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a smaller chance of crossing the void gap and 
entering the adjacent non-void regions. 

Therefore, one should undertake some numeri-
cal checks of the method described here before 
applying it to specific problems. I do not have an 
opportunity to do this, at present, and have sub-
mitted this letter trusting someone else will. 
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Comments on "Generalizations of 
Fick's Law"* 

In this letter we present several comments on 
a letter by Kostin1. For brevity, we shall refer to 
"Eq. (n) of Ref. 1" as " (K-n ) . " 

(I) The "generalized Fick's law" (K- l l ) is al-
leged to have the simplicity of Fick's law. We 
believe that this is not so, for the following 
reasons: 1) The quantity which appears under the 
derivative sign is v2(z)N(z ) and not N(z). 2) The 
&tr (z), which plays the role of a reciprocal diffu-
sion coefficient, is not an intensive property ^f the 
medium2?3. Even in a homogeneous medium, ku(z) 
may vary with z. 3) the ktr (z ) depends explicitly 
on the neutron distribution n{z_yv In the time-
dependent form (K-7), the kn(z,t) depends ex-
plicitly on n(z,v, It follows that ktr(z,t) may 
be a function of time in a system with fixed 
composition and fixed boundaries. 

(II) The definition (K-5) of a(z,v') is, with 
trivial changes in notation, 

fXs(z,v'-*v9 w'- u)vdvdu = vfa(z,v ') Xs(z,vr). 
This definition does not lead to (K-7) or (K- l l ) ; 
however a corrected definition 

JUsiZyV'-^VioS- u)viidvdu = v'ii'a(z,v')Zs(z,v ') 

( 1 ) 

does lead to (K-7) and (K- l l ) . (In an appendix at 
the close of this letter, we answer a question 
regarding the definition of a in Eq. (1).) To verify 
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this statement, apply the operator Jiivdvdoj to 
(K-4) to obtain 

dJ^fL = ' W b2v*n(z>v>«L,t)dvdu-

- j[iv2 H(z,v)n(z,vf(j),t)dvd<ji) + 

+ fnvvr 2 s ( z , v'-^v, a/* oS) x 

X n(z, vw,,t)dv,d(i)rdvdu) . (2) 

By use of the definition of a(z, vr) from Eq. (1) we 
may write the final term as 

fl±r( v')2 a(z,vr) TtsiZyV^niZyV^fWv'du* 

= J\LV2 a(z,v) ?*s(z,v)n{z,v9(x),t)dvd<j) 

and obtain (K-7) and (K- l l ) unaltered. The defini-
tion (K-5) does not allow this transformation 
of the final term of Eq. (2). 

(EI) If the goal is to remove the one-velocity 
restriction from (K-l), then we feel that a better 
way is to apply the operator J\id<j) rather than 
Jv\idvd(j) to (K-4). Furthermore, we feel that it 
is preferable to include on the right-hand side of 
(K-4) a source term S(z,v, This source may 
be caused by fissions, and we assume it to be 
isotropic in the sense that J\iSd<j) = 0. In the time-
independent case, the immediate result of applying 
Jjidoo to this modified (K-4) is 

0 = -v-^ fifn(z,v,u)dw-vZ{z,v)fiin(z,v,(£)d<jo + 

+ J*iivrn(z, vf,ur)Hs{z,v^fjCo' • (gjdv'dv'du. 

With the definitions 

J(z, v)= vfm(z,v,<jo)du, 

N(z, V) =fn(z,v,u)du, 

2s{z,vt-*v)= fzs(z, vr-*v,u'- co)dco , 

fliXs(z, co)dco= li'lio(z,v'-*v)2s(z,v'->v), 

(3) 
and 

Az,v) = fv.2n(z,v,u)du/N(z,v) , 

this result becomes 

0 = -vjz [ju2 (z ,v )N{z ,v ) ] - X(z,v)j(z,v) + 

+ fj{z,v')fr>{z,v'--v)Vs(z,v'-*v)dvt. (4) 

(In an appendix at the close of this letter, we give 
concise answers to certain questions regarding 
the definition of Jj£ in Eq. (3). 
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To obtain a "generalized Fick's law", we define 

XxiZyV) = %{z,v) - fj{z,vf)jr0{z,vr-*v) x 

x T,s{z,v'->v)dvf/J(z,v) 

and write 

- - I D B ) -K T-OWRT-

Equation (5) does not have the simplicity of Fick's 
law for the reasons already listed in comment (I). 
In terms of the quantities defined above, Eq. (1) 
becomes 

Jvn'jMiiZyV'^v^siZyV'—5>v)dv=v'iira(z,vr)Zs(z,v') . 

(6) 
Consequently (K- l l ) may be derived from Eq. (4) 
by application of the operator Jvdv. Since infor-
mation is lost in application of the operator Jvdv9 

Eq. (4) cannot be derived from (K- l l ) . If we 
assume that scattering takes place without change 
in speed, then we may write 

fn%s(z,v' > w)d(jj = fii5(vr-v) x 

x Es(z,v',co'- co)dco = ii'6(i/-v)fr(z,v') Zs(z,v') . 

It follows that for scattering without change in 
speed, (K-l), (K-2) and (K-3) are valid with J , S t t , 
/i2, N, S, JIo and S s all functions of >2 and v. 
The v dependence is meaningful because of the v 
dependence of the fission source term. Here 
Stt (z,v) is an intensive property of the medium. 

(IV) Instead of writing and using a 'generalized 
Fick's law' in the form of (K- l l ) or of Eq. (5), we 
believe that it is more direct to use the first 
velocity moment Eq. (2) or the first angular 
moment Eq. (4). Each of these first-moment 
equations is equivalent to a corresponding 'gener-
alized Fick's law'. Usually a first-moment equa-
tion (or a 'generalized Fick's law') is not sufficient 
by itself for solution of problems in reactor 
analysis, so additional equations are needed. An 
appropriate zeroth-moment equation, analogous 
to (K-15), is frequently employed. Neither these 
moment equations nor their application in reactor 
analysis nor the idea of neutron pressure is new. 
Persiani4 derives these moments of the Boltzmann 
equation in three-dimensional form. He also gives 
application in reactor analysis and discusses the 
physical significance of these and of higher mo-
ments in terms of neutron pressure and other 
quantities. For a review and further application of 
methods of angular and velocity moments in 

4P. J. PERSIANI, "Special Lectures on The Physical 
Foundation of Reactor Analysis," ANL-6227, Argonne 
National Laboratory, (1960). 

transport theory, see Ziering and Kahalas5 and 
Johnston6. 

(V) The part of Ref. 1 from (K-l) through (K-3) 
and from (K-13) through (K-20), including Table I, 
is essentially independent of the remainder of the 
reference. The use of (K- l l ) in the two_examples 
is clearly not essential. Table I, giving fi2(z) as a 
function of zZ)s, is instructive. 

(VI) Weinberg and Noderer7 and Amaldi8 pre-
sent helpful and appropriate discussions of forms 
of Fick's law. 

APPENDIX 

Here we give concise answers to the following 
questions regarding the definitions of a and /To in 
Eqs. (1) and (3): 1) are a and ^ independent of 
co' and co? 2) Is the /T0 of Eq. (3) the same as the 
more conventional po defined by 

/co'« co Xs(z,vr-*v,co' - co)dco 

/ss(2,z; '->t;,co'- co)dco 

27t f ] 1 \loTis(Z>Vt-^VtliQ)d\lo 
= -Jzl ? 

27t F^1 S s {z,vr >v, fiojd[JQ 

Now by the Fenyc3-Khekke theorem9 

f liZs(z,v'^v, co'- co)dco 

= 2iri±'f^iio?;s{z,v,->v,tio)diio . 

It follows that the answers to the questions about 
JTo are affirmative. Since po is independent of co' 
and w, the relation between a and juio in Eq. (6) 
implies that a is independent of OJ' and CO. 
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