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IBM 360 and IBM 1800 Versions of the Shape and Area Analysis
Programs of S, E, Atta and J, A, Harvey

1. INTRODUCTION

The shape and area analysis programs of S, E, Atta and J. A, Harvey

[ 1], [27 are often used to calculate the resonance parameters of

transmission data. The shape program determines from the form

of a resonance with the method of least squares the best values of

the resonance parameters Eg, T, fgI‘Ii) , while in the area program

‘the area under a transmission dip is used to calculate the best

value of fgl"no for an assumed value of T . For further, more de-

tailed information, it is referred to references 1] and [ 2].

The original versions of the programs were written in FORTRAN II,

containing some subroutines in the machine language FAP, a language,

which becomes more and more obsolete. The present work describes

FORTRAN IV versions of the programs to be executed at an IBM 360/65

or an IBM 1800 computer, The IBM 360 version of the shape analysis

program needs a memory capacity of about 220 K bytes, including the
plot programs, the area program about 100K. The IBM 1800 versions
are both organized for a memory capacity of 32K words, each word
of 16 bits length, '

Some modifications of the program structure compared to the

original versions have been made,

1) The shape analysis programs describe the number of resonances
by a variable N (total number of resonances) and a variable M
(resonances to be iterated).

These two integer variables allow to distinguish the resonances
to be iterated and the resonances which should rest unchanged.
The fixed resonances may be outside or inside the energy range
to be analysed.

2) If the value of M is greater than the maximum number of resonances
to be iterated at once, the shape analysis programs calculate the
doppler- and resolution broadened cross section, using the reso-
nance parameters as given on the input cards and perform a plot
of the experimental data together with the calculated results,

3) An option has been included in the area program, to skip the cal-
culation of the plot.

4) In both codes (shape and area program) the original plot programs
have been replaced by new ones using the routines described in re-
ference [3] and [4].

Table I shows the limitations of the different program versions,

Three examples two of the shape program and one of the area program
are shown in Appendix A. Appendix B gives the FORT RAN listing of
the different program versions,



TABLE I

Limitations of the programs

Program | Program |Maximum Maximum Maximum number
Version |data points | number of of resonances to
resonances be iterated at once
Shape 360/65 1000 35 10
Shape 1800 1000 35 5
Area 360/65 1000 20 20
Area 1800 1000 15 15

2, Shape Analysis Programs for the IBM 360/65 and the IBM 1800

Both versions of the shape analysis program can handle up to 1000 data
points at once. A maximum of 35 resonances may be treated within one
input card deck, Up to 10 resonances can be iterated if one uses an
IBM 360/65 and 5 resonances if one uses an IBM 1800, The convergen-
ce criteria for the resonance parameters as defined in ref, [1] and [2]
have not been changed, The programs permit to execute several input
card decks in one run. The different card decks, each prepared in the
order as described in chapter 5, are put one after the other, At the

end of a run a blank card has to be added to terminate the job correctly.

INPUT

The sequence of the input data is the same for the two program versions.
The detailed list is given in chapter 5. Due to the modifications of the
program structure the input differs slightly from the original version.

The first card (16, 2A8) is used for the problem identification,

If one analyses with different sets of resonance parameters the same
range of experimental data points (IMN), one may choose the same
value of L1 for different input card decks (see chapt. 5). In this case
one can omit for the second and the following card decks, the cards
(N+4 ),(N+5) as defined in chapter 5 and the data cards, The cards for
the plot are necessary,

The second card (715,2E12. 5) contains information as the number of
experimental data points (IMN), the first (IO) and the last (IM) channel
of the region to be analysed, the total number of resonances (N), the
number of resonances to be iterated (M), the interval factor (KI), the
maximum number of iterations (ITMAX), the fractional abundance of
the isotope (F') and the value for the spin (GI). If the value of the va-
riable M is greater than the maximum number of resonances which .
can be iterated at once, the program calculates the doppler- and re-
solution broadened cross section of the given resonance parameters
and performs a plot of the results.



The third card (3E12, 5) with the coefficients (C0, Cl, C2) of the -
polynom P(Ei) is the same as in reference f17.

The next N cards (3E12, 5) are for the resonance parameters,

For each resonance the total width I', the resonance energy E

and the reduced neutron width fg]f‘;,)1 are given. These values are
initial guesses for the M resonances to be iterated. For the fixed
resonances the cross seetion is calculated from the parameters

as stated on the input cards, The order of the N cards is important.
The M cards With the resonances to be iterated, have to be the
first ones.

The cards (N+4) and (N+5) format (6E12 5) are the same as defined
in reference [1]. Then follow the cards with the experimental data
points (6E12, 5), Each card contains two data channels with the
corresponding values for the energy, the cross section, and its error,

The last two cards concern the plot of the results. The card (18A4)
following the last data card is for the title of the plot. The next card
determines the dimensions and the type (linear or logarlthmlc) of
the axes. U :

If the program is run on an IBM 1800 a third card for the plot is
needed. This card defines the magnetic tape unit on which the plot
is written. It is only necessary in the first input card deck of a
run, In all other card decks of the same run the card has to be
omitted, : s o

OUTPUT - *

After each cycle the iterated resonances are listed in the table
'Iterated resonances®, the fixed ones are printed under the heading
 'Set of resonances'. New is also the table 'Relative accuracy (per
- cent) of the solution of the normal equations®. It has the following
meaning., The method of least squares leads to a system of linear
equatlons (normal equations)., : :
Aij . Xj = Bj

where A;; is the coefficient matrix, X;the solution vector and B;
the right '11and vector, The solutions of the system of linear equa-
tions is found by multiplication of the inverse matrix of A.. with
the vector BJ - 1 1

X.=(A.) . B.
If one inserts the vector X in the system of equatlons one gets a
‘vector BJ . The difference’ B_] B; = GCj (per cent) is listed in the
table and may serve as a check for the accuracy of the solution
- vector XJ . :

The output ends with the llstmg of the input data and a table of the
analysed energy range, For each data channel the energy value,
the experimental cross section, the cross section calculated from
the last estimates of the parameters and the difference (per cent)
of the two cross section values are printed,



3. Area Analysis Programs for the IBM 360/65 and the IBM 1800 o

B l."'-‘..?

Both versions can analyse as many as 1000 data points at once.
The IBM 360/65 version allows to handle up to 20 resonances per
input card deck, the IBM 1800 version 15 resonances. -

The convergence criterium is the same as defined in ref. [1] resp..

[27. The two program versions allow the execution of several mput e

card decks in one run. The card decks, each prepared in the order
as described in chapter 6, are put one after the other. At the end .

of the whole run a blank card has to be added to terminate the
program correctly ' :

INPUT

Both program versmns have the same mput card sequence. A
‘detailed description is given in chapter 6. One new variable L4 -
has been introduced, which allows to suppress the calculation -

of the plot. All other symbols have the same meanmg as already
discussed in chapter 2orref. 1], A e A

'In the IBM 360/65 version the plot program is 1nc1uded in the main .
program. No cards for the plot are necessary. In the IBM 1800
version one needs a card (I5) to define the magnetic tape unit on"’ -
which the data, needed to calculate the plot, are written., The plot _
itself is calculated with the program ARPLO (see chapter 4), ‘

The card for the definition of the magnetic tape unit is only neces sary,‘ -

when for the first time a plot is demanded. For example, if one.
wants to execute 5 input card decks and one demands a plot of the o
results of the second and fourth deck, then the card for the plot L
has to be included in the second card deck ' : R R
OUTPUT L : Cme o . ” ‘

In addition to the original version of the program, ‘the output prints -

for each iteration the calculated values of the reduced neutron widths
(fgT9 ). After the listing of the last estimates of the resonance para-
meters, the table 'Relative accuracy of the solution of the normal
equations® is given, Its significance has been explained in chapter 2.
The output ends with a list of the input data and a table of the ana-
lysed energy range. For each data channel the observed and cal- -
~ culated values of the transmission are printed. The third column L
headed 'Basis! contains the product of the value of the polynom S
P(Ei) (see ref. [ 1] ) and the value of the transmission of the poten- S
tial scattering cross section,” ... : : '



"4, Program Restr1ct1ons with the Teleprocessing Termma.l
IBM 2780

" If the programs are used together with a teleprocessing terminal

. IBM 2780, the plot programs as shown in Appendix B cannot be
used, because there is no possibility to transmit magnetic tape
‘records. In this case the data which are necessary as input for the
plot are punched on cards. The plots are then calculated using the
cards and the program SHAPL if one has results of the shape ana-

I lysis program or the program ARPLO if one has results of the

~area analysis program, The program ARPLO is also used to cal-
©. culate the plot of the results of the IBM 1800 version of the area

' analys1s program,

Program SHAPL

Program SHAPL needs one control card (Format #=*I; I =1,2)
. to define the magnetic tape unit on which the plot has to be

~ written. The card has to be placed after the cards, containing
the results of the first 1nput card deck Further cases may be
added,

. ’Program ARPLO v ) _
- Program ARPLO needs two control cards The first card

" (Format 2I5) contains the variables KOPT and KUNIT. KOPT
. specifies in which form the input data exist. If one has analysed

with the IBM 1800 version of the area program the input data for

" the plot are written on tape, if one has used the IBM 360 version

- of the area program the input data are on cards. KUNIT defines
-in the first case the magnetic tape unit of the input data. If the

.. _input data are on cards KUNIT rests blank. The second control

‘card (Format %*I; I = 1,2) defines the magnetic tape unit on

- which the plot has to be written. The tape unit for the plot has

to be different from the tape unit containing the input data.

-In the case that the input data for the plot are recorded on tape
the two control cards constitute the whole input deck; if the input

- data are on cards, the cards containing the results of the first

1nput card deck are placed between the first and second control
card. Further cases may be added. :

The input card sequence of the programs SH.APL and ARPLO is
- given in chapter 7, : : :



- 10 -

5. Input Cards Sequence of the Shape Analysis Programs
ATSHA (IBM 360/65 and IBM 1800)

Card 1 Format (16, 2A8)

Column Format Symbol
1- 6 16 Ll
7-15 A8 F2A

16-24 A8 FE

see chapter 2,

Card 2 Format (715,2E12, 5)
Column Format Symbol
1- 5 I5 IMN
6-10 15 10
11-15 15 IM
16-20 I5 N
21-25 15 M
26-30 I5 KI
31-35 15 ITMAX
36-47 El2.5 F
48-59 El12.5 Gl
Card 3 Format (3EI12, 5)
Column Format Symbol
1-12 El12,5 Co
13-24 El2.5 Cl
25-36 El2.5 Cc2

Card 4 to (N+3) Format 3E12, 5

Column Format Symbol
1-12 El2.5 G(J)
13-24 El2,5 EN(J)
25-36 El2,5 GN(J)

Remarks

Integer > 0’h
Run identification (ex, 30-50eV)
Isotope

Remarks

Number of data points

Number of first channel of
analysis region

Number of last channel of
analysis region

Total number of resonances
Number of resonances to be
iterated

Interval factor for integration
If K=0, program calculates the
value Ki

Maximum number of iterations
Fractional abundance of isotope
under consideration

Value of g (spin factor)

Remarks

C0, Cl, C2 are the coefficients
of the polynom P(E). They have
to be determined by the area

" program, (see ORNL-3205)

Remarks

Total width in eV of the Jt
resonance

Rt%sonance energy in eV of the
J"" resonance

reduced neutron width (fgI"°) of
the Jth resonance (J=1, N).

h
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The cards have to be arranged so, that the M cards with the
resonances to be iterated, are first.

Card (N+4) Format (6E12, 5)
- Column Format Symbol Remarks

1-12 El2.5 A Potential scattering radius
' units of 10-12 c¢m of the
isotope under consideration.

- 13-24 _ E12.5 ON _ Sample thickness in atoms/barn
- 25-36 El2.5 AW Atomic weight
37-48 E12.5 R Potential scattering radius in

units of 10712 cm of all the
o isotope of the sample
49-60  E12,5 DIST Neutron flightpath in meters
61-72 E12.5 . T1 - Analyser channel width in /usec

Card (N+5) Format (5E12. 5)

Column Format Symbol . Remarks

1-12 = EI12,5 - DELAY Delay in ,usec
13-24. El2,5 HO ~Doppler ¢onstant (see ORNL- 3205)
25-36 - EIl2.5 RO - The resolution is expressed in

37-48 . El12.5 R1 terms of the channel width
"+ . R=RO+R1x*I (I=channel width)
RO=R, is the resolution FWHM
at channel zero, RI:RI is the
, 3 o change per channel.
"+ 49-60 El2,.5° PSA Percent statistical accuracy of
: ' : ' the transmission values.

. Data cards Format (6E12.5) (IMN data points)

Column Format -~ Symbol- ' Remarks
1-12 El12,5 - E(I) - Energy of channel I
13-24 ' El2.5 S(1I) Observed total neutron cross
R ' n -section of channel I
25-36 . E12.5 - DS(I) Error of total cross section
' : ’ of channel I (not used in this
: _ R S program)
37-48 " El2,5 E(I+1) Energy of channel I+1
49-60 El12,5 S(I+1) Observed total neutron cross
: : section of channel I+1

. 61-72  El2.5 DS(I+1) Error of total cross section of
' : : channel I+1 (not used in this
program)
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CARDS FOR THE PLOT

Card Format (18A4)
Column Format Symbol Remarks

1-72 18A4 TITEL Title of the plot
.Card Format (2F10. 0, 2I5)
Column Format Symbol Remarks

1-10 F10.0 SIZX Length of x-axis of the plot
11-20 F10.0 SIZY Length of y-axis of the plot
21-25 15 IX IX=0 x-axis linear

IX=1 x-axis logarithmic

26-30 15 IY IY=0 y-axis linear

IY=1 y-axis logarithmic

ONLY VALID FOR THE IBM 1800

Card #*#*I (column 1-3)

This card defines the magnetic tape unit, on which the plot
should be written. I may be 1,2,

It has only to be used in the first input card deck. In all
others it has to be amitted.

NOTE

At the end of the whole input a blank card has to be added,
otherwise the program will not terminate correctly.
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6. Input Cards Sequence of the Area Analysis Programs AREAT
(IBM 360/65 and IBM 1800) o

Card 1 Format (216,2A8)
Column Format Symbol
1- 6 I6 L1
7-12 16 L4
13-20 A8 F2A
21-28 A8 FE

see chapter 2,

Card 2 Format (715, 3E12, 5)
Column  Format Symbol
1- 5 I5 IMN

6-10 15 10
11-15 I5 M
16-20 I5 M
21-25 I5 KI
26-30 I5 ITMAX
31-35 I5 IC
36-47 El2.5 P
48-59 El2.5 Gl
60-71 El2.5 G2
Card 3 Format (3EI2.5)
Column Format Symbol

1-12 El2.5 ZTT(I)
13-24 El2.5 “ZTT(2)
25-36 El2.5 ZTT(3)

Remarks

Integer > 0:t

1.4 = 0; no plot demanded

1.4 > 0: plot demanded

Run identification (ex. 130-50eV)
Isotope

Remarks

Number of channels

Number of first channel of
analysis region

Number of last channel analysis
region

Number of resonances

Interval factor for integration. If
K=0, program calculates the value
KI.

Maximal number of iterations
Number of coefficients of P(EI)
(see ORNL-3205)

Fractional abundance of isotope
under consideration

Value of spin (G1)

Value of spin (G2)

Remarks

ZTT(I) are the coefficients CO,
Cl, C2, of the polynom P(EI)
Note: If IC=0, then this card has
to be omitted.
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The next M cards contain the guesses of the resonance pa.rameters .
If GN(J) is zero the program calculates a guess, :

Card 4 to (M+3) Format (215, 3E12, 5)

Column Format Symbol o Remarks
1- 5 I5 - IRO(J) First channel of the Jth resonance
6-10 15 ' IRN(J) ' Last channel of the J* th . esonance
11-22 El12.5  G(J) Total width in eV of the JP
' . . ‘ ‘ resonance
23-24 El2.5 EL(J) Resonance energy in eV of the
_ ' _ Jth resonance
35-46 El2,5 GN(J)  Reduced neutron width (fgT °)

in eV of the Jth resonance (3=1, M)

Card (M+4) Format (6E12, 5) '
Column , Format Symbol ' ~ Remarks

1-12 - El2.5 A o  Potential scattering radius in -
c : o C - units of 10-12 cm of the 1sotope
under consideration

12-24 El2.5 ON ~ Sample thickness in a.toms/barn
25-36 El12.5 AW ' Atomic weight :
37-48 El2.5 R - Potential scattering radius in ) units

of 10712 cm of all 1sotopes, of
s ' . : B the sample
49-60 El12.5 - DIST . Neutron flightpath in meters
61-72 - El12.5 Tl Analyser channel width in /usec

Card (M+5) Format (5E12. 5)

Column Format = Symbol o Refnarks
1-12 * El2.5 -~ DELAY  Delay in ,usec | :
13-24 - -~ E12.5 - HO . Doppler 1.,/ nstant (see ORNL- 3205)

25-36 " El12.5 RO -~ . The resolution is expressed in :
_ -+ units of the channel width R=R0+Ri
(i = channel width) : :
RO=R is the resolution FWHM at
channel zero, Rl= Rl is the change
o S o . per channel N
-49-60 El12.5 PsSA Percent statlstlcal accuracy of
L : S the tra.nsmlssmn B
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Data cards Format (6E12.5) (IMN data points)

Column Format Symbol Remarks’
1-12 E12.5 E(I) Energy of channel I
13-24 E12,5 S(1) : Observed total neutron cross
: section of channel I. o
25-36 El12.5 DS(I1) Error of total neutron cross

section of channel I (not used
S S in this program) :
37-48 El2.5 E(I+1) Energy of channel I+1

49-60 El12.5 S(I+1) - Observed total neutron cross
' section of channel I+1
61-72 El12,5 DS(I+1) Error of total neutron cross

section of channel I+1 (not
used in this program)

ONLY VALID FOR THE IBM 1800

Card  Format !IS_)

‘Column Format ~ Symbol - "~ Remarks
1-5 - I5 - KUNIT KUNIT) 8 magn. tape unit 1 )
: ' )=9 magn. ta.pe un1t 2

'KUNIT def1nes the magnet1c tape unit on wh1ch the data., necessa Ty
to calculate the plot, are written.

The ca.rd is only necessary in the f1rst input card deck for wh1ch
a plot is demanded (see also chapter 3).

_NOTE The plot .is calculated with program ARPLO

NOTE

At the end of the whole input a blank card has to be added,
otherwise the program will not terminate correctly.
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7. Input Card Sequence of the Programs SHAPL and ARPLO

Program SHAPL

Input card sequence

Card **I (Column 1-3) I=1,2 Magnetic tape unit on
which the plot is written

* The card has to be pla.ced'once after the first card deck (see also
chapter 4). :

NOTE: Further card decks may be added. A blank card ha.s to be
put as last card of the whole input.

Program ARPLO

Input card sequence

Card 1 Format (215)
Column Format Symbol ‘ » Remarks S
1- 5 I5 KOPT KOPT=1 input data for plot on
tape
KOPT=2 input data for plot on
v ' » E cards
6-10 I5 - KUNIT KUNIT=8 input data on tape unit 1

KUNIT=9 input data on tape unit 2

If KOPT=1; the card Card2 follows immediately,
If KOPT=2; the cards containing the data for the first plot follow. -

Card 2 *#*I (Column 1-3) I=1,2 magnet1c ta.pe unit on which
o : the plot is written. (see also
chapter 4).

The card has to be placed once after the first card deck (see also
chapter 4).

NOTE: Further card decks may be added. A blank card has to be
put as last card of the whole input.
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APPENDIX A

-Examples of the Shape and Area Analysis Prografns

(The examples have been ca.lcula.ted using the IBM 360 versions
of the programs) :

. Example 1 The first example shows the output list and the plot.
: of the shape analysis program 'ATSHA' if the re-
sonance parametersof 4 resonances are iterated.
(The parameter of the second 4 resonances rest
‘ uncha.nged) '

Example 2 The second example shows the output list and the

- " plot of the shape analysis program 'ATSHA' if the
doppler - and resolution broadened cross section of
a given set of resonances is calculated.

, "Exé.mple 3  The third example shows the 6utput list and the plot
: - of the area analysis program. - - -
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EXAMPLE 1




SHAPE ANALYSIS OF TRANSMISSION DATL JOB 1910

RUN 46—-50EV
ELEMENT NP-237

NUMBER OF ITERATIONS 0

ITERATED RESONANCES

EO
0.504000E 02
0.498100E 02
0.473000E 02
0.463100E 02

EO
0.487600E 02
0.484000E 02
0.460100E 02

0.456700E 02

GAMMA
0.500000E-01
0.500000E-01
0.500000E-01
0.500000E-01

SET OF RESONANCES

GAMMA
0.500000E-01
0.500000E-01
0.500000E-01
0.500000E-01

FGXGAMMA N O

0.500000E-03
0.397000E-03
0.140000E~03
0.240000E~-03

FGXGAMMA N O
0.350000E-04
0.900000E-05
0.520000E-04

0.270000E-04

—Oz-



NUMBER OF ITERATIONS 1

ITERATED RESONANCES

" EO |
0.503910E 02
0.498100E 02

0.473181E 02

0.463420E 02

. EO
' 0.487600E 02

" 0.4484000E 02

'0.460100E 02
. 0.456700E 02

GAMMA
0.582483E-01
0.719981E-01

0.379456E-01
0.583849E-01
SET OF RESONANCES )

. GAMMA "
0.500000E-01

0.500000E-01

0.500000E-01

0.500000E-01

FGXGAMMA N O
0.467819E-03
0.273612E-03
0.134540E-03
0.168026E-03

" FGXGAMMA N O
0.350000E-04
0+900000E-05 -
0.520000E-04
0.270000E-04 -

—'[z—



" NUMBER OF ITERATIONS 2

, EO
 0.503903E 02
0.498096E 02
0.473176E 02
0.463513E 02

€0
0.487600E 02
0.484000E 02
. 0.460100E 02
04456700 02

ITERATED RESONANCES

GAMMA
0.586517E-01
0.737738E-01

0.346845E-01

0.445391E-01

SET OF RESONANCES

GAMMA -
0.500000E-01

0.500000E-01

0.500000E-01

- 0.,500000E-01

FGXGAMMA N O
0.47T0430E-03
0.286331E-03
0.134753E-03
0.172793E~03

FGXGAMMA N O

0.350000E-04
0.900000E-05

0.520000E-04 .
0.270000E-04

-z~



NUMBER OF ITERATIONS 3

ITERATED RESONANCES

EO

0.503902E 02
0.498097E 02
0.473177E 02
0.463505E 02

GAMMA
0.586242E-01
0.737612E-01
0.345909E-01

0.462966E-01

SET OF RESONANCES

EO

' 0.487600E 02 -

0.484000E 02
. 0.460100E 02
0.456700E 02

GAMMA
0.500000E-01
0.500000E~01
0.500000E-01
d.SOOOOOE-Ol

FGXGAMMA N O
0.470420E-03
0.286469E-03
0.134701E-03
0.173584E-03

FGXGAMMA N O

0.350000E-04"

0.900000E-05
0.520000E-04
0.270000E-04

—Sz—
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NUMBER OF ITERATIONS

GN
0.6679E-02

GNO
0.15D0-04 0.37226D-07

S.D.

GNO
0.9408E-03

FGXGNO
0.4704E-03

G

S.D.
0.54D-02

GAMMA
0.5863E-01

EO

0.18D-02
0.26D-02
0.33D-02
0.28D~-02

S.De

EO
0.50390E 02
0.49810E 02
0.47318E 02

COV. (G+GNO)

0.69586D-07 0.4044E-02

0.56749D-07

0.13D-04
0.83D-05
0.87D-05

0.81D-02 0.2865E-03 0.5729E-03

0.10D-01

0.7376E-01

0.1853E-02
0.2363E-02

0.2694E-03
0.3470E~03

0.1347E-03
0.1735E-03

0.3462E-01

0.48405D-07

0.84D-02

0.4611E-01

0.46351E 02

OF THE SOLUTION OF THE NORMAL EQUATIONS
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EXAMPLE 2




SHAPE ANALYSIS OF TRANSMISSION DATA
RUN 45-T70EV

ELEMENT PU-241

JOB 1910

- 0¢ -



T OF RESONANCES

[l BN

=W 2>
D o

EOQ
0.465200E
0.473000E
0.480200E
0.484500E
0.502100E
0.520000E
0.526000E
0.533800E
0.542200E
0.557000E
0.582400E
0.591800E
0.604500E
0.621400E
0.625000E
0.634000E
0.645000E
0.656100E
0.665100E
0.676000E
0.6€1200E
0.691000E
0.,699000E
0.722700F

Q

]
mMo-i 00
e Hle Qe e
PO O =D
X NI =N Ot
m Qe pPond

O O—N
[ole]lalelelels]
*« MOMOMM

o ™)
TO=D O O O
NOMOOND o N

@

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

GAMMA
0.280000E
0.100000E
0.345000¢E
0.940000E
0.435000E
0.200000E
0.200000E
0.150000E
0.500000E
0.300000E
0.616000E
0.500000E
0.200000E
0.322000E
0.800000E
0.800000E
0.600000E
0.367000E
0.225000E
0.400000E
0.190000E
0.156000E
0.650000E
0.300000E

00
01
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

FGXGAMMA N O
0.125000E-03
0.660000E-04%
0.290000E-03
0.152000E-03
0.600000E-04
0.200000E~-04
0.200000E~04
0.150000E-03
0.300000E-04
0.250000E-04
0.125000E-03
0.140000E-03
0.260000E-03
0.155000E-03
0.200000E-03
0.110000E-03
0.400000E-04
0.350000E-03
0.415000E-03
0.250000E-04
0.900000E-04
0.790000E-04
0.300000E-04
0.100000E-03
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2

meomMm XX
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EXAMPLE 3




AREA ANALYSIS OF TRANSMISSION DATA

RUNRUN 10

ELEMENT NP-237

NUMBER OF ITERATIONS
C1 c2 GAMMA

8 33 0.5000E-01

34 46 0.,5000E-01
48 65 0.5000E-01
66 74 0.5000E-01
80 99 0,5000E-~01
106 118 0.,5000E-01
119 126 0.5000E-01
127 134 0,5000E-01

2
co
0.26000E
0.38000E
0.61000E
0.68000E
0.92000E
0.,11400E
0.12100E
0.12900E

02
02
02
02
02
03
03
03

Jos 1910

EO
0.50423F
0.49832E
0.48728E
0.48399E
0.,47297E
0.46319E
0.46015E
0.45670E

RELATIVE ACCURACY (PER CENT) OF THE SOLUTION OF

L <]
(]

nHgnnntanntyno nvn

mo—=0 0O

— =OO0O0re fHe Qo o
O O o0 D= Do =P

o

VOBV R=trt ZOIOODDO =0 0> Z>>
o
Qe o N

V=0 ) TNOFMZ—~O00

>uh
]

o =  ONIDNNIDONIW OO N WD

=N~

=N I O OW~O

0.0

W

co

0O00OOMOOND
wprowm

RRECTED R(

TTIOOMNOXRXR
OONE ) TIN=O

o= g} H

on

02
02
02
02
02
02
02
02

FGXGNO
0.4666E-03
0.2884E-03
0.4055E-04
0.1242E-05
0.1343E-03
0.1822E-03
0.4302E-04
0.2075E~04

GNO(FG1)
0.,9333E-03
0.5768E-03
0.8111F-04
0.2485E-05
0.2687€E-03
0.3645F-03
0.8603E-04
0.4150E-04

GNO(FG2)
0.9333E-03
0.5768E-03
0.8111E-04
0.2485€E-05
0,2687€E-03
0.3645E-03
0.8603E~04
0.4150E-04

THE SYSTEM OF LINEAR EQUATIONS

) CORRECTED R{(CL)= 0.91166E 00

0/0 ERROR

0.22E
0.21E
0.10E
0.28E
0.37E
0.24E
0.73E
0.15E

01
01
02
03
01
01
01
02

GN(FG1)
0.6627E-02
0.4072E-02
0.5662E-03
0.1729€-04
0.1848E-02
0.2481E-02
0.5836E-03
0.2805E-03

GN (FG2)
0.6627E-02
0.4072E-02
0.5662E-03
0.1729E-04
0.1848E-02
0.2481E-02
0.5836E-03
0.2805E-03
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FORTRAN LISTINGS OF THE DIFFERENT PROGRAM VERSIONS:

Program: ATSHA Version IBM 360/65 page 55

Program: ATSHA Version IBM 1800 page 65
Program: AREAT Version IBM 360/65  page g1
Program: AREAT Version IBM 1800 page 99
Program: SHAPL page 119

Program: ARPLO page 121
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