
SOVIET RESEARCH ON THE A-VECTOR 
POTENTIAL AND SCALAR WAVES (U) 

SUMMARY 

( C )  The  Soviets appear to have made siqnificant throrctical progress in dealing b i t h  the A-s,cctor 
potential and  scalar waves/ficlds. They have been actlvc In rhc arcas of the -4haronov-Bohm cifect as 
a p p l r d  to the A-vector potential and scalar fields as appiitd to soiving force retatcd problems in the 
cariv universe. A41though application of the A-~,ector  potential in the immediate future mlghr be 
possible depending on current research, application o i  any scalar field concepts is o u t  of the question. 
Soviet progress in this area should be carefully followed. .Irdvancerncnu in this w o r k  mav prob-tde the 

1. 

basis for whole new concepts in communications, transportation, and perhaps "stealth applications. 



SOVIET RESEARCH ON THE A-VECTOR POTENTIAL AND SC.4LAR WAVES (U) 

G p t  Robert M. Collins (TQTR)  

1. Lntmduction (U) Sew cnlightment in classical and quantum 
ph) sics. 

(C) The Soviets have a number of theoretical research 
programs dealing with the A-vector potential and sca- Change the dielccrric constant.'magnet~c perrne- 
Iar waves. The A-vector potential is defined as the po- ability on the skin o i a n  aircraft. therebv maklng 
tcntial of the magnetic field. The theoretical ideas for ~t radar invis~blc tbr a particular bandwidth of 
the vector potential were fint developed by James C. frequencies (rctercnccs 2 1 and 2 2 ) .  
Maxwell. a 19th cen tup  theoretical physicist. Today 
Muwell's equations form the basis of clcctroma~netic 
theory. This tech brief will discuss the theoret~cal as- i L \  Soviet interest in scalar waves can onlv be e s t a b  

pccu of the A-vector and the Aharonov-Bohm cffect lished to the point o i  sa\ing that scalar fields arc used 

associated with it. The scalar wave ideas will be dis- as primitive devices to derive other fields and to study 

cuucd in h e  same context. Since these i d c u  are at the the interaction between a basis scalar tield and ocher 

forefront of modern physics, immediate applications are force fields. For example the A-vector potential can be 

appuen t  only in a limited number of areas. The future mathematicailv derived from a scalar field S in a far- 

potential, however, could bc immense. field approximation. 

(L') At one time it was believed that A had no red 
physical significance but over the yean  this viewpoint 
h u  bten altered, although somc theoretical physicists 
sull believe there-is no significance to the A-vector. 
These same physicists while believing that A is not real 
believe chat the Aharonov-Bohm cffect is real. The ar- 
gument in this c u e  is whether the A-vector is termed to 
be gauge invariant. Many other Soviet and US phvs- 
i c i ~ u ,  however, (see references 66, 67, and 68 for LS) 
believe that the only way to explain the Aharonov- 
Bohm cffect (see paragraph 2.. Background) is to dcsiq- 
nate the A-vector potential as a real field. This might 
entail a new interpretation of clectromaqnctic theorv; 
onlv time will tell lf this is the caw. If it turns out that 
~ndeed the A-vector, or some other related potential, is 
the cause of the .+haronov-Bohm cSect, then i r  mlght 
habe the following potcnt~al advantaqes for a 
communications/dctect~on system: 

Will contain potentially more intormation per 
channel than an electromagnetic tield. 

In the c u e  of an oscillating dipole (two-pole clec- 
rromagnetic field) far ficld approxlmatlon. A 
falls off u - I /r  vs I / 8  (where r is distance from 
the source) Ibr the electromaqnetic field irefer- 
ence 63). 

The powerleu transmi3sion of a siqnal. 

(U) Exteruivc Soviet research on the A-vector poten- 
tlal could have any of the following ~mplications: 

Potential use in advanced communication 
svstenu/lolid ytacc sw~tchinq devices. 

2. Background (U) 

(U) In 1959 Aharonov and Bohm in their classic paper 
pointed out a rather unique but counterintultlve con- 
sequence of the appearance of the vector potent:al in :he 
standard quantum-mechanical treatment .,i ~lectro- 
maqnetlc intcracriona. The magnetic !ield B : r  derived 
from the magnetic potential A by tak~ng M hat is termed 
the vector C U R L  of A; i.e.. CC'RL A = B \*here both 
A and B are vectors. The  authors noted that the \.ector 
potential will alfect the phase of an electron wa\e- 
function with obsen.ablc eKects even h hen the electron 
is rcstncred to regions of-space H here [he e!cc;ric and 
rnaqnctic ficld intensities vanish. In th is  o r ~ u ~ n a l  paper 
the authors suqqested the !>llow~nq eupcrlrnznr. Let I n  
electron beam in a \acxum br ipllt coherenti! i o  .hat 11 

t r a~c l s  tiom a common jource to 3 common ?--!-.:tor i-. 
two dttferent paths. Dcpend~nq -Jpon the d c t a ~ i i  ot' the  
two paths. the reunlted cohcrent beams h11l cxh~bit 
interference effecu at the detector. The .+haronov- 
Bohrn configuration provldcs no e1ectr.c or rnaqnctic 
fields anywhere along elthcr path. The onlv ficld 
present is the vector potential A. The mametlc field 
iuclf is confined to a lonq solenoid that threads between 
the two paths in a regon excluded to the electrons. If 
standard quantum mechanics IS correct, then the inrer- 
ference pattern between the rcun~ted beams depends on 
the vector potent~al ficld strcnqth A qo\.erncd bb the 
current in the long t h ~ n  solenoid. The ~ b s e n e d  phase 
sh~f t  is predicted to be on the order ot 'ch, e where h is 
Planck's constant, e 1s the charge of thc electron. and c 
is the speed of light. Since the wavclenpths In quesclon 
arc v e p  small. the obsenatlon of t h ~ s  cffect would re- 
quire an exceedingly tiny solenold. But. slnce the earl) 
190's  this effect has bcen obscned so rnanv times ~ t s  



reality is not in doubt. See Figure I Far an experimental 
setup of this concept. 

( C )  Spccia1,calar fields r rca\csi (not electromaqnetic) 
arc thought to permeate the entire unlverse but their 
onlv utility is theorct~cal at this time. Electromagnetic 
fields can be reprcsentcd bv Lector and scalar poten- 
tials, but the scalar field itself docs not impart e n e r p  
momentum under present physical conditions. The 
19th century physiclsu Faraday, .4mpere, and \'olta 
perceived that clectromagnetism oriqinates lrom scalar 
and vector potentials. >lore rccentlv, a number of 
Soviet researchen have done extensive theoretical work 
with scalar fields and the early universe. Scalar 
fields are considered to have a real physical siqnificance 
in the early univene when coupled to a gravitational 
field to produce an effective gravitational force whch  
w a  repulsive. which gave rise to an inflationary 
univene. However, the sular field in this case is a 
Higgs field or special scalar field which h a  properties 
unlike chat of the clcctromagnetic or gravitational 
fields. One purpose of new, high-energy accelerators is 
to determine if the Higgs field or p e r h a p  some other 
special scalar field exist. In  other upecu one US sci- 
entist has claimed that his experimental resulu indicate 
that there mlght be a coupling efftct between an e lec tm 
static field and a gravitational held. These experimentid 

results arc \-ern tentative and ha\ e not been repeated Sv 
anyone clsc. T h ~ s  could indicate that scalar ilclds rn~sht  
take on some ph\slc'31 s~qn~ticancc \*hen souplrd 10 

other ticlds Scalar ricld concepts can be r ~ r d  to iuprr -  
svmmctm and the earl\ unit-erse Onc Sox rct h ~ . j  shorc n 
that certaln quantum mechan~cal constrtnts drcr ~ ! j o  
tied to supers\mmetn. Sec FTD Bullctin 
2b60P-12: -1-8b d ~ t c d  I I J u l b  1380 lor 3 d~scuss~on  ,)n 
supers-. mrnetry. I Scalar fields then might ha\ e far 
reaching cuture technolop appl~cat~ons  but no ~mrncdi- 
ate applications arc apparent. See .Appendix I for a 
mathematical denbation of the A-vector irom a scalar 
field and the mathernat;cal foundat~on for the A-\ cctor 
from first principles. 

3. Soviet A-Vector Research (U) 

(L') Soviets who are prominent in A-vector potential 
research inciude E. L. Feinberg who has wi t ten  a the- 
oretical paper on the role of electromagnetic potentials 
in quantum mechanics. I n  this paper Feinberg con- 
cluded that the quantum peculiarity of the behavior of 
a partide, i.e., an electron, under the influence of the 
vector potential a r k s  onlv because the energv of the 
system (comprised of a solenoid, ring current, and 
electronrs)) is directly related to the irequencv of the 
electron wave function. If the change of the frequencv is 

AHARONOV-BOHM EFFECT 

EFFECT OF VECTOR POTENTIAL ON WAVE FUNCTION O F  CHARGED 
PARTICLE I S  TO SHIFT PHASE: 

ELECTRON P A T H  

--&--A ELECTRON PATH 6 1 / Imam 

A F IELD CAN INFLUENCE THE M O T I O N  OF ELECTRONS 

fig. 1 (U) &Field a n  Iafluence the Motioo of Uccvo~r 
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ditrcrcnt in ditfrrcnt parts oCthc have  packet. then there 
can be an ~ntcrt ircnce etTect. I t  1s the A-\-cctor potential 
hhich sh~ t i s  the p h ~ s c  

C P Frolot ~ n d  1' D Sk~rzh lnsk \  oi the P S 
Lebcde~  Ph\ s1ca1 Institute. Jl,>scow. h ~ \ e  de\ eloped 
proccdurcs h h ~ c h  h111 hclp thrm understand the \ector 
potential rtfcct In [ ~ I J  proccdl~rr rhc tbco ln\estlgdtors 
cons~dcrcd the c:fects ~i a maqnctic field that was 
s b ~ t c h e d  on In rhrj manner the\ wanted to obsene  its 
intlucnce on quantum states for the scatterlnq of an 
electron packet T h ~ s  a l l o ~ s  one to scpArate the 
classrcal aspccrs I>( An Induced clcctr~c field on rhc elcc- 
tron from the purel\ qu3ntum rnechanrcal ctfecrs con- 
nected H ith the \ ector potentla1 ! -4hsronov-Bohm 
ctTcct). 

( 1  L. E. Cendenshtein of the Kharkov 
Physicotcchnical Institute, .\cadern); of Sciences of the 
Ckrainian SSR. has developed mathematical proof by 
using the A-vector potential demonstrating that the 
clcctron's normal magnetic moment ( the  Bohr 
magnetron) is based on supersymmetry arguments. In 
this concept the superpartneo are  states reflected in 
space with the direct~on of the spin and vclocit) re- 
versed. Supcnvrnmctm then miqhr tic man); of the 
phvsical constants o i  nature !oqether and p r o ~ i d e  an 
in-depth understand~nq or' the \ eccor potential. 

I'i t'a. I .  Koqan and .\. k'u Jtorozo\ of the Institute 
o i  Theoretrc~l and E~perrmental  Ph\ sics usc a three- 
drmensronai photodbnamrcs jchcmc to dcscr~be a lonq 
range ctfect of the .\haronov-Bohm tkpc. 

I ,  V. L. Lvuboshttz and 1.3 .\. Smorodrnskrr of the 
Jornt Instrtute for Suclear Rescarch. Dubna. U5SR. 
ha\e ~ n \ r s t ~ g a t e d  the .\harono\-Bohm effect and the 
icatterlng 4 ~t *!cctrons 1 s  3 :Lncvlon 3f both r t ,e  rrorne- 
'n ot tnr ,\stern ~ n d  3 -7angr. ~ ~ J J C  ,I  f r i p .  ,.lc..t:on 
~ . a \ e  tun1 rron In  r h l s  :fscarcn !he\ ,1lsco\errrl rhar the 
;catterlng 15  fiat nnl\ A '2nc::on ,i :hr \ector potcnt~ai 
but ~ l s o  or rhc shape and orient3t1on ol' the jolen~rd 
used In the expcrrmcnt. 

L '  k'c. St. S e r e b n a n ~ ~  u i  the LebcdeL Ins t~tute  
I F I . + S ,  has deveiopcd a method tor calcuiatinq \ac- 
uum polarrzation due to the .\haronos-Bohm etfcct. BY 
pcrformrnq t h ~ s  theorrt~cal stud\ he has dcmc~nstratcd 
that the \ector potrnt~al  ~ t fec t s  the structure of the 
space-trme continuum 

5 C I  In 1981. Bor~s  Uohulcr. Arkadv . lrc,no~. and 
Bor~s  Spl\ ak c j t '  the Lcn~nqrad Suclcar Ph\ SICS Ins t~tutc  
made throrrtrcal p red~cr~ons  conccrnlnq thc iharontn-  
& ~ h m  ctfccr In mrtai rings The questron w h ~ c h  the 
Soviets Here ask~nq  Has ~ h c t h c r  t h u  quantum Inter- 
k r tncc  etfccr: could be obscned rn o r d ~ n a p  condensed 

matter iuch as normal metals or conductors. T h e  prc- 
dlct~ons. In rhis case. tor ;i supercooled metal indicates 
*nc electron phase sh~f t  should bc ch:L'e which is one- 
h ~ l t ' n f  h h ~ t  11 IS In tne normal .-\haronov-Bohrn ctTcct. 
The faitor oi 2 ind~cates chat the supcrcurrcnts are 
composed of "Cooper pairs of elcctrons." Cooper pairs 
oi elcctrons arc ~ndicatrvc of a supcrconducting state. 
l 'u. I' Shah in I Instttucc o i  Solid Ph? SICS. hioscow) and 
h ~ s  son 0. Yu. Sha\.in , Instrtute o i  Phvsical Problems. 
Xloscow 1 have done the experimental work which veri- 
tied the theorct~cai work done b\ Boris .+ithuler et al. 
See rcierencej 1-14 for iurcher iniormation related to 
Soviet research on the .+haronov-Bohm ctTect. 

I C )  .As an added note i t  is important to mention S. 
Olanu  of the Central Institute of Physics. Bucharest/ 
Slaqurele. Romania. He has made significant con- 
tnbucions in the area o i  quantum effects of the vector 
potential and clectromaqnetic fields. S. Olariu has writ- 
ten a +33-page paper o n  "The quantum effects of elec- 
tromagnetic fluxes," which appeared in the Rmuws of 
.Modem Physics, Vol. 57. No. 2, April 1985. H e  concluded 
that quantum interference effecu have been shown to be 
significant, but it remains to be seen whether this 
will entail a major change in our conception of 
electromagnetism. 

ll', The  Soviets demonstrate a trcrncndous interest in 
rescarchrnq the theoret~csl and experimental aspects of 
the .\B etfect. Such research ma! hake far-reaching fu- 
ture technoloqv applications. 

4. Near Term Application o f  the A h u o n o v - B o h m  
Effect (U) 

L The Soviets have applied their undcntandinq of 
the .\haronov-Bohm eifect to solving a number of prob- 
l ~ m s  related to -!ecrmm;lqnct~c characteristrcs in 5:s- 
:pms. Exampies )I' this include computer i n d ~ ~ c t i o n  dv- 
namlc sbstems ic:th a magnetic dnvc.  sol\.rnq rhe vector 
potentral boundan- condGions for elcctrrc3l rnachrnen. 
calculatintz thc maqnetlc ficld oi' a conductor. calcu- 
I'atinq the magnetic-susceptibrlitv for molecular bonds, 
and solvinq a number of maqnctohvdrrrdvnamic 
I MHD) problems. See references 15-2+ for iirrthcr in- 
tbrmat~on on Soviet work in these areas. 

5. Superconducting Quantum Interfercncc Devicu 
(SQUID) (U) 

) SQUID de\.ices are composed of two Josephson 
junctiotls supcrcmlcd to crroqenic tcrnpcratures. 
h v l c t  research on SQUID dcvrccs has been rntenslve 
slnce the rarlv 1979's. The  purpose d thls text is 
just to rnenrlon some of the Soviets workinq in this 
area. S. .\. Belonoqok et  al. of Sloscow Encrqetiu 
Institute has conducted research involving p h w  



mdula t ton  in complex SQUID circuits Hiqh senst- 
t i \  Has madc p o ~ s ~ b l e  b\ rnociiirinq the bQCID cir- 
cuits and p h ~ s c  mociul.itinq the RF signdl used l- .A 
Khlus ~i the Phbsico rechnlcal Insritute oi Lo- 
Tcmper3turcs. .\cadem\ of Sciences oi the Ckra~n ian  
SSR. Kharko\. has in\estiqated nonequ~l~briurn phc- 
nomcna in a superconduct~nq p a n t  contact on the 
properties of a h ~ q h  trequencb H F )  SQLID 0 l' 
Snlql rc~  o i  \loscoh State Un i \ e r s~ t \  has done one- 
contact rntcro~a\e-ircquencb SQT ID  inkestigatlons 
H here he tbund that the optimum er,errp sensitt\ -as 
dependent on the normalized inductance L L = I Has 
conjidcred optimum In lour papers C' K Iiorneb 
et a\. of Sloscou State Cn i \ e r s~ t \  ha \e  done extensire 
work on rnlcrohabc SQCIDs ,  quantum chaos in a 
S Q U I D ,  and High-speed Electronic Analog o i  
Josephson Contacu  and SQUIDS. C'. D. Kuzneuov 
ct al. of the hiendeleev Institute of Chcrn~cal  
Technolog ,  Moscow. has used SQL'ID devices to mea- 
sure maqnetic susceptibility of a weaklv magnetic sub- 
stance a t  the boiling point of lrquid hellurn. T h e  only 
information suggcstlng that the Sob l e u  have used 
SQUID devices to measure the .4haronov-Bohm effect 
u mentioned \n paragraph 3. SQC 1 D d w i c a  then have 
the potentla1 to be used u long range sensors having a 

remarkable dcqrce oi s r n s ~ t ~ v i t \  across thc R F  and 
rnlcroulie  rtaqLcm. The\ ~ l s o  ha\?  the ?otentraL to be 
usrd as a srn\or 1 0  dctcct rhc bcctor-potentidl :icld as 
d~scui,c.d In p a r ~ p r a p h  d 5rc rrtirr.nct3 2 5 - 3 7  lor fur- 
ther ~nt'ormatiun on S o ~ l e t  rrsearch in this area 

6. Possible Fu tu re  Technology Applicat ion (U) 

t U) .A possible setup for a future communications srs- 
tern uslnq the A-vector potential IS  sho-n in Figure -7 
The basic equipment consists of an  A-iector trans- 
mltter and a recelver SQL'ID device. 

7. Soviet Research on Scalar Waves (U) 

(CI .As previouslv mentioned Soviet research in the 
area of scalar ~aves i t i e ld s  is purelv theoretical. The 
numerous theoretical areas co\.ered include using scalar 
wave equat<ons to solve component problems for 
Maxwell's equations, solving Einstein's gravitational 
field equations to find the amount of enerp): radiated in 
the form of gravitational waves. studying quantum par- 
ticle production due  to a n  intense grav~tational field. 
and reducing !blaxwell's equations to a scalar equation. 
and salving the interaction problem between the 

Fig. 2 (U) Magmetic Detection by A-Vector Potentid D e s i g n  
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clcctrorn~qnetic scalar cquation and a g ra~~ta t iona l  
tield. ctc. The rcadcr IS rcferred to reicrrnccs 36-45 and 
j!-62 for further ~ntormat~on on So\let rrjcarch on 
these topics. 

I C I  Rcccntlv. .\. D. Lindc of the Lcbedev Phbslcal 
Inst~rure. \foscow. has de\.eloped h h ~ t  IS trrmrd 
..Chaot~c Intlation" scenarlo3 hich make use o i  jcalar 
ticlds to explain the Inflatlonap Cnivcrse. Bnetl\. thc- 
o n  staces that the universe orisinaced irom a quantum 
t\uctuation haklnq the dimensions of lo-' '  cm and an 
e n e r v  of 1019 Get'. From this quantum tluctuat~on the 
un~\&se lnflated to rouqhly 10" orders of maqnltude 
~whlch is much srcarer than the obsemablc universe) 
dnven by a repulsive qravitational force. The repulsive 
effect was due to a couplinq between a Hlqgs scalar field 
or special scalar field O and a matter or gravitational 
field. In six papers over a 2 vear period .A. D. Linde 
describes the effects of scaler fields on the evolut~on of 
the early universe. In one paper he directlv addresses 
the issue of the combined action of a scalar field and 
gravitational vacuum polarization giving rise to in- 
flation. In other papers he addresses the ideas of super- 
gravity to explain differing aspecu of the inflation phe- 
nomena. The implications of this type of research are 
enormous since a better understanding of the nature of 
scalar and pavitational fields might bring about the 
development of new forces, leading to new technologies 
and applicarions not currentlv realizable. f o r  further 
information on Soviet research in t h ~ s  area the reader IS 

referred to references 46-5 I .  

8. Ad Hoc Theories on S d u  Waves ( C .  

(I') There have been a number of theories 1 mostlv 
VS) put forth over the vean concernlnq scalar waves. 
One theon states that there IS ordcr to the \ lrtual struc- 
ture of a potential vacuum and th3t a dcterrnln~stic 
structure can be formed bv a vector sumrnatlon oifinite 
EM fields. Summ~ng the two ESi waves 1s suppose to 
e v e  one a scalar wave crtarlnq a detcrminlstic vacuum 
gtructure. Summ~ng two scalar waves at the recervlng 
end is suppose to q v e  back the orig~nal E31 waves plus 
energy extracted from this determin~stic vacuum struc- 
ture. Quantum physics says that thc bacuum IS full of 
virtual particles but that the vacuum u in a state of 

constant quantum fluctuat~ons- there is no ordcr :L> [he 
bacuum. Since scalar ka \cs  Are lincar ticlds. ane ;Annor 
<urn them ro extract ene rp  from the "dercrrn~r,~?jr~c" 
jrructure of J. xacuurn. I f  in pr ln i~ple  encrub C S ' J : ~  be 
extracted irorn thc \ acuum. rhcn ;lie hould ha\ c :#. < x l j t  

In a false t acuurn state ~ n d  nor ~n A ;rue r Aixum \ i.iljr 
Lacuum state IS a state o i  the \ ~ c u u m  ~ h ~ c h  I S  not .it ITS 

l o ~ e s r  enerq\ \evcl. I ionr  I ~ i c d  In a false \ acuum. ihcn 
attcrnprinq to extract cnergv from it uould be i.ii3- 

strophic, sincc removlng c n e r p  -auld crcate A true 
vacuum state which would ~ntlatc and hipe our [he 
v~siblc un~vcrst-the ultlmate ecoloq~cal s~ras t rcphc.  
So. the basis of some current schemes IS  cornplctelv 
untenable. .\nother aspecr to the idea of scalar lonyl- 
tudinal waves IS that the have can not be a photon ticld. 
Gauge inbariance forbids long~tudinal photon haves 
moving at the spced of light. 

9. Observations (U) 

(C) The Soviets have a basic research proqram 
dedicated to understandin9 the A-vector potcn- 
tial which could have possible technology 
applications. 

(C) The Soviets are at par with the h'est in their 
thcoretlcal and cxpenmcntal rcsearch erFt~rt~ ior 
the A-vector potential and theoretical ctTorts 
with scalar wavesi fields. 

(C )  .Although there is no indicarion of anv mil- 
itary interest in the areas of thc A-bector F t c n -  
tial and scalar waves. most of the lnstlrutcs mcn- 
tioned arc in some way connected with mlliran 
projects. 

(L) .-\dvancemcnu in this work mav pro: ~ d e  the 
basis for whole new concepts in cornmun~c~rions.  
weapons. and propulsion jvstems. Such I \ ? D \ I c ~ -  

tions %ill likelv be of Interest to the r r . ! l : ta~ and 
most I~kclv be cloaked In sccrcc\. Lne13cctcd 
breakthroughs offer the poss~b~litv of currp-r s\ s- 
tems and strategic conccpts be~nq  rcndcrcc obso- 
lete and useless. Proqrcss in the past i c ~ e r a l  
years seems to undencore this p a n t .  Thc ?oter.- 
tial payolf is so great as to demand a more rcgu- 
lar and consistent cvaluat~on. 



APPENDIX I 

(U) Quantum 3fechanrcs requires the use oi  po- 
tentials rather than forces; i . ~ . ,  E and B in the cssc ol' 
the electromagnetic ficlds. The vcctor potcnt~al A ~ n d  
the scaler potential 4 are related to the E and B ficlds 
by; 

(C) Electromagnetic theory predicts the existence of 
potential waves traveling at the speed of light. If equa- 
cions (I) and (2) are substituted into Bfaxwcll cqua- 
tions; 

And making u x  of the Lorcntz p a g e  condition, 

V-A + I / C  */at = o t 71 

one obtains two source free potential wave equations; 

V'+ - l/c2 d2tb/dt' = O; Scllu potential (8) 

V A  - l /ca a2Natz = 0; Vector potential 19) 

Equations ( 7 ) ,  (8), and (9) form a set of equations 
which are equivalent in all respects to 3faxwell's 
equations. 

(L) T o  demonstrate what is termed the guage invari- 
ance of 4 and A, Ict's pcdorm a p a g e  transformation 
of the following type; 

6' = 4 -I/c d S / h  Gulgc invariant ( la) 
uansformaoon 

A' = A + VS d b and A. t 2a) 

Then demanding that A' and Y satisfy thc Lorenu 
condition. equation (71, glva; 

.MI potcntrals in this rcstrtlrtcd class  re said to bclonq 
to the Lorcntz gauqc. The\ relate the oca l~r  ~ a v c  to the 
potentials. 

FAR-FIELD APPROXIMATION FOR 
MAXWELL'S EQUATIONS 

(L) For the case far awav from the source. E = 0, B = 
0, and T' x A = 0, then equatlon \ I ) becomes; 

This equation can always be satisfied with a scaler field, 
S; 

and 

If equations (10) and (1 1) arc substituted into equation 
(7), one obtains; 

which is the wave equation for S. 

( 6 )  In the Aharonov-Bohrn effect, the phase chanqe of 
an electron can be represenred by 

as the line intcqral around a closed path for the inrer- 
fcrence effect. t\.hen dcalinq hsith chanqes over a 
time pe r id  chis effect i a n  be rzprcscntcd bv thc rime 
~ntcqral oi the scalar poren:ial 

(C) But, QFS-dl= 0 around anv closcd path accordinq 
to Stoke's theorem. So. the scalar Geld takes on real 
siqnificance over a tlmc domaln or perhaps coupled to 
other fields over a time osc~l lat~on pcn#d. 

(C) In the absence ot E ~ n d  B fields. the rector poten- 
tial can he rcprcsentcd b\ the qrad~cnt  of a scalar ticld. 
The vector potcnttal and scalar ticlds then .ire the pnm- 
ltivc fields from w h ~ c h  one can denbe the E ~ n d  B tields. 
The scalar fields in cquatlon 12.  rcplace thc potcntial 
when the phvs~cal E and B ticlds drc zero. 

NOTE2 Page 6 blank, & therefore not included. 



I L') A 1s perhaps the fidd that imparts phase shifts to 
matter proportional to the rate at  ~ h i c h  A chanqes o\cr  
d ~ s t ~ n c c  rime and ~t could bc detected bv means of 
quantum intcrfcrence deb ices ( SQL'IDs). The  scalar 
wa\cs S arc so naturally elus~vc they arc called scalar 

vacuum waves. The scalar field is already known to 
phbslcists In the context of quantum field t h e o n  as the 
Lorentz qauqc whlch treats b and A on thr samc foot~ng 
and is a concept lndcpendcnt of c o o r d ~ n ~ t c  sbstcrns. 
The  reader 1s rctcrred to refcrcnces 63 and bS, 
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