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13. jre-rEl(r)dr = rEl(2r)-rEl(r)e-r-El(r)e~r + El(2r)+ X-E2(2r) 

14. JrEi(r)dr = X- | r 2 £ , 2 ( r ) - 2Ex(r)e~r + X-e~2r + 2Ei(2r) + rE,(2r) + ^ £j(2r) 

15. J£2
2(r)<fr = i |r£2

2(r) - 2r£,(/-)£'2(r) + 2rE^r)e~r- 2rC2{2r) + 2£!(/-)e-r + ^ exp(-2r) 

+ (r + 6)£, (2r) + i £2(2r) - 2£2
2(r) - 2£3(2r)} 

16. Jr"El(r)dr = ^-j-j- |r"+l£'1(r) + JV"e-'<//• j « = 1,2,3,.. . 

17. J r"Ez(r)dr = ^-j-j-/•n+1.£'2(/') 4- ( w + 1 )
1

( w + 2 ) { / - " ^ ( r ) + Jr"+le-'tfr} n = 1,2,3,.. . 

18. j M l r f r = ^ T y r - < " - I > { £ l , ( r ) - £ I ( r ) } « = 2,3,4, . . . 

19. f ^ - d r = E2(r)-E1(r) 

20. f ^ d r = - i - { * • ( ' > - f ( ' > - „ = 3 , 4 , 5 , . . . 
J r" n-1 l n- 2 J 
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On the Derivation of the Equations of 
the Point-Reactor Model 

Many authors have derived the equations for the time-
dependent behavior (or kinetics) of a point reactor from diffu-
sion and transport theory; see, for example, Refs. 1 and 2. The 
only aim of this letter is to present a technique of variables sep-
aration to obtain the equations of formulation of the point-
reactor model from diffusion theory. 

In diffusion theory, the system of equations used is (see, for 
example, Ref. 1) 

^=DvV2N-ZavN+ (1 - 0)kaoLavN + E/X,C, + So 0) 
ot 

and 

(2) 

where 
N(r,t) = neutron number density 
D, v,La = diffusion constant, neutron speed, and macro-

scopic neutron absorption cross section, respec-
tively 

0 = E / f t • 

where 

ft = delayed neutron for the /'th emitter 

koo = infinite-medium reproduction factor 

X/, Cj(r,t) = decay constant and density of the /'th type of 
precursor, respectively 

So(r9t) = extraneous neutron source. 

All coefficients D, v, La, ft ft, and X, are constant. 
We assume that 

N(r1t)=g(r) + n(t)fCr) , 
Q(r,0 =Pi(r) + Ci(t)f(r) , 

(3) 

(4) 
and 

S0(r,t)=Q(t)f(r) . (5) 

Substituting Eqs. (3), (4), and (5) into Eqs. (1) and (2) yields 

dn V2f 
— + Lavn - (1 - P)koaLavn - Dvn - f - - L/X/C, - q dt f 

_ V2g Lavg (1 -m^qvg , E/X,p, 
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and 
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§ - h k ^ a v n + X/C, = Pik^LaV I - ^ at J J (7) 

The removal of space dependence from the left side of Eq. (6) 
requires that V 2 / / / be independent of position. This is equiv-
alent to assuming that f(r) satisfies a Helmholtz equation 

V / + B f= 0 , (8) 

where B2 is the so-called fundamental-mode buckling. The left 
sides of Eqs. (6) and (7) are now independent of position and 
the right side of time. This is satisfied by making them all equal 
to zero. Then from Eqs. (6) and (7) we obtain 

dn 
dt 

= [-DB2-La+ (1 -ftkaoZJvn + ZiXiCi + q 

DvV2g - Lavg + (1 - jS)*.Lavg + E A a = 0 , 

^ -PikooLavn + \ici = 0 , at 

and 
f3ik00Zlavg — XjPj = 0 . 

Substituting Eq. (12) into Eq. (10), we get 

koo — 1 V2g + D Zag = 0 . 

(9) 

(10) 

(11) 

(12) 

(13) 

2 _ KQP — 1 B • 

loo ^ > 

k = 
1 +L2B2 lo = 

L 

P = 

1 + L2B2 ' 
k- 1 

Introducing these symbols into Eqs. (9) and (11), we obtain 
alternative formulations of the point-reactor model: 

dn (1 - -(\+L2B2) 
dt 
dn _ k - 1 - fl k 
dt ~ /o 
dn p-(3 

n + E/X/C/ + q 

dt I n + L/X/C/ -I- q 

dCj (3jk 
dt lQ 

dq Pi , — = - n - \ /C/ . 

n + E/X/C,- -I- # , (15a) 

(15b) 

(15c) 

(15d) 

(15e) 

7. Pantuso Sudano 

Then the function g(r) also satisfies a Helmholtz equation. 
But now the fundamental-mode buckling introduced by Eq. (8) 
is determined by Eq. (13), 

(14) 

We introduce further symbols: the absorption lifetime /«,, the 
diffusion length L, the effective reproduction factor k, the neu-
tron lifetime /0, the generation time /, and the reactivity p: 
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