lclI GcWi1l1l Villi G,-ull.lliLl~clIl«·II11llllSSCII ~11'- I\lllllll",rl'ltysik l,illi'""S audl ,Ii •."lrl lI11tzlwrc
EillSidll.t:ll fii.- .leu l'IlI1111lC:r1Il·tric:l. liefc:ru kilUII. Wic wcil "ill VastiillClllis t1ic.c:, l'l·ozcs.es
Lcrt:it. I.,·"tillld 11,"1 Will 1111'.11'1'ill di"se.- A r1••:iI n'idi"it:rlc AII"iltz gewiiliit wllnlc, .>011ill
.lit:bclu l\Hpit.d (li•.q.;c·lq~t. we:1d•.,u.



Kurzer Uberblick iibe!' den Kenutnisst.and zur La-
willenentwicldung

Die Elekl ""'Ielllilwille iu ~i"r1,eu deklri~clleu Felderll i~l i1l1f~rll",1 ill •.•:r i. A. gerill~eu Alls-
,lcllllllug \Iud .leu ,ehr kur~ell Zeil'·11 ,I,rer A\I~J.ildulIg eXl'erilllellldl Ilur ,,·lIwer ~ugiiuglicl,_
Nicht,dcsl.()\"clli/~er ~ill<i UUlersucllllll[;ell illrer Slrukllli ,.-1,,," ,eil vicln, J"I,udllliLJI VOl·-
gClllHUlIlL'1I wunleu. Die luir bckilJluLcll EJ:pc.lilJlCnle kuuulcH jetludl dH: Luwiuc illUUCl' HUl"

gluhlll edils,ell, ulllle III der L,ge ~Il seill, "vellllle)) vOfh.llllklle SIII.,l.IlIk l\lrell 1l1lf:t.\llo~ell.
Dildufd, elll"I<:Ill eill grllJldlegell<leti Pr"l..lclll. Ol,wulll eill Ellseulb'" \'1111Er"'~lli~,.ell ul" gllll-
~"ti ,llln,1I Se'"e t-lit.tdwt:rle Ilzgl. vertichi"dellsl.cr J'urillllel •.•. g.1I1bc,dll i.-l,,," isl, erw"dlsell
dculluch Sd,wi"ng.keilell, sIIlml<l Me»lllll;ell lIidli. li' ••ger Villi eilll:r Vic:lz"ld ~ollderll VOIl Illlr
!lod. \vClllgxll udel bitl" 11111'ciu~lU ciu:lili(:u Erciguis ahh;l.ugt. DHUl1 lIl\lU die V(:l'lcj1uu~ tler
Ejuzdcreiglli~sc l.H~kaHJlL ~ciu) lUll :L.Uvcrl;lssige All:'SHL~CH alaS dell l\1l'~~llUL;(,H ~C"wiJluCU zn

kOllllell. nil:' i~1. fiir dic Elckirollellluwillell ill Orifl· Illld l'r"l'orliullillk"'"luenl jcdud. UUf
unzurcichcHll ,Ier Fidl. 1'rul:ulcul la~~e:a ~ifh HH~ iUt.lil'cklc.:u tV1Cti:illUgclI A 1I::.:-.at)clI i'1..c1' ciuibc
ihrer j;fnndkgellde Bigeusc1'llflell 1I1,1.-ilcH.

Dcrcil." lU:):J l;CI<IIl~cs Itilclher l!lllll.ji Bilfc V'"l Ncbdllilllllllcrll "1'l"Zidlc Vnfiillllt:u Vllil
Elckln.lu-Iuu-Lawiucu, :iugclJiluulc Sln:u'Hcr, Huf dcn:u Eib~Jl~dli,fLell 11it:r Jlldll uiilH:r ciug.c-
[;i1llgell \Vefdeu ~oll. ill CillCf Nehdknunller Zli 1'IIUIug •.••l'l.ic •.•.n.

l\riif;cr Illli nlltcr~llchle 1077 Dfiflzcilcll nlld j'ubhi:illl:1I ill 'l'lilll •.••li,,·J'ell Propo..-tiOluJ-
killllH ••.n., die: ,"it Aq;on-l'rul'i11l OI/Y,,-5% J,clfiel"'11 wllrd"ll. Bin Sdllvcrl'"nkl sciner Unlel·
~nc!lulIl;clI \ViI•.•·U Siilliglllll;,dfcktt: ill clef (;i1svnsli,rkllng, die cf I'COt.i,clltdc, wcnn Cf .Iic
Neigllllg. dl'l" T•.ildlen,)lIlr l;egell .It:ll AIlOllc,"lriiht vi'fiierlt-. Ails gyull..-llhd1l:11 Olu:deg;Il11l;eU
folgl ~,.forl, ,1..11 .Ii.· Auzilill def VOII' 'I\·ildll:ll erzellg;lell Pri,uarckkl""ll'·u llIit ;:-~;J zunillll •.•i;
11; \Villkd ~",i"ch"l1 <Ie.- 1'<-ilchellsl'llf uud d"ll. Lut illlf <li,' Allude. Ik(,h".-hlel lI111UIIII1l
Illlkf glt:idll'lI Ve •."ndl"J,cdillL;llugeu, ,UI. loci g;lt:id,cf AIl'Hkusl'allllllll~, gleichem Dnll,k,
glcidaer TClI'IJCnllllf dc., AIJlv<:idlllll/;,·U (\1'1" Illlf delll. I)r •.•hl L;("IIIC""·.,,·11 I.illbll'[; vou diesclll
ZnsilullllcnllHIIg;. su killlU .l.aruuf gcsfhl()s~cll \V':l'llcll, .Iall Silt ll~llllgtidrck I('die Ca~v('rsti~ •.knug
J,eciul\IlS"Cll_ I\fiil;c" uulefsllc!lie unll, h"i \Veld,er Nci~II11L; der Spill' k•.lllt: Siillll'>III1l; mdu·
~.II IJcllwrb:u Will'. IIl1el ~chluJI <1•••.••11', <1,,11 Iwi (;".v"...,l.i,,,hlllll;:.f,,klu •.ell V"" "iI. :)·10' je.le.
l'rillliirdd'lr,," dic vu))e Versli, •.klllll; e•.f;illl·l, Weill' ill •." Oid,l" clll1i1l1~ d<:l Allude .o~;;,\111-
l"'-sd.reiicl. Ohlllil isi eill Milll el"r L"willellilll,el.-llllllll~ cllllilllL; der A ,,,,,I.: I"',lilllllll: Oi"
Villi tier Ll\vill" ci.ll·s eillzcluell Eldd"ullti bdeg.l.<: Slrcd" isl 1I11ier .1<:11t-\e\\'iildleu H"IIIII,,"I,c-
<lill~,",,~ell (c "'. Sl'ilUIIIIIIL;, de.) VUII<IeI' C •.c,lIclIur,)lIl1l1g &011111.1\ ri·,f.•.•.l;iI,' ill s<:ille•. A r"eil
lIorla eillCIl V'·Ig.I.:id,~werl VUII 0511111 "'", dell Scllllll.z 1111 lie; "iller l,iil,e!clI Chsvcr~liilkllllg
IJe~tilllllll. hill.

Eill w,·ilc •.•.: •. EIl·,·kl., dell I\ro[;<:r "cubi,.-hld. isl, <lilil <Ii•. Uil'v •.•.slii •.klllll; 1'1"(,EI.:klrull wit
griiJl"rc'll AI,s."",1 tI•.•. ·r.·il •.II(;II~llI'" VOIll A ••llelelld •.•dol Zllllilllllli. Die l>ill"lI,i"" verteill <1"",,
.lie Ekklrulll'IJ gkidlllliillil; iibe •. "illl:1I liillgercli lJ •.•.cicl. des 1>r"llle, (,ug"""",,lc~ Dcdlutc-
,·illy),.11 ,lidlilld.r l'l"lz fiir die AlIsL,il<lllllg (Ier eillzel",," LiI.willl:1I Zll" V,·rfiil;lIl1l; ~lcl,l.

Fi"dlt'r ,'1 ill. /!2,13,141"li"rsllrl'lel <Ii•. ,,~illllll.l'i11,· Verl"illllll-\ <I•.•. L"w;lIe 11111<lie A,,-
tlile. l)tlZI1 lit:"uul:tlt.:ll ::ai,· ciue P1'ojJurli')uallctlluHIt'f luit. ~q~lIh:l1ti~:rter J\;dhudc. \Vie bit~ iu

Ahl.ildllllg 2.1 wie<l'·fJ.\"l'>ehell i~t. UIII <Ii•. Willk<:ivlTlt-illllll; tin J.i1will'· Zll I'c',lillllllell, wunle
df~l' ..In.-d. di,· )ullt'II,lr,1'L buf dell (Oiu:ldllloJi l\.HllllHkll~<-·bllll·ldl~uillduz.it:llc Sln.HU gCHU.:iSCIi.

Ou!>ei \Vllnl,' illlL;CIlUlllIlI<:ll, ,lidl ,Ii,· ))iffll,illll d,· •. 1""",, Illir ~•..rilll~ sei, IIl1d Ihrc V"deillill/;;
i1llf elcr I, ,.I 1•••• 1<:.·ill <lirck l.·~ A hl,ild ill •.•.•.V•.•.I,:illlll~ I, •.i d"r Ell! :.1elllll'l; ,,·i. Fi, •.hcr dill.
fi1llc.ll~1I1 daB .Iit.: L.itwiilt.' iUl PropurtiuIlHlbt:r,'idl dcl' Gil:.Vl:l~li~1 II Ilug allf (·jUt·1 SI:tlc tier AUli~I.:

Abhilduug 2.1; SdlCUlillisch •. Uil •.~tdlulIg .Ier I'wl'0rtiuuulk..lIl1l1ef V()II Fi,chu cl- ul. 1141.
Dlls GiUer enlloglirlil eille l>"ss•.•.c Au"le~c tlc •..Kull.o"eu.

lukulisied is!. El·~l fiir GiI.versl.iil kUlIgeu ,,1,e.·III,lb vou HI" I,eullilchlclcu ~ie, dldl ,lie Auude
VOII dcr LllWiuc ulllllo~",," \II,mlc:. Biu Elfcki, .Iell ~ie uuf <lie - llL~olui - efltiilt!e EmissioJl
vuu f'holollt:lI ~uriickfiilllell. Fii •..eiuc Vc.·~tiirkulll; VOll lU' geltt:1I ~ie ill A •.g.ull-Mclhuu 00%.
10% hei eiut:lIl Auutlell,llIrd"lIl·"e •. VOll 25.4 I"" due Vullc-lln:ile-l,ci·I,ulher-lJilhe (liWIlM:)
d •.•. \\'iukclverleilulIg .1,;( l.i,willt: vou (80 :1: 10)" nil. Die 'fellclellz i~i f"lInul ~11lIictlrig.:rell
(; liSverst ,irk UIlL;C:ll.

\Veil. vub •.eilde •.•• I:. {lllt.n:'lIdlllug"" c1er LllWillt: ~cll,sl. "ill" AlIsi'lu •• lic vcrsudll:u.
A\I~~hgCll iil,,: •. dell Gilsv •.•.,li"kllllgsf"kt ••r M hzw . .leu Cl""lell 'l"'\llIl'Cll,I·l\udli:t.ielllell .\ ZU
g;l:willllell. Si •. ~ullcu illl "'id,,,I'·1I A l>"dllliu .Iiskuli,:rl wenlcu.

Der e •.:.l.e Tuw.:s,alll-hodlizi,-"1 II g.ihl. iu ALhi'lIgil;keit VOII .kr Fcl.l~lii. kc <Ie" c1c1d •..i,..ltell
Fdclcs HU, wicvielt- iUlli:.i,· •.",,,lc Sliille .·iu EIcH •..••u itu OurdlSehuili. 1'•.•• Eillheil,.l •.iflweg;
1Il1~fiillrtJ. E~ vcnvluulcll .1,,11•.•. Ilid,t, tlllll "dlUlI iu .Ieu -jUe•. ] •.•hrcll ver,ud,t wunk, eiuell
lIllillytisrl'l:\l Zll~IIUlll"·IIIIiIIl(-; zwi,dlt:lI II uu.1 .Icm dekl •..i"d.ell FeI,l E Zll I",sliullileu. IIer
uad. Mjig.lid,k •.il Illl'" "i'll" •.iII f"d,,· A I.hiillgigkt:it VUIl .ter- j"wcilit;cu W ••hl c1c~ Cu,es l •••hcll
sullt.e. M,," venllllldc, .Iillill I,,·i 1"'lIl1llli~ t1"" Ve •..••.•uf, tiel" Fd,bli, •..k<:c1ie (;llsvc •..~I.ii•..kuug M
iu ciucr ';C:8i:heueu J\(Julit;Hritt)~IH HU~ It uu~iul.~bricrcu ;LU k()uut:u. in deua llti"l ..leu Ausa.tz

IvuU CUt!. full wi,U). IUilf IIliU,illllll1l

:I1':\IIC uu~(,illilidlf: I)l~Lu~:.IUII dl'~ n~ll'lI U!lll ¥wcil,-=u 'J'uwH:t.cut.l l(udli'Lat:lIl"h JluJd )id, x.H, au IIf..J.
illt t1a LilclOlUI WI'hit'l1 ill 01" Hq~d :.hwuhl it. wic uud. d;,~ I:k"llj~l·ill· a:d,l J~' uuf dell Ihud .. I' HUIIHi",l,

!loll dull Abhiiul)igk,:.tt.'1I 2.wl'.dll·1l ~ lI11d ;! hlltiq;l"l,C •• \\'l'.ukll.



11o,,' IIl1d 1'0..11' IJ(jI(HHl), 1\1••.•,10\' Pil (ItI·17), Williil.II, 11",1 S"ril JlIlI (lDli2), Diet·
llOru II!JI (1!l;,G), Z"sl"wlly 1201 (Hili,') 111,,1Cl".r!c' 12J1 (IU,'2) I.is '-II j\uwubki 1221 (IlJiltl)
I",bcu !! b«w. 111 IIlIlen"hic<llieh p"n,,"elri,it:rl. Sic kOUIII,," il ••·•· FU'"Il,11l i.A. ill l'.1l1c

p

iil,creillsliullIlI"'1; mil <Iell ihuclI :t.1Il'Vcrfiiglllll; '1"lteu<Icu eXJlerilllculdleu D.lIeu lJl'ihl;CII.
\1<,rfull;l IUIlIl die ElIlwicklulIll ill (ler Liler"lllr, fiilli. jc.lodl IIl1f, (Ldl "iel. <Iic Punllllelri"ie·
rllllg 11111',clt"u IIl1f w"ilere lI.1er lIell •.•." EXJl<:rimcule iilJ<Tl.r"g.ell lid!. lle,lt-ukt U1all wdler,
dall Chlldc, ersl l072 ("'rauf I.iuwics, wie sl."rk MnSIlIl!;CU <In GlI,vcr,lilrkulIl; VUII Jeu
Eil;<:usrl.ilfkll del' heulIl:t.ku Eleklruuilt al.hilll:\<:II, 1111.1.1•.11 x"iu" del' l'iII'au,clri,ierllugell
lileoreli,d, l.cgriilldlJilr uder gilf ul,lcill. •••r isl, winl <lelllli.:!I, allf wdrllL' Seltwic"il;keilell "ill
Ill()haler AlIsl,l:t. fiir 111 slolleu hereikll Imdl, weUIl clwi. AII",'il/;eu iibe. dic lii\lllllieheu Slnlk·
llln:1I o,ler die Siit.lillllul;sdl'ekte ill .Ier Lawiue I:\<'W01II.CUweHlt-u sullclI.

AlIsiil:t.e iiher eiuc Pal'llu,elri,ierlllll'. VOII ~ ,d",iuclI :t.lluii"ltsl Les,c •." Au"ichlell auf Er-
full'. :l.U I.iekll. Dcr cr.lc TowlI.eu.l-J\ocJli:t.ieul isl fiir wcile Fcl.l:iliirk"l,creid.e 1111<1viele
Case ails tl'leSSIIII!;"1I ill hOl1lOl'.ellcll c1eklri,d,eu Fel,leru 1,,,k,,ulIl. C()IIlJlIlli:rsilllhlaliollell vull
'1'11011"1>ul,,1 'fI,oll"lS 1231 (IlI()D), Folkanl ulld lIaydulI 12'JI (IU70) 1I11l1Sal" 1I11l1'filga,hi'l<
12~1(lDfl:J) :l.ei,;Cll jc.lodl, dull der T"wll.eIHI-I\uclli:t.ielll eillc Gleidl/;<:widll'l>riille isl lI11d ,id.
11111'lall!;SlIlII im Vcrllki"h :1.111'Fchbtiirkeiilulcrlllll> ill :l.ylilldcrsylluw:lrisd,cll c:Icklrischell FcI·
Ilertl aliI' ,,,ill "" C.;(cidillewiclllswt:l't eill,lelh. Fulkmd 111,,1JllIydull filllllcll, dall Eleklrullell ill
\\'a:iScrslufi' ill CillCIU llUlIlUgellell cleklri,ehell FeI,l " •.sl lIacl. dllrchlilllklll'lI 70 \I <:Ill'l'red,ellli
dC1U frUWII~eH(l~l\.ucfli~lculcu iouisic.:rcll, W4~I1U ::.i •.., . Ui.d1C~H - UlllH.~ killt~li:i(:)lc Eucq;ic crzcugl
werel,,". Dic,e Eq~cbllissc IWIIlliell dll •.d, McsslIlll;ell hcsliiligl wcnlell.

Tl" ••lla, IIlld Thomhs llilll-ell eill iihlllid,cs Verlli,lIeli :l.IIV.,,·s•.holl fii •. .Ii •. killcli,d,e Eller·
gi" ,IeI' Eldln'"ell t;"",,,i[;1.. J)i1llach slelll. sid, cill slilLikr Millelwcd fill' die EleklwllclI "1'.1
eill, W,'1I11.Ii •. dllr.hlallfnl" Sl'alllllllll\.ditre •.ell:l. t:. J! I;riill"rt;leicll fiillfuliIl (1<:. hill' die Eleu,ell'
illdiUllllll~ bc:t."llcllell EIlI rt;iemillclwerl"s Z i,l: t:.V :: :~. Vicses Erllcblli, sliulllll l'.ul wil
dell 711\' VOII Fulkil •.•l 1111,1Baydull iibereill. Weiler ,!cllcll Thoml's IIl1d TllOlllil. fc.l, dlol\
di,'. erll,,,lisd,e IIYI'"lhese lIiehl :1.111'Dcsclll'eibllllil VUll EkklrOIl"lIlawillCII g':L'ill"cl i.1.. UlIler
dicsCl' lI),I',.llIc,e ver.lehl Illall die AlIlIllllIUC, 1\;011 .Icr Mill.dwed eill<:f lIeulllldlllllll'.sl'.riiJle
.Iell selbclI \VerI illluimJlll, Illeidll\iill it; ub er zci11lieidl iiber eill t;rl,lll's Ellselllble VOll 'feil·
d,ell oder iibe •. ,chI' viele "",illid,,, l;el •.Clllllc Zlisliiude 1111"ciucs 'l'eilehclls I;d,adcl wi •.•1. III
(licSCIlI ZIISllllllll"uhi"'l; Ledellt.cl .las, dall (III. dell. sl'lli.lisd"·11 Verl,all"" I;ruller EII.cmble.
VOII ElcklrollCIi ('I'"wllselld.l\"eJli,.ieul) lIi,,1I1 ul,ue w<:iteres allf das Verl'illkll eiller Lawillc
gesfhlusi:lC'u wt:nlcH kallJl.

Sid." IIIIII 'fa,;asl,i •.•• simlllierl<:11 Eleklroll<:11 ill Slie""t.,,.r I.<:i ,'U"'"' !··dtll; •.•"li<:II!c1l V<l1I
JO" --L,.L \Viih •.elld .ti<: llIiUI"re killcli.rlte Eu<:..,;i •. t u",1 .Ii" n •.ifll;e",·lllVill.liglt<:il I'll,ill I'l'iol,-
lisd:"keiue AhlVeidllllll\ vCtu ihrell Gkil'hl:\nvicl,lslVcrlcll fiir .Ii •. .iew,·ilil~" Fd,bl iirk •. ,.cil'.l.clI,
wid, ~! 1..'1'. \llll viel •.· GriiUt..:uun\IUlIlI;CU \'!l1i ~l,.'iH(:U' \Vert. illl IHHHUbt'lH'll Fdd ill.L EUl)lcl't

" . I I'12GI h"t.I" hlkfllillll" ",llUu lOll gcuil'.l, .lidl ~ .cillcu lVlillel"' •.•.1 :,elll ••.IlC' e' •.•·'r ,I, WClili I Ic
Fehlsl.iirk" ,Ies clcklri.dlen Fdde. ,.nlliUUIII.

E. :l.Cil;1.id. i11.o, .Iii II and, cill A liS" 1:1.iiber ,It-n c"lcu TO\l'IISCud-l\ ••clli:t.iclllt:lI fral;wlinlill
isl, dauicld a l.'l;CHh iit.:I.I.w('I'dcli kaulI, ub diescl' iu .I•.•.Lil\\'iu,' .IIII'd, die ill h ••lIlUllelieli Felde,,"
lJ"slillUlilclI Welle ~ut hesl'hrieL"u i.l. SOlilil isl cS "udl fl'llillirll, 01. die hcrvuflll'.",,,leu
Erl\ehllissc V'.II Hohsoll uud Ne"S l:n,2Bllllld Uialli 12°1, ill (klll'1I del' T ••wu,cu,l-I\udlizieul
lIlIS l'iller 1I1ulli-'fi:rtll-Enlwi.-klulIl\ del' Uoll:t.Il"'lIll-Gkid,ulIg fiir 1'011"'1',""" F.·ldcr gewuullcli
wi •.•I, allf Dl'ifl- ,",.1 r•.•.I'0diuUhllwllIlU •.•.1I iiIH:rl.rilg<·lI w""dnl 1.""11"11.

Die SdllVierigk<:ilClI, ullf .Ii •. ,owul,l eXl'el'illleulclll: wie 1l101.ale ll,e" •.disd,c UlIlerslI,,!luugC:1l
de •. Eleklrouelllilwiue IJ:t.\\'. .I•.•. G"svcrsliil'kulIg stllllell, 1lI.I,cu sc!lou bel, I' fl'iih Junl l'.cfiih •.l,
ZlIl'.iillL\C iibe •. COIIII'"l<: •.,illllllaliollcli .Ier IlIihosIWl'i,d,,:u PI'l,:t.ebse ill' Fiillgas :/.-u slIcl'Cll.
Dl,l,ci wenleu cill:t.eluc Ekklll,"ell .h,r"h ih •.e Stiill" Illit. eill:l.clllell Cuslllolcklilell his :1.111'All-
ude ve •.fullll, 11111b" AII",iI!~"1I iihe •. \)I'iftllcsd""il"lillkeil, Dilru,iull llllelllliulc"e E.":l'llie Jcr-
Elekll'uucu :l.Uli"wiulll:lI.

UulcnaldluHgcll dit:~('r A I ( wunl(~u ~ucrsl ilu ZuslUuuwu)laug utit Lu~cl'-I L~hUl&PCH. uuu
PI"slllhl'hysik ill l",u •••g •." '" , cldlll'i.d,eu Fdelcrll du •.d'llefiihl'l lIud crsl •.c"hl sl'iil lluf iullO-
lI"'IlCUC Felel •.•. iil":rln'!i"11 l:l:.,f,21. Gule Eiufiill1'ulIl\ell ill elie Thc"",!ik siull iu 130J uud I:JlJ
:1.11Hlillell.

Erslc SiUIUI"liolieu V"" Elckt •.ulIelischwiinlieli wunlell l>en:ib ill dCli (lOCI' Jall •.ell IIUS-
f,cfiil,d 1231. o"s IlIlel'nse k••"zelillicl'ic sidl hei ,Iic,ell UlIICf:illrl.UlIllcli ""f dl •••·lIklc •.isli·
sdle EigcllS"huflcli de, Flillgil""', wie D •.iflge,c1,wilidilll.:eil, Dilfu"io""I",clli:t.iclileu ,"ud c •.slcu
'1'mvlIsel ••I-l\oelli:l.ielllt:1I I,<:i ver,.-l.icdcllCIi. lousl.llllen r"el,Llii,KCII. Nid,l zllldzl Ullfll"IlIl,1
.Ier duillids "orli "<:\'1' 1'1".-111iiukl Cll Il cd.euicislulll'. ullll ,lei' kkillell A rl>cil"sl'.::ichcr <IeI' COlU-
pliler wunl" <:illl: spe::t.idlc Ted,"ik elllwirkell, ElcldrcJllelililWilleli :t.ll "illllllicrell. DlllJci wi •.<1
:l.lIniidl>l 1I\1f cill cinzelu<:, Blt-kl •.••u iUI elckh'isd,ell Fcltl hewcl'.l.. Aus dell Wi •.hllll'."')Uel··
bdlllit lell fiir die vasd,i,·dclI'·1l SI •.cllp •.••:t.esse" winl ("l1In clllsp •.•·d.ell'l <1<:1'Euergic ,Ies Elek-
lnJlls "illc f•.eie Wel;liilll\" dcs E1"kl •.••lIs LesliulIlll, dcr jcweilillc Sl •.ellpruzcll siullllierl ulld
l'osiliuu 11,••1 Euel'llic cill"~ cvclliudl cn.eul\le" Sekllurliirclckl""l1s I\espeid,crl. Die <:ill:l.c1ucu
Sehrill., wcnll:n <1,"," s" ,,1'1 \Vi."I(·r!lUll, his .Ius Elekln," ,Iic Anode e•.•.cieht lllll.. Au.c1.lid\ell.1
winl dll. er,le Sexuurliireleklrllll ill Illeiclle •. Wei",- vcrfolill.. Aud. hie •. wcnleu Pusjliuu uud
Eueq;ic jede. lieu er:t.<:III;It:u Elck l •.••ub a[,t-:':'I'cid,ell.. Die SilllUI"liulI <'lIIld, WCIIIIhlle Blek·
lnmeu I,i, :l.ur AlI,,,le 1":11'''1;1.wualeu siud. lliiulill winl del' Al>liluf ,Iurd. Prujekli ••n iu eiue
Dillleu.ioul ,lie Fclrlrid.lu"I;, \V•.it.a verciufudll, fulls uidll nil.h del' I•.au,versill.:u DiJrllsiun
Ilcfrul'.l wi •.•1.

Mil diesC1' 'fedlilik wu •.•kll wldn:id.e Sillllliulioliell IllIn:I'l;diil.rl, dic eXl'erilllculelle Er-
gelmbs" :t..T. "ullerordcllliidl Ilellilll n:l'rudu:l.ie,·clI kouu!cu (:I..B. 12'1.:l2,:I:lj). Du:t.u Will' ,,,
uiilill, Ilie: Sirellplu:l.e"e .IIII'd. dic ,lilfcrelllidlen \oVirkllUI\"'lller,dl1liUc lI"iglidlSl tellllU :1.\1
dIiH·"kl.cribicrell. Trol:l.d •.ul !:,>dallg;es ersl durd. uu"li1riillliellC, Il<:riugfiil'.il;c I\ondclllrell iHl
ciuill<:11 .Ier \\'irkuul'..'lun:" hllill<:, di" Erllebuibbe del' SiUllllilliou Iluf weuille Pro«ell1 IlU die
experillle"lell,," Dulell llllZlIpils:;ell. - Es sull s"hou lIn ,Iic.er Slelle dilrallf I,iullewie,cll wenlell,
.lidl die [ll'riirhid.lilluUIl .1•.1' dilr.- •.•'ulicllcll Wirkuul'.scl'"cr,dulille ,cI,,· rcel,,,u:t.eil-inlcusiv isl.
.1•• dic Slrl'u •.idlllllll~ ,I•.•. Eld. (•.••lieU elllsp •.ed,ellli :1..'1'. rcdll XUllIpli:t.i<:rlcu :I·din,cll"iuIIlJcu
\\'idll·~dlC·illlidlk4·it::.vcdt'iI\lHhl·U IH:~tilll1ul \Yt:J,'(ll~u uuaH. Ua •.liL..~r l,iHi"l~ist tile uu,' £luHvoll.
welln .11,' ,lilren,"liellcl (!UI· •."dlilill.<: lIIit liill •.cid,c",l<:r G"U.'lIilll,cil I••,ltillllll silld, eill Pro·
I>lclll, auf .Iilb iu I\ilpit..) :1.:1.:1uiil,et' "iut;el\illIl'.eu wi •.,1.

\\'iil,n'u<l ,id, dies<: Siu,"lid.i ••"ell :l.lIl11cis' uuf <:iu.· b:l.w. :t.,\'<,iOi"'<:lIsiullell h<:.I'l ••.iiuklell
1",,1 die Cuulollll.- W<:d"dll'i. kUIlI; :l.wisdlcu .1<:u eiu:l.elucu Eleklnll ••.u lIud 10llell venli,,-hlii.-
si!~l<:u, II'lIrdeu ltl:d.uuul:\"u ill .I,.•.I'liI'lIlill'hysik .dlUlI 1,,,ld ill ,I •."i Dilllcu,iolleu uI1l1 ulllc •.
Eiul"':l.icllllll[; ller I,..idl.c zwi'l'licu .kll L•.••lullgsl •.iille •.•• lIusl\cfiili •.l (Vl;1. 1:1l11. IUI1.elll •.•1I1l
.u!cher Ullt.er:;url,ullilell stillld jcdodl IIlCi.lclI •• Ii" zcilli"he ElIllVieklllll~ eillcs IIl1cwllicl, ails·
Ilc.lcltlll.ell 1'1"'"la, llIil 1",",1,,"1<:1' Zulli VOII LlIdlllll;sl.-iillenl. Di" Sdl\vicrillkeil ,lab"i iSl,
eiue lIill"::t.1l 1l1I<:'hllid, I.\loJlc 1\,,1.1 v"u 'feild,eu ,Iurell Sillwlalioll Illiig;lidlSl w,,"il.\cr k" •.•.•·kl.



~II 10eschrei Lell.
IJirdsall 111\11Lalll;dllll I:nj I;d,e" dufiil f"lgt'llllc:, V"rf,d"'cII all' ni" Valeilll"/; dCI L,,-

clHlIg:-.tfii~t.·I· wirt.llJ~ pCljudisdl iUI ){Hltlll 1l1ll;('IIUlIIIHCH. D4t~ llt:iUIJ dHH 'I..I!. fiil" die Lildulll)ti-

diehlc {J(J:} l'.ilL:

l.IlS'"llllIClli fv: Diclekll'i~iliilskollslllllle. Tr"",;ful'lilicrt 111"11.Ii., IlIalllCllIillisclle Giller lIulel'
def AllllalllHt~ von pt~rjuc.lisrhcJl Huutlhetlillljuligeu iu dell Jo'ouriCl'raUl1l (k Hi.uuu). vcrscilwiu-

del dic ~\Vl'iL"'ht' Ditrt:l'~lllilltiuli IIl1d winl durd, t:iue hllllLil'ljblliou lIIil 1.:' el'seld, u.la
IIIIII;Cf,••.•111:

ciut:, Tcilel,clIs die Illilllt-re he,.' \"'''l;li'''l;c ub Crlllldl"I;<: ~•••. UcslilllUllIllj; .Iel' Sll'ellpl'u~cs:;c
di<:llell, H\ldl h"i ciu"uI 'l'",I •.hcIIl·lIscI\lhk ,Iic Illilllerc heie Fllll;:lcil 1111 ihre Sldlc lrdell.
))" j"duch dic Tcildll'lI ill dCI 1l.:l;d lIulcrscl.iedliclu: killdische £lIcl'I;i" I,,,sil~ell, cllble10l dlls
I' •••hklll t:il,,' Mdt •••dt· z" li"d,,", '/,cilillt"rvlllle fiir .Ii" lIelYt:j;III1j; .1&:,;Euselul,lc:; ~II ddiuicr,,".
ulu't' .Iit: EIIt:ll'.ievcrleih",/; .I •.•. 'I"'il<:l":11 ~II iil.crl;:c1lcll. Bill AlIsw"r; IHIS lIi"scl' Sc1owieril;kcil
willi ill I\''l,ild :1.:1.:1h",d,,·i.,I)I'Ii.

Die Furdt:rlllll'. •• Ii.· C""lllud,- Wed.,dwirkulI!!. del' Tcildlell ill del' L••willc ~u L<:riick:;icllli-
I;ell. sldlt keiu I'rill~il'idlc, 1·'•.•• I.lo:uI .I •••.• IWIlIl jcdueh .Iell Ilt:cll,,"~<:ill,ed ••rf 1I".he~1I hdieLill
l"lwach:;cll la,:;ell. Di •. AIl'lalol d,,1' Ilulwe"tlillell H"ch"":;cl,,ille, IlII1 ••II" "'w"i14orptl'wcd.-
!>c1wirklllll;cll l,wi:;dll:1l .11'1' L"dllllll,;ll'u/;erll :1:11l,en:d'llcll, wiirh,;l llllllcfililf I'ruporliollill ~'"1l
qlliltll'lIl il'l'el' AIl'lllloi. HIIIZII klllllllll, dall ,I ••fiil' ~eililllelltiive Bercdllllllll;"" VOIIQIl,"ll'11lwIII'-
le1U erfol'llerlich :;illll, ~u tl:dl eille dil'ekle Bcn:cllltlllill dcl' \Vecll:;c1wil'kIlUj;ell illW!;esrhlu:;sell
i:;l, WCIlIl die Heel,clI'lt'il ill eillelll vel'lliillflil;CII R"I'lIIcll LI"ihell :;ull.

Eo 1II1lll ul.o eill AIl!,orillllllll:; llefUlItlell wel'dell, tiel' eille lliihcnllll;tiW"ise BCl'cchllllll/; da
CUlllulIIl,- \'\'ed.,;dwil klll'l\ ill d •.r Lawi",: ill klll'~cl' Z"il :Lllliitlt. Er wUI'.le ill Alllclllllllll;: 1111Iii"
Verrilhl'ell aus tI,,1' I'lutillli'l'loy:;ik elliwiddl >11111winl ill "apild :1,:1.'1ilusfiihrlieh I,e:;chl'id,ell.

Die "rsle FClldcrulll;, di •. UelV"(;lllIll VUIl EleklwlI<:1l ill .llll'k illllUlIIuj;ellell clekll'i ••.hcli
Fddcl'u vI'dull;ell ~u ki;'II":II, I,nlilll;l, ,lidl Ilie 'J'cilt:l.cll ill .ll'ei Dilllell:;i,,,,ell hClVc/;1 wenlell
llliissCIl. ZU:;'tllllllell 11111tlell .lrei 1llll'IIbkoOfllillulell :;illd tlie '('"ilchclI :;olllil ill cillelll G-

.lilllell:;iulI;.I"1I I'h,,:;eIlI'UIII" ZII I,eul'uddell. wul.wi .Iie llOhc Dillleu:;iullillitiil ilueh hiel' wiedel'
:;d,"dle AI/;u,ilhillell ved""l;1.. Die 1\.llll'dillillell ,"ii""ell j•.d ••dl Ilidlt 11lH'h•.lcdllld SUltllel'l1
illl •.h ill'l\":;l'eidll:r1 w"l'lk". \"'ill I""" I."WiIlCIl ViIU ;::;:5, lU· 'J\·ilc1oell hCl'erhuell, wii.e es
.I",I •••lh wii",clll:lIswerl, iilo,'1' •.ill Vnf ••I'l'ell ZU vel'fiillcll. d"ll dc" Sl'eid,eq,lal~L •.tI"1 I' VOII
ell. (i. 5· lll' • B J)yl •.. :!.·l All/yl.··. tiel' Illkiu fiil' ilie l·hll''' •••.••ulllkoonlillillell Ilolil; wiil'e,
.le"lli"h rctlll'linl. Di", •., V •.•.f"l.fl·1l 1I1l11lllo1IVelldil;cl'wcisc vuu dcr 'lcillicltell Stnlklur tiel'
L"will""elllwi,,klo"lj; ilhl';;III,'·11. E, winl illl Iliid"lcll l' ••pilcl 1••:>t·I,,'id,ell.

\iVie ill l>cill ••lte ••Ilell 01,,," '"ll;el;d":lIt:1l 5illll,lt.liull"ll kllllil "lid, I.ci der DefcdlllllllJ;
Villi Blt:klfulIellli.willell ill Drift- IIlld f'fopol'liomdkllllllllefll <lit, Hew"I;""1;: <lcf 1'0••ilivt:1I 10-
llell wel;:i"l illl'l'f we:;ellilid, l'.""illllt:n:1l Deweglic1ok"il "I l;e(;Clliil>cf Ikll Blc~lfollell ill el':;ler
Niil,erllllj; \·"1'IIat:ltlii,sil\l. wI·"kll. Du"cll.e gill - ••ufl\"""11 iim: •. verl;leid,:;wei:;c (;erilll;i~lI ki-
llcli:;d,cll Ellcl'l~ic - ulld, fii •. .lit: n"WCj;'Hlg .Icl' Ilcul •.uleu G'l:;lIiol"kiile.

Allch PI'o'le:;:;e ~wt:ilt:r OrJIIIlIlj;. wi" :;ie ill l\ul'ilcl 1.3 l,c,,,hri,,Lell WUI'Ilcll, ••illd fiir
<lie Si'"l1lat.it'" ~lI11i'dlst lIid,1 VlJlI U,,<lellllHl!\. WellII 11I1U1.lie .ltllh,rd. 1••"lilll;lcll Fd.kl' Illil
.kllcll vt:q!,lcidll, tlic allf/,.rlllld tier 1l1lyenlleidl'''l'cll A I'I'I'UXillliltiOllt'lI ill <IeI' N"cltl,iltlllll{;
<1"1'I'lty:;il_illisdt<:l1 1' •..., .•.••". illlft •.•:lell. GUlI~ ulI/;elllt:ill i,l fe••l~Il:;lcllell. Ilall ••lIfl; •.UII<I Jer
Vi.,llo"lol :;do 1''''' .jllulllili'li"d.i ••.•:r Fddcl'Illlcllell .lell E"/;d,"i""u tit::; Sillll,laliulSIHO~I'l'"llIS
cloer Il'lillililliv.· tI",", '1",,"lilillivl: Nulllr ~Il(;":;l'l'Udleli WI:l'llcli 1111111.Fii •. "illt: .lcli.illit:rlt: •.c
Di,kll:; ••ioll ,1&:1'Fdlknl',d"'" :.ci 11111'l\ill'ilel 3 lIllll :'> vawie:;"l"

lJillilii. liiUI~id,die Zid:lt·tzlllll~ riir ,Ii•., l' •.o~nllulucutwidduu~ wie r"jgl :t.u;")uuuucllfH~:'I·U.

E:i :,ll,ll ciJ1 PiObl'ilUUI& gt':-;dllldH.:lI werd,'u, c.la~

wuLt'i L <lie A II,tlell UlIlII;:tie,; SilllUli"dt:1I VOIIlIIll'II:; ist. Verliilll cill '1'"ilcl,ell tliI, VUIUlIlllll ullf
,It:•. ciuell St:ilt:, t •.ill t" uuf del' ill IIIere 115,'il" wi"tla "ill.

Dic:;t: AlIllallllH: pel'iodi:;"locl' IllllldJ,,,.liul;llll/;ell IlIlt j;wfle Vorll'ik, W.·IIII die clekl •.usl,,-
li:;d,e \Nerh"dwirlulI'l; <IeI' LadulI(;el1 Lel'iic·ksichl.i(;l werdell s"l1. lIier~l\ winl <la:; ••illillliede
VullllHeli V. tlurd. ciu ge<lu.dltes Gillcl' iu I;:leidlllrliL;e Zdku ullfl;l'Ieill. AilS <I<:rLutlull/;:;-
vel'lt:illllll\ ill dt:u Zclku wel'llcll 111\11lIlittels cilles j;ceij;udell Vedill ••.ell •• LIlIIllllL;tidichlcll ••u{
Ilell Gillal'uukl.ell L"recltlld,

VIII "II:; ilollell till:; elckll'ische Puleuli.d ,,"I' dell Cill~e1111:11Citt •.•.j>lIuklcu zu Le:;liulIlIclI.
1l1l1~1IlIi.1I ,Ii •. I'eriodi:;ehell HillllILedillj;Ullb<:U. LlIdulI[;"lidll~ I' ulld delet ri ••d"" Poteulial '"
1,;lllllCII iil,el' .lie l'uiJJuu- Glcidl1l1ly .

Du •.d, •.rll"ul •...FOII•.il:l'll'llIlSful'llliltiulI isl ,Iallli ,I", Puleuli,.1 illif dl'1I Cillcqlllltldell I."•.lilllllll,
Gnllli •.nleul,ildllllj; e"l;il,l.li" Fcl,lstii •.ke, all:; dCI'd, •••Feldalll 'J'"il.·I.ellurt .111""1.Illlerpuli.liulI
uii.hcrl1llg~\Veis(' bc:)f,iullut w(;rdl'u lwuH.

Auf dic D<.:Iilil:; .1"•. I.cid,," \oi"" 1>t:schriclJellclI V•.•.f"lll .•.11l.U•. Sillllll"li"" VUII Eleklrllll"l\-
sr\ow a r III"" , .Ii" fill' tlic:;c Arllt,il YOI\Ded •.ulllllll siUtl, wi •.•1 ill 1\''1,ild 3.:1 ~1'II;Hlcr •.ill(;ej;I'"I;~I"
ZUlliid"t il1>el' :;ull.,11 all:; "t:1I1 Li:;l, •.r CCSilj;l.t:Il, die Aufonlerull(;cll "l.l\d •.il.d we •.•lell. "ic hl\
cill Pl'og •.llullll l:',esldll. w •.•.den Illii:;sCIl, ,1<" Auf,dtllll! iil,el' die z"illidlt· IIl1d rUlllllliehe EIII-
wid,hllll: 11Ilti Siillilllllll;:sdl'ekle ill .1•.•. Elckll'l>lIelllllwiu" voll })I'if~- Ulld l'r""urliuuulkllllllll"l'II
j;ClJcll ,011.

Vc•.gl(~idd IUHII di(~ 0lH711 lH:sdlrad,clu:u UIl(.Cl'SIU.:lullll;eu lilit dcu A ••fIll dCI \lugelll ilat, IlU .lit,'
Si,llu1<.liull dn 8kkt""lll'ulawille ill Dlift, ulld Pl'''l",rliuliall'''"llllerlll:',nldl~ WI:I'lI<:II,so f,t1lell
I.",,,ululel':; zw"i Miil\[;d miL ZUllI Cilll:1\ 1I11dl.Ii., :;1il•.k ;III.OIIU'I;<:IICiiulkre dd,lri:;d.c Fcld ill
d,c~('ll Dc.:LddufCU :iillll1lll:rt. W('rctcH, \Venu l'cillisti:ii.-Iu~ AUS~il~·.l·U iil"'f di4- LilWiuc gt.:WHIlHl'U

wcnlcll sfJllcu. ZUlU alldcn:u luii~~CII illld. die lUJlH:u Li.uluugsdidd(:u ill del' UIJlgcbuug, llel'

Allode UII.I illl' EillJl1I1l hilI' Fcl.bliirke lIud Fcldvedauf I••.•.ii.·ksidlllgi w,·r,k".
Dit: low"itt' FUI'lI", UI\/; lq;1 1\illte , dal! "II<- '1' •.ild"'1\ dt:l' L"will': zt'illid, "" •.•,11"1 vc,.[(.II.\1

wt~nl4:u l1lli~~I'H. ditluit ilarc..' COlllulUh· \VcrlIM:lwirklllll{ loit t:iullC.:,.og('U \\'l'rc!t-H kaUll. DH~ lwl
\Iu,uitli,IIJi,re A lI,wi •.klllll\ell 'lIlf tlit' ~II wiih"'udell All\.lIillllll>·J1. J'"loIIII·I,,·i lI<:ul,,,dll\l1l1; II"" -ij·Uylt· a:,l •.Ii•., l.uu6c· cilH:r VIIII;l!Jlt Illil llupl'dtn . nl::.o l.C~Ulh~t·(:. hulu:r (;t'UiHlil)L.c;itl \\I'''' :.oil' fiir di"

lICU'dilH.Illt) vuu ~llUk ilt'.ut&\It'1i l'w:.Gn"'l"u 1.11Ollpfl.:hkn i:.l (vl)l. 1("p. J.3.l).



•• Ii.' COUIOlIlIJ-Wechsdwirkllllg ,IeI' EleKlrollell Illit dell 1."dll''I.;''" ,Ia IUllell Illlli ,kr
jllldcrell Elektrullell ucriicbidlligt,

I(apitel 3

• 1110<1des:;"1l Gellillligkeit bei del' Silllllialioll phy:;ikali:;dler Prlll,cs:;" ll\lsrcid,t, IIUI ZIl-
lllilltlt:st c('uditativc AU~SHgcll ,ilJer die LhWiucHcHl\\'lChJuug z\lztlla:>~cll. Das I>rograIlllll ELAVA uncI

EntwiclclungDie Elllslellllll~ lIlld .Iie Slruklur des w die:;"111 Zwe •.1. clllwickclll:1I Prug •.••II11Il>ELAVA" wil'll
illl folg<:lldl:1l I\Hpilcl besd,ricl'CIl,

Nllcluklll illl vonlugegall[!}"Ill:1l 1\''1,itcl die Aufonlerllllg<:u uu cill Prognlllllu durgdegt wor,leu
tiilld. dus Zllllliudt:st 'Illalilative AusSi.geu iiber ,lie ,'ullIuliche \Iud zeitlid.c ElIlwidullug del'
Elekirouelllawiu" zulicllc, ,,,111'11ill dieselll I\upilcl die Slrllklur lies elliwickdku I'rogrulllllls
111111,lie eiuzdllell Sd,ritt,· .I•.•.Elllwidllllll; uesdu'idJell wenlell.

Die Prognlllllnstruktnr im Uberhlick

Dic Elel,lrollclllawillc iu llrift· 1111<1l'w!'odiuuulkalIlIIlCI'Ill:ulslehl UIlS((.,UI Zlls.llullleuwirkell
vida vl:r:;chiedeller I'I,ysil"di,d.<:l' I'ruz"sse, lIil:r siud vor .,lIeu DillgCIl .Iic c1ckhulHilgucli·
HI,e Wcch:;dwi, k Illll; lI,il dC11I iillllaeu Fehl, die CUIIIUlllll- Wcchsclwirkllllg ,lc1' e1ek IrischcII
LlldllllgCU Illllercillaiula .Ilul die WcdlSclwirkllugeu ,It:,. Elckl1'ullell lIlil dCIII Fiillgu:i Velll Dc-
dClllllug. lledeullt IIUlIl ",,,iterhiu, .Iall jc.l"" .Iicscr !'ruzesse Ullr ill IIlel,rer':lI Teilscllfillcu
sillllllierl wenlell bllll, winl ,"'"llidl, wddlCU Vurleil es fiir die Elllwi.:klullg tics rl'lJgl'lulllus
l,ctlcutcn .Hull) Wc.:llU c::.ihll~ k)t'illl;U, lUllt:iutuulcr koulpillilJlcll) wcit~chcud vUliduau(lcr Uh-

1l1Jloj'lI~igell Tcil ••I,,,..llllitt..-1I (UIl/erJ.ruy",wwlc bZlU. clly/iJI:J.: JUhUIl/illcs) i1"fgdu,ul ist.
AilS .kn vielclI Absdlllill':11 .ollle ,id. dllllll dllrd. CillflldlCS :lllslllllll ••:lIfi'l;ell cill .- <lell

je\V"iligell Allfunlerllllg('11 "111sl'redlc",l- Illclor u.lcr wClliger klJ,ul'lcxcs Sill,"laliulsl'rogl'llllllll
u"I1.lauclI lilssell, dus .hlrd, sei,,,: 'lIu<llllarc Slrllktllr <lllriil":r loiu.uls Mid, leiclol 1111zlllliidlSl
ZWl:ekfrclI"le A "fguhell,tt-II II11/;"11IIlI~ellitllt \Venku kallll, Die.er Eillsiehl ellispred ••"ul sclzl
sielo ELAVA il"S iIlS~eSi'1Ji1 ~!l Ullleq",u~"""1UICU 1111<1eiuelll :lelllrulteil ZllsaU'IIICU. tlcssell
Allfl;".1,,· illl we,"ellllid":11 darill IIl'delll., die eilll.dutll Fllukli"""ahsdlllitlt- <les Prugnllllllls
IlUfZllrufo-lI. Oa, siud:

(II) <lit: CruPl'e Villi llllt"'l'r"~r'11I11I":II. ill .1,,1'<lie eigellllidl" T"ild,cllvedl.ll;llllg v"rt;eullllI-
1I1CIIwinlllu.1

Jt:tler (lic~c •. IInuplbl.sdlllitlc tk::. l~lUb"ilUUHS ti•.~t~l sic.:h ~(;iucr:"t:ib wleder ails ludla-crell llll-
iCl'I)f()brlUlllllCU ~1l:iilt1111lt·11.



Die Str"ldllr Villi ELAVA itit leidd :GIlvcr,l<;lIc", \'Jellll 11111.11dell AI,IilUf eiller Luwillell-
elllslcJl.IlIlf; Illldrv"lIzidll uIIlI Sellritt fiir Sdlritl Ilitdl ,.'ill•.•. geei!)I"'1<;1l Ullltiet1.llllg ill eill
COIIlPllterl'lul'.r.,1l1l1l ,uclll. Eti eq;d ••:11,iell d'lIl11 die t~,lge"dt'lI AI,,<:I,";l.Ic (vgl. AI,u. 3.1).

,.llIldll.dell VUI"llII.:1l l>c1i"dl''' , ));"I"l'eh wird ." Hli'l;lidl, BJrclr.l" zu stlldicrell, ,lie VUIl .kr
Al>sdlinllu,,!) dcs dckl.ri",I"'1I Fddcs ,1..:1'Killlll ••cr heniihl'CIl.

Silld dl':'" Fc,Il"I\Ulll;ell I\C,dlcliCIl, winl der A'''!)illll;tiZU,tlllld del' SiHlUllllioll dcJilliel'l..
Jlicrzu gdliirell Allzllld 1111.1riiulldid ••. Vcrteihlll!) Ilel' prillliil'''l1 Elektl'UIIl:II, <lit: ZUI' AnOilc
ved'I,lgl wcn"'ll ,ollcll, wic itud, iiJrc Gc,dlwilllligkeitsvel'tt:illlllg ulld Illlfiiu!)licl.e I\cwcgllllgs-
l'idllullg. AIl,c1diellcllll wHd .I•.• Au,gill'l:i'ZII,tlllld I'rotoll<\lIit:I'I.,

II. nl;;\\IIX:lIN(: DEli EI.1':HTltONI·:N:

III 1i:'ll'itci 2.-1 wllnle IIl:rvlIrgl'I",I":Il, ,1."1 eb Iluhvellllig tiei, "lit: Llldllllgcll zeitlieh Jlul'ullcl zu
1••,(,l>i.clllell hzw, fiil dell FilII der ~:kkI.I'Ullell "lIell Zll Lewcgcll. nud wUl'lle uucI •• IIISKonzept
dcr HlittlCI'CIl freiell Flu,.;zcit crwiillllt, ,I ••• die Cl'ulldlll!)e ,k,' Glt:idlzeiti!)kcit hildcl, wie ill
A u,;cl'llitt :1.3.2 llmfiihrlidl dil",;clCL~1 \Venlcll winl. Die I\cwe!)lIll!) der Elelr.lwlIell edolgt
ilel'lltiv, J.I •. dUl'dl furt wiihl'CIl,k Wicderll ••llIlIg eill 1111.1,Ie"bell.ell P1'I'grilllllu"L.dllliUb, I.i.
(lie LnwiuclleuLwiddulig .a"l·y~dd'i~.scn i~l.

1,11Be!)illil del' Sellki,.,. wi.d IIliS del' 'BUt:I'gievel'teilulI(:i del' Elektl'Ullell iu AI,hiiu!)i(:ikt:it VUUI
l::"wiihlleu li:UUIlIICI!)IIS "i III' u,illicle freie FIllg~t:it LJel'eChncl, ,lie ••1> Eiu(:iI'llgswCI't fiil' .lie .0-
(:i1:U;II'ulc llull-culli,iull-t",:I"'''J"rl (v(:il. 1\111'.3.3.2) ,lieut:u. lIIit tlercu Bilk tlic Stullfl'CIllIellz
tier CiHZdllt:u Elclct.rullt"ll ~nrn.:kt hc.sdll'icbeu winl, iluch \Vt'uu tlcrc.:u Eucrgic bLJuk VUUl cf-

l'echudeu Miltelwcrl. 111>",cielll. .Ied"s Elektwu winl UUII eiuzdu Slllall!;t: itU e1cktri,el.ell Fele!
Lt:wt:gt, hi, !lilt: iiut:l' eila<' illlf .In milllel'eu fn:iell Flugl .•~it LJasirl't'lllle Z•.ilsl';lIll1e (tillle 'c,:-
ti~)u) heulwdall;t wunku :,illd.

Jll.l <1i(: Ben,dllllllll; filr .,ill Elcklillu el'gel,ell, tlull e, im Verlituf del' lillie >eetioll llIit
ciuem GlIsllwlckiil ~IISillJlll"'UI;<::,lo'lcu i,t, >11winl c. zuuiielt't 11111'Iii:; 1.11,Iit:,elll Zcitpllllkt
LJcwegL Oauu winlllll> .kll '.'llc,gi<:;.I,hiilll:it;t:1I Wil'klllg"I"el',,'llIIiucll fiir ,lie v"l'oclti"deuell
Stl.lll'l'uzc:;se tlie Ad ,Ic, :.illllk:. ~"".(iulllli uutl .Iie uell" kiuclisdl" Ellel'(;ie uud U.;we!;"ugs-
l'it:htllug ,Ic. EkJltrllll' Ullin .1,,1' AIlIli.lllue VUU I':uergit:erlll.ltllug el'l'cdJ\ld. nu, \vinl '"
hiillJi!:: wi" lIi,li/; wit:dal •••ll, I,;. ,\;" ElcI'll'uli ,Ii" ElIlk ,Ie,' time ,cdillll eneiellt 11IIt.

\Vllnlc iu die,cl' ZCitsl'i1I1I'" •.ill CilSlllolcl,iil iouisiert. SU winillil. Ilelleul.talldelle Ekkll'llu
Vulll ZeitpIII.ld t1,,1' luui.idi,," .111c1llrdl dl:l. vcr1>lcil.>ell'l"u 1'"il del' tiua<: sediull lielHlI1 wi"
je.le, lIudell' Ekkll'oll hilldurdd.cw,'!::l.

8I'lc:dd. ciu Elcldl'oll .Ii •. A 110.1<:,wil'.1 t:S huf illl'er OI,ertliidlC i11.!;c,,"!;t IIIa<1l,leil.l ""II
tlt:'- wdfcn·u Jh~WCt.lIl1h (kr rrl.;ildu·11 Hll~bcschlus~CIL l)ie LhWiuc ht ullgc:>d.lu:i::icl\) Wl'UU

::.illlltilchc Eld<truucu cluJ;yfilllgclI \Yun.lt:u bilHI.
III Ah,liilldell, a1el'l'" J.iiug •. VI,,, .1•.11enedlllctelilliilllerell frei,," Fl''l;zl:ilell "Lhiillgl, wil',1

tier MUlIlcutiluzlIsl.hutl def LilW1HC iluf CiHC:U Crupl&il{(lalcu~iLll. ~t.'tichridJCH, bU dun ,,:r ~jJillcr

£ur Allswcrluul:; dl:r Lawilj('IH'J1twirklul1~ vc:rwcu4.!(:l wcnlc:u kaull.

III A I.lliillgigkcil VUll dcl' A\I(kl'llll!) .Iel' "'1.1,1 <1<:1'frejell LiI,I,,"gell 1\,,<1 ,kl' ""1,,111 del'
VCr~allbl'IICU fn,:)cll Flugl.('ltL:ll winl dilrlilJcl' l.iuuns Hilda b{~\Yi:'~Cll Zt.:ill)p.iUUICU .lie CoulhllJb-
\V•..d,"elwiritUllg i"" •.d'i1Il • .I•.•.LilWillc \I"" l,el'"dlllci I1lltl ,,,,uit 'I •.•.<:ll ~.;jlljdlc Vaiillllcl'luig
LCl'iiebi rill it;l.

C Inilialisiefllng del' Kamlller ,.~~_.==I_
,---I~tialjsierung del' Primareleklronen
---~--

( Berechnungd~r mittlereu
~eien Flug:£eit", . ,

--=r '
Bercchnung des .:-,
e1cklrischell Feldcs ~

I Amahlocr
( Ucwegung del' E1ektr~ frcicil Elcktrollcn

l.____ --I
Ikl'cchnullg del' ,,:~ I
Strcllpro:£essc I= 1--- I

CAliouecrreicht? ' ) -1

-<GUSg~

----------,
I
I

I. INITIALlSI1':llllNG:

Gauz uun)I)g. ZU ('iueuJ t.'xperiulcnlcllcli A"tl.ull lllii~~Cll ZHulldisl tlit' GC'(llJw:rit" utul die Ah-
IIICS.llllgell de~ Ddekl.urs feslgdq;t. wel'tll:lI. Dil dit: ElckI.I'Oll':lIlawillc ill l' •.••]lodioual- \111<1
Dliflkalllllll"lli ill de •. 1I111UiUclhill'eH U,"gdJlllI!:: ,I,·, Allod"lld •."I&t.", t'lIblcl"" wllnlc fii •. die
"orljc~ellcl" Veni"l1 VUIIELAVA IIHg'_:lIIHIIlIlt:II,d.dl .Iii' e1ckl.l'isdlt:u Feldl:r fii •. Il('ide li:allullcr-
typclI d\lrcll 1'111<:11zyli",kr',VlHllldri,dlell V"r1auf gul alll;"lIiil&el'l " •.•.dl·1I hi"III1t:lI, \Velltlglei<:h
('. - jl: Hildl Geu'lldnl: dcl' 1\llllUIICl'lI - ill AI.sliilldl'll VOIl lIl,'hll'f/'lI Milli,"dC1'lI I,driidlllic!le
Ahw •.idlllllgcll "YUlldies<:lI. Ver);,uf 1;e1.ell IIlIUlI, D"l' lJetd<tol' wi I'd d.",II1,II. id, 1I1l1:J••lJidl lilli'
lie •. Zyliudcrl\(lllllcu:-'ilfor IH.:~dlrit:l)cu.Z":-'hIUUWH lIlll Ilcr l:L"UII1f't Iu' dl'~ U,'l ck hll'~ IlllistlcU

unci. tlie Pult:J1ti.illc VOII Allude 111111 J\illllt,de suwie dH,~ Fiillt~'I:" (n,l:',d"l~l \VUdt.:JL Jc lHH.:Jl

Ucdi:lrf ~(IJIII dt'j Fdd\/erlilllf ill tlcr J\ilUllJler allf,~rHlId .1('1' A II Ilil11l1H,: JlHldili~~il·rt. wl'fdcH) .lidS
sidl .Iic fn.:iell LiHluugt'll (EJcklnJlll'lI Hud IUIH"JI) •. jlWI' v!lr;llll;cgilllgclIl'u l.'IWilU' litH!. ill! 1.14.'

III. ))1;;1l AUS(;AIII':ULOCI\:

lu tlictiClll It·lztc.:u 'j\:il lll'~ J'.ol;r,IHllIiS wcnlcu die Crn~dlJ1Clcu Eigcu:.dud'tl:U ller L.,wiuc(u)
~l\lfl~I.~hrlH~i(l'l uud lU gCI'iglll:tCI' Furul illlS~l:hclH:U,:lU tlaU ~ic l:iUt.:f wcitt.:rCH AUhl)'M: ZU1~iiJlI~)ich
silhl. Vl.'f~,dli....dc.:lu· A Ijfl jq~.clll dlt.: die Pl'ul) •.ultuuull~f'du"Uul) hbLIcdlcu. WC'Utl tier Zeal w:r-

'l.lt:r Au:atlrlll ~ blcllt ::.ihU[.llllidJ lur \"lIlt'll Alliorilhmtl:.. ill tit-HI ciu 'f\"il d..:r Sll~lk ulill": hllpubiilJcdrug
nli~I~IHHIl ltH'U wit ,I.



Dic illlfullglicllC lIull'lI II"" , di •. Scllllcilillk<:il d", I'rugrunlllls .Iurch EillSlllz .ogeuulIulc •.
Veklo •.•.•":J.IlI:r. d.lt . .IIII'd, l'i1r"lld •. Au,fiihl'lIllg f!,lcid,lilllicude •. PIOf!,rulllllllcile, sleigeru ""
kiillneu, Ilntllk lIufgnlll.l .te, Eigellilllt:1l .Iel' silllulierieu Pru ••.c,se~ fiir .li,~ li,ci.lcll I'•.O\;•.IIIUIII-
lll,sdluill" allfgegdJl:U w•.•.d•.ll. 'J'rolzllelll koulllt: .1<:•. V"klorpI'Ozc.,or des 'illI DESY iusllll-
li"rlell IBM :lO~1U CUllIl'uI"I':' iiiI' eillige Ulllcl'J'I"OI\l'illlllll" M:hl' zeil'l'llren.1 <:illgcsd:d werdcII.

Je.kr Progr""ll"al.,dllllt.l wUl'dc: llu,fiiltdid, kOI'"ll:uli,,1'1. J)ariihcl' hiu"us li",I<:1 .ich l\lU
AlIfllllll .Ie, Lelll.l'idieils "i,,," Li,1!' IIller uidll·I"kidell VM'iablell, IIIM.Ijeucr Variahlcu. die in
llld.1' "Is eillell' lIUlcqH"!;I""1l11 verw"lIIld wel'llell. Dillie die,e Lisl" wi,re tlie PW!ii'iUlIIIICIlI-
wirklullb Slur iu cdu-ltlidl 1iill~t.'rl..'r Zeit lll(iglid, gCWC:iCU.

Die ill ELAVA venvelldd,," Mililcilllt"ilcll si,"1 c1,ellf"lls illll,ol'f dcs Zellll'lIlLcils CJ'luul':d.
Suweil fill' d,.s V" •.•li'"dll" die,cl' Ad,,,il Iwlw<:udill w"l'llclI sic illl lIi,d,sl,," ALschuill uc-
sc:hl'iclJ<:u. Si" wc •.•leu dllldI1; •.ltclIIl ill IdlclI Ulllcl·IHOg •.llIIIIIICIl vcrwclldel. Nu •. illi Illilillli·
.icl'llllg'· 1111.1illl AIIsgld'cl •.il des l'I"lg"'"IIlIlS lillllt:l cille Eilllleileukollver.i'"1 VOIl Lzw. lllidl
SI·I~illl,eilell slaU. 1111'delll Iklllll ••.,,1' .Iie Arucil lIIil delll Prugl',,"ull ZII erl<:id,lerll.

III d<:r vurli"gelldell Vl'l'siull IIl1,Lolll E1,AVA "II. 21>tJOnerd,ls"eikll 1111<1eille verglei.:!,hllre
AlIZl,),1 VUIl K"lIllllellllln"i1<-lI.

Uci dcr Elltwidlllllil wlIlIl.· .I •••.i.lIf ll"i1c1,lcl, dlon .lie l'"ullrllllllllslrllklllr cs zlIlii/lt, spiLl"r
- filll. Il,~wiillsclll - IIl1dl .Ill' Hewl'b"llg .ler IOliCIl ill die Si.1l1l11l1j"llllllfzlIllehlllell .

1J•.•• lld, ~.11groll wir.l, sld,ell slrllklurcll zwisd":l1 .In, Al,sdlllitkll II 11,,,1 Ill.
Eillc IIllsfiihdieile Diskllssioll dcr hi.,.. skizziert.'·11 PIlI,; •.••Il,"11eile filldd ill I\al'itd 3.3.11111.

Das Erslellell eillcs Ilillfllllgreidiell COlllp"lerplllgralllll. winl wo:sclIllieh e,l"ichler!, WCIlIl c.
sidl .eill'· Cesllllllfullklioll ill vcrscltiedcllc FIIlIktiollshcn:iehe illifsp.dlell lilllL, die eillzclll 111111
Il,ollliel,sl IlIIill,I,i'"gill VOIlCillillldcr <:lIlwi•.kcll 1111.1",d""kl wer.lell k'illlll·ll. Fd,le •.• ill.1 .1111111
kidder "'" t ••kalisierclI U••.W. iihnlwlIl'l ZII \'Clllo:r1":Il. weil Tesls spaidl lollf Ilell jcwcili(;ell
FlIliktillll.hereich Zlll;o:sclllliUCII wcnlell kiillllell IIill 1 k"illl' Hiirhidd 11111'JlIlnfcrClIZCII lIlil
,Iell 1""len'll I'r"gl'illllillt."ilell ZII IldllllO:lI bralldicli. Wic fiir die iil'O:lSid,tlirhk<:il ,IeI' Pro·
lll'iltlllllSl.rllklll' "eigl siclt lib" illiCit fiir die Prugrlollllllelliwicldlllll;. ,Loll eill 1l1ll<lulllrer All11illl
des Progralllll"; llllll.,..unlellllich vurlcilhafl ist.

Dic VCf,chic''''iII'u Plwsell del' P •.ogl'allllllelliwiddllllg ulilcrsd,iedell .il·ll .Imel, dic lIufslei-
g'el"le I'oll'l'ex.iliil del' \VecJ.sclwirlllllll;cll. dCllell die Ekktrullcll 1I11t<:r);,g<:1I.nalllil isl he •.eils
,,<:slIbl, dllflllll.· lIaupllcilc dc •. PrullrilllllllSll'llklllr (1Ililiali,i.,..ulIg, Unv"b"llf;. Ausbuhe) VOIl
Allfallg 1111zUIl,;"d",1 n"lilllclilur vorllillldell scill IIlllflli'li. ElIl.sl'redll:lld dl'l' AllfordcrllllgclI
•1.·1'jcw,'ilig"" 1::1l1widlulgSpll/ls,," wllnlell .ic dallll \lIl •.1t 1111.1Iwd, "rgiillzl 11111\vedeiued.

Dic pli.l',iki.lisd,ell \Veehsclwirkllllgell dcr Ekkln",,,", die ill .Iic Sill,");di"l1 illlfgellO\lll\lCII
wc •.dell s"llkll. wlIr.lcli ill dr<:i Grllpl":11 1I111"l'Io:ill 1111,1sllk ••.essivc ill .I,,,. 1'r"gl''' 1111II allfgc-
UOIUlllt:U.

1. Die \\'edlSdwirl"'ll[.; ,ieI' EI<:klr<mcll Illil ,1."11 deklriscllcll Fcld der vollsliilldig eVlikll-
iCl'lcli Ii:illl,"",r (iiujlcl'eJ J'cld);

III ,lieselil Ahsd'llill wCllkll dic wirl,li(;slcll Mdho.kll Illld Alglll'illllllCIl heselirielJell, Ilic ill
ELAVA Verw"llIluu~ Hnd,,".

3. ,tic \V"c1'M:lwirkullg .IeI' Elcklruuell mil .1ell Li"lull~eu iUllel'llilll. del' L,II\·iIlC, also .leu
1""Cllriimpfel 11111\all.I.:rcu meklrullell (IlC •.•·dlllllllll .Ie, illl";IISlJcI":1l cld:ll'i.cI,ell Pd·
,/eJ ).

Die siw\llicde l'rul'0rli<JI"dl"'"IIll:r winl uls ~)'lill<lersYllllllcirisch ••lIgeIlO1llllleli. Sic isl sUlllil
durelt die HI"liell ,I.:r I"'idl'" Ekkln"lell, .Iic "Is ~ollzellirisd", 'L.yli\l,k •. IIlIllcsclzl wllrdell,
1•••.1;1. .IeI' Fehl~eulllclri" v.,llsliiudil; h"sct. •.iel>ell. Die lladiell I'.•• ler AlllJd.: Ulltll'~ de •. Killl"Hle
kOIlIl •.1I variied w•.•.tlell,llld ('·II.i",lod, iUllllell SilllulaliollclI die \Verk )U 1"" fiil' 1'.• I,zw. Ii 1/1'"
fiir I·•.. nil tlie Sl.iirkc \111.1.In V•.•.Ii.uf des dekl. •.iseltell Feldes ill eiHl:1II Z.ylillderkulI,lellsalol'
••1I.:iu dun·1t ,Iu •.clt .Iil' SI"""'"I1~,.dilrcl euz zwisd":11 A lIude Ill'" I, 1111,,"1<:"i,,,leuti~ f<:slt;d','1;1
i,l. ~Illlli Ilur .Ii., PulclIlial dl'l Allud •. f••:i gcwuhh we •.•lell, wiih •.•",,1 dilS Puleulial.le •. K ••Uwdc
.lcls Z\I lIull 1l,,,d ••.1 isl Ivbl. IIld •. :I.:.!).

Dil' AIIlllkll.l'allllllll!; IUlI,k v" •.scl,i •.•lclltlidi variicd, 11111iltrell Eillllllll illlf .Ii<: Cas·
v•.•.slii •.kllllg ahzusdli,lzclI 1111.1"i,,,," 1'I·••lislisd"'1l 111,,1I>e••.iilliid. ,kr HCl'ltcllzeil giillSligcll'
ArI,,·il.pllllkl .1.: •. )\ilulIl"'r I·illzllsl.clleu. Au.fiilll·lid,,: \llIler.,":lllIlIg"" de •. Ahltiilll;il;keil zwi·
:.idu:u G"~Yt"f:>l.iil'kulI., \Iud A l1odcll~ ••alluuub iu .ku :iiIUulil:rLt:u Caseu wu!".ku V/t:gcu dcs
l:(rulll:1l ll"d":lIzeilh,:tlill fs lIid1l v'''''Cu","u,e". LIl •. ALsdliilz\llIg del Cilsvc •.slii •.kullg wur-
,lell I.,,'i jcd.". SPilIIIIUIlf!, 11111'w"lIi~e 1,••wil"·ll durdl~eredlll<'l ","1 III., dell Ergd .•••issell iu

Jedc l::ulwirklllll~Sl'lliIs" wunl., VOIl Tcsts .11:1'IIl:Uilll'kl"'"liell<:1l Fllllklilillcll hcblcild. W(r

hei j<:duclt IIl1r ;111•..•.•1<:11SeI,rill .Iie Fuukli"ll illl si('h, .1.1>.vullsliilldi,; ulill.\li'"gig Vull ,lcll
IHulen:1I Wel'hsdwirkuugell, iiucrpriifl wel'llclI kOllllle. Es wlJnlc jetlud, aucll iu .Iell l,ci,lell
fulgclld<:u A I,sdlllil.leu v" •.sucltl, tlie FUlildioll ,I<:s IICUCIII' •.oll •.il'"llll.eij, dUld, A IIWclidullf!,ell
zu I<:slell. IIi,· .igllililtalll iluf ,less<:1l kOl'l'ckl<:s V<:rIt.dl.clI sclalicllell lief!':lI. IIi.". :iei lIur auf
dil' Oe •.edillulill .I"•.Driflgcsdllvill.ligll"il VOIIEleltll'OllCII iu l.uII"'I;""<:1 11..1.1"1'11f>i•. dilS jcwci·
I,se Fiill"ils verwi"$ell, tli" allsllcfiil,rl wlI •.•le. 11111dic Besd, •.eil"'"g d"r St"ll!,r"ze"" auf ill •.•:
C<:'llIl1i[.;keil ••.••iib"rl' •.iiCcIl (Vt;1. I'al'. 3.:1.3). E, ,,,II j"d"dl lIidll. ver"'1Iwiq;ell wenlell, tlan
•.Icr :llluclIlJlt:IHIl.' PrugI'HIJI1I1\tlllra)l~ .~iuc dctililllt:d.(· UUtt.:l~\1r1Hlllg Heller FuuJ,liullCll iUUUl,;f

sliil'k •..•.1,c1,ill,l<:•.lc.
ELAVA isl ill der I'rol;l'Il1l1lllicr,prad,<: FOltT!lAN77 ge, •.11ri<:l11'11, /;\"I'''i," •.1Il j"tlocl, IIl1dl

"illige ZIISill.••.I' •.••g •.II'"ll1<:. tlie ,le •. P •.••,;rillllllll.il.liol.llI·k tic. Delli sdll:1I Eld,tn",ell SYlldlru·
lr ••lIs (DESY) 1·,lI.Il""'"lell WIII'<I<:II~. Jetl,·s lJIII.•.•.l'ro~ •.•III'" wlI ••I.· . sllweit \IIil "illfildH:1I
Mittelll \II;iblirl, . /llIf .dllldI.- Ansfiil ••.lIl1g hill "l'lillli.: •.1. I);,\'"i WII•..I•.•• ill, lVescllllidlen
.lie !li('lttlilli,," "II> lJ'lJ, Kllp. 7 1111.1tl l,ef"lgl.. IllJ L",eifdsfi.1I WII•.tll· sl.('(" ,·iller grijlle •.ell
Gesehwil"lighil gegelliil,,'r "ill"Il' vidlcid,l. g.nillll •.•.ell Sl'eidll'r1.",I"rf.l •.•. V •••.wg [.;egel.ell.

:SVur ulh:1l lhuHloll diL' :.l •.:l:. \'illlil'h'JHk AUl.idl1 \,uu ~ddl·jrl·lhlu.chliiuh:u uu.1 ~li,ti:.li:.ch ~1l.:)taHlIlIlc Aufrufc

wcilcu:. UukqllUt)Ii'IUIIIC.' :.LiIIHI,·u dill" t·,fuli;;H·idlcll V..:ktu.i:.icuUlb, iau Web'" ,lie 1"':'Ulhll.:l. liiiu~lig I'iaf lW

Y(J(hU:' KClliHI Ct·:.Il)dq~I,' Sdlklf"II~lrll~jull"ll fuuLllulI.crl.
iAb. UIH'U Crc.:uu flif tkll IlnIH·lI~.I"itlll·d.uf cille. dll~dunt }'ul"lI"1I6,../1II •. (:a. J\u)I.·1) ","'uhleu 1[)luiu. CPO·

Zdt in 111M 30tH Eiuhcitt'U, Wit' ~.i,' illil IH ..oS)· UcrnIUthllt;StflUUU'-t;t: :a~&HI, !llIt)c::r.eh.t. Hic:.c ~l'll i::r.l ,I&l!t I.alllll
dn Un:lH·uXl·ilL.la::r.:'l· luit.ll" II~ldl!.tCIl~I.u:illl.d·,(:it,die!l!U DES\' xur Vqfi'tiUhti ~tdlll uilitc t:iucr Jh:::.dui'IlLltllg
lln Au~riihl'lillt) lI.uf N.lal&l'l.l'&lnl tll 1I1111"l1iq}l'Il.



'J~:lllpel''''lll', Dnlfk 1111<\~li,,·lllllI(;,verlliill.lli, .Ie, l~iill~ ••,.," \Vllnl<:ll v"l'i"hc1 gdlllltCIl.
Wcilel'c (;"s.· kiillllCII ICh·liI ill EI.AVA illlplcllIelltiul \V",",lclI, , ••full dic 1l01WCIlllil;CIl Wi 1'-
1""I/;"'luel',dlllillc ~lIl' Vcl'fiil;lIlIg ,tdlell. Oic Sillllll"lillllell wllnlc" UII,Il ••IIlIl,Io, lllller c1cr
AIlllulo" ••. eillel' Tewl' •.•."'11I' v"u 'I' 0" :Hllll, ulld cillelll Drllck VOIl /' '-= I (II :J,2li/d'" "11,-
I;efiilorl. D", Uu, •••••. l'.lIlll,·i,,1 Ar/Cll, !lUll O. 'f"I.elle 3.1 {••Ill die widllil;,1 ell V"ri"hlell Hlld
il,rc l.iilllil;slC' Ei ",Ic: IIII11(;"lid. "illll1ill l'.1I'lIlIIlUC\L

Ahhil.lulIl; 3.2: 1Il1l"l'uli,," ~ur U<',,,hrcihull/l c1cl' K1llulliel ullll iLuflerell l'ill':lIliciLr; "ugcgcuell
silld ,lie vari"I,,:1 !;d",llcllcu Gl'ollell.

VcrLilldulll; Illit 1IIcul'di,d,cll UI,cdq(UIlI;ClI l'.Ulll Gillll; ,It:l' Vcr,;liirklllll\ lIlil ,IeI' Auouell-
sl'''IlUUIII; eill'- gc<:igllele Spullllllllg eiuge,lclll. 1111H"IoIllCIl .Icr "llIIcloiu w"ilcll slrellllll!> dcs
Vcrsliil'kulIgsf"lttol's sdLsl ulller iiullcrlid1 1;1.,icl,cu Bc,lillglllll;cll flilortc diescs Ve..culorclI ~u
vollsliillclig 1.dri".ligelldclI ErgebllissclI, Fiil' d", iibcl'lvie~elld vel'\vcllIl.:k C.,,; Al'~ull/Mcllli111
(Mischuug,vl:flliillllis UO%-IO'Y., - KlIrl'.l,cwid1l11lIlg: Ar/Cll, (}1l/ltI) Will'll.- ,·ille A1ll.uIcIlSI'1l1l-
Illlllg V'"1 I :HJO \' cill~e,'ell', c1ie ZII Uasvel',liirlclllll'.,f"klorell ill del' Criill.-lIIlnlllllll!; 10' ful1rle.

Dic U(',d,rcibllllg .Ia iill/le •.ell l'iIl'ililldn wi •.tI vcrvullst.illldigi tlllrdl .Ii •. [-'",Ue!;llll/; cles
Fiill'~Il>C', ,,,i,,<·s D •.Il •.k:; I' lllld scill.· •. T"IIlI"'I'i111l" 'J'. Das Fiillga, \Vii'll i11lwc,,:"llidl"" ,11I•.dl
di,- M","c ,cill"" Molckiile (ill Eiullcil"" d •.•. EI •.klrollclllllil>Sl·) llild ,Ii,· ,,"agieal>hiillj;\igell
V.'i •.kllllgS'l"Cl'sdlllillc fiir c1l1s1isch •. 11",1 illclilsli,dlc Ekklroll-/vIu1<:kiil·SI;;lle ,Iclillie •.l. scille
Dichlc leit>:! sidl lIl" •.1<: •. ZIlsllllIIlsgl('idlllUg "il"" icle"leu ClI,es

Zllr Fc:sllq;llll!; cle•. Orb· llild GndllVilllligkeil.koordilllilcll Villi Tcild1Cll wc •.•lcll l'.Wt:i I,M)r-
clilllltells)'slcJ'llc LeIlUIl'.I, ell' ,,"rlc,;isdle' llud eill l'.ylillder'yllllllclri,dll:s, Sic kOJl\II11'1Ijt: Ili••h
Allwellcllllll; giciclll."".·dlli/,.t l.lI"l Eill'1I1~, hi eille I3c,dlrdlHlllg ill Zyliudel'k{,"nlilllll<:l1 h<·,-
ser Ull eille Frlll:\"stdllllll:\ illll;"l'"llt, wic dWli Lci .Ier IIc •.ccllllllul; clc' dckl •.isdll:1l l;>cld,,~ ,ler
A1l,,,le , winl ,liese vc"w,·,"I.." wiilll clId l'..lJ, die Del'ecllllllllg .Ic •. COlllullll.- VV"dl>c1\'1irkllll~
l'.wi."heu .1('11 f•.eicll Llldllllgell ill nll'lcsisd"'l1 }\Ullhlilllllcll .,,-full:\t, weil ,Ii,'''' ,Ii" Slll'''1'pO-
.ilioll ,I"•. ckklri,;cllell Fdoln dn v","schi",kIlCIl LlIdllll!;clI Cillflld,cl' \llId ill kiirl'.e •.•.•. 1A:it£
cduuhcn. 'l'f1ulsfunautiuw'u z\\'i~t'llt:u dell Kounliun.cu:iy::d(~uH~u Wt:nlt.°u uuf CiH l\1iuiullilU

bescllliillklllll,llillllcll ~.'"ll,'i,' ill IIllUd,ill 1I1l1wellllig(,1I H"dlcIlSl·IIl·illcll .11I11. So ~,ll. WUIII
l'llS .lell clIrle,i,c1,cll ~'- lllld y 1\ ""1 ,Iilllliell cilles £I"":l"olls dcr HII,li\ls I' ill Z.vlilillt-rkuonli-
Illil Cll hc •.cdllld winl, '11111.11iil"·lpl'iifell ••• h cllI, Elddrull .Icil A""'Ic"d •.••hl n •.eidll 1,111.

Die LlI/;c cln 1••,i,1o:1lJi:,,"rdillill.,,":;y,teillc isl ill ALIt. :l.:J wi",I"I'I('·I;,·I"'11. Di,' :·Ii:(o(.nl;lIl.k
liq(l slels ('•.Itlllll/; d.·s Ih"III,'''. j), .•. 1I1I"ill' /. ill Zylilltlcrkllf ••.•lillllh'1I gil.' .1"11 AI •• l"I,,1 VOIl
.Iel Milte ,It:s A lI11dellllndat,'s all, dn Al'.iIUIIlh"lwillkd 4, ,1<'11\\'illk"l g"g."" .Ii •. 1I11I1pldrifl.-idl-
llllll;. Die:;e isl illl IVc:,"lIllid"'1I dll1'el, di~ Verllill.llllll;slilli" l'.wi,dwil d.-1' AlIS!;"I!;'p(,;ili,,"
.1", Elekll'l'"s IIl1d .1•.•. Dl'iddlllitl<' ill .k1' 1·,4,-Eltt,.,,· I;l·gel";Il. ni.· ,:-l\o •••.•lill"'e ill clIrll'Si·
,e1,ell I:Ol.••.•lill ••lell dcdl ,;i.-l. lIIit ,lc:1' ll,,"pl<llifl1'id.lllll/; • .Ii,. y-I\.,u •.•lillllie sld1l sellkredlt
1,11 illr.

Dit: Si'"llLdioll I.q;illilt skh lIIit "illCl' l'.11 Allfllll~ .k, Illili"li"i,· •.•III!;;,t<:ils f",lgd"I;l<:1l
AII1.lIl.lu VOIl l'1'illlii1'e('-kln'"'·II. llal'c AII.!("lIl'.sk" ••••lilllllcll illl (;·.lill"·lI>lUll,,lell I'h""':Ul'lllllll

"It, \V•• /' del' D1'll"k, \' dll. hclrllclllclc V"l IIIllCIl, ']' .Ii., 'J":ll,p •.•."IIl1', II die AII1.idcl d,·1' M••lekulc
"'HI k die 1I••llzIl1.111-lioll,I,,"1e isl. Die Tcilrl,clldiddc I! - ~ <'I'~ibl ,i.-ll dilllll 'lll

II )'

(' c= I' kT

Die \\'i1'kolllgs'J,,,',,,rllllill.c Villi l'.w"i G "'('11 , A,.,; ••11 IIl1d Mdbilll, WIIHlcli 1":1'ci1t;.-s1.c1l1. Jll1'c
F•.,f1C!;II11g 111111,lie AII~(,•.il\lIllell fii1' .Ii.· \V"d"elw;1'kllllb"" zwi,d,ell dell Jo:lddlUlICIi \1IHI ,Icll
j('wcilig"11 CiI'lI ".kkiilcll wi •.•l ill Ii:ilpi Id :1.3.:1 "di'"l.l-11.



\Vulo"i F die 1\ raft, V .Ii.· l:"""IJlvilldil-\h'it, )( .lel Oil lIud / <lie Zeil isl, iil,n <:illc Niill/;l'Illlj;
i1l1f .ler I1i1,i, fill ita DiH •.•.•.lJu, •. AI, lillite Dil("'rcllz"ll g,,~e"lid";ll, IIdllllCll .Iie GkidIUlg""
:I.I IIwl :J.:.! di •. C.·"I •.I1

6/
1111. Bier!>ci wllnl •. Iocriid<:;iddi~I, ,1••11GI. 3.3 ,,"sgcwcltd werdeu 1111111,.,)It· .Iie 11<:11"Pu·
siti •.", des Et,.lil.rolls helnlllld wer.l'·ll k"II11. Die lIeue Ge"d.willdil;keil .Ie. Elckta'ull" ill
Ablojillllillk •.il VUIIIdeklri"dll:1I )cd,1 ••III Orl X"/I isl .1"1I1i <lurd.

Diuuit i~l. CilW Uilh(:nlHli~w(,)Sc· IInTl.:lllluug tier UC'tU;U (hl::l· \Iud GC:M:IHviu(I'gk(:il.skhunliuuh~lI

IIlldl Ablllllf d •.•. Z"il 6t l'rillzil'idl Illiiglidl. D •• jedllch v IIwl )( lliehl j;l.:id'l.cilig I."knlllli
sill<l, isl <1•.1 AlgolillllulI' ill .Ii""", I~OIm sehr ••ufullig g<'g.,., ""lilldlt' Allllerullgcu Vllll F.
dc-ucil (lit.· nC\VC!~lIug tl(."1' IJ'l"ildlt:Jl uur UII~CUUII fulljCll wiinlt.·. Aus di('Sf~IU Gnuul winl isu
leap·fHlg·Algorillim"s di •. 1I •.••.•. )llllll,!'. VllU v lUll dll llilihes Z"ililltcrvidl ~! ~u Ilt'gllliven
Zeitell vnsdlOl.ell. nilS kllllll kidd dllrdl "Ilbpleclll:llde AII\\'ell,h\llg Vllll GI"idllllll\ :I.f. lwi
<I•.r Illiliulisiellllll'. des AIf.\orillllllll' nreid,t wenkll. flel vulbliiudill" Alw.rilhlllll" wilkt dllull.
wi •. ill A hI,. :1.4 ,lill'l;,·sl..rll.

\V<:r<l•.u wi •. fol~l f"st~dcl'.l. Fiir ,Ii •. El'z"IIl\lIul\ d •.•. I'rillliirddll'uuell wirtl "iu Illilll<:rel'
Ahsbuul J'illi vt.H·~egcbcll) (Ier vou t"illt~lH Ucrcid. t1,:r ll"""lc ~ . Llriui \lIugc),nl itiL) iu delll ,lie
Elektwueu ,tlltiSlisch l;lcidlv.~rlcill gcncrierl w('J',I"u. AllI.log erfulf.\t tli •.. Illili ••lisienUIl\ "el'
4,· 111\<1z·l\oo •.•liullte.

Die Allfllu\;sg •.scllwiudil\kt:il ""1' Eleklrollcu wi •.•1 geilliill "iller MllXW•.Il· 1l,,!tZlllllUU' Vcr·
teilulIl\ del' killdischen Euel'f';ic Eluo 11111dell I,iilllil-\st"u W•.•.t Rio j,estillllo!. E1, winl iu
dee IllitilllisienUlllsro\ltil1l' vorg,·",d, •.u Illl" kllllli S(llllit llU di,' ,·h-ldrische l-'ddstiirk" llUg"plllll
wer"ell, vou tI•.r die kiudisd,e EU"lI\i(' tier Elektn,"eu illl verwellddeu ellS 1"'stiulllIl wi •.•1.
Obwolll rulhrd uu,l Hil)',lun 1~41 g(·zeil\l I",hen, dilll die Euergievel'l<'illluf.\ .I•.•.Elektl'lm •..u in
def Lllwine'; Ilido! "iner Milxwell· V•.•.Ieil II\I!:,.•. nlspridll. schi •.u sie dorh ids •.•.sl c Niillcrnug ~lIf
n"sdlreillllnf\ .1,·1' VllI'illtiun ,ler kinclisd,clI Eung;" "innvoll loll s•.in. Di.· llllfiillglidll' n•.w•.-
l\lIngsridlfllllf'; winlulIlt'r d •..r AUlIitlun •. (·iuer isolr,,!,ell Verkil\lng llIit lIilf,' vun ZlIfll!lSlollhh-1I
fcstgel •.f';l.

Di" n"WCf';\lll(; tier EI •.ktn'" •.n illl dddrisdll.'11 F.,ltI nfulgl ulldl •.illl'\l1 A11'.uritllllllls •• Ier
ill tI•.r Lit •.ralllr Ills /t:llp·fl'l!!I Iud/cull !>•. klllllli ist 1:10.:111. Di •.sel' AlgoriiJ.IJlIlS illlq.;ri •.rt ,lie
BeWel'.lIlll;s/!,lei " II11111',"""
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'til- l' (:I.l)
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jDi« Eunr,it"vl'lh·ilullg iHHcrluall. ,·iUl"l EIc.,khl)UI'IIIUWllIl' l!;l fiir di,' Jlljltltli~it.·rulIg \'011 }'j,dl.,lIutl1IliC'J1 (t..
I\up. oJ) VOIl Bl·dl"Ulult~.

";'·.lgl. fi'r U('l'l~pnlJl(~-Mdlio.I.,
"(ett g.'dllh'L te.' J.tllt:lt~tuhcll tll·lddlll«.'U Vck (tI •• ·1I

A ••, de •• G"'id"I"~"" :I.I I.i, :J.-I isl "(Ifurt ersidlliidi. <11111.1•.•. kilp·f1' ••p-J\lgu1'itlullus iu.
G1'cuzfilll ,'>1 _./ II die lJ('\vq~lIlIf; der El.:ktnu ••.u •.x"lil wi.·'I.:1'I;.·I>•.•• wii •.•",. Eiu •. C••mput •.•.si·
Ilililtdiuu is • .i.·d •••.1. lIuf •.,••lIid",. lIuter UlIIsI,iudeu S()I\llI' "lilul\l:" Zeitilll.·n'hlte fiir .Ii" V•.•.flll·
~uu~ tlt-r T4:ildwlI Hligewlc:,,>(·u. AUl:J {}I«.::;(.:lU Gnll"} \\'''H}('U Uul('rsurl'Ulll~c'lI :ita" G"lIhni~k(:il

<les AII\'u'illllllllS uul •.• lI •.oljlll~lIl1l"'''' dllrd,,; •.•.iil,rl .• ,Ii,· Al.lIlidol,,·it u,il deu (,·'d.I· uu.1 C.··
~dl\vill.lifJ{(·it :.i\'("rlliill Hj~i~(·1t ill .1.· •. spi~a c:r SiU1Uli •..I'I('u Prup{J.'1 i.HtillkallllJwr 11ill t eH.



Dei di"~(,JI Uulr'rsudlllHV,CU wun:lt.· dit" )\auHlu'r lIh, v(~ll:;llilldiJ!, .·v~"~lli(·11:111ht.'J1(lJUlJlt·ll, nwl
('iu Elt·ldrou :;41 illilildisie~rl •• 11111c:~ ("illc j\r('i:~IHt1111 IIn, dell AlitHlcJldr;dd lH·,.dllc:ilH·1l wiirdt't
Weill I elcr Al~ol'ltlllulls fdalcrfn:i fllukliol1~e •.I('. JsnT'Ls Illlt Z,·lllUl'·fV.dlclJ ':\1 f1,~p.)C':. the

ulIl!.c.~fidlr zd'IlIJljd so lilU~ wit" die.' spiltt.·fC·lt Bcuhildd HIlf.!,~;iJlIen',.!l, (; r~ilklllJf dHUlth U.O~ )I,H'(')

WHI'CIl, IJlid, tlt.·)" Hadills d.·J' hl't.'i~IJuIaH ullf lwsscr ids 'l(i~ :-.tHI.il, e,ln\,(.ld die' UIUlhUfgysd.lwitl-

<liflkeit <It's r.lt-tlI'OIlS 111"1,1'•.•.,· 7.<'1111<"1'1'01.1:11%<'111.'.l'ii/kl' W•••.• his <Ii•. t.YIII,,·I"·1I G"s"hwilltlil\k"i-
teuc.:iu':s EkklJ'dll:-' ill tl,~. Lawiu,,) d.11. del' vt.'I'Wt~It,lcl,~ Pljt}'.~OIlZlll~,,·illl·w,·:-.('utlidl ~dd.·dalcH·
Al'l'l'm:illlldi ••1I <I"" 1J1l1,"litlrv" <llll'std"'u 11111111.•·.

Mil d"111 kill' f •.••I\-AlfloritlllIlIlS st.el.l SlIlllil "ill V"rfilh""11 ""I' V.,rfiigllllf\. <las sdilldl,
w,,"ig 'J'"id"'!'I,IIII"illlellsi" 1111<1VUII ,<'III' glll<:l' C:"llIllli!'.I,,·il is!. g, ,·.-fiillt 1Ilit"ill 1I1h- Allfllr-
<lerllllgell, <Ii•. 1111<Ii•. Algol'illllll"l1 VOII ELAVA I\"sldll WIII'<lell. Billl' 'l\'ilrl","b"\Y"fl"lg ,llIrch
lillil'··Diff •.•.ell,<l'II-'I'"dlllikeu hi,I":l'el' O •.•llIlIuI; isl IIlIl'gl'lIl1<1 <I•.•. "I'n'idlkll (;'·II'"li!'.keit uid.l
ZII I'edllferlil\'''' nlld \Yunit' di,' 1' •.••101a 11111I.11lSfii1lI'l IIIf!' d"lIllidl V"""i~[;",,", dil <Ii" n"l'edlllllllg
11111',kl' Orls- nlld Ge"dlwillllil.'.k"ilslwo •.•lilllllell f.1. ~Il'1., ,h-I' g"""llltclI I(,·d,elll"il crr" •.•lc'"
(ohllt: 1l•.•."dllll.lIl; <1,,1'Fdtl"", ,1,,1' Liilll;': ,les I),-"b.'rhlllllsilll •..."alis df.).

Oi.· KI'''ft. F, tier die n"\\"'gllul\ .1•.•.Eld<ll'ol"'11 IIIIII'di,,;! , wi •.•ll1l1s .1"11 .-I.-I,ll'isd,ell Fddt'ru
,I"s Zylillllt:rl,oll<l"lIslll"l's IIIltI ''''I' f•.•:i'·11 Ladllll".t'll I,,:n·dlll<'l. 1I111 td 1111i I'lik,,1 iUII"1I Itei <IeI'
Bt'stillllllUJlU d(~ •. )lc\le.'ll BI(·klnlllt:II~c..'~dlwiJldi,;k •.:it Zit SjJill4'lt, WUrt} •.• die' Eilllj('il tic: •. Lllll(;C 'U
ELAVA l.'.el.'.•.11ii It •... 51· E:illl ••.il'·11 11111<1"11 F"b ••1' III'; ':' lIll>dilizt •.•.1 IJiI.: EI,·k 1t·••lIell II1II';" ,
t: Eklllt'lIt ••d"tllIlIg. I = I.till:! .}/) I" C). 0•.•.Fakl ••1' 10" "rldiil't si.-ll ailS .I •.•. 1I"lIl1lzlIlIg ,"'s
11'111, in (les~I:1I Cri.Uclltll'tlllullg ~irll ulle' IH·1t·ili~I'·1l PI'UlCtiM' itl,spjd(')1. :'\1:-. Eiulw,t t.h:1' ~eil

wlI •.•le aIlS ,"'"sdbclI Gl'i'Il<l"1I tli,· I""/' (III "St'f) v•.•."'.·u<l.-l.
AI'" El<:kll'uu"1I wl'I'dell vl'I'fvlgt, bis sie <lie All",\': •·•.••·id,1 1".1"'11". 1);". '·ltI"d.<:i,I"II''''

I\rilerilllll islltiel'l'iil', .1..11 <lie "'!;"'"'dillhk des 1••. II'"rltld"" Ekkll'''"' 1,1""11'1 "b .Iel' Il,"lills
,1<-•. Allode l'u ",ill II"LI!. Allktlllflsz<:it 1111<1-0 •.1 W.,..<I':II IIl1sddi..llt:II,llIlll' <Ii,· J)""ltlol": •.lIiid,,,
zllr-iickgcredltlct, EiJle spet.it.·l1,· Vurii.hJ,· JIIHrki.'rl, tillS Ekkl.roll .lHUli ab i'iul!.cflllll:)ClJ ulul
sd.lidh ,·s V(~Jl {-iller wt.'ilcrcu nt.'WCg,UIlI~ aus.

1111I;el;,,"w;il'li~.<:u ZlIsllIlI<l isl. ELAVA ill tla Li,!'." , ·W~I(j Eldtl 1'''"''" '" ""illid, 1'" •.••lId ZII
lu~wci~eJl. l)ic:-.e Zilhl wil'd allenliuj.;s t>dloll hri rdal.lv 1.{,·rilll~.·11 GiI~\'(·r~:.(ilrk\lllgC:II 'ilH'rst'l ••.•I·
t "'I. A II> ,Ii"sen, Gnu,,1 •.•.rolgl .• Ii•. ZlIo •.•llIlllIg Voll BI.·k t rol"'lI •..il.'.'·IISd,"fl'·1I (Or(, (;",d"vill-
tlighil. d,·.j iil ••.1' "ill v'·l'Il1illc1Il<l •.s "oilllt' •.·Fdclll, ,Ii" .·s t'nlliit;lid,l, .1•.•1 SI',·idlc"l'lllll.
l"' •.•..ils "' ••• <I•.•. Allo<le eilll\daIlI!,CIl •.•. Elt-kl.l'Illlell wi"tI.,.. fii •. tli •. l'i".t'lIl1id,,· Si"IIII,t1ioll ZII 111,1-
:..ell, Billl' Nl'1I0,., I1111IIg ,kl' Sl'eidll· •.ZlIw,·isllllg crrolgl. SI.I",ld 11",111'Ills lOll Ekkl •.••IU·1I •• ·il •.k •.
It:tzll'lI ZI\\\,.·iSIlIlI!, 11111',It:1' AII,,<I., "illgel rofl'cll "il,,!. Allf <Ii.,;.· '\1 •.i,,· 1'0111111'11ill V"rhillll""fl
Illil tiel' 1"·SOI"I.- •.•·1I ""illidll'lI St •."I""1' ,It:1' LIlWillt'1l ("1'.1. 1\i11" ·1). his ZII Ill:' Ekkl •.••I"·1I .Ii •.ekl
ulld "ill~du 1"·,.1,,,<101.-1 "' •.•.<1•.11.01111.· ,".II .Ii.· Silllilialioll 1111tli,' <: •.•·11"'·11 <In SI'.·id'''''I'IIlI".·,
J~estoUt'1l wiil'l·. \'Vi,. ,L,s PrubJ'ulUUI Ullf rj"'ildwuzilbku OI.H·rllall, \'(JII ·IO~H; J'(·clgi.·r( I w'Hi
Il"l,t'll IIIIII•.•.•.II. illt lIiid,,;1t;1I A h,dlllill 1,,·, •.l.l'i..l"·11.

"EI.AVA l~1 \,oll.nl·ild, UUdl ~ogl"lIlUlIlIt· Allllod'tulI~!:>~I:~U,',/wi ..•du'u Eh 1.1,IIIU II Ilh.11:••"'lIllll.·liikll;HI ~illlll·

1.1"(('11. IlIr.· \Virk llllg ..•qlll'r=-duliu.· :loilHI jl·dodl !'otlwold (iir A r,.!,oll WII'lilidl rlir M, tllllll \'l'rllill Id;,~~i~IIlH~Il·ill. ~o

tluJlell,' t.•ill:t.i~(· Mi~glich~l·il •• 'ill f~khJlJll aI'·lIl Ikwq;uUI;!:>II,o:t.di ;tit ,'llttlt'lH II, dl~~ Err,· •• 1"'11 dn AUIHIt· i!:>t.
,uDit'M' Zldll cui ~lJrll'llt t,jllt·' 'l..w'·h·'puic·II:l. Sic' l'fi.lllil hid, IUI:lo.II'C I: II 1'.11I1'.Iid, 111·....11 llt'ud,·u lIuII'Ulllll). ,1','

SlillUl4lwlt ill v,·~t •.'fi~i,·r"'ldclli Cud.' ~l'hlt'ill('ll :tll kDulII'U Ua V,'klllHI,,·IIIII" un iil"'1 ,illl' i'."",j"lp',I'·lIl VhU

l'uu~lIdllf(l:tl'~~OI"t'1l Vl'lfiit;.I'II, wi.,,· alii' Zld.l billl!:>lil) t;.· ••.·(·"'·II.
"polldn ;. ('ugL fii, Z"'t;l'r

Oi" '~I,·d,s..Iwirklllll'. <In '·:ld;l"''''·lI IIlil .lclll Fiilll\lls kllllll ill vier ),111""11 ver:,d,ie<lelll'"
Pru:tt'·.~c.· ('illt~dc'ilt wrnku,

1. Elllslisd.e S. olk: Il.-i .Ii'·"·11 I' •.••""ss"" wi •.•1 <lie EII""l;ie .lcs gkklrl<lIs Ilid.lj;ciillllt.-d
luulll.ur sciuc HewC:l~llllg~.ridilIlHl~IH~Uf(~till~d~:~t,- t.lit· GllS)Ul,lck'il.· wcr,leu iut Vcq;lt-idt
to" ..leu Eldllrulwu HI~.tlilcudliell sd,wc'l' UUgClltlUUIU;U.

2. AIU'ej;entic Stolle: Ikr Stull,ks Elt:klrulls II",vi!:kl "illc Z,USlllll,lsii •••I"I'III1l; <les Mo-
Icktib. :l.n. die.: AUrc.:gllll!!. c.'illl·S V'l.tJ'hti(lusuivc..~ulls, lJlH:"Bj~Uf.C· iu c..lc.-IlBlckh·u.H:u:idlulc.:1I

<:I,'. (keille 1"lIisilliulI!). Die Ell •.•./;;e ,ks Bld"",,", wi •.•I""" j<:w,·ilit;clI Zuslt.II.lsiill,l<:nlllg
elll.sl' •.cdll:1Il1 vcrlllillol •.•.l. Ell ••. II•.•.'" Ilnv"t;ullllsrid,I'Uij; wi •.•1 fcslf:).-lq;t.

3, louisicl'ellde SliiU,,: Hei tlieselll I'ruldl winl <ill zusiilzlidll's Elckll'''l1 illiS tiel' Sd",!.·
,Ies GlIslllolekiils hc:n:llsgesdtlill\"lI. <IllS iUl w,'ilel"u V•.•.J;1I1f <1,,1' LlIwiuc i1b f•.•,i,·s '(',·il-
rheu ,111•...11 seille \V"d"dwirktlllg"" v.,..f ••lgl wint, his I'S <Ii,· Allu,,," en •.idtl "ILl. OilS
ciulull(e.'lHle Ele.:ktrull vt"rli"rL ,·ille' £Iu~r~ie:) die: ,telll luu&~.hliuu:iIH)tc..·ulii,l ,Ies jcwc..·iliHc..:U

Mulckiil:; elllsl' •.icl.l. S,·i'I'· Hest"l1 •.•.gic winl .llllislisel. /;kiel,v"l'leilL zwisehell delll
I' •.illlii •.•,,, 1111,1,Iell' "'kll"oIii"':1I EI<'I"I'OIi Ilufgdcilt. U"i<l" Elcllt •.••I1.·11 "r1llllt"l1 lIelle,
lIIileillllllllel' \Iidtl \;••, •.di •.•.1<- ll •.w'·g'\Ilgsrid,IIl\lg<:lI.

.1. A II 1111fl IIl1g»1 iilll':
l.i'wi.II:JlC:IIL\vi,·klllll •.•.

HUll ill.:..' url~fc:~tc:~

J)"l'd, oIi"se" I'wwss wil'.1 tilLS eiulillifelltle El.:kl •.••1I <I.,.. w.,it" •.ell
'·lIb,",',,·11. S.·i.lI: Ellagie wi •.•1 YUII ,Ielll M ••kkiil lIl"''''I,inl, ,IilS
I".,..al;".·s lUll hellllll,lcll wi •..r.

Stii/I.- VUII Eld,lr"""11 lIIil 1"""11 "tI •.•. lIJlf:)"I'''gl<:1I M••!ekiile" W",,<I"II ill EI.AVA dll'Jlsu \ .•.•..
1I11dtliis>igt. wi" n ..•·i· .,,1•.•. tllt-Iirl,i.i""""!,I'"""s"e. ni."" Niil"'''lIl1g i:;j <111•..-1. <Ii" sd, •. klt-ill':11
Wi.l, •.sdll·illlid,k,·ikll s"klw, E•.•.igllis,,· I\,· •.•·d'lf •.•.lil;l.

n"Sclll'cilJllllj; tI"s UIISI"

Die ill ,Ie •. Sillllliatioll \,.:nv'·lIdd'·1I f'iill~"s,' \\,.,..,1,,11 ill ELAVA <IIII'd, iI, •.•· \~'i•.kllllgsllll'·"-
schllillc, '.Ii.· zlIg"hii •.il;ell Allrq'.III1I;St:Ill·q,;i<:1I 11I1l1<Ill•.•." ,Ii" Mllss.· ,In 1I·\••l<-kiil,· 1"·,,·It •.i,,I"·11.
ni" Mllss" Itl" <lal.ei ill ,1"1 v"rli'W'lId<:1I Ve •.sioll <lcs 1'1'01l•.•III1IUS k"ill"l1 Einllllll 11111'<Ii., ph)'·
sikaliselll'n I'l'llz,·sse. Oa \\'iil, •.•·lId d.· •. P"0f: •.lIl1lnll'lIlwi,·klllllj; .i.·d"d •• I"rullf 1;,·"..1,11'1 \\,11•.•Ie ,
cilll' s!,iill'l'l' Silllllllliioll alld. dL'" j""eol"'w,,glllll!, illl c1ekl •.isel"·11 fHd lIIiij;li.-lI"1 w"ill\.·It'·II,1
YlJl·lltl' •.•.•·ill'll, WIl"'!.: ,Ii" 1I1""'I,iil,,,a,;e "Is lllSiilllidlCr )·" •.1111••.1•.•. ill ,Ii.· Ill':;dl •.•,illlllll!, ,I.·s
]+"'tillglls(" .., ilufJ!,t'1I411lUUeU,

Stoll!'""z",sl: 1,Wi"e1I"11 1'I,·t I r""t'll IIl1d M"lekiikn sind .111•...11 d'·11 ,,"ngi'·id,hjinl'.i'.;'·11 <IiI'·
f.· •.•:lIlidkll ''\'i,lill"g''I"'·IO,·ltllit 1 :":i,¥l (.II!: 11"lIIlIwilll,,·I.·k"I"1I1 ) 11111'1,I •.•• z.III\.·Iti'••.il.'."" EII-
"q;i"vt'llust ~ E I••,ziiglidl .1•.•. ill .Ii •."" •. Silllll"tli"" ZII l, •.•.iid.sidtlil\,·"d<:" Elkkk vollsl ii".lig
I••. sdll·&•.:hc.'u. r~sWHfl!t- ol~c'lI .in'od! ~dlt,u ilU~h"fii)lrI, 4lidi .·&U~·Sillllalilti"u .Ic·s e.lill'c..·n:utt-
dlt'll Wi •.klllll,.s'I'''·I'Sl·I,,,ill, ill oil'" Uilll<'IISi"'"'1I .,:1 ••. ",ilillt"lIsi v I.n.iil'.lidl ,kl' 11.:•.".-11111111[\
d.·r SlrclIlldduHh witH:. lllliddl;;III~ig dHVi.III, HI ••. lit: Slolw~·lIdi.;.~u qllC'l':ldlllitl,(' iil.,.l'Iwupl in
<I.,.. J.ikutl.1I1' 'loll Ii ",It: II ""i"'·II. ",i".I" ilt •." n.·•.ii,·hidllit;lIllg "r1 ••. loIid,t'1i SI'"id ••.•.!'I"ll lid •.·
1l"'1. ZlIdl'11I ",iilll"1l .Ii.· ,\ 1.1"111"'"1'''''' 11111\',: •."d,i •..1"".· Sll't'llw;ukd in ,k •. 1i<:"e1l1';'illllllf; "Is
gruutlsiil:t.li.-JI VCfSt·l,ic.lc·J1(' (IrU'M':-':->t' llC'llilll,ldt \\Ic'nl"II, Sliltl zwi:-dll'H ·1 PrOZt'~:-'('1& ul,iIU,-
,,'hltU Uille •. l,iH4'" sdu' "h·1 1!.rj)Jkl"'l Zilhl .1i(· F,·sllq~uu.~ ,It'" j~·w,·ilil~.l'Il Slle.·UUUf~ (· ••.•• 1,..•• · ••.
EilH" tlt:llll,r1u' V~·II'lu.!':..i~lllllllll:«k:. I'Jtlgllllllllb wi'I(' die l·'ull!,4·. Au~ (l~l"~'('1l (:'''lltlc-U ,\.~,,~I('



eillC iulegnd •..Bc~(I.n~ihllll~ llc:s "'irkullgs(JlIC:r~fhJlit b ~l'widdt) ulnvuld 'I')Il11llhS Hlld rrlltlUIU~

I~.:ll,lit: El'fhhl'lIug ~,('lIlhdll hiibc:u, (I,di die' E",~c'I'Hi~:,c' ('iller SiUHdillili1l d"l El.·klrouculu'·
\'\'''l.(lIl1g .h,rd, .Ii" Il,·rii"k:;id.ligllllg ,),:r Hi, l.lllllg,al,),jill",il~kt-il der Sll<'lIl'r"z,",,,' w"sellllid,
vcd ••.'sserl winl,

U •.u dic'se' A IJhiiugit-;kC'it cler Stn'uIH'hZC'SSC' clC'lllludl \\'C:llig,':ilell:-' illtq~fi.1 ZH l.er'\cksidlti·
gc.'Il~ \\'ltrel"11 ilustc:)l(' dcs tUlHll.:ll \Virklllll~s'IHersdlllitts ckr :)tl!;l,.'J1i11Udc' 1I11JJllt'UtlUli tnUIJjcT.

lI'idulI!I>lj''''I'Hltllitt'' (1." vnw,,"d'" (v~.1. z.ll. 1·1111. "". isl. delillinl ••Ie

n
\''''' If·
~ '11 ••••• -.,.

i~ I

/T.,,(E) = 1. (1 .- "os/J)(1(};,I~)d!1.,.
wulu:i ~ £1 .Iit· ~.U dell c'lIzd lie-II CJh('rl~iillgc:u l!.ch()n:llclc:n Euc,.~i.·VC1'hltilc (uns 13fj) HUe I (J'

In ••••.,.,.

ill •.•· WirkHIII-\SlI""rsdlllill" silld. /li •.. g<:lllilldlcu Wil'kUUl;StjU""sdlllill" 1a••1,,,u FelLI"" ",wi-
sdlcu lU% 1111,1:!/)%.

Bei d" •. B"sd,l't'iIJllUt; Ikr J"ujJIC/iou wlI •.,lcu nul' Au"cl;UUl(cU lIlil. def ui",higsl<:11 lonisi,·-
I'l\ll(;scuc •.gi •. ( I r..7G "") l ••. I •.Ildd d. WHSiUI )",t melildcu l~uc •.(;icillk •.v,,11"illt: gule Niilacfllllg
is!. Di,- Wi •.kIlUI;Stl'u, •.srllllill,· WII•.<I"II I:lDI culuulllmcn. Iu .Ii"sclll FilII 1'"Il,lcll "s tiich UlU
lul.lll" \VirkuuJ;sllll" •.srlallilk, w"il \V" •.t" fiir a". lIid,l ""I' V""fiiguuJ; SIIlU<I",,". DCI' Fd,lt'r
t'~"(~UCl'~cllnlllc \\'urclc 211 J ~'/:, ilHgc:~,chcll.

,1.11. His "ill lI,il. cia 5ln'lIrid,lulIg l',,·widdd •..•. i"t",; •.••).:•. Wi,kllllgS'I,"",,,·h,,ill. DlI)lt'i isl
alE, l~) c1,,;' ,Iilkr""tiell,, Wi •.kllllgStjllnsd,"ill fii •. <:ill•. 51""""111( '"U d,·u Wi"k •.1 /J.

III Vc •.I>iutllIllt; llIil tiel' AIIUlduu" isolrop"r 5lr""'"'1-\ ""lilul,t (1". >llluit "'"" I","ser" •. AI'-
p •.oximllti"u clcr widdiclaCll SI. •.•:uvu •.llii"g", His si" b •..i Verwc,,,lu,,/!, c1", tol<,k" \Vi •.k,u'J;StI',rr-
srlaui Its llIiiglir II wi' •.e. '"Ei" \'\'"il" •.<:I' VOl'Il:il dcs IIlOll.,,"IIIlU '",,"sfn- \Vi, ).II"1;>lIUt:rsclllli lis
isl. ,IIlll er IlIlS D •.ingcsd,wiu<lil;k,:its- 1I11c1DiffllSiouSlucsSIIUgt'lI wcuigSI"IIS I.is "I EI,·ktroucu-
cll"rgicll vou ,'Il. lU ('\, •."eld gill 1,,,sli,,uul WI·l'Ikll I;IlIl111'111. Ikllllod, 1,,· •.•·il<'l c1i,· )\olllpilll-
liou .1•.•.v •.•.scl.i,·,kll •.11Wirkllllg"'l',,~rsd,"it k iil,,:r <1,," nflJ •.•ll'didll:u I\,·rl·i.-l, tin Eh:klrou"u-
ellergiell (fli. U.01d' I,is :WIII'I') nla"),lirll,, Sell\vi,·,igkciLt-". III <In Hq;.-J ,Idll'll sic 11111'fii •.
,·iuf"cl.c IaClcl,sylllllld •.isrh" Mul"kiil" "u •. Vcrfiigllug, \,,·i c1el,," a•••fiir .-I.".lisd, •..I'wzes",- llllS
dell M"s>IIU~ .•·1I ,).: •. D •.iflg,·s,·lIwiJlllil\k •.il IIUel oill'",illll Ilhgel •.ild wd<l •.11Lo"'" ulld sidl .Ii"
iHdCl~tisdwll Alln:gUlIge'li lIt1f c·ilw kit-lilt: Zllt.' \,O}I Pn.ll'.c'ssf.'11 h('sdniiul\l'lLl die (·xpcriuwul.'ll

bul, ~(:ht'l1Ht \V('nlc.:u ki'HlIWlI.

Cl,.'c'il{udc' Ides~lllll~C:Il (••leI' tlwofC':lisd ••...Ablt:iIIlHI~t·1I VOU {1m ~tdu:1I IH,llt'1I dC'1I 8dc.:ltjHSC.·U

vl'.r all,," Di"g"" 1'iir 1\1"llliIlI 1111.1ill d WlIS /;"rilll;"""1II 1II1,1'''"I~ 1I11d, fii •. (;(), ZI\,. Vl:f1'iil~l\lIg.
F.s s,·j jl'llod, .1I.g,·II\ •.•.kl, dllll ill jiillghlc,. Z,:it ill,,·1t kOllll'l"x<T,' !,,,Il!"'1\\""'i"l'slolfc (;q;clI-
Sll\lHI ViII} Uutt· •.SHl:IHull~eJl Wl\lTJI. Au~ dieselll Cruud )\tjllllll" cli~~Sirllullliioll weil Vc:d')Tilctcf

Fiill!,;lI'''' wi., ill,\"·sol,,I •.•.1' ElIlIlIl ill lIid"' •.•..•.ZlIkllllfL lIlii",lid. s"ill.
RLAVA ('lItlliilt iu ~ciJ1cr ,I •...rzt:itig •...•• FUfllI Si;lze vOII\Virkllllg;sf.jllj'r:-.dlllit(c·u fli •. Argou

\\lilt I\1dltllll. Aq~ol\ isl. 1"',,","l1idl di" lIlI. wl'il"skll " •.•.I.,.,·itdl· Edd/;lI:. ill .k,. I),.ifl.- IIl1d
Pre'I'011 iOIl••lka'"l1lt·rl'l',I'sik.

1.000

o.bOO

Di •..IIIUlII"'"lllll,-t""IISf",.-\VirkIIlI-\S1I",· •.sr!lIliU,· fii,. d,u/i .•dll' SI;;II.· d •.•. EkkIHlII"lIl1lit A,.gllll
\V II1'11.:111:lr.1 1111/113(j1 .·lItIlOIlIlIIl:Il. Si,· .I,· •.k,," •.illl'lI EII •.•.gid ••.•.•.id. \'011 II :lOll,V Ill" h"i
Fd,krll \'011 S'y., hzw. 30% 1'iir "" •. Eill w,·ite •.•..•.Stiitzl'"llkl fii,. di.· U•.•.•.r!lIl1ll1g d •.r dilStisdll'll
Stn'uulIJ!; \\'unl~: H\lS cleu Dult'li VOlt I:luj fli •. eiut" Elc-ktru'WIH'lwq!,i.' Vult :!Oll~ \' ('xtrapolicrl.

Oit· Didl'lI fiir dll' UHJ·,'yc'lIclc'u Sti:dk :>taU11IH"1I BU~ I:rn lIud I:':D). Cbut.iiill1 HUti (;"1'1,·

\\'l'i,;hl. lV-hl'H iu 1:171 die IUoillCldulu·t,rHlI:)f., •.· \,\,irkulIhs(IUC,°l':)t·lttlil tl' flil ~:I \,C'I ~dliC"de'IIt' El,~~-
trull('ui')H"rl~iilll;l' ill Argou HI1.Dit:st..' wllr.l(ou UH~(;I'iilldt'ul c1i4' ol",u lH·l'l·il:-.~lIl ZUSUUIUH'U-

lllllll'. lIIil d •.111dill'''''t'lIlidl.,,, q""rsrlll,ilkll di,lelilint \\',,,,kll silld, I'iir .i",lo- I·,uzd",· Ekkl •.••·
1I"lIe,," •.gi •. Zll ,·i""111 "illzi,;l'l' g<'lllilldl"11 (1I ••..•.gilHg ZIlSillllll\C·\CI',I·f,dll. lli,· I\lilldll"l; I'.,·sdllli.

0010

0.005

E/uV

AI>llil<1I1"I\ :1.:-'; Wi, k •• "g''1''''lSdll,ilk 1'ii•. 51iiJl,· \'11 •• Ekkl •.•Il11·" lIIit Aq'.'",

I ~e'llbl. fiir IlIlJ,ubiitu;d filb~" \VirL Ullb~llucrsdillil'

l:Jlu tlt:r Arbnl '0'''11 Sdllllidl 1·111 wirtl.ut!ofiihtlid, tLIll)dq.;l, IlidllJ,ifl Ulld J)ill'll:-:.ioll \'''11 1;11"1111111'11 ill (;U~"l1

chud. Oflt Iln; ••n uho durd. tll'lI lullll,..u \ViILIIIll:'.~jlu,·r~dllllllh"!'odltidH'1l wnd,·u. 1:"iI~1 1',1 llliliirlidl 11111 ,11('
diJr,:u'Ulit·ll,- 11a-!\t.'III,'i"1l1l1~'

D" •. V"rI,,"1' cl•.•. VVid<lllll\SiI"I" ,,·llllille isl ill AI.1t. :I.f. wi •.•l<:q~"I:\•.I",". )) •.ulli •.I> isl ,I ••s
nUHISH\I('1'-1\.1iuiuHIJ1I lu·i Eldi IIOIH·IH'Hco"l>ic.:u VUH ('H, U,~f.c\., l.1l .·l'kc~UIl('Il. Es kuulIul (hurh

"i"':ll (1""\lIcIlI\l"dlHllisrlll''' j':II'.-I<I <lIsllll"t.., .k •. I,i"r \lid,. \lill,,, •. t1i,knti"ri w,: •.•I... •• S1.11(v~l.
dl. 1-1/11).

1'I11,c' AUl,;lIll" 'lUll ",,, wi; ••, illici. 1I1l( dH1l1l ~il;lIvull, \'inlll ~owult1 dll~ t·illlllU(.·II~1t- wi,· budl tlh~ (h'it~ysd,lr

EI,'k Lrull hl'ltidc .•idlli~:l Wlillll·1I



Di~ '"Virklllg'<I""r,clt"ille fiir d"'li"d ••. EI"kl ",,"-Mt,le:kiil· St 1'1'1111111-;01.'''"11'''" ""'.I·ll.~~llll.l
I·l~). Iltn.- Fdtl.:r h~·trHg'·1l ~WiSChCll ll)~) laUd ·IlJlj~..

Fii •. di(~ HII1't'~t:lltlCH JII'OZL'S~(' wnnlt' tlas hlt-jelu' V('rL~hn:ll lHallll~·.tldH~ Lei Argoll Auwc:u'
.hlllt; (aud. f\1.•.,thall kUl\u uller •.liuhs EHcq~i,'Hit.,lll JIll) ill EII·ktI'OIH'l1lilH·q!,iillgclI hh:'Jurhicn.:lI,

soudcrll v"rfil~l tlariihel' )"UHUS nudl iilJC,''' HII'illi(Hl~ uutI ViIJfhlioushalld"Il, .Ii,: tH" dt:ullidl
)1icdl'i~('rLH E. u:rgieu t~ill:-:t·t.~CJl His di(· ~'lcltt nHli:)(:lu'u UIH·rgiillgc. Her Ellcrg)t'vt:r1usl .turd.
AJlrC~lIl1h Villi HolcdlOllsuivC:llux kilUI1 jl·dndl VCl'lIitddil:isigl wcrd.'u 1·lll. I he lH'ulltztcu Wi •.·
kuugsq\lt.."l'St'huitll:' slaUHueu ~"'s '.'111-1'151. Die Fdd"J" ~iJld vou d •....r~t·IIH·1I Cli.HC'Honluullf;; wi,:
fii,. <li(' clast i",' hl' SII"'"11I~ ..

Dakll ~II" .'lI,isal;oll srt.hdllid, \\,1I,.delll·lGIIIIHI i'1/'1 elll""I'"I1·II. IIi", I,,·; i,1 ZU 11I:"d,lell,
41,di fitr lvld )!.illl jJlI ltj('r illj c;ressicr«'udl'H Euerp,i •..hert:id. fiil1f \'crsdti(·dt"lJ(' IIIHi:-.i(,I'UIII~sIH·OZt:SSt:

cxisiic.'I'Cll. Sic wunleH clIblH'cdl('11(1 ,Ieul (d.H~1l I.(:sd,ricbeucu VCl'f,IJlrCli 'l.ll eiuclu Cill~'l;4~U
P •.()~dl ~llS"'IIIJlell",,·fallL. De •. FcI,le •. wllr<le ill <lcr Lil<-rnill" wil 1\1.1 10';;. "" [;'·I-;.-).CII.

Aus Alosdlllil.l :l.:I.~ isl l,i:,III''' ""..1, die: F""Il" ,,(rell 1;.·I.lid.clI, ullf w,·ld'l· \Veise c1ie ZI:itillk •.-
vi,lI" fil,. c1il' B"wet;lIl1/; <1•.• 1':1.-1.11<"":11f,·sl".'·).-I-;t w •.·•.dc:u. N"d.dC:IlI 111111di,' \Vi"blllllsqUt:r-
Sdlll'~ Ie' fair <lic vC:l'sdtic·d'·IH'1I Stl't'lIIH'UZCS:>(~ lu:buutt siud) kHUH •.·diiut,t:rt \Venleu. wit- tnlS

ill'HCH l1\it lIerc fn:ie Flu!:1Yilc'H lWfcdllwL w('rtlcu k()UUCIl ulul wie .lac ~tltfke= Ellcq~iC"il'Jhi\u·
g,igkcit ~lt'1'(~"CI'Sdilllt I(~lH'ri'ld\~~idil igl w,:nlcu kauJI) ubwulJI lilt.' EllCl'bit· (Ic..•. E'(:~.' HUH'U 'it.er
weile U"ITidu: tlt:r Skilia vltriinTIi hillalto

lIicrzlI winl iu ELA VA. ('ill VC'! fallH'U v';n\'cut.ld. dilS HUt(~ •. dCiU NhllkCli ru.l/.·4"Jlli:ii(lu·
ullc., uull.c"lcut.lc&;hultjul":' lu·l.Huut i::.I, Es gcht uuf Cilll~ A •.h(~.t Vt)U NC\lllIllllUS ~urlil'k I-Hi),
der ei •• h""l",,,t·s Ve •.r"la"clI ZII•. gn"'II~II11t; &I'nidl verleilll' •. ZlIl'illbz.illtle •• l, ••lwirkdl Iaillie.
AUWCIHlullf!.eu auf die: Siu"daliul: \luu 'l' •.·ild.lcusdnviluueu 1i1ltl•.'u ::tkll ~.B. in 1,11)1 uutl I~UI.

Die WlIl,nd,,;i ••lid.lll·il 1'( I J, d,.I1 :.idl ei •• Teilclle •• i •• ei\l<:tll G,.:i "i ••e Z"il l!,1'i)ller ills I "lllle
Z"Sllllll",,":,loll furl bn"l'!!,I, i:;t. I;"r.d,,, •• ,I""d,

1'(1). "':1'(- J' o-~---,Ir)
,~Il I( B(-r H

wt,bei I(f.'(r)) dil- willl"f<' f •.•.i" FI ••gz"it ill Al.llii ••gillkeil V(lI' dcr 'feild,el\"lIc"l-;ie 1: is\. AII-
~tht I, HUH ftil jt:lles 'rt"kl'~'11 l:!t'it:bHIIl:; :t,M nHszuwt.~I·lcu, WUS luit .tcllI Cuu~pllll· •. Hutk •.o•.•.l~:lll-

lidl vie! Zeit. e..co •.•Ie ••• wiinl.., wi,·.1 Ckidlu ••g :1.8 d •••.d.

('r~ctzt J iu dt'f 'flU' t:iuc kou~l itute' ~l·il iSI. tile klil'Zt.:f ist
J

lib .i"tlt.: ilu f"H~.Ildlf'll EIl•..rbic4iul(~"\'illl

Vor!wlIllliell.j" willie,.., f•.•.i•. FI"p.•.il. i( J';(r)). n"."il wi •.•1de •. Ue •.•·dllllll'~ der St"lll' •."~,,sse
"i,,1' Sli.llfr'·'I"ellz I',,,. ~1I1-;1l11l'1o-[(,·I.-gl. <lil' ~" •. AlillalllllL' eilln ~11 t;loll"" l"ld v'>" Sli11l.-u
~wisd,e" E1.-lctrulle" "",I (:a::III"lc:I,iilell fiil.rell wii •.•l<:. UIO' .Iiesell FellI,·. Zll korril;i •.•.,·Il. i"1
,., "ot. wt.'lI<lig, ,11.11 .·i" I,.nl'i""", I', ,,1.•.•11 s"lz. ,le •. l.e"I· •.hllc:lcIO Sliill.· k"i"';11 Ei"lllll! ""f <Ii,·
Teild'l'"hew"l-;llllg 11111.hi:;" <1..11 .Ii1S 'J'l·ild"," Sliill<: "hill' E •.•·;g"i, (111111-",,11"''''''''1 'Ol,f'-llod.
On A"kil 'I <Ie•. 1l1l1l-•.••lIis,,,,,, ,· •.•.•.•.1111.-1,id, "liS ,1.-•. ))ill·e •.ell~ tin ~" .k. jnve:ilil)"" Elleq;ie
f,l'l.ii •.il;l·1I "..I,ll-II SI"llf •.•·'I"'·"z ,,( In ",,,I .In Bl'Zllgsf""'IIl""Zo I'". ~"

SUI"it is! lIIoin UlIIg..-lll IIII'. .I•.• II •.•.•.•.IIIIIIII!'. tl<:s I"lcllrt,ls ill (:ki.-lllllll; :U, .Ii" £".:rgLe"hhiill-
bigk"il ,1,- •. lI,illl •.•.ell f•."i •." FI"p."il l'l.II:.li;,,<lil-; 1••.•. iil·hid,lil-;l 1I1,,1.·i,w ,dlll<'lk O""'dllllll,g
.I,.,. ko •.•.ekll.'l1 St"ur""'J""IIZ"" 1";·,,,lid •.

Nill'lIIl IIIiII1 "", dhl! .1"1 \'Vi, k""I-;,'J".· •."dlililt fii •. ,·illl'li SI"'''I'I'"zdlllidoi. 1'011.1 •.•. Did,lI.'
c1el' (;"sll,,,kkii1<: ilhhiillt.;l, "1'J~il,j :.i.-l, .Ii,· ,"illl.· •." f••,i.· Wq;liilll;" "i",,:; EI,·kt •.••lls A """Iliill

1A -
(INA hh. 3.G z.ei,;1 .1"11 V•.•.la"f d.,.. 1',·,,",·l.i,-d"III·" Wi •.k"III;"'IIIl",,,·IIl,ill,· fii •. 1·:1,1'1•.••"-M.-IlwlI-

Stoll". Di,' grllllL' ;\1I"li •.I,kcil IIlil d"lII \',-rla"f ill .-\rl'."" fiilll ,,,f,, •.1 h"L Si,' i:,1 ,·ill(, F"I~e ll •.•.
1,(.111'11SYlIlIlIdrie .I", IvletllHlIlIHllekiils.

D", Fiill~,1S IIn l\illlllllCl' l",sllll1<1 Iwi <I•.•. t.1 •.llIziol.l <1('1 I'''''[;l'illlllllliillf,' """ Ar/ell, DII/IU.
wol.ci sidt tlH~ ~1i~idl\u,gsv,'rlt;iltHis _,uf .li4' AlIl~,jll' illl dl..'rl:(':dllllIZilhl lit-I (:i,:,Il".lt.:kiilt· bt,-
zidJt. Ariel!.. wunlc vi'l'w("udt.'L. wl'iJ n. ~"H n'dl' \VI'll vl'rI.ft·ilC'll'~ Hlltl gut Ulllt-l':lHdllc~s

nriflkhIlH1H'l'gH:, i:it, :-.041HUilusrddlc:ud fJidc-u 1'.111' hOlltrolk ~k::.J'rllgfhllllll:, ~l1r VC'rfli'~"Hg.
stillldl·11.

IIllS <1<:111\'\'il'klllll.ls'I"t:0,·lollill I' d •.s I'I'''Zt:SSl'S 1II1l1 <I•.•. M"ld:iildidd.· II' (di,' E".· •."'il·.oI.I,iill-
!!.i~ll"il \'011 It ",·i fiil' "illl'lI A"I\,·"I.li,·k ~"I'iid'f.'·sldll). 11<-11"'1;1,i,·I, ,Iii" E1cklrull \l\il .I.,..
G.-:ilhwill,ligkt:it '1'. e.gild :;,.-1, <1••1111i••1S A di,' l"iul •.I"· f•• ·i" FI"gl.,·il r 1:11



~fif 1I'lf.' dl"~l'r Glciclauug killtlJ unu "4'" ZUSilll)lJwullilug 'l.wisdu·J1 tlt'lI SI H'Utlllt'rsdllliU,,'u

lI"e1 ."' •. lIIilll.·, .•." f•."i,," FllIgz"il. e1•.1' Ekld.-.1I11'1I 11I',,['.,·'ldlt W•.•.e1'·II.
ELAVA \'"sti",,"1 '"l1ii •.I.sI <lit·lIIiltl" •.•, killdi,,·I ••. Elle",.;i •. d,·, hdl'"dild"" Elc:ldwllelle,,·

selnhlcs. A\I~ dl:U Vc.;rli'"ft:1I dt.'1" vVi •.k,UlljS4IUt'l'st:hHit It: tiC •. )\tilll!'(HWul"1l tl("~; FtillhhS~'s winl
dUHl\ tll\1' :t.u tlt: •. b1'(uudelJc'1I EIl(;rgic~ gehi-)n:udl,' qHt.'n~clllli' l C:l'n'c:liut'l) iJldl'lI1 lillear z\YisdH~1l

dell Stiit'I'"111""11 illinpulied wil'e1. tli,' dell Ellel'!\ieW"r! III1,g.·III"l. D"Il •.i wi •.tI jeweils e1i"je-
"ig,' ]\OIlII"""'lIle "I, Hd•.•.•.."z ~ewjill1l, di" dell ,; •.iilll'·11 SI •.•.I'1"t·I',;,·I.Ili11 Iwi diesel' Ellergie
IIl1fwcisl. AilS dc •. qll"d"lIlwlI •.Zt:! d,: •. lIIillle •.ell E,,, .•.,;ie'" 1111.1.1"1' T"ild"'II,hrlile N winl dllllli
eill<' IlIilll"l'e f•.•·i.· FIIIl-;zeil T I••.stilllllli.

Di' di.· \Vi •.kllllt;s'jll<'l'sdll;ill" .I•.•.l ••.i,I'·1I \"'"w"lId"t"lI G"s.· A"p,ulI 111<.1Il'l<-tlllll1 .i,,,I,, •.h
IHil (k •.ElIl'lhit' iilH'f uH'hre'n' Gr()Ut'IHJnlll\lugt'li vHrii.'ITU, \\'Hnlt, .ds Bt·srlll"iiuklilif-) vcrIHu,;t.
,t..fl T IIII1Xjll,"1 :!O'/~ lillll>"" Ills die bi •.,,,sl lIIi;glid ••. IlIilll.· •.•· f•.•·i,· SI.••JIzo·,1 :,,'ill dllrf. Allf diese
\Vt:is(' wlrd Vt"rllilltlcrl, (lidl bci ,Icl' Hl~\Veg"ul; t'iH~cIlH'f f:lclt1H'lil'ul dt"I'C"l1 EUt"rgic: gcnulc iu
der UIlIf(.-IlIlIq; d,·s. tllillillllllllS da IlIill).,rell f•.ei'·11 Fllq.;zeil li'·gl ••. ill Zll 1:'.'"Il •.•. Fel,l •.•. ~clJll, •.hl.
winl, st'lb~t WeitH die Ilillt.lt·J't~ Euergic.: (Ics EIISt;)ut,les J:!,t:nld.- .1.'111 HHIII~.illll'l"-t\.'lilliJlHlIH tics
\Virkllll~Slllle";"h,,ilb. abu ~r<lll{,l1 wittlcrcil fH·i,·" Flllf(zcilell ""I,p •.i.-lil.

Di"s •., ".-III' 1-\,,<110.·V •...L.l1I ell 1,..11,-"idl '""tiirlid, vt·rfeillen •• ill.lelll ~,D."i •.hl Iwi jc .ler w(·i·
tc:I'CU Juuisatiull •.,juc· Vc:rdl'pP,·hU1j..', tic's slH.lisli~dH.'ll Ccwi('1als n.Uf;f:UIlIlII1U.:II. :ioJulen • ..lit.' Zu-
""hllle elll.sp •.•.d,c"d ei",'" "'I"Ill\'lIli"I"1I Allfalis wit ,"iiikre •. ZIIIII.I,,"e ~ ,"fiilli~ h.,sti"lInl
WiiHI.·. n" .I •.•.F"lIci".,.. .'1/",;..1""'/,1,,11,,,11;9"119 j,·,lm·h ill .Ic" 111111'''''"''1,1<011Sillll,l"till'H·lIl1icl.1
,,"f1 •.at. WIIHIt- dilnollf Vl"lz;.-lill"i, ,h •.se, vaf,·iller'" V •.•.f"I, •.c" ill EI.AVA '" i," ••I"Il,e"li"" •.•l.

Test des A lIsllh.e, - Ihiftg"scll\villtligkcitslJcslillllllllllg

Die nC,dl •.eiLIIIIg d"r \V•..-IIS,·lwi •.kllllgc" zlVisdlCIl dell Blekt .•.•oll.·11 11Illi ,k," Fiillg" •• wllrtle
d"•.d, SiIJlIII"l.i,," .Ic •. Drifl~"s"hlVilldigk"il ill VCl"schic.kll"" 1'''''I<.gclleli e1d" •.i,d'''11 FeI,I •.•."
l!.d"sld. AI,I>ildllllg :1.', z,';/;I dl"ll Vcdilllf II,· •. sililUlie •.••." Driflg"sdl\vi"oIibk"il 1'1";/, ill

Fr,il,cre U"ler,",·lllllg:e". z.ll, vo" '1'11011111"111111TIIOIlIiIS 12JI. IliIl.I·" g"Z'·II',I. ,boU .Ii" ll"wt··
~1I1l~ del' E1"ktrollell Hill. g:lIl<-r Gelllllligk.,il. crf"II\'. W"IIII si,' ill AI.,r),lIitl'·1I VOII I'll. to .1" •.
ll,iiiJ"I'''" freiell F11IJ-;,,·it (TO.,) VUl'l.',eIlUIIIIIl'·1I wi •.,1. Die,,, •. Erflllll'III1I~,w"rI II'lInle fii •. ELAVA
iil>c •.IO'"I1IC". 81' Il'iil\l ills\.esc""Ic- •.•· del' ,llIrI"'1I 1t,)'OIlIl'h,,"iliil .I,., ekkt ri,.d ••.11FeI,,,"s Heel>-
nuug.

Fiil' j"dt's Blt-klr"" winl c-ill" ~ellljiJlI" 1.,' . 0. vnl<-ill •..ZlIfllll:;'l .•,),) '·)"'l.o·lIJ-;l, dll •.•·11.Ii.·
.li" fn·ie FIII I:(zC'i1 I d,·, EI<,klrolls ill 8illl,,·il'·11 ,Ic-•. lIIillle""1I fr,'inl FIIIgz";1 g •.g"]"'" isl. 1st
111'11I g:l'i;Ucl' "Is "ill Z •.III1I,·1 d •.•. lIIil.I1" •.•·1I fn·i'·11 FllIg""il. sc. winl 11,1> E"'l.ll"lIlI lIIiltds ,ks
IClll'-f,,"g-A1l.'''l'itllllll'' Cill"11 Ahsc1l11itt Tu., ill d,·1' 'L"il vurg"l'iirkl.

1,1. t kl"il"'''f(I"i"h Tu.,. sc. winl IIlid, d •.•. 1I1111-""llisi'"Il'j'"r),lIik '·II!>;"hi.·.I"II. 11111wdd,,'
A •.t Slrelll'l'u'ldl n sid, h"i delll SI"II",,,lIl1l1d,·11 h ••1 (1II1ll-rulli"ioll. d••,lisd" IIII•.egell,1 (Hit- •.

iouisit'H,It.!) Illld d(,UH~ldsJ'r{:t'1j('lI(1 Wt'il,·rvt:rfal1rell. Die Pro~t'tlHr wAnl ~u 'Ift Wit'ikrlll.111 hi:.
d,lS EI"kll"llll 111111'''.1 ill de •. Z"il "" •.g:el'iidd i,;1. Alii,)"/; winl 1I11:;•.hli"'I.-".I fii •. .Ii •. lI"de •.•·1I
fl'eiell E"'kl r""c'" "erf"I,n,,".

Nlld, .i1·\Vcih. ] II lllil tlt:I'L:U frt'it'll Flul~zc.'i1c~H winl d,:n'u LiiJlg,· HU:-. <In Jo:IH·rhi('v('ll.L'ilull~

ill! EJc·kl rOH':IlC"I~('III"I.' HeI' lH'sllUlilIl,

Zllr Sillllllillioll dc'" StuUpru1.c·ss,' hlt'iht ZU 's1lJ-!,('U (s,o,L dill! :-iii' \l1l1~'1' ,kl' AJlllh}llllC' VuH

EIII'r~ic- 11111'1'uirlll \'011 blipuIM'r11Jlllulll~ f .•.fll)l~t. Lf'l'l.lc'r("~ l;ilUli dllrdl e1I'11 llulH'lWUldeu

llIlp"biil ••.•.1rag allf .L" I••.I<-ilir.h· (; a"""lt-k iil g •.•.•·rI,' f•.•.l ip.l 11' •••. .1•.". lJi.· Sl r,,"ridtlllll(;'·11
,ill<l is"'lr" •• v•.•.l<-ill.

Fiir ,1('11 F.dl. <lall <IiI' Z••I,I ,I"r ~.I,·idlZ,·iI i". Z" 11f'\I'q~"IIIlt-1l EI.-l;t.r",,"" .Ii •. Sp"id,erli"["
•I•.r 1,,'1 rul 1"<-".'" V••ri"I,I,·"f.-ld"r VOII 'lOlJt; EI,·III('IIl.<'1I iil,,:n:l<-igl. i,1 ill ELA\'i\ v•••.g •.sd,.:II. ,I"ll
<I"s slldisti,,·11<' Gt'lvidlt .i•.<I,·s erllCl\t i""i:;i",,,:".kll Eleklrulls v.· •.•I••pp..)1 wi,d. )),,, I"'d,,"tet,
dH.U Hllj;ell(llllllH'1l wirtl, (IH~ lleut:"~'~Il~lc Elt:ldroll wt'rdc~ .sidl 1111fulf!,t'lIdt'J1 1I1If c.x.HI~1dt.·lU~d·

1)(:1\ Pfil,l lH~\\'q.~t'lIl wit> .titS iOl1l~i(~rC'lldc·. 111 AL.llilll~igJU·ll VOUI sllllastisdll'lI CC'widd die:- .•'s
El •...ktJ'(ul~ werdeu Hbu l.ci dt:1I uiirbsl.cll l'Hli~Hli(Jllt:ll ~) '1, ti liS\\'. Ijl~ ~>I wf·ill·I"!' Eld;:lrulIt:JI

t'Cl(>lI~t ,

Ar/CII1 00/10
1 -;I'

~/,~ ••• , .._. __ ,_~_L.~ .•..•.I__ ~ ~_,_I •.•.•d __

A I>l>il<l,,"g :1:i: Vcrgleid, zll'"d"," g""I<'S",·II.· •. 1::'11 "'111 Sillllllit:rln' Ihiflg,.,,'Il\I'i,"lil')"'il fiir
Elt·kllOlICII ill Ar/GII, till/Ill

AI,hiillgigkeil 1'''111 Driflfdoi illl V•.•.glc-irl, w ""pc:J"ill"'lItell l.e,li""l1lell )),,1<-11 1::'11. Dt'l\l-
lid, isl. Zll " •.k'·III"·II, t1,,1l ,It-r 'I"alit a I i v.' V •.•.I""f ''''1' I,"rve gilt r"pr •••I"zi •.•.1 wi •.•l. )) •..11110<·1•
IIC.tel",," A hweidlllllg"l1 I,is Zl\ ,·i""1II F"kt"r 2 ill <I"r "11S,,llIlclI GriiJk VOII 1'""/,,

Sic' silltl v•.•.•lll1t1id, •.ill" F"I,;e d.:r .I"d, "'1.1' Vt·•.•·illf"d"' ••<lell 1I.·~,'I,("(·i"" ••g <lcl' \Vi •.·
IClIII{;sc)lInsdlllil h' fii •. <Ii•. EI.-l, I •." ••· M ••ld,iil-Sli·,jk. I •• A ,,1.-1.IIillig ••" l\ii,·iik"I"J" ••.i 1111,1LII""s
IJJlli':l'.t <Ii•. 1••1•.•.)I •.•.• "li,." "i.l ••.• <lloll ill'h.·sullol •.•.,· oI"s Feld" •• .I •.•. .Id ••illi •.•.I"" luf"",,,"li,,,,
iil ••,•.• li •. SI •.•." •.idlll!ug ;1\", 01"11.Ii1k •.•.,,1 i.-lJ.-" \Vi •.k"u~scl",· •.sdlllil j"'11 Zll ."'" A I.1V,·i,'lllIlIp.""
I,,·il •.iil-\I. A,,, .1"1",,,1111'" C "oll,d,""il j"d''''I, <lie Sillllll"li •••• e1er n •.ift 1;"s<·II\I'i".Ii~.kt:il i,OI H ,,1,-
uwu dl:1 \'oq~.·lInllllllnll'lI \'1'H'IIIf.ll IllIHI~CIl His 1,1114'HqJrutluktiuu tI,,!' tddlllidt'U Hu~~~·",("llf·1I



Dil' L')'''lIg <Ii,·,,·, 1'1 ••1.1•., ••,. II'II •.d,· w'·',·ullid •• 111•...1. <lie L"klii •.e vou 1[.21 ,,,HI 1311 "11-

(,,,·fl·gt. III Illgi,d ••·•. F•••.' :.<'i 111"1\ .I,., illl " •••.igcu A 1",,11. elllll';d'.,("'11 A IIs"lu's wlI •.•lc f,i •.

,lic f.'dtllJ(:r,~dl1lllJlb ('&IIe.: J)l.d.:n II.B.'I'uny uid,. UUI" del" Zeil ,s( ••ulc.. .•.•• nuda ()4~b ftllUlucS ill dcr
UlugdHlllg (Ie •. A lIode V(trr,CIIHH1J1lt"U lIllIl ,lcr l'ct:h"u:t,citautclltiiv(: 'reil tier (lcn.·dllluug (l~ •.
COIIIOIl1h- "V •.d,sd wi. kr\1'1\ z lI'i"d ••.II .1 •. 11 L",llIlIg"lI ,,"f "ill 1IIIIIlaellllllisd,c> Giller v"dq;l.

d"s die Auude ulug:alJt. Jill ZIl~.i\III1IIC"Il\Vifk(:u Hlal c."U(:lU l:)t.·cig.llt'I(·u A11:i(uitllH1US. dt.·" die LH~
<llIlIg"" 1111",It-II' kOlll;lIl1i",lid","llil'"11 11111',lie ,Iisk •.•.• ,," Gill c"pllllk It· 1.11p •.••jc1.i •.•.l. k'''11I <lie

AlIswc •.llIlIg ,k •. Fd<ler 1,wi"d"'l1 <lCII I.,"IIIIII;CII '111111,wisd'l'1I <·ill •.•. fC:;(l'1I Z"I,I voq;"gd";lIn

I'lIl1kte filii hclmlllll':11 A 1"liilloll'lI "I f"I!lI'II. Pi" 51 i, •.k,· Iks c1ekl •.isd"·11 F,·ldes ",n dgclIlliclaell
Tcilcl'Cllnrl L.II11 <1111111,111•.• 11 1••1,· •.p ••I"li,," 1,wi,d"'11 ,kll Gill""pIlUkl"1I •.•.lllilleh w<·•.<lell.

Die GCOllld •.ie <I"s Illilll"""illi,d"," Gillns wII •.•I,· wie 1'••11;1 ill Z)'IiIl'(.:dwOfllilllll.cll. I' Iso

I·.'J'.~. fc"lgcl<·gt. UIH <I•.•. '1',01:,111·1••. l!L'dlllllllg 1.11 1""gt:lI. <l1Il! eill 1:\1'(.Ilt-r 'J't:il dcr Elcklrull'

l"II-1'llilre <lidol ,il,cr dn tllw •.lliid", dc •. All"'t.: <'rzl:lI~1 wi •.•l. \\,1I •.•lclI die AI>,liill<l.· ill .1<: •.
r-J\uu •.•lillllk.u gClViihll. ,\;.11 .Ii" Cilll'l'l'llllktc ii'l'li,I;.I,,"1 ill; "illd. J)ilS Ilcilli. dllll Sdlidllt'll

1\11 ,Ic •. Au",k ill kllr1,l:lI AI.;;li.Il<l'·1I Illlrcilllllllier fulgell. w;ill •.•:1I<1 ,ic weite •. VOll ihl' clliferlll.

\\'0 die LlldllllI:\S<lid,I,· l:\•.•.i"I\ •.• i,l, l:\•.iilJen· Al>slii,"1t- vOllcill'II ••lcr Iwl"'ll (v~1. AI.I>. 3.8).

I •• 4' ulld iu : ",ulll':1I ,Ii\· PUIiI\lt, hluf.)"gt:1I su ull~CUnIB(;lJ ,lid! :iic j"Juidislhllt ill tlt ..•.jC\\'t'i~

ligell <li •.ekl"l1 Ii:•••••.•lillid.' "illd. Eille III1(;kidlllliil!ig" Eillicilllll(; Vl'I'l>ut ,idl ill ,li"s<'11 J,uul'di-

llillell. 11111dCII SI'"id ••.r1w.L" I' fiil' .Ii.· 11I1,,·lIie •.I'·1I Ah,liill.I,· llidll ~.ll I~•."IJ w.· •.d.," 1,ll III!;S"",

I)ic:ic hi'Ut:u dallu iu t:iut'au (j diuWIISioUlllcu F..},llu'l (I(,u )\uunliJiutcu'''.)·f'.!,v'I,4J'JJz'I::'j fiir
,11:11 A 1>,11111,11,wisdlell <1,," 1'1111k I ,'ll I ,,,"1 :! ,,1'l;c'l'eidlnl w•.•.dcll mii"",,". Eill Gilt.er Illil

1111•. HI. Iii. III Pllukl<'ll l"il1<' <1111111hc •.•:ils lUll Spcjdle"l'l;il~<' ),..1"1;1. lJi,· h.·.,·llI;'llklllll;

hUe glcidlt: Abslilluk ill vJ Hud ~ L'dhut)L jt;,loc:)1 diU: 'J'hbcllic:n.llh iu (;iHnU ·l·,liJUCllbioIlH)c.'u

J'" 'l',.cPl - (h. "I - ",- Fel.l, \1,"1 .I •.•. Sp"i •.I>•.•.I,cd"rf \Viid,sl, 1I111'IIl1gdiilll mil d •.•. "i •.•.lell l'ul.'II1,.

tllllnSlldl\lll(;ell d~l' L,wi,",",;,·"I •.I1 ohuc AI,sdli""IUU[; IIllIl<:1I II1I1:\.·d<.'ol4'1 , <lnll tli.· tll'

lI'illc fiir ,Ii" 1>drllchld"11 ,." ••1<:•.;11"11 C/Isve •.slii •.kllllg"u 11111"'1.11volbtiilldi~ IIllf cilll'r S"ik
01"•. Allo.l". tI.11. illllcrl,ulh 11>0". I"Ldi,i"r! sdu wcnlc. AilS dic.elll GI'IIIIII WIl •.•'" ,IllS Gil.tl'l'

lIlIf ,Ica lIuIL •.••,,'" 11111,Ii" IL.lll'ld •.ilhichllllll; tic •. Elckl •.••lIcll I.t,.d ••.iitlkl. E, h"skld III'S III

Sd,iddcll ill ", ,k""11 illlln:.I,· /101' de •. AIIU.lclIUhcdliidlc Iil'gl. 13 Sdlidll<:u illl Ahstllll,II!i" ill

cP 111101lJ S,·l.id,kll ;111 Ah::\i1t1d l!i//ltl ill z. Ahh. 3.8 1,,:igl ,lie AII" •.•111l11l1Odn Gill •.•.I'"llkl.·

iu iu d':r J:lN-Elu·IIt.:'.

]11 ";11"" IlIili/llisi"I'III1~'"Olllill''' di •.. 1,1l 1I"l:\illll vou ELAVA 1I0fl;nof.-u wi •.•l. wcn"'" ·<li,.·

A hsl iillll,· Illlli 11 iddllllgs1<u'"I" 1I1,·tll'·1I 01,·•. CoolulI,I>- \Vcl'hs.-lwirktltl[; 1,wisd.1'1l ,1"11 <:;1.1., •.-
I'tltlktclI I"hdli •.•.t. Il,d ••·j wird .IiI' A 1".d,iI'lUlllIg ,1" •.•:11 <I"u A lI11d"""lr,,hl r.•·••'Il.·lrisdl h •..-

riicbidllil;1 (,.11.). Di" lIerl'd'"Il"g .Ie •. ,,"'kl •.isc1lclI Feld •..•. c •.f"I/;1 ,\;"," ,III •.•·" 1111llil'likillillll
01,,1' Ahslllllllsllllll •.ix lItil ,I, •. I..ldlllll~:'V •..•."'illlll/; lI"f .lell ,·i"1.I'1I1I·" Gill •..•.I'"lkL,·11. ni.·,.·s V •.•.·
fl.lI •.•·U llill ii1>"I' ",'ill" illlrill.i,,·11<' Sdlill'lIi~k<-il l,illIlUS ,"'" V•••.••.il. s.-l ••. gtlt 1,1l "d<ltl •.i,.i<·•.•,II.

nlsu fiir .lie ncar1.c:it HUh dill ,'it Pill idldpa'u'l.c·ssun·u I~''l'i.~.lt..·t ~"~l·iH. D'c' 'H·lIi~Liht,· Hc:dlt'uzc'il

kouulc fiir tlilS Uulc·rpr-4.!!.I;111I1I1 lluf Itit:~(· ''''ei;)c' HIU C·.lH.'U J~ilklur J ))i~ ·1 gt'~4'ukl \Vt..·nkull•

})"UHh4.-1t ).t'iallsprudd "\1' 11t'I4'dlllllltt!, ckr (;UU)OIU)I- ''\'C..-lISC·lwid'llllg ttllWd14tll •• 14:,. 1.••t\\,aIW

"11. :!!i% ,1<:1' I;"SIIlIII"1I 1I,· •.I.'·II/ .•.il \'1111 I::LAVA.

DilS \' •.•.1".1' •.•·11 1.111'V•.•. l<-;llllI'~ <In L"dlllll~"II. <Ii,' ill .k •. Sill,"I11tiullj" I'fill~.il'idl j",1<: 1..c1i•.-

b-w: Pusitiull ilit H.'''lu .:illlll'ltllJC"U ll'HIIWIlI fllll~1 1:.1 II. J.lt:ill w~~n: (,·iu.: Ccwid.l'"hll .I(~•.Lilllul\l!,

'1 gl'w.'seu. die j~',\cIU lie •. ,Hll1 (~iltL'll'lIuklc, ,lie ci.H'U LIIII"Hl!.~trj~bt'"lIUlbebt'U1 ,',U,'U AIII.,il
liB 'J gt;III~,n ,It'lll Illvc:"~cll ;'I1'li1t'S IJtliulnd i~"hnt A Itsl iHulc.:~ VUIIl 'I',·i)t'lu'lhlrt J'.uwei~'·Il. Eiu s"l·
dllos V,:•.fidll't:u clsdltcU idll'r zn bUliplizi"d UHeI ••.n 1.t'alilllfw~'II.lif.l Utu Hdl"U tkr V"dt.'ilulIl~

w •.rtlclI, ~.lItllill "II'C AIII'IlSS""~ <Icl' \Vil'ku"I',S'!" •..•.,dll,ilk i,," •.•.11/I11>i1.I'<'I 1··.:I.lc"I:\.Tll1,,·" V(;I'

Jllllllidt Hudl '/.11 IWSSClTIl Eq~dHliss"H tit-I" SitUllLtti(lH flihrt'li ki)ullt.". Eiu(' ~illldw AUl'i1sSUUl)

\\'ul'de jcdudl uidll vor,~ClIl.III1HCJlI weil ;-;ic lluHcrllnlclttiidl J'.c:itiuj"usiv ~e\'JI'~L'1I W;l"~: nu,l <lie
crzit:lte GC:Uillligk.'it fil •. dit' b"HI,sidati;.;I(·1l qUidilHtivCIJ Sludil'll hC'II"J~IC'.

Es sci ""~"UI"r1d, .11.11 ,·ill.· III "·"I' •.ii 1',\1'1'. d,.,. B.·,d, •.•·il>lltll!. ,"':. Fiilll~",,·, 1"'i Fdd,tji •.k,,"

hberllHlh Vtdl ] ~lll: ill Enllill1~;('IHllg ('xpt:rill1t'lJt('II~:r DUII'U uidd Iw·~glidJWill',

Di,' Bc, .•., 1111\1\11;dn dd'l •.isd,clI Feliler. Villi dcllCII die L"willelll.·lllwiddlllll\ hestillllill winl.

erfolgl ill 1,\\"'i Sd, •.illt·ll. DlIs Fcld d,·, Zyli",lc •.koll,kll."to •.s f''-';vl wi •.•1 ill 1'. oj" ~-I, OO•.o1illlllell

""ls!, •.,,d'<'IIII ,Ic •. "klllclIl" •.ell Elck l •.od.v'"l1llik ,,"st;e\,/c •.lcl;

V
[,''-';v/(,·) '" -;-~-

III .1 , J'
'.

(lahci a~it l~, die: AIHHkllSpaUl1ltll~. )'". del' Kldltotlcunuliuti, "'" (kr AWllkltJh(tiu~ UI~tll' llt.~"
AI1Slllild "\Ill I\lilidl'llllkl, de •. A\llIiI.·. ni •. [k •.e<:lllll,"g crfolgl fii •. .i,·iI •.s I':"'klrou "II S"lIlclIl

j,;w •.iligell A'lf"llllr"ltsorl. J'- uutl y-K"onlilllllell ties fldtll" w •.•.iI,," lIIil Hilk iI •.•. \\'illkdku-

1I•.•1illal,· <lcs £1<:I,I"olls [;"WOIIII"II. £'-';11/ 1,,,1. p •..•. <ldilliliull"II' 1,,,ill(;11 "- A IIki!.

\V"Sl'ullidl HOI\ll'lizi •.•.lc •. [.;esl ,,111'1 sid, ili,' Sillllll"lioll ,1<-•. del;l •.isd"·1I (o'.ld,·, 1,wisd,clI ilclI L,,·
tI\lII[;st •.iig •.•.1l ill tin l."wille. Eillc ,Ii •.ckl,· n•..•.•.dllll\llg <IeI' COlll"'\ll.· \\'e •.Ii,,·lwi •.klllll:\ 1,wisd",u

tlcll L,,<I'''II',''u fii •. j"11t-1i Cill~dllCIi 1I"W"I;\lU~s"h,dlllill "d,,·idd hUS •."dll·IIUill •.rllllisdlcu
G •.iintlc:u VOU Vt.11 ulu.'n:iu nus,

Nillllllt 1I1i1l' .'I\\''' "II, ilie Si"IUllltillll II"h,' cillcll ~u.I.""illllil kili~I;.-I, 1111101 l LII(luu[;.-

I •.jig •.ru (EIt-I'l"ulIl'I' ,,,,,I IOIl"u) ullil lOll 1,U h,·w,·~,·"d.·u Ekklrll''''u '·I'I' •.i,·llI. '" lIIiilllcu fiil'

j,·tlcu DcW",;U\ll\,,,h.dulill. <I"•. Liiu~,' Tu 1 ("" O.OII',"'d lUO. 100(1 w', (;o"lolI,I,\V"dl.rI-

\\'i •.kuug'·11 " •.•.•·.-)111<'1 \\,,, •.•1,,". O.l •.: lO" Ahslii"d" ails 'IUi,d •."lis •.lrn Aild"iull tin ,," •.I,·si-

sd",u Ko(, •.•liualeu-Dilrn,·u1,,," llIil "usclilidklltklll Wlll'1,dzid'l'll 1111111I.., •.dll,eu 01,.•. J:y>

l,mll!,(""'IlI,," ,,"wi,' tI •.•. lll••·•.l'riiI'll "l;. "b <I.,.. A.""J"lIdrilhl tli •. \'V""l""lwill","~ lIidol ah·
"·hi •.••,,, (.1. tli,- V•.•.hill<lllllgsliuic tI.,.. ), •.id,," LiI<llIlIl\"1I lIid" d"11 Drillt! sd., ••.id,·). E;ll 1111

I'n.klikhbl •., V.· •.f;.I'''''II. WI'III1 III1Il1 wcil •.r 1,,·d •.,.I<1. ,lidJ di,' ,·ig'·lIllid ••. Lilll';Il<'lIelllwi"kllllll;

clwil 111001"'< " ,· •.funt..d 11\111zll,l<:ltl ill 5I'iil.. •.•," Slildi'·III"i •.1t1 r.·10· J.i1d'It'I:\',I •.iil:\.,..I ••,i "illil\"11

lluJltlcd ;/.\1 h(·wl'g';lldl.'u Elc.:ktl'oUI..'H UlllfhS~('h kaulL

AlIl'h die N"llhe"l'dIU"lIl.~ tks LHWiu(·J1fdtl.·s ill AI.:iti'udeJl \'dll UWlalTft'U /1 ..••·' 1;IlUU.leu
n,·..It""1, •.ill."tlil,r ,Iic,," V•.•.f"llIells lIidli ,,"l' I'ill vnl •.l'lI.ill'I" t-.I"IJ •.•"I"zi •.•.,·, •. UIII""Slldl""'

1;('11z.·ihtcU1 dliU illslu:s(lll(l"no die \Vurzdll(,l'f,('11t111U!!., di., llut\\'l..'lIdiJ!, i:-.I) UIII dit' Gri'dk <I,:•. :1:-.

.'1", :-I\~ IlIlJhlll"lll,'u ~" lll.'st iUlIueu 1 dell Z,'it Iln'.i, •.f del' HUlltil1l' lw~d iUtlllt. EiuI' 'J'HI ••..II.crulig

del' \\'lIrZ"III' •.•.I.· Itiil\(- hi •..r ZW'H AI.I,ilf.- l;I',dll.m" dic kiin.· •.•· H,·d"·II1..·;1 j,·dll •.h IIlil "11""-

IIICIII Sl' •.i d ••.•.I' L" 1,1••:dilrf ,'dilllr,," ••• iis"·II. tlil di" AIt.I.;;II<1,· 1.II'isd"," d •. ll 1.,,<1IIlI[;sl riig':fll

\'011 1I"lId",·ikll V"" /"" I,is 1.11•.• li.-lI"11 hlllld" •.1 /n" I'<'id"," ki""l1<·I. ~L.f.; .Ii •.,,· Sdlwi<:rigk"il

tI II"" I, ~"srI,i,·k I.· H". "'I' "II/; ,I •.•. g.·sl ••:idl •.•.i<'1I ([II,"hill WllrZelll "idl,·id" Illld, 1.11 1I1111;d"'1I

seiU1 so blt-,Ill ,!uda (leI' Fidctur di'" SdlJ' hfOlku Zidd VOlt Ljlilllllhstl'i~l;j'nl III ~'lJi,f('r"H SIH·

.Iic-II ti,·)' L.it\villl-II(')Ifl\'i,·khlU,~ lH'slc1l1'll. JJ"II EiuJlIlU VOU "IUlgt'U 1(1'1 ).illlllllf!,,'U 1.11 ~wn'dl.wlI

v(Orhi~lc ~idl ~I'lllst clilUH, WntH hUgcllolUIIWII w,',nk1 dilU 4lil' \'\'Hr~',t:IIH') l'I·11I I II II I!, iu:-.l hut lIlll

lI.h. ,,11I1l' Z"il 1"'110",1 , 1'.""'1",1 ••." Iij'IIIlI,',



ii/", .
Anode ( ~:..,t:;0.. ..
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Zll •. D"sch •.eiIHIIII; .Ie •. L"dlllll;sl •.jige •. wc •.dcll iu ELAVA ~wc:i Cilia bCUIII~I, ,lc"clI I\olll'-
diuulcu ilu Haulll id"lIli,,'1o silld. I,,"cu slIwi,· Ekkl"UIICIl, ,Ii" Ilcu. ncwcl(uul;sl' •.••~cllclll~tJ,;"u
siudl., we •.•I,'u allf "illelll )""'"lillli·"lell Gille,' uddi.i\, Ill,gel,,!;l. Dus h",lelllc:l. d ••11 :l..U .• Iic
Lu.lllut; j"d.·s I"'" ""ulIg''''' I,,"s 1·lIlsl' •.•,d""1I1 ,Ie •. Crwi"hllllll; ~II d" •. ullf d"11 Cill""I'"uklc"
hc •.ci •• V"d"",,kll('f, L••dIlIlV.'·1I loim.1I ••d,lied wi •.•1. Die e•.•·i,·1l Elt:klnll"'" loilll\"';C:u wcnl"11
ullf eiut:.lu ui/"I.J..i"yiY'·1I (:ill •.•.,,1'I\d,,~., d ••s 111",10"1•. :!/•••.•.silullli •.•.lc •.Z"il - ".k •. il •• Miltl'l
ca. 3% AI"Ie"" ••g .Ic •. L•••lllllpl •.iig •.•.~.ulol- V,.lIktllIlUICII ""II 1":I'l·d.ucl wi •.d. 211•. B",lilllll.IIUI\
,Ie •. Fd,blii •.k•.•• Ill' dell Gillt'l'l'll1k"'" we •.•leu IH·id•• Cille •. liu •.•••. iih.,dug •.•.l. Eiuc ~"ulo,,-
•.edlllIlU'; d •.•. Citlt:rf,·I,btii •.h •.•.1',,1(;' i •• d •.u gl"id,eu ~.·illid"·11 AI,stji •••leli wi.· ,Ii.· AIII''''""l1g
des ~"illll)loiilll;igeu Cit I,''''.

d,· •. 1.1,,101111\'.'11ullf Ci' ••.•.I'"l1kl'· ulldl ,Ii,' 11I1t.,-p"I"lil\lI de •. Fddsli< •.k•.1111111'd •.11'\'"iJd"·Il"..t
1.llzlllasscll. Aus ,lic'S('IU enuul wunlt' ('lilt' G('\\'idll"l1~ ~l'widtlll 411e' Illil V(.h'lIU'lW)c'uwuh'u

arl.eil"'.
Die (;ill.· •.~d"', iu dc:•. sid. ,Ii" 1••.lmd,telt: L"dllllg hdilldd. \\,i•.•1 dll •.d, 11.-11Or! ,ks

Ludllul~striil\""" u"d S•.uk •.•·dllell ••uf .Ii.· 2d!t:llwiilld,' ill IIdll 'Ihlzdlc" 1I111.·,I.·ill. "u ,I<:•.•.u
jillll,'I'l'u E•.kl'""kt<-" sid. jl'lv,:ib "iu Edqlllllkl. d •.•. G"""l1t~dl<- hdiudd. Ei •••.lII Ed'l'"ukl j

•1,'" Gcs"IIlI~.·lk wi •.•111I11Id •.•. Aul •.ilill. d •.•..1.11111111[;I) ~1l1\<'\ViC'S"II,.Ic-•. .1,,". AIIII'il ,krj"lIil:\ell
Teilu'll" "111 G,·s,,".1 Zl'IlCIIVIIIIIIIlCII"III "p •.id,l, <lit' ,'11 d,," PIIIII.I j sl;ill\, .I•.•. ; •.'illll.lid. ,Iiil-
1:\111111)g"(,;clIiih"r li..,;1. D"s \I"rf"I'I'I'1I is, ill Abl.. ~.!J illll;lri •.•..•. J's h•.•..ii •."'iddigl IllIrd. ,Ii,·
sl"'~icllc- Art. <lcr Gcwid&lIll'I(, .1 •.11 .lit' Fddsljirk.· ,·ill •.•. 1",11,1.111.<1""1\lIlil d,"" AI.sl""d VU"
,·iUI'"1 Cilll'l'l'llllkl "lmiu!II!I.

Eiui.' DiskIlS:li(ljI des EiIlBus:-lt."sclt'f Ad dc'" Gt'widdllllg auf .lil' SilllllLdillll Jilukl si,J. in
I:nl·

Di,·\III •.•.I'"I"liulI .tel' Fd<lsliirkc 11111'.b·1I Cill •.•.I'"llk ••.1I illlf ,1"11'I"'ild"""'1"1 •.•.r"I,~t "ill~"11I
flir j.·tlc del' d •.c·j J\"Olll))OllCIlLeu ulId, dt:tll iU\'('r~I'lI Vcrfidlfcii.

Mil <lelll Alg, ••.it 1111111;~lIr 1l•.•.•,d.III1Il!\ de •. CUIIIUlllh- "vt'C"sdwi •.bll!l~ :Lwisdll'" <1•.•1 Loltl II"l'.S-
1"';1\"1'1' ill ,Ie •. L"wille i,l. di,· JI•.sd, •.•·i1.11111:\.tel' wiclolil\slclI fo'llllkli'"ll'lI vu" BLAVA llhw·,eltlns·
S"IL Eill V•.•.l\kicl. lIIil .te", I '" •.d'·nlllg'·lIknl.lllul:\, ,Ic •. IIIIl EI"\" V.lU "nl'ilel 2 nllr!;"slcllt \vII •.•I,·,
~"il>l, .tilll ELAVA <I, nllell 1'1111);1"11I••.frictligcllllc- ttiSIlIl(';CII llllhidd. Di., AIIsfiil'''"I1!:<:1l di,·.
S"S I\lll'itd; s"II1.,," [;"~"igl It,d'''II, wdd ••. Sd.wi,· •.i,\kt:iI'·11 "ill'''' I:\CIIIllll"'t'1I Si'ulllilli"u ,lc-r
1'II.I'sik"li;dll·1I Pruu·ss" i.1I W"I'" ,1..1"'11.

Allf ,Icll "ii •.ltsl'·11 Seil<'l1 ;,1 di.· 1'''"l:\nlllllllsln,kl.II •. V"" ELAVA 11"1'1,,·illll",I ••1s Ul ••..•.sid.t
\\'i"tl'·q,:..,;,-I",". D"h"i wllnl.- .II,s Sd,w •.q;l'Ividoi iu ,Ie •. Du •.sl,·lllllll\ nile .Ii,· lIi,· •.•••.d,i,· ,k •.
\·•.•.,d.i •..d,·III'" 'J',·ilfllllklilll ••.11);..1"1\1. wiil ••.•.Il<l Sd.kil"'IllIIl •.ddj;IlI'.· Ull" 1l1l1;,·.lc-lIld wII •.•k".

Mil ELAVA sit-Ill - lIild. \Vi''''11 <In V•..•.r"",·rs - ,·•.slllllds "i" I'rug;l'IlIlllll t.II" Vc:rfii~lll.g.
,I"s Elcklrolll'liI"willl'" ill illl"'III"I\"II<:1I d"kt •.i,d ••." Fd.lcl'll f'i •. 1".1,,· GIISl' •.•..slil •.klllll:\'·" ill
E.u~dlcildwlJ\'t· •.flllgllllb Z\I ~;iIIIHlil· •.I·1I \·(~nUh';.
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I(apitel Ll

Ergebnisse

Oi" Sillllliatioll <I.". EI"klrollClllIIWillclI glic,k •.l<- sid. ill <I•.•·i Ahsdlllitl •., di •. jcwcils lillie •.·
schi"llIicliclI l'lll,s"n <Ie," Gllsvc •.stiir!;,llIgsJlrozcsses <:111sJlH·dlclI , I>iesl' Eilll"illlllg WII•.•lc weil·
l\ehcll,l <111•.1'11<lC'l1Ahlllllf <lcs P•.ozeSses sell,sl vo •.gq\.·hell, su <Ian h •.i <I•.•. St •.llkl" •.i•.•.lIl1g <IeI'
SillilllidiolU'1l HHf d,;u net...hcu~eilIH:~Ja •.f d(~S Pnl~1"HUIIIlS TIiidisirhl !:!.t·lHHHJlH'U wt.'n)eu k(Hautt:)
ohlle kiillsllirl,,' GrellZeU fiir ciuzdlle T•.illllll,,·rsllclll.ugeu ,·illfiihreu ~,II III i,ss('11 , DClIlIOdl
1,Ieibt <Iii' Ullt •.•.tei""lg .Ier Sillllllilliou cill uiddl'h)'sikulisdll'r Eill/(ri1l', IIl1d .., 1111011sorgfiillig
llule •.sucJd ",e •.•lcll, wie weit sid. IIlIS deu jeweiligcu 'l'cil •.csllllalc·1I <I•.•. V •.•.lallf cles g"Silllli<'u
GlIsvcrstii •.kIlIlI\Sl'ruz,·SSl·S lalsiid.lidl rckUllslrllien;1l liilli.

Sowc;l lIirld, lIusd •.ii('klicl. vcnllc~rkl, wlI •.•leu IIl1l' Erg,·IJIli"l' ill 11i':S"11l l\ IIl'ild llIil <lcll
EiustdlulIg,t'u de •. }\hllllllt."l'paI'lIHu·lcl' iHIS 'l'.dl. J.l gl'WUlIllCIL

AblJ. '1.1 'l.,·iJ;1 <lie v"lIstiiudig" L"wiuc' l'iuc's I'rillliirdcklrlll's, di" a'l> 'I '"111 A I>sIII111,1
zur AlIod,· d•.iflO'l. III <lc•. AI.I,;ldllllg silld \,crs •.I&i•.•I<'II'· M"lIlc·ulallfu"hll,..1I .I•.•.J'. 1111,1l'

l\oo •.•liual'·u alln 'l.IIlU j,·wc·iIiL\/.'1l ZcilJlllllkt 1,,·w •.!'.I'·1I EI•.kln.u,·1I iil ••.r1i'g •.•.1 wunlell, s •• <11111
eill Eilld •.ud; \'''" dn riilllldidll'u Slrukl •••. <In Lawi"I' C'lllsidd. [,111' V" •.d •.•dlirlll.u!,; sill<l <Ii.·
UaltllCIl tlc:s Priluiir- Hlhl iles ~·rst(·u SC.'kulldjlrc.:kktrllll~ IIHdlf ..!.l~Z~·irl111d wUf\I~'u) tiO \V('il dic'~
I,US elell IvlolllC'lllilllfllillt""," I,•.•.,,"s wiiglid, IVII•.. Z\\'i,d ••." '\'-Ii A"fllillt""," lil"'-" j"weils ~tlU
wiltle •.•· frl'i,' Flllg~cikll - elie Ekkl •.••llell fiil,rell ill so ill WIlI.r1lC'il wcsc'IIt.lid. "1I'1t •. Sti'oIJ.. IlIlS,
hIs cln Dil •.skllllu" "UIIIOll"""1I wndl'll kllllll. r);o, vC'",,"sdliodidll Alel,ild"",,, -I.:!. Sic Z"ig,t
dCII 'Vf'!~ t:ill4'~ Ekk t fUllS zur A WHit' iUl~ I "IIiH' Eutf('rlluuhl WOlH'i tlt'J" T't'ildlt'IlIIl'1 ulH.·l, jt'ck •.

luit.tI(·fl·1I fn,i,·u F~n~z"ll prolukullied ..",,,rdt:. Dit~~t.· Sililitiidittli wllnlt- lIuln' del' AUUidllHt: It:i·

)lCU Argulis ).•..i eiller AJHull~u:-,pHHHuug VUII ] [_UOl' Iwn·dlild .. Die' tib •.i"',I'U h jtllluwqwl'lIludt.~r

Whl'CH lu,1 .,.·u AIlI~h),(:1l in Fl'h". :.Ll itlt'llt)sdL

Dellt.lid, ,iueI dfl·i I-\l'Iludl<'"c:,"lc M •.•. liI"illc, .1•.•. LilWiu"'"'ulwi(,UlIlIl\ ill" Alol •. '1.1 hl,zu·
,,"SI'II:

1. di.' c'if',l'ullidll' Vervidflldlllll!\ elc:r EI..Id •.••uc·1I g.·sdlic·lll c •.,1 didll iilo•.•. ller Alluc'" .
Ion 11111sillil ,·iu "ul •.•. llid.lwerl fiir eli,· I.i •.•. 1\,,,viilallclI )\ il '" IIIC'qlill'il IIl1'to-r;

1, Pl'illliirekklrullC:1l illl' "' •.•011,·11,AI.sllllI.lllis IIl.f1:!UII/1I111l eli•.· Allocl"I"'I',,"I"'wc:,,1 (,;"/1,,.
n: Luwiu~') nutljewt·il:-. di •.. (;(':iHlulzulal tll'l' E1ckll'uu('11 hll ,Iit.·st.·•. Gr('uze :it..wi•.· tlat.· \,ull.·
1I",'il,' .1•.•. Vnlt'ilulIl\ ill : (.-"11<1111\.Ie's D •.llhlt-s) ulIlI iu .I"•.Z.·il l,,'sli""lll;

.) \'crciIll,l'iI fiJlllcu (·rslt.' luuislltioueu hlH:h ill v('I'(.;It-"d)swl'iSt: h •.oJj..H~ :\I)~IHIHl \'UII tk •.
A"".Ic· sl,,11 lI.i" •. ('jl. ~8U/IlII); :!. PI, •.tillllllwiIlCIl uul •.•."ud,l, .Ii •. sid. lIuS ciUl"Ii"'1l i,:1c:kll'llllC'u ""lwi,'kc'Ilc:", .Ii" i III AI,·

,Iillid Villi 1:!O 111111VIII •• 1.·. A "",It: f•.•·il'.csdzl wu •.•lt:ui
3, j.·(lt·!3 EII·l;lroll nus ~okh C'llll'" frtd ••.11luuisidiuu c··rzc·ul!.ll'iJlt' eih"ut' PlI"lwIlIJw,Ut:, die t.·H,

IUO/"II iib •.•. ,kill ]),..0101 IIl'gillul; .lie' A"Io,uftsuil d•.•. 1'"rli"l1"",i" •." LII'" '"11 u ••.h •.c •.•·
'''.'in' dill',.ric·l'l'u,

3_ Pllri i"lI"wiu.·u Villi .-i "/d,lO'u Ekk I•.••",·u (,·I>"uflllls "'IS 1:!O I"" A I,slllu.l Villi II", •. Au·
ullt') IIUl"C:illdd I die' .....It'll in .1i'l' l,ildH)ll:)~\Vulk(' c'iuc.:•. \'unlllgc.:~;.i&U!!."·Il(·U P,.rliullnwllw

Di(=st, •. all,.!,c·IIWillt:u Slruktu •. ,·utsprc'dh..'ud \"JlInk die' Sililldiltitill de' •. LilWIIll' pq!.licdn'l. tu
HlInhhiiu~~if~t'U })n'I!,1'i1llllllilllffllliiuf,'u \\'11&'41.:11



eHlwickdl\; dic L"dllllg.wulke wunk ,\jlhc; ""1'.:1, <Ii,' Lilllllll);SVI'rI,'illlllg l'l'f ,Ielll Fd,I-
IJer"d'UlIul;sgille •. illl ElIdzlIslilll<l "ilw" l'iI •.liiltll,wille ill'h'·llltll<'rl.

III ciller VonlillCl'slIeI,uIIg WiI •. I'cslilllllll wordell, <lilll "ille AIl ••"ellsp'"'"UIlI!, VOIl 131lU I' zu
Cilsvcrstiirkull/;"" pro Pur/iilll ••will'· ill <lcr Cri.illco(Jnl/lllill'. V."' !11 =- 1·111' fiil,rle, eill \Vcrl,
,Ier rceltelllt-d.uis"h~ 11",1 plt.ysilwliseI, sillllv"l1 is!. Md die ••.•. ~iplllllllllll'. erl!."hell sid, Ce,llIoI-
gllsvcrs{ ilrkullf:~eJl vuu ciuib(:H ) U" Lis] Or.J wie ::iie ill Drift - \Iud Prtlptlll i~Hlh!k.uIlUlt;rh hiiuJig,
eillg,,,ldll we.-.lcll.

Fiir ,lie",". AI.,,·ltllil.l .Ier UII!.,·rsld'"llg wllnl"11 "illzcllll' l'ri,"j,rekkl""l<'lI llf1lll iihe •. ,Ie.
AII,"le freigese-tzl und <IIII'd. dils GilS vc •.folgl, his <Ie•. ALslilll<ljcdes bClIl.ill·ht.-lell prillliircll
••<IeI' heklllllli'r.·11 Eleklr(JlIs ZIl•. Allo"e kleiner i'ls 12011/11 gc·WO•.<lell Wilr. 1111e A lIfilllgsclIe •.gic
wllnlc dllbei i1l1S"ille •. BI.llzlI'"llllverl,·illlllg t\lll dic' lti,ufig,lc' Ellc:rgil' ·1.-1' 1,,·slllll'lIl. Dic.er
Wed Cllbl'l'id.1 ,IeI' lIIillkr,," l,illclisdll:1l Bllngie VOIl Elekl •.•llll:II, <Ii" ,id, ill cillelll 1"'1""-
genell c1ekl •.iscltcl\ Feld \'01\ "" 2.3 ~~ h,·wegl·II. III 1 Will Ahslllllli VOII tier A IIo<le I,C•.•.sd,1 ill
,Ic •. gcwiiltllc'II K/lllllllcrkollfigurlliioll ei,l<' vc •.gleidol.II •.•• Fel<bl,ji •.kc.

N"cl,delll IIlle Elel:lwl\ell I.is /llIf l:W III/I 1111dil' A lI"d •. ltcrllllhcw"l~l '1'" •.•1<'1'wllre". wu •.•lell
,Ii" volle Ilr"ilL- tier 1~lektroIlcllvl'rlciIUIlt; ,,"II11:ag des AII.lIl,,"clralt"'s (,-I\Ollrdilllll.c) ulld .Ief
Allkllllftsz"il I del' ElcklrIJllell fiir ,Ii",,," AI,sll,lId l.eslil,",1. Di,· V"r"'illllll; diesef vollclI
U •.•,ileu fiir 57 Lll\villell isl ill d(:11 Abl,ildulIgclI 4.:1 '"1114.4 lVi"dc:rg"l;el":,,. Ahl,il.lllllg 4.5

z"igl die Verleilllllg dcr Allzllhl tic •. £l<:klrolll:1l ill de:r LIIYvill" fii •. ,1i""'11 AI,,!III.d.
Olowolal 1111"eill" rdllliv klei •••, Allwhl V'lll ;;ullel'l:1I LIIWillt:1l si,"l1li •.•.l wur,le, litlll sid,

,1t:III\Llcl, '\..-1I1Iid, ".-I,ellll".'. dllll ber..:ib tli" Slkulltliirdekl •.•.l1 •• ·11cilles •.ill1.-1I1"" Prillliirdck·
(r()lIS, das UHf 1.,,1)" iiIH~I· tIc I' Auude freagt:scl:d wlrd) \1111 luchrcrc H,Sn' ill .Ic·•. Zeit VCI·~cl1.l

llll cle•. AII"de eilllrdkll kiillllCII. Ik'!<-lIkl \111111,dull die u ••,rlali •.IlC:II'!<-Elllwiddll!lg cilll'"
Purlillll"willl' i'lIlerlll.!h VOII ~ 111>L'1'/lht;l'Sdallls:;clI ist, su wir,1 dellilirl" .1 •• 11 •..ill eiuzdllcs
P •.iudircld,I",," ZII \IIdll'e •.cu ~.citlid, volLl.iiu.!ig 1'..-Ire:lllllclI Eleklr"II<'IIL,,,,illC:JI ill dc •. 1\11111-
me •. fiil,,,clI kllll ••. 'J-"",iiddidl ki'"II'U mil slmk diJrcl'l'lIzie"c'lId,'" Vc:•.,tii •." •.•.•• S••hslrllkllll'ell
illl lI>cc·D •.•.,·i •.•, IIl1f 1\1"llllle •.sil~lIl1l<:llh,,"I.,.d,ld wnlku 1[\31. Din" SIlI,sl. •.llkllllTII wll •.•lclI
Lisltcr itl:; Fuiht.- de:•. Luwiueu vcnjr).ictlt:llcr P •.iHlilrdddrou(:u iutcrprdi«'r1 If,:q. 8iw ..- ",iluleu·

lige ~uoreIJlulIl:: i;;1 1Ii1c11,lcII Eq;t:hlliss"u d"r SiJlIIII"liulI jc:d.ll·11 Ilid" lii"I."'" llli'gliclt. ))i,·
Suh~truklurcll .1f.'S Sil~Ha)s lU"S~t.'1I vidllu,llr uls Ullf:fbll;CrIlU!~ de •. PilrliHILIWillt"U V(111 CIHt'lU

Otter lIU:hITn.:U Pri.'li'rdt:'(tnHlcn vt' •.slall«I •.,u wt:nl"JI.

Ahb. 4.3 ~c·igl. ,1;.11 dic' Eld\l •.o"l''' IJi, z" cillig"" 111111.11'\'1I"" ill ~·Hid,l,,"~ "usei"llIl,k •.-
difl'''lIIlicrl. Seill ki'lIllell. ))"1>,,i i.1 (h •. Un·ilc ,Ie •. Vl'rl •.ilulI~ 11I·i ,.. , 1:!1I1"" w('sellllid, VOIII
0•.1 de •. ('('slell IUllisilliulI ill dc •. iiullcl'cll L/lwille III,l,iilll'.ig. :lc' w"it •.•. VU" ell'\' Allude clltfel'lll
di"se sl"lllill,l<-t, .1"510 g •.uller vcnlli.g del' AI,sIH"eI zwisd,l''' dell El..ld"uIIl''' Hllfl:'.nm,I,I" •.
DifrllSioll Zll w,· •.•lell. Eille iihlllid.., l\"nd"lioll is!. i1l1eh 1>z~1..II'\' El"\;(rll""lIzHhl ZlI heoh"dl-
1.1'11.Sic' 1>"\\'''1;1 ~ieh z\\'isdll'lI 1 (hillc IOllis"lioll .111•.•·1, .IllS I· •.illlii •.dc·ld •.••" iI"lI •.•.llilll, .·illcs
nlldius VOll l~lIJlIlI) ullIl ~ 20. Diesc Z"hkll gel.eu "ill"u •.•.hl.·u Eilldrud, d"VIlII, lI,il weld,,· •.
11I1II1I1'I'"il.,·.Ier \Vcd cle•. C"sv"l'sl,ii •.kllllg sln'"c'lI k""I1.

Di" lI,illlel'e f)lith"il ,Ic: •. Elckl"fJlICIl I",; hei ,'11. 35 .••..,·,·, \V,,:. "i,ll''' 1;<'I"illdl",1I D •.ifi·
gysdl\Villtli~I{l:jt \'uH c:;1Wil :!~.I~~ '''H....dCII ~t:~aHd~u Fdtld ill }(c-lwn,j,·11 C'uf~'l.ll idd. Di\O tI,,:
vc •.hl.:i1>elld" 1),-ifl:.l •.cd.c vUII"i'20 I"'" ill 1I111~lfiihl'] 1/.''''' 1,,,•.i,,'kl'.,·I"I'.1 wird, z"i,\I, wie sllld

Abl.i1,lamg 4.3: Vcrl,eillllll; dl'\' vllllclI Un:ilc ill
L"wiuclI

A1>l.oilcIUIlt; -1.'1: Verl"jhlll'; .I•.•. , ••lit-II III'"ilc III I !:!III"" iihcr d., •. AIII"lc VUlI f.'( iiullc •.ell
L"willC"



t::inlri.igo

1~,tJ

Ahbiltl\lll!: '1.5: Verleilllll/; tier Cesilllllelektrollellzill,l VIIIl 57 iillllerell Lilwillell ill 1:!01/JI1
Ahsll\lHI Villi tier AlIl'tlc

AI,bil<lUlI!: 4.ti: Verleilllllf': <ler FWIlM tI"r z·Koonliu"lc d." Elcldn>lleu 1I1l(,ILT Allc"lc VOII
100 l'urti"lI"willell

.Iie Drifll;I'srhwil1lliblceil lIlil ,IeI' FcI.bliirke v"riie:rl'. Nelle.le eXl""'iulClllclk Ullkr.uc!lIIu-
l;'~11VOIl KOllijll 1111,1IIlIrljc:s [541 IIIl Arl;'"I·EllllllI 1l!J%-:Jl % b,·sliilil; •.11 di".C:1I Verlllll( .Ier
Dl'ifl!:es.'hwillllibkeil illl Prillzip, wellllgieich eill 1I1l11eres C". vcnvelhld wllrdc.

1llsl;es;lIlll wllnlell lUll Pill 'illllllWillell .iulIllier!. Srhwerl'llllklc .Ie:r UulerslI"hllug wur"l1
,Ii,I,,:i

Die rtlumliche und zeitliche EJltwicJdlllll~ yon Par-
tiallawinen

1m zwt·il,," Ah.dlllitl tier Sillllll"lioll d"r vollsliilldil;cll Ekkl •.••llelll"will •. WIIl'tiell P"di"lIl1-
wiuell hen:e1l11d, .k"'·11 AII./;"Ilg.dcldroll illl Ah.lllIlll J:!O I"" vuu dn AIItlde lIlil eiller
I,iilltil;sku Euergie VOII .j d' fr.'il;e.clzl wurde. Die.,·r \AJerl fiir die kiud;"t'he Euc:rgie .Ier
Elcklruu"l1 111111,\illl ullchhilleill "I. clw". ZII lIicdrit; ''''/;''''')1<'11 werdell, UIII l"tsiid"i"h .Iell
Allschlull "II die Si"llIli1tillll ,Ier iiullerC:1I Lilwi",· hcrslelkll ZII ki>lIl1c·ll. Eill \Vcrl VOII Cll.
o eI' hiilte .Iell Ul"'rgllu!: hessel' l.csd,riehl'lI. lIlI,lererscil. Ilh •.•.• !<-u f(,·dl<'lIzeill.c,lllrf iihCl'
,lie Icriliselle 75 ,"j" Grellzc: hilllHI. erhiihl. dil sirh ,Iic l;riillcrc Allfilllbs"ueq;ic ,ILT Elclclroueu
VOl' l"lell Diub"l1 ill .ler IUllisldiollsslatislik lIicdcr.chlii,;!. 10llisllli'"ll'll ill .,;rullelll Absllllld
vom Auc ••lell,lr"hl wiirell wlll,rsd",illlid, •.•. lIl'cI slllllil, clie CilSversl iirlcllllf; ills!:esullil broiler
!::ew"nleu, Eill ulnklieher Eillllllll cI<:r erl,iihlell Allfilllb"ellergic Illlf e1i•.. riit:llIli •.h •• IIl1d zeil-
lid,,~ Elltwid, tllllg der I'lldillll"willell kOlin Ie illlledlllih .1<:r slllli"li.d"," j;'c1olcrgrellzell uidll
bco!Hlchlcl wer.lell.

Ahl.. ·1.ti isl eill lIi.III"I';'11I11I .In FWIIM .ler Elckll'OllellVedcihlllg ell 1111"!:: .I"" Auo.le,
Dlls Mi.xillllllll licgl I••·i .-illl:l' FWIIM vou IIllgcfiihr 251"11, .Iodl IWlIlIoC:lI Lllwilleu Illil eiucr
FWII M VOll bis zu ,'01111' I'IlL Ih-i .lcr Illlcrl'rcllllillll tlicser Werle IiIIIU beriicksidlligt wer.leu,
dull .Ii., V"dc:ilulI!; cler EkhlrllllclI ellllulI!; .Ier AII",lc ill .Iel·llel;c1 dUHl, eille GlluU ..Vedeilllll!:
uur sl'hlc:dtl be.l'hricl,ell wircl, SI <Il'k<:A'Y"lIldri<:n uud lIlehrere MIIXiull' ki;UI••". J&iilltiL;
l.ellhud,lcl Wel'llC:II, 1)''''"''''1, 1',;101 die Verieilullg .Ier FWIIM eillell gulclI Eiwlfllck ""11 dell
Dimellsiollell tl.:r I'lIrliulli,wi,wu, W"lIl1 1111111l,inzuzicl,l. dnll dic FlIll),rcile lt.-r Lllwille: ill der
Ilq;d ill cI•.•. GriiflellOI',lllull"; 1'1111(Ill - 7U1"111111••1 uil'ht oherlll,ll. ve," I:!U lUll licg!.

Allb. '1_7 zcigl .Ii.· Vellcilllll!.; lkr 1"WIIM .Ic. Azilllllllll.lwillk.·ls cln Elektrollell "Oil 100
I'hrlillll"willell, 11,1'Mill,ell"er! li"l;l I••:i ,',1. 'l~.", Die F\VIIM SII'CIICIl j,·.Il1d, dClIllieh w<:lIiger
slul'k "Is fiir ,lie 2- Vcdcilllllg '"111 .illd sYlIlIllclrisdl 11I1I.lcn Milld\\'erl valcil!. Die F,t1l1.rt'itr
.Icr A~ill'lltllillvcdeilllll" lkr Ekktl'Ollell hcll'jil~l slels welli!;<:•. Ills 180". so ,11,11die: EI.:kl •.••·
lIelllll\\'ille sidl ,.lSIlIIlIl' itl.f c:ill•.•.Seil e ,leI' A ," ••Ie .·lIlwil'kdl. Eill lJ IIllliellclI .I"s Druht,,:; wunle
ill I""ill"u, Full ),"u),udold, \Vi" di,· Ulller.lldtllllL;.'1I vou Fisc·h •.•. dill. p:!,13,J.l1 gezc:i"l 1,"-
1"'Il. tl'ill .lies"s 1'l,iillllllll'Il "1':,1 I••.i hjihen,u Gllsversliirllllllgell IIl1f u, ••1 hiilll;l w.·St·llllirl, lIlil

:lnit"sc AU~:'h~C ,ilu:q;rlll vCh·illflldll'lItl dil~ FIHl)C, wic Wt·it di,'Il,ift6t':.t'l,windi6L.'it iu dnll :.tu,~ il.lwlllo~l'lh-il

Fc."hl iiht"fluwpt in, (acidlli~:widlt isL J)it.:~l'S 1"tJbll'UI WIUI}C nidlt uuh.:r!>udlt.



Ahhilllulll; 4.7: Vcrteilllll~ tlcr FWIlM tI.". A~illJllth.,lwillkd tic •. EleklrollC"1I ,,"f .I •.•. Allo.le
(q.-Kool"llillill<:) \'011 lOll Pilrli"IlIlWiIlCIl

i_.._:,,~--_.-
-L.~I,_ •__ I_._-4.-~.~._~~_~

Al.bildlllll; 4.8: llei'l'id fiir di •. I iill'lIli •.he Sln,klm eiller f'llrliilllilWillc ill del' ;/"-<-EI":IlCi .Iie
GI.,versliirkulll~ bdri,!;I!d !:JOIlO.

dn ElIli"lOll \lll~l Ah,nrplioll VOIl f'hollllll:1l ZlI,illlllllell (vgl. )\"1'. 1.:1), l'ro~e""11 llbo •• lie
Ilid,! ill .Iie Silliltlilliuu eillhczogeu wllnlcu,

Eill neisl'id fair tlie riilllulirh., Strllldllr eiller r•••.lillllIlWillt: iu der "-~-E1"'lIe lillllcl ,irh iu
Ah1>. ·1.8. De\llli~'h kiillllell SlIbst;'uktu\"l'1l ill d,'r Li.wi,l" nkilullt w •.•.•I•.••. Si •. g •.lll·U uuf die
louisld iUlisst HI i:,1 ik wi,lll't'lul eler LuwiucUC:1l1 wirklulig suwic dic' ri~HlllljdlC'Tn'IIHulI~ vcrsc:llit"-

.leller Sc:kll.lllliird,·kll'O'"'1I tlurrh .lie Difrusiuu zurii"k,
V•.•.glt:il'ht Hlilll tli., riilllHlidll' Slrllklllr lIlil .I1·r "'illirhC:1l Elltwicklllu~ ,lnsdl'C:1I Lllwille.

filldell sid, w •.itgehelldl· EIIIsl'\"l·c1,"ugeu. Ahh. ·l.fJ zcigl .Ii •. nillid'l' 1'111 widdllll/!, tier Lilwiuc'
illiS Abh. ,1.8. ni.· .]lIrd'gezl.gelle Liuie gil,1 .Iie Zllhl .In Elcklroll"11 illl, <Ii., ~." I'i"ell' Zl'ilpllllkl
1 vom PI"I.grilllllll h"wI'gl wllnleu. tI.I •. tlie AIIUllc 1I0eh lIidllnrcidllllillll'lI. Die gl'slridlclle
l\uf\'e zt.·igt hI::.. F""uktlUH VIJIl 1, wit'vide Eleklrouc."u in C:iUt:1I1 lulc'rvi,1I vou ~)Jl.\'·l' Hili t \IOU

.1<:1'Auo<le •.illg,.fi'"~('" wllrtl"II, Die groll., A IllIlid.!,,,il I••.i<l" •. 1\ UJ"l"'IIVl'lliilll' •. I ••..kgl, tliln eiu
b •.d~lIt"iltit'l' Allie-il tI •.•. Elc:klrull"" 1IIIIIIiudl •••r iil.er <lcr OJ,erlliid,,·.I •.•. All",,," erzellgl wi •.•!.
Di(~s(O EJdd.rl)Jlcll wl" •.dtOu St·h•. Sd1Udl t.'iUI;I.·fi\ll~ell '111(1 Hlltlcu sidl ilH~ dic:-onlJ Cnlll •.1 Hhlu'zu
ZI·ill\lcidl ill b,'iil'-II 1\111'\,1'11VIlli AI,b, '1.!l wi.,<I •.1".

Lost Ulau tlif; UIH:d!lgcruH~ .Ie •. versdlif'flt'lu'u /dnlll4'ulJ1l1fuHIIIHf'\1 tin Lawillc ill Ahl •.
'1.8 ,,"f', Jill<ld 1l1i11l, .1••11 <lit: l'iillllllidl('iI ),zw. uitlidl"1l Slnd,llIr,," ill .Ii'll Ilei<leu Abbil-
dUHI;;CJICII!!. 11lil4:tUuuder korrdi"l't silld. Z\lSillllHU'U aliit tlnl 1IlitersHdltlHgcH :tUI" iinUcrcli
LIIII'i" •. e •.gi!..l ,if I. sUlllil .1,,5 Dill! ,'illl'S ~,I'itlid, 111111•.iillllllid, slll •.k lI,dllllicr<:Il<leu CIIS-
\' •.•.~liirkllll!;sl'ruzc:ss(:s. Ikr dll •.eI. Iii •. V" •.sldllllll', ,'ill('" ~t..idlllliiJlil; ••III' d •.11 AIl(J(It'II,lmlll
\,I)rriirkclult-II EI.·klnHIC'llfroHI.~ sirhcdid. IIl1r sf'hr UIlf.!,C'lIHU wit·d(·l'g .•..gcIH·U \\ ird.

4Di("!l. IllulJ hi~" hll~ Plllh,griillth·u Ullll.'f!J)l"ilhOU.

:'Vl;1. dnil' liBl·:' .!>ll~l:('finl'lIdl' A l~II:ldulI~f'U :l.11. ill \:111111.1 III
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ALI,ildulIl,; -1.11: !\o •.•.clllli,,11 zwischell delll Hlldills der "r.lcu louisillillll IIIII1 .Icn, ellS-
versliirkllul,;sfilklur Al fiir IOU l'hrliilllllwillCII

Die Ghs\'cfslilrk'lJtl~ ill ,,14.:11Vt~l:H.·hit:'d~:lIeH PurtlHlIawiucl1 SdI\VHUklc' \1111 lIilhczu :t.Wt~iGI:O~-
scuonlUIIUl,;ell zwischeu "11. Al = :JOIl lIIlll 111 w,·il iil,,·,· 3011110.Fiir .Ii.·sc s..t,r l~rullell LllWjucU
rdcl.tc d"s H•.d'ellzeitlilllit VOII 7:Jlllill. uid,l 1111'. Si.· wHrdcu <\,·"1",11. lIi •.hl vIJlIslii.lllil,; I.e-
rcchud, ihre GilsversliirkHIIl; flllld keilH'1I Eiu!::IIl1g ill .Ii,· AIISIVI'1'IIIII[;. AHS Al,I •. 4.11l liilll
.ich ciut' hiillli,\.t.· CilsvcrsliirkulI[; V"" l'iI. AJ == (;000 "hlc.cu.

Del' G"s\'l'1'sliirklllll;sfaklor 111 isl llIil Iklll Or! dcr <'I'skll IUlliSidiulI i""nl,,dl. dcr PilI"
lillllawill" korrdicd, wi" AI)l.. ·\.1 J zcigl. III di""'r Ahhil,llIlIg i"1 I,,·s<llldn •• "'\lliid. ~II
crkellilell, wic slilrk 111 iu Al,hiillgit;kcil vou de.- luui"illi""ssl,,lislik vilriin •.•• kilnll.

Kunda!.il'"'·\1 zwisrhell III lIIlll .1"11 f'WlIM ill f hzw. ~ wHnl •.u lIidoi h •.,.\",d.td, Di.·
";lundichcu Dilllt'll:i'UHCU tier Lh\\"IU· ~clH'ill(:U Jllithill 1IlJt~ill VlIll tkr niJl'll:,iIJII IH:sliuuul ~u
WCrth,'lL Dic-:-.t, AUllilhllll" winl (lurd. tlie Ergebui:j:il" dc-I' SllllllbttioH VOH h"",~':-idlirIlJlnl l'Hrll-
nlluwint"u, tlit" illl r••l~t·u(kll llC'~du'icIH'1l \Vcrdt'u. wt:itcr t"rllitr(.t'I.

Der EillfluH der Abschirnlllng - sclmlldiirc Parl.i-
allawinen

illrcll DilllclIsi"lIcll "iller ,h,rd,"r1ll1illlidll:lI PI,r1illllllWillC clllspl'llrh, Il,re F\VIIM iu 4- h~w.
z hdrug"" 47" h~w. 27,3/,,,,, D •.•. (;hsv"rsliirkulIgsfllklor Wllr A-I == 113&n.

Die AbhildllU[;ell 4,12 his 'Uf, ~Ci[;ell tlie Ergehllissc fiir <lie FWIIM ill : I.zw. 4>. ,lie
KOHelid.iulI zwisrhcll crs(l'1' 1,".isilli"11 III1tI GllsvCI"sliirkllllt; 111, sowi" dcr Ver!eilUlIg VOIl AI
tier ubgescl.inlll<:11 (JeJ.:uu.l.in·u) l'u •.li,.II"",illclI ill·' V<:rglt:id, ~11prilllii •.•,•.•L"willclI.

IIll HlllIIllCll .le •. slali"'i"d,,·u Fdolc •. "Iillllll,· •.•1111"vie •. V,·rl.<:illlllgcll fiir p •.ill,ii •.•· IUIII Se-
kllll,lii •.c Purliil.llawillell iil,n"ill. Eiu Eillllllil tier VOr!lllllllcllell HaUlllli"llIlIg kllllll lliel.1 fesl'
gestdll "' •.•.dcll. L,·.Iiglid, ill .I•.•. V"rlcilllllf, .I,·s GllsvI',·:'lii •.kHlIl\sf"lclms AI isl .I"s M"Jo:illllllll
I"'i M ;~ liOOO fii •.• eklllld'i •." Lilwill;'l1 lIidil ~II l,,;ulll,dil.·.l. Di,' Ab\\'cirllllllJ;ClI .le •. l.ci,I'·1I
V•.•.lcilllllJ;'·U h"\V"gell sid • .i,·dueh iu,"·,llI,lI •• k •.• Illiislisd,,·u F.·hl"IIIIII~'·Il.

nicse~ Erht"11lli:i L"Jl1SIH'tt'111 ,It.'H ErwHrt"IIt;.~ll f'i •. CUS\'l'l'::it;irku"b"I~ \lult." •.llhlh VuH AJ :.::
10L, VO•.lIl1l"rSlldllll'I\,·lI hidl"11 .i,·d,.d. lIiIlIHis<' .I"n,"f eq\eb •.•,, .lIdl ,Ii" AIt.d,i •.••llllll\ SdlOll
I)(:i ,leu hie •. SiUlulit:rtrll uin II II!,"U Chsv(:"::ilj~ •.kuutlt"u Z\l sirhl ba •.cu VC, •.ilHdt·"UH~l:" iH~I~(~sou·
d" •.c .ks Vcrsliirk\lugsfi.l'l,"s AI fiil.,.ell kiilllllt'. llias v(,\lstii •••li",•. EIlSt'II,hlo- ••·blllllii •.•.•. Pilr-
lilllliIlVi'"'1I z.:igt •. ,lillIlI i"I •.•."ill~.s • .1•.11 "s .id, hei diesclI r-Irclilcu Ic,lil'.lid. '"" slId.islisd ••.
Sc\lIvlI\lklllll.'.ell gdlllllllcil lo,d 10:.

Jm ,lritl.cII Absd,"ill .I•.•. Si'lllllidioll IVII•.•I'·11 PilrtilillillVi,,,," 1I111•.•.SlId,l. di •. sidl ill tier 1.11-
.ll1llgswlIlkc (·ill<·r VlII'IlIII;"gilllgellclI LlIlViu,' '·IlI.lI'i,·hlt,,". D"~II IV\lH\<- dll' (;ilttl", .IllS ~llr
Dcrcd'lIl1ul; der (;OIlIUIllI.- \V"rhsdwi •.k IIlit: lIlil 1',·nllilll.·II1. v,.rl.lI11d'·IlCIl (,i,dllllg<:11 .Iielll, lIlit
ciuer LHtlul1~s\'crlcilllllg illitialisll· •.t. tile t).'lI) Elltlzustaud ciu\:r zuvcJr hel't'r1I1ll'lnl Purt.iullu-
wiJl~ eull101lUJ)CJl \vllrflt:" Dicsc 11liliHli~il"J'llUb:jJil\Vjuc W.ll' rail' ;tll(: nl'n:dlll1lJq ..~t'u al,#!.csdlil'u~I(:r

LI\\\'inl:u itlt'ul,:-a:II, Hill die Eq~c),lliss(' v("1'l,;lc:idlbilf III )w)lcu. Sic' wtll'de So HII:-iS;t'witllll. «laU

sic IIltiglidlsl gr,,/lc SYllllllcirie 11111di,' N\llIl'\llIkll.' .1•.•. ~. \llId 4,·I\u" •.•lillili<' 1"'('lVi,'s 1111.1ill



;: ~=.:,,:
~r
:: ~
~.t
= -~ ~~
-- -

=. 8
,... c

!!! :>,...-
~ ~!J.
~., rf-
=-. t..'"\
::.' ..

'.::
< ~u:
:: ~

c '"0 0
;:;
0 '"

e

0

R~~~~~«(::,'" , . ,
:'\.'\".~~., ••.••.~::::" .•• < 4( "

~~~

!p::..:m.
I>"" ':i ,,''$5-',<: .....< ...~ ,,'S"

r.; ~~ ~:;~r;,~~"Ie-
~io : ,

~

~
~ ~,
c '"Q

". ;;::- ~- "=~
r::=
- :r:- -
~' ~-:E

~
c "'i; ~:

e

0
§

c 0

0
0

!
'" i~o
0 ~

;:; <;
0 0
ca c;

... .. ..



seusihel isl .lid.>ei 1I11I\ll"gclllii/l tier Ellc •.~iehercid, iua Ulllfehi .Ier lIIiLUacu killdisehcu Eller~ie
de •. Elektl'l.llell. Nilllllli .1Ii11l"' •.il.· •. lIill:t.u, .llIll 01,cl'l",11I vou Elekt"ollellcuc •.~iell vu •• lOcV
DlIlelllllllle •.illl 11111'f'i •. sch •. we IIit;,- ~lIc •.gicwerl.· :.I'll' V""fii~ullg stehl, wi •.•1 deutlicl., ,1,,11
dic SilllUlllliull "',I~ctlnlllg"11 iih •.•wic!'.clIII '1'",lilutivclI ull,1 hU1l1 '1\1lullillllivcu Cilltrukler
hcsilzl.

Fehlc •. tier venvc",I""'1l AIf\•••.ifllllll:U ki}IIIll'U I\cgelliilu: •.• li •.selll MUlll;d ,Ie •. M"dclll,il.lullg
wuh •.sd,cilllich vCl'lludoljis:;ir.1 "'lOrtiell. Die ZllI"'r\ii"igkeit tics lellp-fro~-AII;O •.illIlIlUS kOlllllc
ill I\up. 3.:1.2 ~ezei~L wenlt-II. I' •.illzil'idlg •.iill.. •.c n,·,lelllull~ d'i •.fle Iliuge!'.cll tier Jlesell •.<:ihilll~
.Ier COUIOIIlI,··\oVcchSl·lwi •.kllllf\ Illillcb cillcs di,krclell Cillcl's il" Huulu :t."kUIIIIIICII. WCIIIl-
gleicll vc •.sudll wIIl',k, ei",: ",,'" Al'pl'l.",illlUlioll .ks Kuutillullllls du •.dl culsl' •.cdlclllic Ir.ler-
pllluli'"1 zwisdlell tlell (;il I•.•1'11111<1<:11Zll liu,leu, slelll ,Ii,·scs Verrllllrcll .Iueh 11111'eille: e •.sle
Niihcl'IIlIg .11Ir, .lcn·1I (~"Itlil iil tI" •.d, di,· gleicl.fl,lIs voll:t.ug<:llc Di:;krdisi",,"ul; tic •.Z"ileiliwick-
Illlll~ du (;ulIlollal.· \'\'cd":d,,,ir\, ""l; weile •. ciugesdl •.iillkl wil"l. Dic E•.gel'lli"e .Ier Sillluiuliou
dcul.ell jcdodl dUl'lIuf Ilill . .1,.11die: Wec)'selwil'kull~ del' Ludullgell 11111'vuu lIule"~c"l'llut:l"r
J}dleulullg rii •. di,' d,,,,,"k,,, •.i,,li,dll;lI L••willell\OIlrUluclc •. wic "'-,l' '"111 t-AllSd.-llllllul; w •••..

Zus"llllllellr ••sseutlli'lli ,id, Slll-\"", "ull ,lie g•.gdlllissc ,Ie •. Silllul ••liou "•••.••1l,·11Uilll;eu 'l'liI-
lill.liveu (;11il,,"kln IlIll>ell, dl'lII",,·1I id,e •. "ill Gd,ihl {'i •.• Iie (; •.i;lleu •••.•lllllllg .Ier iuvol"ie •.leu
P••nllllclc •. g"I,,'u slIllI.cll. Die " •.i"zipidle SI •.llklll •.• Ier Eutwicklllu~ ,Ic •. Elt-kl •.uUelll"wi,il',
wie V(••. I.ltcu Oilll;"11 eli•.. E"I,I.-I'"III,; VOII P"di ••Ull\viuell, t1i1•.r )'illg"/;,,u w,.lt! ••Is g"",id.erl
ulI{;csehell we •.•I,,".

I(apitel 5

Fehlerbetrachtung uncI Diskllssion der
Ergebnisse

Die Oi,kll,sioll .Ie •. F,·hlerg •.ell:lCII voll E •.gdll,issell, die uus sl •••.k ilen,livl'lI COIIIJIIII.e•.silllll·
1I,li"lIell g"wollllell wllnlell, sldll eillt: "esollde •.e Sdl\vie •.igkeil d •••. 11111\l•••llll i.A. lIid.1 lIlil
v,~rgleic),h •••.er lllutl":lIliltiHh"r Sl"cll~e c•.fol~cll, wi., dies Ciir c.xpe •.illl,·uldl,· Ullle","dllll~Cll
lIliiglidl isl. Zwei lIuuplf.·ltlt-"'I',dlell silltl ~II ,",le •.sellei,lell: die J,J.yJiLli/i .•d,,: },{"ddlbi/tluu9
uud elic 11<:"1/1<:11.11:1"'11 A 19",.illllll<:11 1111 Jiell, wo:t.u Iii •.•. 11IIdi di" hcgn:lIzl.- CClIauigkcil d •.•.
TIcCIlClIlIj,,·•.••liulI'·ll allC .Ielll COillpllle •. sllwic flulld'"I!(sfd,ler ge~iiltll w•.•.d •.l1 S(,Il"11. Dil'
h,'i wllnll' he,.ellS VOl'Illlsl'.cs.-tzl, ,lull lias T'logn'"i11' k.·i,ll· lugi;dll'lI \':t.w. p""gfilllllllie •.fdilcr
cililtiill, d"""11 Eilllllllliluf ,Ii •. Eq-\elollis,,. e •.,I. el••lIl1 ,dlzusdlijlzell i,I, 11"'1111"~to gdlllldl:lI wo •.·
dell silll\'.

Die pltysi ••••liHhC' Moddlhileluul; fii •. ELAVA isl he •.eil s ill 1\ I'l'. :1 •• u,fiilll·lieh 11I·sp•.••chcll
w ••rdell. Als wcsC'lIllidll' Dcsd, •.iillkulll'. ties AlI'"l:t.es ,ei hi •.•.•• IJ •.•. 110..1, c·iOlIl",1 Ull die Ve •.·
uHdtlilssig;\lllg vou P •.Ot,('SSCIl bi\ltt.'I't ..· •. ()ftIHlIlI'~ Hlld iusl"'S(HHlt"re .lcr PJH)tt)JH"Ut"lU1Ssiou , •• ul
-I,hso •.pli'"l dmd. tlilS Fiillgils crilllle •.l. Die ll{'sr1 ••.•:ihllllf\ <I•.•.•. iillllllid ••.11EIII wieklllllg <IeI'
LiI\~illc klllll. Sllillilllllliirlich lIid ••. cx"kl ,<:ill, .1"•.11wlI •.•I,.. l••.reils ill 1\,'1" 1.:1 .ll::k IIIierl 1 <lidl
,Ii •• vel'llllddii::sit;1i:1I I'r"z.'::sc IInler <lCIl~ewi,b1t1:1I pbysikuli,eh"11 Halllll ••..li"f\llIlg.·1I lIur VOII
11I11l-•.g<·ul'tlllcle •. Ilcd{'lIlulIg fii •. <lie Lllwill"IIt:lllwi"klllllg silltl.

Die· ill tluppdle •. lIillsidtl - wieltli!(st<- Pcloienpll:I'" ill ,1.-•. pl,ysil'illi,du'll Ivlutlclihiltllllll;
ist viduH:h •. (lie.' B,·s ....hn·jhnug II..:•. Strcupr()zt.'tis,· ~wis(:h('H E11:ktrolll"u \Iud Cil:dlHtlek j'll.:u. ZIlUl
CillCIl Illlllll.i:, wi •. ill K ••I" J.J.3 crliiul.i:rl \\'111'<1,·,tl"nll,f v•.•.zicltlcl WI:I'tII'II, .Ii •. Ahbiillt;igkcil
,lcs \Vi •.bll'f\"pu: •.sdillilis VIIIlI Sirellwillkd ~.II IlcriidlSieltligt:IL I\ii.·iik •••.lliu·i 1111,1Lil('''' 1:131
hlIU"1I jetl" •.b .larlillf I,illgewicsell, ,\toll "illl' g<"I1'''''' fl"lirutlllklioll <lCf l)ill'",i'llI 1111.1Drift-
g•.scbwilldigk<:il wl'Sl'ltllich d'l\'lIIl IlI,hi'lIf;I, .Iall di •.•. iillllllidll' Strllklllr d"" Wirl,""g"p.e •.-
scllllills ill die Si"lldali,," "illl'>"zogclI wi •.•1.

ZIIIlI 1I11.1<:l'ell,illd dil' \Virl<ullg"p ••.rselillillt' fiir £11'1((•.•••1' (;",-SI n'lI 111110."'I:: tler Li 1•.•.11hll'
sLels sclhsl. Illil n:l1div gl'llll,'u F..Jd •.•.1I I,ebaft •.• (l.vl'i, •.h: lO%--W%). J),·ItIIO,·g.·lIiih •..•.zeigleu
SiIIlUlllliollt:ll, <lie Illil Icirlll, d.h. 11111UI••Xilllill 20%, v•.•.ii"'lerlcll QII •..•.sd,,,illcll Ile •.•:e1lucl
wu •.•I,·u, ,Ldl .IiI: Lu\\'illC'lIelllwicldllll~ ,d" ••• 11111'.Ii,·,,· g •.•.illl;<:11M"ddik"li"I"''', die sieb illlll: •.·
Illdb <lcr FcI.Ierl"krllu:t.'·1I del' \\'irkll"""I"L'l'sdllli lie- I••.wegll-u, <I•." Ilidl •.•.••l,.i•.•.' e. \le'''llIlel's

UIll ciue Vu •.slellllug VUII .I •.•. 811lwicklllUg .Iel· VllJlsliilllligell Elt-kiroueuillwil'" iu A'l;(I1I-
Mdhlln DO/HI IIIller .leu gnvi,hlleu Vt:I'slld."I,etliu~ulIl,;"U~ :t.1IIlekolullI<:U, lItii,,,:u .Ii~"ill'
:.Iclucu AI)SChllitle dcr Siltl"hd i"l1 11IIS1\ "I" -1 :t.lIsllllluleugdlllll w.· •.•l<:u. D ••1I11el'l,;il.1 sid.
Cul~el"":s llil<l.

I'l'illlii •.dekIn,,":u, di,· iu Illlg"fiihr lmHl Ahsllllltl vou tI,· •. AII, ••k <:rz,-••~I wenl"Il, I••:w<:gcu
sidl illl ckkll'iscl,clI Fdd 1I1lf.1.-11A lIodelldl'llI.1 :t.1I,wohci CSIIUI' ve •.•·iuzdl zu Iouis ••lioll<'11 IIIIlI
dumit :t.1Icillt:l' V•.•.lllclII'UIII; <I•..•.h"i IIl'w"glidtcll Elcldl'olleu k('"l1l1l. Die welli!'."u £It-k~I'/llIl'1I
j<:dllc1., .Iie IIllf di"se Wei,,' ill gl'ullclll Ahsl,I,"d Villi .Ie •. Auucl.· t:r:t.ellgl wlI •.•I'·II, ,liffllllcliel'CII
,,"seilll'u,!.:I', M' "ull iltl'l' Allb,llflsz •.il lIuf del' AII".le 11111Illchl'el'l' .••••:c, ,Ii •. !·l\lIl1 •.•liuhlc
i1,,,,:1' Allkuuft IIU. "iuil(" 11111111.-11I"" vl, •.iic:reu k"uu.

IIlI Absll'III1 VOII CII_ 100/1111 """ .Iel' All ••••,· scl:t.l II•..•.eig •..ullid", V"'l'vicl""d.llugsl'l"lzdl
CtU, (l(~•.• hard. W,~s(:utliflt kiirzt:r(" IIIHisiltiuusli~ugcu g(;kCHU~t:i('ltHd 1st) uls silo in clcf j'\lUcn~u

LIlWillc Zll lill"ell sillli. .1""", prill Ii;•.•· •••••.•.st:kutl<liil'e E1ekl •.ou, d"s IlIc •.klicll ,,"11"1'1.,,\1. ,Ii.·,,·s
GuSV(: •.sti'fklllt!~~lu~n:idls ('l"I'.("lIgl \\'(ndcu ist, fiilt ..• ~\l (:iu(~ •. Partiutlnwiuc, .l,'n:u Eulwit-kluuh
illtlCr!lilllJ 1".,('(' "b~",dal"''''11 1111"UIIC"jll" Seil.· ties AIIlltlclltll'"ltles beselll'ijllki ist. Di,·
AII",It·llllllllg .1<:1'l'uriillllilwilll' •.•dlillll-\ .ks D•."hks bcll'iil\l ,III •.dLScltllilllidl u()·10IIllI. Oil.'
llI11llillcll>lll'e riiullllid ••, 1111"z,·illid ••. UberlugcI'II11~ :t.wt:i•..•.Purli"llllwi,,,," "iihri ZII keilll:r si·
gllifikulliell Veri'\11lc'l'Illll-\ ""I LIIWi.II·IIulllue,"IIUf\ell Olle •. de •. GlIsvel'slii •.LIIUI\.

F,,1l11l11l1l<Ii•..Elek 1•.••111'11v<:I'vi.-l""dlllll!( iil.e •. ,lie g''''llllte Luwilll' :t.IISillllll"'", eH"dlll"L sid,
III!> .lll.-chschllilliid. c1wil Ci Ekkl"CIIIl'Il, di.· "liS eiU"11I 1'•.illlii •.c1dd",," I,is Zll'" HI••li"s VUII
)Onll'lU ClIstUHtlcli tillHl) ulld t·illl'r Pilrtialg,Il!)\'crstiirkulli; vuu ~ 10" (,jtH.' (:(~~i.llutV(:nitil.·kulll)

VOIl Al r::: r. . Ill" w••I••:i j".1" •.h , .•.••lk .Iulislisdll· AIl\v"idulIll'c" ,"iiglidl Silili. Di"sc:r \\'<'1'1.

I £'u U'..:hl\\'nt lH'Si&~tl lIut lln ~llltisllSdh'U ~lilll·l. ill LlIllllUn:tll·lI t";lll~nlh'tll - ilL" :.. I'f t;lIt iil""'1",iflt"u
- ProgullilllI'"1I '"'IH" VlJU 'i1I1:>l"1I11Pruglllllllll:l.l'il,"u fdlkrlllih i~l



er.d,,~illl llUle •. ,1<-11I;ewi,hltell Vcr.II,·lIsllC:<lill~lI"g~1C "Is ,illllvoH.
Eille g.",,,.wre DiskllSSioll erf"rclcl'll di,· riill,"lid,ell Diwell.iolll:1I ,I•.•. L"wi •••·. Die nllf

dCII erslell Dli l'k gill lIlil <lie.er Arhcil ve •.eillh"r"l1 Err-e1misse Will K •.,.,r-•.•. jllli (5U I"") 1lI,,1
Se1lultz jl!J (O!) I'''') fiir <lie AIIsdellllllllg <In Lllwi"e <:1111""1\dcs A1I••<lclldr"l.le. fiih •.ell zu
IlIlerl'rdlltaollssd"vic •.il;keilt-lI, dll <lic ill di,·s •.•.A •.h,·il "lIgegt:l.el"'lI till- 70 I"" sidl I.-diglic1l n"f
Pnrtiallawiucu lH"zidlcJl) widll'cud dit' AusddlllUlIg de •. Gcsi'lutJawiuc {'iues l'rillli\n:lt;ktfiJJ~~
oft l:illil\l: 1"'I1.1 •.•.t ,lIi. 11('1""1\,'11wir<l.

ZII •. E •.kliirllllg di •.sl:r Diskrel'llllO' llIiiss"ll O'lIlIiid.,1 ,id1erlid1 <lie .lId •.•.sd,;c,Hidll:1I GbS':-
A"I;(I\I-I'''''I'"11 0:,/5 I;q~elliibe •. A •.golI·!I1dllHlI !l1l/10 - ,",,1 <I•.•. wl:Sl·.dlirl, ~,•.;ilJ •.•.e AlIllllcll-
tltll'dllu~s,:)('l' il' dell UlIlt:rsudauugc..'u VuH l\r()I!yr IH'rHlIgczugnl \\'t·nln~:I. I)i,· Elg~;blliss~ dichcr
Arla'it Zl:lgt'U j.·d4Jf.'h Hod. eiUt:ll It.udcn:u. ('rgiillzt'11l1,:u ErUiin'Il~SitUhjd:l. hilL Di •...UU(Cl'SU.

cllllU!;ell O'u•. A.1,sdlirll'"Il[.; "llllllll<l VOIl sl:kulldii •.clI PnrlillllulVi.lC·u 111.1"'11I;n"igt, .lidl <:iIlC
Lu<lllug.wlllI,,, "Oil ca. 10' Jllll<:lI Illld "illc" glcid":1l AIl~;.I.1 Vllll Ekklrllll,'ll allf ,I<:'ll AII-
",Ielldn.ll! <lie t:h,l\'ilkleri"lisdll:U Parallll'le •. der f'ilrli,.Ilil\vill'· uirlll v•.•.iilld"'t. Kri"ger 11illgc-
gell Ioeohilrhl<-l Alosd,irull'llgsdrckle Ilbedlldb eill"s Verstii.kllllgsfakt"". """ AI "- 5.1 ·111',
wohci •••. illlJ)li~.il j",v"ils !If El<:klrollell allf cinell Allodcllal,,,d1uitt Villi ~u1"/1 Liill!;" ~oll-
zenlricrt ILHUiulillL Eiut· soldu~ Ludtlug:~kun~t·lItrnl.ioll LrulIdtl ulH:r uidll (.'illt:lI) t:ll1zi~t:u
l'rimiircleklrllll ~II clllslllllllllell. Di" UIIl<-r.uclllllll~'·ll ~lIr iillllc:rl:1l L"wille It-gell vidlllr1l •.
lla1le •• 1"11.,,, hci "ille •. lIliltlerell ErU'u/;llllgSllirht" VOIl ,0;;;;; fii •. .lie f'rillliird,'kiroill'" zu cille. •.

<lellt.lic1lell i.'lIw"SI·IIl ••.i,llIlIg <I•.'r ciuzclucu (Gc","ul- )Lawilleu koulluell 1111111.Haull brlllld.1
IlIlr Ilod, !\l'iig .•-r" lul<:rl' •.datiull .eiue •. El'g..lluissr ,la1lillgcl,,:u<l k.lIlk1'disierl Zll wcnlt"I, ,1,,11
Jliehl cli" Lllwil~"llallsddlllllllg VOII 50ll'/Il .00lllo:rll 1,'<I;[.;li,,1Idi,' li:l<:klrll\ll'lIdid",,, VOII"'" :> . 10·
uls Gl'cll1.w"d fiir Al,srhinlll\lll;.clr,·kte IlllO'lIse1lcil ist, 1l1l1<Ii•. E"f~,·I,"i",,· I,,·i.le •. Ad,,'ilell
lIlildllalld,,1' ""I'I:illl>ar 1.lI 1I1ad,cll. Das I,drie<ligl IllllSe. 111<.'1.1',al:. <Ii,· AI";"hinllllllg wl:lligt:r
VUIl II•..•."Val.! ,I,·,; j"w"ili'~"11 l~al\lllll .•.gilse. als V'"1 <ler I.llllllll~.st •.iigc. didll<' iil ••'r ,Ier AIIUlle
••101liillg.·u sull to: , 01. Li,duugst •.iig"nlichle:u iu .Ier (;l'iill':lIllr<l'lIll1g 1"1\1:, . 10" lIlIf ,'iu{:1' AII-
o(lculiilll~C: \'011 ~ [,0 I"" 'lIt.siidllid. (lie Cnsvc'rstiirkulll; t:ruictl •.igt:H, killlll ll,ldl tku "i~IH:r lUll
ELAVA Vf,l'gc'lh 1111111«-'11(:11 UIlt(~"SH('IIUll~t'li IItdlt ('ul~t:lli(:llc:u wt"nku.

AI,"lid ••, Sdlwierigk"il{'11 I",r"ild es, <Ii" Di,kl'l:pauz <li,·"l'I' Ad ••,il I"il ,t.-II l~rf\•.hllissell
VOIIFisd1c" eI Ill. 112,13,1411.11 e •.kliirell. O)l\voltl ,ic iltn' Ullin '" dllll '';'" 1,·IH'lIf.tlls au A•./ell,
VO/I0 ulld lIlit. ,.;eltr iiltlllieher e1ektrisclt"" )\lIulit;lIrlll,io" (AII"tl"II<1l1 •.duII •...,,'r 2(;.'1"1/', L:IlS-
\'C1'.ti'rkllllg 10') ,11I•.dlfiiI1rl,,", fall<lell .i<: <:ill" FVVIIM d"" Azil,"t.l"dv"Ilt'i1I111f\ <I•.•. I.Ilwi 11<'
vou (80:1: 1(1)", ciu Er[.;<:hllis <IllS 30 I,is ·W" iih •.r ,t.-1lI W<:I't li"l,I, .1"1 lIlil EI.AVA 1••::.lillllul
wUl'lle, Dies" A .,\V('idll'"~ ist. sid ••:r1id1 0'111;•.••11,11111hllei" hll. d"" IIlit ''I's,·I.i,'dli •.h<:1l1\ """lIa·
I;clllllctri,' ,,<In .1,,", MdlverL.lI""" erkliirt. \\'el'llo:" zu kiillu"u, das Fi:.d ••.•. d ;,1. zur Hesli.ll-
1I111U~,IeI' hO'i.lI11IllIdell Alls<ldll,ulll~ <In LIIWill" """well<ld"". !JIIZU Ill10ikll "i •. <I"ll Slnllu, <Ie•.
<llIre1l <lie IOllell'"'w"!;III1!; I,"f ,\ •.•. 1\11111•••1.· ill<lIl1.i•.rl wII •.•I". ' .••'iilt •.•·lld <Ii•."". V,'did,r"11 h~gl.
der fll<lialell ]~"or<lilli\lc fl·d.1 l~r"ll(' Pd,lc •. hufwei""11 <liirf, •., s"lIt.e I':; I,ill"i •.lttlid, <1,,1''Viu-
ke·lv""t"illlug ,I"dl l.ill •.•.icltl:II<1g"lIl1l1 scill. Di" Fddnl>all(ell VOIl I JO" v"rau"d'"lllid"'ll ,II,s.
Allell ,lie I<:idd. v<:r,d,ie,kll"" 1\1l11l11l'·qll••.••1I11:t•.•. diirf"," Ilidll IlIlS"L·id ••.ll, 11111<lie Ditr"""":l
<1,,1'Eq;<:J'lIisSl' vullsliill<lig zu erkliirl'lI, zlI.llul ili •. Allllll'''''"l1g''1I del' Lh I\' ill" 'illl w,·sellllid.CII
VOII de.r Difrllsiuu 111111welli~n VUIII ddilillierl<:11 V<:r1hllf .Io:s .·kktrisdll'lI F,·ld<:s l"'stilllllli :lll
w,'rd"II.r1,cill<:lI_ hi <Ii" DilrIlSi"1I IIl1dl VOII<1<:1'Fd<l"lii •.ke 1l1,ltiilll(ig, SII isl dod, 1.11Ill·~\Veifdll.
dill! <Ii,' kkill"11 Ahw"irllllllL;<:1I illl Fdclverlallfllill":O'II 0'11eiua V"l'dopl'dllllf; d •.•. hziIll1l11l1l1,'"
Brcil e d"r Ekl, I •.••II<:lIv.·rl<:illlllg fiihr.:II.

Bill E•.kliinllll(SilllSlIl:. lillilel ,idl jl:,lod" WI"II' III/II' )".'rii •.bidd il'.!, ililll di.· A1.ill",t1lld-

ved.eilllug ,leI' Blt:ldwlIl:llli,\\'ill"u lIir1l1 illllllCf 11111die lIillll'l,lrifh'ie1lluIIL; 1.eulrierl is!. Au-
w"id"'lIgt'1I Villi '1:21l" sill<l \it·i •••, Sdtelll ••.il. Ih Fisd", •. d III. sid's "" eilll:" g •.iillefclI Zi,hl
VOII Prilllardekll'''Ill'1I 1lI,'S:iI'li IIIUlllell, kUlIlIl"" si •. <lie Willkclhrcile l:ille •. ciIlZdll"" (PIl •.li"l.
)Luwiut.' uie l.lcsliUUJlt:u. N'IIlJllt IU,UI clue Uhcl"lug:cruug lllClu"crcr Lnwiueu 11I1, scJlcinl eiut'

wt:.elltlic1lc lJiskn:pilllz 0'11d •." l~"",,·hlli:'s'·11 ,Ii""ef Ad",il Ilieltl liilll;l:f Zl. hesld,cll,
1'l'ulz,I<:." sldli [;i.-l•• Ii•. Fr"g", wil: w"il <Ii•. DilrllSiull <1<:1'Elc:kl •.ollell .Iurdl <Ii" verwend~-

1,," \o\lirklllll~sclllt'l'srllllill<' fiir hili ••. Fddslii •.k"l1 l,csdll'idl<:l1 w"I'lI"1l hllll, 1111.1,," evelltlldl
dud1 ,Ii" Eillissillll 1111<1AI,,"rp!illl vo" I'h"lul"'ll ,IIII'd. ,Iil: Cllslllulekiil" ill <lie SilllUlulion
;Utfgt:1I01l11U«-'U w., •.dt..'u JuiiBle.

Die zcillid ••, £"lwiddllllg 01•.• L"willc sld,l. wie I>e•.cits crwi,hlll, ill gukr UI,clcillslilll-
nnlU~ ••lit ut:IH.'steu c-xpt.:rlJlll'ulc·lkll E..,~d.lIi~~cll VOla J\:ouiju unci JJ,lrl.il·~ Ifi·ll.

ZIlII< Al's<hlull <li<:s•..•.IJi;;k",,:.illll .,,11 lIu<:l. "illll,"lhc"""lcrs hc •.v" •.gdlUheu wenlell, wd-
elle H~~lr.lIt Ulig. jusIH~.sulltkf(: (lit: IUHitiutiuuen (i' •. (lit~ ChSVCI'~liirkuu1) hubcH) die: iu gruflclit
A hsl .",,1 VUIIIA1I,,,le,,,ln, 101sf il t IJilideli. nil' All:lill.1 .1<:1'Elckl"OI"'", <lie I.is ~II eillelll A1,,1 1111<1
VOIl:::: 100'1111 V"11<I"•. Allod" fn:ig •..•dzt, wllr,lell,lill<l<:l .id., g<:widdcl I\lit ,lee .llllisli.d1clI
SdilVUllkllll!; <I"•. GII,v,~rsliirl(llll[.; ill cille,' PlldillllllWillt:, t1i•.ekl iu ,Ie •. (;eSClllllj;uSverslurkuu!>
wie.ler. Dill"il gewillllell l••.solI<l.:•., <lil: A ull<:lIhe •.cie1lc ,Ie. c1ekl •.ischell Peld,-., ill ,Iellell slllli·
sli.che Flukl uuliulleu <1,,1'EI<-J..I101I"lIellel'[~ie :tou•.•.slell IOllis"li"uell fiil,,',," kitliliCII Ull Bcdell-
IlIlIg fii •. oIell "cllhllchle"'" V•.•.sliid,"u~sfilidor. Jc wcikr sidl .Ii"scl' krilisdlC U•..•.cic1l VOu .1<1'
Au""c fal'l 1\1I.delllll, <I"slo l;r,'''lc:rcu Sd1W'lIlklllll:\Cll ."lllt: die GlI~vel'slji •.kulIg iu ei •••·r Drifl-
Oller r"OporliOlllllk.III1I1U·1' \l1Iit'di"gL·'\.

Dcsw.:it,,,tt:1I •••11 "odl ,:ill"",1 I> •. tolll \\'CI'<I<:II,d"l1 AUSS"!>Cll iilu.'r ,Ii,: 1.11hcollllClttcll,1.:1I
Pills" lIud f'lIlsf'lflllclI ill Drift· "c1er PI'Op •••.tioIUllklilllJller" c •.•1 lIIitglic" wenkll. WCUIIu" •.1t
die BelVcg'"uf\ tin I'''lt'" ~.lIr I,"ll"ule Illil ill <Ii., SiUlIll"lioll eilll.ew(;clI wi •.•1. Eill ."Id",s
VOrllllucll Itulle lIha tI"1I [("hill"" tli,'s"r Arheil ~csl'",,"(;I.



Zusalumenfassung

Si'"UI ••lilJlI u.dcr,d,ietlell; .iuJltrc L",!,iIlC, illl AL'lluulll •.oJle •.•• Is 100/"11. l'"rli"lI"wi.II:, ill-
lIedli.l!. Villi }()(llnll VOll ,Ier A 11,,,1.,, 1111,1"/'yc .•d.i,.,lIlc P",'/i"lI"wiue. loci tic •. tlie Illtlllllllltlullg
ciucr vunlIlAc~allgeu(:n LHwiue lU die: Sillaulu.tiou ciuhc;ltlgcll wunlc.

n,'uh ••d,ld Illilll eiu eim .•.llllC' Prilllii",'lelclroH. tlus illl Ahsllllld } TIll/( VOll ,Ier Allo<le Crei-
1;"",,lzl winl. s•• ediil.rI "S ill .In ,iullen'll Luwille i.1l Milkl cille Venla •.kllllg lUll dcu .,'"ktor
5. wohei diesc El.:kl •.••llell "Ill •.illi~e huutlcd II/II 1:1l11.u.g del' AlloJe uIIII \1111Jl)chrcrc: IUCC
hzgl. illlTr Allkllllflsuil "useiuilllde •. tlill'l\udierell kiillllell, Je,ks VOIl ihllCIl winl ill ciller ei-
gellell P"rli ••lli1wille .Ull ,·ille F"kl.or ill tier GriillellonlllulIll }O(HII weilerversliirkl. Di", volle
Austldlllullg ei, ••.r I'"rti ••lli' Will': •.Iltl ••llg des AIIUllcll.lwhls hell'iigl;O:::; lilll.· ••' (I"WliM 2t.1.1JI).
iru Jbillll\l.l11dwillkel ~ 180" (FW 11/\'1 '15"). Die L••wille isl SIJIllit kl"l' "ur eille Seile .I.,r All-
otic bcsdlliillkl.. Die ElIlwiddu"g .,iller P"rti ••lli1wille isl ill e,1. I, •.,,:c I.lJgcHI.I,.ssell. wlll",i
riiullliidl ulld zeillid, wciln.· S"I,,;I n.letu",," \llllt:rs •.hie.lell wc •...1o.-1lkOllllell_

Die Hiluml"d,,"g eiller I'ilrliidl,.wille IllIS ill'geSl,,"1 11:150 Elekt""llell zcigle keillcll "iglli-
likillllcll Eillll"Jl ""f tlie L"will"'lellt wi •.kl\lllg, Giisverslii •.kHllg ••• xiule "II<I uzilllull".I", AllS-
,lel.ll1111g .It-r I'llrlillllllwillell 1,li,,",," illl l\1il.lcI Illlve •.iillllcrl.

Die E'1;c1lllissc sl.c1,ell ill 1,.·fri,·dil;e:",1<- •. UI.e •.cillblillllllllllg lIlil ,·xl,,; •.illlnltcilell Ullle •.SIl-
dllllll\ell \10,11,12,1:1,111. W•.Jlll Illilll die: z,T, •.ed,lllwl.ell Vereillfllcllllilgell ill <le•. M",lelJ"il.
dUllg fii •. ,la, I'rlJgrlllllll' ill IJdrildll zid,l. Die E•.gehlliss<- der Sillllll ••li"JI "iUtI iiloenvi"g","1
'1'lIllillllivcr Nitllll', W<'1l1l,i,· llU"" ,·ill Gdiihl Ciir .lie G,iillellonlllllllg dc:r jnveilil;ell Ol.scrv-
"hlell vCl'IllittclJl ,011kll ,

I(apitel 6

Es \vllnl., cill COIllPIlI<:rp •.ogI'/IIUl1\ Zll•. Sillllllalioll dc •. Elcklrllllelllllwi,ll' ill ~.vlilldersYllunc-
Il'isellCll dcklrisdlcJI Fdolerll elliwickell, dHs CS nllllll,l. dell G,.,ve:rsliirkullpprozdl ill D •.ift-
llud ProptU"tiollhlkulllJlit.'ru huf luikrnskol)is('ll(~r Elu'lu: uach'lllvt,ll1.ic:)wll.

Das Pl'ogrillllill kallll .Ii" gleichzeil.ige Ilew.-gullg eille •. groJlell Zillol vou Ekkl •.OllCIl ill ei-
lIelll dektrisd,ul Felli iu d •.ei Dimellsi'H1clI Sillllllicreu, DllZll winl eille Pro!'ort iOllldkunllllel'
durel •• Iell Fcldve:r111uf eiues Zylillllcrkoudellsalur, app •.uxiUti.· •.l. dessell Allwle:u- uud KII-
lhodeurn,lills 1,e1i"hig cillge:,lclll wcnlell killlllCIl_ Als Fiillglls(' "Iehell A •.goll 1111.1Metllllll
zur Verfiiglllll\, ,lie iil"'r dic cllel'giel,bhiillgigl:t' l1\ollwulul1\-lrilllsfc •.-\'Virk UU[;s'lu"rschllittc
fiir dllslische lIllll illdilSlisd.c Eleklroll- Mulekiil-Sliille hr,ch •.i•.b"ll werde:lI. II, •. MisrJlllllgS-
ve •.hiillllis. Gasolrllck IlJld·Tcmpcl'/,IIl" kOllllCIl fn,j vo •.g'·gdwil wcnlell, Die ,'il\':lllliehc new,'-
gUllg ,lt-l' Elektnl1.cll erfolgl Hllf der Basis mittlerer freier FIIl!,:z,-il.ell lI"rll d""1 >l'I\Cllallulcll
leap-fl'Og-AIgoritlllllus. Du •.•·h Verwellduug del' llull-wHisiou-Ted"lik wird VOll dn lIliltlerc ••
frejeu Flugzcil des El.:kl"OIl""I'ISellhles zu ,1.:11illllivi.lucilell Flugzeilo-Il ulld Stollp •.oze,sclI
de •. CillZdlll'1l 'f •.ild,ell iil>el'l\"l\i1l1gl:lI. "llIw illlf Niihcrllllg<:11 ,,01<.:"k••llckliv •. Iksd,n;ilJlllIgell
des EUS(~lHblt.·~ UH~('wi{':-il"1lZH seiH. Dit.4 Stn=uull~ &1(')" cinzducJl Eld~t"oUCJ1 itll GJ,SJlwlt·klllt:1l
winl uls isot.rop illlgt:UOllllIU:U, wubci di ... EH(~q.;i(") llidd Hhcr dcr ]lUplihi III idku Pcozes~cu
•.·•.hnht.·u hlejlJI. JOllisiltif.Jllt'll ilu FiillgHs ",cr.ll'u dnrdl lJiH1.lIfligC'1I clueS wc-il"ITH Elt:klrolls

ZUlli beubadd.d<.:11 811M'IIlI,}e silll\1li<:rl.
Di" C,,"I"llIl,- \'V""l"dwi •.kllllg zwi,d,ell .kll 1.,,,111111'.<':11.k •.Elekl •.••II'·I' IIlId I"'H'lII'iillll'fe

ill tier LHWiuc \VlIrclt.' C'l••:ufalls ill die S,uudutil}U c.:iuht:zog(·J1. Aus rn ..h"'l1t,·dIIlISdl{~uCriiudt.~u
wunl,' clit" Ladull,;SV('rt(~iluub ilU HiUUll (lurch (:iu di~krt.·lni Cillt' •.HlIf.;t"uidll"rI. LilduJIJ~ell JiltS

.1elu l\uutiUlllllU \Venleu hat·ll (:'11c.:,n ciufaclU:lI Gewi4.:l,lullhSv4-rfhhrel.l auf 11C'1I~',dd)ilrit' Gifft.:r~

i'lIlllde v('rteilt. Zwisd,cll ,Ii,-sell ""f ••lgI dhllll die naedllllllll; der (;01110,,,1.- \V'·'·!IS,'!lvi •.klllll\
111111,Icr 1""I,l>lii •.l;(' hllrg •."."l dn L,UlllUg;;v •.•.t<:illlllg. Di,' Fddst ii•.ke illl J, '>III illllllill winl .Iurrli
Illlerl'lIlhlioll zwisd'<:1l ,1"11 Cille"pllll!d.etl g<:WOIlIl(,Il, Zwisdll'lI l"'IV"!;lid,,',, (EI.-klwllc,,-)
IIIIII "l'lsf.'slcll (I""ell- )L,,<llIul\"1l wi •.•1 ,Iu •.,,), Vnwelllillug zWl'ia "uhl.I.ii",\,~"" Gil.le •. 1I1l1er-
s,·)'i •.•I.-" • .Ii" asl ~ll" N('u- U"•.•.dlllllUI'. .1.-1'Fddslii •.k,' iilll'd"I'. •.•1 w""dl'll. ni.·,,, •.•.1'01(;1.jl'\v •.-il>
linch ell, 3% Alld,·nlll/.'. <ler Gesulllllh<llllll\'

Prozesse Iti~lu~rt:r Onlulillg, \Vie iHSIH~S{JUtlt:"'c PIHd.ou~~ll1i~si(Jn Ulltl -Hl.sorpt JOB) WllnlcH iu
dcr M(,ddll.ildlllll\ uieht. l,,:riicksid,lit\1.

Es wunleu EI.·klrout'Jllawillt.:1l ill t;lUCIl' CHsg(~l11isdl HUSArgoll nlld tvt,·tllill1 illl V,-·rhi~huis
vo" 90% zu 10% l""l'edlll<'l. Dc •. AIl",I •.." •.••di"s IJcl •.ul\ l.i •.•.I••..i 1111"", ,10.-•. d •.r l\ul.l •••de [,."",1.
Di,· Allodell;;I'""uu"g W'"' 1300 \!, D •.••d, Ilild 'J'c'lIl"TUtll" lli.ltcli Sthlld, ••.dlV""'" (:1001>.
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