Chogen 2 - Elechrorsbkics

The islerockicm bekiseemo fan chotops i complelely umifpdad by cthen chorgs
As o resll, the fdhol (ore o o porde M&WMW%MWO‘(,H‘%%WMW respeckenely

Fobczomd'oho& Q af ponitiom r L%w”cdmo%p;dcw "18‘}?8

F- aF 0.F -F
Ec®)= (anea)’ § (q5/ 91 €7 8.35" 40“" CNon' g,z Peremchinity of ree Apce
o5 4
fohce om texs"c\ao!-o& & positeom ¥ dne b combeonoun WM&L&@ @ Continu ® Lin
'E'(?) (uve,) I o dq dg— A~ odangdt @ R
% o oot comtbomt and commuct come cof o i chosoogs deperadimg o Hhe posction of the dirticholiom trealed e

Feeld kanen o dercribe Avemalh and direckom dy (eeld.

* The romogr the Yield, the domaer He \bd nen  Le. biggen Glux @
* The Surtten Groeo acutce we. are the varer (eld Lives gt c.e. amaler Yux due to Avenctb? + -

Acngy (ield e omunt eithel poss Borouoh the sntfioce b slatt/ tetmisole o am opporile chorog M

te. Flax & o tmeorle d e tohal chorag imaide

Flux o E triouqh o nobfce § @ ogeem bo, §e=LE~¢I§

The Qlux obegg the supenposikion phimeiple Gon all chorag q; ecoclosed i S nerogrve o E:
B =18, whee £ i the dechic teld ogmeroled by chogg ? € =lne) Jv ( :) gt
The bobol Qlax & o colleckion o the flux Horoaghs S o aphericatly sogomn. E; o chorg q; = (4Rt j«.ns’m -t
A E - §S E-d2 = (une,y’' Hr Roe (Paimededaf) < qufe, , ve hone Bo-§Ed2 -3 (u/e) <} Qg - 3(?')/5,:
I§ q,—>dq we hone:
Tooegel fohm & Gousa low: §€-d2 - [(greq)dt

Deferendial, (oo of Gawss low: V-2 = ¢/¢,

NB.1Te %u!lno explott Gowrs Lovs:
1) Choote aurfoce S o comttaot aolue E
e.qy Sphere fob poiat choreg. ob usmiforanly chorpd Apkete
Pl o omnfprenly choragd shesk
2) Im"eﬂva}e oneb aublpce cond entract comabact 1EI

2) Solue ikeqyols and teottomcg. b o ]

N8.2. Ty owlkple dbpch theat reparalels omd camoke sopenporitiom

Im sphenical. coondimales: d < dnb + bde & + baicne dg &
B dl- qune,y’ ,,,Jh [, }? dL-0
Stoker, Theorems ](?xe) 42 - $E.-df
. Ux8:20 omd thy TxE-0



As FxEr0 the live inlegpol of E ia todepecndent o e polh Poterkiols, ionclude beth dinerogice. cvd curl & 2 waburolly
Deficce. Rlembiol w.h.t. refereme poicat ® o (lloms: £ VBT (TN -V o PV,

TGE -] g.dt 2. TxB- Tx(-TV): 0

V(R - V(r )= ]m) di- -]é‘ i = E--¥v

N.8.4. Gwo&melnﬂnbh MM V(u)so
N.8.2. Rlentals dboysapenrorckiom primaple

For localized chorqe. diafiiboliom:
V(P)= (4Den)" é% = (ulgy) I%-

Creck Bock

Potesial. differermce befeem B) od By ia the work pebumit chorge tequited to carig o porlide Spow poiat ¥, to poient By ie. W= @ LVCRY-V(R]
If Fa—m omd 0:00 e hoe WeaV(R): QV(PR) = Exoerop, required bo bricoq, chotog. iodo the sqgleom oo inéencty

Howenen, to oxrerile meo}a\mmm W= (amey’ ZNZ”
L+ Rectrormg. ks \m,l c,,(Z ney ! o ) ;}‘q.va’)

Lo The () bom:JJomUzcowhc«%

L very refers o the tolal, polebicl (omee aqglomn i ornenbled) ot focakiom & q;

N oJo\mz o wew chamg dfeds pob«hnl%ahm&o\%
m\%ogae&mésauw%

Fob a. comtcomoun c\so\m& dinhribokon: W ‘i‘\'g‘ldt NB. iu*eod'o}m oneb ooy coluare cwill work o tetoms with §=0 comcell
L Saboalchakicmy x.eo?é’ oo orleqpatiemy boy pots we ogt:

w--e [IE‘Jt¢§V€ J&] Thsaﬂnbblemm&wmmﬁ%
L A oy nolume worka omd  E” ferm toncreores with concheodiomy aclave: te. emerggy dy creakiom &y (chorop confia)
W-de[Edt  (ouenoll-spom) e m%m&%ssw 16,8
Ls emerog, dhred by yddd

NB. Saperpotitom doms ok work ow W (e W=Iw;) on thete ake £ and meb%uh

Yook ek ook



C\n?\'eh 5 - “a-%’(!.kod’ohch

Due amoogeelic (orcen, parollel aarvents  olfrock  while ok:porollel cusvends vepel Current
L A sobiowobey chorag. agmeroles o eledric §ald 2
A coonicry clo\\e (e carrert) qpmerale, EondB 1A

Magnetic field

Faes Q(F%E) ce. Lorends Force Low

24

F = 0(Er@xB) = Auiom dy theorey, com ol be derined from pr. of leork odion

Wire 1 Wire 2

\Bogzhcgotceséomwk . Wopga = ©

I—t :& . é: SxB .F =
JWM F d: a(FxB).Tdt -0

Tolal  cuwkhent cho&tm%mx‘soczs: Iz.[ﬁclul =I 3.d2

Cortert 1= Chotag. peusd e Uost: 4A=4 C/Js Tt cutteot bk, lusme Vs 12 §3-42 - [(F-re
Cortent & o wecdor opiecled alomy the direchiom o moliom of chomes I:-i[vgdcz-]v %{-)Jt
L e Liee choree X bronellimg, thioush wire osith apeed & : T-\% Combionuily equatioto: ?ft%{.:o

L ?M=j(v'a’xg)clc] :j (TxBY)dL

T :
Faog? [LUEAE)  biow cutvest To27
Puoog* [ (FxB)do Surpce cavent K- o®
?Msj(fxﬁ) dt  Volume curvesck 3:56'

@)= Gt =0

Stationary charges =  constant electric fields: electrostatics. ]

Steady currents =  constant magnetic fields: magnetostatics.
[ [
L. Comteanuonn , corodot Glow df chorae e (3g/24)= (23/3t)=0
L. omouitng, chomg. & wot o MW

Bid- Sonart Lot (ool Sob Steody Corb.) :
OIS RSTINE YIS ST o= an- 157 /R
AT= AN/ (A-om)

B 2[EEE 4 S et Reod

8- ’—”JM dv Voluare  Cavvent 3- ¢
un x

U:;i.m% M-Swob} Jow:

1. €g=%‘[€ (3,)(%,).!%’.':0 b Vg:o [N Jwehi,«m o}o. Carl i.bo!m-g,um

2. TxB "‘jvx(?x%)w = TxBepod on equnolently §B-dT = po T where To = [ T2

qw S

Bowpere's Low in duanp nolid, yoat ke Goma Low, bob ot cleoowy el
b“&o@n&%oﬂl‘%m\vﬁm Wh%o“am lol’okgou}osﬂw tm\’e%'o.,

(1) infinite straight lines (prototype: Ex. 5.7),
(2) infinite planes (prototype: Ex. 5.8),

(3) infinite solenoids (prototype: Ex. 5.9),
(4) toroids (prototype: Ex. 5.10).



Sk o ome com delgme E=-TV lo he TxE:o0,
ome. com defme the neckon potemtiol Rbhwe B: VxR ood T-B:o

Gorkdy B: TxB= Tx (TxR)= T(T-R)-PR = 3
We cxo odd o %%hodm\’o%n.m!ab)\ uil\mmeﬁ‘&ec}omg (¥x¥A=0)
N comn oogp be chosem such bk 7K = T-K, 3 020
Lo 15 TR, oges fo 2eno o tfjomienchy: M%J% 0
L Fon V"K=-|&°§ aod T—0 o FP—s 0

2wy, Po [ 3 pn
R 22 [30dr s, ot be il o oo dhody catesh o 32

N.B.2. Ondicords A I 3




&\‘u}t 08.02. 2024

1. V- e, Gaws

(Flaus of E througly cloned sutoce) = (Chorag comide)/ €,
1. TxE.-dB/at Foraeo, (tive coleagel. o € orourd o foop) = =5 (Fhux o B throush loop)
3. P80 s Mo crooy cmocoopele (Flox o B trrongh clored soroce) < 0
« 2TxB- % t Z—i Aanpére - Yoxwell

¢* (Toleqgel o B orournd o loop) = (Cubhen threas Lop)e, + 3 (Flun of 2 Hrousls the lop)
Coonnebnolion o&e.km&: V-B.:-Bg/bt
Force Lows : ?:q('e%@xﬁ)
L— Diroppeats 100 Yusockesmerstl. Phagics , Hommidlomiom s o omuch dromoge sboteanent
Howexer, Logremagom e enem usre Susedomenntol. on omilniamn in o - relotincalic  nd Jagpomqgom slerms Grow premcigle o leaat actiom

@owd @ are howoggrens
Dood @ are w;Wm w.e. howe c|non§

(Pl o capbenk Horouoh o clored subfce) « - 3 ( Choreg iomick)

While oxwell's equabioms ate isvwoniomt wsder mnomey Sismwelvoy operakiom then ae mot aocniieatly Joremts amoriont

A cecdoh o o element & o wecor space Veclors omd Teowors are conaiioot on combronoiiont e. chomag & ome oy o amdthen  whem a. bromsy.
e.oy Imwsmkamkwe %3, E’,E’ Sw!wbovec'mmzblom‘\'slwww
In Vedor Spoce K' we hose off, 3, A

| He g
3 P\) o xed cﬂd

> Honosell's equotioma weed b ke wniffety o Joremte iow. Sgem

Lnhoonoopmeos.  Honcodl eq: b',f'wsﬁv = Cononiomt both 2ides
Hotmoopa cmoun Homooell eq: 3 (e'w“}t’“p)zo = Zeto weclon i comohiont

> Homoell ol wolid Gob anocrorcopic aidmalioms

Emé‘*wmmwww }
Pholoros are the gquocda. (e chongg, o amoss kot 524

mew&w*eb«mm\'oqpﬂa&»

T.-Tv- i—f Plectric  Rolertiol V

] Bond B ote eqwekqemt
B xR Auniliong, Field R Thouglt to cck be. Socndbimentat

V,R ore Gudormertal cmd Sobem AT e the phoom i

Photon Geld: A"= (v, R) 3 Equakoms o GED do ot hove £, B Lt rolher A"
{Mam«togwlm»m: bPA'”ao QED= QM+ SR axd QED ir om exoumple &y QFT
> A pholoms hore mz0 S24 we omly howe tuo plorisoliam L — & s a0 operalor, tea o paromele
lc‘hg% oy §reackom, Vc«dxwm?.mihmplul — ')comd\’oieomequnl&o‘u%

To amerop. QH amd SR, bwo ophioms:
@ Prownde t o ofeto}ob — [E,E]#0 e -m<cEcsm Im\:.ow:Ue!
@ Deoode % o F&Meb — Feelds ‘aamaopao}om ey A'L('?,l:) »a c‘m«hm W«hc«m.&zﬂ



Jectare 49.09.2094

Rescew Chopter 7 amd 40

1 Gy V- Eex/eo T worda: Flux o%g rhouo&» surfoce & proportiomel. o emcloted chorge

2. Ampete: ?xts:p,,x *P&of Immhda:k}o}mogﬁam}mlbwvmh&flwm

3 Fabody,  VYE:=- 22 T words ; Refokiom o E s equal o the tole o chomag. imtiome of B

4. Ack-Direc: 7B -0 I wo: Flux oy B thiongh sarfce i alungy zeho === Ko coomopele. soureen oy §

t Co«}mw\'«h Eca‘u.n.\'m +V-3 =0 Too worda: Chomop oneh tame i enclored cMo& ctmzl‘com‘aomel b om (cm/oul’)g,.wymch asprecat

L Totad c‘\o\'o& o comterned

The displacemend cabert ecosures charge. comtemobom i.c. & & wete aoistiongy 7320 od boy corokunuily equakiam 3g<0
This, Acwpaie - Hoxovell == (anhmz‘zb ec'onh’om

Derirokoons Reloled o combmuile, ecuntiom
@ Comtenaed Chowg te. dQ/dt=0
Bey Conbmiby equakiom: 3g/2t - -3
Chorog. emclored by wolume, V with surfoce $: G« Jd"xg
Mamc&o&&dmh spoce. theve i 000 emplich o deperndeance - Jk % ii:’f :f:

] Jd3 ¥. [J’x?ﬁ
b%%d»wx&m&Thom; fo--[pa
LT&thmoskhckm&cm!o\ecl%m we@dbﬂewmwﬂzw

I§ V— ol spoce, S— o0 owd there & 00 carvend excopiony He throagly He surlpee ce. T:0 ot 0 = Q i comenned

()] M#b@wm
Goumd law: ?*?:-g/éo
anm?gndic Hoomopdiea: ?-8-0
Com" i *‘ H l{:- ’*

mkb&‘mm n 73

Them: -€,7- Enﬁ’? ob V- [?+e°§]=o
A lhc(wmgmogo. Carl s duowp zeho:
i»eog s TxB/p)  Tewhed boyorndh ond Asmpirets Los

The cul, o o opodient in ducop 2o Le. Tx(TV) =0
The dinerogmee oy curd ia oocop, zero e ¥- @xR)<0
Carl & Cark: Tx(FxR) = T(F-K)-V'R

B TR (such et P:820) owd F- W‘(—e)
mmm V@) + B v L (R -

Acwpire’s Jow becomme: Tx (TxR) - V(VA) VK- Fo‘ﬁ’;w,&(ﬁv- )

Thea Hoell's equokioms com be. cobittem ob:

1 Gawm: WV QAD(T-R)=-€)'g

1 Apire: VR - poto GRAE) = T (TR 4poe, QVAN) - pod
3 Forodmy £ -TV- (R/20)

a. Aok-Diree: B= TxR

TltmkM s Hw«bpm«h Gan%,FmJom i.e. We com 2ef (V‘K*pbe, Qv/a)) =0 ('lotem=z Gon.o&\\) without eomrequecxes



Thay Hoxwell's «'wakm com be whittem oa:

i Gowm: [O' V= Yo N.B. 1.omd 2. are cow 'Iml'mm&«eooa Wore Ec‘w}-mb‘\:

2 Ampire: O K= ol * The terms g/e, and oY ole colled tource fotws

3. foradmy £ -Tv- (3R/20) *The 0%V ¢ ::,% operalon & Kmouto ob d'MNesskertiom
a. Ack-Dikee: B= TxR Brb'A"

Resmocens, wolid i oll ceneiol
The 0 operolo com be. whikm an 0% 3.3 whete 3y =(i3, 7). TrereSpre, o cn Lorerte Tonoticont ipree: Jome
Boy explotkme, A< (V, R) and < (g, T) o com combicne 1end 3 isrho ome. siagfe equakiom: 3,"K < 3"
A bt A cood T bromefom on seclots neden Jorents romprombiom and 32" i Joreste ironohiook, this Soromala, o enomifeatle, Lorerte Conotionk

R and \ ore conoplelely dleranived by equabion (3 e ) 6 e onal's sk, An 2ch, e ate fre b chaote ooy K ond V o bomg, 03 i dos o ffed Eamd B
Tre opplicokiem d trovaforambioms cn K ad V' thol db ot aller Ecmd B o called * Gongg Tromspramnkions’

Which tramefjormolicms ake Gougg. tromepravolioms?
R— N.R4% ) B TxR- TxA'

V— V':Vap , E«-TV- QR =-TV'- QRN

M oteralt: TXX=0 omd Vp+ @/t)=0
We coo thun while ::VS where g o mb&o!ab&m&m
I§ Gllows thot T (p+2g/at) e TR <0 where K (1) i cong Gococko iondepent 6 posckiom

A Goneg, roomfpranbicn ia s omey troaniphomobion thal odds 75 to K ond oddh k(033 o ¥

Coaloomb Gauo& .

Set ¥ R=0 Poomon's  equaliom: V(&1 = J_g(:_‘,t)_ Lo

Honwell. equakicm. becoree: > The pdembial chorongs wntldemecnaly on chonap. <onfjiquinaliom chomgs , which i cd posible i SR.
Lo Vel Thia, s due b bhe Lk & Joreate o, 0 Coulinn ogacg. Relonbbion i il raebiced by & o

2 hmphre: VR - pote BRI = poe, TNV - pod oo T cod B et ohubbian

> Forodany £ -TV- (3R/20)
a. Aok-Direc: B= TR

A o veull, Hoxoell equoian abe wot momifedly Joverks wamoniomt with the Coulownb Goucg
Noweelon, ome comy vecorer tre plotiom equnl\mb\:%’apk\hm% 3 ioto:

* Looghudionol / Tvdobicmodd.  Curvend : T with Vx3, =0

* Tromiwersol / Solemoidol  Capvent: T, with ¥-3,:0

M ach ?e com ke wwillew o ?))QS-VS, [g]z C/tms) souch that ?Xi’qjo V%

Asuzbme“asv«ahmo&clmﬁm%%%bh%a%wihm corvedd, we chooe S:QO;_\: whete  [VI= N-on/C  ond [Eg]= €/ (M) aach bd [§1= C/oms
ABQ.VW“:

R:3e 13, = Ampire: V'R - ot (SR8 = - pod,

Aaahw!l‘,ﬂapb\’mnw&amvhﬁtim lchcguésﬁh&dmn/p&nﬂaa}m on‘lmhroéww obi\'ox%ﬁcouflntoft



Gerverol wone - equokiom : V' - =?%’ @§(R,H) where § o B wone - uonchiom aoed §(&,8) ake 2ource ko
We com op Srom b tieme. fo omaglar Grequeomy w admu by pplugenny o Spuiien bromaoban:

9z, t):—[w?,w)e.“”*am (2, t):;] {0 “‘“"‘Jm

PR, m)-_] g, etdt §@udfan e ot

Boy plangion tia imlo the wone equokiam: (94K (R, w) = -un §(R, ) * Helambelle Eqma}«:amQ with K=wfe

le's wow ictroduce the Greero Gumdiom 6, (R,8")  whete % ia W posikiom that we ore ileraled i awd @' o te posikiom o He 2ounce obiedt e.qq chorg
The Grees Fussckiom ia the ismpube respormie. o om imbowmogpmens bioeak differentiol operalor L te. 6 satuafyen 168
Sance the aoutce. dibickebiam ix ot o 8- Susockions ame com 2olve 1628 Yot o thew encploct He supenporkin phisxiple lo delebmioe the comaplele slutiam.

In this core: (V4K 6 (R, %) = -an §(R-8) on  (V'4kY) ck(ﬁ)--unS(k) where R= X-%"
Ao Gy 5 o Spmckiom of R, e corn m&&baﬁzm! coondislen : 5 = BK,)(RS) ‘e
Thee, Helrhalts equakion kecowan R dR‘ (RGy) + K6y = -ud(R)
L T equokioms furow il o hoomogerems oxe whem R#0
@HR)(RG) + K (RGK) =0
The sprrerol. aolubiom becomes:  R6y = A ARy BetkR
In operd : 6 (R)= AG(R)BEO(R) where 670« o***/R
I§ Reed, ‘;‘{"_‘}2“ =(AtB) x4 omd Gy — R

To indlude hmt&pemchwm weteploce  §(E)D with §(R-Z)§(t-t) such thob @ w) = SRRy et
Thew, the ogaerall eqoakiom kecommes.: (¥+K) 6(R, m)----quS(R)e"”t
L 15 R0, We sk bessmen: 6, @) « AGUR) # BG(R0) , 6 (Ry)s 60R™Y  where

1 ® ke it
Doicnoy o Fourien tromaforem: Gf(ﬁ,t)xﬁ [:Te,“" dw with t=t-t > e"’(a,c).‘iuc:a/c)

' _R-®
Then o bone foo acluboom: 6@ (R, b @, F) = S[t-::*m : )] )
x-
* 6" i e oduooed 2olubiom
* G ¢ the relorded solukiom

tetorded tome: b= l’i?(:&'l

Them:

4 1 [ 3R [ ]
V(m,k):m J—R

AR}) - ;—";[M [3@,)] 4K rets Enolualed of relabded bime

Geseral solufom to mequo}m L% omecws, o Green's Facndiom
po@b = [0, 2 8) S 1) a2t

L g@@,h - J %&fﬂd Iy



)echare 45.09.9093

A dedrosobic aones thoned of e apeed of Ligft, choemngs wn chorgg. and catvemt deconthy do cod Feflect iotblemouaby an yelds and pdennbialls
ie. Tmforamabionn troes & funcle weloaly and than choonpy wn polekiol / Grelds reflect consjoprdioms & eorllien/tma

The kone & ke Sor toSpramakion o tronel o didhooe R ia opeem bey b= R/
Tre eorlien tigme thot oeeds to ke comnidered in the *relorded biome® b b-ab < b- R/

% = Posikioon ot which p&m\’«ol o evolualed
%'z Sounce poritiom

Lo thin coe:
g(o_&",t’) *q S (x- E;(t'))
BICI B (GHCRAT)

>

7°L

‘X
uztmauw ke te B by

The o&ml'u.. alukcom to Homwel's Plembial
V(%,t) - (uney)™ JJ’x L3¢, et

R(&,) < (pofen) J o B (w F@.b]

NB. Advooced adlabioms (c.e. tys b+ R/e) are equolly soluiomas fo Moxuwe's equabiooms
“oowﬂ%o\e amph@iml»“%ﬁo‘uh“cpﬁmp\zo&mmﬂ«b

[wuplz {0.2 F4
T+ =
Quertior:  Tfjencke Alvoight wire cattien catvert T(8) = I, B - I
Fiood Eomd B S S I
t %
Solubioen: M g(ﬁ,t').o ¥, F we are kit aith R(®,¥) )

Carvesol demady ggrem by T(", 1) = 10 5 (x)8 (o)
Wire hob eoicndiical, sogmmatiey sach that Rz 1R-%(': st 2"

Imhﬁ’o}wm Mﬁa:
tyzt-Rle — z::lc(ht@){s‘
A om'% Srom byt 20 we hore o. coomn-zevo I() oaeogz z=1Jct-g

i)
(Bt p.,x, 3de
Trem: A(s,) = J — " K

Mo scsh(e): e 1e® omd 3aimh)s €+ e® ue booe coubie) - skl 4
L 2:5 dowhw) = dz= s cothwde omd a(z/s) e -e®41 =0
Thew: e*= /sy £ VGEiyet o o = ln ((2is)t TGAYIT)
Ay wy o, u.:om((&/s)*m)
Nao: de/dSE = du

b= s?
Theeo: A(s,l')apd‘%((e/s)f{ AR )] Pd"%.(‘»" *l“) );_
The §eeld are:
__a_A__ [.lo]()c
B0 =-%; = 2nmz’ Mt— o, P—o0o
Bin=Vxa=-Cdg tolo 4 e, B i}

as 21s \fer)? =2 s



E«chm% E--Fv- (bA/at) oo B:TxR ome com worike coomuell's eqpokioms o pllows:
1 DE- -(ﬁ’sac,%)/e
2. 0'B: p, Tx3

Prok:
VE= [TV QRAL)] - - T(V'V) - (2A/2t)
(FER)« -T (FV/28) -Q°R/5P)
VE - poto FE/N) - - V[V’V - pofo (b‘V/)t’)] - g—t[V’F)- Pobo (b’?/bt’)]=
- (V) + RRYE'R) -
< Wg/e,)+ po (33/2) -
- [¥g +¢* O3,

As there equoliowot ate asborogerneous wone equakioons e solukiom cow ke fpard L%m%“aogmulgdm:k (pg 4

The solutioms ahe kmowm ax Jefomenkots ul«a}«‘-ocwa

The Jefomeccko’s equalioms ore
Frown wone equokiorn: E- -‘— Jd’ r [-" LS ] E":&st‘x‘ L™ 3]
T Y et ar R et
> , @] A PRLCHAY) R - R bs 3 (&)
Frow pdeccholls :  E= qu%] [ [y, t)]‘é }CR 0 ] =l ]u]] B- -_J.P« [—R‘-x 3 (& t)]m%- TR L‘}

’qne,,[“'s {‘[X(* P)]vd" [ 0] - gk[s(aa.t')],J B-- ""JJ’ [%x[s(‘i" t‘)]u* x[S,0)] A

Nebe: T[§10¢ [T'¢)a

Deinokiom o Jefeomenio's eq:.a&m
The telorded pdesabiola ave: Re®-% aach et o= % -Ry
V@& - (queo)*ldax‘ %‘,M bpe b-RiC
INCA (p,/«t)]«l’oc’ w

The qpodiend o V(3,1 a: V. (qneo)“‘jcl%c v [3‘“:';;*“‘)] : (uneg)” Ja’x' [(?gm, HORs R, k) (ﬁ"k“)]

The (SRI2) a: R/« (polim) | P (3)[ 2] o (porun) [ 0 [N, 330 f“] ofen L [EER] o b0
Tre arl §Ren: TR (p.,/qu)JcPoc Vx[ Sk (palun)]ﬁx‘[m @R xTe@, h.)]

Compakiony R telaled quostes:

Mkmmm&nlel‘.wc‘mk we cam we aphehicall coordicnden fo hove.: TE--R*R omd VxR-0
To oddikiom, R=c(t-) % ARV = - R*QR/A)=-cR*

d Jawkbo&ml.ué

H;&(mwi&@v*_"-“& 3%‘)5&”" fos QU E) T = 2 (R 6 T(E-R) =-2 ¢ (&Y bR
g%t w, g ) * QL h) Ve = R(X, Ty ¢ {(&hke

M&m}%c@l: o

= ™ 3 ~A— k A e N - = A
TxT @, b)) = & )sskcvz;t..) x4y equ[b&k(ﬂ‘t',tv)(%(x‘)‘) £ 3, 3@k (bst,)] = KEgy $4@ ) (gt =-SR 1) X (Th) = + 1) 3 (&, k) x R

(313

It ﬂm&oﬂm“:
TV =-(une,) ]J’ ‘[ AL {Ca *’)],d* [g@,v)] } QR/X): («ue,)"]]’ '3 Bt

xR - (F/qu)]fx‘ l% x [S@,t)]g ‘-'%i X [?(&‘,t')]d]



E)b) - (que,)"]J’x’ [ %[x("“)*')].a ¢ ﬁ,[gw, )], -C%R[i‘(x',t')],,]
Bty - (H/«u)ja%c‘ [-%-x [ elg + X x [i‘(a',t')]d‘
&s::malfom Eﬁun}m S)\" o monicg ?o(co\‘ cl'nmug

§U 1) = qBR =Xy (80) ——— @, 1) ¢(2, ) ()
I 1 -

- I\A—-\ /\-/‘L"’\ Ly N
@b - qurey'{ [RIR] o4 + @R a /BRI 4 + RG] Bl a1y ) x Eck,b

I: This lebom in the velarded Coulormb Geeld ce. the Coulomb (eld ennlunted of o rebarded ke ISMWMM‘“

L: This terem i o koneol extrapoluion o the velarded coulloms Seeld up b the cutvent time t. I+ ~ ioboctecoun coulormb Geld
Ths dvudibe s ofnen by (£=by)" “hole of chorag. o relaidded coulmols Geld®

T: This fehom in oooon- mocoishico of P oo, tesulls i .om. propageliom

’(t’tp) 3y “& m@ &L‘b



Yeckure 49.02.2094

Special, telakuly o He mmomiforkibiom & spoce biwe sogomelrgy
) P&J&A this sngrmelioy an:
1) Poionciple of velokindy : AL W'nm opplaicn all imertil, Gromes
2) Uminertol. Speed of Light: Liaht ks speed ¢ im oll Gpooma
» Group Theovey: Specelicme i toveoricent usoder Rimeort Group
Fotoncont Group (10 Roremms Lie Group))
Lo 244 Tromabobiom  (Spoce +Tiame)
L Loremte Ghoup SO(4,2) (6 Rroms e Group)
L 3 Relobioms
L 3 Boothy
Bopes & bk
Nokabon:
. n s‘klod}% tn §rasme §
- v 2 Veloaiky im Grome. '
* Wt loly of 5 wort velosky, of S
- Ab =T olebod @0 S
* AY'z Teome conferwol @n S

Easesasea

P§ ‘\’St/c

¥z - P‘Y%

Mobh_cothh,

ReSO@) sh R-R, R:R"

A=N, /\"-%/\% = A presdo-arthoogend,

|

0

AT
1+ (nogldt)

) e

. To ety thol are Nanullomeons in ane Gromwe. are o&mroll%m\'wmlfomm«n agndther
L Olbserwakiam: Ankigesal vecomtractiom & eneat o, obretmets iondepocrest o theie ocalbiem

Teome didakiom ma%m\m
* Teome dilaior: Montsmgy docka fusn Ao

 Leaonlh condroded: Honiomcbieds are shottemned i diteckom porallel fo welociky

> Al - ¥ At
= MX: s‘"A%

A dheetwer io o Srome S it obaehre thot clocks amonicoq with wellcily g tom Mo oxod dopda ae dhoted. O the dher homd, Gromn He potert of aeco oy §' the
obipds o tal & S are the s thok o shortemed ol e lacks o dos. Is i o cocnlvadichiorn? o, keconse. e two cbaeiver are anecsarionm, buo

Spocebiane. Sollous e Mierkoake ameliic
Geroeral. Teconor: Thy”
Guerrkilies i 4D Spocekwe:
-Pomkouom Scalams  eq % ) Fy Wi
L Toowokioed ander Jorermts Tm&orum}m
o Rok-4 Temsom: Vectoms
L Coroltronotiect e o, N

o= diag -4, 4,4,4) owd ia M«Am&&m
—_— (T)"";-I\" Ny N /\,. T

= (K -Qx*a) < AN

L Conomand ey Ky ) Apy o = (B) s 072518, = A By

* Roook-2 Teonnons:
L Contronorant ey T = (I Qxt/n) (%Y 0P P
L Conohiomt eq Fpo - (F‘)Ne(bx“‘/bxr)(b‘)c?/b%\,) f:p
L Memed  eq ', F = (OO /o) 0 dm, ) F

Dewinolines oo Tdeodikies
ebic Teonae: of*s oy omd gy 8= B,
UD - Grodieot: 3, » (3/207)= (3fae®, T ¥ (-3/2, T)
4 - Dinorggmee: 3, A DA = QA7) + 7R

NB. Al dececa p‘mxsicai a(.wmhhva Ahoudd ke
conhiocet (ie. tromoroms oocth Loreorle Tromdprom)
on be vvoniooet (¢.0y alart)

Ao exosmple o icoonionet i the spoce-tire isolerwel
whay = u@n -

b= (4%, ) ore coodicads & o everot wn
Hibowols. xpocebimme




lel's comnider om elechnic §ield £ ood a wwoggeic (eld B in 3- Diomermaioms
Ay we booat Shomo.gmboaﬂ’hhwm uego“ooxm%homb&wm}m
f;‘tf:.. omd 'E.'ls K(E’u"v’xfﬂ)
BB, o Bir y(B,-@xE)

ey for o koot Sroom o rowe S }oa.%ho:mS’ with ﬁ.:m&. we hone:
E;‘: E.‘ E{%: ‘(E%‘IWBt) E;' B(E;“VB«.&)
BlesB Bz y(Byt (NE)  Bys y (By- (wit)Eq)

o E/k L%/c Eple
/e O - . — - = -
Feeld Temmors F- j;/: -Bs gﬁ :2 Duck Feeld Temmor:  FV—— "FF &§ Efe—DB, B—-E/
-Gl Bca -By ©
Ubhoy e the. Speld temace bie thia?

o o koot i %c-diteckiom, e 6 etries o} £ oond B opt wined ko 6 oo mobun o E', B'
MWE&M%&&M Lﬁo. M«o&: Moh,wi}m&hpmub%aw
This fecnzon fl‘vm\kw%&mamtﬁc o);‘o\ma&ocum:cfxemhm

3 3 oo
(.F)lw= /\l:( /\vpfdpm‘nehe /\‘: = -lzr g 40 (O) gob o koot in e x-direckom
0o o of
Thecn:
(F)°°- oo /\oo S )\04 )\oo £, Aoo /\04 Foy ,\o‘ )\91 £ B‘k comporiong, with eq. Gob the FromSronakiams o the Gelds
FY s KON FC e K NS A B N, we. ogh the Fued Teamaon axd Dul Feald Teswon eschies

Poma\ugomc\f bromafiohom 1
Comsider o §romme S'M%M“\I\_r.zu& wret S
In S: 8 oond 3":8&' where B =0k Lbldui\tbo%cl'b‘b&)aims
g a/Nal® ond Ta L%
InS: Ve Yi-@'V ond ar— o
§— ¥% Ig—— 0 omd 5%»—»3%,3’3'—’33

IR

A N= (-3 ood (3N 3
2 |1

Tha veudh io:

Y= K374 N30 4 (34 s’ 1§ Fecg od 3T we bone:

Es‘))‘: /\:03:+ Ni3te y (3! - wod®) EPacpg, @0 OV:3y wd (3P
VNS - -
(3 /\;3 ¥ - 3

The 4- Carvenst o tem: 3 = (q, s Jgy) 53)T
Com}ml‘cb ecluoj'wm becoame. : bl.ﬁ‘*t %é- + 730



A equalioms
b Ec‘ua}«.m ole:

1. Gownd: J-E E-g/e, P
2. Aanpile: dXB= p.oX &Poeo “
3. M: VXE:-—

«A«kDmV)Bo

Gange Trocoaforanakiom

1. Ganm:

2. Am?ae:

3. Forodany

vV a-g/e,
VA - poto (FANWF) = Pofo ¥ (V/21) - pof
B -Tv- R/

a. Aoki-Deke: Bz TR

A Goncg, roonfphamobian ia thaa owey Homdphomodion thal odds ¥5 to K and o K(9)-3F o ¥

Lo o Spocehe: A'—— Aot
Loverte Gouge : B}J\F 1,2:‘ +V.K:=0

Feld Tromsormokoma

let's comoniden om electhic §ield ?M@Wm S«‘:JJE’ in 3 - Deomeonniomy
As we booat Sm«naSWbm&ahmlucﬂagollouﬁm%thmb&)mﬂm:

f’utf:., oond E; K(ELMyxBl)
By:B, om Bis y(B,-@xE)

cop for o koot Sho«no.gl'oma S }oa.%ho(mS‘ with

BBy Eqr ylEy-wB,)
BysBy  By: y(Bot (0/E,)

Fiell Teonton omd Rlentiols

The 4-Pleodad a: AP (Ve K)‘
o E/k E%/c Ele
v [l O B -
Feeld Teoor FP = 43[‘ -Bx oe :2

&le % By ©

4- Currend 3"

Ducl Field Tecmor:

tcs.-l\?'x. we hone:

ey (E;&WB%)
Bz y ( By~ (o) Eg)

Com"mﬁ}%cqw}comz é,.ﬁ“(«")to where 3= (cg,?) omclb,,u(:—w),V)

5(&5\';.&6:@‘(0&5 OS BF:

Conziden 8q- Kd’m o ool cko\wo& i® o molume &% in am imerlehid veference {rome K
Chob% 8':1 i lorecte vuorioot ie. gd’%ex'cpm'
Abo: d%-dada = cdtd®x o Jotete Iy, — e bromaforens Like o”

4- Pokeotial omd Feeld Teanoh
f ond E ake ¢ml\)o¥wmt vectons

Eoch ionden o the Temmron fromforom indepemdemily A"

pre, aka? g0

A

k2 b'x’
Fo= AN
I Temaon oodakiom:
@0 = Goues Ampire - Hoxwell
® d,6":0 2 Forody ¢ Awti- Diboc

eccordiony to  Galileom Group buf wot w.v.t. lovem‘e&oo.p
For Jorere Group: Feeld Shexth Teansor: FF'= A -8R (w"40- cand

) (Ao ?
Aye g (A-pA)
- K,

Homuceld' s q‘m}cm
@ ﬂzAlkz ‘Pgar.
® Mamo}ica% m\u}'ed

Fl"“o—»’l:l"v i% ?/Cs—t E' §_> ~€/¢

2 ™ bk ) corkinggeonelic o cofronsiand femmaon
-K)

where T2 3,.3% and -V,

°c JubUHA)



leckure 26.02.92094

Topen of cmechomica:
4) Newdowiacn Fobomudolion: F= cmad
2) Hosmillorriom Fobormulodicen: H = TV
L ogeralized coondimaler osed amoamecrla,
3) lmgmm&om Forendakiomn: ). = T-V
L Relokeasiae

L. Acmphh\c)e = JJ (l:njk) eih"khom Fe%mm Rih Iv}ecﬂu&

W Foromoliasm
b
Ackioso: S'LL (qu,4q, )t
PwFlzog Leoth Ackiom: Ackom & enthecrmosn/mouoiomised t.e. $5:0
Ackiom in cmionicmized &Y Jogpamogom sotisfjion Eulen -Lagfomn, Equaliomd: fﬁ M) >

31" %
Enogugle
Relkcnadic poiok porlade aih chareg. 4 0 Elodnc ond e Yol
L=T-N- ‘imw‘l-cl(\l-$~x) = [ - 9 (E+ ﬁ?xg)

B, Bmy — Lo (el ® ond b le poroamekin, od o» Gields ave combiomons theve are wnfyondle deqgeen of Greedomn

Porkden: Dincrele ==> Decageor of Greedom
Feelds :  Comkomon =—=> W%gmmww » | 18
i—atk /WM

g 4 = ). :il.(a‘i,q;) —_— L=JL(¢.(.)"¢.‘) pi2Y
§— ¥, 0
— For aciom to be omoniont we meed £ .
Ackioen Iwh%ol: S- IL dBxdt =EJL%W I§ ockiom & iomoniant  E£.0M will be Lovends cow.

In He coe o Bledvomogpebam: g, — A", g, — VA"
We. hove to guess Logromegom, which we exped it b ke:

* Quodrokic i meloiken FA’ oo FF

+ Scalop ood  Toveokioot

The coly opfioms ahe: Fy P, Fy 6% amd 606" bab Fiy 6 oo o “prendoscalar® e, old uden apoce iconehoicen
We olto meed lo cornniden rource deonihin IH() = (eg, ) MMM&M@A

Ratalole Loggomegcm Dem&taob

Le-LFy P 5 A J— totereckion Jogjomeom L. ismlerockiom o cubrest with pdeliol
L Fre Loqjooragiom

e oo hote to shot Hhal Mamﬁoﬁqumm&mﬂ%&mdgw Prew
FP’“ 'b?.Av “%Av

> Fufts (QpAy -3,A QM -S'AM)




Solukeorn

YR 9~ P
R LTk o F ot
XPGP'\:O —— Ok become ve we A®

Hox zevo o o ioonoh
e phoom comes, §lom qoang. iconoiomce. df. fresigy

We cam anly pot befleh ccod beltor uppeh Lot am ot of Phobm bt wenen prone & o zero! Catved Liomd: WBC’%lO.aeV
I§ photn bod anow difgerent Srequomion wxull bowe diffprect aped  and pdesaiols ould hove. oS-

Q@ 33.02.2094
Homaell's urm}mms ole:
* Joree. Teomoicont
+ Gousg Tnariant === leals b zero mox o poten

L L PP AN S A Proca. Equakies
Free Tenn  Hond Tevom  Lnterocknn Teron
T§ we duot iodude the onona tevom e ogt: bpfaP--P.,B‘ §room E-L Eqw}m P = omy (c/B) ';."5 'Comf\‘@ ‘Nom'nmﬂ’w
Houener thia, chomags when we iotroduce te quom terom B’A‘-ﬁ‘fhpoa“
L Wil mos forem there & oo omote Gousg. Towonohiconce. encapt Gor Joteme Gouog

L Homanell's equa}mckwn& ?f:-&-‘\l >l%teuhol»olapa%e«tﬂwﬂxzwdl¥ubm6wo&hm
LM&%MM ba&%aoggm aotlead o 2




AmLo% Ledure  04.03.3034

dn.hq\g.

Thcoa*m&be‘m}m(m\w:\n m\mW%&m\\zW&M&@m}M MMM@JSM

33 35 - 320 == A chorg i hniag deadhy, vty b o cuttent

&mwh
T\zw»k&mmo.c\uo&m&ma%mhtlw F.d

For a. poiset chore: F:qEr@xB) ond =74
For o Ju%.éa\nblm:

c‘.—»gcl’m oond g%"—»ﬁ

dw= (B 3)Pxdt o0 W= J(E’S’)J’x

== dW. Fdf- q (- E)dt

E3 . g[E OB SEE] L[ (0 4) -] ae- LT @)

M(m@wmgr?waﬁ = ;}[ E] [a]: 3o
M%%MM%WMW- E(ﬁ’ 8] 3 s

Flax deontcky:  Flan l’\\\oua&\ &
Fluoy : Icnkgul % Flax Jzamkhombw&om

The 10 oy chomog dy work om o changg dirtbakiom & anicron the chamg. ion emermg, dored in the (el o the et oo the augtem

I§ theve @ o chorgg diatehakia bo ot apre : W:o ond dut V3:0

Hoxmesoum



Jeclure 04. 03 3084

Whew ue ate {ph ason Groom o, dﬂ%“ﬁh}m wc'.“uuc\-n)%& ve am e fot be elechrodalic Fo"em"a’.egaos ~ Q/R
Necelrelexs Mnm&umwu&m,mmmw&m Q & zeto
These cotrechioms are kmown o» 3m-pde corveckoms

+ _ - +
Lo T P
. o -
_ % _ ¥
Monopole Dipole Quadrupole Octopole
(V~1/r) (V~1/1?) (V~1/17) (V~1/r4)

Emfk: Electrodatic dipde

P R,» T-%, R.: X-%
%
2
|,;,. > Ry: 18-Kl s (%) (R-K,) = IRP+ R - 2 (R&) = B+ @) - 1K1d cone = 1R (4 "J‘“ |§|
d L, R R @) (R-K) = IR IR - z(ﬁ‘x) IKI‘}(J/z)’ +IR1d o = IR (uqmﬁm
It.z If 1IX1»d, R2R (4. ) > R ‘ﬁl(“mm) xl (“Filw'e)
1.
i.4), 9 ~
The pdeckol n: V() V(w).vu) ‘M r-2): o W T

The dipde pdembied ia Hhem: VJCP(‘J-‘:) que, ﬁl’i',:‘ whete 7 o te dipole momecst §x qd&’

Accalerokony chorops calioy emeygy auy to anfymdy | leodiomgy bo rodiokiom
Rediokiom: TW Jy emerp Lﬂemhzeu%wl' & c’.m%‘mého (i&mnmbb icfgnio) L%F.-AA
L— A &mla,\d&de choxoderaed by . o - zero Pmﬁ&«n%m&h

The pouen coied coony b the Geelds i Py (to) = L P, )
to @ e et which hodickom L} He source owd b on te carveod biome - It lowss thof: bz b-1R-R1/c omd b b+ 1T R0
P(r,b) i the Posen tronsraiong o sarfoce o diddunce P amay, Gro He oniogm of the. catvest kovet omd Hua corenpomds o the. powen rodioled att,
A o2 comider b= 1K) =, e com e o spheried with AzuTb? ond IR -RIn 1R1sb
Therelpte, He Poughavo, wedon mmud qp w46 (of o) ot larogn P o & i wenk on 1™ (9), $-d2w b —0 o P—sro ie. w0 raliskom

We o wiah b food Here copreciams Sor e exedt solubioms to the Hotwdlsqm}m T\awp&em\‘mlx

Pb
Tre pofewhal nedor coo be whilen o A= : [[?g.(—;l]d &P’

We. com expond Hhis pdecial boy comaidenisnny lh.!mnb wdun“mo.ﬁ!omn}m L%m\\.gh R]»IX

Commidiny VR (R2): (R0« RIVET- 2 (RF) + 1K1 1y (0101 266 mu]

Applagony )21 |- SRfe X (1-2 R 'x.)/lxl) s
1R-R12 1% (4-2 (R Ec"‘)/l*il 2 1% (4-

It Sollows ot :  1R-RS 1R (4 +e) z IX" (4- te + € -

(S 9
‘q( ) )
5 ¢

16

@R3P

AL x) 3 %X .
'al xl!

5
TN

We com s whike: | A(x)- —Zm....](a oo #x s b ] e *;?;‘Tm,lcﬁ'o?')[a"(u)] . £



B% mlumﬁ relorted time deperodeonce expliot we hone: (o), - PR ey ) where b = b 1R-K I s bR+ KR
If & chomp ool iome we com expood F(R”, bt) oronced the velorded time of the oiggm ze. toet-Xl/e

Theco:
M@, t-cmR) v MR B ¢ BRE ) (bt -t,) + 23R (k) s TR+ F@ &)t 13 @ )RRV

Ao b chorog Aloudy we hove: 3P, hat) 2 SPCRY, )+ MR L) (RA) !

It s k. A0} JJ’% GEY [5‘*@,&,) ﬂ"‘%é’tw,m} .

‘? FR R+ m](‘ )5t @E ) P &— !(& 2 P t,)a’a';&ﬁ,i(a..x)’ﬁ(@, t) &% + }

:I?

L]
%[ﬁlls"cx AT R IJ(& D@ ) L o— ‘(&x):\*‘(m t,)a’x] A GRY (R %0

=2

VTP ST (G (S A T Ro@ b ) i &7“n~"gg&_~?§_]
Them: V(R }) = cA(«x.)wW{mk(a.,t,)Jx e l 3(*’t°)‘l""'7|zl HCARE ] ‘m%[m* o

I 2 v P o ¢
A@®@b) 2 %ﬂ ‘[3(@’ k) P Q) Po (h)l-.% com ue ignore the cext terwm 7)

(hey 15 ﬁozja‘ac FCARY,
P es@nee — g i@ nec R @S
TET) = 2 (T3) ¢ T (To) = A (@13 = T-QFUxT)=- TN E) - -R(TT)

B Jel‘x’ 3@ - @y ]J’x‘ TUxT) = JJ‘x’ 3G - @ {»@)‘3‘4"2‘
S I_’ |
0 T cr enbiely io te enclote) acluome
Electic ood amggz‘m&d)
Homenell'a . B=-WV-oR/t  B-TxA
We ore tolereded im feroms thol comttdbuke o the vodioked pouneh c.e. beram dbomtt © ¥1%1 v K (139) lead o Sw 1™, 52 oomd P00 on 1RI—
[&V(m)* LCEATINNCE f’o)v(m*) ' M (_D ( )]

. [ o, TRP) (A FRR) @R ]

Tag, Uwrt P TR e P Tam ol
N VAR . 4 A DR+ EDE @t @) 5.3 (Ft). - B
ure, < IX]  4lEg ¢ IR 4me,c ) qne,c’m
) R 4 E i Po =,
ORJak« e Wl ¢ - amm) P

S oy (B 2 (S, » (S
VXA= & [Vx ('o)] «m( xpe) ¢ (Frer)x Po ® ur I‘ZIIV x(xg(@, )

‘mlxll (V&('X. to))x_fJ ulﬁ'l l (V(.to) X X(w to)'x.')J;x = - m('x‘x P°)
M@m,%&d&m
Eh - o (8 pA- P] cten [bx(Px Py were hyshes b1k
B, )*-—",—,,z| (A% Pt
B Ve

?et(?xﬁ)s m‘m,[(& PlExExp)- (pX(MP))]

cmmmla P lia p-pan]-[iep-pea)|

g [ 7154 F GF) -GG PR P 0], - e T (49T ]2



The Paughingy cede i o by S 22 [ (-4
The. poteh rodichd auf o o spete o rodin & o P(R, 1) = § Sk1)-d&

ch:wm%ﬂr, z-direckiom b corvepomd bﬂadﬂdm% § we hone:
J&' s R‘m JGC‘GQ.
L A RN Po |-
g 'ﬁ['l" m"e]:t =) P(k,t)zmlﬁ‘(t,)l’
3.4z % 1) st
[

Jovarsor Foranula. Soh E4 (Deple) Raskioiorn: P(R, b = 22 |3 (1)1

enc

I§ dipdle wo, Gunlhen comeckoms b, umo&z‘u e\ifclz]a. mﬂ\r&du“bic cpo.clh»fdz a
Homopde. does ook vodiale an chotog & comaerned =—=> Comternolom of chorog. twhikihy homogs i oromopdle. yeld atressofin  aner fume

Itibo!loicrhm‘w% hbkdhwmemm&hﬂapﬂwwhm&&%
O e P=[S 42 [ 40 Grom which Goloon that 35 —Eo 120 il

Ap&dﬂ«k«hﬂem&" a‘o«%«.\.claul'm Fehfem:!:.w!n.hb &a&ﬁgw



Cmn&&eh“-zpﬂnm’.m I': £ E e G wl)
Nows comniceh e elechram om which the wore calteny

plasd ooy £ el proponplim ke

A
The acaltered wave ool be: - gl’:e‘(?’g-mt) L "\":_
- 7
= . - = = W:’K\ié--.
T‘-f.&:\umc“i»o&/mk%:Fsmﬁ‘:al(km*?xbm)z-eEm fé ko, R

The dipdle. manert 6 o by F72qF = FeqF e Feq¥= T

Thereigre, the acaltered eledvom will occe!zhhc-'w%“t&u\‘m o\ orcllakiom
o the tocideot dlediec Seld nd it will volicke oo 0. direchorn K of confe & wrt dipde

Boy e o Frmoals, S E () Rk e v 35 « 2|5t ivoe] -2 [ )] - e [
The. cnerosg. aver ame. ale i

A
> «.u‘mc CIE-Epl> %)Jl’-c («m“)l :

do  averyy vodialed /usif Yiane /uenit 30bid oefe _ do,

oé )le a ‘ )"l"tgl1=)o- 3l\.,t
do " incden) emergy Yo/ aonit olea amit tiome > 1a e et Q«ne,mt ) T3

? Teowe omhn&J w%mc}oh Sor Plage Wore: <3 =18, 1"/ (2poc)



kgbg 44.03. 2094

Fise. Stractare. Comtlaort: ot
* T ST (kgyom,s): o= €Y/ (ule, ) 2 1% In ol amibs o2 47437
* Im Gamtion (g cm,s): &= &Y (he) ¥ At
« I Heominide-Lovesdle’ : &= €/ (anhic)T V37

S.1. Ueoihs: 1
J O"» <
Thae, anchs com ol be derinnd o corlonta Ths velabion bl Lo o R amd QM e s uolid
c o5 Grom AV, kg from Ol 0,5, ko ate Gurodumerriel
o, s,

o \"“6 =k o kg -ond Grom Ny, 1
A omol .m%mc ced Shom Ky

ke * A Grom e

Coulotmb Jow: €, ads ab comensiorn Sodob  behwep  smecheraicol umils

F- Qs _— SI. kow& wd &mhmmu
4ng,n2
. 3‘_{‘ gy oo Chorgg. i lreccky im smechuwical. amits e

F: «lr*

HL

Noburel umibs: ¢4 ) Bt (Nt cshes on Cond B hore dif. diemniom) == Veloken i oonibs of ¢, Acory, Hor. i omds o§ b
frkide Phogion waniths: Em:&mh mMogw«m%

Eoand B ate od WQMW wnachocotcopic WWO.}&NOSWWW
Howeneh, Eoond B are dorerwables while tre onore. Spendamenal Wi}%AFad%h Gma&ﬁadm z.e.c\amc}o?puhe«‘:laaﬂ.&mo\nmuz?od&m
To O the Somdumecbl quanliby are the phaows, the quonbo. o e Geld A*

&mltminm :

No Sclexcoid
Solewoid 2

1
H‘:m, (-ik?te;:) where F— F-qR withqe-e and ox igaeV

Hpm = B ger)

PP e“Am 9.6%)
Chooe A At ahV’/\&eA =0 (e Gauo&lmwkm) s.b. R =Epe®)
Sobe A(fs‘)u-JJi‘ R

~*a]§f G

q)(F)= e Q® D& mdefmh& 03 Pa“w? _[rlf [N -Jr.]l’. R &J
sleroid 4 — Wo B
? |
=
l Solegiida — B 440 bot e‘&azuh\od‘uﬁ\agaz\wc&\mﬂwﬁd
hotoggs ¢m &n\c,\\%emm fn\tbm
. K is, R . S, R ' ((SQSQ)R lc
(‘)%53 T jaf (:') ( )

v L (R fkiei(s,-s;)#ieﬂh)
L ]

BR -2 @R (&8 3,



The Hoomillocasn

The ).”{uvpﬁm o o Fobh:c!zm om EH Qeld ac&mmh%: L: ‘;mv‘..'c"»«1'0‘,A":\6‘[‘5m(5‘~6')-‘imc‘] -
I oo - velakinctic bt Lo dan (7-) - q(V- ¥ R)

The camonicd cmomneontuem éa: Prm® (3)/27) = mmn'A = P“’IA

The Hoondfomiam i tos: He Bl ® - L = -cuw tqV= —LM"( -1 (F -eIA) tqV

\61(V-«7~R)

The quocrtuse Hosmdlomiaso i Hh: ﬁ’:?n (‘ikv"’lx)'(“ikﬁ, '°|'K‘)) *q¥

&hm&xm&b&zon}m aed &»&Tmiymhmm
Wbl Hre. Hoorodllmiomm depernds cnly an the pobstiohs K amd V, e ks Hoo. e polesshiohs aoammi§ent amacroncopically o He Sy E ond B

Tmyel&ma&mml:% ?:-?V“(BR/N) athE’?XR ond thu PM\‘H‘MW{WW’
Re— A= R+ 7%

Vi— VY= V-)t'x'

Doe bo o Goueg Tromaforamoiom: i
H (mn) (chv-c‘A) &cl\l (acm)" [-B‘V‘}{A‘I’ tc‘k (VK + K?)] 3 C‘V
A= (aomy” [-ahﬁ’-«:l;:']‘t qV'= (mo)"[-h'v’ul’ (AR *iﬁk(v RN ")] rqV's
= (am)”[- k‘v‘»f(A‘u(K ﬁ’x);(ﬁ’x))mlkﬁ’i*ﬁ’vx PRT 4 TRT)] 4 qV - o
= (aom)’ [(LRV elA) tqt(2A Ix &(V‘K))}U‘B(V X+ T V)] tqV -qdX -
= H*—(A Ve + Tx-A *(Vx))}j( VX’:V'xV) elb'x.

The Schrsdionogr equackiom w:

* Before Ganog Tramiormokian: = Hq-—(J’uV 1A) (-ih V- «1A)q HqVy

* Aflen Gosop Tramifpromokiom: ¢« Hy'« ﬁ@ t °' L (R Tx+ TR &(Vx))tp&"'k (FF% + =x-T) ¢ - q )¢
Fo § oond @' fo dencrie He zomme aqgleem, ' o differ fo @ buy ool o phne Guekon y's et

1t Sollows that:

¢ = [p+ 2 ple®  ond ' (oom)” [la v (Qe‘A) + *A‘(fe‘“ +igh (@ A)tfe + K (ww)ﬁz\)e’ ) Hlvq,g'

=g ;‘m [ (FAYTP + e (VA) p - (TA) q»] & 3,;”( R-TA) Qe + c‘Vq)e
\h ('peu‘) A T e@'l\)q)em :(V’(p)em* ¢ (V'A) Qei[\ ¢ (FA)-(Tg) ™4 T+ @n)p)- «(FA) et
[0+ 1 (FAYTY + < (PA) y - (FAY ¢) e

ck? ﬁtp*[e‘@x) h@l\)] [ Ty) + ‘; 4F%)- B(VA)uc'A) \p]&—(qvx -RVA)Y ¢ (Ra,h-43,)y
g+ T(qx- RA}[—(w) t (4E)- h(vt\.hac'A)tp] o [Plgx- -RA) - 3, (4% -BA) ¢

We thun teconer e ohiggmol SchiBq. & BA-qX samt == ¢'c ey where Ax T+ oot
Houener, o e are ogmerolly feraled i phare differemen § = AN, we com aet the comtboat o zero

Comequzm

wWMHaWW@meM phose levom 1o e wowefumdiom e @= pef =>q> (peA
Dhmm“mw.fvlo& WMWWLWS%HMWy@
Boy woulliplogma, ' oy e phore Qo we o them Guod ¢ cnem i i ooy diffgalt

where A= qr/h



A??km}wm

Im o&a!\'ol, the Hosailiomiom com be cxwﬂnowm‘i’\m! bey u“m% Reo sk ?\'s-%ﬁ‘?’ rqV'

This. corvenpornds fo o phote shift A:-%]KJT where T the polb Golloned b the porlicle beluesm poicshs ¥, aond
r

o

Frod: Bo, Gansp Tramxforamaliom:

P =
R— A=A +7x Nele: Grodiecot theoteaw Lg’g)dt - §F)-§(F)
Vi—s V= V-3X *

- - r
tsﬁgo,d’w i T = -R =—= 'X(F’):-Lﬁf.éi’ with X(F) 0 e Ty o cmchcommi,ewz\'ngempuv}

Noto comaider a. cuamken of Po.htcc'a opiengy §room T, bo . The m® parkicle (ollous te palh .,
The P\mp.cls&z\w*bh:ma%}w porkecles & ojnem \:%
8: A‘-,\’a' %J[‘Rr\'sjr ] L(VXK)JE.’ :L€~Ja = %ib u)l'!. s ub“'t WSG&:MM L% r.r‘-l’s omJ foaﬂg &!n.lx o& B

A cmote. accurale deacription would be: §:8(B:0)+ (q/B) By where $(B20) is the phore differemce ok due lo Raod B
Cloasica), Vs Quocohuom Effed omd Im\zb'pnh}m

Inlerferemce:  Comniden electroon 4 ond 2 with mpl‘.\‘u&& C,ew‘ ovod Czem‘ myu}un!%
serecTon The. toderfprecce paltern will depemd o e Yelakine phore behweesn the buo dedroms ce. §:3,-3,
N — Ny
= \/ ~o mmwm‘ 9= C‘em'cf + C,e&‘ 9
Onerlap & <QIg> = lelH1C,I (.:c,e"S + (;(‘C;s o1

Boyadhimgy €,=C,: T 21cl*(4 +eon(8))

Geomodricolly, owe. com cleadale §+ % 24
Imkm}%a
« aoaniomasn whem §2{0, 14, 12, . |1 ce. combrackive uforieremce

+ coimionatm  whem 8:{:%,:{,:%,...}11 te. detvackne imter{erecce

g < Shill i He icolerfereaxe pa.“am Now comonidep the oddikiomn Ko mt-oc\m% (‘“w“‘““& solemoid
i the regjor emeloted by e poths of e ko elechhas.
source k ______ L 2 Schuakioms:
LE\\@ X‘ ) Mo curend Zero B nd mevo A = §.5(8:0)- 6,8,
§fﬁf?'§ ; 2) Canvert: B enkrely canfymed wihio aolemoid bt wom-zero K s ==> §:= §(8:0)- T8,
. hm(z},ﬂ:p&n&&cmmww Hhus e Rocakiom o ecch peok ia chumglboy

L R
AX = d7\A§ b JX55

Cosnied Quasdhurw
85 Bud b= -LATE,
. F.peq(f+®E) azm/u-%i,sw

AF:: -1&& = ~c|§°/J
o= -q¥y/pd= '%% L8

=T,

TR LINES OF B



Imhh?n\‘o}m

From the analysis we see how it is that the vector potential which appears in
quantum mechanics in an explicit form produces a classical force which depends
only on its derivatives. In quantum mechanics what matters is the interference
between nearby paths; it always turns out that the effects depend only on
how much the field A changes from point to point, and therefore only on the
derivatives of A and not on the value itself. Nevertheless, the vector potential A
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