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A careﬁkl determlnatlon of M5500 from results of the Macklin-
deSaussure, Baaganese bath experrmeeg involves cgrrectlons for
(1) the weak bub mon-zero transm1531on of sub-eedmium neutrons
through the ur&a&am—or? foils, and (2) the small variatlion
of 1 with enérgy in the sub -cadmivm region. This report presents
the derivation of a single generel expression for applying both
these corrections, and then describes two IBM 704 codes (MTC and
GTC) which were written especially to facilitate the numerical

evaluation of this cambined correction factor°
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ME‘I‘HODS FOR APPLYING TRANSMISSION Al\TD n- VERSUS-E CORRECTIONS IN
THE DETERMINATION OF q2200 BY THE: MACKLIN deSAUSSURE EXPERD’IENT V

A. TIntroduction: Equation for Applying the 'Corrections

In the determination of Toogo fram the Macklin-deSaussure mangsnese

bath experiment; allowance must be made for sub-Acadmimn neutrontransmiséion_.

thréugh the uranium or plutonium foils, and also for the energy-.-d.eperﬁent

" behavior of n. Corrections for vboth& these effects are incorporated in

the following equations:

P

1 I - Y P {1 - AA i + B A R3 i .
2200 R3-R,1L T5000 M | I{3 R,+ ,+ 1
(1)

The quar:itities Ri are those defined by deSaussure and Ma.c::kJ.in,l excepf

that here R3 and R, are assumed. to be coryected for background effects.

The quantity A is given by

' P
1-Hp, Iy Fp
e ’51121’)0' . @

A =
' "M
The remaining ciuantities P> etcs, in Egs. (1) and (2) are defined in
(ll) (13), Section B of this report and each of these remain.ing quantities
can be read directly from the output of two IBM TOL codes, MIC and GTC,

which are deseribed in -Sections C and D of this report. Section B also

]

G., deSaussure and R. L. Macklin, Absolute Measurement of Eta by the
Manganese Bath Technique, ORNL CF-59-1-T0 (Jan. 20, 1959).

*The ratio (n /'q 200 ) depends on the energy variation of n but is in-
dependent ofM its 8zma.lizatiom The Macklin-deSaussure experiment
- provides information about this normalization factor.

.
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presents a derivation of Eq. (1). Listings of the Fortran source ‘programs

for both MTC and GTC are given in an Appendix°

B. Derivation of the Equation for Applying Both Corrections

Let the incident flux be $(E). Let toq = the thickness of the cadmivm

foil, and t the cambined thickness of the uranium or plutonium folls

e

£ g and z‘f‘(E) t = 4 U

C m

We ignore all corrections excepf those. pertaining to transmission ‘and to’

{the "mul‘t;iplylng" foils) et s° (-E)‘ th =

q~Vb-E variation; in particular, all neutron collisions in & given foil

are assumed to result in absorptions in that foil¥*. Then

-4 én %a]

R, = [j' w¢w>u-e )MM+j' w¢w> (3)

s}
]

' - - L L
» jquwmmeC%heéﬁﬂm+fwmmme¢%eﬂy
S | . 0 - : e )

£ - ]

R-R, = K[ [Tagm - ™ @-e %@ (5)
VA . :

Later investigation has shown that the correction for scattering out of
cadmiwmn may be as important as the correction term '

Ry
o "
of Eq. (1). The two corrections have opposite sigms. A report is now

being written to describe a procedure for includlng this cadmlum
scattering correction.

A

Scattering out of the multiplier will be taken into aceount 1n a
separate correction to the experimental results. :



N

_ |
K fo & 4(x), - | (6)

4 :
KfcodEgé(E)e cd c (7)
o |

Ry,
K'is a constent depending on the counter efficiencies, etc.

It is convenient to treat separately the Maxwellian and non-

Mexwellian parts of the incident flux. Let

@#(E) = %m)+%wn | (8)
B =Iw%m)w, | ()
m .

- [Th@ @ (10)

Here ¢ (E) is a Maxwellian flux asscciated with most probable energy
E s 1t is equal to @(E) at E = - E - ‘Since ¢F(E) is just @(E) - ¢ (),
the flux ¢F(E) may have non-zero magnitude at sub-cadmium energies as

well as at high energies.

Let
HM = the fractibn of the Maxwellien flux tranmaitted by the cadmium
foil,
AT O R P | (1)

Neutrons that do not penetrate the cadmiuwm foil will hereafter be

referred to as sub-cadmium neutrons. Taus a sub-cadmiuwm Maxwellian flux

is a (hypothetical) flux haviné the same energy distribution as that of the

collection of Maxwellian neﬁtrons which cellide in the cadmiwn foil.
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P, = the fraction of the sub-cadmium Maxwellian flux colliding in -
the multiplying foils, :

rCD

| 4 A A
- [T wam e ey Tagma - e . e
(o] A ) (¢] . ’

nﬁ = the average n for sub-c@dmium Maxwellian neutrons colliding in A
the multiplying foils, ‘
a | "‘1 . . . "[ 0 o) "Z F£
. Cd
- [CEama - ma - a@)/ Ta e e .
o : : o '
- (13)

Quantities Hy, P, and np ere defined &nalogously to (11)-(13): Be
simply replaces ¢M° oW |
The substitution of definitions (11)-(13) and their aﬁs;logues into |

Egs. (5)-(7) yields

Ri-Ry = K@y(1-H,) g By + K g(1 - B) n§ PF} ('14)
R, = K(fy + #p), | e
R T R (26)
Thus
Ky = ﬁggﬁg 334- ﬁ;%§; R, (17)
K, = i H:an R5v+ HF}HM #ho ' o a8



6.

Then from (14), (17), and (18) we have

R;-R,

P
M

K ¢ (1 - By) By + K g(1 - HF)

.,Rz

H(1-E,)  H(1-E) nF (1'HM) (1-Hp) | nF '
[HFHM TR F]'R[HFHM M TRy P F]

(19)

A re_arrangemexi‘b of terms in (19), together with the introduction of the

definition (2) and the quantity Nopoge Yields Eg. (1).

C. The IBM 704 Code "MTC"(Maxwellian Transmission Calculations for
the Manganese Bath Eta Experiment)

Cl. Introduction

This code uses the \fbrnru.]a for a‘Melliw flux (normalized
so that ¢M = 1) and cognputes 'H.M', Py TIBIZ’ and (nbﬁ/neeéo),
c2. Input |
k Saméle input sheets are shown on pages 11 and 12. Inforwation ‘
inserted on any one line of an input sheet w:ill be punched on a single
IBM card. The primary sheet for a given problem is devoted to in:f’ormation

for Ca.rds l through 5. The card numbers are shown in the last colmnn of

+the primary input sheet; and fram the sample primary input sheet it is

clear that there may be two No. 4 cards. The input sheets following the
primary sheet are reserved for information ebout cross sections and

about the energy variation of 7. Detailed instructions follow:
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Cards 1 end 2. Lines 1 and 2 are to be filled with any identifying

wvords you may find convenient to describe the case that is to Befdone.4 Write
in one character per box. You may use boxes 2 through 72 inclusive on each

of the'twb lines. Allowed characters are:

the 26 letters of the alphabet®
the ten arabic numerals 0, 1, 2, «esy 95 .
the ten symbols =, -, +, ., (, ), §, ¥,/ , and the
coma - itselfs. - | '
An empty box between'words on the input sheet will correspond with a
blank space between punches on the IBM card.

A ﬁypical Jjob identification might include a case number, the date,
same convenient designations for the foil thicknesses, and information .
identifying the particular lists of cross sections used for the calcu-
letion (since these.lists may change, €.g., as better experimental infor-

metion is received, or as the multiplying material is changed, or as

tests are made to determine the sensitivity of the caomputed results to
errors in the cross sections).

Card 3. Nth is the cadmium foil thickness in units of atoms
per barn of foil area. " Seven bbxeS'are resefved for this entry.

means 2.35 x 1Q75 atoms/b,

2,350 -0 3

042 3 5 - 0 2 means 0.235 x 10°° atoms/b,
040 0 1 + 0 1 means  0.001 x 101 atoms/v,
1,0 0 0 + 0 O means 1 x 10° atoms/b,
2,7 % 3 +°1 & means 2.743 x 10 atams/v.

Ntm isAthe'ccmbined thickness of the multiplier foils (fissionable material)

in units of atoms/b. E_ is the most probable energy of the Maxwellian flux,

¥ .
Print I with serifs,and slash O to make @§: these devices will distinguish
the lettér I from the number 1, and the letter O from the number O.
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in ev. ETAQEOO is that value of n at 2200 m/s used in the calculation

of nﬁ and (nﬁ/n22oo . El’ Ea, and E3 are energies, in ev, which the
:nachine will use in place of oo as upper limits to the .integrals. These
energies are to be written in ascending order. Uﬁ% shou;d be chosen lafge
enough to give sufficiently accurate apprcximations to the input integrale,
but ‘'small enough to make the calculation sufficiently short and therefore
inexpensive. (See iater conment for time estimates.) ﬁi‘endlﬁé maey be

used to examine the convergence behavior of the integrals, or to examine-

the relative importance of contributions from different energy regions.

NE is-the number of energy intervals used as the machine calculates

the integrais by Simpson's rule: this will be explained more fuily in
the next paragraph. NE may be any number fram Ol to 10 (inclusive).
leave this entry blank if the inpu£ is being written for the second or
later problem in a series of probiems all using the same scheme of

| intervals and subintervals for the Simpson's rule integration. Since

| information is not saved within fhe 704 from one\runvto another, the
first problem in a machine run must heve a mumber specified for NE.

ardgs} o These are used to indicate the number of sub-

intervals, S-I,.w1thin,each of the NE energy 1ntervals, and also to
indicate the energies 'E at;ImTi' (in units of ev) which separate the
NE intervals. For example, on tne first sample prinary input sheet
included in this report, line 4 indicates theﬁ 10 subintervals are to

be used in the interval between zero evﬁ and 0.002 ev, then 50 Subintervals

More accurately, 10~ -30 ev, since the numerical integration will start
at lO’30 ev.

Tats
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in the interval between 0.002 and 0.015 ev, etc. The energies El Ee,
and E
>
be E3° Each number S-I may be any even number frem 002 to 998,1 Note
that the number of pairs S—I, E at INT must;match the nuMber NE in

must appear as entries E at INT ; and the last E at INT must

card 3. When the entry for NE has been left blank, then all the entries
for card 4 should also be left blank The machine calculation will take ‘
epproximately 3 x 107 -3 minutes per subinterval. |
Card 5. Entries on this card describe the length of the paired
input lists of energy and oﬁl(total cross section of,the mﬁltiplier)?
energy and de’ eqergy eﬁd Ho (The input lists themselves afe to.be.
written on succeeding input sheets.) More detailed instructions for
* this carq are included in the paragrephs below. |
The machine will use functions of o;, etc.; at each point of its
numerieal integrations, but q; need not be inse;ted:as input ferAeach
such point. Instead, the machine will use a value OE(E)'celculated by
interpolating between values given in the input listSa The interpolation
procedure assumes linearity on a log-lOg plot.

ca> %

few as 002 or as many as 300 members. A pair of assoclated lists; e.g-,

Each of the six lists for E; o/, E ar E and n may have as
“Em and o’, must of course match in length°
If, within & single machine run, a given case is to use any particular

list identical with the one used in the previous case, then the entry

specifying the{length of that list should be left blankc For exemple, the

E

- first case in a run must have the lengths of all six lists. (E 5 0q?

m’
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qu’ ‘E'ﬂ s 1) spe?iﬁed; but if the second case is to use ;[_.,dex;tical li;ts
. except for the o‘m list, then all entries in line 5 should be left blank
except for the entry under dm. .Na.tura.l]y, the ‘length of" thg new dm list
must match the length of the E  list which is to be re-used.

Cg.rds 6,‘ 7, ete. Iist of E s % EC'd’ o&d, E'qj’ and 3 are

writtén in that order on the page(s) following the primary input page.
All energles are to be given in ev, all crbs_s sections in barns. Each
list is written fram left to right across the page. Use seven columns
for each member of a list; and assume the same form X.XXX¢XX as vas

used for I\T'bc a’ etc. Columns 1-70 are reserved for these éntries; thus

ten T-column entries_are permitted per line. (Put ten entries on every .

line, except for the last line of a:;ist in the case that the length of

fhe list is not a multiple of 10. Also, lines )Setween lists may be'left

blank if desired.) Columns 72-80 mey be used for idéntifying comments.
Start each 1list on a new line. The lists following the primary
input page of a given case nmst match in length and in order the speci-

fication of card 5. For example, if line 5 on the primary page is blank

except for the eptriés 019 under o;n , 008 under E’l » qnd,0,08 under’ 1, then.

the f_ollowiri_g page ‘must contain first a list of 19 dm values, 'bhen. a:
list of 8'Eﬂ values, and finally a list of 8 1 values.

a? and n must be specified over the‘ entire
range of integration. The numerical integration will start at 10'50 ev.

The behavior of AP

b Ecd) OJCd) ET],

Therefore the first member in each list E o;l and 1
should correspond with 10720 ev, vhile the last m_embef should correspond

wj.th_ some energy greater than 'Evy




MAXWELLTAN TRANSMISSION CAICULATIONS FOR ETA BATH EXPERIMENT

650 DATA SHEET

ReQuesT__ /472 JOB TITLE written oy & M ollon T DATE &8/s/sp
1-8 9-16 17-24 25.-32 33-40 41-48 49-56 57-64 65-72
s|lalmlele|e| |elals|e]| |4l gl/|sl/|5]2 Tle|o|=|2lo| |Mlz|e|s|s | |7|2|38|=|1]o|#| |Mlz|2|s| |cWieimlz|alale]) |-
LT 5|7 2|13|- [Al5| [c|b|-|Als]| |&|7|A- |A
C JOB IDENTIFICATION
EC n 7 ETRAo00 1l EE %3 Nt = numbér demsfity x thit o
&353_03/‘1(,:‘-0‘10353-0/3377400;500‘o/info_c//oaof.co ol ® NE = numbér |of| iptervals pn 3
:-’ TEVIOous [1mcervyg L are
Edter in|exponepntial florm,|ag X| 4 XXXXH 3X times |10 ) leave Hlank
ITABLE OF |INTERVALS Al SUB+ RVALS
$-] E |af S|-I| El at INT $-1 E|atf INT S-I [E at| INT $-1 Elaf I SiI E| at INT| g-1] E [at] INT

ﬁ_lnter energiep [n|exponential fprm, [ag X|q XAXHYZ, [S+I's must bg evem integers.

T ESd 9ta E; 7 EtnLex the| nymber] of pointis [in|edch table |being teqd. [Leave Hlapk|if] nbt| to Ye pead

-TT-

Velues | of and 1 pond [tg one|off the| ifitgrvial| valueg of ¢ng at Nd. & card(e). |E] must be |equal to [the last |onke,

=)

\)=
2
o
o
k|
2
<
H

@
()
B

B

SAMPLE PRIMARY INPUT PAGE FOR AN MTC PROBLEM

WCX-2628 (9~ 56)



650 DATA SHEET

REQUEST /772 JOB TITLE WRITTEN BY__ &~ Hatbentt DATE 8’/5‘/5',7

1-8 9-16 17-24 25-32 33-40 41-48 49-56 57-64 65-72 73-80
g ol= g|/]|0 -|o ol-10|2]2|513|0]|- 2|/|o oo |=|o|2]}5]|olo|a|-|o|2}é|o]o|0o]|- 27|olo|o|-|o|2)7|¥|a|o|~ 2lolo|o|-|o|/ £|2 -|A o
3|o|o|o]|- 4[eo|o |- 0 -lo|/|é|ola|o|-|o|/{7[2|o|o]|-|2|/}8|o|olo|-|o|/}7|o|o|o|-|o|/ olo|+|alo}/|/ oo+ £|2|3|-|A 7

1

1|1 |olo 1770|882+ |0 3 +lo 2] 5|7|3]4 2|4|6|6|51+ |0l a}4| 7|6 |6 |+ |o 2] 32| 0|7 |# |o|2) 3| S| 4|e|+|o|a}2| B8] 32|+ 2|3|7|2|+|la|2 x|2 -4 o
2|0|&|3]+|o|2]|g|7|#|+|0 7 ol2)s|6lo]2 21714|7|8 2475171/ 12 6lo|7(*|o|2)/|712]|8|+|o|2)7|8|7|0|* X|2(3]|-|4 %
llo|o|ol|-|3 / olo|-|o o ol|l-|o|213 olo|-|o|2]4|o o |- slojofol- 2)6|ojo -0 7 o|lo|-cl218|0|lojo|- Flo|ofo|-|o|l2 E - 1A o
/10 o= / alo|-|o 718o6(-10]|/ ololol-0|/]2]|2 gl=lo|/ }3|o|olo|-|o|/4]|e o|-lo|/}s]1ololo|-|loV/ jG|ojo|o|- < ol-1ol/ £le -4 o
1 1|olo|l+|lo E -4 /
3|4|9|0|+|o 3|4|7lo|+|o|3]2|7|3|6]|+ 312(9| ¢ 3|2|4|elo|+|0]|3])z2|¥ +lo|32|5|2|a]|+ |o|3fic|2lol+|olz}|2]| %] 30 3le|/|R|* 0|3 x| c|o|-|A
3|88 o|3)e|%|o|o|+ Rlo|o|+|e|sf6|4|o|o|+|o|3}5]5]0|0|+|o|3] |/ +lo |2 aolo| e}/ ¥4 20|+ ]|c|2)®|0|o|o|+ 3|7lolo|*|o|/ X -|A 0
1|7]olo|+|o X\ cd|-|4 /
1ololo|-]|3) )2]|0]|o|o|-|o ololo|-|o|2)2|o|olo|-|o|/|s|olo|o|-|o|/)?|ele|’|+]|e|o e El7AI- 14| |lo
2(3olo|+|o 2|3(0|o|+|0 2 3t|ojo)2|2|7|0|+|ojo)z2|2|7|0[*+|0o|o]2|2|7|0(+|0|0O E|T|A|-|A )

SAMPLE SECOND INPUT PAGE FOR AN MTC PROBLEM

WCX-2628 (9- 56)

-21-




C3. Output

A sample output .sheet is reproduced on‘page'l5

-13-

The flrst linel

is a title which will autamatically be printed at the beginning of the

output for each problem.

The next two lines are print-outs of lines 1 and

2 (job identification) on the primary input sheet. Below this job identi-

ficetion, a labeled 1

The remainder of the

ist of input mumbers from card 3 is.printed.’

output consists of labeled results for the following

calculated qﬁantities:

Quantity Definition
, £ -L,.(E)
BM1(E1) jlo‘3° aE ¢, (E) e Cd
£.(E) -E/E [E
1M2(E1) EML(EL) + e Cfl(.El) e 1/%, [E—l + 1]
’ (o]
B @) [ Ay (®)
jl‘o-ﬁo E fy(E) e [1 - ]
1-RM(E1) ANAEL) FROW FORNULA — TMI(EL)
PM(EL) 1: [1 - PM('El)]
1 3 d(E) —f.m(E)
f -30 aE ¢M(E) [l - € l-e "n(E)
ETAM-P(EL) 20~

ETAM-P(E1) /ETA(2200)

ANA(ELl) FROM
. NUMERICAL
INTEGRATION

ANA(E1l) FROM
FORMULA

DIFFERENCE

PM(EL) {ANA(El) FROM FORMUIA”.-j '-m(m)]

ETAM;-P(“El) /ETA

2200
E. & o 4
j d.E'¢M(E)dE sf = e dE
/100 10~ E,
£ /E_ [E.
1-e LT © [—l + 1}
E
(o]

| ANA(El) FROM FORMUIA — ANA(El) FRO I\IUMERICAL
INTEGRATION :

Cew 313
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The functions HM1(E2), HML(E3), etc., are defined analogously to the

above, with ﬁ; or ﬁ% appropriately substituted for ﬁz.
ﬁ; is to be chosen large enough so that integration up to ﬁ;

approximates'integratién up to co for theAihtegral quanﬁities apﬁearing

at the right in the above table. Since ¢M(E) is normealized so that:

¢M"= 1, ANA(E3) should be close to 1. ANA(E3) FROM NUMERICAL INTEGRATION

should, of course,ialso be close to 1. The size of DIFFERENCE is an
indication of the accuracy of the numerical integration. HM2(E3) will

usually Be a better epproximation to

_Lo? aE ¢,(E) .e-

than HM1(E3) is. HM1(Ei) should approach HM2(Ei) as Ei‘———;)ooo

45 (E)

Below are listed the four Maxwellian quantities in Eq. (1) and their

counterparts in the code output:

Eq. (1) Quantity ) MIC Code Néme
: B2 HN2(E3)
P, o PU(E3)
Ty . ETAM-P(E3)
T/ 2200 - BTAN-P(E3) /ETA(2200)

‘Ch. General Comment

The machine will sometimesnot handle properly numbers greater
than about e+87 or 10+58, or less than about e'87 or‘ld'58. It is best

to keep this in mind when preparing the input for a problem.
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MAXWELLTAN TRANSAISSIUN CALCULATIUNS FUK ETA BATH EXPEKIMENT

SAMPLE CASE Ae 8/5/59e TCD=20 MILSs

LISTS 23~As CD—A» ETA=A.

NT(CD)
2¢353E~03 1

HM1(EL)
1e$8451E=03
ANA(E1) FROM
HM1(E2)
2¢00749E~03
ANA(E2) FROM
0-€3
HM1{E3)
2¢00753E=03

ANA(E3) FROM

r

NT (M) " EO ETA(2200) El ' E2 £3)
C262E=02  24530£~02 24297 00 24500E=01 54000E=01 1.000E' 00

HM2(EL) 1-PM(E1)

1¢98522E-03 6e78097E~

NUMERICAL INTEGRATION =

AM21E2) 1-PM(E2)

20400752E=02 6e81423E~

NUMERICAL INTEGRATION =

CHM2(E3) 1-PM(E3)

2e400753E=03 be8l423E—

NUMERICAL INTEGRATIGN =

T23=104 MILS (NOMINAL).

PM(EL) ETAM=P(E1)
03 9e¢93219E=01 2¢29249E 00

9¢99441E-01 ANA(E1l) FROM FORMULA

PM(E2) ETAM=P{E2}
03 Je93186E=01 2¢29248E 00

999997E-01 ANA(E2) FROM FORMULA

PM(E3) ETAM=P(E3)
03 9493186E=01 2429248E 00

9¢99997E-01 ANA(E3) FROM FORMULA

MIC OUTPUT FOR SAMPLE CASE A

1}

ETAM=P(EL)/ETA(2200)
9098038E701

9e99444E~-01 DIFFERENCE

ETAM=P(E2)/ETA(2200)
9e98C34E~01

10.00000£-01 DIFFERENCE

ETAM=P(E3)/ETA(2200)
9¢98034E~01

. 1+00000E 00 DIFFERENCE

2054065E-06

2e54810E-06

'QT’

2454810E-06
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D. The‘IBM'7Oh‘Code4"GTC"(General Transmission Calculations for the
Manganese Bath Eta Experiment) ' —

D1l. Introduction

This code uses a flux which can be specified numerically (as a
function of energy) as part of the input. The ‘code computes'HF, PF” and
. |

Since this GTC code was designed to apply not only to the Mo000
experiments but élso to experiments investigating the epithermal behavior
of 1, it has features not directly connected with-Eq. (1) In the present
report only those features directly associated with EQ. (1) will be
described in detail. |

'The numerical integrations in this code are carried out between

energies E. and E3, both to be specified as part of the input. An inter-

1
-mediate energy value E2 is also to be specified gs part of the input.

The flux below E_ is called ¢Fl (E), and the flux above E, is called

2
¢F2(E); This division wes made to allow for the option of changing ¢F1(E)

and re-calculating the E.-t0-E,. contributions to certain integrals,; while

1 2
keeping ¢F2(E) fixed and re-using previously calqulateq Ee-to-E3 contri-
butions. Further information relevant to this division will appear in
the explenatory sections to followi |

D2. Input

} Samplevinpﬁﬁ sheets are reproduceddénfyaééSFEEtﬁgdz2}.':Ehéﬂinput
fdrmaﬁ is very similar to that for MTCQ the Maxwellian code. Again;
information inserted on any one liné of an input sheet will bé punched

on & single IBM card. The primary sheet for a given problem is devoted

Eor .
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to information for cards 1-6. The sample primary input sheet shows that

there may be two No. 5 cards and,many No. 6 cards. Input sheets following
the primary sheets are reserved for 1nformat10n about the energy varlation ‘
of the flux, of the cross sectlons, and of 7. Detalled instrncnions

follow:

Cards 1.and 2. These are reserved for a description of the case

to be run. All the comments on page 7 referring to input cards 1 and 2
for the Maxwellian code (MIC) appiy here too. Since there are more kinds
of input information for GTC than there are for MEC,‘a typical GIC job
description will contain correspondingly more 1nformation.

Card 3 As in the Maxwelllan code, the machlne calculates values -
eof qh(E), etc.,?for its numerical integrations by interpolating between
values given in paired input lists of energy and q&, etc. Again, the
interpolation procedure is,based.on the assumption of linearity on a log-
log plot.

The.firét'six ent;;es on card 3 describe the length of the paired in-
pnt.lists of ﬁl and ¢Fl’.§é andA¢ 53 E3 and o’ Cd Each of these six lists
may have as few as 002 or as many as 100 members. A pair of assoclated

lists, e.g., E. and ¢Fi’ must of course match in length. The next six

1
entries on card 3 are not directly comnected with Eq. (1); they refer to

A A A
the lengths of input llste-for Eh and o%, E_ and oéB, and E6?andlcém.—

5
which are relevent to experiments investigating the epithermal behavior
of 7, as described in a forthcoming report. Lists for these guantities,
however, must be inserted at least for the first problem in a given run.

For simplicity, each of these six lists may be kept down to two members,

5 @P‘k
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and therefore the nmumber 002 may be uSedlfor each of these six entries
on card 3. 1"he seventh pair of entries on card 3 refers to the lengths
of the lists ﬁ7 and n; these lists may be anywhere from 002 to 309 in
length. The eighth péir.of lists;, for ﬁé and qh,can be anywhere from 002
to 600 in length. . |

If within é single machine rum, la given case is to use any particular
list ldentical with the correspondﬁ.ng list in the previous case, then the
assoéiated entry on card 5 should be léft blank. Thus the first case in
a maghine run must- haive the lengths of all sixteen lists épecified, but
input fgr succeedingﬁcaSes in the run may contain blanks on car& 3, If
only oﬁe partner of a paired entry is left blank; the number written for
the other partner must of course match the cammon length of the eir as
previously specifiled. N

The final entry for card 3, labeled CC on the input shget, is used
to inﬂicate vhether the E2=to-E3 contributions to all numerical integra;s
'arg to be taken.fram the preceding_problem'in the run (Cc.=~l)9 read fram
input card 5 (CC = 2), or calculated by the machine (CC = blank). The
first case in ﬁlgiven run must have CC = blank or CC = 2,

Card 4., - Nt 1is the cadmium foil thickness in units of atoms

‘cd
per barn of foil area. Use the form XKXXXiXX, as.expléined on page 7
in the instructioﬁs fo: card 3 of the Maxweilian co&e. Ntm‘is‘the“

coambined thickmess of the"multiplier foils ‘in units of afems per barn.
NtB is a number.not directiy connected with Eq. (1), but same entry

must be made; the number l‘lo 0 0 + 0 0 is suggested.
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El is the energy at which the n@mg;igg} ;ntggrations are -to start.:

is the energy (> El) marking the division between ¢F1(E) and ¢F2(E)°

E,

EB"is the energy (>'E2) division marking the ppper'limit‘for.numeriéal
integrations invoiving ¢F2(E); All energies are to be given in ev.:

NE is the number -of enérgyjintgrva;s used as the machine calculates

the integrals by Simpsonfs rule: thig vil%»be explained more fully under
Card(s) 6. NE may be any number ffd@hqg_t9"99 (inclusive). .ILeave this
entry blank i1f the input is Being'wriépén fp; tpe second or later
problem in a series of problems_ail gg}ng_?pe gamglscheme of interValé
and subintervals for the Simpsop'§urg;§ ipﬁeg:ap;pne Since information .
cannot be saved within the 704 frq@;opgmypn to another, the first
problem in a machine run must havé~a number specifieé'for NE. |

Cardgsz o When CC = .2 on-card 3, the Ea-to-E contributions

3
to all numerical integrals are to be read frém card 5. The Ez-’co-E3

‘contributions relevant to Eq. (1) are called ¢F2, WJFQ, Nops 8nd Zp,,

where
IES | |
Brp = . T Peo(E) s N (20)
.2 ' -
E |
Vo' = _f G B (E) e o, | (21)
. E2 . :
B
3 -2 - , : , .
Npp = -f aE ¢F2(E).{l -e Cé] e B, | (22)
E
2

oo 19
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E : |
3 -Z. -
Zpy = -[ dE ¢F2(E) {l -e ?d] [l - e %m] 7(E). (23)
2 .

‘When CC =£ 2, the'input'lines describing cards 5 should be left blank.

When CC = 2, the entries lgbeled B, Y., Np,, and Zg, should be

02
inserted using the exponential form X ; XXXXX+XX. Note that.thege
entriés allow six sigﬁifiéant digits, rather than fou:g'° (Any values of
¢F2’ etci, inserted on éardsf5 will presumably have been read from the
printed outpuf of é previous case. Output mumbers are printed to six
" significant digits.)

The.remaining éeveﬁ entries on card 5 (062)7 ete.) refer to integrals
not directly connected with Eq; (1). However, when CC = 2 these entries
<must not be left élank; and the number Oy 00000 +00 is suggested

for each of these entries.

Cerd(s) 6. These -cards are anslogous to card(s) 4 .for the

.‘MaXWellian code. The entries indicate ‘the number of sub;ntervals, S=-1,
within each of the NE energy intervgls, and also indicate the emergiles

E at'INT (in units‘of ev) which separate the NE intervals. For
example, on the sam@le pfimary input sheet included in this report, lines
6 indicate that 100 subinmtervals are to be used in the intermal;betﬁeen
El and 0.125 ev, then 120.subintervals in the interval between 0.125 and
0.5 ev, etc. The energies E2 and E3 should appear as entries E at INT,

and the last E at INT should be E Each S-1I may be any even number

30
from 002 to 998. Note that the number of pairs S-I, .E at INT shquld

match the number NE in card 4. If the entry for NE has been left blazk,

)
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then all the entries.for card 6 should also be blank. The machine calcu-
letion will take approximately 4 x 1077 ‘minutes pebsubimtéval.

A A : ‘
Cards 7, 8, etc. Iists of E ¢l, etc., are written on the page(s)

following the primary input page. The format to be used is exactly the
" seme as the forma# of the lists fqr the Maxﬁellian code: see page 10 of
this report. The lisfs must match in length and in order the specifij
cations of card 3. When an entry on card 3 has been left biank, the
corresponding list should be omitted from the sequence of lists.

As mentioned previously, the first case in a machine run must have
all entries on card 3 filled in, even for quantities not directly con-
nected with Eg. (1). If 002 has been inserted on card 3 for each of the
‘entries labeled ﬁh’ o%;Aﬁg, O;B’ ﬁg, ng, tpen satisfactory iists'for

A
the pair Eh’ o% would be

El(in form x‘;ocx:xx), E5(ii1 form k.xxx:xﬁc)
and | ) ‘

1‘o»o.o+o_ 0, 1_..000+oo' .
respectively. The same pair of lists is alSo_éatisfaétory for the pair
ﬁé, oéB dnd for the pair ﬁ%, oém.‘ |

The behavior of the flux, the cross sections, and ﬁ should be

specifiéd'ovér-the gntife range of integration. .Therefbre the first
member of each list shouldvqorrespond with‘El or same lower energy, while

the last member should correspond with E5 or some higher energy.

bk
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GENERAL TRANSMISSION CAICUIATIONS FOR ETA BATH EXPERIMENT
650 DATA SHEET

REQUEST__ /Y72 JOB TITLE WRITTEN BY__ &% M/ lroal DATE 5/6/57
1-8 9-16 17-24 25.32 33-40 41-48 49-56 57-64 65-72 73-80

slalmlplcle| lelalslel 1. | [#l/16 /15171 | |7le|o|=lalo Mz|¢|s|5| |7]2]3|=]| 2| 9|#|M|z|<]s c|\Z|si7ms| |e|o|-{a|,| |e|7lal2l3]-|AL

x|2|3[-]2]s| [a]c BIr|n|e|R[s|- |/ elz|=12]. |5|3|-]o]|2|s| |&l2|=]5]-|o|/|5]| |&|3|=|5|+|0]|6|- 2
C| pPOB DES TION

1 fr1 2| | #ro 3 otia | EL @ Eg | %8 | B3 D% B 7 | £ . G] 1c¢=]1|if dpo] Fro} ¢td.,| from drevibub frdvibm|td Ye hsgdl
ol|i|4]o|r|#)elolalo|o]|2]o|5|7 e|5|7)e]e|2]e]o]|a)ola|2]o]o0]|R])0lo|2]o]o|2]o|s(3]0]|s5|2]| 3[R [¥] 3|28 C¢=[2 [if| #po] eticl,|to He read [from cards [5. 3
=|bl €

lter the numbet 9f jpofints [in edch table| beirng resd| |[Leave blank if nol tb be|regadl. c¢ nk 1f &g:ebc > 50 (be calculated,

Ntgq Wtﬂ Nt B B NE Nt| = huniber demsity x| thidkness,
23?3—0312&1—011‘000-f0025‘30-015000—0/?0004-06/0 m“,lgﬂbgggggg,ig{v Nol 6 card(s){ -|If| preyigug intervals i
| [Enter in lexponentiall fp: las| X | AXXX+NZ| (3 1 slﬂzt

[ Hrd Nipo Zho (> dolmn 49 [off ohrd 3 bas|a|2{ fiLL {n [thiis| chrd es K.XKHXHYZ

)

Az NENE? 1T+ ? € 1= 2 N

TABLE [OF| INTERVALS AND SUB-INT I8 nfrenex@ies in exppn uii$. form |(S-I's mugt be|eyen integerd.

g-I H aft INT 5-T E|at 1T g-1 H aft TN 5-1 E|at InT §-1 E [at| INT 5-1 E at|INT §-1 H aft INT
1o OLIQFf o/:zaOLS'oo+001fooS‘Aoo *tlojo3jo |o/g0l0l0 1t 0|/ |/ |o|o}/g0|0|0|+|0|2]/|0|0] /g° o|+|o0|3]/|ojo]/go|0|0|+ |0 6
Ilolo) t|o|o|o|+|o|S]?|o|lo)s|o|o|o]|+|a /|lolo}s|o|clo|+|ol6

< SAMPLE PRIMARY INPUT PAGE FOR A GTC PROBLEM

WCX-2628 (9- 56)
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D3. Qutput |
A éamble of the GIC output is repfoduced on page 26. -The first
line is a title Which will automatically be pripted at the beginning of
the output for each problem. The next two lines are print-outs of lines
1 aﬁd 2 (jobldescription) on the primary input sheet.
Following these is a heading FROM EL TO E2. Information relevant
to Eq;-(l)‘is contained in'three places: (1) in the last block of
mmbers under the heading FROM EL TO E2 (before the heading FROM E2 TO E3),
(2) in the last block of mumbers under the heading FROM E2 TO E3, and
(3) in the two blocks of numbers under the heading FROM E1 TO E3. Below
are listed general definitions for the output quantities relevaﬁf to Eq. (1)

which are printed out under these headings:

FROM Ei TO Ej (1, = 1,2 or 1,3 =2,3 or i,j=1,3)
EJ
PHIF = f dE ¢F(E)’
Ei
PSIF = aE g (E) e 00
Ei |
EJ | , L L
NF = d-E¢F.(E)[l'eCd]em:
Ei
Ej - £
ZF . = aE g (E) [1 - e 2?@] [1 - e Zm] n(E).

Ei

coRvo £ 0 4;

’\.,.J\:ytj R L




FROM E1 TO E3
- (B | an
PS1F/PHIF = f dE ¢F(E) e /

_ E1l T _ I 1

H

E3 o
AE Pe(E),
| BS g - L
PF = [1 - NF/(PHIF - PSJ.F)]-: fEl dE ¢F(E)(l-e/ : d)}(l—,e' ){/dE ¢F(E)(l--e

ETAF

ZF/[PF(PHlF - .PSlF)]
E3
E1

u

=4 -4, (E3 - |
mmmmcmmgmm%lmmwMQWm

Below are listed the three non—Maxwellian quantities in Eq. (l) and their

counterparts in the code output.

Bq. (1) Quantity' v : GTC Code Name
% . . m'
B 3 . FF
e ETAF

D4. Generasl Comment -

The comment about MIC given under Ck (page 1) is also applicable

to GTC.

-I;d)’
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VENEKAL TRANSHISBIUN CALCULATIUNS FUR cTA LATR EAPERIMENT

SAMPLE CASE Yo B/6/5Y. TCD=20MIbsy TZ3=104MILS, LISTS CD-4s ETAZ3~P,

A2372s ALL UTHERS=Ys E1=2e53=UZs £225~0is E£525+06e

FROM £1 TO.E2

£2041250E=00  ALPHAZ0.c15837E~Ca EETA=C.011541E~C6 GAMMAZ0.268220E~08
VELTA=ZU. 937682805 EPSILUN=0e%47035e=05 TrAE1A=0e94,U35E=05 X120e937882c=05
£=0.5000£=00 ALPHA=0,7095158~02 BETA=0.793053E=05 GAMMIA=0.347830E-05
VLLTA=00311190E=02 cPoliUN=0e344645E~07 ThnETA=0e3446458-02 XI1=0e4311190E=02
PHIF=64491540E~01 PSIF=045452206-02 NF=0.194755E-02 -ZF=0.951990E~01
ALPiriA=047095136=02 BETA=047930U53E=05 OGAMMA=0e3476530E-05 DELTA=04311190E-02
EPSTLUN=04344043E~02 THETA=043644649E-02 X1204311190£-02

FrROM E2 TO E3

220e500UE 01, ALPHA=0.583903E 36 bETA=04741513E 33 GAMMA=0e325225E 33
VELTA=0256098E 36 EPSILUN=0e288756L 36 Trc1A=0e,88/56E 36 AlzUs2506U98Et 36
©=1.0U00E 01 ALPHASU.583903E 36 BETA=U4741513E 33 GAMMA=0.325225E 33
CELTA=U0e256U96E 356 EPSILON=Us288756c 36 THETA=0es#5756L 36 XI[=0.255098E 36
£=1e0000E U2 ALPMA=0e583903E 36 BrTAsUe741513L 33 OANMA=0 3252256 34

Vel (4=0e256096c 36 tPolLON=0«288756t 56  TAETh=0s.85756c 36 Xi=0e256U9BE 36
c=1+0000E 03  ALPrA=0+583903E 36 GETA=04741513E 35 OCAMidA=0+325225E 33
UcLTA=04256096E 36 EPSILUN-04268756E 36 THETAS0e288756E 36 XI1=0.2596096E 36
£=1.0C00t U4 ALPHA=0.583903E 36 BETA=0.741513c 33 GAMMA=043252258 33
DELTA=0.256098E 36 EPSILUN=U258756E 36 THETAS0.B8BT56E 36 XI=Ue256098E 36
€21+0000E 05 ALPHAZ045639U3E 56 BeTA=Ue 7415158 33 GAMMA=Ue325225E 33
(VELTA=0.95A098E 36 " EPSILUNSU.268756E 36 THETA=0.288756E 36 XI=0+256098E 36
. E=1+0000E U6 ALPHA=0.583903E 36 BETA=ZU.T741513E 33 GAMMA=04325225E 33
VELTA=U«256098E 356 EPIILUN=U«285756t 356 THETA=0e288756L 36 X1=0e256098t 36
£=0.5000E 07 ALPHA=0.583903E 36 uETA=0:741513E 33 GAMMA=0+325225E 33
VELTA=U«256U98C 36 CEPSlLUN=0+2857565 36 THETA=0e288756E 36 X1=04256098E 36
PHIF=0.6380292 36 PSIF=0.456806E 36 NF=04204966E 35 ZF=0+366458E 36
ALPFA=Ue 5839058 36 GZ1A=0741513E 33 OAMMA=0e325225c 33 DELTA=0.256098E 36
CPGILON=0+288756c 36 TricTA=0e2887568 36 Xiz0e256098c 36

FROM £1 TO E3

PRIF=0.638029L 36 PS1E=0e456806E 36 NF=0.20496§C 35 LF=04366458E 36
ALPHA=0e583903E 36 BETA=0.741513E 33 GAMNMA=0+325225E 33 DELTA=0.256098E 36
TPSILON=0.288756E 36 THETA=0«z88756E 36 XI[=0.256098E 36

-93-

AF=0e715964E U0 PF=0.,350899E OC ETAF=04228000E U1 K($)=0, . . R(0)=0,202213€ 01

CETAF(S)=0.2280008 01 ETAF(U)=0.223000€ 01
ETAF(R»S)=(0. }JKR + ( 04100000E 01)
STAF(RSV)=(0e2887565 386)IR / 06250098t 36

CTC OUTPUT FOR SAMPLE CASE Y
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MTC FORTRAN SOURCE PROGRAM

Cla72RLW MAXWELLIAN TRANSMISSION CALCULATIONS FOR ETA BATH EXPERIMENT
1 DIMENSIONEIV(G9)9EI(9910) o TLMI(3) s TCHM(3)9TEI(993)9ETILI3)sKP(8))

1BATH EXPERIMENT)
4 IF(SENSESWITCH1)2095
5 READINPUTTAPE 446
© FORMAT(72H
1 . )
READINPUTTAPEGsT
T FORMAT(T72H :
1 ) : .
READINPUTTAPCSG 98y (CONTOTNMIEOIETAZZHYETLIL(I)9ETIL(Z)
LETIL(3)9ENTNE) .
8 FORMAT(8E7e3912)
IF(NE=-1)11+999
9 INTV=NE
READINPUTTAPES4 9109 (NPTSIKL) s DELE(KL) 9KL=19NE)
10 FORMAT(T(I39ETe3)) ‘
11 READINPUTTAPESG 12 (P (1) sKP(i)sI=197s2)
12 FORMAT(8I13)
D019J=119792
IF(JP(J) 16916913
13 N=JP(J)
READINPUTTAPESG 14 (TbL{RLJ) sKL=1 i)
14 FORMAT(10E7e3)
VOL5KL=1sN
15 ToL(KLeJ)=LOGF(ToLIKLyJ))
16 IF(KP{J))1941Gs17
17 M=KP(J)
READINPUTTAPEG» 14 (TOLIKL s J+1) oKL =195)
UCLlBKL=1 oM
18 ToL(KLesJ+1)=LOGF (TeL(kLesJ+l))
19 CONT INUE '
GoTUeY

14720101

14720112
14720113
14720115
14720116

R 1JP(8) ,
5 51 DIMENSIONTBEL(300s6)sDELE(LO) sNPTS(10) o TPM(3)9ANAC(3)9KO(4) s THM2(3) 14720111
‘® 1sETAR(2)9Y(9)
WRITECUTPUTTAPED 3 : ,
3 FORMAT(71HL MAXWELL iAW TRANSMIZSION CALCULATIONS FOK ETA

14720122

14720123
14720125
14720201
14720203

14720405

1472020¢
14720208
14720209
14720211
14720213
14720215
14720217
14720219
14720221
14720223
14720301

14720303

14720305
14720307
14720309
14720311
14720313
14720315
14720317
14720319
14720321
14720323
14720525
14720401
14720403
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21
22

24
25
26

27
28
29

READ7Y
READ8s (CONT s TNM9EQ) ETAZZHoETIL(L)oLTIL(Z)oETIL(3)9BNT NE)

IF(NE-1)22921921

INTV=NE
READIO,(NPTS(KL)oDELE(KL)oKL 1oNE)
READIZD(JP(I)oKP(I)’I =19792)
DGC28U=19792

IF(JP(J))25925423

‘N=JP(J)

READ14» (TBL(KLsJ) sKL=1sN)

" DO24KL=1sN

TBL(KL.J)-LOUF(TBL(KL J))
IF(KP(J))289¢8,26

KP(J)
REA014,(TDL(KL.J+1J.KL=1.M)
DO27KL=1sM
TBL(KL'J+1)-LOGF(TDL(KL9J+1))
CONT INUVE
ETILD=ETIL(1)
D0234KL=1y3
EX=ETIL(KL)/EQ

C IF(EX=87¢3)3392334233

233

ANAC(KL) =140

- GOT0234

33
234

34

35
136
137
138

ANAC(KL)=1e0-(EXPF(=-EX)*(EX+1le 0))
CONT INUE

K=1 ‘

D0341=1y4

Ko(Iy=1

BLIM=1e0E-30
TLIM=DELE(1)

MM=1 .

EE=140E=30

D035L=194

EIVIL)=0e0 |
IF(SENSESWITCHZ)}36.138
DO137L=545 '
EIVIL)=0e60

DO1l42LT=1,3

14158483
14720409
14720410
14720411
14720413
14720415
14720417
14720419
14720421
14720423
14720425
14720501
14720503
14720505
14720507
14720509
14720511
14720605

14720607

14720609
14720600
14720600
14720600 -
14720611
14720600
14720613

114720615 . .

14720617

14720619

14720621
14720623 -

'14720625

14720701
14720703
14720705
14720707
14720709
14720711



400
55
239
240
241
56

~J

L1}

DC139L=1s4

TEI(LILT) =040

IF (SENSESWITCH2)140s142
DOLl41L=5,9.
TEI(LsLT)=040

CONT INUE

LT=0

DO351=1s INTV
COEFF1=240

COEFF2=440

NPT=NPTS(I)

PTS=NPT
EINC=(TLIM=BLIM)/PTS
DO70M=19NPT

IF (MM=1)11051105400
EE=EE+EINC

GCTO110

EE=EXPF(EE)
IF((EE/EQ)~8T+3)24092359239
Y(1)=0e0

GCT0241
Y(1)=(EE/(EQO*EQ) ) *EXPF (~EE/CO)
PSI=V1¥Y(1) :
Y(2)=PSI
Y(3)=Y(1)%V2%V3
Y(4)=Y(1)*V2¥xV4*ETAE
IF (SENSESWITCH2)57+58:
Y(5)=PSI*V5
Y(6)=PSI%V6#V3
Y(7)=PSI#Ve*V4*ETAE
Y(8)=PSI*V3
Y(9)=PSI#Va*ETAE

IF (MM=1)59959962
£060L=194

EI(LyI)=Y(L)
IF(SENSESWITCH2) 619163
DG162L=549
EI(LsI)=Y(L)

3 MM=2

147207153
14720715

14720717

14720719
14720721
14720723
14720000
14720817
14721303

14721305

14721309
147213511
14721313

- 14721315
14721207

14721317
14720819
14721109
14720600
14720600
14720600
14721111
14721113
14721115
14721117
14721119
14721121
14721123

‘14721125

14721201
147212063

14721205

14721207
14721209

14721211

14721213
14721213
14721217
14721307

- -og-



el
<yl

£
1

s
Py I
Euu/~

62
63
64
65

67
68
69
70

171

17
73
170
71

275
74
75

179

180

il
loz

78

Ec=EC+EINC

GOT0110

IF{M=NPT)65964963

STOPT7

COcFF2=1e0

COs6L=194
tI(L’I)—EI(LDI)+(Y(L)*COchZ)
IF(SchLSWITLHd)oI’69
DU6BL=599
EI(Lol)-EI(LoI)+(Y(L)*LO:FF2)
COcFF1l=~-COEFF1 .
COEFF&=COCFFZ2+COEFF1
COcFF=LINC/3e0

COL71L=1s4 - . .
cl(Lofl)=EI(lLel)*COLFF
IF(DLNQCleTLHZ)lIcD;?O
DCT3L=5y9
CI\L9L)-CI(L’L)’QL_H

}F(;d—ETlLb)LIJQIWOIl

IF((EE=ETILD)~1e0E-6)Ta9T4sicl

. STOPT

[F{ABSF{EE~ETILU)~1le0E~ 5) T4 74980
IF(K=3)75+86972 :
LT=LT+1

DOl82M=1y1

DOLTSL=14

TEI(LsLT)=TEI(LoLTI+ET(LM)

IF(SENDLSWITQH()lbO’le

DCLB81lL=549

TEI(LsLTI=TEL(LoLT)+ET CLM)

COnT INUE

THEZ (LT)=TEI(2sLT)+(V1I® (1eG- ANACILT)))
TEL(3LTY=TEL{39LV I/ (ANACILT)=TEI{ZsLT))
TEGILT)=1e0-TELI(3LT)

TEI(GsLT)I=TCI (4 Lr)/(TFH(LI)’(HN#;(LI)*]EI(&’LT)))
ETAR(LT) =Tl (4L T)/ETAZLZH
IF(SENSESWITCH2)78979
TEI(ooLT)=TEL(S9LT)/THMZ(LT) -
TEI(OILT)=TEI(Oo LT )/ ITHM2{LT)I*(140-TEI(59LT)))

14721317
14721319
14721521
14721323
14721525
14721401
14721403
14721405

14721407 -

14721409
la7214ll

14721413

16721415
14721417
la72141l9
14721421

14721423

14721445

14721521 .
147219523.

14721525

14721601

14721603

14721605

14721607
14721609
14721611

14721613

14721615
14721617
14721619

14721705
14721707
14721705 -
14721711

la721713

14721715 -

1a721717
14721719

._Ig-



00
81
od
63

a4

189
1590
191

.69y

50

TZI(ToLT)=TEL(ToLT)/UTHHZILI 1% {La0=TEI(OLT))#(Le0=-TEL(50LT)))
TLi(LT)=1e0-TELI(BoLT)

TEI(8sLT)=TEI(SoLT/THMZ(LT)

TCMILT)=1e0~-TEI(BoLI)
CTEI(9sLT)=TEl (Yo LT )/ {THM2 (LT ) #TCH{LT ) #ANACILT))

K=K+1. .

ETILD=ETIL(K)
LF(EE-TLIA)G1l964981 |
LF{AGSF ((EE~TLIN)/EE)=1e0E=5)84s54952

PRINTE39cbsTLIIM

FORMATILLN ENERGY = El6ebsliaH 10P LIMIT = £1648)
PAUSETTTTT ‘ ‘
CE=DELe (1)

bLIM=tE

TLIM=LELE(1+1)

Mr=1 '

CONT INUVE

DOLY1I=19INTV

VO33iL=leb

EIVIL)I=EIVIL)+EI(LsI)

LF (OGENSESWITCHZ) 1899191

LUGLIOL=5,5 :
EIVIL)=EIVILIFEI(L])

CuiNT Ine - ,
RA2E=EIVIZ)+(V1%(Le0~ANATI(3)))
ROV=EIV(3)/(ARACI3)-EVI(a))
PM=1eU-RUV. ‘
CTAVEEIV(4) /7 (PM% (ANAC(3)-EIVIZ)))

CETARV=CTAV/ETAZZH

IF{SENSESWITIHZ)E85990
ERMV=E1V D) /HM2ZE
DIV=HMZER (leQ=TKMV)
ROIV=EIV(6)/DIV
VLF=1e0~-ROLV

CENMVEEIVIT) Z(DIVHE(LeC=RO1V))

ROZV=EIV (&) /iM2E
Cii=1e0-ROZV
ENACVEELV () / (H2E*CHREIV (L))
WRITEGUTFUTTAFES 951

14721721
14721701
14721703
14721705

14721707

14721607

14721609

14721811l
147218153
14721815
la7218617
14721819
147218621

014721823

14721325

14721501

14721903
14721905

147216507

14721909
14721911
14721513
14721915
14721917
14721708
14721709
14722007

14722011
14722013
14721717
14722017
14721719
14722021
14721721
V47217253
14722101

14721725
14722105

_ag -



es'y

ron

91 FORMAT(1H /1H )
LT=1
WRITEOQOUTPUTTAPE96
WRITEQUTPUTTAPES Y7

' IF(SENSESWITCH2)924995

92 WRITEQUTPUTTAPE9,93

93 FORMAT(83HO NT(CD) NT (M)
1 El ' E2 E3)

WQITEOUTPUTTAPE9 94sCDNT TNModNToEO,ETAZZH’ETIL(l)9ETIL(¢)o

lETIL(3)

94 FORMAT(lH‘lPE9o397E11.3)
GOTO98

g5 WRITEOUTPUTTAPC9 96

96 FORMAT(78HO NT(CD) NT (M)
1 Ee ' E3)

WRITEQUTPUTTAPE9s97sCDNT» TNMSEQ ETAZZH ETIL(1)9ETIL(2)9ETIL(3)

+ 97 FORMAT(1H 1PE9e396E11,3)
98 WRITEOUTPUTTAPES9»91

WRITEOQUTPUTTAPEG»G9sLToLTsLTsL Ty LT:LT
HMZ(EILls13H)

99 FCRMAT(9H HM1(ET1913H)

1~ PM(EILlel5H) ETAM=P({E11y15H)

2))

WRITEOQUTPUTTAPEYD lOOoTEI(ZoLT)oTHMZ(LT)oT&I(3oLT)oTPM(LT)o

ITEI(4sLT)sETAR(LT)
100 FORMAT(1H 1PEl24594E1445
IF(SENSESWITCH2)1010104

101 WRITEQUTPUTTAPES»102s L ToLToLToLToLToLTsLT
1=-LM(EIls12H)
CM(EILls15H)

102 FORMATI(8HO KMIEILlslg4H)

1 cTAm-L(EIIQIZH) 1-CM(EI1s12H)

2El1s1H))

RITEOUTPUTTAPt9 lujoTtI(Dle)'TtI(b LT)s TLMILT) o TEI(T9LT )

LTEI(BsLT) o TCMILT) »TELI (9L T)
103 FORMATI(IH IPElZ2e596E14e5)
104 DIF=ABOSF(TEI(LILT)I~ANACILT))

WPITEOUTPuTTAPE99lOS’LT’TEI(l’LT)oLToANAC(LT)oDIF
05 FORMAT(6HOANA(EILls31H) FROM NUMERICAL INTEGRATION
17H  ANA(EILL, l7H) FROM FORMULA

25)
LT=LT+1

ETA(2200)

ETA(2200)

1-PM(EIl»l2H)
ETAM=-P(EIly llH)/ETA(2200147224LD

9E2145)

LMIEIL1»15H)
ETAM~-C(14722302
14722303

1lPEl2e5)

1PEl2e5y1 DIFFERENCE

14722107
14722109
14722111
14722113
14722115
14722117
14722119
14722120
14722122
14722123
14722125
14720600
14722201
14722203
14722204
14722206
14722208
14722210

14722212

14722214

14722216
14722201
14722202
14722220
14722222
14722224
14722301

14722204
14722205 -
14722307
14722207

14722209

14722313
14722314
14722315
14722317

-gg-



107

108

- 300

109
110
111
l1l¢
113

116

117

lls

IF(LT=3)985106+109
TEI(2sLT)=EIV(2)
THMZ (LT ) =HM2E
TEI(LsLT)Y=EIVI(])
TEI(3sLT)=ROV
TEI(49LT)=ETAV
STAR(LT)=ETARYV
TPHA(LT)=PM Ce
[F(SENSESWITCHZ) 1079108
TEI(59LT)=EKMV
TEI(69LT)=ROLV
TLM(LT)=VLM
TEI(7sLT)=ENMV
TEI(8sLT)=RO2V
TCM(LT)Y=CM
TEI(9sLT)=ENMCV
WRITEQUTPUTTAPES»300
FORMAT (5HO0-E3)

GCT098
WRITEQUTPUTTAPES »3
GOTO4

EE=LOGF (EE)

NO=0

J==-1 ,
ASSIGN118TONN

NO=NO+1

J=J+2

KL=KQ (NO)

IF(EE-TolL(KLsJ) 1117911691153

KL=KL+1

GOTO1l1e

KL=KL+1
SIG=EXFF(TBL(KLsJ+1))
GCTONNY (118912591319236)

ARG=((TBL(KLyJ+]1)-ToL(RKL=19J+1) ) ¥ (EC-TBL(KL=1sJ)))/(TBL( -
IKLsJ)=TBLIKL-19J) )+TBLIKL~19J+1) .

516=EXFF (ARG)
GOTONNS (118912551315236)
EXPB=TNMESIG

14722319
14722211
14722323
14722213

14722215

14722217
14722407
14722403
14722409
14722221

114722223

14722415
14722225
14722401
14722421
14722405
14722423
14722424
14722425
14722501
14722503
14722505
14722507

14722509
14722510

14722512
14722513
14722514
14722515
14722517
14722519
14722523
14720600
14720600
14722601
14722602
14722604
14722606
14722608

-ﬂg-



(€}

119

120
121

122
123
124
125

126

127

128

129
130

131

132

133

134

135

236

200
201
202

IF(EXPB-67e3)120911%9119
V3=0e0

GOTOl2l

V3=eEXPF{-EXPB)
V4=1,40-V3

KO(NOQO) =KL A
ASSIGN125TONN
IF(SENSEJWITLH3)1££’111
PRINT1239JsKLsSIG
FORMAT(2139E1643)
GOTO111

EXPA=CONT#S1G

IF(EXPA=8T763)12791c69126

V1=0.0
GOT01i28
VI=EXPF{=EXPA)
V2=1le0-V1

KO (NOQ) =KL

ASSIGN131TONN

IF(SENSTSWITCHZ) 1299135
IF(BNT)33943399130

J=>5 ,
IF(SENSESWITCH3) 1229111
EXPC=BNT*SIG
IF(EXPC-8743)13391329132
V5=040 .

GUTO134

V5= XPF(-EXPC).
V6=1le0-V5

KG{NQ) =KL
ASSIGNZ226TONN .

J=3

IF (SENSESWITCH3)122s111

ETAE=SIG :
KO(NO)=KL = -
IF(V6)20092019201
V6=0e0

IF(V2)202) 2039203
V2=040

14722610
14722612
14722614
14722616
14722618
14722620

- 14722622

14722624
14722701
14722703
14722705
14722707
14722709
14722711
14722713
14722715
14722717
14722719
14722721
14722723
14722725
14722801
14722503
14722805
14722807
1472280%
14722811
147228123
14722815
14722817
14722319

14722821
14722823 .

14722825

14722901

14720901
14720503
14720905
14720907

. =G¢-



R

-

IS

Y

Y

203

204
255
237

339

IF(V&4)20692559255
V4=0e0"
IF(SENSESWITCH3)237455
PRINT123sJsKLsETAE
GOTOS5

V5=z=160

V6=0e¢0

GOTO135

END(091901090)

147203509
14720911
14722903
14720000
14722907

14722915

14722917
14722919
14722921



PRV

o

RS

C1472 BFii. _
1 FORMAT(58H1GENE
INT/1H )
2 FORMAT(72H
1
2

3 FORMAT(1613911)
4 FORMAT(6ET7eZ912)
5 FORMAT(10E743)
10 FORMAT(T(I35E743))
15 FORMAT(5ETe5/6E%653)

14
i35
11
12

7

(No N ¢ ¢]

e}

70

71
72

DIMENSIOIN JP(8)9KP(8),JPP(&)95(6,100)gX(é,lOQ)bIS(Gﬂ)eEI(Qé)-
1EE(200)sXE(300) 9ES(500) Xk {600)
DIMENSION GOI1)oLK(E) pSUH (LI )oY 11) o330 11)sGT(I1) eRkA(E)
100 WRITE OQUTPUT :

RAL TRANSFISSION CALCULATICKS FOKk ETA SATH EXPERIME

/T

2H

TAPE 9y

READ INPUT TAPE 1 2

READ INPUT TAPE 1y 39 (JP(I)sKP(I)sI=1s6)yIC

READ INPUT TAPE 1y 4

IF (1C-2

)

RTAD [MPUT

IF (NE)

11y

13

1

TAPL

12,

READ INPUT TAPE

NEE=NE
DC & 1=1
IF (UPL(1
M=JP (1)

’
)

5}
)

T

JPECIY=JP(])
RZAD INPUT
IF (KP(LI))

M=KP (1)

8

TAPE

S

6

ReAD INPUT TAPE

CONT INUE
I=7

4y
1l
11

1y

13
15

10

IF (JP(I)) 70s 71s 70

MEJP (1)

JERP(I)=JP (1)
RzAD INPUT TAPE -1
IF (KP(I))

M=KP (1)

T2

)

S

72

1

TNCyTNMs TNB9ELsEZ9T3 9NE
]

s (ISCI)s2I(I)sI=1sNE)

(ECTIsd)sd=1sM

(X{Teu)sd=1s.1)

{

QKZFQRHMN smnwn PROGRAM

(Q(I)sI=1y11)

£t

{J)rd=1si)

147201
147201
147201
147201
147201
167201
147201
14720101
14720105
14720109

1472011

14720101
14720132
14720103

. 14720207

14720107
14720211
14720111

14720217

14720219
14720220
14720113
14720z¢4-
14720301, .
14720114 .
14720305 .
14720201

14720203

14720205

1472020%
15720211



[«¥]
Qs

READ INPUT TAPE 1s 59 (XE(J)ed=1yi)
e . ' 14720214

IF (JPII)) 73» 74y 73 : 14720215
M=JP (1) : 14720217
JPP(1)=JP(1) ‘ 147202138
READ INPUT TAPT ly 5 (E3(J)ss=1si4) ~ :
IF (KP(1)) 759 T€s 75 . 14720221
5 M=KP(I) :
READ INPUT TAPE 1s 59 (AM{J)ed=1s1)
WRITE OUTPUT TAPE 9y 2 - , - 14720119
WRITE CUTPUY TAPIZ Yy 44 o o . 14720120
JJdJd=1 3 14720306
EB=E1 . ' 14720307
ET=E2 o . 14720308
NEB=1 : , 147203
DO 200 NY=1,11 : .
SS(NY)}=0e0
DO8TN=1,8 :
LK(N)=1 : 14720425
DO 99 JJ=NEBINEE , 14720301
NP=IS(JJ)+1 A ‘ . 14720311
SI=IS(JJ) - 14720312
C1=2.0 ' 014720313,
Cz=440 ’ 14720314
CO 88 NY=1,l1 _ : 14720509
SUM(NY)=0e0 . 14720511 -
DE=(EI(JJ)-E3) /51 ‘ 14720316
DO 24 K=1sNP 14720318
EAZEB : 14720320
LO 25. N=1y6 , - 14720407
HO=JEP () 14720324
IVELRIRN) 14720418
DG6L=IVeNO - 14720420
IF (EA=E(NsL)) 279 17, 26 , :
CONT INUVE ’ 14720405
D1=LOGF(E(NyL)/E(NsL-1)) , 14720101
EN1=LOGF(E(NsL)/EA) 14720102
EN2=LOGF (X{MsL~1)) 14720103

EnN3=LOGF(EA/T(NsL-1)) " 14720104

4

5¢-



£

. 59

17

60
25

ENG=LOGF (X (ivsL))
ENS=(ENL¥ENZFENS#ENG) /D1
XA(N)=EXFF(ENS)

IF (b:NbESWITCH 1) 5%, 60

PRINT 61s (ClsEN1IsEN2 ENJvtN#oEN59XA(N)th)

61 FORMAT(4H D1=Elle593H 1=E1le593H 2= E1le592
13H 4=E1le592H S=E11e543H X=E1le5s3H E= Ell 5)

GO TO 60
XA(N)=X({NyL)

LK(N)=L

CONT INUE
N=T
IV=LK(N)

-NO=JPP(N)

"DO 80 L=IV,NKO

80
78

62

18
63
85

IF(EA-EE(L))78918+80

CONT INUE
D1=LOGF(EE(L)/EE(L=1))
EN1=LOGF (EE(L)/EA)
EN2=LOGF (XE(L~1))
EN3=LOGF (EA/EE(L-1))
EN4=LOGF (XE(L))
EN5=(ENI*ENZ+EN3%EN&) /D1
XA(N)=EXPF (EN5)

IF (SENSESWITCH 1) 62, 63

PRINT 61y (DLsENI1JEN2,4EN3,E

GO TO 63

XA(N)=XE(L)

LK(NI=L

N=8 '

NO=JPP(N)

TV=LK(N)

DO 81 L=IVyNO :
IF (EA=ES(L)) 82» 83y 81
CONTINUVE - :
D1=LOGF(ES(L)/ES(L=-1))
EN1=LOGF(ES(L)/EA)
EN2=LOGF (XM(L-1))
EN3=LOGF(EA/ES(L=-1))

G9END 9 XA(IN) 9EA)

H 3=E1l4%)

14723103

14720107-

14720111
14720113
147201153
14720119
14720121

14720123

14720421

14720411
14720411

14720418

14720203,

14720205
14720206
14720207
14720208
147202190
14720212
14720214

14720216

16720201

14720401
1472C40¢

14720407

14720220

14720222
14720224
14720301

-6g-



66
9 0
41

SUMINYJ=SUF(HY ) +Y (1Y)

GO T0 &1

DOSONY=1s4

SUMINY ) =SUMINY)+T2®Y (0Y)
ASSIGN 23 TO KN

PSI=SUM(2)
DEXL=DEXM

XC=XA(6) /XAl

cL=ELM
EXL=EXM

IF (EL-e¢0Q01) 429 42y 43

PL=040
GG TO 20

IF (EL=140) 48y 48» 49

PL=—0e5%EL*(e577216+LOGF(EL) =145 )+EL**2/

16e—EL*%3/48¢+EL*%4/3600 -

23

30

GO TO 19

PL=le~1¢/EL¥{45~EXL/(EL+245))
IF((PL*XC)=e99)21920520

S=UEXL¥XC

GO TO 22

S=DEXL¥XC*(1e-PL%(1le=XC)/ (1le=PL*XC))
IF (SENSCSWITCH 2) 644 77

PRINT 7G»
FORMAT(3H L=Elle59s4H PL=ELlle3s23r X=ElleosZH S=E11e59
15H EXL=Elle595H EXM=E1le595H EXC=E1leDs&4ld XB=E10e4)
77 GO TO NNy,

oM=5
EL=ELB

CLaPLaXCrSyEXLEXMIEXC yEXE

(23+30)

DecXL=1e0-EXE

Ir (DEXL)
DEXL=0e0

26y 29y 29

XC=XA(5)/XAB

EXL=EXEB

ASSIGN 30 TO AN

GO TO 16

DESI=XA(T)%SSI*DEXL
Y(5)=DESI*DEXM
Y(6)=DESI#SM

14720515
14720605
14720517
14720519

- 147206153

14720523
147296168

14720620
14720621

14720704

14720716
14720717

14720311

14720313

14720318
14720319

14720723

14720724 -

14720725
14720801
14720803

14720806
14720807
14720809

14720601

-Tﬂ -



84

95
S4
31
32
33

91
36

92
24
44
45
46
47

93
102

199

99
103

OP=DEXL3#SSI
Y(7)=DP%SM

Y(8)=DEXM* S %85SI

Y{9)=DP - 14720509

Y{10)= S %SSI . )

Y(11)=DEXM#DP 14720¢13

IF (SENSESWITCH 3) 84, 94 14720322

PRINTO5 9 (Y(NY)sNY=1911) 14720324

FORMAT(3H Y=11E1043) 14720326

IF (K=1) 31s 32 31

IF (K=NP) 91y 32» 32 14720915

DO 33 NY=5,11 14720917
SUMINY)=SUMINY)+Y (NY) 14720¢1¢9

IF (K=NP) 929 24y 24

DO 36 NY=5,11 ' 14720923
SUMINY)=SUMINY)+C2#Y(NY) 14720925

Cl=-Cl ~ o ‘

C2=C2+C1 14720519 .
EB=EA+DE 14720923 '\F)‘
CONT INUE ) 14720925 !
FORMAT(14HOFROM E1.TO E2) - 14721001
FORMAT(14HQFROM E2 TO E3) 14721003
FORMAT({14HOFROM E1 TO E3) . 14721005
FORMAT(O6HOPHIF=E124697H PSIF=E12¢695H NF=E12e695H ZF=E1246/ 14720005
17H ALPHA=E124697H BETA=E12+4698H GAMMA=E12e698H DELTA=E1Z6C/ 14720007
29H EPSILON=E124698H THETA=E12¢645H XI=E1246) 14720015

DO 93 NY=1,11 . 14721001
. SUM(NY)}=SUM(NY ) #*DE/3s 14721003
SS{NY)=SUM(NY)+SS({NY) 14721004

FORMAT(3HOE=E1Qe498H ALPHA=E124¢697H BETA=E12+698H GAMMA=E1Z46/ 14720015
17H DELTA=E1Ze6s10H EPSILON=E12+4698H THETA=E124€95H XI=E1246) 14720019
WRITE OQUTPUT TAPE 9 1029 EAs (SS(NY)sNY=5,11) :

IF (ET=-EA)199+1035199 14721017
QO=(ET-EA)/ET 14721015
IF(ABSF(QO)~1e0E-6)1039103999 147215//
CONTINUE 14721019
WRITE QUTPUT TAPE 9 479 (SSINY)sNY=1»sll) 14721021
IF (SENSESWITCH 4) 96, 97 14720401
PRINTLI0L19sK9sEASET oGO JJJ NP 14720403



om
"4‘0

N
&9

101
97
98

106

107

108

118
110

122

111

FORMAT(3H K=1393E1346,3H J=1193H P=13)
IF (JJJ-1) 118y 98y 118 ‘
IF (IC=1) 106y 108 10&

JJdJd=2 -

EB=E2

ET=E3

NEB=JJ+1

DO 107 NY=1,l1

QINY)=SS(NY)

SSINY)=0e0 _

WRITE QUTPUT TAPE 9y 45

GO TO 65

WRITE OQUTPUT TAPE 9y 45
WRITEOUTPUTTAPES 9479 (QINY ) olNY=1911)
DO 110 NY=1,11

QT(NY)=Q(NY)+SS(NY)
IF(JJJ~1)1209122,120

WRITE OUTPUT TAPE 9s4¢

WRITE OUTPUT TAPE 99479 (QTINY)sNY=1s11)

FF=QT(1)

HF=QT(2) /FF
PF=140=(QT(3)/(FF-QT(2)1)
ETA=QT(4)/(PF%(1e0-HF ) %FF)
A=QT(5) :

B=QT (&)

G=QT (7)

D=QT(8)

EP=GT(S)

TSI=QT(11)

XI16=TSI=G

DET=(EP-GT(10))
R1=(A=-E+G-D)/DET
DET=DET/XIG

R2=A/EP

R3=(A=E)/(TS1=G)
R4=A/TS1

OB=(D=G)/XIG

FORMAT (4HOMF=E12¢695H PF=E1246s7H ETAF=El2e5s7H

RIS5)=E12660

17H R(O)=E1246/9H ETAF(S)=E1246910H ETAF(0)=E12e6)

14720405

14721101
14721102
14721103
14721104
14721105

14721165
14721109
14721121
1472
14721124
La72115
1472
14721201
14721202
14721254
14721205

14721207
14721209
14721210
14721211
i4721212
14721213

14721216

14721217
14721218
14721219

la72lsc2a

14721224

'gﬁ“



{

11z FORMAT(12H ETAF(R

-

120
121

$5)=(E12e896H)R + (E134691H)/
112H ETAF(R»C)I=(E124695HIR / E1266)
WRITE OUTPUT TAPE Yy. 111 HE sPF 9 ETASR1WR29R 394
WRITE OUTPUT TAPE $3112sCETsyU59EP TSI
GO TO 100
DO1Z1NY=1,11
QUNY)=SS(NY)
GOTO122 '
END(O91909C»r0)

:S
[ ]

14721305

1472
1472

1472

-w-
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