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1. In many works by Popov!* and Karanikolov,? the
Onsager reciprocity relations?® are derived from a
proposed analogy between classical mechanics and
irreversible thermodynamics. The fundamental
equations of irreversible thermodynamics can be
written? in the following convenient notation:

X =—ga, (1)
«=LX, X=Rax(R=Lm"). (2)
Here X is the force vector, « the state vector,

L (R) the conductivity (“resistance”) matrix,
and g is a symmetrical matrix,

g=a (3)

(the tilde denotes transposition), whose elements,
are the negatives of the second-order derivatives

gy = — 0°S/0%i0m, (4)
of the entropy

S =8, %, ...,0,) = S(a). (5)

We note that in matrix notation X and « are
columns, while their transposed values ('5'(, )
are rows

Since Egs. (1) and (2) do not permit a deter-
mination of the symmetry properties of the matrix
L, Popov proposes that the following equation
holds:t

X =a. (6)

Using Eq. (6), Popov and Karanikolov!:? succeed,
through rather lengthy computations, in deriving the
reciprocity relation of Onsager

L=1L. (7

In the present article we prove the following.
(1) Popov’s results can be obtained in a consid-
erably simpler form.
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(2) Relation (6) of Popov is a very restrictive
and, generally speaking, unfounded condition, which
reduces to

-0
L?=g,

L=g (8)

(3) Instead of (6), it is necessary to use a gen-
eral relation that can be considered with full jus-
tification as the thermodynamic analogy of New-
ton’s equations of motion. Equation (6) and its
equivalent, the expressions in (8), can be valid
only in a few rather particular cases. It will be
shown that Eq. (7) unfortunately no longer follows
from the above-mentioned general relation.

2. The Onsager relation can be obtained very
simply from Eqgs. (6), (1), (2), and (3). We differ-
entiate Eqgs. (1) and (2) with respect to time

X=—gu, X=L"q

we use again Eq. (2)

L'a=—ga=—glLX
and furthermore

— X = (LgL) e = Rg™'Rx. (9)
It is obvious that by deriving this relation we
have solved the above problem. In fact, since
Eq. (9) follows from (1) and (2), it is equivalent to
these two equations. Furthermore, (9) has the
same form as Newton’s equation of motion

F = mr.
It is clear that Popov’s relation holds only when
LgL = 1,~
hence,

L2=g—1, L=g_'l"2, lg[#:()

It is obvious thatif g =g, g 2 is also sym-
metrical, i.e.,

L=g= (g~ =1L.

Since the equation of motion (9) results from Egs.
(1) and (2), and since the symmetry relation (7)
does not follow from (1) and (2), it cannot follow
from (9). Relation (7) is obtained only if we as-
sume that L is a symmetrical function of the
matrix g. At the present time we know of not one
thermodynamic system for which L depends on
g, so that this assumption is quite unfounded.

In analogy with Eq. (9), or with Egs. (1) and (2),
with Newtonian mechanics it can be followed by
making the following comparisons:

F —X
m (LgL)™
r o

F=mr — X = (LgL) .
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Further comparisons pertain to the motion of a
point under the influence of friction:
— X =—Rz

% R.
The resistance matrix corresponds to the coeffi-
cient of friction.

There exists also an analogy in that respect,
that the positive definite matrices (LgL)™! and
R correspond, in the case of |g| =0 and |L|=0
to positive values of m and k. The analogy re-
mains in full force also in that case when we con-
sider, instead of the motion of a point under the
influence of friction, the rotation of a solid body in
the presence of an anisotropic friction force.

Thus, the mechanical model of irreversible ther-
modynamics comprises rotation of a solid about a
certain point in the presence of anisotropic friction.
This model, to the extent that it is practically re-

F = —xr
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alizable, can be used to integrate the equation of
motion of irreversible processes.

*For other work by Popov on this subject see the literature
of reference 1.
tSee Eq. (10) of reference 1.
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THE measurement of photonuclear cross sections
in the energy range of 25 to 80-100 Mev with pres-
ently-known methods involves many difficulties.
These difficulties are in a large measure due to
the smallness of cross section of the (v, n) re-
action and to the relatively high neutron back-
ground in experiments of this kind.

A further difficulty is connected with the neces-
sity of knowing the sensitivity of the monitor as a
function of the photon energy. In contrast to ear-
lier work, where the (v, n) excitation functions
were determined with thin specimens, we propose
a new method of determination of photonuclear
cross sections. The basic idea of this method is
the utilization of the equilibrium photon spectrum
obtained when the original monoenergetic electron
beam strikes a target so thick that practically the
full electron-photon shower can develop.

The number of photoneutrons thus generated in
the thick block of the investigated material is con-

nected with the equilibrium photon spectrum and
with the cross section oyn(E) by the integral
equation (see, e.g., reference 1)
E,
Q(Eo) = |ouu(E)Tp(LoE)dE,
Et

which in our case has a solution

E\p dzQ (By)
FO a2

51l Eo) = o2(E [ (0)| + By L — Q£

(1)

where Oyn (E() is the photoneutron production
cross section, o7 (Ej) the total photon absorption
cross section at energy E,, f the critical energy,
Q(E() the neutron yield per primary electron of
energy Ej, £(0) =2.29, Et the energy of the
(v, n) threshold in the material under investiga-
tion, I'p (EgE) the so-called equilibrium photon
spectrum? which results when electrons of energy
E( bombard a target of such thickness that prac-
tically the full electron-photon shower can develop.

Equation (1) was obtained by using the explicit
expressions for I‘p(EoE) given in reference 2.

It was reported in reference 3 that the uncer-
tainties connected with the monitor problem alone

~ can lead to errors in the cross section of (v, n)

reactions of the order of 100% in the 30 to 80 Mev
energy region. In the same energy range, the
cross sections can have additional errors of 50%
due to errors in the determination of the photo-
neutron yield. In the presently proposed method
the monitoring can be performed on the electron
beam with greater accuracy (e.g., by means of



