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where L is the luminosity. Substituting t, we get

dlaH 3ne104 H?2 L

ar 2\ m3/2c4TV2 45,2
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where A 1s the Coulomb logarithm. Assuming that T = To(r/r1)~%, where Ty is the
temperature of the internal convection region, in ergs, and o > 2, we find that
the magnetic field increases in the interior of the star in accordance with the

H~ exp{-( -;-)Ta ) IJ :

where the characteristic length § is given by

2

a-~2

s a ] 2+10-4) m"/zc:‘T;/2 4nr,
B(T - ) 3n e

h? L

Assuming that near r; we have o = 4 and T = 5 x 10°!! erg (values typical of
the sun), we obtain the estimate § = 107'R, where R is the radius of the sun.
For stars hotter than the sun, the characteristic length is even smaller.

This enhancement of the magnetic field is produced by currents that flow
along meridians and return through the star's rotation axis. These currents
produce thelr own magnetic field, having also a toroidal structure and coincid-
ing in direction with the magnetic field produced by the convection. Its maxi-
mum lies approximately near the center of the meridian-axis current contour, as
a result of which the main field is also enhanced in the interior of the star up
to this line, beyond which the enhancement decreases.
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1. The question of fluctuations in superconducting point Junctions in which
the Josephson effect takes place is of great interest, since in most applica-
tions, the limifing characteristics are determined precisely by the fluctuations.
It is important here to determine the fluctuation spectrum, particularly the
values of the spectral density at low frequencies and the Josephson~generation
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line shape, all the more since it is Just these quantities that are easiest to
measure experimentally [1].

A feature of point Jjunctions (and of arbitrary S-c-S Josephson structures)
is the relative smallness of the intrinsic capacitance. This circumstance makes
it impossible!’ to apply to them directly the well-known theory of fluctuations
in tunnel junctions [2], in which the changes in %the voltage across the junc-
tion are assumed to be small in the absence of fluctuations. For an autonomous
Junction we can, to the contrary, assume also the total current I to be con-
stant.

The purpose of the present paper is to find the spectral density of the
fluctuations of the voltage V(t) across a point junction (or a bridge of small
dimensions), for which the model developed by Aslamazov and Larkin (AL) is valid

(31.

2. If all the dimensions of the superconducting electrons forming the con-
tact are large compared with the coherence length, then the intrinsic fluctua-
tions of the ordering parameter in the electrodes are exceedingly small at
T < Tc' Therefore the source of the fluctuations is the noise of the normal

resistance R of the junction [2, 4]. The Langevin equation for the phase dif-
ference ¢ on the junction is written as follows [2 - 4]:

é+ sing =i+ i, i =0, (1)

where i and I are the displacement and fluctuation currents, normalized to the
critical current Is, and the differentiation is carried out with respect to the
time T = wet, where wy = (2e/8)I,R is the characteristic frequency of the Jjunc-
tion.

3. The determination of the spectral density of the voltage Sv(w) for equa-

tion (1) is in the general case more complicated than the determination of the
mean values [4], even 1f 1 is white noise. However, if 1 is sufficiently small,
ordinary_correlation theory can be applied to Eq. (1). In the first approxima-
tion in i1 we have

~

$+$cos¢(°)=i, (2)

where & = ¢ - ¢(°) and ¢(°) is the solution of Eq. (1) at 1 = 0 L3]. At |i| <1
(the stationary Josephson effect) we have cos ¢{%) = (1 = 12)'/? and changing
over to the Fourier transforms iQ and Vo of the current i and of the voltage

V=6 = V/I4R (R = w/we) we obtain immediately

vg = igll-j(1-i)72/g)~1, (3)

whence

5,00 = 11+ (1 -iY)/0a%)-25,(q). (4)

With our normalization fbr the normal resistance R (Io¢ = 0) we would have SV(Q)
= Si(Q). Therefore formula (4) describes the suppression of the noise in the

Jjunction on going over to the superconducting state, SV(O) = 0. This suppres-
sion does not come into play at frequencies w >> wg.

15

If the point Jjunction is not connected in a special low-resistance elec-
trodynamic system.

b43



At 1 > 1 (process of Josephson generation), by solving (2) relative to ¥,
we obtain
7

+ ) [ (T7 <j;(°))dr..

o~
v =

(5)

Changing over to Fourier transforms, we easily obtain
va = Tzig ks (6)

where z, are the ceoefficients of transformation of the fluctuation frequency as

a result of thelr le}ng with the Josephson oscillations (normallzed frequency),
v = V/I¢R = (i?

ikl ; |k -1]
Iz ) -fs, vk Y= Myk-DG-v
2

" 0 - kv Q- (k-1

k+1) -l
¥ —_———

Q- (k+ 1) (7

From (6) we obtain for the spectral density of the voltage
5,(0) = f Pz, 125, (@ = kv). (8)
4, From (7) and (8) we have for low frequencies Q << v

5,(0) = [i25, (0) + (1/2) 5, (v)]v-2. (9)

For frequencies near nv (|2 - nv| << v) we have

S,(0) = n2(i - v)2"[i2S,(0) + (1/2)S; (v)}( Q - nv) -2, (10)

This expression gives the form of the lower part of the Lorentz curve of the
n-th harmonic of the Josephson generation. From this expression we can find
the width 2Fn of this line under the condition that Fn/wo << v.%) To this end,

writing down the general formula for a Lorentz line
S,(0) = (20)"'P (T, /0 ) (- av)?+ (T,/w,)?]7}, (11)
we equate the total "radiation power" at the n-th harmonic

P =2n}+‘ 5,(2)dQ, T, /e <<e<<v, (12)
n

n v-€

)2n

to its wvalue Pn = 2v2(i -V in the absence of fluctuations [3]. Then, com-

paring formulas (10) and (11) at |Q - nvl >> Fn, we obtain:
T, = nre, [i25(0) + (1/2) S, (v)lv=2 = o'l (13)

Inasmuch as in the first approximation in i the fluctuations do not change the
value of v, the differential dc resistance of the junction is Rd £ dV/dl = Ri/v.
We can therefore write

[, /rw, =S,(0) = [R}/ RS, (0) + (1/2v?) S, (v). (11)

2)It is this condition which determines the limiting fluctuation intensity
at which the conclusions of the present paper are valid in the region & = nv.
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5. In the case of low frequencies and voltages (hw, eV << T), the noise of
the resistance R can be regarded as thermal

§; @)= o R™2(2e/4)~25, (@) = (R)"IT, (15)
When v >> 1, formulas (14) - (15) yield the usual expression [2]
T, = (2e/H)2RT, (16)

but for low generation frequencies (v » 0) the voltage fluctuations and the
generation line width increase sharply?

T, =rw, 5, (0) =(3/2)(2e/M AR /RIT. (17)

6. If, as assumed in the AL model [3], the electron mean free path & in the
region of the junction is much smaller than its characteristic dimension a, then
the spectral current density 1s given by the usual equilibrium formula

S @) = (#R) =" (B /2)cth (ho /2T) (18)

even when eV > T. Indeed, the shot noise [2] begins to make a noticeable con-
tribution only when the energy eEfL connected with a single scattering act is
comparable with the temperature T (E = V/a). Formula (18) can therefore be used
for all values eV < T(a/f) >> T. It is seen from (14) and (18) that for high
frequencies (v >> 1) the line width will be determined by expression (16) even
in the "quantum" case eV > T.

7. A comparison of the present results with the experimental data known to
us [1] does not permit a final conclusion concerning their relation. It would
be desirable to carry out analogous experiments under conditions when I¢R and
T/e differ sufficiently (IoR = T/e in most experiments), and the junctions are
not shunted by the bias source and by the measuring system.

The authors are grateful to A.F. Volkov, A.I. Larkin, V.V. Mikulin, and
F.Ya. Nad' for a discussion of the work.
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) 1In funnel junctions, when self-detection is taken into account, we also

have T3, S(0) ~ Ré [2], but the dependence on the current is essentially dif-
ferent.
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