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Abstradt

It

A'care«  determination of 112200 fram results of the Macklin-
5                        deSaussure maegameee· bath experiment involves cyrrections for

(1) the weak but non-z ro
transmission of sub-%adinium neutrons

through the ,eas':AfBE   or   1 6*a   foils,    and    (2)    the small variation
of 9 with energy in thi subleadmium region. This report presents
the derivation of a single general 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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METHODS FOR APPLYING TRANSMISSION AND 9-VERSUS-E CORRECTIONS IN

THE DETERMINATION OF 9 #Y THE, MACKLIN-deSAUSSURE EXPERIMENT2200

A. Introduction: Equation for Applying   the   Corrections

In the determination of 1 fram the Macklin-deSaussure manganese2200

bath experiment, allowance must be made for sub-cadmium neutron transmission

through the uranium or plutonium foils, and also for the energy-dependent

behavior of 9.  Corrections for both these effects are incorporated in
41·

the following equation:

  Ri-R2.    -      4        
1   3    4/  _  1 2200/

(13.24) -FM (83-Rk)fMI.                     ,                    
                R                - -1

p l-8 + H. LJ 3   \
92200   =   |R-R   |    1 9

- . (1)

The quahtities Ri are those defined by deSaussure and Macklin,1 except

that  here  R   and  R  are assumed: to be corrected for background effects.

The quantity & is given by

1-H  9F PF
P

(1-  _   ) .                       (2)
HF-EM  4 PM

The remaining quantities PM' etc:, in Eqs. (1) and (2) are defined in
.-7* -(11)-(13), Section B of this report ; and each of these remaining quantities

can be read directly fran the output of two IBM 704 codes, MTC and GTC,

which are described 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-59-1-70 (Jan. 20, 1959)·

*
The ratio (1  112200) depends on the energy variation of n but is in-dependent  or its  normflization.     The  Macklin-deSaussure  experiment
provides information about this normalization factor.

02
©. F. '                                                                                                                  4OL.1..,
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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 Appondix.

B.      Derivation  of the Equation for Applying  Both  Corrections

Let the  incident  flux be 0(E).    Let  t     = the thickness  of the  ca,dmiumCd

foil, and t  = the cambined thickness of the uranium or plutonium foils
.,

.

(the "multiplying" foils).    Let SCd(E)  t     =   ,€Cd'  and  (E)  tm =  f  .Cd                        m„
....

We ignore all corrections except those. pertaining to transmission and to

4-vs-E variation; in particular, all neutron. collisions in a given foil

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

-t r on -:f  - L   1

R:L         K         dE 0(E)  (1  -  e     m)  11(E)  +        dE  0(E)  e  -m   1.1,  (3)

-*cd       -,<2              'D              Cd  - 181
.k.

'2            ,  1.1 -"  ,(,)   e

-t
(1 - e

) 11(E) +     dE 0(E).
e e 3

'

(4)

R-R        K      dE 0(E) (1 -e    )  (1 -e-im        Cd) 11(E)  2           (5)
-t

1  2

*
Later investigation·has  shawn that the correction for scattering out of
eadmium may be as important as the correction term

R48
R3-R4

of Eq. (1).  The two corrections have opposite signs.  A report is now

being written to describe a procedure for including this cadmium
scattering correction„

Scattering out of the multiplier will be taken into account in a
separate correction to the experimental results.

r I- 0
U & d
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r 00
R3 = K dE 0(E),                                             (6)

JO

roo                 f  Cd                                                        ·
R4=KI dE 0(E) e                 '                          (7)

JO

K is a constant depending on the counter efficiencies, etc.

It is convenient to treat separately the Maxwellian and non-

Maxwellian parts of the incident flux.  Let

0(E) 0ACE) + 0FCE),                              (8)

r 00

 M     0 4M(E) dE,                          (9)
roo

 F      0  F(E)
dE. (10)

Here  M(E) is a Maxwellian flux associated with most probable energy

E0; it is equal to 0(E) at E = Eo. ·Since 0F(E) is just 0(E) =  M(E)2

the flux '0F(E) may have non-zero magnitude at sub-cadmium energies as

well as at high energies„

Let

HM      =
the fraction   of the I4axwelli A-n   flux   tran=mi tied   by   the   cadmium

foil,

-     dE 0,!(E) e-Cd/0,1.                                    (11)

Neutrons that do not penetrate the cadmium foil will hereafter be

referred to as sub-cadmium neutrons„ Thus a sub-cadmium Maxwellian flux

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

collection of Maxwellian neutrons which collide   in the cadmium   foil.

,.   4
r. ' ' . (26,11 7.

--\,
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P        the fraction of the. sub.dadmium Maxeellian flux colliding inM
the multiplying foils,

= f   dE  M(E) (1 - e-m)(1 - e-Cd)/=11 "dE  M(E)(1 - e-Cd). (12)

P
VM

the average 9 for sub-cadmium Maxwellian neutrons colliding,in
the  multiplying  foils,

_   f   dE  M(E)(1 -  em)(1 -  e-cd)  9(E)/    dE  M(E)(1-e-m)(1-e-Cd) .-.jo
(13)

Quantities HF  PF' and 9  are defined 6nalogously to (11)-(13): '*F

simply replades 0M ,

The substitution of definitions (11)-(13) and their analogues into

Eqs. (5)-(7) yields

Rl-R2  =  K 014(1 - HM) '|  PM + K 0F·(1.- HF) 9  PF' (14)

R3  =  K( M +  F ' (15)

Rl,  =  K(HM  M+HF  F) (16)

Thus

K  M HF- 4 R3 - HF-HM R49 (17)
HF            1

HM R+1K
 F

HF-HM  3   HF-HM
R4' (18)

GS9
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Then from (14), (17), and (18) we have                                                     ,-f
R -RP                 12

VM
=

, pi

-InF 1

K  M(1 - HM) PM + K 0F(1 - HF)  -P  PF\9M
.

R-R
1    2

e

R   [EF(1-HM)   P      -   HM( 1-HF)      p              „  (1-HM) (1-EF) 4

3[ HF-HM   -M   (HFIHM)  4 F] - »11[HF-HM   M - (HF-BM) I  PF  .
(19)

A rearrangement of terms in (19), together with the introduction of the

definition (2) and the quantity 92200' yields Eq. (1).

C.     The  IBM  704  Code "IC"(Maxwellian Transmission Calculations  for

the Manganese Bath Eta Experiment)

Cl. Introduction

This code uses the formula for a Maxwellian flux (normalized

so that 0M = 1) and computes HM'  PM'  9 '  and (9292200) '

C2.  Input

Sample input sheets are shawn   on   Bages   11   and   12.    -  Infoimation

inserted on any one line of an input sheet. will be punched on a single

IBM card. The primary sheet for a given problem is devoted to information

for   Cards   1   through   5.       The   card   numbers are shown   in  the last column   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 about cross sections and

about the energy variation of 9.  Detailed instructions follow:

.n6
3 50
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Cards 1 and 2.  Lines 1 and 2 are to be filled with any identifying

words you may find convenient to describe the case that is to be done.  Write

in one character per.box.  You may use boxes 2 through 72 inclusive on each

of the two lines. Allowed characters are:

the 26 letters of the alphabet*;
the ten arabic numerals   0,.  1,   2,    . . . ,9;
the ten symbols    =,  - , . + , . ,   ( ,   ) ,   0,  *, / ,  and  the

camma itself..

An empty box between words on the input sheet will correspond with a

blank space between punches on the IBM card.

A typical job 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-

lation (since these lists may change, e.g., as better experimental infor-

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

tests are made to determine the sensitivity of the camputed results to

errors in the cross sections).

Card 3„ Nt is the cadmium foil thickness in units of atoms
Cd

per barn of foil area. ' Seven boxes are reserved for this entry.

2  83       5       0       -        O       3              means              2.3 5   x   10 3   atoms/b,

0 8 2 3   5   -   0 2 means 0.235 x 10-2 atoms/b,

.0 001+01 means 0.001 x 10 atoms/b,
1

1   0 0 0+0 0 means 1 x 100 atoms/b,

2A7 4 3+1 4 means 2.743 x 1014 atams/b.

Nt  is the cambined thickness of the multiplier foils (fissionable material)

in units of atams/b.  E  is the most probable energy of the Maxwellian flux,

*
Print I with serifs,and slash 0 to make 0:  these devices will distinguish
the  letter  I  from the ·number  1,  and the letter  0   from the number 0.

r -53 12' r·* Mt
U U J 3 U d
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in ev. ETA is that value of 9 at 2200 m/s used in the calculation
2200

/6'

of T  and  (T /92200) '    El'  E2,  and E3 are energies,  in ev, which the

machine will use in place of co as upper limits to the integrals.  These

energies are to be written in ascending order.
E3

should be chosen large

enough to give sufficiently accurate approximations to the input integrals,

but small enough to make the calculation sufficiently short and therefore
/ /

inexpensive.  (See later comment for time estimates.)    and EQ may be

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

the relative importance of contributions fram different energy regions.

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

the integrals by Simpson's rule:  this will be explained more fully in

the next paragraph.  NE may be any number fram 01 to 10 (inclusive).

Leave this entry blank if the input is being written for the second or

later problem in a series of problems all using the same scheme of

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

information is not saved within the 704 frcm one-run to another, the

first problem in a machine run must have a number specified for NE.

Card(s) 4. These are used to indicate the number of sub-<

intervals, S-I, within each 6f the NE energy intervals, and also to

indicate the energies     E  at. INT. (in units  of ev) which separate  the

NE intervals.  For example, on the first sample primary input sheet

included in this report, line 4 indicates that 10 subintervals are to

be used in the interval between zero ev*.and 0.002 ev, then 50 subintervals

*More accurately, 10-30 ev, since the numerical integration will start
at 10-30 ev.

uns
i 4,  ,...             .        ,

LD '.« »j
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+              -

in the interval between 0.002 and 0.015 ev, etc.  The energies El' E2'
I."

and E must appear as entries E at INT ; and the last E at INT must
3

be E30  Each number S-I may be any even number fram 002 to 998.  Note

that the number of pairs S-I,  E at INT   must match the number NE in

card 3.  When the entry for NE has been Ieft blank, then all the entries

for card 4 should also be left blank.  The machine calculation will take

approximate]y 3 x 10-3 minutes per: subinterval.

Card 5.  Entries on this card describe the length of the paired

input lists of energy and i (total cross section of the multiplier),

energy and d energy ahd 9.  (The input lists themselves are to be
Cd'

written on succeeding input sheets.)  More detailed instructions for

this card are included in the paragraphs below.

The machine will use functions of 02, etc., at each point of its

numerical   integrations,    but    02   need   not be inserted as input    for   each

such point. Instead, the machine will use a value 02(E) calculated by

interpolating between values given in the input lists.  The interpolation

procedure assumes linearity on a log-log plot.

Each of the six lists for E ' 01' ECd' oCd'    En'   and   9   may  have   as

few as 002 or as many as 300 members.  A pair of associated lists, e.g.,

E       and   o '    must of course match in length.m

If, within a 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 blank. For example,   the
.

first case in a run must have the lengths of all six lists (E , 4, Em  m  Cd'

..e
.

6 l, :j. *.,09

A
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4( ' En' 9) specified; but if the second case is to use identical lists
..5

except for the 02 list, then all entries in line 5 should be left blank

except for the entry under dm' Naturally, the length of the new 02 list
must match the length of the E  list which is to be re-used.

Cards 6, 7, etc.  List of E ' 0 ' ECd'    dCd'    En,    and   9   are
writtan in that order on the page(s) following the primary input page.

All  energies  are  to be given  in  ev, all cross 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.XXXfXX as was

used for Nt etc.  Columns 1-70 are reserved fJr these entries; thuscd'
ten 7-column entries are permitted per line.  (Put ten entries on every

line, except for the last line of a list in the case that the length of

the list is not a multiple of 10.   ,Also, lines between lists may be left

blank lf desired.) Colimns  72-80  may  be  used for identifying camments.

Start each list on a new line. The lists following the primary

input page of a given case must 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 entries 019 under 02, 008 under Eg' and 008 under 11, then

the following page must contain first a list of 19 dm values, then a

list of 8 En values, and finally a list of 8 9 values.

The behavior of d.0 and 9 must be specified over the entire
m'  Cd'

range of integration.  The numerical integration will start at 10 evo-30

There fore the first
member   in   each   list   E '    41'    Ecd'     d'   En'    and   4

should correspond with 10 ev, while the last member should correspond
-30

.j

with same energy greater than E3"

." .. ,
S t-, J

-3



I.    1

MAXWEILIAN TRANSMISSION CALCULATIONS FOR ETA BATH EXPERIMENT
650 DATA SHEET

RFRIIFST    /4 72 108 TITLF WRITTEN RY 2.    H 0164,Ot DATF 8j5)57

1-8 9.16 17-24 25-32 33.40 41-48 49-56 57.64 65-n 73-80

SAMPLE 24SE 1. 8/5/3-7. T e D=2 0 MILS, TAS. IOQ MILS (N0MINAL) ·                      1
LISTS 2:-A, Cb-A, E T A-A·                                                                                                                                                            2

C        J03  Lm NTIFICaTION

N-,Ct Nt:1             190            E'_A22(0          11              32       1      4                           ITE    Ns = number denslt:, x thickness.3

ao $3-03126.-05 0,2 53- O/ 22 97+00 0  00-  0,  60 6 0-0/ JADOO+so 0 9   NE = number of int;em-als on No. 4 :ard(a).If 3
fYS.                                                                                                            '                                                                    pi:v-ous   inle_·vt ].E  are  to  Ze   med:

Er:ter in err,one it.al  forin,  a E  XAICXXX+YZ  (=.X.XXXX  times  10      1 le ive  'llank.

TABEL OF INIEWAIE AND S JB-INIEm.IE

S-]     E at INT S-I E a i INT S-I    E at INT S-I E it InT S-] E at INT S-I E  as  ]NT            · E-I
Eat INT     0/00-002+000 5 00-0,9+Oa2000Aorotoo2oo:oA,00+00/00(kaS'0400,/000A500+00.0 3-0 5-0+00      4

050 90 0+00                                                                                   4A -
Ertee enerfieB in exponent:-a] f 1-n, as XAN]OCK+YZ.  S-I's inlst be even integ3rs.

Em  . c·*   Eld    'ld    E 8     7    En:er the 11,:Inter of points in eech tible being read.  leave tlaik if not to Le re.id
tz:

0/70/702/02/006006                                                                 5

-    „

Valu 3's of El ind. ;22 ml,t correslond tc o-le of' the intErval valles of energy   E at INT)   m Nc. 4 card(s).   E.: must be equa 1 50 thi  last one.

C

;

L. SAMPIE PRIMARY INPUT PAGE FOR AN ME PROBLEM

WCX-2628 (9- 56)



650 DATA SHEET

REQUEST   /4 72. InATITl F WRITTEN BY DATF E)(15-9r. 11«Ll-t
a

1.8 9-16 17-24 25-32 33-40 41-48 49-56 57-64 65-72 73-80

Sloo-3/2100-0 3/600-02 2530- 0 2*/000 -05$000-026000- 0 17 00 0-52,400-0/ 20 00-0/ &23-A fo
Bo 00-0/4000-0/50 00-0/6000-0/74 00-0/2000-01 7000-0//000+ 00//00+00 £28-A 17

I, 00+17 10%2+03 7570+0 299 59+094661+00-4/46*02.3 <07+813590+011 %:2+022372+02 *2 3-4  /0
2 0 5 3.+02 1 27 9 + 0 2 17 27 + 0 1/6 0 2 + O 2/47 8 + 0 2/5// + 02'607 + 0 1/7 2 9 + 6 1/ S 70 + D.  xis-4 17

/0 0 0-3/ /0 0 6-0 2 2 0 0 0-0 2 3 0 0 0-0 2 4 0 0 0-0 2 5 0 0 0-0 2 6 0 0 0-0.2 7 0 0 0-0,2 8 0 0 0-0 2 7 0 0 0-0 2 ECb-A /0
iooo-0/iso 0-0/  1750 -0/2000-0/n100-0/30 00-0/4000-0/ 5000-0/6000-0/ 9000-0/ tes- A 00
/'00+00 E cu-4 li

8470+038470+032730+ 0329'FO+03.2400+032900+03.2100+ 03 26.20*032 9'30+03 3 0/2+03 X c u-4 1 0

3rB°+036€00+037 K 00+036 400+035 500+031'00+033'00 +02/4 3.J+Olroo°+0/3700+0/ xeS-A 10
1700+0/ Xeb-4 2/

10   0   0-   2/2000-0  2   5000   -   0   11°00-0/    9  000-0/'°  0    1 40° EET4 - 4   6

2300+002800+002=73+001270+002270+002270+00 ETA- 4  6  

SAMPLE SECOND INPUT PAGE FOR AN KE PROBIM

WCX-2628 (9- 56)
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C3·  Output

A sample output sheet is reproduced   on  page  150.' .The first. line

is a title which will automatically 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-

fication, a labeled   list of input nzbbers   fram   card   3 is. printed.

The remainder of the output consists of labeled results for the following

calculated quantities:

Quantity Definition

-fcd(E)
HM1(El) J -30 dE 0M(E) e10

HM2(El)  ].(El)  +  e      .            e                 1-  +  1
-Seed(Ei) -El/E« Ffl 1

LE0 -

fEi        , -f_(E) F -4d(E)
         -30    dE    0M(E)  "e

m

1-e   1
1-PM(El)

-10

ANA(El) FROM FORMULA - HM1(El)

PM(El) 1 - [1 - ™(El)]

    -30 dE  M(E)  11 - „-Seed(El [1 - e-1'(E)]  ,(E)
ETAM-P(El)

410

PM(El)   ANA(El) FROM FORMUIA -

E41(El) 

ETAM=P(El)/EPA(2200)     ETAM-P(El)/ETA
2200

ANA(El) FROM
f,

1

i 1    1 » 4*

E-                                          E

NUMERICAL dE 0M(E) dE
INIEGRATION   -301010-30      EO

ANA(El) FROM -fi/Eo  f/1    71-e IE +11FORMUIA L o   J

DIFFERENCE
 

ANA(El) FROM FORMUIA - ANA(El) FROM NUMERICAL

INTEGRATION |

1

..   .    n                                                       .
...

0& 4-0       u i J
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The functions HM1(E2), HM1(E3), etc., are defined Bnalogbusly to the

-J r•J -1

above, with E2 or 83 appropriately substituted for El.
/V ....

E3 is to be chosen large enough so that integration up to E3

approximates integration up to co for the integral quantities appearing

at the right in the above .table.  Since  4(E) is normalized so that

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

should, of course, also 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 approximation to

-4:d(E)
 0  dE 0M(E) e

than HM1(E3) is. E41(Ei) should approach HM2(Ei) as Ei -00.

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

counterparts in the code output:

Eq. (1) Quantity MTC Code Name
r.

EM                        HM2(E3)
P                      PM(E3)M

P
TIM                     ETAM-P(E3)

'M/'12200 ETAM-P(E3)/ETA(2200)

C4. General Comment

The   machine will sometimes not handle properly numbers greater

than about e or 10 , or less than about e or 10 .  It is best+87 +38 -87 -38

to keep this in mind when preparing the input for a problem.

' 1G                r
el' -·:



MAXWELLIAN TRANSMISSION CALCULATIUNS FUR ETA BATH. EXPEkIMENT

SAMPLE CASE A. 8/5/59• TCD=20 MILS, T23=104 MILS (NOMINAL).
LISTS 23-A, CD-A, ETA-A.

NT(CD) NTCM) EO ETA(2200) El E2 E3)
2.353E-03 1•'2,62E-02 2.53OE-02 2.297E 00 2.50OE-01 5.000E-01 1.00OE' 00

HM 1(El) HM 2(El) 1-PM(El) PM(El) ETAM-P(El) ETAM-P(El)/ETA(2200)
1•98451E-03 1.98522E-03 6.78097E-03 9.93219E-01 2•29249E 00 9098038E-01

ANA(Ell FROM NUMERICAL INTEGRATION =  9•99441E-01  ANA(El) FROM FORMULA =  9•99444E-01  DIFFERENCE =  2•54065E-06

HM 1 ( E 2 1 HM 2 ( E 2 ) 1-PM(E 2) PM(E 21 ETAM-P(E2) ETAM-P(EZ)/ETA(2200)
2.00749E-03 2.00752E-03 6.81423E-03 9.93186E-01 2•29248E 00 9.98034E-01

ANACEZ) FROM NUMERICAL INTEDRATION = 9•99997E-01 ANACE2) FROM FORMULA = 10•0000OE-01 DIFFERENCE =  2•5481OE-06

0-E 3

HM1(23) HM 2 ( E 3 ) 1-PM(E31 PM(E 3) ETAM-P(E31 ETAM-PIE31/ETA(2200)   '                   92.OQ753E-03 2.00753E-03 6.81423E-03 9:93186E-01 2.29248E 00 9.98034E-01

ANACE)) FROM NUMERICAL INTEGRATION = 9.99997E-01 ANACE)) FROM FORMULA = 1.0000OE 00 DIFFERENCE = 2.5481OE-06

r.7

(..  1
(-1

0
1...A

07

MTC OUTPUT FOR SAMPLE CASE A
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D.      The  -IBM  704   Code "GTC" (General Transmission Calculations   for  the

Manganese Bath Eta Experiment)

Dl. Introduction

This code uses a flux which can be specified numerically (as a

function of energy) as part of the input.  The code computes Hp' PF' and

np.

Since this GTC code was designed to apply not only to the 9
2200

experiments but also to experiments investigating the epithermal behavior

of 9, 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   El  and  E3'   both  to be specified  as   part   of the input. An inter-

mediate energy value E2 is also to be specified as part of the input.

The flux below E2 is called 0   (E), and the flux above E2 is calledF1

 2(E). This division was made to allow for the option of changing  Fl(E)

and re-calculating the El-to-E2 contributions to certain integrals, while

keeping  2(E) fixed and re-using previously calculated E2-to-E3 contri-

butions.  Further information relevant to this division will appear in

the explanatory sections to follow.

D2.  Input

Sample input sheets are reproduced on:-pages'-22tand. 23 0  · The .input

format is very similar to that for MTC, the Maxwellian code.  Again,

information inserted on any one line of an input sheet will be punched

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

, D  -"   BUL«J .,  -Z  D
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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 information about the energy variation

of the flux, of the cross sections, and of 9.  Detailed instructions

follow:

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

to be run.  All the camments on page 7 referring to input cards 1 and 2

for the Maxwellian code (MTC) apply here too.  Since there are more kinds

of input information for GTC than there are for MTC, a typical GTC job

description will contain correspondingly more information.

Card 3.  As in the Maxwellian code, the machine calculates values

of c (E), etc.p. for its numerical integrations by interpolating between

values given in paired input lists of
energy  and  o ,   etc.     Again,   the

interpolation procedure is. based on the assumption of linearity on a log-

log plot.
- :

The. first six entries on card 3 describe the length of the paired in-

put lists of 01 and  Fl' 22 and  2'  3 and oCd   Each of these six lists

may have as.few as 002 or as many as 100 members.  A pair of associated

lists, e.g., El and  Fl' must of course match in length.  The next six

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

A                            A                                          A
the  lengths of input lists  for  E4  and  48,  85  and  ojB'  and  E6, and  can -

which are relevant to experiments investigating the epithermal behavior

of 9, as described in a forthcaming report.  Lists for these quantities,

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,

... ...m r.v

4#J
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and therefore the number 002 may be used for each of these six entries

on card 3.  The seventh pair of.entries on card 3 refers to the lengths      '

Aof the lists E  and 4; these lists may be anywhere from 002 to 300 in
A                                                       -Ilength. The eighth pair of lists,  for E8 and  op Ban be anywhere  frcm 002

to 600 in length.

If within a single machine run, a given case is to use any particular

list identical with the corresponding list in the previous case, then the

associated entry on card 5 should be left blank.  Thus the first case in

a machine run must·have the lengths of all sixteen lists specified, but

input for succeeding.cases   in   the   run may contain blanks   on   card   3 ·       If

only one partner of a paired entry is left blank, the number written for

the other partner must of course match the cammon length of the pair as

previously specified.

The final entry for card 3, labeled CC on the input sheet, is used

to indicate whether the E2-to-E3 contributions to all numerical integrals                    6

are to be taken from the preceding problem in the run (CC = 1), read fram

input card 5 (CC = 2), or calculated by the machine (CC = blank).  The

first case in a given run must have CC = blank or CC = 2„
„

Card 4. Nt is the cadmium foil thickness in units of atamsCd

, per   barn   of   foil   area.        Use   the    form    X £ XXX*]0[,    as   explained   on   page    7

in the instructions   for   card   3   of   the   Maxwellian   code.       Nt      is   the.
m'

combined thickness of the multiplier foils in units of atoms per barm.

NtB  is a number not directly connected with Eq. (1), but same entry

must be made; the number  lA 0  0  0   +  0  0 is suggested.

'...1.-6
r '7.3



 2  = .1 E23 dE  2(E),                                          (20)
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El is
the energy at which the numerical integrations are.to start.

E2  is the energy  ( > El) marking the division between 0    (E)  and 0    (E).Fl F2

E3 -is the energy  ( > E2) division marking the upper limit for numerical

integrations involving 0  (E).  All energies are to be given in ev.F2

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

the   integrals by Simpson' s   rule:   this  will be explained more fully under

Card(s) 6.  NE may be any number fram 02 to 99 (inclusive)·. . leave this

entry blank if the input is being written for the second or later·

problem in a series of problems all using the same scheme of intervals

and subintervals for the Simpson's rule integration.  Since information

cannot be saved within the 704 frad one run to another, the first

problem  in a machine   run  must  have· a number specified  for  NE.

Card(s) 5.  When CC = 2 on-card 3, the E2-to-E3 contributions

to all numerical integrals are to be read fran card 5.  The EQ-to-E3

contributions relevant to Eq. (1) are called
 F2' 4 F2' NF'2' and Z. 2'

where

-E

E             f3         .  - Cd
4'F2

-
dE  F2(E) e , (21)

E
2

E3         -1 1 -1
1

F2
F2'   lN            dE 0  CE)  1 - e  Cd] e

m, (22)

E
2

'

0VO f #19
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E3                -,Cd'  f     -f

ZF2  = f   dE  F2(E)  1 -
e 1 - e      9(E).             (23)

E
2

When CC =0= 2, the input lines describing cards 5 sh6uld be left blank.

When CC = 2, the entries labeled 0F'2'  142' NF2' and ZF2 should be

inserted using the exponential form  X A XXXXXiXX.   Note that these

entries allow six significant digits, rather than four.  (Any values of

 F2' etc., inserted on cards 5 will presumably have been read from the

printed output  of a previous  case . Output ni=bers are printed  to  six

significant digits.)

The remaining seven entries on card 5 (a2' etc.) refer to integrals

not directly connected with Eq. (1).  However, when CC = 2 these entries

must not be left blank;  and the number   O A 0 0 0 0 0 + 0 0   is suggested

for each of these entries.

Card(s) 6. These ·card.s are analogous to card(s) 4.for the
Makwell:Lan code. The entries indicate the number of subintervals, S-Ip

within each of the NE energy intervals, and also indicate the energies

E at INT (in units of ev) which separate the NE intervals.  For

example, on the sample primary input sheet included in this reportp lines

6  indicate  that 100 subintervals  are  to be  used  in the interval between

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 INTp

and the last E at INT should  be  E   .      Each  S-I  may  be  any even number
3

from 002 to 998.  Note that the number of pairs S-Ip .E at INT should

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

€910
1.. i'V

1 ' ... J

0.
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then all the entries for card 6 should also be blank.  The machine calcu-

lation will take approximately 4 x 10-3 kinu'tee per:r.subinterval.

Cards 7, 8, etc. Lists of El  1' etc., are written on the page(s),

following the primary input page.  The format to be used is exactly the

same as the format of the lists for the Maxwellian code: see page 10 of

this report.  The lists must match in length and in order the specifi-

cations of card 3.  When an entry on card 3 has been left blank, 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 Eq. (1).  If 002 has been inserted on card 3 for each of the
A                    A                      A

entries labeled E4'  B, E5' dsB' E6' dsm' then satisfactory lists for
A

the pair E4' 48 would be

El(in  form     X A X]Oct]OC),   E3(in  form     X A ]00[tXX)
and

400   0   +   0   0,400   0   +   0   0
respectively.  The same pair of lists is also satisfactory for the pair

A                    A
E5, 488 and for the pair E6' im'

The behavior of the flux, the cross sections, and 9 should be

specified over the ehtire range of integration.  Therefore the first

member of each list should correspond with El or same lower energy, while

the last member should correspond with E  or some higher energy.3

r  ··' ·:•              ., t *710 t, V : t Al. .. L



GENERAL TRAISMISSION CAICUIATIOIB FOR ETA BATH EXPER] NT
650 DATA SHEET

REQUEST /472 loR TITLF WRITTEN BY DATF 9/6/ ryF.   +1 aj  1.-  Xt

1.8 9-16 17-24 25.32 33-40 41-48 49-56 57.U 65-n 73-80

.SAMPLE c A SE 1. S /6/5 7. 7Cb=RONILS, T A  3  =/   0 4 MILS· LISTS C O-2, /7423- P,                      1

1*23-2, ALL   T MERS- 9. E /.2.53-0 2 , SA = 5-- O/3 22-5+06.                                                           2
C        J03 DEE CRIPTION

51    dfi 12 (ZF2  | t. *4  74     43     2:    c'61   26     06   -*      7  1 lir    O&    8    CC= 1 if  rv  -F2, etc·., fron jrevi jud Ircbl:m tc· te used.

0/40/f,001,00205-905700.200 2 00200200.2.002 or)093 9,29315 CC= 2 if  '2: etc., to te read from cards 5.                         3

Enter   -;h€   nutoer·   c f   poinss   k   e.ich tatle beirg .·ead. leave blank ir not to )e read. CC =blank it  2'* bc.,.6  b0   calc:ulated;

:itcd                Ntm NtB            El                              32                        ER                    NE        Nt =nzin-bet·  density  x thic kness.
2   5-3  -0 3   /-2   6 2. -0  2-   /AD   0 0+0   0 Ob 3  0-0  .2.  3   0 0-0/   Szo  0 0+0 6/0 9     NE=ilitt b Af  ilI tei v.i  v  11b 87kb  car:1(3)-  .I f  previc•ue   interials                               4                i

Enter  in expolential  f im.  as  X a)30[Xi:YZ  (= X.Xiog  :ines  10:trz).

#2 952 NF  <1               (2               .Lf coll=n 49 of wra I. has a 2, fill _n thie card as X.IX)X+YZ.

- AKA - 5
/2                                    3                                       62                                  62                                 e2                                                 2

- A - - - -
TABIE OF  riTERTAIB  .410 :UB-I:CERVALS Ent3r energi3s ir. exponen-,ial form S -I '  3   mlE t   be   er en    i itegfre.

:-I     B at INT S-=    E at INT E-I                E   a t iNT S<    E a-; INT :-I                    E    a t IlT S-I IE at INT S -I E at INT

100  06 2 9 + 00  1 20  0/50 0 +00  ¥00 r.2 00+00  30  0  j,00 0+  0/  /  00 1-doo +  02  1 00  9oo 0 +03  /00  200+  011'                            6
100 1000+05 /00 /00 0 +06 /00 5 000+06

io
Q. SAMPLE PRIMARY INPUT PAGE FOR A GTC PROBLEM

ir

WCX-2628 (9- 56)



650 DATA SHEET
RFOEIFST /472 108 TITLF WRITTEN Ry 2, A«i.B-ext nATF 5/6 /5-7

1-8 9-16 17.24 25-32 33-40 41-48 49-56 57-64 65-72 73-80

2  1-90-0 2 2 7  7 3  -0230  36-02  8 2 T  7  -O ·2  :s- 91-02 379 r-  O 2  5-0  6  0-0  2   63  2  5-0  2  75-9 0-0  .2  9- T  5- 3--0 .2 E P A I /7 1 0
'°'   2-0/1   13  7-0/'26  5-0/5  0  6 0-0/ E p M z /9 1 4
/000-03 %000-03,600-02.2400-022200-014000-029000-01/100-0//600-0/1000-0/ PN z 1 9 /02200-0/ 220 0-0/1000-0/ 500 0-02 p*111  14
9060-0/5060406 EPHIEY 2
C000-02 5000-07

1                             /9/ZOY 2E c a l 10

Ec b.2. 2 0
EC62 20
EC b 2. 40

\ InAM£.    Au--1; 21*e.  Ob  rwr  n.,clti  cl,1  ct.4  F.,1-0'1     t/- Jy,-1 -F   .t   f#k.£     ('.te   1-.
e E C b 2     50

8(62  5.7
Xeb2 10
X C 0 2 10

3

%202 go
X e 6 2 40 6

}
Me,2 90 Y
X C o l 971930-021000+06 €87    2

1000+00/000+00 x 81    22<30-025000+06 ESEY   2
1000+00/000+00

ESQSY  2
XS8Y 2

2 9 3 0-0 l r o o o 4 0 6
'000+00/000+00
A

xs=sy  i

1

.,          OSe '#2/LE .· i C_ aLLQ..,4-/Wcth,  ca,,cl.4-,Act-7106 , 1 Mu  <Fa=t ,EL.£- 13* e -2.,-

-7-4,46     ,"-de    f.1-'71¥ea.4,84   ,    ,     *_.rl. .k*n.1.,4 Li£ 6™„4...e; "-6     C  4; 2       4        6,)  rr;Rd)-Ob   1
U                °                 C

     7TZ&     Cl.,Le  ''>H EM.X.1'0     EE T.22P)     ET,429 P,      2232.1     0..£6   X232_..
I MI   11    1    1

SAMPLE SECOND INPUT PAGE FOR A GTC PROBIE

,                               11      11111111111
VC]&2628 (9- 56)
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D3.  Output

A sample of the GTC output is reproduced on page 26..The first

line is a title which will autgmatically be printed at the beginning of

the output for each problem.  The next two lines are print-outs of lines

1 and 2 (job description) on the primary input sheet.

Following these is a heading  FROM El TO E2.  Information relevant

to Eq. (1) ,is contained in three places:  (1) in the last block of

numbers under the heading  FROM El TO E2  (before the heading  FROM E2 TO E3),

(2) in the last block of numbers under the heading  FROM E2 TO E3, and

(3) in the two blocks of numbers under the heading  FROM El TO E3.  Below

are listed general definitions for the output quantities relevant to Eq. (1)

which are printed out under these headings:

FROM Ei TO Ej (i,j = 1,2;  or i,j = 2,3;  or  i,j = 1,3)

PHIF       =           E     dE   0F(E),
JEi

f Ej               -£

PSIF  =      dE  F(E) e  Cd, ,Ei

r Ej                    -LCd]-4
  = JEi dE 4(E)  1 - e e

r  Ej                                                          - C                                 -0

ZF =  Ei  dE  F(E) [
..dl 2371-e 1 Ll -e   j nCE)0

8 5 0          926
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i . FROM El TO E3

HF  =  PSlF/PH]F =      dE 4(E) e  Cd/      dE 4(E),

f E3               -f     r E3
El -' El

r E3

PF   =  1 -   NF/(PH].F - PS].F) -=  1      dE  F'(E)(1-e,<1.(l.e-12)/ dE  (E)(1-e-t:d) ,JEl .1

ETAF       =       ZF/ PF(PH].F    -    PS].F) -.

*.

(83          -f -9 r E3

=  El
dE 0F(E)(1-e Cd)(1-e "m) 9(E)//    dE 0F(E)(1-6-4:d)(1_em):JEl

 

Below are listed the thred non-Maxwellian quantities in Eq. (1) and their

counterparts in the code output.

Eq. (1) Quantity GTC Cede Name

HF                         HF

PF                                                      PF

P
VF                         ETAF

D4. General Comment

The camment about MTC given under 04 (page 14) is also applicable

to GTC.

r'.,·., 805
IL' 4." ,"'1         0 --



uENEXAL TRANIHIbdiOM CALLULATIU S FuK ETA UATh EXPERIMENT

bAMPLE CASE Y. 6/6/59.' TCD=ZOMILo,·T23=1041·tILS. LISTS CD-2, ETA23-P,
X23-2, ALL UTMEKb-Y• El=2.53-02, 22.5-Oi, Ei=5+06•

FROM El TO.E2

E=0.125OE-00 ALPHA=O.:1303(E-04  BETA=0.0115416-06  GAMMA=O.26822OE-06
DLLIA=u.9376822-05 EPSILUN=0•747035c-US TAEIA=0•94/ulkt-05  Al-0.937882c-05

2=0.5000E-00 ALPriA.=0.709513E-02 BETA=0.793053E-05 GAMMA=O•3478302-05
OLLT:=0.3111902-02 cPolLON=0•344645t-02 TnETA=O•344645t-02 XI=0•31119OE-02

PH"IF=0.491540E-01 PSIF=0.54522OE-02 AF=O.194785E-02 ·LF=O.951990E-01
ALPMA=O•709513t-02 BETA-0.793U53E-05 GAMMA-0. 347830E-05 DELTA=0.31119OE-02
EPSILON=0.344643E-02 THETA=0.344645E-02 X 1=0.31119OE-02

FROM EZ TO E3

1.0.500OE 01. ALPHA.0.583903 E 36 BETA=0.7415138 33.  GAMMA=O•3252252 33
UELTA=0•256098E 36 EPSILON::0•288756E 36 tritIA=0•za8/56t 3-6 Al=u•25bu98t 36

C=1•OuOOE 01 ALPHA=0•583903 E 36 BETA=0.7415132 33 GAMMA=0. 325225E 33
ocLTA=0.2560982 36  tPALLON=0•2887560 36  THETA=O.288756E 36  XI=0•256098E 36

L=1.ouout 02 ALPMA=0.5839032 36 ucTA=0•741513c 33 DAMMA =0. 325225E 33
ocL A,0.2560980 36 cPolLON=O•288756t 36 .TriETA=O•2887560 36 Xi-0.256U980 36

c,1.00OGE 03 . ALPHA=O•583903E 36 dETA.0.7415130 33 GAMMA=0•325225E 33
DcLTA=O•25609BE 36 EPSILWV-0.2687562 36 THETA=0•288756E 36 XI=0.256098E 36

           -,

C=1•000OE 04 ALPHA.0.5839032 36 BETA=0.741513= 33  GAMMA=O.325225E 33
DELTA=0•2560986 36 EPSILON=0.2867566 36 THETA=0•288756E 36 Al-=0.2560982 36

2=1•000OE 05 ALPHA-J.5639u)E 36 BcTA=0•7415132 33 GAMMA=u.325225E 33
DELTA.0.766098E 36 ' EPSILON=0•2887562 36 ThETA=0.288756E 36 x I=0.2560982·36

c=:•OOOOE 06 ALPHA=0.583903E 36 BETA=u•7415132 33  GAMMA=0•325225E 33
DELTA=u•256098E 36 EPSILUN=0•288756t 36 TMETA=0•288756t 36  XI=O•256098t 36

2=0•50002 07 ALPHA=0.5839032 36  RETA=0.7415132 33  GAMMA=O.325225E 33
DELTA=0.256098E 36 EPbll:.ON=O•.288756C 36 ThiTA=0.288756E 36 Xi=0•256098t 36

CD PHIF=0.6380296 36 PSIF=O.456806E 36  NF=00204966E 35  ZF=0.366458E 36
¢                 ALPMA=U.583903: 36 BEIA=u.741513E 33 GAMMA=0•3252252 33 DELTA=O.256098E 36

CPSILON=0•288756c 36 TMcTA=0.288756E 36 xi=0•256098c 36e
FROM El TO E3

° Phit=0 •638u292 36 PSIK=O•456806t 36 NF=O•204966t 35 ZF=0•366458E 36
0                ALPMA=0.5839032 36  BETA=0.741513E 33  GAMMA.0.3252252 33  DELTA=O.256098E 36

Ct                                                                 E P S  I  L O N=0.2 8 8 7 5 6 E     3 6         'f H E T A=O.2 8 8 7 5 6 E 3 6 XI=G.256098E 36

HF=0.715964E 00 PF=O.866899E 00 ETAF=0.22800OE 01 R(S)=0. k(01=0.202213E 01
LIAFCS)=0•228000t 01 ETAF(01=0.2280002 01
ETAF(R,b}=(O. )R + C 0.100000E 01)
crAF(R,u)=(0•2887562 36)R / 0•250098t 36

GTC OUTPUT FOR SAMPLE CASE Y

»
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APPENDIX

LISTINGS OF FORTRAN SOURCE PROGRAMS FOR MTC AND GTC

.



MTC FORTRAN SOURCE PROGRAM

C-. C1472RLW MAXWELLIAN TRANSMISSION CALCULATIONS FOR ETA BATH EXPERIMENT 14720101
1 DIMENSIONEIV(9),EI(9,10),TLM(3),TCM(3),TEI(9,3),ETIL(3),KPCS),
1JP(8)./

... 51  DIRENSIONTbL( 300,8 ),DELE( 10),NPTS (10),TPM(.3 ),ANAC (3),KO (4),THM2(3) 14720111/3
00                  1,ETAR (3) ,Y(9) 14720112

WRITEOUTPUTTAPE9,3 14720113
3 FORMAT(71Hl MAXWELLIAN TRANSMISSION CALCULATIONS FOR ETA 14720115
1BATH EXPERIMENT) 14720116

4 IF(SENSESWITCH1)20,5 ·14720122
5 READINPUTTAPE4,6 14720123
6 FORMAT(72H 14720125
1                 )                                                   14720201
READINPUTTAPE4,7 14720203

7 FORMAT<72H 14720205 -
1                )                                                 14720206
READINPUTTAPE4,8,(CDNT,TNM,EO,ETA22H,ETiL(i),ETi L(2), 14720208
iETIL(3),ENT.NE) 14720209

8 FORMAT(867.3,IZ) 14720211
IF(NE-1)11,9,9 14720213    m

9 INTV=NE                                                           14720215    7
READINPUTTAPE4,10,(NPTS(KL),DELE(AL),KL=l,NE) 14720217

10 FORMAT(7(13,E7.3)) 14720219
11 READINPUTTAPE4,12,CLP(I),KP(i),I=1,7,2) 14720221
12 FORMAT ( 8 I 3 ) 14720223

D019J=1,7,2 14720301
IF(JP(J))16,16,13 14720303

13 N=JP(J) 14720305
READINPUTTAPE#,14,(ibLCAL,J),KL=l,N) 14720307

14 FORMAT(10E7.3) 14720309
0015KL=l,N 14720311

15 TbLCKL,J)=LOGFCTSL(KL,J))                                     ·     14720313
16 IF(KP(J))19,19,17 14720315
17 M=KP(J) 14720317

READINPUT TAPE4,14, C TBL (KL,J+1),KL= 1,M) 14720319
6018KL=l,M 14720321

18 TBLCAL,J+1)=LOGF<TEL(KL,J+11) 14720323
19 CONTINUE 14720325

601029 14720401
LO READ6 14720403



READ7 14720405
READB,(CDNT,TNM,EO,ETA22H,ETIL(1),ETIL(2),ETIL(3),BNT,NE) 14720407
IF(NE-1)22,21,21 14720409

21 INTV=NE                                                           14720410
READ 10,(NPTS(KL),DELE(KL),KL-1,NE) 14720411

22 READ12,(JP(I),KP(I),I=1,7,2) 14720413
D028J=1,7,2 14720415
IF(JPCJ))25.25.23 14720417

23 N=JP(J) 14720419
READ 14,(TBL(KL,J),KL=l,N) 14720421
D024KL=l,N                                                        14720423

24 TBL(KL,J)=LOGF(TBL(KL,J)) 14720425
25 IF(KP(J))28,28,26 14720501
26 M=KP(J) 14720503

READ14,(TBL(KL,J+11,KL=l,M) 14720505
D027KL=l,M 14720507

27 TBL(KL,J+1)=LOGF(TBL(KL,J+1)) 14720509
28 CONTINUE 14720511
29 ETILD=ETIL(1) 14720605    '

D0234KL=1,3
14720607    ,%EX=ETIL(KL)/EO 14720609

IF(EX-87.3)33,233,233 14720600
233 ANAC(KL)=1.0 14720600

GOT0234 14720600
33 ANACCKL)=1.0-(EXPF(-EX)*(EX+100)) 14720611.

234 CONTINUE                                                    '      14720600
K=1 14720613
D034 I=1,4 14720615

34 KO(I)=1 14720617
BLIM=1.OE-30 .14720619

C.1 TLIM=DELE(1)                                                      14720621
E: MM=1 14720623
0, EE=1.OE-30                    ·                                    14720625

0035 L=1,4 14720701
35 EI4(L)=.0.0 14720703

LJ IF(SENSESWITCHZ)136,138 14720705
9       136 00137L=5,9 14720707

137 EIV(L)=0.0 14720709
138 D0142LT=1,3 14720711



D0139L=1,4 14720713
139 TEI(L,LT)=0.0 14720715

IFISENSESWITCH2)140,142 14720717
r -·\

140 D0141 L=5,9 14720719
141 TEI(L,LT)=0.0 14720721

<   t .

(-- 142 CONTINUE 14720723
LT=0 14720600
D085 I=l,INTV 14720817
COEFF 1=2•0 14721303

1

C.4

0 COEFF2=4.0 14721305
NPT=NPTS(I) 14721309
PTS=NPT 14721311
EINC=(TLIM-BLIM)/PTS 14721313
D07OM=l,NPT 14721315
IF(MM-1)110,110,400                                               14721207

400 EE=EE+EINC                                                        14721317
GOT0110 14720819

55 EE=EXRF(EE) 14721109
IF((EE/EO)-87.3)240,239,239                                       14720600 Ul

239 Y(1)=0•0 14720600     9
GOT 0241                                                           14720600

240 Y(1)=CEE/(EO*EO))*EXPFC-EE/EO) 14721111
241 PSI=VlwY(1) 14721113
56 Y(2)=PSI 14721115

Y ( 3 ) = Y ( 1 ) *V 2*V 3 14721117
Y (4)=Y.(1)*V2*V#*ETAE                                                                             14721119
IF(SENSESWITCH2)57,58 14721121

57 Y(5)=PSI*V5                                                       14721123
Y(6)=PSI*V6*V3 14721125
Y(7)=PSI*V6*V4*ETAE 14721201
Y<8)=PSIPV3 14721203
Y(9)=PSI*V4*ETAE 14721205

58 IF(MM-1)59,59,62 14721207
59 D06OL=1,4 14721209
60 EI(L,I)=Y(L)                                                       14721211

IF(SENSESWITCHZ)61,163 14721213
61 D0162L=5,9 14721215

162 EI(L,I)=Y(L) 14721217
163 MM=2                                                               14721307



EE=EE+EINC 14721317
GOT0110 14721319

62 IF(M-NPT)65,64,63 14721321
63 STOP77 14721323
64 COEFF2=1.0 14721325
65 D066L=1,4 14721401
66 EI(L,I)=EI(L,I)+CYCL)*COEFF2) 14721403

IF(SENSESWITCH2)67,69 14721405
67 D068 L=5,9                                                         14721407
68 EI(L,I)=EI(L,I)+CY(L)*COEFFZ) 14721409
69 COEFFl=-COEFFl 14721411
70 COEFF2=COEFF2+COEFFl 14721413

COEFF=LINC/3.0 14721415
00171L=1,4                                                          14721417

171 21(L,I)=EI(L,I)*COEFF 14721419
IF(SENSESWITCHZ) 172,170 14721421

172 D073L=5,9 14721423
73 EIiL,I)=EI(L,I)*COEFF 14721425

170 IFCEE-ETILD)275.74,71 14721521 Ul

71 IF((EE-ETILD)-i.OE-6)74.74,72 1 4 7 2 1 5 2 3.              

72 STOP7 14721525
273 IF(ABSE(EE-ETILD)-1.OE-5)74,74,80 14721601
74 IF(K-3)75,86,72 14721603
75 LT=LT+1 14721605

D0182M=l,I 14721607
00179L=1,4 14721609

179 TEI(L,LT)=TEICL,LT)+EI(L,M) 14721611
IF(SENSESWITCHZ)180,182 14721613

180 00181 L=5,9 14721615
181 TEICL,LT)=TEICL,LT)+EI(L,M) 14721617

C.3         182 CONTINUE 14721619
(: THM2(LT)=TEi(2,LT)+(Vl#(1.0-ANACCLT))) 14721705
C-) 147217071 Ei(3,LT)=IEi (3,Li )/(ANACCLT )-TEI (2,LT) 1

TBM(L[)=1.0-TE1(3,LE) 14721'7.09

4 TEi(4,LT)=TEI(4,LT)/(TRM(LT)*(ANACCLT)-TEI(2,LT))) 14721711
C# ETARCLT)=TEI(4,LT)/ETA22H 14721713
tr.-: IFCS-ENSESWITCHZ)78,79                                              14721715

7 8     T E I  (5, L T  ) =T t i  (5, LT)/THM2(LT) 1 4 7 2 1 7 1 7
1 TE I 1 6,L T) =T E 1(6, Li)/(THMZ (L T) *(1.0-TE I(5,L T) ) ) 14721·719



TLM(Lf)=1.0-TE1(6,LT) 14721701
TEI (i,LT)=TEi (7,LT)/(TH,·42(Li )':(1.0-TEI(6,LT) ):*(1.0-TEI (5,LT))) 14721721

TEI(8,LT)=TEICS,LT)/THM2(LT) 14721703
TCM(Li)=1.0-TEI(8,Li) 14721705

C» TEI(9,LT)=TEI(9,LT)/(THM2(LTINTCM(LT)*ANACCLTY) 14721707
C                79 K=#+1.                                                            14721807

-r ETILD=ETILCK) 14721809·
80 1FCEE-ILIM)61,84,81 14721811
81 IFCABSr((EE-TLIM)/EE)-1.02-5)84,64.82 14721813

el 62·PRINT83,EE,TLIA 14721815
ZO 63 FORMAi(liH ENERGY = E16.8,14H 1OP LIMIT = E16.8) 14721817

PAUSE 77777 14721819
84 EE=DELC(I) 14721821

oLIM=EE 14721823
ILIM=DELE(1+1) 14721825
MA=l 14721901

85 CONTINUE 14721903
66 001911=1,INTV 14721905

L/088 L= 1,4 14721907 CJM

88 EIVCL)=EIV(L)+EICL,I) 14721909      
LF(SENSESWITCHZ)189,191 14721911

186 D0190L=5,9                             ·                          14721913
190 EIV(L)=EIV(L)+EICL,I) 14721915
191 CONTINUE » 14721917

h,··i2E=EIV(2)+ (Vl*(1.0-ANAC (31)) 14721708
ROV=EIV(3)/(ANAC(3)-EIV<2)) 14721709
PM=i.0-ROV 14722007
ciAV=EIV(4)/(PM*(ANAC(3)-EIV(2)))
ETARV=ETAV/ETA22H 14722011
iF<SENSESWilCHZ)69,90 14722013

89 EKMV=EIV(5)/HM2E 14721717
DIV=HMZE*(1.0-EXMV)                                                 14722017
ROiV=ElV(6)/DIV 14721719
VLM=1.0-ROIV 14722021
ENMV =E I V ( 7 ) / ( D I 4 * ( 1.0-R01 V ) ) 14721721
R02V=EIV(8)/HM22 14721723
CM=1.0-RO2V 14722101
ENACV=EIV(9)/CHMZEACM*EIV(i)) 14721725

90 Wirli CUUit-Ul Inrcti,94 14722105



91 FORMAT(1H /1H ) 14722107
LT=1 14722109
WRITEOUTPUTTAPE9,6 14722111
WRITEOUTPUTTAPE9,7 14722113
IF(SENSESWITCHZ)92,95 14722115

92 WRITEOUTPUTTAPE9,93 14722117
93 FORMAT(83HO NT(CD) NT(M) NT(B) EO ETA(2200) 14722119

1 El E2 E 3) 14722120
WRITEOUTPOTTAPE9,94,CDNT,TNM,BNT,EO,ETA22H,ETIL(1),ETIL(2), 14722122
1ETIL(3) 14722123

94 FORMAT(1H 1PE9.3,7Ell.3) 14722125
GOT093 14720600

95 WRITEOUTPUTTAPE9,96 14722201
96 FORMAL(78HO NT(CD) NT(M)       EO      ETA(2200)     El      14722203

1   E 2 E3) 14722204
WRITEOUTPUTTAPE9,97,CDNT,TNM,EO,ETA22H,ETIL(11,ETIL(2),ETIL(3) 14722206

97 FORMAT(lH 1PE9.3,6Ell.3)                                            14722208
98 WRITEOUTPUTTAPE9,91 14722210

WRITEOUTPUTTAPE9,99,LT,LT,LT,LT,LT,LT 14722212    8:99 FORMAT(9H HM1(EIl,13H) HM2(EIl,13H) 1-PM(EIl,12H) 14722214
1 PM(EIl,15H) ETAM-p(EIl,15H) ETAM-PCEIl,11H)/ETA(220014722215
2)) 14722216
WRITEOUTPUTTAPE9,100,TEI(2,LT),THM2(LT),TEI(3,LT),TPM(LT), 14722201
1TEI(4,LT),ETARtLT) 14722202

100 FORMAT( 1H 1PE 12.5,4E14.5,E21.5) 14722220
IF(SENSESWITCHZ)101,104 14722222

101 WRITEOUTPUTTAPE9,102,LT,LT,LT,LT,LT,LT,LT 14722224
102 FORMAT(SHO KM(EIl,14H) 1-LM(EIl,12H) LM(EIl,15H) 147223011

1 ETAM-L(EIl,12H) 1-CM(Ell,12H) CM (EI 1,15H) ETAM-C(14722302C 3
C.: 2EIl,1H)) 14722303
e WRITEOUTPUTTAPE9,103,TEI(5,LT),TEI<6,LT),TLM(LT),TEI(7,LT), 14722204

ITEI(8,LT),TCM(LT),TEl(9,LT) 14722205
103 FORMAT(iH- iPE12.5,6214.5) 14722307
104 DIF=ABSF(TEI(1,LT)-ANACCLT)) 14722207C,J

CO WRITEOUTPUTTAPE9,105,LT,TEI(l,LT),LT,ANACCLT),DIF 14722209
105 FORMAT(6HOANACEIl,31H) FROM NUMERICAL INTEGRATION = 1PE12.5, 14722313

17H ANA(Ell,17H) FROM FORMULA = 1PE12.5,15H DIFFERENCE = 1PE12. 14722314
25) 14722315
LT=LT+1                                                           14722317



IF(LT-3)98,106,109 14722319
106 TEI(2,LT)=EIV(2) 14722211

THM2(LT)=HM2E 14722323
TEI(l,LT)=EIV(lj 14722213

C TEI(3'LT)=ROV 14722215
c: TEI(4,Li)=ETAV 14722217
... ETAR(LT)=ETARV                -                                     14722407

TPM(LT)=PM            "                                           14722403
IF(SENSESWITCH2)107,108 14722409

03       107 TEI(5,LT)=EKMV 14722221
9"              TEI(6,LT)=ROlV                                                    , 14722223TLM(LT)=VLM 14722415

TEI(7,LT)=ENMV 14722225
TEI(8,LT)=R02V                                                    14722401
TCM(LT)=CM 14722421
TEI(9,LT)=ENMCV 14722403

108 WRITEOUTPUTTAPE9,300 14722423
300 FORMAT(5HOO-E3) 14722424

GOT098                                                            14722425    6
109 WRITEOUTPUTTAPE9,3 14722501     f

GOT04 14722503
110 EE=LOGP(EE) 14722505

NO=0 14722507
J=-1 14722509
ASSIGN 118TONN 14722510

111 NO=NO+i 14722512
J=J+2 14722513
KL=KO(NO) 14722514

112 IF(EE-ToL(KL,J))117,116,113 14722515
113 KL=KL+1                       -                                    14722517

GOT0112                                                           14722519
116 AL=.AL+1 14722523

SIG=EXPF(TEL(KL,J+1)) 14720600
GOTOAN,(118,125,131,236) 14720600

117 ARG=((TBL(KL,J+1)-TEL(KL-1,J+1))*(EE-TUL(KL-1,J)))/(TEL( 14722601
iKL,J)-TBLCKL-1,J))+TBL(KL-1,J+1)                                    14722602
SIG=EXFF(ARG) 14722604
GOTONN,(118,125,131,236) 14722606118 EXPB=TNM*SIG 14722608



./ / ..

IF(EXP6-87.3)120,119,119 14722610
119 V3=000 14722612

GOT0121 14722614
120 V3=EXPF(-EXPB) 14722616
121 V4=1.0-V3 14722618

KO(NO)=KL 14722620
ASSIGN125TONN 14722622
IF(SENSESWITCH))122,111 14722624

122 PRINT123,J,KL,SIG                                                   14722701
123 FORMAT(2I 3,E16.8) 14722703
124 GOT0111 14722705
125 EXPA=CDNT*SIG 14722707

IF(EXPA-87.3)127,126,126'                             -             14722709
126 Vl=0.0 14722711

GOT0128 14722713
127 Vl=EXPFC-EXPA) 14722715
128 V2=1.0-Vl 14722717

KO(NO)=KL 14722719
ASSIGN131TONN 14722721 \-N

IF (SENSESWI·1 CH2)129,135 14722723    7
129 IFIBNT)339,339,130 14722725
130 J=5 14722801

IF(SENSESWITCH))122,111 14722803
131 EXPC=BNT*SIG 14722805

IF(EXPC-87.3)133,132,132 14722807
132 V5=0.0 147228G9

GOT0134 14722811
133 V5=EXPFC-EXPC) 14722813
134 V6=1.0-V5 14722815

p)                                                                                                                                           14722817KO(NO)=KL
r.              135 ASSIGN236TONN 14722319
0 J=3 14722821

IF(SENSESWITCH3)122,111 14722823.
236 ETAE=SIG 14722825

CS                 KO(NO)=KL       ·-                                                14722901
C,11 IF(V6)200,201,201 14720901

200 V6=0.0 14720903
201 IF(V2)202,203,203 14720905
202 V2=0.0 14720907



C.
C..
L.

203 IF(V4)204,255,255 14720909
204 V4=0.0 14720911
255 IF(SENSESWITCH3)237,55 14722903C' 237 PRINT123,J,KL,ETAE 14720000

1

/2
- GOT055 14722907

339 V5=1.0 14722915
V6=0•0 14722917
GOT0135 14722919
END(0,1,0,0,0) 14722921

\

A

I I                                                                                                                                '...                                                                                                                   6               :



GTC FORTRAN SOURCE PROGRAM                                                     

C1472 BFM.
1 FORMAT(58HlGENERAL TRANSMISbIOA LALCULATIONS FOR ETA SATH EXPERIME1NT/1H )
2 FORMAT(72H 147201
1 /72H 147201
2

3 FORMAT ( 16 I 3, I l ) 147201
147201

4 FORMAT(6E7.3,I 2) 147201
5 FORMAT(10E7.3) 147201

10 FORMAT(7(IJ,E/.3)) 147201
15 FORMAT ( 5 E9.5/6 E9 . 5 ) 14720101

DIMENSION JP(8),KP(8),JPP(8),E(6,100) 9.X(6,100) 9IS(99),EI (99) • 147201061EE(300),XE(300),ES(600),XM(600) 14720109DIMENSION Q(11),LK(8),SUL<11),Y(11),SS(11),QT(11),XA(8)100 WRITE OUTPUT TAPE 9, 1 14720110 -READ INPUT TAPE 1, 2 14720101
READ INPUT TAPE 1, 3, (JP(I) ,KP(I),I=l,8),IC 14720102READ INPUT TAPE 1, 4, TNC,TNM,TNS,El,E2,23,NE 14720103IF (IC-2) 13, 14, 13

14720207        614 READ INPUT TAPE 1, 15, (0(I),I=l,11) 14720107        y13 IF (NE) 11, 12, 11 14720211
11 READ INPUT TAPE 1, 10, (ISCI),EI(I),I=l,NE) 14720111NEE=NE
1 2   DO   6   I=l,6

IF (JP(I)) 7, 8, 7 14720217
7 M=JP(I) 14720219
JPP(I)=JP(I) 14720220
READ INPUT TAPE 1, 5, (ECI,J),J=l,M) 14720113

8     I F     (K P  (I· ) )     9,     6, 9 14720224
9 M=KP(1) 14720301.C.,i       „

READ INPUT 'TAPE 1, 3, (X(I,J),J=l,-) 14720114
6 CONTINUE 14720305

03 I =7 147202014         IF (JP(I)) 70, 71, 70 14720203
70 M=JP(I) 14720205JPP(I)=JPCI)

READ INPUT TAPE·1, 5, (EE(J),J=l,M)
71 IF (KP(I)) 72, 69, 72 147202097 2    M=KP (I) 14720211



READ INPUT TAPE 1, 5, (XECJ),J=l,M)
69 1=8 14720214

IF (JP(I)) 73, 74, 73 14720215
73 M=JP(I) 14720217C..

JPP(I)=JP(I) 14720213
t.... READ      I N P U T     T A P E     1,     5,       (E S  (J),J=l,M)

74 IF (KP(I)) 75, 76, 75 14720221
75 M=KPII)

READ INPUT TAPE 1, 5, (XM(J),J=1,4)eD
76 WRITE OUTPUT TAPE 9, 2 14720119

WRITE OUTPUT TAPE 9, 44                                             14720120
JJJ=1 14720306
EB=El 14720307
ET=E2 14720308
NEB=1 147203
DO 200 NY=1,11

200 SS(NY)=0.0
D087N=1,8

87 LK(N)=1 14720425        6
65 DO 99 JJ=NEB,NEE 14720301        P

MP=ISCJJ)+1                                                       14720311
SI=IS(JJ) 14720312
Cl=200 14720313
C2=4.0 14720314
DO 88 NY=1,11 14720509

86 SUM(NY)=0•0 14720511
DE=(EICJJ)-EB)/31 14720316
DO 24 K=l,NP 14720318
EA=EB 14720320
DO 25. N=1,6 -- 14720407
Au=JPPCN) 1472032·4
IV=Lk(N) 14720418
DO26L=IV,NO 14720420
IF (EA-E(N,L)) 27, 17, 26

26 CONTINUE                             '                             14720405
27 Dl=LOGF(E(N,L)/E(N,L-1)) 14720101

ENl=LOGF(E(N,L)/EA) 14720102
ENZ=LOGF(X(N,L-1)) 14720103
EN3=LOGF(EA/E(N,L-1)) 14720104



I                    I.

EN4=LOGF(XCN,L)) 14720105
EN 5=(ENl*EN2*EN3*EN4)/Dl 14720107·
XA(N)=EXPFCENS) 14720111
IF (SENSESWITCH 1) 59, 60 14720113

59 PRINT 61, (Dl,ENi,ENZ,ENJ,EN4,EN5,XA(N),EA) 14720115
61 FORMAT(4H Dl=Ell.5,3H 1=Ell.5,3H 2=Ell.5,3H 3=Ell.5, 14720119

13H 4=Ell.5,3H 5=Ell.5,3H X=Ell.5,3H E=Ell.5) 14720121
GO TO 60

17 XA(N)=X(N,L) 14720123
60 LK(N)=L 14720421
25 CONTINUE 14720411

N=7 14720411
IV=LK(N)
NO=JPP(N)
DO 80 L=IV,NO
IF(EA-EE(L))78,18,80

80 CONTINUE 14720418
78 Dl=LOGF(EECL)/EECL-1)) 14720203

ENl=LOGF (EECL)/EA) 14720205         '/,4
EN2=LOGF(XE(L-1)) 14720206
EN3=LOGF(EA/EE(L-1)) 14720207
EN4=LOGF(XE(L)) 14720208
EN5=(ENl*EN2+EN3*EN4)/Dl 14720210
XA(N)=EXPF(EN5) 14720212
IF (SENSESWITCH 1) 62, 63 14720214

14720216,62 PRINT 61, (Dl,ENl,ENZ,EN3,EN4,EN5,XA(N),EA)
GO TO 63

18 XA(N)=XE(L) 14720201
63 LK(Nl=LC. 3

E. : 85 N=8           '                                                   14720401
Qi               NO=JPP (N) 1472C402

IV=LK(N)
DO-  8 1    L=I V,N O

0-0 IF (EA-ES(L)) 82, 83, 81
'2 81 CONTINUE 14720407

82 Dl=LOGF(ES(L)/ES(L-1)) - 14720220
ENl=LOGF(ES(L)/EA) 14720222
EN2=LOGF(XM(L-1)) 14720224
EN3=LOGF(EA/ES(L-1)) 14720301



69 SUM<NYJ=SUM(NY)+7(1·:Y)                   ·                          14720515
GO TO 41 14720605

66 DOSONY=1,4 14720517
90 SUM(NY)=SUM(NY)+C2*Y(NY) 14720519
41 ASSIGN 23 TO NN 14720615

PSI=SUM(2)    -                                                    14720523
DEXL=DEXM                                                         14720618
XC=XA(6)/XAM
EL=ELM 14720620
EXL=EXM 14720621

16 IF (EL-.001) 42, 42, 43
42 PL=0•0

GO TO 20
43 IF (EL-1.0) 48, 48, 49
48 PL=-0.5*EL*(.577216+LOGFCEL)-1.5)+EL**2/

16.-EL**3/48.+EL**4/360. 14720704
GO·TO 19

49 PL=1.-1./EL*(.5-EXL/(EL+2.5))
19 IF((PL*XC)-.99)21,20,20
20 S=DEXL*XC 14720716 i

GO TO 22 14720717
21 S=DEXL*XC*(1.-PL*(1.-XC)/(1.-PL*XC))
22 IF (SENSESWITCH 2) 64, 77 14720311
64 PRINT 79, EL,PL,XC,S,EXL,EXM,EXC,EXE 14720313
79 FORMAT(3H L=Ell.5,4H PL=Ell.5,3H X=Ell.3,311 S=Ell.5, 14720318

15H EXL=Ell.5,SH EXM=E11.5,5H EXC=Ell.5,4H X3=E10.4) 14720319
77 GO TO NN, (23,30)

C.,
23 SM=S 14720723

C : EL=ELB 14720724
C DEAL=1.0-EXE 14720725

IF (DEXL) 26, 29, 29 14720801
28 DEXL=0.0 14720803

W,        29 XC=XA(5)/XAB
C' EXL=EXB 14720806

ASSIGN 30 TO NN 14720807
GO TO 16 14720809

30 DESI=XA(7)*SSI*DEXL
Y(5)=DESI*DEXM 14720901
Y(6)=DESI*SM



DP=DEXL*SSI
UG

Y(7)=DP*SM
6                  Y(8)=DEXM* S *SSI

-4                  Y(9)=DP
. 14720909

3                   Y(10)= S *SSI
Y(11)=DEXM*DP 14720913
IF (SENSESWITCH 3) 84, 94    ·                                     14720322

C               84 PRINT95,(Y(NY),NY=1,11) 14720324
C.           95 FORMAT(3H Y= 1 1 E 1 0 . 3 ) 14720326
¥...

94 IF (K-1) 31, 32, 31
31 IF (K-NP) 91, 32, 32 14720915
32 DO 33 NY=5,11 14720917
33 SUM(NY)=SUM(NY)+Y(NY) 14720919

IF (K-NP) 92, 24, 24
91 DO 36 NY=5,11 14720923
36 SUM(NY)=SUM(NY)+C2*Y(NY) 14720925

Cl=-Cl
C2=C 2+Cl 14720919

92 EB=EA+DE 14720923 4%-

24 CONTINUE. 14720925
44 FORMAT(14HOFROM El TO E2) 14721001
45 FORMAT(14HOFROM E2 TO E3)                                           14721003
46 FORMAT(14HOFROM El TO E3) 14721005
47 FORMAT(6H0PHIF=E12.6,7H PSIF=E12.6,5H NF=E12.6,5H ZF=E 12.6/ 14720005

17H ALPHA=E12.6,7H BETA=E 12.6,8H GAMMA=E 12.6,8H DELTA=E 12.6/ 14720009
29H EPSILON=E12.6,8H THETA=E 12.6,5H XI=E12.6) 14720013
DO 93 NY=1,11 14721001·
SUM(NY)=SUM(NY)*DE/3. 14721003

93 SS(NY)=SUM(NY)+SS(NY) 14721004
102 FORMAT(3HOE=E 10.4,8H ALPHA=E12.6,7H BETA=E12.6,8H GAMMA=E12.6/ 14720015

17H DELTA=E12.6,1OH EpSILON=E12.6,8H THETA=E12.6,5H XI=£12.6) 14720019
WRITE OUTPUT TAPE 9, 102, EA, (SS(NY),NY=5,11)
IF (ET-EA)199,103,199 14721017

199 QO=(ET-EA)/ET 14721015
- IFCABSF(QO)-1.OE-6)103,103,99 147215//

99 CONTINUE 14721019
103 WRITE OUTPUT TAPE 9, 47, (SS(NY),NY=1,11) 14721021

IF (SENSESWITCH 4) 96, 97 14720401
96 PRINT 101,K,EA,ET,GO,JJJ,NP 14720403



•                                                                                                                                  e.               -

101 FORMAT(3H K=I 3,3E 13.6,3H J=Il,3H P=I 3) 14720405
97 IF (JJJ-1) 118, 98, 118
98 IF (IC-1) 106, 108, 108

106 JJJ=2 · 14721101
EB=E2 14721102
ET=E3 14721103
NEB=JJ+1 14721104
DO 107 NY=1,11 14721105
0(NY)=SS(NY)                                                                           1107 SS(NY)=0.0
WRITE OUTPUT TAPE 9, 45 14721106
GO TO 65 14721109

108 WRITE OUTPUT TAPE 9, 45 14721121
WRITEOUTPUTTAPE9,47,(Q(NY),NY=1,11) 1472

118 DO 110 NY=1,11 14721124
110 QT(NY)=Q(NY)+SS(NY) 14721125

IF(JJJ-1)120,122,120 1472
122 WRITE OUTPUT TAPE 9,46 14721201

WRITE OUTPUT TAPE 9,47,(QT(NY),NY=1,11) 14721202         &FF=QT(1) 14721204
HF=QT(21/FF 14721205
PF=1.0-(QT(3)/(FF-QT(2)))
ETA=QT(4)/(PF*(1.0-HF)*FF) 14721207
A=QT(5) 14721209
B=QT(6) 14721210
G=QT(7) 14721211

0,1                         D=QT (8) 14721212
C: EP=QT(9) 14721213,-E-

TSI=QT(11)
XIG=TSI-G
DET=(EP-CT(10))A
Rl=(A-B+G-D)/DET                                         ·          14721216tS
DET=DET/XIG
R2=A/EP 14721217
RS=(A-B)/(TSI-6) 14721 18
R4=A/TSI 14721219
DB=(D-G)/XIG

111 FORMAT(4HOHF=E12.6,5H PF=E12.6,7H ETAF=E12.6,7H R(S)=E 12.6, 14721222
17H R(0)=E12.6/91-i ETAF(S)=212.6,1OH ETAF(0)=212.6) 14721224



112 FORMAT(12H ETAF(R,S)=(E 12.6,6h)R + (E 13.6,1H)/112H ETAF(R,0)=(E12.6,5H)R / E12.6)r,              WRITE OUTPUT TAPE 9,.111, HF,PF,ETA,Rl,R2,R),R4 14721305(7          WRITE.OUTPUT TAPE 9,112,DET,Db,EP,TSIC-             60 TO 100
120 D0121NY=i,li

1472121 Q(NY)=SSINY)                                                        1472
1> GOT0122

1472CO END<0,1,0,0,0)

t'
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