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where a  is of the order of magnitude of the differ-
ence in a on the different boundaries of the medium.
Consequently, the mean (not the mean square!)
value of thefield in the volume A = a,/ L and

the value of the tangential field at the boundary of
the region, where the liquid is at rest, are related
by the following:

Th=(r/%) Fsls (13)

By analogy with macroscopic electrodynamics, we
shall consider the flow in the turbulent liquid as
molecular flow, the neutralized true field h we

denote by 3 and introduce X; here curl X =0 in
the region where there are no irregularities of flow
dependent on the turbulence. From Eq. (13) we

get B3 =(r/x) X=X/ Rem. Thus, macroscopi-
cally, the turbulent conducting liquid behaves as a
diamagnet * with very small permeability p ~ /Rem.

Apropos of the analogy noted by 3atchelor
%)etween the vortex velocity and the magnetic field
it should be noted that forthe realization of an
ac?ually stationary turbulence, a supply of mech-
anical energy is necessary. The supply of energy
comes about either at the expense of nonpotential
volume forces or at the expense of the motion of
the surfaces bounding the liquid. With considera-
tion of these factors, the set of equations and
boundary conditions for the vortex are not identical
io the equation and boundary conditions for a
magnetic field in the absence of external magnetic
fields and attendant electromotive forces.

Once again, we note that direct step-by-step
consideration of the three-dimensional case has,
up to the present time, not been possible, and the
question of the growth of field in the three-dimen-
sional case remains unknown.

’

*Czada® has come tc the conclusion that a conduct-
ing turbulent liquid is a paramagnet with large permea-
bility. His analysis , based on a consideration of the
damping of the field (p. 140) and of the energy of the
field (p. 143) is not convincing, since the energy of the
pulsating components of the field can be regarded macro-
scopically as a part of the turbulent energy, but the

damping of the field can be connected not only with the
conductivity, but also with a transition of the energy
into mechanical form.
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WE consider the question of the chemical con-
stitution of primary cosmic rays in the frame-

work of the theory of the origin of cosmic rays de-

veloped in Refs. 1-3 and in many previous works

discussed there. The concentration of cosmic

particles of type i, which are designated by

N, (r, ¢), can be found from the system of equations

ON,/ot = yw(D;yN;) — N{/T; + 2 piiNIT; + g5 (1)
j>i

where g, (r, ¢) is the number of particles of type i
per unit volume per unit of time, injected into
interstellar space by the source of cosmic rays (the
envelopes of supernovae and novae), Di(r) is the
diffusion coefficient of cosmic rays in interstellar
space, Ti(r) is the lifetime of particles of type i,
until their break-up in collisions with atomic
nuclei of the interstellar medium (i.e., principally
protons) and p,. is the number of particles of type
i, formed by the splitting of particles of type j. In

case of nuclei, one can almost always assume that the
collisions lead to the formation of nuclei of an-

other sort, while the energy per nucleon of the
primary and secondary nucleons are the same.
Similarly, it is possible to understand Ni in (1) to
be the concentration of particles in any energy
interval, lying above the energy £, ~ 10° ev/nucleon
observed in cosmic rays on the earth. For protons,
the collfsions are no longer catastrophic, but by
observing the well-known precautions it is possi-
ble in this case to use Eqgs. (1) for the concentra-
tion of protons N_ with energy E > E . On the
other hand, for efectrons which experience con-
tinuous magnetic retardation losses, use of Eq.
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(1) is already impossible, but we shall not con-
sider this case (see iltef. 4 where all the ques-
tions raised in the present note are considered in
great detail).

We denote the concentration of protons, u. -
particles, nuclei Li, Be and B, nuclei C, N, C and
F, and nuclei with Z > 10 by Np, N_,N., N, and

Lo N
NH’ respectively. From experiment, NM /NH:3.2;
N /N, =0.1; N, /N, = 1.6 x 10°°. With respect
to the concentration of nuclei of group L, we

have contradictory data, but we use the lowest

value®'6 for N‘L /NM < 0.1 (i.e., NL /NII < 0.32)

since such a value for N
plain theoretically. For the lifetime of the nuclei

we take the value 7' =4 x 108 years, P I
T : Tp =1:2:3:5:20, which differ but little from

is most difficult to ex-

the values in Ref. 1. It is possible to suppose
that in a time 7', < 4 x 108 years the structure of
the galaxy and the intensity of cosmic rays has
changed but little, and by virtne of this, we set
aNl./a T =0 in Eqgs. (1). Further, if we consider
the sources of cosmic rays to be distributed uni-
formly, then the diffusion is unimportant and we
obtain

Ny = 21’1‘;‘ NiT T+ Tiq;,
Nyl Ny =Tyl Te) Gp! 95 + Ppar)
=3.2; g/ qy=1.33;
Ny INg = (T Te) e+ Pra Gpl 95 + Pagp)]

=1,8; N, Ny =0.56,
where the values p; , =p,; , =0.23, p,,, = 0.27

(2)

are assumed, and where all are minimun; values;
furthermore, we assume ‘that q;, =0, so that on the
average in nature the elements of group L are 105
times less abundant than elements of group M.

In the equilibrium condition, even if we com-

pletely neglect the role of secondary protons (i.e.,

setp,. = 0), from Kgs. (2) we get 9, /qH
= Np TH /NH Tp ~ 30; if we consider that pij;é 0,

then it is possible to to show that all the protons
are secondaries. At the same time, in nature, the
elements of group H are, on theaverage, 3000 times
less abundant than the protons, Thus, if we pro-
ceed from Eqgs. (2), it is necessary to suppose that
the sources either are nearly completely without
hydrogen, or the acceleration of protons is ex-
tremely ineffective in comparison with the accelera-
tion of nuclei. Both of these assumptions seem to
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be inadmissible. Further, if NL /Ny £ 0.1, then

the result (2) directly contradicts the experimental
data (in this case a lowering of the value NL/NM

=~ 0.56 via the choice of other permissible values of
the constants is not possible )*.

Furtherniore, the assumption of a uniform dis-
tribution of sources, in fact contradicts the pic-
ture adopted in Refs. 1-3, according to whichcosmic
rays are generated in the envelopes of supernovae
and novae, locatedin the galactic plane and, pos-
sibly, concentrated at the galactic center. Upon

emergence from the layer of thickness 2k ~ 2
x 1021 cm which is occupied by sources, cosmic

rays diffuse through the rare interstellar gas, oc-
cupying a volume of radius Ro ~ 5 x 1022 cm. The
corresponding diffusion coefficient D ~ v /3
< 3 x 1037 cmz/year,which yields an effective
mean free path (regions with quasi-uniform mag-
netic fields), equal to 100 parsecs (this number
corresponds to a maximum as shown in Ref. 7).
For a point source, located at a distance r from
the observation point (Earth), a solution of the
system (1) for NH’ Ny and N, is [ assuming q;

:QL.S(r); q, =0;D, =D = const; T, (r) = const;
Py =0]:
Ny = (Qp /4 mDr) exp (—r/VDTH);

Qn (Qm r
Nu= m{@ e3P (”@—ﬁ)

(3)

PMHTM[ (____r___ _ (___r___)]
T =T, Vm) = Vo, }

Qpn T PimPmuT g
X N, { - [ L ]

T 4nDr \T,— Ty Ty— Ty
X [ <—~——._£_—_——>—ex (—— _r__>]—'
P VDT, "\TvoT,
. PimTe [&4 pMHTM]
T,— Ty lQn " Ty—Tp

X N\ __,__)}
[exe VDTL> e""( VDT, J}
The values of NM/NH = 3.2 and NL/NM <=0.1

are derived from this, if r < 0.7 /DT = 1.8x 1022,
Simultaneously, we obtain 3.2 > @, /@, > 2.5, and
an analogous estimate for protons leads to the

conclusion that Qp/QH ~ Np/NH ~ 10%. The value

r=1.8x 1022 is only 1.4 times less than the dis-
tance of the sun from the galactic center (RO
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= 2.5 x 10%22). If we consider the possibility of
certain changes in the parameters, and also as-
sume that the sources are distributed in a certain
region, it is possible to get even better agreen.ent
between the calculated and observed values of
Ni/N]. (for details, see Ref. 4). Thus, by in-

cluding diffusion and also the nature of the source
distribution for the cosmic ray and a rare inter-
stellar medium, the question of the con:position of
cosmic rays is satisfactorily resolved within the

framework of a theory of the origin of cosmic rays**.

Because of insufficient reliable knowledge, the
set of parameters used here must be investigated
further and be made more precise. In particular,
it is necessary to obtain a reliable value of

NL/NM at the limits of the atnosphere, sincc on

the basis of the theory it would be impossible to
obtain the value of NL/NM << 0.1 without any
essential changes.

* This statement was not made clear in the develop-
ment in Refs. 1 and 2, since it was assumed that from

experiment NL/NM = 0.4 — 0.5 (see Ref. 6); further-
more, only in Ref. 3 is this difficulty examined, with
certain connections to the assumptions about prefer-
ential acceleration of nuclei in comparison with pro-
tons.

** For example, there is contained in Ref. 8 the con-
clusion that the smallness of the ratio N} /N, indicates
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that the lifetime of all nuclei Ti <4 x 106 years; there-
fore, this is entirely without basis. This conclusion
was due first of all to the useof aradically different
picture of the distribution of gas and magnetic fields in
the galaxy (for criticism of the picture, see Ref, 8 and
certain other works, see Refs. 2, 4 and 9).
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