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Abstract
The MOPS-III programme is intended for cald

culations of subsurface neutron moisture gauges i
The source-detector geometry of the probe is a
line detector for thermal and epithermal neu-
trons and a fast neutron point source situated
anywhere on the detector axis.

MOPS-ITII allows calculation of calibration
curves for such gauges with the probe situated
in a medium of known composition. It allows alsd
experimental input count rates to be compared
with corresponding calculated count rates. The
probe may be situated in an infinite medium or
in a finite spherical medium with the source at
the centre of the sphere.

In this report the theoretical basis of
the programme is discussed. Also instructions
on the use of the programme, a print-out of the
complete ALGOL programme and a test example

with description of iaput and output are given,
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1. Introduction

The MOPS-III programme is a modified version of the MOPS-I1I-C
programme described in ref. 1. The MOPS-II-C programme was designed
to calculate the calibration curve of a neutron moisture gaugs,
situated in an infinite medium. The MOPS-IIl programme can perform
any calculation which can be executed by the use of MOPS-II-C, but
in addition & number of extra features are built into MJIPS-I11,
which allows the programme to perform other types of calculations.

Both MOPS-II-C and MOPS-III are based on a fast neutron point
source and a line detector with the source situated on the detector
axis. In the case of MOPS-II-C the source must be situated outside
the detector, while in the case of MOPS-III the source may be situ-
ated at any point on the detector axis, inside as well as outside
the detector.

Both programmes are based on the three-group-diffusion theory.
As regards detector characteristics, MOPS-II-C assumes that the
detector may be grey to thermal and white to epithermal (group 2)
neutrons or black to thermal and either grey or black to epithermal
neutrons. MOPS-II1 allows the same combinations, but in addition
the detector may be grey to both thermal and epithermal neutrons.

In MOPS-II-C the normalization or correction factor C is de-
termined by normalization of the calculated rate to a measured count
rate, obtained in a reference medium with known dry soil density and
moisture content. The count rate, dry bulk density and moisture
content of the reference medium are input data. The same procedure
may be used in MOPS-III, but for this programme C may also be read
directly into the computer in which case the input C-value is used
in the calculations.

MOPS-II-C can only be used in connection with infinite media.
However MOPS-I1I can also treat finite, spherical media, surrounded
by vacuum, provided the source 1is at the centre ¢f the sphere and
the detector is completely inside the medium.

In the case of MOP3-II-C the macroscopic absorption cross
section of the dry medium is calculated by use of the composition
of the medium. This procedure can also be used in the case of MOPS-

I1I, but in addition the macroscopic 2200 m/sec absorption cross
2200 /o

a,dry’ "dry
value and used in the calculation of the macroscopic absorption

section per gramme of the dry medium(Z ) may be an input



cross section of the dry medium. This option is of interest if
the compositicn of the medium is not well known, in which case
2200 /o may be used as a fitting parameter.

’drﬁoPS -1I-C can be used to calculate calibration curves for
neutron moisture gauges. The same is the case for MGPS-III, but
this programme can also be used to perform direct comparisons
between measured and calculated count rates. When such calcula-
tions are performed, sets of experimentally determined values of
count rate and corresponding dry soil density, moisture content
and medium radius are read into the computer. For each of these
sets and by use of the input dry soil density, moisture content
and medium radius the programme calculates the theoretical count
rate and compares it with the experimental input count rate. This
option is obviously of interest when the theoretical model con-
tained in MOPS-III is to be compared with measurements.

Finally in the case of calibration curve calculations, MOPS-
III contains some options with respect to the amount of output
given by the programme, options which are not included in MOPS-
II-C.

2. Theoretical Basis

As stated in the introduction MOPS-III is a modified version
of MOPS-II-C. Hence MOPS-III uses to a large extent the same theo-
retical basis as MOPS-II-C. This basis is described in refs. 2 and
3. We shall therefore iimit the following considerations to the

" new features which have been included in MOPS-III,

2.1. Calculation of detector count rate

ai d i f. the = i
As discussed in re 3, e ~<otal count rate (Cxtotal) is

equal to the sum of the thermal neutron count rate (CRth) and the

epithermal neutrons count rate (CRepl), i.e.
CRtotal = CRth + CRepi ’

For detectors with different neutron absorption characteri~
stics, different expressions for the :ount rate CR should be used.

In agreement with rerfs. 2 and 3 we have the following expressions:

White detector (the detector is transparent to the neutrons
of the energy group considered and theretore does nc* absorb any
of them):

45serd =ome cf the neutrons

Grey detector (tre deiector will
cf the energy group considered which enter the detectors):

R=7 - Voeg ® fa,D = 60 . (cpm)

where Eb is the neutron flux cf the detector in the ensrgy grou;
considered; ED is averaged over the detector volume. veff is the
effective cdetector volume, and fa,D is the macroscopic neutron
absorption cross section of the detector for the process which
gives rise to the detector pulses. fa,D is the energy averaged
absorption cross section of the energy group considered.

For the thermal neutron group, f:hD is equal to
>

—th - 22200 . /—
a D a,D

where :2230 is the 2200 m/sec macroscopic absorption cross section

22““ 0.8862 /7I37T, , (cf. ref. 2)

of the detector for the process which gives detector pulses ar? T

is the neu*ron temperature in k.
el

For the epithermal neutron group, a.D
2

is assumed equal to

- 2v2937(5 T_)
yepi _ ;2200 n
E D za,D n EZ T(EK T ,» (see ref., 3)
> n
where Ez uw’ the upper energy limit of the group 2 neutrons, is
’
2 MeV.
Black detector (the detector absorbs all neutrons of the

energy group considered which enter the detectcr):

MD
CR = SD c 5 - 60, (cpm)
vhere S, is the surface area of the detector. ED is the unper-

turbed neutron flux, averaged over the surface of the detector.
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It should be notad that this expression is an approximation only.
In MOPS-III the following combinations of detector sensitivity
towards thermal and epithermal neutrcens have been incorporated:

Thermal neutrons Epithermal neutrons

c
1 grey white
2 black goey
3 black black
y grey grey

For these combinations we have the following expressions for

the count rate:

= = - - _th 3
e=1 CR=Binp* Vers * Za,p * 0
=2 CR = |s EM,; v .. - TP L g
e = D 0} epi,D ef f a,D
B [
_ - ., _th,D o epi,Df
c=3 CR = [sD Wb s : 60
_ . =th . FePi],
c =4 CR = [Eth,D eff * 2a,p * Pepi,p ° Vess za,D] 60

2.2. Average detector flux'es

The only terms contained in the expressions. of the count rate
given above which are not readily determined is P and § . ..
th,D epi,D
We shall therefore discuss the derivation of the formulas for the
neutron flux'es used in MOPS-III, As mentioned in the introduction
of this report both infinite media and finite, spherical media with
the neutron source at the centre of the sphere can be handled by

the programme, and for both cases flux formulas are derived below.

2:2.1. Thermal neutron_flux, infinite medium

If we consider a fast neutron point source situated in an in-
finite medium, the thermal neutron flux, ¢:h’ as a function of the
distance from the source, r, is given by the following expression
according to ref. 2:

2 2 2
q L L -r/L, -r{L L r{L, -r/L
Pin(e) = 7 32[ pte tee - pdie R 8
kaar Ll-LzlLl-La L2—L3
2
q Lg -r/L, -r/L, -r/L,
= Kl e + K2 e + K3 e N
HwDar J
where
12 L2 1.2
I Ry o eI Ry oy oo e I U ey e 2ol
(L11L2)(L1-L3) (LZ-Ll)(LZ_L3) (L3-L1)(L3-L2)
and K3 = -(K1 + Kz) .

q is the source strength, and D3 is the thermal neutron dif-
fusion ccefficient. Ll and L2 are the slowing-down length of the
upper and lower fast neutron groups, and L3 the diffusion length
of the thermal group, all evaluated for the medium considered.

The expression for ¢:h(r) is valid for the unperturbed flux
around the source, not taking into account the perturbation in-
troduced by the detector. We are however interested in the true
detector flux. In order to obtain this flux we introduce a cor-
rection factor C, which among other things corrects for the flux
depression through the grey detector or for the approximative
character of tiie expression used for the count rate of the black
detector. C should in general be somewhat less than 1.

For the source-detector geometry of fig. 1A, an expression
for the average thermal neutron flux of the detector w:h,D is
obtained by integration (cf. ref. 2 and Appendix I):

a q L2
- C i - 3
a:h,D(a) =3 I P (r) dr = C s EI:Z? x
° 38 b7

2
L1

2
Ll L

7 (Ef(a/Ly) = Ej(a/L)) + dn (L /Ly)) =

3



2
L
2 . s
i (Ll(a/Ld) L‘(41u2) + &n (L2/L3))
L.-L
2 73
2
43 E (a/L.)) + K,(2n(L,) - E.(a/L,))
= C R Kl(ln(Ll) - Ey(a/Ly olan ‘9 1 (a 2

+ K3(ln(L3) - El(a/L3)) .

In the last expression for G:h’n(a), the term £n(L) must be
interpreted as the natural logarithm of L divided by one unit
length, sc¢ that the argument of the logarithmic function is
dimensionless. El(x) is the exponential integral

E, (x) J e¥
x) =| =—dy .
1 x Y

If we consider the source-detector geometry of fig. 1B, the
expression for ﬁ:h 5 obtained by integration, is (cf. ref. 3):
>

c 2
c q L
B5, plbse) = — | 97 (rdar = ¢ —2—
’ c-b HnDa(c-b)
b

Kl(El(b/Ll)-El(c/Ll))+?2(El(b/L2)—E1(c/L2))
+K3(El(b/L3)-El(c/L3))] .

By use of the two functions 3:h ola) and .. . (b,e) the
N thyh
average thermal flux of the :detector ath p 1RC the four geometries
2

considered in fig. 2 can easily be calculat=d
g=1 5‘:}1,0 = a‘t"h’D(d-z, d+e)

B = E:h,D = Bon,ple0)

’

~10-

Fig. 1. Source-detector geometry

=
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Fig. 2. Source-detector geometries considered by MOPS-III
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] | .
g =3 ¢:h’D z Eilﬁzh,u(‘ d)«(2-d) + E:h,D(2+d) (2+d)

g=4% P ® Pen,pts) -

We consider again a fast neutron point source, situated in
an infinite medium. According to ref. 3, the epithermal flux
(lower fast neutron group, ¢:p,(r), is given by:

i

2
q L -r/L -r/L
2 (¢ = —— —L (e Ll.oe H,
epi 2_.2
3 4nD,r  LI-L3

D2 is the diffusion coefficient of the epithermal neutron
flux.

Here again we have to introduce a correction factor K which
corrects for the epithermal neutron flux depression in a grey
detector or for the approximative nature of the count rate
expression used for a black detector.

For the source-detector geometry of fig. 1A, the expression

used for the average epithermal neutron flux of the detector

[

epi,D is derived by integration:

a 2

K (]
E"’Pi,D(a) - I Popitm) dr = K

e
o

[El(a/Lz) - El(a/Ll) + zn(Llle)]

a L; L ) 1 ]
1 ln(Ll -El(a/Ll)) + —7——7(ln(L2)-El(a/L2))
unDza Ll-L2 L2-Ll

= K

For the source-detector geometry of fig. 1B we obtain

-]12-

c
2> . _(bye) = X g=_.(r) dr fra _.,—;Lg
N N T —— . = P'e
epi,D c-b, ~ePt uxD,y(e-b)  LI-L3

El(b/Ll) - El(c/Ll) - El(b/LZ) + El(C/LZ)

in agreement with ref. 4,

By use of the expressions for w:pi,D(a) and E:pi,D(b,c) we

can immediately determine the average epithermal flux of the
detector geometrics given in fig. 2 (ef. section 2.2.1.):

7. 7.

epi,D = epi,D

-
1}

(d-2,d+2)

-

epi,D(ZE)

(]
]
(S
o>
d
P
©

= =L
g=3 B = 53lle

opi,plt-d) (2-a) + ¢:pi(z+d)-(:.+a)

.

= 3:pi,D

2.2.3._Thermal neutron_flux, finite_sphere

If the fast neutron point source is situated in the centre
of an spherical medium with the radius R, the thermal neutron
R . . . . .
flux, ﬂth’ in the medium is, according to ref. 4, given by

R oy o O L2 , SiTh(R-T/L) sinh((R-r)/L,)
r) = + K
th 4iD,r| 1 sinh(R/L)) 2 sinh(R/L,)

sinh((R-r)/L,)
+ KS ___________i_

sinh(R/Ly)
2
. q L3 K1 (e-r/Ll _ e-ZR/Ll er/Ll) .
4D, 1-e ML

3
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K, -r/L, =-2R/L, ©x/L
+ 2 (e 2-e 2 e )
l_e-2§7 Lo
Ky ] -r/Ly } e—ZR/L3 er/L3)
t {2 e
2
L -r/L -r/L. -r/L
= il Kl e 1, Kz e 2 + K3 e 3
4D, r
3
r/L, -r/L r/L, =-r/L r/L, -r/L
1 1, _ 2_ 2y 3_ 3
- KlCl(e -e ) K2C2(e e ) K3C3(E e
where
-2R/Ll -'ZR/L2 -2R/L3
e e e
c, = c, = H C, = .
17 T IR P 2 T [ INL; ¢ B Y

For the source-detector geometry of fig. 1A we obtain the
following expression for UEh D by integration (cf. ref. 4 and
’
Appendix I) and by introduction of the correction factor C:

a R q L2
R _C _ 3
Fen,pt@ = EI Pep(r) dr = C WnD,a
o]
[Kl(El(a/La) - El(a/Ll) + zn(LllLa))

+ KZ(El(a/La) - El(a/Lz) + Ln(LzlLa))
- Kl Cl (El(a/Ll) - El(-a/Ll)) - l(2 02 (El(a/Lz) - El(-a/Lz))
- K3 Cq (El(a/LS) - El(-a/L3))] .

For the source-detector geometry of fig. 1B we obtain the
following expression for E’ :
. th,D

]

)

-14=

c 2

C q L

EEh p(bsed = — f ¢§h(r) dr = C ——3—
? e=b }y unDa(c—b)

-ZR/Ll -ZR/Ll
Kl(El(b/Ll)-El(c/Ll)-e (El(—b/Ll)—El(—c/Ll)))/(l-e )

-2R/L -2R/L

- - 2 - -E. (- - 2
+ KZ(El(b/LZ) El(CILZ) e (El( b/Lz) El( c/Lz)))/(l e )

) -2R/L3 —ZR/L3
+ KS(El(b/La)-El(clba)-e (El(-b/La)-El(—c/La)))/(l-e )

R R
th,D(a) and ﬁth,D(b,c) the average thermal flux

of the detector geometries of fig. 2 can be determined by use of

By use of P

the expressions given at the end of section 2.2.1. if only "w" is
replaced by "R".

2.2.4. _Epithermal neutron_flux, finite_sphere

The epithermal flux in a finite sphere, originating from a
fast neutron point source situated at the centre of the sphere, is,
according to ref. 4%, given by the expresion:

R q 12 |sinh(@-r)/L)) sinh((R-r)/L,)
g .(r) = . -
epi 2_.2 s s
Mtzr L1 L2 31nh(R/L1) 51nh(R/L2)
2
q L -r/L -2R/L. r/L -2R/L
= « Eolte  lee e bLya-e L
utzr Ll-L2
-r/L -2R/L r/L ~-2R/L
-(e 2e 2 e 2)/(l—e Z)
2
q L -r/L -r/L r/L, -r/L
= . 22 3 (e 1 e 2y . Cl(e 1e 1
unDzr L;-u2
r/L -r/L
+ Cz(e 2. e 2) B
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For the geometry of fig. 1A the following expression of

ﬁR i.D is obtained by integration (cf. Appendix I) and introduction
epi
of the correction factor K:
a 2
q L
R K R = 2
. ) = = I (p) dr = K » . x
ﬁepl’n(a a ¢ep1 4rD.a L°-L?
] 2 12

El(a/Lz) - El(a/LI) + En(Llle)

- cl(El(a/Ll) - El(-a/Ll)) + C2(E1(a/L2) - El(-a/Lz)J

and for the geometry of fig. 1B the expression of szi,n is found
to be '
R o — C¢R ) dp ot K e e b x
epi,D T o pt epd waD,(c-b) 1212

b

_2R/
(E; (b/L)~E; (e/Ly)-e

L, /L,
(E4(~b/L)=E{ (-c/L;)))/ (1-e )

—2R/L2

-2R/L2
-(El(h/LZ)—El(C/LZ)_e (El(-h/LZ)-El(-c/yz)))/(l—e ).

By us2 of gﬁpi,D(a) and Eﬁpi,n(b,c) the average epithermal flux

of the detector geometries of fig. 2 can be determined By use of the
expressions given at the end of section 2.2.2., if only "=" ig
replaced by "R".

2.2.5,_Linear_extrapolation_length

The radius R used in section 2.2.3. and 2.2.4. is the extra-
polated radius of the spherical medium. Since the physical radius
of the sphere, Rm, is related to R by

R = Rm + lel ,

where lel is the linear extrapolation length of the medium, lel

=16~

has to be calculated before R can be determined from Rm.

The method used in calculating lel is that described in ref.
4. Since the neutron leakage of the three energy groups has to be
known before lel can be calculated and since lel has to be known
before the neutron leakage can be computed, lel is found by
iteration.

3. Limitations of the Programme

A number of limitations, due in part to the inherent limita-
tions of diffusion theory, in part to numerical problems and in
part to the computational procedure chosen, must be taken into
account when the programme is used.

In the case of three-group valculations on typical soil
media, L1 and L2 are usually of the same order of magnitude. At
low moisture contents L1 2 while at high
contents L1 > L,. This means that there will be a moisture range
in which L1 4 L, 23
one may in this moisture range get erroneous results for the count

is usually smaller than L
. Since the formulas used are based on L1 # L

rate on account of rounding-off errors.

If in the case of g = 1 d-250.001 cm (see fig. 2), g should
be put equal to 2 and d equal to &. The same is true in the case
of g = 3 and 2-d%0,001 em. If this is not done one may get erroneous
results owing to numerical difficulties.

Too short a detector may also give rise to significant errors
owing to rounding-off. For this reason the active detector length
(adl of fig. 2) should not be less than 1 cm.

The detector must in case of a finite medium be well inside
the sphere, i.e. d+2<Rm, since the flux distributions used to
calculate the count rate are only valid inside the sphere and may
give negative count rates outside the medium. The physical radius
of the medium, Rm, must also be appreciably larger than lel. This
condition is a basic requirement of the diffusion theory.

It is important to bear in mind these limitations when
evaluating the results obtained with the MOPS-III programme.
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4, Use of the Programme

4.1. Input data

An input data sheet is given in appendix II, where the signi-
ficance of the necessary input data is also explained. However the
following, additional remarks may be of interest.

vr, roJr, cpmr and Rmr are moisture content, dry bulk density,
count rate and radius of the reference medium. If C = -1 in the
input, the programme will calculate C by normalization of the cal-
culated count rate to that of the reference medium. The composition
of the reference medium must either be that of the medium considered
(input data for the composition are given on page 2 of the input
data sheet) or pure water, in which case vr = 100 and rodv = 0.

As earlier mentioned the programme can only be used for finite
spherical media. However cylindrical media are often used when
calibration measurements are performed. The problem of “converting®
a cylindrical medium into a spherical one is briefly discussed in
ref. 5, pag. lou.

The programme has been tested with radius values up to 500 cm
without any numerical difficulties occurring. Usually it is a good
approximation to assume the medium to be infinite for media with a
radius of 500 cm or larger. .

The programme may be used either for calculation of calibration
curves or for comparison between measured and calculated count rates.
In both cases all data required in the two first pages of the input
data sheet must be given. In addition the input data required on
page 3 should be given in the case of a calibration curve calibration,
ignoring page 4, while the input data required on page 4 should be
given in the case of comparison between exverimental and calculated
count rates, ignoring page 3.

4,2. Print-oyt of programme

In appendix III a print-out of the complete MOPS-III programme
is given. It has been written exclusively in GIER ALGOL III.

Three standard procedures of the GIER library have been used,
"AEK-ADM 1B", "HYP" and "expoint". The ADM 1B procedure is designed
to facilitate the programming and proper arrangement of the output.

—18~-

The procedjure starts in the second line of tie programme and con-
tinues to: NJUW COMES THE PROGRAMME; it also includes the last four
lines of the programme. The HYP procedure calculates with pre-
determined accuracy (eps) a zero (x) of an arbitrary functioa (F),
given as real procedure, in a prescribed interval (between x1 and
x2). If the values of the function at xl1 and x2 are different from
2ero and have the same sign, a jump to a prescribed label (error)
will occur. The real procedure expoint calculates the exponential
integral of first order, Ellx).

Ir addition the six real procedures PAV(L), @#2AV(L), sinh(x)},
lel(x), F2AV{L), and FIAV{R) are included in the programme. PAV(R)
determines the average thermal-neutron flux of a line detector with
the length £ and with the fast ncutron source at the end of the
detector (fig. 1lA), situated in an infinite medium. FIAV(£) de-
terpines the same average flux for the same source-detector geometry
except that the medium is a finite sphere with the neutron source
at its centre. $2AV(L) determines the average epithermal flux of a
line detector with the length L, with the neutron source at the end
of the detector (fig. 1A), the source and the detector being situ-
ated in an infinite medium. F2AV(%) determines the same average
flux for the same source-detector geometry as #2AV(L), the only
difference being that the medium is not infinite, but a finite
sphere with the source at its centre. sinh(x) determines the hyper-
bolic sine function and lel(x) the linear extrapolation length,

A calculation of a theoretical calibration curve by use of
MOPS-III is performed in the following way:

The input data are read into the computer, the density of
water at °C is calculated, and the major part of the input data
are printed out. Next the macroscopic cross sections of the 7
energy sub-groups (including slowing-down power as well as trans-—
port and absorption cross sections) are determined. For water the
cross sections per cm3 () are calculated, while for the dry medium
the cross sections per gramme (I/p) are computed. The reason for this
is that this procedure is convenient when the programme is used to
perform comparisons between measurements and calculations, in which
case the dry medium density is not constant.

The next major step in the calculation is to determine the
count rate of the reference medium. This is done by successive
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computation for this medium of the necessary cross sections,
neutron temperature, diffusion and slowing-down lengths as well
as diffusion coefficients of the three energy groups and finally
the average neutron flux'es of the detector. From these the value
of C is obtained.

Now the calibration curve, i.e. corresponding values of
water volume per cent and count rate, can be calculated for a
fixed dry medium density. The procedure is to recalculate for
each moisture content the cross sections, the neutron temperature,
the diffusion properties of the medium, the average detector
flux'es and the count rate. The calculation is repeated for the
required moisture contents, and the results are printed out.

The programme can, as earlier mentioned, also be used for
comparing experimental and calculated count rate values. When the
programme is operating in this mode the calculation is performed
in the following way:

Ths first parts of the computation, i.e. up to and including
the determination of C, are practically identical to those of a
calibration curve calculation.

When C has been fixed, sets of corrsponding values of
moisture content, dry medium density, count rate and medium radius,
obtained experimentally, are read into the computer. For each set
a theoretical count rate is calculated by use of the procedure
outlined above. The theoretical count rate, the experimental count
rate and the relative deviation between these two count rates are
printed out together with moisture per cent, dry medium iensity
and medium radius.

For all experimental data sets considered, the numerical
values of the differences between the theoretical and the experi-
mental count rates are summed up for all sets and printed out.

The same is true of the squares of the differences between the
theoretical and the experimental count rates.

4.3, Output and computing time

In appendix IV the result of a calibration curve valculation
is shown. The output given corresponds to the input data set of
pages 1, 2 and 3 of appendix II. After programme number, problem

-20-

number, data and programme name, the heading of the input data
sheet follows. Next, practically all the input data are printed
out. The designations used in tne output are very close to those
used in the input data sheet of appendix II.

Following the print-out of the input data, corresponding
values of the moisture content (v) and the count rate (CR) are
printed out. Since, for the calculation considered, h = 1 (see
appendix II), the average thermal flux of the detector (Pav) and
the corresponding epithermal flux (@2) are also printed out
together with the diffusion or slowing down lengths of the three
groups (L, L1,L2) and the diffusion coefficients of the thermal
and epithermal groups (D and D2).

In appendix V the result of a comparison between count rates
given in the input data and the corresponding, calculated count
rates is given. The input data used are those of appendix II
pages 1, 2 and 4, except that C has been put equal to 0.4575 (and
consequently vr = roJr = cpmr = Rwr = 1), that SaJ2dr has been
put equal to 0.004S9 and that a = -1 and m = 1. As, in appendix IV,
the headings are followed by the major part of the data in pages
1 and 2 of the input data sheet. Next, sets of the input data for
moisture percent (v), dry soil density (roJ), input count rate
(CR(exp)) and medium radius (Rm) follow together with calculated
count rate (CR{cal)) and the per cent deviation between calculated
and input count rate (delta). Delta is given by the expression

_ . CR(cal) - CR{exp)
Delta = 100 CR(exp .

Finally the sum of the numerical differences between cor-
responding calculated and input count rates and also the sum of
the squares of these differences are given.

The count rate:, calculated in appendix IV, and the cor-
responding dry densities and moisture contents are used as input
data in appendix V. However while Rm is infinite in appendix IV,
it is 500 om in appendix V. In spite of this difference the
deviation between the calculated and the input count rates is in
all cases less than 0.05 per cent. This means that a medium with
a radius of 500 cm can be assumed to be infinitely large.
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Note that while a constant value of the dry soil density
and of the medium radius has been used in the input data sets of
appendix V, this need not be the case.

The computing time for a calibration curve calculation as
that of appendix IV, assuming an infinite medium, is close to 30
sec. on the GIER-computer. Had a finite medium been considered,
the computing time would have been increased to about 40 sec.

The computing time for the ccmparison given in appendix V
is about 40 sec. on the GIER-computer. Had an infinite medium
been considered, the computing time would have been roughly 30

sec.
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Appendix I

Integrals of Relevance to the Calculation of ED—

%/
£ -r/L, -/, 4L, -x Ly, &
e e _ e _ e
Ll = T - T dr = < dx = dx
§+o 8/L, GILb
= -x UL, “ -x My
e e - e - e
= - dx + — dx % dx % dx
§/L © 6/Lb L4
§/
Ly -
= El(E/Lb) - El(l/La) + = dx
§/L,
-X 2 3
e " _ X x _x
2
Y - X
-;-1+— SRR
§/L §/L
P e x2 x° >
—x-dx= (lnX'X+ﬁ-3—6+ RS |
§/L
8/L,
For & + o the higher order terms will vanish. Hence
8/Ly .
[ - =
5= = s &n (GlLb) £n (GlLa) £n (La”‘b) .
6_/L.a
Thus
I, = El(l/Lb) - El(l/La) + ln(La/Lb)
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2 / -2/L
r/L -r/L
= e _e _
I,= == ) dr =
§+o -8/L
el o
- e™X -
- =— dx - £ ax -
-8/L -4/L
§/L
e~x
= El(llL) - El(-llL) + -
-2/L
§/L
-X 2 3
e = - X X
% dx = &njx| - x + 3 5 *
-§/L

For § + o the higher order terms

8/L
X
< W g3, Wn(8/L) - n] -8/L]
-8/L
Thus
I, = El(JLIL) - L‘l(-l/L)
c e/L
e/l & X
13 = M dr = > dx =
b b/L
-X
= &_ -
= X dx
b/L
c -c/l,
r/L -x
e - e —
Iu = = dr = ~ dx =
b -b/L

L/L
= -X
- e
= & = ax
§/L
00 0
-x -x
e e
x dx + = dx
§/L L/L
dx
§/L
ceeen) .
-8/L

will vanish. Hence

=4nl=0.
e c/L

-x -x

e e

5 dx ¢ 5 dx
b/L S
ra

e -

w 9x = E (b/L) El(c/l..)
c/L
© m

-x -x

e _ e

= dx - d9x
-b/L -c/L

El(-b/L) - El(-c/L) .
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Appendix TI
DANISH ATOMIC ENERGY COMMISSION
Research Establishment Risd July 1972
Reactor Physics Department P-667

Input Data Sheet for MOPS-ITI

Ff ..l..... Problem numbar

+ssey Day, month, year

..... .....................] Heading
20 o R on
wea2sseeey tm, Fhysical temperature (%)
'1“‘105' .» q, neutron source strength (n/sec)
es@eseeae, C, control parameter for detector
If c=1, Aetector is grey to thermal, white to epithermal neutrons

If c=2‘ n ” black " ” N B!‘ey ." ” n
If c=3, - u " black " " , black " . " u
If c=b, n v grey " " , Brey " e "

.6.'.1.1592... Veff, active detector volume (cm’)
In case c=3, the value of Veff is not used, but a value for Veff
must be given. ) .
5149842 ., SaC, macroscopic 2200 m/sec absorption cross section of ﬁuclear
process in detector which causes pulses (cm-l).
In case c=3, the value of SaC is not used, but a value for SaC
sust be given. ’
.12’.6.3.6. .V., SD, surface area of active detector volume (cmz). )
In case c=1 or c=k, the value of SD is not used, but a value
for SD must be given.

adl, active detector lemgth (cm);

d, distance from centre of source to centre of detector
(midpoint of active detector length) (cm) -
.1........, gy control parameter for source-detector geometry
' If 2d > adl, g=1; if 24 = adl, g=2;

If 0<2d<adl, g=3; if d=0, g=h.

The values of adl and d must agree with the value of g.
P.’P.’.’...., K, correction factor for depression in detector of epithermal
.-.1......., C, correction factor for depression in detector of thermal flux.

If C> 0, this value will be used in the calculations. If ¢=-1,

. the programme will calculate C by normalization of the calculated

count rate to that of the reference medium.
}PP....... vr, water volume per cent of reference medium. .
1t ‘C>0, the value of vr is not used; thus vr may be put equal to 1.

flux. If c=1, the value of K is not used and should be put equal to O.

Devvovenn,

B LN i S

2

Lu3Rb...,
Q.QQ%...,
0:9%2...,

sssvesvaey

esessaneny
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roJr, dry bulk density of reference medium (g/cmj).

If C O, the value of rodr is not used; thus rodr may be put equal
to 1.

cpor, count rate of detector in reference medium (cpm).

If C>0, the value of cpmr is not used; thus cpmr may be put equal
to 1.

Rar, physical radius of reference medium (cm).

If Rmr=-1, the medium is considered infinite.

If C>0, the value of Rur is not used; thus Rmr may be put equal
to 1. .

The following input data must be written line by line:

wt$¥ H in dry medium 0-00L,.., wt® Li in dry medium

- B - - - - 0 - - -
- N T < - - 0 - - -
- Na -~ - - - Mg - - -
- Al - - - - 81 - - -
- P - - - - 5 - - -
- € - - - - - - -
- Ca - - - - Ti - - -
- Mp - - - - Fe - = T
- Co - - -

- Cd - - -

Sad2dr, macroscopic 2200 m/sec absorption cross section per grsm of
dry medium ():fogr o/ Sary)+ 1f Sad2dr €0, then na,°°dry ;;ogalculsted
from the medium composition. If SaJadr >0, then 2a, ary =
roJ x SaJ2dr, irrespective of the medium composition.

a. If a>0, then a is the step length in volume percent of water,
when calculating the calibration curve (see page 3). If a<0, then
the programme calculates count rates for specific values of water
volume per cent, and these count rates are compared with experimen-
tal count rates read into the programme (see page 4).

m. If a>0, then m is the number of steps involved in the cali-
bration curve calculation. If a<0, then the value of m is mot

used and may be put equal to 1.
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If a >0, then and only then

2dbeeen,s

[

-1

roJ, dry medium density corresponding to calibration curve
(g/cn”) oo

h, control parameter for output.

If h=0, only input data, water volume percentages (v) and
calculated count rates (CR) are given in the output.

If h=1, the output comprises input data and for each cal-
culation water volume per cent (v), average thermal neutron
flux of*detector (@av), calculated count rate (CR), diffusion
or slowing down length of the three neutron energy groups

(L, L1 and L2), diffusion coefficients of the two lower

groups (D and DZ) and average epithermal flux of detector (82).
If h=2, the output comprises input data and for each cal-
culation water volume per cent (v), calculated count rate (CR),
linear extrapolation length (le), diffusion coefficient of
upper fast energy group (D,), and neutron temperature (tn).
Rm, physical radius of medium for which calibration curve is
calculated (cm). If Rm = -1, the medium is infinite.

- 1Ff after last problem and standard tape termination.

If a<0, then and only then

The following input wmusi be written line by line.

Vol.¥ HZO

Qoeneann,

Seeenenn,

LI
Raeiene,

I - S

Dry

medium density

(g/cw’)

LA,
LAELL,

sccens

escovsceey

-28~-

Measured coufit rate

(cpm)

R - S

L3N,
16190

21280

cada i e

26549

31910

37310

42670

assneslenvacsennny

47940

seseletevarsanenny

“seesccccacnsanay
ssceccsonnsssenny
sscesevcsansereny

sesscvsnecesonnay

page

Radius of medium

(cm)

00,

e,
R B
ee 0,
.ea 0,

ecedaeecsenanny

-1Ff after last problem and standard tape termination

x) 1f infinite medium R = -1.

y
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Appendix IIT
Brint~out of the MOFS-ITI Frogramme

begln {nteger a;outtert(d<

Yaiuve's; integer o

gﬂ.mcmta-6<a§|_:g_xu = 1inecounter + 2;
¥ ter = 11 ter - a;

y
fora =a - 1 step -1 untll O do outery

if linecomter < O then begin
ecounter

gsimmzmz)) :m%ﬂi‘ut?"(t-«d. ~pagecounter, outtext(4<-})) m

AEK, - No. 667 - Froblem Ho});
mtm(: < ,_y;«);ue- o
outprt (doad, aay, outtext (<), month); outtext(§<.}); output(fnasri,year);

.....

drumplace = drumy

yagecounter := O

1nput (po-cblem no’;

1f problem no < O then go to emd of program
17t (day, momth, year)s

-30-~

for & =1 step ' mtil 30 do ocutetar(112);

heads
1f yesr < 1968 V yesr > 1980 then begin

tetext(:
:r"'::‘): mt(t—mn.—w}.:—r); writetext(4< 1 opg.}); write(4nad, roblem noy

of test;
comment WM COMES THE PROGRAM;

begin

real tm,roV,5eVe2,5aJ22,roJ,vpSi,vpAl,vpFe,vpli ,wpin,

vk, vpie, vpK,vplla,, v, vpU,vpP, vpH, viC , vpB,viCl,
wpS,vpli,viCo,viCa,Strd,v,a,Ss0hJ,SsokV N,

8181 ,61502,815J5,51574, 5155, 51576 S1SJ7,S15V1, S15V2, S15V3,
S1SVL,S15V5, 515V6, SISV St ,S1J2 StJ3, 5tk , StI%, SLI6, 577, StV1, 5492,
StV3,StVu,5v%,, StV6,5tV7, b.q, 11, 12,1282, tn,Se Sty D, L,

fav,Very Sal,1,C,a,K, 12, %d,rolr cpm,vr A1, .(Ra,5D,Sal2ar,
SaJz2ar,SechJer St S460 ar S1872dr ,S1635dr , 516Jkar 515 35dr,
S1SJ6dr,S15T7dr , StI1ar, Sth2dr , StI5r Stohar , StI5dr StJedr StI7dr CRe,
sumer , sumer? ;adl ,Rm,Rarr \R, 1¢, K1, K2, K3, E1 B2 E3 ,E'n, E2m, E3n, €1 y €2 s €3, D13

begin
17> 1 thep goto A;
it x > 0 then goto By
13 x > € then goto Dy
1o wen'ge L0y
x:= abs(6/x)+
expotnt te— oxexp(6/x ) (((({((({(((((((-87.6579265% wx+ T18.72221261 )x
~265h.19188521 )ex
:5332.35;;;;; x

3. 77! hex
+84h0.09131190 Jex
~5987.99131136 Jex
45029, L 805007 )
-1090,4976787h
+ 276, 1688116 )x

++++

(=]
.

Q
]
T
-l
i§

i‘:’:qam:- exp(-x)x (({{x+8,5733287401 hx + 18.05901691;0)::
(s AT + 2o ot th)
» X Ixx
21,0096530827 hex + 3.9581969228)x);
goto ends
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B: expulnt:= <In{x) + ({{{ 1.07& 73 x x ‘-g.;gsmﬁx
-0.24991055 hex

=0.57721566
goto or

D: x:= abs(x/6);
expoint = -ﬁ(m)-((((((((((((3-06913215u - 12,77625843 Jxx
429. 88740807 )ex
~37.45936157 Jux
+37.99866850 hac
~16,20406385 )ux
17.06181298)xx
+ 8,113U5875 )0t
+13,49329190 )ax
M3.4317758 Jex
41200520932 )xx
+ 8,99979305 )ex
+ 6,00000323 )t
= 05772156663

X = Xy .

expoint = -(8.31262743 x x A(-1)
-1.37913164 x x i 1/2)
10037974701 x x 4 (~1/3
~(+2,88620786
-2.05081h3 x x
+6,0641309%0-1 x x A 2
-9.572553560-2 x x A 3
:“i-?és 103 x X

0678710904 x x 4 5

+8.12355608-6 x x 4 6)) x(1+H{24-5mx)xn-T)x exp(x)/x;

end:

554 of real procedure expoimt;
renl procedwe AV(1); N

E‘%"‘e 1;"“:.&-;42 (expoint(1/L)—expoint (1/11)+1n(11/L))

= Qo ¢ oL [}

2@: e et LY aprsi/i2) a2/
rea] ‘procedure 2AV(1)s

‘i&'ﬁ" 1'1253% l’oi (1/12) 1nt (/11 ) an(L1/12))/ (125664
B 12)=- nt + A .
gﬂ.(ﬁﬁuﬁ))' ) PO " >

o) -proceture sirh(x)

R

81nh = (exp Tx) o (-x) 1x0.5;

en) ‘progedure lel (x)

Bl

:_'g.flluk‘l, leak2, Jcauk3, leakt, x1, x2,x3,8inh1,sink2,81nh3;

- 12 1= 12 i=
it A B g Y
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lesk) t=x1/sinh1

leak? :-1242[([.11"2-12/‘2):(x1[sinh‘l-x2/ainh2);
1eak3 :=L2x (K13x1 /8 11h1 +@wx2 /s 1nh2 +KBwex3 /8 1nk3 )
leakt :=leak! +leak2 +1enk3;

lel 122, 93x (Dinlenkt H2x1l eak2 Dxleak’ ) /1 cakt-x;
end of lel;

Teal priocedure F2av(1);

vaiue 15 resiy

€1 2=exp(-22R/11 }/ (1-exxp(-2xR/11) )5
C2 tmgp (-2%R/12) / (1 -exp (2xR/12)} )5
E11 trexpoint(1/11);
E12 :=expoint(1/12);
Eml1 :=expoint(-1/11);
B2 :=expoint (-1/12);

F2AV :=qu1242/ (12 .56636xD2x (L142-1242 )l )
2-E11an(L1/12)
~Cxe(B11-Eml1)
: +02x(E12-Ful2));
end of F2AV;
feal procedore FIAV(1)
!ﬂ!ﬁi Teal’y
begin
real ©1,C2,C3,E11,E12,E13,Enl , Exil2 Eml3;

€1 smexp (-2xR/11)/ (1-exp(-2xR/L1) )3
C2 s=exp -exR/IZ); 1~exp -eunllz);;
C3 s=axp(-2xR/L )/ (1-exp(-2xR/L ))g
El1 twexpoint(1/11);

E12 teexpoint(1/I2);

E13 :mexpoint(1/L )

Eml1 tmexpoint(-1/11);
Mzt-upoint)-lllz 1

Eml3 :=expoint(

TAV 3= +56636: x
ke - (ﬁéaén’;ﬁ‘%;

12
~K1C1x (E11 Bl A
~K2xC2x (R12-En12
¢ K3 (E13-Em13) )y
end of FIAV

rocedure HYP(x,F,x1,x2,eps,error);
&ig'i‘:ﬂ' WFx1yx2,epa,y
eal x,X1,x2;eps;
1858 arary|
Tea) procedure Fy
gompert i K.ECK. - August 26th 1965 ~ this procedure locates a zero for the
function F as deseribed in 8A-31/2;

begin.
real x3,#1,£2,13,7,8,4,0;
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s Bal

o v—]g 100 1R # ot it
-
0
o
3
&

/ /1'1—1/{'2)/(:1-::2) « /mea/ ) a2
© then T/N el
bﬂf)) < abs{$2) v aba'(r) > af2 then

L odal
"'Q
p

.
@®

-u-n»sn n,\'n'-

(x14x2)/2 el

x+-x1) x(xﬂ’-x2) <Othenx o x + 123
abs (f);

F(x)
= 0 then goto outs

L

ePrbatih My Qutpn X O
'y
A
o)
-l
L]
)
. &
—~
)
~
g
-1

=x2- 3 = 125

g

o
ol
o

x1; 13 =1y
=ﬂ|f‘| = 23

S

imx; 12 = 3
abs “*2)<’P‘!‘-'.‘§£‘89!'9 M;
-3
i raw.m(ména%'gg. goto auts
at=(x1-22)/2xs1gn (£3);
50;7--(::14:2)/2,:«1“1@(1’ (x)) wnile abs(a)>eps do

R-»

.u_n_lof HYP;

(4<(14)s cRG)
input(tm,q,c,Vetf? 5aC,SD,adl d.g,l(,c,vr,ra?r,emr,h',
'p!'vvuwpnmﬁ.vpln yvplia ,vpkg,vpAl,vpS1,
SVPP-'lﬁu"Pcl 'ﬂv'ﬂl"‘ivvﬁllvﬂeuvﬁoﬂlﬂﬂ SaJ2ara.m);
5= 53
rov =o.9990w+m(6.29575w-5m-r(-8-zo132u-6+h B26120-8etan) )y

outtext(

Vefr Sel 8D 4 afl ¢ gy
enfp Yem  emfz  em em s

- 34~
.daa}aa1); mmp(z)
le)! outsp(2)
oﬂtl’“t 18)3
CR 2 3
autm
B c N 0 e M A

$< 2]
cn(1); outtext(

st});

\kvto/n vtofo wtofo  wtofo wtofo wtof/o wtofo wtofo wtofo wtofod);

CR{1);

output ($nd.aad} .vpﬂ); autsp(z)s

output (dn.ax-a},vpli); outsp(2)s
tput{{n.dn-Lt,vpB); outep(2);

output (4nd. aadhvie); outep(2);

K . 000 mag)s outsp 2);

ou |VP

output (4n . 4 ,vplh outsp{

output (dnd.ad}, vpM ; owtap
output (4nad.ad}, ; autss»
output (4nd.aa] .Tpsi); CR(2

4< P ] c1 X Ca T Mo Fe Co
CR(1); outtext(
dartofo wtofo wtofo wtofo wtofo wtofo wtofo wtofo wtofo

ocutput t .VPP) outspf ;;

tput dadt,vpS); outep(2
output .'Vﬂl); m‘?(z)‘
output( ad ,vpK)

output adtyviCal); outsp(2);
output ($n.aaat, veT1)s Wtspg H

P A3}, vpn) mxr
o
outpat (e :ﬁag m(g(zi,
outtext
d<ralr vr emr Rnr c K Sar2/rol});
if a>0
Snttext roJ R ¥);
CR(1); (
ttext
W:“ 3 ofo e om enlefe 1
ziz'g/cb{} m s

cn(1);

output Eﬂ:ﬂﬁ,rd’r); ou (2);
output( wr)y outsp(2
autpnt dddet} cpom); ouup(Z);

hqid" ted);

ir NI!‘>O
output(: ddd#.ﬂw);

outsp
Bav22 = 0.022205n-oV; BscAV := 1,335lerdV;

SaJ22dar = (0,003!31xvpS140,005935wphl+0.02 R54xvyFe
40.07295%vpT140 , Al Thevpliet0 0066123100
40,001 709xvpMz+0.031 8vpK+0.013229%vple
40,1985 8evpH+0, 00000 75%¥p0+0 .003 B8NevpP
40,080 83xvpN+0,0001 BTuvC+42 ,02 TavpB

cad)s
wtofof);
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40.5742wv L1 '00.(‘(‘9767:v§5+6.162)¢vp1.1
40.38BxvCo 3. 12 evpCd ) /1003

SgoAJar = (0.0012977xvpS1+0.001158xvpAl +0.0021240xvpFe
w.(omosmxv;fn +0,000L5 8vpMn+0,.001124 Bevla
4000366 13w Mg +0 . 000590 PevpK+0 .. 00455 Bevplia
411, 855vpilH0 ,0098825vp040.003139xvpP
40, 03069xvpN+0 . 02004 wvpC 40,0205 BevpB
40.(07665xvp01+0.0006hh3wp640.q1 750 Bevpli
40.,0012136xvpLo+0. 0003336xvpCd}, 1005

Strlar = (0.03559%vpS1+0.0304Bevphl+0.1172evpFe
40,04950vpT1 40,0249 1xvpMn+0, 0L33xvyCa
40,08671%vpMg; 40022 71xvpK+0, 101 ewpla
18, 063evpH+0 . 15152:vp 040, 0951 leevpP
40, OGSy pN+0 , 22 ThaevpC 40, 2090xvpB
40,266 TxvpC1 40 ,02023%vpS 40, 109 8BxvpLl
40.07073avIC 040,03 T29evpCa) /1003

N := (vpHévpO+vpAlwpSitpFe);
vpH := vplf¥; vp0 := VpOIN;eVD“l = vpAl/H;
VPS1 := vpSi/N; viFe := viFe/W;

sisHdr := (11.950xvpH+C.017166: 0+o.0022§5xvp\1
40,003366xvpS140..0043 1 BevpFe);
Bi8J2ar = (11.486erpH+0.016669wvpH0,002309xvpAl
40,0030912vpS140 ,002966xvFe);
81673ar = (L.076%vpH+0.014813xvp0+0.00523
40,0017518evpS140.0008629xvpFe)s
818Judr = (1.75U9evpH+0.002720xvp040.00383
40 ,003200%xvpS1+40.000797TxvpFe)s
81555ar = (1,1248pH+0,002203%vp0+0.003791xvphl
40,0033 821vpS1 40,0009605xvpFe) s
818J6ar := (0.8650xvpH+0.008255vp040.003211vphl
40,,002545xvpS140,0010U9 1xvpFe) 3
818T78r := (0.7593xvpH+0.007347xvp0+0 00295 T%xvpAL
40,002 651%vpS1 40.0011198evpiFe)
818V1 e rW x 1.3540; S18V2:= roV x 1.3001;
818V3 = roV x 0.h4692; S18VL := roV 0.20503
518V5 := roV x 0.12782;818V6 := ro¥ x 0.10L01y
S18V7 := roV x 0.09149;

Btrar := (L.25kxvpH+0,13702%vp0+0,0305 Sevphl
+ 0,047173vpS140.12251xvpFe)3
st2ar := (3.830xvpH+0,15318cvp0+0,03113xvpAl
+ 0,0U340xvpS140,082 BoxvyFe);
BtI3ar := (1.3731%vpH+0.41835vp040,07066xvpAl
4002459 pS140,02L09xvpFe) ;
StJuar = (0.6067!vpﬂ40.07766ﬂp0+0.051;5xvy\1
40.,0L4G2uvpS1 40,0222 TxvpFe)
Stsar = (o.hmmmo.owsosxvpmo.o?ﬂzwpﬁl
40. 04 749uevpS140, 026 82xvpFe) 5
BtJ64r = (0.3427%vpH+0.06595xvp0+0,04330xvphl
. 40,035 TkuvpS1+0.02029xvFe)
stJI7ar = (O.??h&vpﬂ*ﬂ.OSB’]prDi0.0}Q;ml
40,03 722%vpB140.03126xvpie )
84V1 1= roV x 0.5977; 5tV2 = ro¥ x 0,5468;
BLV3 = roV x 0,2588; StV := roV x 0,13686;
BtV5 - tm ro¥ x 0.06059; SV6 = roV x 0,09%565
BtY7 = roV x 0.08288;
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roJi:=roJr; Rmi:=Rmr; n:=0; v:I=0,01xvr; go to 123
11:
1f a>0 then begin

1f r=1 then begin
guttextl

v fav CR L Ia I2 D
CR(1); outtext(
4<o/o nfeme/s  cpm cn cm cm cm

ends
iF'b=2 then begin
ttext{™

< v CR le ™m nd);
¢R(1); outtext(
/o cpm cm cm ci);

end;

i£°h=0 then begin

outtext(3< v rod t;g); cr(1);

outtext(4< ofo gfec cpmt); end;

emd else begin

aut:t.sﬂ:}< v roJ CR(cal) CR(exp) delta ﬁg; CR(1);
outtext(4<volo/o g/emd - cpm epn ofo 3

sumer =03 sumer? :=0; ends

v 1= 0,0%xdom;
13:
if a0 then begin

Input (v)§

if v<D then go to laj5y
input (+oY,CRe,Rn); v:20.01xv;
ends

12:

1f 5002ar>0 then BaJ22 := roJxSed2ar else SeJ22 = rolxSat22dr;
880AT t= 8scdh)dnarod; Strd = Strddmerol;

818N = BiBNMdmaroly 51502 = BiSJ2drrol;

8i8J3 = S183amaroly BiSJL = BiSJMdAmarod;

81875 e B18J5arxroly 818J6 := S18J6&rwroly

818J7 t= 818J7amaroly StJ1 = StJ1drarod;

BLJ2 1= Btl2amgol; B3 = BtI3amarod;

BtJL = BtJidmaroly BtJ5 = BtJ5amarody

BtJ6 = BtJ6&rToly StJ7 = BtJTarerol;

tn = tm + 0,925 (tm2 75 ) (BaT22 +vxSaV22)
xsqrt (293/ (273+tm) )/ (BaohJvxBohY )

Sa := 0.80862x (SeJ22 vxBaV22 )xsqrt (295/ (275 +tn) );
Btr = Ba4BtrJwx2.156x (0,047+0.953x8qrt (293/ (tne 73) ) xr oV
D := 1/(3x8tr)y L := sqrt(D/Se);
11 := lqrtfo.llosky 2 (S4T5-wBVS5 ) (61875 +vu818V5 )
40,287 :(swsmvs)n(szs.rsmszsvsg
40,1778/ (3% (BLIT+waBV 1 )x (S18T7wuB1EVT)) )5

e %4
cm  nfewe/ed);


http://HO.OO7665xTpCl-Ki.OOO6IA3xvj6-10.OI
http://�1O.0867ixvptfe-1O.022
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BB e o
ﬁ ?6;; =j} (3x (ggﬁwuswlo)x (518u+wuS15VL));

== Al 8.616 % (tn273) )}/ B3x (St vwaStV1)
R e

= (C.hoShT SV )40. 28768/ (StI6 WS tVE)
Sf\ 1'-3784;5(:37msm))/2 132799;

= . x stV1))
i (12(:1 1(0)'8 6167"_132 +(:.n x+si;l’25;;){g:)(ﬂs?u; (;'(5:'13 +v x St3))

y %1;1‘%312(/ g.igi;"::v:(i:\'l:)g_})))) + 1b,1kkol);
Eﬁ’ f&lﬁ:ﬁ kT B
xj = -

1f R then begln

soee ssWea

1 e= then begin

Et &= 1nt((a-1)/11)-expotnt((a+ )/11);
m1 = gme i -1);L12)-el:poﬂlt f +1)l,%2);
E3 := expoint{{a-1)/L )-expoint((as1}/L };
v 1mquif2/ (25,132 TosxDul } (KV0EY +R2xER +K5xES )

ﬂw-wwh/ (25. 152 Tenteman (Lrde-124 ) e (E1-E2 )y

E. - mtz""?*'
e = Mw(z:a s

i"‘}

:- (“11 ) +AV (1 44)x ))
foa = }mgﬁ?fdfa)ﬁam(lgw ouy,

g4 then begin
= P
d = kﬂg;;

1f Re>0 thep begin

HYP(le,1el,0,100,0-5x1le,1b6);
R:= Rm + 1leg
1f g=1 then begin

E1 t= expoint( zd-l)/m point §a+1 /L1;;

R 1= expoint((a-1)/12)-expotnt(({a1)/12
B} = expoint((a-1)/L point({a+1)
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ERuc= int(-{a-1)}/12 ) ~expoint(-(a+1)/12)
E3ms= :;:1“?. d-l);l- )-expoint dtl)//iz)

e1:=exp(2xR/L1); €2 :mexp(-2xR/12)y
wagnblz (2:.152'&:1»1):
% (Ev-e1xEtm), ‘l-e‘l)
-QxEl)/
+x3- —e3xE3m)/ 1—9))-
a: 7 242/(25.13272-:12-1:(11&-12&)):
-el

g-e1lﬂ‘|l
—e2uE2m)/ 1-e2)).

Etmt= expoint( ga-l /L1)-expoint§ §a+1)/1.1),

end;

then
v e OB
A2d :<F2AV (2x1 );
end;

P v ey

125
I

g:c::
é

“:';,vg;r --

i H

5
B

1#c™= 1 then
A = 6oxd

Bt =03

R

1
2 .‘.?&m.mm(m/(mm);

if’c =2 then begin

1= 60D/ inelrw;

By = 60x2xVelruSalxKnefdx
Jin(2x6/ (8. 616 70-5x (tn
1? ¢ =3 then begin

A := 60uBD/linslvy
1= 60xSD/bnkxi2a;

(293 o-(mm))

WM fRE2sqrt (293/ (tr273) )s

- 6022V et xSaCxKnD 295{ (= (to273)))
/m(zns/ (xB.616 7052 (tn1273) ) )3

539.’.:::3

€3 :=exp (-2wR/L)
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C'- cpar- h)/h,

ni=g

e tea Rl

ﬂl’g ¥‘ v 3 'c)’ 2)s
(4n.asaa}, K); ouxt-sp?)

1f SeJ2ar < O
Sirtput ~SaJ228r)

-.-.

output(4n. \SeJzar); owtap(2);

if a>0 then
dutput (4n- roJ); outsp(2);

if ¢ = 1 then

e := CifefTnSalxlavxb0n0.8062xaqrt (293/ (tn273) )y

- e ﬁo;"icasn/"‘u.a..
= RxVetrxSalnKx (293/(::(“4275)))/
m(z-ﬁ/(b-a.6167n-5-(w273 )
u " t(!.sn/lubm.sn/huka);
lt e = k then
Cha 2= Crx¥afheSalrfavetox0
joilioarivars zz” et
1n(206/ 0-8-6167n-5-(tu4e
‘then
i 380
iz h"’(z?.’e!‘ begin
P b-ﬁ#,rﬂ);
E:udd,cm),
55 1t $520 vegte
; 3
(4n.800-0}, fav); cutsp(2)
“ddoa}CTu);  oute outep s
Sa e
o 3 L% )2 outep(
Ay~ .Iz)smp ;;
a80y-a0) m‘
oo}, Ba); (1;; em;

1f 12 then begin

(213
m( aMe-o},Cha); outsp(2);

o Rt ), owtapa)y
"‘ '"f&m eal.}); outsp(z)s sng:

-ug9-

st;a.:;.tnil?c):n(:‘)';‘pa(z

outyut aa.af kcm.cne)/cnumo); outap(2)y
(«ﬂﬂ.duh)

1f A<D then hen

outtextﬁdnﬁni‘ﬁe‘”t

CR(1);

luner'-nhs(ﬂh'c ) ssumer;

samer? :=(CRa-CRe) 42 +5umer?;
&9 to 13;

m‘().);
outtext (4<Suxmm:
mﬂput@
output (4
end;

i ofun bngau)-cn(m)l s
ﬁs_tion ofl.}l (CR(ce1)CR(exp) )2 = 3);

feet
end of calculationy
0 to start;

end of program:
outsum; for & := 1 stgp 1 wntil €0 do mm:h:r(ﬂz);
end of program;
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Appendix IV
i%alibrut!on curve ealcn.htion!

A.E.X. -~ Program Mo, 667 - Problem No 1 - 1. B.1972
MOFS-III

TEST OF MOFS-III

o Veff SaC SP a adl c g
c n/aec enfs  Vem  emf2 cm cm

20,0 1.b0wH 6.1h 2.199 1 19.64  6.700  1.250 2 1

)| %1 B c N 0 Y
wtofo wtofo wtofo  wtofo wtofo wtofo wtofo vl'.o/o vto/o vl:o/o
0e326 1.00=3 3.00=3 0.506 0,055 53.50 0. 1,38 3.75 Zh.28
P 8 c1 X Ca T Mn Fe Co ca
wtofo wtofo wtofo wtofo H‘ho/o wtafo wtofo \rto/o wtofo  wtofo
0,058 0,001 7.00=3 1.730 1,55 0.320 0.034% 1.76 6,00l 2.005

ro.h' vr cper hn- c K  SaJj22froJ roJ
ofc  epm /e &f cn

0. ooo 100.0 T.b0pb 1nr1n1te 0.4575 0.0900 4.990p-3 1.460 infinite

v fav CR L Iy 12 D 2 -]

ofo nfe2/s  cm om cm ca em on  nfem2/s
0.0 2";.: 1 6.97503 1.50370 1 2.11030 1 2.6193p 11,3903 2.2356 9.00m 1
5.0 4,8 1 1,939 4 1,1550% 1 1.6360» 1 1,820 1 9.605%0-1 1.9359 1.27m 2
10,0 7.600 1 1.6190 & 9,522 136070 1 1480701 7363301 1.7095  1.55m 2
15.0 1,060 2 2.128y b 8.0274 19880 1 1.28139 1 2.9507.,-1 1.5319 1.8'n 2
20.0 1,380 2 2,654 4 6,9807 1.09701 1.0740n 1 4.9919p1 1.3886  2.06w 2
25.0 1,710 2 > 310 b 6,9905 94677 9.4929 4.29880-1 1.2705 2.29m 2
30,0 2,050 2 3.75111 45,5661 8.6h26 8.5216 3 77“5»-1 1.4712 2.5 2
35.0 2.39p 2 L.267p b 3'0557 7.9626 1. Tho5 3.5601e=1 1.0867 2.710 2
40,0 2,750 2 L.79ho b L6324 7.3903 7.0970 3.0 .0-1 1.0137 2.8m2
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Avpepatx V.

MOPS-IIT Pr
(Comperison betveen calculated and imput count rates)

A.EK, - Frogrem No, 667 - Problem o 2 - 11. 8.1972
MOFS-IIT

TEST (F MOPS-III

) q v:g SaC 2 a sdl ¢ g
C nfsec e fem om om
20,0 1.h0x5 6.16 2.99%0 1 19.6b 6.0 1.250 2 1

B 11 B A 81
wtofo wtofo wtofo vr.o/o vto(o wt.,c’o wtofo wtofo
0.326 1.00-3 3.00-3 0.506 0.055 55.50 0.7 138 3.75 34,28

P s a Fe Co ca
wtofo wtofo wtofo \rto/o wt,o/o wr,o/o \rto/o m/o wtofo  wtofo
0.058 0.001 T7.00-3 1.750 1.55 0.320 0.03F 1,76 6.004 2.005

cper Rur B K 2/rol

rofr - T
afenfs ofo cm em /&
1.000 1.0 1.000 1.000 04575 0.0900 %.990n-3

roJ CR{cal) CR(exp) delta Ra
vu:.o/o afcld  em g:lp ofo cm

0.0 1.460 6.97545 6.975a3 0.0 500.0
5.0 1,460 1.130x4 1,939k 0.0 500.0
10,0 1,460 1.619k 1,619 0.0 500.0
15.0 1,460 2.1280% 2.1280% 0.0 500.0
20,0 1,560 2.65uh 2.650nh 0.0 500.0
25,0 1,460 3.99%8 3.191 0,0 500.,0
30.0 1.460 3.73h 3.730k 0.0 500.0
35.0 1,460 b.267gh h.26ToM 0.0  500.0
Lo, 0 1,460 L. 79Uk L, 79Uwk 0,0 500,0

Summtion of ell |CR{cal)-CR{exp)]: 2.639p 1
Sussmtion of a1l (CR{cal)-CR(exp))f2: 9.311p 1



