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2 2 2 2 1/ 2 
cthl1 = r + ~ 'ctge = r -а 'r =а ( chtнcose), tgOs = ~ 

2 r о а о sш е s 2 r о а cos е s ch 11 - cos е sin е 

For r -..,oone has: 11 = 2a. :sin8, sine = g~-cos8Forr -- 0:11 = 2ar·Sin8 5 , r s r -~ 

е = тт- ~ cos e 5 • Let 11 = 11о correspond to the torus Т0 on which the 

solenoidal winding is performed. The surface of this solenoid . 
is given Ьу the equation: (р- d)2 + z2 = R:Нere d and R are the 
radii of the axial line and of the solenoid cross section. They 
are expressed in terms of а and 11о : d =а . cth110 , R =_а_ .For 

s~o 

11 > 11о< < 11 0 ) the point х, у, z is inside (outside) of the torus 
Т0 . The ca rtesian components of the vector potential in the Cou
lomb gauge satisfy the following system of equations: 

!J. А х = - о (11 - 11о ) • А • cos ф , /',.А у = - о (11 - 11о ) • А. Sin ф , А = ~ ( ch 11 - cos е) sin е 
а 

g(ch110 - cose) . 
ЛА , = -o(l1-11o) 2 · (1-c~0 cosO ) .Due to ax1al synпnetry Az 

а sh110 
does not depend on the angle ф , whereas А , and Ау depend trivi-

ally: А, = Ар соs ф , А У = Apsin ф .It follows then that Аф~ Аусоs ф -

- А , sinф = ?· Sett ing_ АР =_Ар v ch11- coSO, А z = А , v ch 11 - cosO one obtains 
the equat1ons for А , А : 

р z 

2 2 
<al1 + cth 11 al1 + де 

1._ _ 1 ) А- g sin е ·о (11 - 110 ) 
+ 4 - "- р ~ -- . 

siJ - 11 а 2 (с~ - cos 8)3 2 
о (2. 1) 

_.!_)л __ _L й<11 - 110 ) 1 - сь 110 . cos о 
4 ' . " ·--·-·--·--- - ------- --

а· sh11o (ch11u - cos O )3 ' 2 

2 2 
((1 11 + cth 11 (! 11 + ilo 

~olve (2.1) expanding Ар 
A 0 = IR~(I1)·sinne. In the 

and А , in sinO, cosn/J : A , ~ ~R~(11 ) . cosn e , 
same way one develops the right-hand 

' ' 6 1 

sides of (2.1) · : 

sine 4v2 u 
(chl1- COS0)3 ' 2 = 17 n:1Qn-1 / iChiJ) • n • sin n8, 1- chl1• COS0 2v'2 

( ch 11 - cos е ) 3 ' 2 = " о 

1 о 1 о 1 о 
12Q11ichll) + n:: 

1 
cosne-[ (n + 2 )Qn+1,2(chl1)- (n-

2
)Qn-<! '2(chll )]1. 

Here and further Qll(z) and Pll(z) are the Legendre functions of 
1/ 1/ • • 

the 2nd and Ist order, correspond1ngly. Insert1ng these expan-
sions into (2.1) one obtains equations for Rn(11) : 

2 

ь 

" 

.(> 

d2 R0 dR
0 О 

..:::.._::u_ + cth11· :...:..:::1! + (.l.- n2 )R 
~2 d/1 4 n 

- 8 <11 - llo) 1 о 1 о 
g ·[(n--)Q 

312
(chl10 )-(n + -

2
).Q 

1 
(ch110 )] 

shllo 2 n· n+ 1 2 

2 1 1 
d Rn dRn 1 2 
-~+ cth11-- + (-- n 

d/1 d/1 4 
_ 1 ) R1 
;{ n 

/1 

- о =- 2g. 8(11 - 110). n. Qn_112(chll 0). 

Here g = 2Y2g. The solutions of these equations continuous and 
finite ev:rywhere (including the boundary of torus Т0 ) are: 

{ 

о о 

о 
0 

р n-1 / 2 (ch11) • Qn-1 / 2 (chllo) <11 < llo) 

Rn = An • 

Qon-1 / 2(chll) • Р~-1 / 2 (chll о) (11 > /1 о) 

о - 1 о 1 о An= g ·[(n+
2

)Q n+ 1/ 2(chll o)-(n- 2 )Qn_3; 2 (chl1o )] for n ,.! O; 

о 1 - о 
А о = 2 g. Q l / 2(chllo) 

1 о о 

{ 

pn-1 / 2(chll) .[ Qn+l/ 2(chll o)- Qn-3 / 2 (chllo )] 
1 - о ' 

R n = - g • Q n -1 / 2 ( ch 11о ) • (11 < llo ) 
1 о о 

Qn·l / 2(chll) .[ pn+ l/ ~chllo)- pn-3/ 2 (chllo)) 

<11 > 11о ) • 

One can easily check that div А = О. Note А z and Ар are even and 
odd functions of z, correspondingly. At large distances Ар 

3 
and Az are falling as 1/ r 3 : Az = 1:..к....!... · (1 + 3- cos20 5 ) • С 1 • 

тт r3 
12g i . тт2 cth llo . 

АР = тг - 3 · sш285 • Ct.Here constant С1 = 32 --2- • However, 1n 
r ~~ 

special directions Ар and А z decrease more rapidly than 1/ r 3 . 
For example Ар= О in the z = О plane and on the z axis. Consi
der now А z behaviour in the z = О plane and on the z axis. 

2 
g 1+Ch/1 

At the origin А (р = О, z = О) = . Q0 ( 0 ) • Wi th chang-
z v ch /1 1/ 2 2chllo 

ing radius р ( "'v х 2 + у 2) А z takes ~he values 

3 



- n О О О 
g • у'1 + ChJLo n~0(-1) Q n-1/2 (ChJLo)· Qn+1 / 2(ChJLo)· [Pn+1/2 (ChJLo) + 

+ P~+lh (chiL 0)] ·(n+{). 

at the inner boundary (р = d- R) of the т0 and 
- 1 о о о 
g v' chJLo -1 ~~о (n + 2). Qn+1/2 (chJLo). Qn-1 / 2(chJLo) . [ Pn -1 / 2(chJLo)-

о 
- pn+1/2(ChJLo)] 

at the outer boundary (p=d+R)Inside the torus (for p=a=v'd 2-R2) 
Az equals g • Qt 2 (chJLo). p~112 (chJLo)· For а large р the potential 

. . .si . 
1s negat1ve: Az = -g·з·C1.on the z ax1s 

р 

1/ 2 . 2 2 2 
R ·g·d О d+Z+R 

Az(O,Z)= 2 2 3/4 • Ql / 2[ 2 2 1 ln]' 
(d + z ) 2R (d + z ) 

16а3 
that equals g·---3·C1for large values of lzl. 

1 zl 
The above formulas are more transparent if the solenoid 1s 

very thin ( : « 1 or JL 0 >> 1). The potentials equal: 

Ар = v'2 · 17 · g • ехр (- 2 JLo ) • sin 8 · v' chp - cos 8 · Р1'1 2 ( ch JL ) , 

Az = ~ · :exp(-2JL0).y'chp- cos8 · [ Р~1 1 2 (chJL)- Р~1 2 (chJL). :cos8] 

outside То and Ap = g.exp(""'/l).sin8, Az=-g.exp(""'/l).cos8 inside it.In 
2 

the plane z =О Az grows from 217g· exp(-2JLo) = 17gR2 at the origin 
2d 

up to g. ехр(""'/10 ) = gR at the inner boundary of т0 • Inside the so-
2d 

lenoid Az vanishes at р = d and takes the negative value - :~ at 

the outer boundary of т0 . For greater value of р А z remains 

. d А аз . ( 2 ) 17gdlt negat1ve an goes to zero: z = -17g-3 . . exp- Jlo =---
3
-. 

р 4р 

Now consider А z(p, z) as а function of z for р fixed. At the z 

211gexp(- 2JL ) R2 d 
axis Az (O,z) = 0 = .!Ш . 

1 
.For fixed p <d the 

[ 1 + (~)2 1 з/ 2 2 (z2 + d2)3 2 

function Az is posftive for all z ; for р > d Az is negative for 
small z and positive for greater ones. So, the zeroes of Az 
in the (р, z) plane (for R« d ) lie at the line which origi
nates at the point (d, О) and has asymptotics z = ± р /..;2. 

... 

'"" 

,. 

"" 

.,. 

Consider now integrals along the closed paths. Let а contour 
С 2 (fig. 1) passes through the hole of Т0 • С2 may Ье chosen· to 
Ье а circumference which is an intersection of the meridional 
plane ф =const and the surface of the torus Т which encompasses 
the solenoid То and corresponds to the JL < JLO (and the same а ) • 
Along this contour JL = const and 8 varies from О to 211: ФАе df 

217 А8 ... 
= а f h 

8 
d8.нer e А 8 is the component of А along the С 2 : 

о с JL- cos 

А 8 = -[ShJL•Sin8·Ap + (1- chJL cos8)Az].(1- ch/Lcos0]-
1 

,The integration 

gives: s;a }'; Q~_ 1 1 2 (сЬр0 ). Q~+l / 2 (chJL 0). This integral should Ье equ-

al to the magnetic field flow through the solenoid cross-sec-

tion: dp • dz 2 2 ffH ф d р • dz = g ff -Р- = 211 g( d - v' d - R ) = 2 17 g а • ( cth IL 0 - 1 ). 

The identity of these expressions may Ье proved if one takes the 
217 

integral f cos 8 d8 in two different ways. Direct ' integration 
0 chp- cos8 

gives: 217·(Cthp- 1). On the other hand, the integrand may Ье vie-

cos8 1 . 
wed as the product of two factors: • .Expand1ng 

y'chp- cos 8 v'cЩL-cos8 

them in cosn8 and integrating one obtains: ~ l Q
0
_v2Cchll).Q

0
+l/2(chp). 

Comparison of two different integrations completes the proof. 
Consider next the circle С 1 with radius R0 > d + R. Along this 
contour ~Aedf = R0 fA8

8 
d8 8 = Rof (Ар· cos8

8 
- Az. sin8

8
)00 8 • From the 

о r2 а2 -I / 2 
relation sin8 = ctg8 s. [ ( + ) - 1] i t follows that the in-

. "ra sin85 

tegrand is an odd function of ( ~ -88 ).So, the above integral va-
nishes. ' 

3. The functions Ар and Az obtained in the preceeding section 
are solutions of the Maxwell equations. An alternative way is 

to solve the equation Нф= дАР.., дAz=_[8[R-v'(p-d)2 +z2 ]with the 
• дz др р 

gauge condition divA=_!_~(pA )+~=О. The latter is ful-
P ар Р oz 

filled if one puts: А =-.!... ~, А~=..!. ддф. The function ф satis -
p р oz р р 

fies the equation: ФРР-; фр +Фzz = g·8[R-y'(p-d)
2

+z2 ].Using 

toroidal coordinates and substituting ф = ф • v' chJL- cos8 one оЬ-

5 



- - - - 1 
tains the following equation for Ф : Ф РР - ctt~p • Ф /L + Фое + 4 iP = 

g(J(p- р о) -
---~~31..,..2:-. Now we expand both sides in cosnO: ф = "i.ф0 (р) •Cosne, 
(chp- cos(J) -

( -3/ 2 2· '2 1 1 1 chp-cosO) =-т sь;·[Q_ 1 1 2 +;:
1
q;_112cosne]and get the equa-

.. • 1 ~· (J(p- /L ) 1 
tion for 1/1 0 (р}: ф -cthpф +(--n )ф =-2g О .Q v2(chp) 

n n 4 shp n-

(the dot above Фn means derivative with respect to р ). The sub
stitution Фn = shp. Fn reduces this equation to а more familiar 

• 1 2 • 1 ) 2g 1 one. Fn +Cthp·F +(--n --- F0 =--- Q (chp).(J(p-p), 
n 4 sh2 /L sh2p n-1 / 2 О 

It has solutions: Fn =-2g 1 • P1_112(chp)· · j ~.[Q1 (сhр)] 2ф 
n 2 -1/ 4 n shp n-1 / 2 

1 1 Р РО tt .. 
for /L < llo and Fn = -2i 2 • 1 Q _112(chp) • f Р 112 (ch/L)(l 

112
(ch,.l) _..,.._ + 

n -1 / 4 n р n- n- s~~,.t · 
1 00 1 2 о 

+ pn-1 / 2(chp) t[Q
0

_ 112(chp)] ~ 1 for IL > Po· Ap,Az obtained in 

such а way should coincide with those found in the preceding 
section. This gives the following recurrent relations for in
tegrals occurring in F0 : 

1 о 1 о 1 . о 
2Cn -Cn-1 -Cn+1 = [(n+2)Qn+1 / 2-(n-2)Qn-3 / 2 · Qn-1 / 2' 

2nCn _ Cn+1 Cn-1 о о о 
n 2- 1/4 П+ 1/2- n- 1/2 = Qn-1 / 2 • (Qn+1 / 2- Qn-3 / 2) • 

1 о 1 о о 
2Dn - Dn-1- Dn+1 = 1 + [(n+ 2)Qn+1/2- (n- 2)Qn-3/ 2] Pn-1 / 2' 

2nD D D -~n __ n+1 n-1 О О О 
2 ------ Q (Р р n - 1/4 n + 1/2 n -1/2- n-1/ 2 n+1 / 2 - n-3 / 2 ), 

where 

00 1 2 ф 
Cn = f [ Q n-1/2 (ch/L)] stlp ' 

/L 

00 1 1 ф 
0 n = f Qn-l/2(ch/L) Pn-1 / 2 (ch/L)-;;: 

р ~~ 

and the argument of the Legendre functions is ch/L. These rela
tions may Ье refuced to simpler ones: С0 - Cn+1 = (n + {)Q~+V2~-1/.!' 
Dn - Dn+1 = (n + 2)Q~+ 1 1 2 Р~_ 1 1 2 • The mentioned above coincidence 

6 

of the solutions steams from the fact that they are everywhere 
continuous and finite solutions of the same equations with the 
same boundary conditions. This guarantees the uniqueness 
and identity of solutions /1 ,5/ , 

4. Vector potentials of the toroidal solenoid may Ье also 
computed with the use of the potentials of separate coils. At 
the surface of the torus Т0 it is convenient to introduce the 
coordinates ф,ф : X=(d+Reosф).cosф, y~(d+ Rcosф).sinф,. Z=Rsinф. 

The unit vector tangential to this surface and belonging to 
the meridional plane ф = const is: ~ф =е z • СОЗ/J- (ех • совф + ey·Binф}sinф . 
Then, the solenoid potential at the point with coordinates х,у, z 

... R 
equals А(х, у, z) =-~ . 

4" 
~Ф/Jdф 

ff ~ .(4.1) 
1[ х- (d + R соsф)сов ф] 2 + [у -(d+ Rcosф )sinф] 2 + (z- R sinф) 2 1 

Or after the Ф integration: 

2" 2" 
Az= I dф.(d-pcosф).F(p,z , ф), Ap=Z· f coSФ·F(p , z,ф)·dф, 

о о 

F(p, z, ф) = У R . g 
2" 

(4 .2) 
1 . Q~I p2 -2dpcosф+d2 +Z2 + R2 l. 

[ (р совф - d) 2 + z2 ]З / 4 2R[ (р cosф-d) 2 + z2] ~ 

When the solenoid is thin (: «1) it is possiЬle to carry out in 

(4.1) an expansion with respect to R , 
valid outside the solenoid: [(x-dcosф)2+(y-dsinф)2+z2]~ 

2 2" 2 2" 
Ах=~ ( .соsф.dф 'А ~ ~ ( sinф dф, 

4 о 1r- ;- 1 з У 4 о 1t - t' 1 з 

А - R2g 2" 
z --- f 

4 о 

(х- х')соsф+ (y-y')sinф dф. 

1r -1' 1 з 

(4 .3) 

Here х' ,у' run along the filament (in which torus Т0 degene
rates when R ... О) with the radius d lying in the z =О plane: 
х'= d·соВФ, y'=dвinф. The last expressions may Ье further simpli
fied: 

АР (х, у, z) -
R2 z.g 

4 
j" совфdф 
о (r~ d2-2dpcosф)З/ 2 

R2zg 1 
2(dp) 8 / 2 • ·sllpl ·~(Chp1 ), 

7 



R2 211 
А z (х, у, z) = _g_ ( d- р совф 

4 о (r 2 + d2-2dpcosф)З/2 (4 .4 ) 

R2g 1 1 

2(dp)
S/ 2 --·[p.Q ~ (chJL) -d·Q

1
u(ch" )] ShJL 

1 
- 72 ,.. 

r2+ct2 
Here ChJL 1= lЩР .Al though these formula5 look qu i te differently 

from those giv en in sect.2, they are in fact the 5ame if one 
take 5 into account the Whipp l e r elat ion between Legendre func
tion5 16 1 : 

JL . -;- 2 -1 / 4 -11 - ~ z 
Q

11
( z) = exp(lJL71)· v-·Г (v +JL+l)·(z -1) . р 11 <- -=-)· 

2 - JL-72 y z 2- 1 

We 5tre55 once more that expre55icn5 (4 . 3), (4 .4 ) are valid 
only if (p-d) 2+z 2 ?. R 2, i.e. , out5ide the thin 5o l enoid. For 
arbitrary p,z one mu5t U5e f ormula 5 (4.2) or much comfortaЬle 
one5 giv en in 5ec tion 2. · 

Now calculate f Az·dz along а 5traight l ine parallel t o t he 
ax i 5 . U5ing (4.4) one obtain 5 : 

zo R2 271 zo dz R2 271 d- cos1t Ь2 -~ 
J А . dz = _g Г (d- рсоsф) .dф I 

2 2 312 
= _ g_ f P

2
l +2 ) dф, 

- z
0 

4 О -z
0

(b +Z ) 2 О Ь z0 

\vhere Ь 2 = d 2 + p 2 -2dpcosф. For z -+ос it follow5: 

оо а2 211 2 r А z dz = _g r d - р соsФ dф = ~<l - р - d ) . 
2 о р 2 +d 2-2dpcosф 2d IP - d 1 

00 

So J Azdz equal5 R
2

g71 ( i. е., to the magnet ic f ield f i ux) 
d -оо 

if the integrat ion a x i5 ра55е 5 in5ide t he toru5 hole and zero 
otherwi5e, 

... 5. ~he pot~ntial5 obtained 50 far are 5olution5 of equat i on5: 
Н = rotA , divA =О. Finding of potent ial5 j5 much 5implif i ed 
if one throw5 away the gau~e condition divA = О a nd trie5 to 
5ati5fy the equation Н = rotA only. We obtai n now а particular 
5olution of thi5 equation and compare i t with the one u5ed in 

f 141 А . . d . дАр дА z g . • re • . 5 1n51 е the 5o leno1d Нф =~ ---=-~ t 15 natural to 
дz др р 

8 

seek there the 5olution in the form: 

Az =A 1 +A 2 ·lnp, Ар=А3 /р, 

where А 1• А2, Аз are function5 of z only. From thi8 one obtain5 

in5ide the 5olenoid: дАз -A2=g.At the outer boundary of the 5ole
___ дz 

noid (р = d + у R 2_ z2, lzl ~R) the potential АР equal5 Аз 
d + y R2- z2 

The 5imple5t way to ensure continuity of ~· when pa55ing from 
I to II (fig.2),i5 to as5ume АР to Ье independent of р and 
equal to it5 value at the boundary (I,II), that i5 

А 3 If one require5 АР to vani5h а5 р -+ ""• then А 3 = О , 
d+yR2-z2 
А 2 = -g. So, АР vani5he5 everywhere and А z = А 1- g·lnp in5ide the 
5olenoid. Now apply the 5ame procedure to Az. The cont inuity 
of Az at the outer boundary (I, II) and it5 vanishing for r-+ оо 

give5 A
1
=-gln(d+yR2-z2),Az=glnd+ y R

2
-z

2 
in I and Az=O 

·~ р 

in II. One may ea5ily get continuity at the inner boundary of 

the 5olenoid (i.e., for p=d-yR 2-z 2, lzl S R) if one take5 
Az in region III to Ье independent of р ~nd equal to it5 value 

. . d+yR2-z2 
at the boundary (I,III), that 15 g·ln . As for lzl = R 

d-yR2..z2 

the potential A z=O, i5 natural to take Az=O for lzi > R. Suппning 

up, we have: Ар = Аф=О everywhere; Az= g.lnd+y'RILz
2 

in5ide the 
р 

1 'd А lnd+yR2-z2. . d h . so eno1 , z= 1n reg1on III an zero ot erw15e, One 
d-yR2-z2 

may ea5ily 5ее that fAzdZ equal5 О or 211g(d-y R2-d~)if the 
integration take5 place along the line pa55ing in II or III, 
re5pectively. But the d i vergence of g i5 d i fferent from zero: 

дА 
_ z,;,. О. If the 5olenoid rad i u5 R tend5 to zero then the potent i
дz 

a l in region III (which degenerates into the circle of the ra-

diu5 d lying in the z=-0 plane) i5: Az=2g y R
2

- z
2

= 2Ф2 . y R2- z2 
d 11R 

(where Ф i5 t he magnetic field flux 71R:g), i.e., it is concen-

trated in а thin layer wi th а width 2R. If fo r а fixed Ф the 

9 



l Fig.2. The definition domains , ... r.r.r 

Il( 1 1 -1 1 :...: ) 

, ... r.r.r 
of the vector magnetic potentials 
for the toroidal solenoid when 
divA ~ О. 

radius R goes to zero, then А z takes the form: 

Az = Ф·о(z) .e(d-p), (5. 1) 

which is identical with that used in 1 41. This formula does 
not work iц the vicinity of the soleЛ:oid (i.e., for (р -d)2+z 2<R2 
or for р = d, z =О in the exact lim:i,.t R = О ) • Indeed, the diffe-

дA дАz 
rentiation of (5. 1) gives: НР = _Р_ - -- =Фо(z)о(р- d). So, the az др 

strength of the magnetic field equals infinity at р = d rather 

than ~ as it should Ье. The potentials (5.1) used in ref ! 41 

for the calculation of the А.В. effect, were deduced in а quite 
different way. We want to examine this derivation in more de
tail. The starting point is the expressions (4.3) which сап Ье 
presented in the alternative form: 

2 
dy • . R 2g а Ф dy' А = R zg ф 

=- -- --
J: 4d lr ... -1'13 4daz . lr-r' l 

R2g д dx' 
А=-- ф 

' у 4d az 1 i' _ t· 1 • 
(5. 2) 

А = ~(~ ~ dy' а dx' 
), --Ф 

z 4d дх 1 r - r , 1 ду lr-r' l 

where the integration is performed along the circumference of the 
radius d lying in the z = О plane; this in turn may Ье replaced 
Ьу the integration over the area of the circle with the same 
radius: 

да dy' да 
ф =--

1;- r' 1 ах • ду 

where 

а = JI dx'dy' 

1
-+ .. 

r - r' 1 

10 

We substitite this into (5.2): 

R 2g а 2а R2 g а 2а 
Ах = --·-- А = --·--

4d дхдz ' у 4d дудz ' 
R2 g д 2а д 2 а 

Az = ---·(--+ --). 
4d дх 2 ду 2 

(5. 3) 

Adding and subtracting in А z the quantity R2g . д 2а and taking 
4d дz2 

. 1 "3 ...... 1nto account that !'!. . = -47Тu (r -r') one gets : 
1 Г- ;- 1 

А "R2g Г[ d 'd , " 3(-+ ... ,) R2g д2а =-- 1 . х у и r-r +-- ·--
z d . 4d az2 

(5. 4) 

R2g д 2а 
_ 11R

2
g o(z)O{d-p)+ 4;]' дz 2 - d 

or up to the gauge transformation: 

11R 2g 
Ах = Ау = 0, A z= -d-o(z) O(d-p) . (5. 5) 

Expressions (5.5) and (5.1) are identica l. Note tha t А 2 -

given Ьу (5.5) has а singularity outside the solenoid wherea s 
the starting formulas (4. 1)-(4.4), (5.2)-(5.4) do not have. 
Further, the divergence of !\ is different from zero and has 
а singularity in the z = 0 plane for potentials (5.1), (5.5). 
This means that the transition from (5.3) to (5.5) is performed 
via а singular gauge transformation . In f act, а simple calcula-

tion shows that the- singularity of Д.:.~ exac tly compensates the 
дz2 

singularity of the first term in (5.4). On the other hand, the 
infinite value of Нф at p=d . is due to nonapplicability of 
(4.3), (4.4), (5.1)-(5.4) in the interior of the solenoid. In 
this case one should use expressions (4. 1), (4.2) or those of 
section 2. 

1 thank heartil y Prof. I.V . Polubarinov for several discus
sions and interesting comments. 
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Афанасьев Г.Н. Е2-83-339 
Векторные магнитные потенциалы тороидального соленоида 

Вычислены векторные магнитные потенциалы тороидального 

соленоида в кулонавекой калибровке div А ~ О. Исследована 
пространствеиная зависимость компонент потенциала; показано, 

что они непрерывны во всем пространстве /включая границу 

соленоида/ и убывают на больших расстояниях обратно пропор
цианальна третьей степени рассеяния. Полученные в данной ра

боте потенциалы сравниваются с потенциалами работы / 4/ , которые 
имеют особенности вне соленоида и соответствуют сингулярной 
калибровке. 

Работа выполнена в Лаборатории теоретической физики ОИЯИ. 
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Afana~iev G.N. Е2-83-339 
Vector Иagnetic Potentials of the Toroidal Solenoid 

Vector magnetic potentials of the toroidal solenoid are 
calculated in the Coulomb gauge div А ~ О. The components of 
the potentials are finite and continuous everywhere аг.d behave 
as 1/ r 3 at large distances. These potentials are compared 
with those found in ref. / 4/ , which have discontinui t es outside 
the solenoid and correspond to the singular gauge conditioп. 

The investigation has Ьееп performed at the Laboratory 
of Theoretical Physics, JINR. 

Pгeprint of the Joint lnstitute for Nuclear Research. Dubna 1983 
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