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1 Problem
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2 Solution

This jrrcdebow has & kng and arstic bbtory [3, 4, 5 & 7, & & 10, 1L F2, 0F, M, 1L As -
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2.1 Sealar amd Yector Potentials
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W will work in the Lorvme gauge (1), sich that the potastials olevs the diffene isl
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this v Ve e juebsiabinl ol thet el b oadiaithal, sl ss asisl Gogeeiesid dhet ik Lo tle @il s
Vi iy sl sarisibe U o fpms] sl Thom, ahott 1l anis ool Hlse ol el merm reisds | apl L wr oo 1hat
E % =WV, wadl that Vi = Vg om [E-JL That s, b LT bl woni Ve rmuls of 1lor ol i ooy choss 1in
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2.3 What an AC Volimseter Measires

W i o give & [iely genoral diecissbon of what an AC velbindter s | Easides is
it ormal £AF (1) e an “erdinary™ cieoulk (one that s o oosditons 13 of see. 1), Thas
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il b L kit ks et aviial 6 el sitmarese. s of (hds s @i e i 21 cemaids

B 1 F e T T e T T e T T L A e
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Farslay's law for the marier kg gives
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whiiere the patbi of the integral botwaorn pasints | assl 7 s ¢l ol ingsadams 2y, asd A
b Hhew bl mclicason of Bl B biops. [n obdainog g, () we Beve useed

Jr::E-I f{—#l‘-%)-.l Hn‘r‘,wifa-d r.nr,ﬂ.rfn-n.[an

The porvindse of 1l moasiremsed s that the cumem Ty chroigh b voltmeter B small
anmnparan] bo e currond § daliversd b the voltage soaroe. In this case the vontor pudenial
A in the mgmant 13 i ossontially that due be camrost | s, ad §Benofons

[aacs [ flrlawetd (2L urn

whiere the indictams Loy b theat pesrtisin of abee todal induct e of ths: lolt by msoatal
with sgmwnt k2. Dovas: sgment B2 i inooosmimon o obh beope 0he mastua indue e
M bt v thise kagps is, b o gaoscsd approc mak o, Bee same s L

Thus, the motor noding Ve s

Vi = el s+ o) L:---v.—'-;n-cu—t..]r—uqa- (W)

Sinew wf M = Lyghd = sl is a snall quantivy [ fropeney o & o b barge), oo gosd

it e AL el et ey mvemianron. th i feromere 15 = B3 i tbe sealar potosdis] e

e peaints sl 3 [eclemn ther mtor is pnsant |, Wheen 1 — 8} s very anall (for e zssgle, if

poimts | aned 2 aew th s Ul i ter peads o mmall vahe: of order o[ M = L)l = wilgly ™

Hafertiing to the figare on the precaling page, e sual cirost andves iste sy e (i
the slsonee of the vlimotor] e ST aoros puslaee 2 i

&y = IRlg=iwlal = Vi = Vi)e i 21 = Vo pr— | - ()

whiire wi s that thee impaslaoe bt ween pots | el 7 s dee s wire scgeent sl
prrtiom of te el sl Enductance of U keop i Ly and whose roistance & By We bave
iy mxppesnd that the resilancs By of the mebe woss Lage that the velbage difforonee
Wy = by ds thee samme with and wit bt the meter asischosl b thee clremt umder e

VHT ke Rl ool ke bl s b, Uhews Ly o i, il st Wt G o § o b Vo, ™ 1 =
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A AL vold pmetor wlhow wod B s “erdisury” chreall oesssires, o 8 oo
pprciialion, e dilfereass 1, - 1, in e sl poleatinl 8 U jrositbon of o
Ligss of ther beads by Ui absnee of the metor. o this case (b matior rosling is also
sppeximately the EMF ['E -l sbong e best cirouis,

T maws, 2000 amd 232 we give two exsmples of this tehavier for ordinary” ciroulis,
Section 2.1 3 ovmnsialers & cipruit Ut appssars “ondasary” bt is opeerabodl sl & high ey
mcks Ul Cho et B oo hooger small comgered to s wavelngih, Section 234 comiders &
“mnall” cireu in w el e indiosd £ AP B sl woll localizod.

2201 Aw AC Vot psetor Cosmorted Directly to s AT Voltage Sowme

Asa first example we consider an AL voltmetor theal b o Gacked 108 compact voltag: saroe.
Wor ™=, Thar voltameter s modeled s & large rosistance Ty with fo kels of nsistance /2
amacts, where K <& B, The oonnection of Ehe bissds bo the teormials of vwoliage seeroe forms s
by e rvs ks snall o der boads ase paralbd, bun wisich could b lage @ Vs boads T
wooirde ba ainy cass, th sdl indectaos Lo of Ui loop 5 ks bs sty oLy of Fo.

s 1 W@A

The iimjacaice thal Uhe villinetor jrosmds bo Ul vl lage smice B
£ Ry d B=iuilym Ay (4}
i b currend o= i U vl teswirtir ey

') ‘l".'"‘i;- (=)
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Ad” vudtene e ity pheally seguart te - numn-sguats ltage Ve 'I-i;..l'-.l".inlhr phan Ela
maenitude 1,

W poowy gumed illor oo i bs o b sowllar smd vt or pod et Ll amd of @l oot nie Beld a8 @he
l=rs War risEriet our discussion Ge the e of & ciroular ke o simplacity.

A vyt posmall e Bt Bha ol trie Bkl bn Bl bissdls onpumls the EAUF devaded s thetr bagth
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Bt = — 8 —— ]
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The srallar potential 1™ sl terminad 1 of the vol tage: soarve omn b taloms s gor This,
thar sealar proleitial o Grmsinad 2 is 1 (times o =) Howaver, the sealar polatial al, sa
prist 3 is mt smpdy Vi = fafi/2. Rather, we v og, (M) e fnd

Vu=V-aF = - 555 —— Y 48}

white a B the cirounderatios of the k.
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=¥ l., R i
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FLT. N LT
Sl akay (#)

Commaln i g oo |50 sl (5] we poover 1he simgpde nesaly (4.

23.2 A L1 Trasfvmner

To illusrae hw as AT velometer reals, to s good sppeoddmstbon, ©he diffevses in the
aloctric scalar prdsial m the alsaonos of e volt e, amsider the cisuil showm bedew. An
Afmm'uhu—dﬂmthﬁmﬁ!‘dl N |, il ali g | ¥ s Busramer.
Insially. ilere s mo kel oomariad to the forminals. 1, 2 o the sousdary. The condbctons
in the cirvuit shores ane appreimatal o baving s nsgamy



T pole o e 11 Craislormes is to pevsnt & voltage drop betwsen terminals 1 and 2
wnpaal b B volEage dnop Ve of the power souroe, This solage drop B egesl, to s goosd
sppeumimstion to the diflesmos s the et scaler Edoatis] et tormiels § sl 2 (s
Wl i Chat &1 e Berminaks o the st s

Wir cligress a Lt bo verfly the provioss sbateiments. Consdibes a kg that ollows the path
ol the seosdary ronifector, sl tlen proomels Beough the omply gee bedwwes poinis [
ared F oo skitedsnl Fadewr

ol B3

wmh—w ' daw b i Juso,

E A 5‘-‘: T S—— 1] ) 52}
mp

whore Lhe maghits Fox $ MY thnsigh N sevondar he b dee do L megoetic
fieki i dhe primary Joogy ase aded with Bs cureees [, as qmantifiod by she produrs of chs
rerans and the msed nductance M. B & 1§ transbormer the soll fnfatamos Ly and L
toqkgies do B padde that “oomplete the circwts” " Slooe i gaeral UL, — 6P we havw
chat L oo Ly o . Wien chere ks o kol on e svondary it induos s ack £00F on
Bl purimaery; s B cunead i the prisan’ s siopdy £ l"lﬁll'a.'[',. T,

E LI .
“_E-ﬂ —:h-—ln (53}

lis nlwe agyprvadismatbon of perfect conducton in e tramsfoemer, the gt al oot of
el et okl ds fene akong the wiee, w0 [ B dl = 0, snd bmer idee fategral
abong Ehe pail Frous podni | o 2 s

J"I’n-nnu.-u. r,-r,n.-f.n-a (54}

mevalling eq (1T The vevior sbondiad A akeg the path from points [ o J s s Bally
wori, o boigg s he parh dois st onter the oo of dle trandfonime. ™ S, for Ay practical

iy wislimge of HEE s ol o com o (relaiie) prmesblily 100, b ol e ioses L, ol L,
L P ] -—d_-.l.r:. sill il by rosaghds & pan i k. This sdte cle sk of (e o ommmy ol
e el

"Th1_ﬁ-mhlmﬂhhlhh-dl_-ilhl (TR L PU S BT P 1
il o
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st ki casbsdeke dhe dramlrneer we o st

‘rl-d'lr-li'-l'u-i': (55}
This rmfl'n- that il difforonee o the sraler podeatiad betwwn pobats | sl 2 off the
W, i irlear &l v of @ kel opusaks el soenrre voltage 1V b a g’ &g me k.

ﬁ:muli.h.r—lnl—.-ﬂ“qp.hr. Tl sralier prtontind at points | ad
v labom by ddmie. Vs inprles dhai dle clsenge arcmm nlainon psr flase poinis oscillabes o
B, Wil Fodiiieo Bl B ber @ conedie thon sl Bt wovm poinds oasel 2 This carroni
caiisid Hii' fm Bl sinply space; miley Llde b oan ossilallog ciirnaal 7 o fhs soveaadary
oo for oven ey g s canifl plons,. The cowrsent [* most vansh ad puints [ osesi 2

Bt dr b poneero, sl posmghly nifons. sk cthe winding of (b sovondary.  Tils carrent
iatrilntion s Bl that in a T ™ dipade astonne, sesl imlond e mais plosical prosess

i b sovondany wsder ekl conditions & B raallf B assacistnd wilh B oscillating
citeread. This ot b entaemely weak ol Boggaioks sick as SL67 He and is janrifaldy
mghirtond i ivpkeal eircult analyss.™

Now supgues that tha AL vallt = il B el B el F e shookchasd lokowr,

Them b e & oareni [ o the seooslary, which s sssemia by unilors skong the s
aamalary B, The complinlcirit ansbrss bor camoeins § amd & B

W = ikl + i, (56}
L1 Tl P o+ M) = L s - dr T (5T}

Vs
Gt Ty = -

] this KL ved st or Eoads

Vs = Pl My Wi} o by e 15 = 1 ]

As osipantand, tha KL vl e o Sl Looa ges] appsusiination, e differeiog s the ok e
s adar prdential bed woon poiiots | sl 2 in the akseies of Uhe inatar,
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As an Dleskration of kw e mading of AL vl Bmseter cam degsrt froem tle soltage dnp
that lovtpie scalar poteitial st high fregeemchs, se oossklor & singotun bt in b

B Y T r—— e NS R [ ST bt T M p—
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[rwvms ool @ wirellar b of circemkeersye o, wkh restasoe § sdoannly distibabol o]
thiss Bimigy, il sl il i s L wloirie 7 o L. 77 This imaliactond i i v b i vosll g sasisve
V™", = shotchen] ladarsr.

X R

Taking the sealar pestontial by la wwro wl terminal | of the willage seeroe, amd o bave
megmilmle W ol angle ¢ = 25 — o, Eh smagd hack of ke scalir juient sl &b poinl 3 af sgle
£ ]

¥ = Fig) %. )
The impedssoe of thi circult |8
£ = B=iul, (1}

s whem driven by & voliage soieee Ve the corrent fe == in the koo s

g3 (-5) e
T vieetar e ial at Uhe loop i
A=ty ﬂ.ﬁ[._ﬁ), )
& a um wl

whire & s the cirewnbmoee of e liop, The ekeciric Bebd tangmdial B the lep has
et A it 0 Vila Boim e soalar potennial, s

A Vo il
- [1 _ ..-_!.} )
The st eloriric frdd Langential to v b b8

E= Ey +r,uﬂ )

whilch vamisles in the Bmit of pero resktamce bor e koog
Mow supgues U AT veltmoter s eotnoctil to poists §and 3.

e v ] el L ool sminber o m w farve Ve paele ol Ul b, 0 il e e Heree
il omslieon ibmi oL s large wnples kel e sier of e cieculi s lage o e e 0 = bagibe




T Vo b i Ehar pusinad B ngy confgperalion bave sl indectanos I and L ased ol
Iiibmrtanoe M = LoD sinoe the R clirmigh meter baop dee 1o corsent §in e singses am
Iirbetan b largel v dhise b 1he curtent o the sogimeint 1<% wlich sogimet b assch st whily
wlf st Ly o Lif3r m U,

Applving Faraday's law bo the mater ko, we have

J{_._.__"'“ f,_.,m“"“f""« -% —i M + islols (06}

The evaling o the et s
Vaise = dal s # s ! E.a (&7}
T EMF iin the sgpost 123 s

I A i6%)

whikeh |8 bl ommpared to S MT. Akoget ber,

r.;(nﬂm...,.-i.;:..;p-.-i_-un.la-"l[ 1&.2—': ¥, )
] the [eters reads
. y  Hiy 4 s
l-_..-lum_l_'I ol (k1]

I wfs o8 R, them thee motor wnikd rosd spproimetely (e salar podential Ly ab poim 2.
But ke high smgh frequends the impalsne B b B = tola of the s i aleos
el o give, d the nwtor woudd] resd 171 Mo Dn which in ossentially mra,

This ilbsirsies the olsm il an AC velt motor will] rosd e difforesse in i olarinic
acalar guobertEal oy il Ul Eoquency B ool s high. For high roguence, bl the oo
realing aul L'!--.l-n—.ll. Dmal phisr it romaling i ponsghl v i R tRinees b Bine lidegral,
e Ly = L



wire segments emf?

A A Serprising “DCT Clrouls
Evem in circuits sbte tee comtents of et afe odstam @ i possbe il & vllmeter
s wk pvad e differanon in e slistric soalar peertial beteres the tige of & keds We
lhstraio this with & exanple givess by 'W, Lewin of MIT.™

The: eireuit is illustrated in v g below. The contral ke conains reo reisos, 1,
amnl Ry A sdotsid magiet imside U oontral loop prsdses & Cimemeying magmtic ekl
M) = I through the ke, ™ sd orosies an AT s ghe kaop

Egm = =By (1]

A w posmili, IO vt
i (72

Hows in the ovnEral loogs

Tae il bl Vet iebirs Wilh lifirsal Pl B, 5 R, 8 poelss Ul conteal cipcial,
thee firsl qumnocting to pousts a siel b, sl the sovoend oot g, G poests ¢ and F The
it ive beaids of tee vodt neters are aitabed to ity o sl o which defines the sose of
wuments §; asl f 1o be s shown We sagpese Ehal o magmtic Bex Fom the skenosd

juasss Ehroasgh cator keoges | aml 2
i relluat] 's elroui b oopaat ons for @ 1 b loops ae

£ = (1 4 TRy + (1= Ty + £ (R, + Rl + By = Rl (7
e BB (N o+ AR o= B e Ry, 7 [T}

0o Kl b (Fg = T By = Byl & RBdy 7 (T}

w werghort of e small EMF LI Sobving ilese il ool ssecas. B squstsns ko Ehe
auments, v fisd

] Fu it £l
ErR MCRRoaE CRheRr ™
Thie medtew svailings are thirvkere,
. Sl 3 £y
Vot = fifly 2 ~TpEr . Vo = oo = = (17

BTy ————ri T
BEEp: v o L oom St £ T | B e pRR st remre Lt
'lrhm-lhﬁ_ddm--u-ﬂhll-.nu--l whsle, 1Bds clormil b et st riety D6
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The ety rosalings do msl dopand om where the eals ane st , anid in partioular if ©he
Iy il e conisrched @l ther saine jrints, @ o b dl Uhild Pl s dilfae P
This is mirprisisg in that we might have epeected that the (pEofely aeabating) wire am
A e aibi s,

Howrver, the [oper st b B (hat the elovirke Sl cangential 1o the wins & s
fim tha lissit of preloctly monduting wires), Indead, S B = T = A, w0 hao bom Soke's
thansneny | hat fﬁ.‘ ;ﬂd.ﬁ.ll_. &, s B amirmut hal ovenponent Ay of e vctor
kit lal i given ay &

Apmas (7}

whire r b e raio of Ehe ootk sl biosja, T Bl prosent sscun o the gt ac lusx & Uhnsgh

thee ovnkral loop s oot Bsetions frem the meageetic Gedids due to the cumens §, [, s

o wd | s Teve e sobemsorll,. Mowevor. il v t e ovds ridaiolon froem e s ebd |5 o gifoa .
Furt harpnaa, Eher st hall slectric Bold F, s rolatod to the poboadtisls §V oam] & b

_Ein, i)

Applving this bo wite seginels s U omtral ks, Tor which £ = 0 % have Bt

" A, * 5L
B TROR W ()
recmBiog ixg, (TU), and s il sealar puitandial slong & wine sogoend. has the form
Vig) = Vb B2 (1)

whire @ b peasos: for con o bokwise st sroaind Ehe bug,
The vlisgge drogs sowess resistons [ el T ame

AV o Ty e AN e Dy e =

T + ) W+ 0t

il the i mithal et of the resntors s mglgble. and we oW move s clelowine s
v b loawp, Ini Ehis cvanvontion Sl vol tage deoges akag oach of e win segmests of the
anniral b e —Foll, so the bkal wilisge drop amumsl the baop s zem, s expectsl for
thee s alar potential. Fisally, e volage diojs borworm s points o beoe D oollimsten ane
attachand b 1be conlmml keg are

_unih G ST .. I
s T maeR CTRTTE YRR

Ty iF thee ot |l e svyrepeer ok sl e the onds of Fossemes B sl ok
T ] premiria s Vi masney sl sl rle sdiage e formsan the il thie

Fasr et e ol st aof 8 el vt polle, s [T, wedifrds onnaat s sosfiore o o ok e o B
thad canslider what & voltme oy e,
T A e pp——p———r U wsal s lvaoge i Ve b1, o B e Mo Vhor jigg bt thota Tl 1w

b ralngs skl e b ssnw. pasrk <G08 = K] whes on tee el G000 8 s B ) owles
ot bl righi. e diBer cmly sl ok mene s osmeried Dom ile i and e silen from ebe nighi.
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24 An AC Voltmetor Far from a Dipale Antonna
241 Sermight Loads mwd an Eloctrie Dipole Alonns

wiualians in which the leuds e shof conparad to the wevlength A = Jac/a and o whiich
wavw propagalbon and radlation oan b gnoeal. We ow consela & oese whese e lods
arv il shwert bt effocts of wave ropagalion are mportan. bs partulsr, comsider an AC
volt nwier with luyge weistaon &, ol straight Lo of bogeh b 2 L, as dotobil on tha
el lowr in g puage,

This voltmsteer s plaod o distasoe e 34 (ie, i (e (ar o) i e antenna o s
ari s g ol e il mecment s po =, ssal the loads of e snfomna are oriostisl bo b
perpeidivular do the wtor r foes the argosna to the velisseter, Thas, the dlwtric ekl B
ahs box Uhee lipake Cim thee al of thisr velissdtor | i paralled 1o phe kel

i

T volimeter b in oflect & dpod neoviving antenng with a bigh pedstano: bt is
wnminal, The £MF anms il rminds will be ssoniiallv the sune s if i rosbl e
i wore infindte, 1o, the opee-oroul wltage, This wltage les been iisresin] dsewhore
1901, el thie s pesmial U kst

Vissar 2 Eg (L]

The sesilting careont o Vs s thiroigh the meter s sosmall that the dds jsrosbiond
I thim curnond, and that in ehe bals ol the wltmeter, heve noglighle offect on the distans
dlipde mitenna.

Whkat is nhs ol Detwawn Voo, minl the sl iads ol Wk disland Al

In Ehe Bar 2onse ol & dipede anbonna wiith dipole moammE pe ™" ihe dloct e sl magmetic
fiekds wre (21

'r-lh =it bty

L)
E-Hi-'-]'\ri\?_ ﬂ-‘Tﬁ'\r.] =
] the marspondng, pebentials (in the Looma gauge) s
' i - L
.l.ll—il-_-p?. v TT-..\.ll—ﬂi'-ﬁ-—ll'p-l“?. L. 1]
The ebimtria fold srongth due of i cscillating Sjeele st the velimator is
z
B o2 ()

z T Amibic A (5)
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sl the magnivube of scalar polential o paoists | oor T e che wol eeter &

Vis -@- l:f'T {mll 1%.-1]. i)

neting Ehat @, = 0 &fr. Ths, the differoee in the soalar pobontial betweon &hose two
ks s

I'.—I.-",lu-:"'l-:E.,hl-'l.-_._. (=)

s ke = N 2er o 1 in the G s
T sisin, whem ain AL vilbineter i s as s ecriidng aidemia B B lar 2one of & Ejpde
Irammniting andenes, Ehe rosBog of Uhe vollssdar s vory bange cosnpanad Bo (b vl age
dhflereme Tetwoen the tips of the leads in e slwonos of the meter. The AD vt meter
s sty D looal docieee Beld simsigih of b distant antenna. ael @ the i mams ¢
szl wavvbovgth A are known the keal potentisl Sforonee can e cabouataed oo the ow b
maling scvarding tu
R . (o)

24.2 Serakghd Losils msid o Magoowtle Dipole Satonns

Thi distamt dipok: antems gt sell be o oo ateing with oeillaing magsetie &l
meanend me . [ this case the doctric sad mageetic fokls in the e e b given Ly

plbr=ul} i plliregi b
l--l'llnul"l_- ﬂll—|l"-r-|'-'r— TeAwibipe A (W)

] the oo ponding, pelentials (in the Laroma gauge| e+

g}

Am —ik{m = ¥= v T# Ao =i Al ez}

Thast i, B = wo sralar paobon Eal In-ﬂl- Far mone of & magreet e Aipade Eransanib g ssbe nna,
T b AL st ot o s o o] s Bt i b drwe ppuarad el s thee bl e i el

all Uk sl vinsg, whersr magiebede b

Ewmsind
F

. ]

tha matar rosiog will T

Vs = g ()
Ju 0 the srsssmic g antenine were an ohciree dipok atenine.  Sooe b (s oo scalar
pkinlial in Eha o done of o mageeiic dipole s, o lmam Bhal 8 oo nesding o
s AL wlbmator doss gl miwessarni b inply & e velbage di Berenon Totwasn Ehe s of
thist fibetad beaals.

Tnalinal, fevems @ single moscing «of the AL voltmeter in e far mae of sn et esna, we canmd
ol whether that anlomns was an dmtricor a magnetic dipoe steana Oy if we are abile
e ey Ehe voll et apoamad oneesgh o map ot the pEttem of the vertor polasiest o of
the sdsntric Rekd can we disnguis Che Do Dypas of anbenies
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243 Loopsl Lavals and s Electric Dipode Astosea

W pow consilir Che oo that Dlee bemals of Gl voltmeter ks s ciroular loop, with points
1w 3 bty the same, as dhvmrs G0 the Agane balow,

Mo

#_"11

F Ry

Closarly nbse oot fal oi Berenen 1) = 1) is sers, st (b meter con have & s reading
Wi ettt Kl by Fommewend Loy Unar Drusale sl 1l thoae ool it v el B, ol 0w alistannt. sdin
Irie ol quslir smnbennn Bas i b prlass of the boss. Then, the magetic bk, whoss magaitude
]

FPusindt
I — (]

sovrding toegs (85} mnd (871, s penessdcular o the keop. Faralsy's low tolls w ihat the
EMF around the boop s

|_%t ﬁ r..,n% Tl = Ve )

244 Loopol Losds md & Mageetic Dipale Antenms

I the ramsmitier s & magnetse dypsode aiems, sl tle lads of the vl meter lorm s coroslar
hempps wrlmmss pollaine i puctialbel o tee bl clocteie fald By than the inetor roadiing B again

5 | cHAS keh
| - |-T| o Eu.?. [ET}
whita-
Padnd
Ry (=)

Mot ol s V) — Vg = Din theis oo, lagk b = b = 0, s dbisrsedd in mw, 233,

2.5 An AC Volimeter Mear a Half- Wi Dipole Awbenna

We anris ansmidder an axample Lhal osaltasts o the jpreomsling siss by kvl B Lo of
the vilimerlir I cnnparalie in bngls W the wavksgh & — 39c/. A hallwas jpda
ambenna has anns of keagih s = 102 smch that e mpesdaioe I pesented by ihe sstonns
i the vedtage souree ke is peroly real and pproimately TH 11 The AQ wolimster of
inmprnlanee B 3 010 Qs posi tionsed & el s o away B the antnne, with ks of bagth
b o= paralle to the arms of the anleme, s damn bt Agine on il me page.

Wirr pocoggn ks 1l b ool garal b s shimilar oo that of & Y astenna That B oven | sgh
very little cummnt §; willl Bow thoomgh rodsor i, sgeificang daling wave ossests will
amcist im th leads of the vl bster, which cse substantisl chasges in the radistios paom
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ol ther mgrmna The resdling Vaas = Kl will mob resdily b oxgpresibde in tonms of the
acalab jubiitial of the eiifests s the anbeina b s sl of Ui wlline b

Tir pronfice thee Aedsavior of thee volt merter, | asod the WECT sfomlation [ 22) with ehe LD
s o gresrabe o aesdstanoe By of [ osgofun, Besls ane gives i Talde | fie addw
voltage 15 1 vl

Thet B liw off Taleh: I sfimikales a dollisdted sfil sloi bk conamn sl chwss o e
ol g wrimwr, W hich makes & soall pertarbation o B anbenna imprdaice I amd nsalis
i a rosding of Ny = Vo, As longer Teadk are wsedd to ooaesent Bbe peodor 80 gl nis. Tt far
it o e arms of e atesna, e offict on the anteona i podas geofs strog, and
Bl mdow realing saes b0 2V and thew Glls bak o 1 V. Beoswe tle inpol fopeadass
alfected wlow the volimetor b osmseoted b0 the sstenns, I8 s chsr il the neeter roscdag
hows ok pegwvsenat dlie voltage difoesse 1) = o dhe absenee of tle voltietarn

Irebwr biscls ool s st oo ot maker contact with s i b ey feed
fos Jurm & kel of wodving andenna, dlere b e ofect oo Bl sstoenas impedaonce, and Hhe
moter rosallag Tl off as il meter b sovwd awsy o the antonne. Tl livd six s
of Talde | alowr that Jor & volleeder with vy short bnads (h = L] o= 35N kst ane
ot v akog Bl alinecilion of e ebycbree Bold, e nerder romdings are dhose B B3, wrbare
By b ahie Sokd strength ar the position of resistor iy dn Gl sleomce of the sester.  This
Pk Vi s il b il b ey (B0 off . LT

NECH ifosw pof o peresens faow an g oo to display te salar and voetor ol sl i fbe
e mn, soowy canal imnesliatoly relade the metor pasdings do the potontlals Rowevr,
el minplen off see. 27 alert it ww shioabl ol expect Vo, 1o sgmal 1) = 1), alehosgl
Bl mdiw Fovsaling Wl Bee of 1lwe sissr oroier s A planl dal S

1501 A Samall Voltaieter Comisectod te o Digobs Al smnn

The precseling disc s fndicabios that wheen the hugth oof the lbsds of the volbmatir = s
gmifivang (ractb of & wevolength the felds sl polcgials an sgnifcant v peroartssd. 1§
thoe vodimsseter and bl s small compased w0 & wavdlmgh they will st periarls the fellids



Table 1: NECH (27 smsalatkos of an AC woluneter with 8 - 1 megelon
mar & halbwevw dipole antorms with @ = § o deivn by a l-vele of o,
Thee antomns implanes F i caboulaband jm ghe § wod the vel . Thea
et volag Voo 8 Ul curmal [y i the meter sogmmen tmes . The
alirtie feld E is caleulatod an il positon of seststor By bt when the meter
s alsnt,

[ o F | L—— E
NIm i W+ILHT 10V conmeoed

LE iz T2 15 1E  conmscted
T4 e 6h -0 10 conmeied
iWm AT - i I3 connecied

& oz TH = W 18 conmoked
a oy 3 )
L5 i 75 0.5

i oz T 73
imm iz ™ e

5 iz ™ L

5 1 U 0T

5 2 T2 s

] 4 i . %
aal a0k T WALk eV m
nm 025 T2 LN LTy
LR 5 T LlLIe 0.3
m ] ™ LR 1] nx
om r] T2 iy 0.6
i ] b ] LR T ] 0.

] partngiads vory gk I the ookmeder B commscts] W Ehe ssbenna can £ Ches ropsrd
alitheretares b Db scalar potontisl st the serface of the atenns oosdectos?

Bl il bincg 1 i oo aposatsol s, {39600, Ubme vedt et il | pvppanet. Pl e
all he dBforenaw V) — VG in e soalar puob ek ial bobwomn, Bl ovnfact pasinis | ssd 3 oo ded
the mutual indertame M oof the keop formed by the volime bor leads and the segmaent 17 of
thsr Ll cipciisl b svgiial e sl 1 ol i R Ly o ol s 30 1 imoie el W inamand

that
Faal f.ﬁ-d [t}

wvrding o e (B F e antenns conducter bas radive B and e st letsnn
paimis 1 and 3 dong Ehe antesna cossdertar s d;, and ile wltnweter is st a fsmall) distane

A0 e ks ol il vl | w2 om o iwde ol D s o oasklssior, iem Bl = Gevysiere shag
il osmaherning pEil ol il velins e cmall be ks case 1T, = 0 socosliog s sy (30, s ke vedimester
will ma] i, e gl ¥y — W b i
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T froam thad oomsla-tor, thaen the matual st e betwves the siterma and e voltmeter
ke i Eililn] Ly
s
el gl | I P

Al L,-L B e - B { v}
Thi vntod potenitia A, al the sifleoe of @l s condiictor cam b o binated Teoss e
thif-wre soprom mmabasn |ecaep | LER0H) of _"'.1:: an
iyt M o 1 £ . g b i B = ||}

Ay(r) = [ 1m
nE ET3 e b
whiore s |s Db bemgih of oech sanm of the dipade s, I s lis opet pedance. aml L] =
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dsig
whire {1 = Jr — '], im which chssges in the charge disinlatin § ietataneasly aflece the
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I o, wo exchede wave propogatben sl raliaton in tles appmcesstise We o
ircluide Packalion ainl wave jEopagalbon i e e vk e il g iption, aga (17)-
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However, neither e Ol bk gange comdliion W& = 0 por the Lo gange o omsdl o
1) mfoes, o geierald, for a pevscripilon e owhilch only the soalar potenibal 1 b calioulsied
aind tlen A, E and B are diclecrd fnom this, Hecall thaa tle Hidsholis decosmposition tolls
sl b vector Bekd A can be sevonstrected from ko badge of Bk W A aml W o= A
The gauge comdlions el s onbe W - &, and we bark & prscorkpiion e T« & o dorms of
V.

e I cbindon, W = A = 0 s in ldbpsdnad probldess we can disfoos evend g
froum the walar podemtial Vo plus ol geige comdidon e B8 o 3 dinsiiskds B mois
vusiin ol bt |

Static-Voltage Gauge

It is albwr puesi bl b | roddefine the walar potentia] Vi have no G depondess, sach £hat
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