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PREFACE

This program is intended to provide a completely automatic
process for reducing "raw" single-crystal x-ray diffraction
intensity data to the form of structure factors. If desired, the
data reduction may be extended to yield normalized structure fac-
tors. The program is applicable primarily to data obtained on film
with Weissenberg and/or precession goniometers.

All programming has been done in IBM 704 FORTRAN 11
language. Binary program decks are available which are inde-
pendent of any special operating system.

The printed output has been contrived to be easy to read and
to give the program user easy access to all information neces-
sary for further stages of the structure analysis. Also all infor-
mation required for correction of the initial set of processed data
are provided. The program detects some errors in intensity esti-
mates and indexing, and indicates these both in a preliminary
error-detection run and in the final output.

The magnetic tape output is consistent with the input of useful
structure determination and refinement programs.

PROBLEM STATUS

This is an interim report; work on this problem is continuing.

AUTHORIZATION

NRL Problem C07-03
Project RR 001-02-43-4805

Manuscript submitted December 12, 1961.

ii



AN X-RAY DIFFRACTION DATA REDUCTION
PROGRAM FOR THE IBM 704 AND 7090

1. CAPABILITIES

Section 1 is intended to give a general impression of the capabilities t the program.
Every effort has been made to make the program as general as possible, and it is felt
that all contingencies within the intended scope of the program have been provided for.

1.1 Crystal Settings

Any number of crystal settings can be accommodated as long as the size of the prob-
lem remains within the limits given in section 2. The goniometer type, x-ray wavelength,
and zone axis indices are specified for each setting. General settings may be used; e.g.,
a setting such as [ 1121 may be specified as well as the common [ 1001, [010], [0011
settings.

1.2 Independently Observed Sets of Data

Any number of independently observed sets of data collected from a given crystal
setting may be accommodated as long as the size of the problem remains within the limits
given in section 2.

1.3 Intensity Data

The program accepts "raw" intensity data collected by multiple film Weissenberg or
precession techniques. That is, as each intensity estimate is read, its value is recorded
on a data sheet which will be given to a key punch operator without further manipulation
by the crystallographer. The data are grouped for key punching, computer input, and
processing into sets, each of which will consist of data read from a pack of films contain-
ing data from one reciprocal lattice layer.

The data from the different films in the multiple filai packs are correlated and aver-
aged. The correlation is done independently for each pair of adjacent films, and the aver-
aging is done independently for each set of data.

Intensity estimates which give abnormal ratios of intensities (i.e., film factors) on
adjacent films are rejected from further consideration in the processing unless normal
ratios, involving a third or more films, also are found. Rejection or acceptance of each
film factor is decided by comparison of each film factor with the average for the relevant
pair of adjacent films. Acceptance criteria are specified by the program user for each
crystal setting. The averaging and inspecting process is iterated until no further rejec-
tions occur. The procedure used is described further in section 3.2. Reflections lying
outside the range of observation but mistakenly included in the olserved set also are
rejected. Rejected reflections are listed in a separate preliminary output especially
designed for this purpose, and also are clearly labeled in the final data output.
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More than one estimate of a given reflection may be included in any set. If these are
to be averaged later (see section 1.6) they must be given identical Miller indices (e.g.,
the program does not recognize that IF(hkt)I = IF(hKZ)1, see section 2.1).

Reflections with intensities too weak to be observed may be included. Reflections
absent because of space group extinction should not be included.

The reflections within a set need not be arranged in any special order prior to load-
ing into the computer. The data within each set are arranged in dictionary order of h, k, t
in the first phase of the calculation. However, if the data are arranged in dictionary order
of h, k, t prior to loading into the computer, the first part of the calculation may be omitted.

Within any independently observed set or "layer " of data, two different intensity scales
may be used for estimating intensities. For example, one scale may cover the range of
intense reflections while the other scale covers the range of weak reflections. The corre-
lation factor relating the two scales must be known.

Any independently observed set of intensity data may be on a arbitrary scale which
has not been correlated with any other set of data.

The data may be loaded into the computer from either punched cards or magnetic tape.

1.4 Lp and Spot Shape Corrections

The data are corrected for the Lorentz and polarization effects. For Weissenberg
data correction may or may not be made for compaction or expansion of spot shapes on
upper layer photographs. Where both expanded and compacted spots are estimated from
the same films, the compacted data must be treated as a set separate from the expanded
data. The method of Phillips (1) is used for this correction. Where possible, the expanded
spots should be used because the correction factor for compacted spots passes through
zero at low (sin O)A. When the spot shape correction factor is equal to or less 'Ian 10-2,
the intensity for that reflection is set equal to zero and the reflection is listed wita the
-ejected data.

The equations of Waser (2) are used for the precession Lp Corrections.

1.5 Absorption Corrections

The program does not calculate absorption corrections, but provision is made in the
input for inclusion of previously determined absorption corrections. The corrections are
applied automatically in the computer.

1.6 Correlation of Independently Observed Sets of Data

if more than one crystal setting has been used in collecting the data, the independently
observed sets of data are correlated and put on a common arbitrary scale by the least
squares procedure of Rollett and Sparks (3). The weighting of observations is done as
follows: The relevant observations consist of pairs of nonzero intensities having identical
sets of iMiller indices, each intensity of a pair having been obtained from a different crystal
setting. Lach ntensity of a pair is multiplied by the factor (n. + nb)/(I, + Ib), where the
subscripts a and b identify the individuals of the pair, n is the number of films from which
the intensity has been estimated, and i is the value of the intensity estimate corrected
for Lp and spot shape. The reflection data must be arranged n dictionary order of h, k, 4
at this point in the calculation. The elgenvalue-eigenvector solution is obtained by a
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modified version of SHARE program AN F 202 (distribution number 664) and SHARE pro-

gram RW VCTR (distribution number 635). These programs are FORTRAN coded.

1.7 Final Averaging of Data

After having been scaled to a common basis, all equivalent data (i.e., all data with

identical Miller index triples) are averaged and the data are arranged in a single listing

in dictionary order of h, k, t. In computing average intensities, the individual intensities
are weighted according to the number of films from which each was estimated. The

data also are maintained in unaveraged form in the sets or "layers" as originally
observed.

1.8 Placing the Data on the Absolute Scale

The data are placed on the absolute scale by means of a modified Wilson function
suggested by Schoomer and Hauptman (4). The function used is

Iog Ki 
= A + Si x

where A, B, and X are constants determined as described below, S, is the value of (s in 0) 2/X 2

at the middle of the ith increment in (sin 0) 2/k2 within which values of Ki are calculated,
and

a'i 1 6
Ki-

where c is the integer factor used to convert E2 (the normalized structure factor (5)) to F2

(the quasi-normalized structure factor (6)), I is the F2 value on an arbitrary scale, and
.= f? The summations are taken over all reflections observed in the i th increment

of (sit-n 1-1) 2/x 2 .

The constants A and B are found by calculating least squares fits for values of x
ranging from I through 10 in increments of 0.5. The "best parameters" are those yielding
the smallest sum of squares of residuals. In the least squares calculations each obser-
vation is weighted according to the number of reflections contributing to it.

A fixed increment in (sin 0) 2/X 2 is used in the calculations. This increment is speci-

fied by the program user. The range of the function is to the edge of the sphere of reflec-
tion implied by the smallest wavelength used. Reflection data need not be observed in all
increments in this range.

The atomic scattering factors f are calculated using the equation

f A exp [-a (sin 1))2/X2] +13 exp [-b (sill-1)2 / 2) +C

proposed by Vand, Eiland, and Pepinsky (7). Values of the constants A, a, B, i, and C have
been calculated and tabulated for a large number of atoms and ions by Forsyth and Wells
(8). The approximations are good through the molybdenum range of (sin 0)/X.

1.9 Preliminary Output

The preliminary output occurs during the phase of the calculation consisting of film-

to-film averaging of intensity data and correction for Lp and spot shape effects. This
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output may be observed in a pilot run for the purpose of error detection. In this case,
the data do not need to be arranged in dictionary order of h, k, t, and the first part of the
calculation, DICNRY, may be omitted. The data processing may be stopped by sense
switch control after completion of the preliminary output. This output consists of:

A. The film factors for each independent set of data (see section 1.3). These are
printed immediately after the Lp corrections have been applied and before the next set of
data are read into the computer. The output for each layer or set of data consists of:

1. the zone axis indices, u, v, w

2. the layer number, LN

3. the number of reflections in the set, NR

4. the five film factors.

B. Rejected reflections are listed, along with sufficient information to identify their
original sets, after all of the data have been processed as far as application of the Lp
corrections. The output for each layer or set of data consists of:

1. U, v, W

2. LN.

The output for each rejected reflection is:

1. h, k, t

2. (sin o) 2/X2

3. the square root of the Lp correction factor (including the spot shape correction factor)

4. IFl 2

5. A column headed with R in which rejections are indicated as follows:

a. A 1 indicates that the rejection is a result of an abnormal film factor.

b. A 10 indicates, for Weissenberg data, that the reflection lies outside the sphere
of reflection implied by the x-ray wavelength specified for the relevant crystal setting.
For precession data, a 10 indicates that the reflection lies beyond the range of accessi-
bility of the goniometer for the particular settings specified.

c. A 20 indicates that the spot shape correction factor is equal to or less than
10-2. This type of rejection can occur only for compacted reflections observed on upper
layer Weissenberg photographs.

The rejection numbers are additive. Thus an 11 would indicate that the reflection
datum suffers from both an anomalous film factor and incorrect indexing. A 20 could
possibly indicate that the relfection has been observed twice with incorrect indexing,
etc. In any case, the unaveraged data listed in the sets, as originally observed (see
section 1.10.C) should be consulted to determine the exact nature and location of the
difficulty.

The preliminary output may be observed on-line if so desired. In any case, it is
written on the BCD output tape for off-line printing.
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1.10 Output of Structure Factor Data

The BCD output of structure factor data for off-line printing may be divided into three
classifications, A, B, C, as follows:

A. The data are listed in dictionary order of h, k, t. All IF12 data with equivalent
h, k, t are averaged in this output (see section 1.7). Each independent reflection is listed
only once. The output for each reflection Is:

1. h, k, t

2. (sin o)/X

3. IFl 2

4. IFI

5. c, i.e., the integer factor required to convert E2 to E2.

6. The total number of films from which nonzero estimates of the intensity were made.
This column is headed W, and these quantities will be hereafter designated by w.

Following the last reflection in this listing is the total number, modulo 32728, of
independent data printed (including rejected data).

B. The modified Wilson equation parameters and sufficient data to hand-plot the "K
curve" - specifically:

1. A, B, x from the equation

Log K A + B [(sin 0)2/X2] X

2. The "absolute base" scale factor determined from A, i.e., the factor by which
the correlated IF 12 data are to be multiplied to put them on the absolute scale.

3. Midincrement values of (s it,( ) 2/&2 .

4. The observed values of lop K (Naperian base).

5. The numbers of reflections observed within each increment of (sin o)2/x2 .

C. Finally, the data are listed in the sets or "layers" of independently observed data
as they were fed into the computer. These data have not been averaged with other equiva-
lent data. The data within each set are listed in dictionary order of h, k, t. At the head
of each set are the zone indices [uvw], the layer number, the printed words PRECESSION
or WEISSENBERG to identify the goniometer type, the number of data in the set, and a
scale factor which is the product of the layer least squares correlation factor and the
"absolute base" scale factor determined from the modified Wilbon function. The output for
each reflection is:

1. hi, k, t

2. (s.i n 0)/X
3. The square root of the Lp factor (including the spot shape correction factor if

this has been applied).

4. IFI2

5. IFI

6.
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7. w and R as explained previously except that these quantities now are applicable
to the individual sets of data only (see sections 1.10.A and 1.9.B).

In addition to the printed output, two BCD tapes are written in a format consistent
with the least squares refinement program of Busing and Levy (9). These tapes contain:

Tape 5 - The averaged data in the form, of h, k, -, IF 2, a least squares weighting factor
which is equalto IF I/V-W, where W is defined above (section 1.10.A), and (sin 0)/x (in columns
55-63 to be stored in T13 (9)). The data are listed in the same order as in the printed output.

Tape 7 - The same information for the unaveraged independent sets of data. The
data are listed in the same order as in the printed output.

1.11 Normalization of the Structure Factors

If so desired, the data reduction may be extended to yield functions of I El. The con-
version from IF1 values to IEI values is done as follows: The IF 12 data are corrected for
the temperature effect using the analytical expression for the K curve as implied by the
equations in section 1.8. The resulting IFl 2 values are then divided by c fp.The values
of f are calculated as described in section 1.8.

1.12 Output of Normalized Structure Factor Data

The printed output is quite similar to the printed output of F data already described.
It is divided into three parts, A, B, and C, as follows:

A. The averaged data are listed in dictionary order of h, k, t. Each independent
reflection is listed only once. The output for each reflection is:

1. h, k,t

2. (sin 0)/X

3. IE12  -

4. JEl

5. F, W, and R as defined previously (see section 1.10.A).

B. The "K curve" parameters and average values for several functions of EIl.*
Specifically:

1. A, B, X from the equation LogK = A + B[(sin o)2/X2]X

2. The "absolute base" scale factor determined from A.

3. <IEI>

4. <1 IE12 -lI1>

5. <jE 2 - 1>

C. Finally, the data are listed in the sets or "layers" of independently observed data
as they were fed into the computer. The data within each set are listed in dictionary order
of h, k, t. These data have not been averaged with other equivalent data. At the head of

*The program does not take cognizance of the fact that for structures giving rise to both
real and complex structure factors the averages for the corresponding sets of intensities
are different. Usually, the proportion of real structure factors is small and this factor
may be ignored; however, occasionally it will have to be taken into account.
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each set are the zone indices [uv w ], the layer number, the printed words PRECESSION
or WEISSENBERG to identify the goniometer type, and the number of reflections in the
set. The output for each reflection is:

1. h, k, t

2. (sin 0)/X

3. A factor K by which the IF 12 values, already scaled on the absolute base, are to
be multiplied to convert them to E12 values.

4. 1E 2 _1

5. IEI

6. e, W, R as defined previously (see section 1.10.A).

In addition to the printed output, two BCD tapes are written in the format of the
Fourier program of Sly and Shoemaker (10). These tapes contain:

Tape 5 - The averaged data, listed in the same order as in the printed output, in the
form of h, k, t and IEl2 - 1.

Tape 7 - The same information written on tape for the unaveraged independent sets
of data in the same order as in the printed output.

1.13 Ordering of IEI and IEl2 - 1 Data

If so desired, the data reduction may be extended to an arranging and output of the
data in decreasing order of magnitude of I E 12 _ 1. These data are then segreftd
into groups specif ied according to evenness () or oddness (u) of h, k, and t. Ofiy data
for which IEl2 - 1 >- 0 are listed.

The output consists of the following groupings:

1. All data 4. gug data 7. ugu data

2. ggg data 5. ggu data 8. gUU data

3. ugg data 6. utg data 9. tLuu data.

In all groups, the data are listed in decreasing order of magnitude of JEl 2 - 1.

1.14 Time of Computation

No formulas for estimating computing time are available. However, the following
examples should suffice to give a general impression. The times given include time used
in card program read-in and tape changes between the different parts of the calculations.
The data were processed completely, from DICNRY through E ORDER.

Crystal Settings Sets Inputons
_______ ______ - Reflections Tie Cmue

Cyclohexaglycyl 1 1 407 20 min 704

6-Hydroxycrinamine 2 11 4195 90 min 704

6-Hydroxycrinamine 2 11 4195 30 min 7090
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2. LIMITATIONS

2.1 Indexing of Reflection Data

Care must be taken to maintain consistency in the assignment of Miller indices. The
computer receives no crystallographic symmetry information.. Therefore, crystallograph-
ically equivalent reflections must be assigned identical index triples to assure proper
operation of the layer correlation and final intensity averaging calculations. Furthermore,
the Miller index assignments must be consistent with the zone axis indices in a certain
manner. The criterion of consistency is that

hU + kV +,,W > 0

where h, k, t are the Miller indices, and U, V, W are the zone axis indices for the relevant
crystal setting.

2.2 Data Reduction to Structure Factor Form

1. The processing is limited to data collected by goniometers having the Weissenberg
or precession geometries. Though primarily designed for processing film data, it will
accommodate counter data obtained with Weissenberg or precession goniometers (e.g.,
the Geiger counter goniometer described by Evans (11)).

2. The program does not provide for calculation of absorption corrections. However,
previously determined absorption corrections may be included in the input data for each
reflection, and these corrections are automatically applied.

3. Ate number of different atomic species in the crystal must not exceed 20.

4. No more than ten different x-radiation wavelengths can be used in obtaining the
data.

5. Number of data: Each independent set or "layer" of data may contain as many
as 1000 reflections. Sets containing more than 1000 reflections may be Jivided into smaller
sets of 1000 or less reflections. There may be as many as 50 sets of data. In total, the
program will accommodate as many as 50,000 reflections involving as many as 300,000
intensity estimates.

6. The number of films from which any set of intensities has been estimated cannot
exceed six.

7. If there is more than one crystal setting, each set of data must contain at least
one nonzero reflection which also is observed with nonzero value from another crystal
setting. The number of input reflections (as distinct from unique reflections) in common
between two reciprocal lattice nets from different settings must not exceed 100 for each
net. *

8. When one or several sets of data obviously are off-scale from the bulk of the data
by as much as two or more orders of magnitude (as could happen when very short expo-
sures are correlated with very long exposures) a preliminary scaling, sufficient to scale
the data to roughly the same order of magnitude, is advisable. This may be done very
conveniently by including the scale factor in the absorption correction factor.

*When a crystal setting is repeated in the input, as would happen when one or several
layers are observed with both Weissenberg and precession goniometers, cross-
correlation of these particular layers is not attempted by the program. However, all
other correlation data involving these layers is used in the usual manner.
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9. The total number of input reflections having the same Miller index h in common
must not exceed 1000. The total number of input reflections having both h and I: in com-
mon must not exceed 100.

10. The exponent X in the modified Wilson equation

log K = A + B [(sin 0)9/X 2j x

is restricted to integral and half integral values between 1 and 10 inclusive.

11. In evaluating the parameters A, B, and X in the modified Wilson equation, the
number of intervals in (sin 0) 2/X 2 , within each of which K is evaluated from the experi-
mental data, must not exceed 100.

12. Data obtained with radiation of wavelength shorter than that of MoKa may be
processed, but those parts of the data processing requiring evaluation of atomic scattering
factors will have dubious reliability because of the limitations of the Vand, Eiland,
Pepinsky approximation equation for calculation of these quantities.

2.3 Data Reduction to the Form of Normalized Structure Factors

No limitations in addition to those above apply.

2.4 Data Reduction Extended to Include Ordering of I E12 - 1

The following limitations apply in addition to those above:

1. A maximum of 5000 unique reflections (including reflections for which I E12 -

I < 0) can be accommodated in one pass. Of these 5000 reflections no more than 2400
can have IEl 2 

- 1 >- 0. Any number of passes may be made. Each pass orders 2400, or
less, reflections independently of the reflections ordered in other passes. If there are
more than 5000 reflections on the input tape, the program automatically orders the data
in groups of 5000 (or less for the last group) until all of the data are ordered.

2. No more than 300 reflections can occur in any one of the eight groups segregated
according tc. evenness or oddness of Miller indices for any one pass.

3. INPUT DATA AND FORMATS

3.1 Three Categories of Input Data

The input data are categorized into three main parts, each succeeding part being a
subdivision of the preceding one, as follows:

I. General Information

General crystallographic and chemical information.

II. Crystal Setting Information

1. Information which defines an individual crystal setting.

2. Information which is pertinent, in general, only to all data collected from this setting.
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III. Reciprocal Net Information

1. Information which defines an individual set of reflection data. This set of data
consists of all of or part of the observable portion of a recipmcal lattice net obtained at
the crystal setting specified in II.

2. Information which is pertinent in general, only to this particular set of data.

3. The reflection data.

The program user should understand clearly that the data in category I are specified
only once for a given crystal. Category II data are specified for each crystal setting, and
category III data are specified for each individual set or "layer" of data obtained at each
setting.

In the exposition of the three categories given below, each type of card to be punched
is treated in detail and is identified by number. A diagrammatic presentation of card
composition with FORTRAN formats is included; the sequence of cards in the data deck
is given last.

3.2 Category I - General Information

Card 1:

Card 1 is for input of Hollerith information, e.g., the name of the crystal and the
name of the crystallographer. A maximum of 72 characters are allowed.

Card 2:

columns I - 11 12 - 22 23 - 33 34 - 44 45 - 55 56 - 66

data Al A2 A3 al a2 a3

format Fll.7 Fll.7 F1I.7 FI1.7 FlI.7 Fll.7

Card 2 contains the "real-space" unit cell parameters in the order a, b, c, a, A3, y.
The parameters a, b, and c are in units of angstroms; a, p, and y are expressed in degrees
and are always given, even when they are fixed by space group symmetry.

Card 3:

columns 1 - 12 13 - 24

data R I R2

format E12.5 E12.5

Card 3 contains the x-ray beam collimator parameters Rt and R2 as defined by
Phillips (1) for use in correcting intensity data for the expansion or compaction of spot
size on upper layer equi-inclination Weissenberg photographs. For the standard
Weissenberg goniometer these parameters have the values RI = 28.648 and R2 = 78.000.
Where this correction is not to be applied or is irrelevant, a blank card may be used.
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Card 4:

columns 1 - 4 5 - 9

data NS S

format 14 F5.4

Card 4 contains:

1. The number of different atomic species present in the crystal, NS.

2. The interval in sin2 o/,\2, S, to be used in calculating the log K curve for deter-
mination of the absolute base acale factor. The unit is angstrom" 2

Card 5:

columns 1 -8 9 - 16 17 - 24 25 - 32 33 -40 41 - 44

data A a B b C NA

format F8.4 F8.4 F8.4 F8.4 F8.4 F4.0

Card 5 is applicable to a single atomic species. There is a separate card for each
species. The card contains:

1. The parameters A, a, B, b, and C as defined by Forsyth and Wells (8)for calcula-
tion of the atomic scattering factor. Values of these parameters are tabulated in the
paper by Forsyth and Wells (see section 1.8).

2. The number of atoms of this atomic species in the unit cell, NA.

3.3 Category II - Crystal Setting Information

Card 6:

columns 1 -3 4-6 7 -9 10- 12 13- 15 16- 26 27 -37 38- 48

data U V W ST GT RF L RS

format F3.0 F3.0 F3.0 F3.0 F3.0 FI1.8 F1I.8 F11.8

Card 6 contains:

1. The zone axis indices U, v, W. As an example, consider a crystal mounted on
its a axis. The zone axis indices for Weissenberg data would be 1, 0, 0. For the same
crystal aligned on a precession goniometer so as to obtain the hot, hlt, h2,, etc. nets,
the zone axis indices would be 0, 1, 0 (see section 2.1).

2. A test flag, ST, to answer the question: Is this the last setting to be read into
the computer?

Yes: ST = 1
No: leave blank.

3. A test flag, GT, to answer the question: Is this Weissenberg or precession data?

precession: GT = 1
Weissenberg: leave blank.
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4. The rejection factor, RF. In determing the average film factor (i.e., ratio of
intensity estimates) between adjacent films in a pack, the ratios of all individual nonzero
intensities appearing on both films are calculated and averaged. The product of this aver-
age and the "rejection factor" is the upper limit of acceptance of the ratios. The quotient
of the average and the "rejection factor' is the lower limit of acceptance. Both intensity
readings of a pair which yield a film factor falling outside the range of acceptance are
rejected unless one of them also yields an.acceptable film factor involving a third film.
See section 1.3 for additional details.

5. Wavelength of x-radiation used, L, expressed in Angstrom units.

6. A value of (sin O)/, RS, is specified at and above which the a and a2 spots
are clearly resolved. Intensities of reflections with (@in e)/ equal to or greater than
this value are multiplied by 3/2. The unit is angstrom '.

Card 7:

coluns 1-3 4-6 7-9 10-20 21-31
data e f Z IF ;

format F3.0 F3.0 F3.0 FII.# FIl.7

Card 7 is included if and only if the data are obtained by the precession method. The
card contains:

1. The net orientation indices e, f, g, which are the Miller indices of the lowest
order reciprocal lattice point (even though its reflection may not appear on the film for
any reason) lying on the upper hal of the most nearly vertical central lattice line appear-
ing in the zero layer reciprocal net (see section 2.1). This line is designated as the ori-
entation axis. Its positive direction is upward. Horizontal, vertical, up, and down are
relative to the goniometer base. (It is assumed that the Buerger type goniometer is used.)

2. The orientation axis angle (p, which is the angle between the positive orientation
axis and the positive horizontal axis lying in the plane of the reciprocal net. The positive
horizontal axis is directed away from the goniometer head. The angle is expressed in
degrees.

3. The precession angle 7 expressed in degrees.

3.4 Category III - Reciprocal Net Information

Card 8:

columns 1 - 3 4 - 7 8 - 10 11 - 13 14 - 25

data LN NR LT PT SF

format F3.0 14 F3.0 F3.0 E12.5

Card 8 contains:

1. The layer number, LN, i.e., the 0th, or let, or 2nd, etc., net above the zero
level net.

2. Number of reflections included in the set, Nit.
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3. A test flag LT to answer the question: Is this the last set of data in this setting
to be read into the computer?

Yes: LT = 1
No: leave blank.

4. A test flag PT to indicate, for Weissenberg data, whether the compacted or
expanded spots were read in this set. For precession or integrated Weissenberg data,
or other data for which the correction does not apply, the space is left blank.

compacted: PT = 1
ignore correction: leave blank
expanded: PT = - 1.

5. If two standard intensity scales have been used to estimate intensities, the data
estimated with one of these scales are punched as negative numbers. This field contains
the factor SF by which the negative data must be multiplied to bring them to the same
scale as the data read by the other intensity scale. This factor is punched as a negative
number. If only one standard scale has been used, this field is left blank.

Card 9:

columns 1-3 4-6 7-9 10-12 13-19 20-26 27-33 34-40 41-47 48-54 55-61

data h k t e 16 S 4 3 2 1 AB

format 13 13 13 13 F7.0 F7.0 F7.0 F7.0 F7.0 F7.0 F7.5

Card 9 contains individual reflection data. One card is punched for each reflection
observed in the set. The number of cards in this set must equal NR as specified on Card
8 above. The card contains individual reflection data as follows:

1. The Miller indices h, k, and t.

2. The integer factor c which is the factor used to convert E 2 to F 2. If the value
of e is 1, this field may be left blank.

3. Six fields containing the intensity readings from individual films either from
separate exposures or from one or more film packs. There can be a maximum of six
films. The fields are filled from right to left in order of decreasing exposure of the films.
The sixth field from the left must contain the data from the most heavily exposed film.
The fifth field from the left must contain the data from the secondmost heavily exposed
film, etc. Where intensities are too strong or too weak to be estimated, the correspond-
ing field is left blank, even when preceded or followed by nonzero fields. Where there
are fewer than six films, the excess fields are left blank. If two intensity scales are
used to estimate intensities, the data estimated from one of the scales are punched as
negative numbers (see item 5 on card 8 above).

4. An absorption correction factor A B. This is the factor by which the individual
intensity values must be multiplied to correct for absorption. If there are to be no cor-
rections for absorption, this field may be left blank.
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3.5 Sequence of Cards

The data deck is set up as follows:

General Information: Card I
Card 2
Card 3
Card 4
All cards 5

First Setting: Card 6
Card 7 (if required)

First Set of Data: Card 8
All cards 9

Second Set of Data: Card 8
All cards 9

etc.

Second Setting: Card 6
Card 7 (if required)

First Set of Data: Card 8
All cards 9

etc.

4. OPERATING PROCEDURE

This section is divided into two parts. Section 4.1 is sufficient for those who intend
to use the program but are not concerned with the operating procedure. Section 4.2 will
add the details required for the operation of the program.

4.1 Instructions for the Crystallographer

The preceding portions of this exposition should be carefully studied to determine
exactly what information is required, and how it is to he presented to the computer. It
would be wise to do this before the work of estimating intensities is begun so that the
reflection data is properly indexed and is recorded in a form convenient for key punching.
The data sheet column headings, from left to right, should be h, k, t, e, 6, 5, 4, 3, 2, 1,
AD (cf. formats for card 9 in section 3). The absorption correction factors, if any, should
include decimal points. If no absorption correction factors are to be applied, their fields
may be left blank. If intensity estimates expressed as integer numbers are right justified
in their fields, decim;Ll points need not be punched. Punched decimal points may appear
anywhere within the fields.

Each independently observed set or "layer" of data must be handled individually
throughout the processing. After each set of reflection data is punched, the cards are
counted. This counting should be done mechanically to avoid human error.

The control cards (i.e., cards other than reflection cards) may be inserted in the
deck after the individual sets of reflection cards have been stacked in the order in which
they are to be loaded into the computer. The information on the control cards must be
consistent with this ordering. In the usual case, the data deck will be loaded onto mag-
netic tape for input to the computer.
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It is suggested that the data processing be approached in the following way:

Step 1. The data processing should be taken through (forced through if necessary)
completion of the preliminary output. Any gross key punching or transcribing errors
resulting in format inconsistencies, rejections of whole sets of data, or abnormal film
factors should be detected at this stage. The preliminary output may be observed on the
on-line printer. The reflection data are not required to be arranged in dictionary order
of h, k, t if the calculation is stopped at this point. Thus the first part of the calculation
(DICNRY) may be omitted.

Step 2. After correction for the errors observed above, Step 1 is repeated, if neces-
sary, in order to find all remaining detectable errors.

Step 3. A final check of the input tape (or deck) is made, by processing through the
output of rejected reflections, prior to committing the data to complete processing. Prior
to this calculation, it would be wise to spread the film factor acceptance limits to ensure
that no additional rejections will occur. The newly computed film factors will be differ-
ent from the old ones where corrections have been made. Consequently, some data, barely
within the acceptable range in the prior calculation, may lie outside of that range in the
final calculation.

Step 4. Finally, the processing is carried through to the farthest stage desired.

The BCD output tapes should be set aside for future use. If corrections to these tapes
must be made, it will be necessary to have the data on them punched onto cards. The
corrections are made on the cards, which then may be read back onto tape.

4.2 Instructions for the Machine Operator

The data reduction is divided into four separate calculations, labeled I, U, III, and IV,
each involving independent read-in of its own program deck. These four calculations are
discussed below and are diagrammed in Appendix A. Each successive calculation uses
tupes prepared by the preceding calculation. To gain maximum efficiency the four cal-
culations should be done in immediate succession.

BCD output for off-line printing is on tape 9. For XRDD, this output also may be

observed on-line by depressing sense switch 6.

Tables 1 and 2 present summaries of the tape requirements and sense switch usage.

The complete FORTRAN source program listings are reproduced in Appendix B.

I. DICNRY (Dictionary Ordering of Data)

This program arranges the data within each set into dictionary order of h, k, and 4.
It uses tapes 4 and 5.

Input is BCD either from tape 4 or from cards through the on-line card reader. If
the on-line card reader input is used, depress sense switch 1.

The entire program output is on tape 5. This output is mostly binary but otherwise
is identical with the input tape except that the data now are ordered within the sets. This
tape serves as input to the next calculation.
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Table I
Summary of Tape Requirements

Program Tape* Input Output J Inter- BinaryBCD

I. DICNRY 4 X X

5 X X X

II. XRDD 4 X X X

5 X X X

5 X X

6 X X X

7 X X

7 X X

8 X X X

9" X X

III. SF NORM 4 X X X

5 X X

6 X X

7 X X

8 X X

9t X X

IV. E ORDER 5 X X

9t X X

*As indicated in the Table, the individual tapes may serve several
widely differing functions in the course of a calculation. Never-
theless, the same tapes can be used throughout. In practice, how-
ever. the user may wish to replace and save tapes 4 (input), 5
(input and output), and 7 (output) at certain stages of the proc-
essing (for example, see section 4.2, Calculation II).

tTape 9 is used for BCD output to be printed off-line. It is never
rewound by the program.

Table 2

Summary of Sense Switch Usage

Sense Switch Usage

1 Down for card data input to DICNRY or XRDD.

2 Down for BCD tape data input to XRDD.

3 Down if data processing is to stop after
preliminary output is completed.

4 Not used.

5 Not used.

6 Down for on-line printing of output from
XRDD (this output is written on tape 9
regardless of the sense switch position).
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The dictionary ordering calculation may be omitted entirely if the data cards are
ordered prior to loading on tape. Ordinarily it will be omitted in the preliminary error
detection runs.

II. XRDD(Data Reduction through the Output of Structure Factor Data)

This program uses tapes 4, 5, 6, 7, 8, and 9.

Tape 5 is used for input. Tape 5 may be either binary or BCD depending upon whether
or not Calculation I has been done. If it is BCD, (lepress sense switch 2. If the input tape
is to be saved, it must be replaced, or dialed out and another tape 5 dialed on, after the
on-line printer reports that the preliminary averaging and Lp corrections have been
completed. Usually, no interruption in the calculation is required for this replacement.

Alternatively, the data may be loaded through the on-line card reader. This mode
of data loading is selected by depressing sense switch 1.

The data processing proceeds through the following stages:

1. Read-in of each set of data into the computer, calculation of average intensities,
application of Lp corrections, and printout of film factors. This printout may be observed
on-line by depressing sense switch 6.

2. Printout of rejected data. This printout may be observed on-line by depressing
sense switch 6.

Notification of the completion of the processing to this stage will appear on the on-line
printer. If sense switch 3 is down, calculation will stop at this point. To continue the
calculation press the START button on the console.

3. Least-squares correlation of independently observed sets of data. Notification of
completion of this calculation will appear on the on-line printer.

4. Final averaging and scaling. Notification of completion of these calculations will
appear on the on-line printer. If sense switch 6 is down at this time, the on-line printer
will print notification of this fact and the calculation will stop. To continue, with sense
switch 6 up or down, push START.

5. Structure factor output. This may be observed on-line by depressing sense
switch 6. Notification of completion of the output will appear on the on-line printer.

Tapes 5 and 7 are BCD output tapes ready for input to the Busing least-squares
refinement program (see section 1.10). Tape 5 contains the averaged data and tape 7
contains the unaveraged data. If the data processing is to be extended to include Calcu-
lation III (calculation and output of normalized structure factors), these tapes must be
replaced and saved before Calculation III is be-gun.

Tapes 4, 6, and 8 are used as input to Calculation II.

III. SF NORM (Normalization of Structure Factors)

This program uses tapes 4, 5, 6, 7, 8, and 9. Tapes 4, 6, and 8 are the same tapes 4,
6, and 8 involved in Calculation II above.
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Tapes 5 and 7 are BCD output tapes ready for input to the Fourier program of Sly
and Shoemaker. Tape 5 contains the averaged data, and tape 7 contains the unaveraged
data.

Notification that both the calculation and output have been completed will appear on
the on-line printer.

Either tape 5 or 7 may be used as input to Calculation IV, but tape S usually will be
used.

IV. E ORDER (Ordering of I E 12 - 1 Data)

This program uses tape 5 for input. This tape is either tape 5 or tape 7 from the
output of Calculation III. No other tapes are used. The contents of the input tape are
not altered. Output is on tape 9.

The program processes 5000 or less reflection data per pass. U1 there are more
than 5000 data on the input tape, the program processes the data in groups of 5000 until
all are done (see section 2.4).

Notification of completion of the calculation will appear on the on-line printer.
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APPENDIX A

FLOW DIAGRAMS OF THE FOUR SUCCESSIVE CALCULATIONS

The four diagrams which follow indicate the main stream of flow of the data process-
ing for the four separate calculations. The long-dash boxes enclose the portions of the
calculations under control of the FORTRAN executive programs. FORTRAN subroutines
are enclosed in short-dash boxes. The subroutine names are found in the upper left cor-
ners of the boxes.
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DICTIONARY
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APPENDIX B

COMPLETE FORTRAN SOURCE PROGRAM LISTINGS

The complete FORTRAN source program listings are reproduced in this appendix.

FUNCTION INTG is called by both XRDD EXC and SF NORM.

22
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C MICNRY FXC
DIMENSION 016.l000).L1(l000),L2(10001,L3(1000),LPS(1000),ABSC
II 1000 ) AS( 20) .ASI120) RS( 20).851( 20) .CS( 20) .AN(20)
COMMON LI ,L2,L39LPS*Q*ABSC
REWINn 4
RFWINn S
IF(SFNSE SWITCH 1)100s200

100 READ 5
READ 109AR9BR*CR9ALR9BER'GAR
READ 209Rl9R2
READ 30,NASPo421
READ 40,(AS( I) AS1( I)*BS( I) BSl (I) CS( I) AN( I) .1.1 NASPI
GO TO 300

200 READ INPUT TAPE 4s5
READ INPUT TAPE 4sl0#AR98R9CR*ALR*9ERsGAR
READ INPUT TAPE 4s20,Rl9R2
READ INP'UT TAPE 4930,NASP,521
READ INPUT TAPE 49409(AS( I),AS1( I).BS(I ),BS1(I).CS(I ),AN(I),Im1.

300 WRITF OUTPUT TAPE 595
WRITE OUTPUT TAPE 5#l09AR9BR9CR9ALR98ERGAR
WRITE TAPE 5 9RJR2
WRITE TAPE 5 *NASP9S2I
WRITE TAPE 5 *(AS(I),AS1(I).BS(I),S1(I),CS(I),AN(I),Ial,
1NASP)

105 IF(SENSE SWITCH 1)1109210
110 READ 5OU1,U2,Ll39CEPEREJ9YAM9SINH

IFPF) 310 .310, 120
170 RFAn 60.!1,F2*.E19PHI~tJM

GO TO 110
210 READ INPUT TAPE 4.50,U1,U2,U3,CEPEREJYAMSINH

IF( PE)31O.3109220
220 READ INPUT TAPE 4#60.E1.E2sE39PHI9UM
310 WRITE TAPE 5 9U1,'?,9U3sCE.PE9REJ9YAM9SINM

IF(PE )33093309320
320 WRITE TAPE 5 ,E1,E29E39PHIUM
330 IF(SENSE SWITCH 1)130#230
130 READ 709SL9NR9TL98SE9SFI

READ 80.(L1(l).L2(I),L3(I),LPS(I ).IO(JI),J=1,6),ABSC(1) ,IalNR)
GO TO 340

210 READ INPUT TAPE 49709SL9NR9TL9BSE95FI

READ INPUT TAPE 49809(L1(I) ,L2(I ).L3(I),LPS(I) ,(O(J.I),J*1,6),

140 WRITE TAPE 5 sSL9NRsTL98SE9SFI
350 CALL DICNRY(NR)
360 IF(TL)3309330.370
370 IE(CE)10591059380
380 REWIND 4

REWIND 5
PRINT 90
PAUSE

5 FORMAT(72H
1

10 FORMAT(6F11.7)
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70 FORMAT(2F1?.5)
30 FORMAT(149FS*4)
40 F0RMAT('SF8*49F4o0)
50 FORMAT(SF1.093FI1.8)
60 FORMAT(3F39O,2F11.7)
70 F0RMAT(F3o091492F'3*n9FI2oS)
80 FORMAT(41396F7o0,F7*51
-90 FORMAT(62H JOB.FINISHE~le. IN.Pi;T FOP. DATA REDUCTION PROGRAM IS ON

IP So. ...
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SUB3ROUTINE DICNRY(NRI

DIMENSION Q(6,1000).L1(l0002.L2(1000).L3(1000),LP5(10002.ABSC
l(1000).M2(l0002.M3(1000),K1(10002,N1(10002,N2(1000),N3(1000,NI
2(1000).01 (6.1000) .ABSC1 (1000) J3 C 1032 21002
COMMON Li .LZ.L3.LPS.0.A3SC.N1.N2eN3,NP81,01.ABSCI
FREQUENCY 100(3Q02.11O(2.1.52 .140(300).l50(2s1,52.180(30.02.

23001 100) .3101 5,1,5) 331(0.1,52 .340(25 2,350(5,1,22 ,3S0(2S) .390
3 C 5,1,2) .4301 5.15) .4?0 C25) .4601 1.1,9470(1.1.52 .4001 1,.5)
L=O
MS luLl (1

100 DO 130 Iu1.NR
110 IF(Ll(I)-MS1)120f1309,10
120 MSluL1(I)
130 CONTINUE

IGluLl (1)
140 DO 170 Iw1,NR
150 IF(IG1-LI1If1609170.170
160 IGlaLiI)I
170 CONTINUE
175 MKzO
180 00 210 Iu1,NR
190 IFIMS1-L1(12)21092009210
200 MK=MK41

M2CMK)sL2( I)
M3(M4uCJL31 I)
KiC MK)uI

210 CONTINUE
211 IF(MK)490e490#215
215 MS~aM2(12
220 DO 250 Iul*MK
230 IF(MS2-M2111125092509240
240 MS2zm2(I)
250 CONTINUE

IG2mM2 (1
260 DO 290 Ia1.MK
270 lFCM02(I2-IG2)29092909280
280 IG2wM2(I)
290 CONTINUE
295 MLxO
300 DO 330 Ia1,MK
310 IF(MS2-M2(I))330.3209330
320 MLNML+1

.J3(ML)=M3(lI
K2(ML)uK1( 12

330 CONTINUE
331 IF(ML)4709470,335
335 MS3uJ3(l)
340 DO 370 Izl#ML
350 IF(MS3-J3(IH)37093709360
360 MS3mJ3CI)
370 CONTINUE

1G3wJ3 (12
380 DO 410 18lML
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390 IF(J3(l13163)4l0*41094
0 0

400 IG3aJ3(I)
410 CONTINUE
420 DO 450 Is1.ML.
430 IF( MS3-J3( I) )450044094S0
440 MuK2(I)

LaL*1
N1(LIEMSI
N2( L)ar4S2
N3( L)aM53
NPS1(Ll*LPS EM)
DO 445 Ku1,6

445 Q1(K9L)sQEK9M)
ABSCI(L)sABSC EM)

450 CONTINUE
,MS3.MS3+1

460 IF( 13MS3)470942O9
42O

470 MS2aMS2+1
480 MIFG2-MS21490t2

9 592 9 5

490 MSIuMS1+1
500 1Fl161-MS1)5l0#l75ol75
510 WRITE TAPE 5S N~)N(lN()oNS()(1Kl9no)

1ABSC1( I)9.1.1 NR)
80 FORMAT(413 ,6F7o1,F7@4)

RE TURN
END1292222)
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XRDD EXC
DIMENSION 0(6,000),H1(1000),H2(1000).H3(1000),FPS(1000),AVEO(1000
1),REJG(1000h*RENO(1000),ARSC(1000),AVSE(5)eNPS1000.A120,BS(20)
2,CS(20),AS1(20),BS1(20).AN(20).SMYAM(1O).N1(l000).N2(1000),
9 N3(1000)
COMMON H1,H2.H3.EPS.AVEQREJQ.RENOABSC.Q.N1.N2.N3eNPS
FREQUENCY 105(0939119125(09391I 9155(0.3.1) ,160409291)9172(21

5 FORMAT(72H

10 FORMATf6Fl1.7)
20 FORMAT(2E12*5)
30 FORMAT(14*FS*4)
40 FORMAT(5F8.4F..O)
50 FORMAT(SF3*O,3F1.8)
60 FORMAT(3F3.O.2FI10.)
70 FORMAT(F3*O.1492F3o0#E12*5)
S0 FORMAT(4F39O,6F7.o0F7*5)

500 FORMAT(IH ,41H LEAST SQUARES LAYER CORRELATION FINISHED///I/)
510 FORMAT(IH 925H FINAL AVERAGING FINISHED/I///)
520 FORMAT(IH #88H DATA REDUCTION FINISHED. RELEASE SENSE SWITCH 6 AND

ICONTINUE FOR LOADING OF OUTPUT TAPES/I//)
530 FORMAT(IHI)
90 FORMAT(H 949HPRELIMINARY AVERAGING AND LP CORRECTIONS FINISHED//I

1/I)
540 FORMAT(113H REPLACE AND SAVE TAPES 5 AND 7. READ I

IN JOS SF NORM FOR CALC* AND OUTPUT OF E AND E**2-1.//I///
2///)

550 FORMAT(1HO.314.sH LAYERI3918)
560 FORMAT(tHO)
570 FORMAT(1H09102H 5 4

1 3 2 1)
580 FORMAT(1HO918H FILM FACTORS 5Ela.?)
590 FORMAT(68H DATA REDUCTION FINISHED. LOADING OF OUTPUT TAPES WILL

INOW PROCEEDo/////)
REW!ND 4
IF(SENSE SWITCH 111000.900

900 IF(SENSE SWITCH 2)902#901
902 NNNu?

GO TO 1001
'000 READ S

READ 1OARBRvCRvALR98ER*GAR
NNN .3
GO TO 1002

901 NNN1l
1001 REWIND 5

READ INPUT TAPE 5.5
READ INPUT TAPE 59I09ARsBR*CR#ALR9BEReGAR

1002 ALRzALR*3*14159/180#0
9ERaRFR*1*14159/180*0
GAR=GAR*3&14159/180.O
COSA R=C0S F (A LR)
C0SR=COSF(PRFR)
COSGRuCOSF(GAR)
%IRsAR*BR*CR*SQRTF( 1 .0COSAR*COSAR-COSBR*COSBR-COSGR*COSGR,2.*COSAR
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1*COSBR*COSGR)
SINARuSINF(ALR)
S INPReS IN ( BER)
SINGRaSINF(GAR)
AA-BR*CR*S! NAR/VR
B~uAR*CR*SI NRR/VR
CCuAR*BR*S! NGR /VR
COSAL.(COSRR*COSGR-COSAR) /(S!NBR*SINGR)
COSBE ( COSAR*COSGR-COSRR) /(SI IAR*S INGR)
COSGA ( COSAR*COSBR-COSGR I/ (SI NAR*S INBR)
G0 TO (9039100491003)#NNN

1003 READ ?09R1,R2
READ 30oNASP*S2I
READ 40o(AS(I ),AS1(I IBS( 11.1(1 ),CS(IIAN(1),IalNASP)
GO TO 1005

1004 READ INPUT TAPE 592O.R1,R2
READ INPUT TAPE 50.9NASPtS2I
READ INPUT TAPE 5940,(AS(I),AS1(I hBS(IIBS1(1ICS( I).AN(II.
1 11.*NASP)
60 TO 1005

903 READ TAPE 5 #Rl9R2
READ TAPE 5 ,NASP9S2I
READ TAPE 5 *(AS( IhASiC I hBS(I).BS1I I.CS( I).AN(II.
1 Izl9NASP)

1005 ZETA*O.O
0NE23=0*0

RZOS~~OO

ACzO.O
A1=O0

NOZZO
EX=0*0

0.0O*
N ISO
NSETzO
NSzO
BT1=O0
RT2vO.0
NRT=0
n~o q5 =9

95 AVSF(J)=O.O
PRINT 510
REWIND 7

100 GO TO(90491007,1006)oNNN
1006 READ 5O.U1,U29U39CE9PE9REJYA1 .SINH

GO TO 1008
1007 READ INPUT TAPE 5950,U1,U2,U3oCEoPEoREJoYAMSINH

GO TO 1008
904 READ TAPE 5 ,UliU2,U3sCEvPEREJYAM.SINH

1008 NSET=NSFT+l
SMYAN (NSET I YAM
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S I N6aS INH**2
105 IFI PE) 12091209110
110 GO TO(9059101O,1009),NNN
1009 READ 6OE1,F29E3oPH4IUM

GO TO 1011
1010 READ INPUT TAPE 59609E1.E29E39PHI9UM

GO TO 1011
905 READ TAPE 5 oEl9E29E39PHI*UM

1011 0H.I :PHI*3. 14l59/180o0
LIM=UM*3e*141 59/1 A0

120 GO TO(906,101391012)oNNN
101.' READ 709SL9NR9TL98~SE95F1

READ 80,(H1(l),H2(I),H3( I).EPS( I) eU(JI ).J=1.6kABSCCI) *Iu1.NR)
GO TO 1014

1013 READ INPUT TAPE 59709SL9NRsTL9BSE9SFI
READ INPUT TAPE 5,80,(Hl(I),H2(I),H3(1),EPS(IJC0(JI),Jzl,6),
1 A8SC(I)o1u1,NR)
GO TO 1014

906 READ TAPE 5 9SL9NR9TL#BSE#SFl
READ TAPE 5 .CNl(I ),N2(1I),N13C1),NPS( I) *I0(J.I),jm16).
I ABSC(I)sI=1,NR)
DO 907 1=1,NR

H2 (I)2N? (I
H3 (1) N3 (I)
IF( ARSCMI) 1907*1906,1907

1Q06 ARSCM! a1.0
1907 IF(NPSII)) 907s1908,907
1908 NPSU? a!
907 FPS(I)aNPS(I)

1014 MSLzINT,(SL)
MU IN TG,(Ul)
mU2* I NTG(U2)
mU3*INTG(Ul)
N RTaN PT +NI P
W4RITF O!JTPIJT TAPE 9,560
WRITE OUTPUT TAPE 9o5500PAJ19MU29MU3*MSLsNR
IF( SFf'*SF5WITCH 6)101591016

101S PRINT 560
PRI NT 550 .MU1 ,MLJ2 ,MU3 ,M5L NR

1016 NsaNs+1
CALL XRIAV(SFI ,NR9REJ9AVSE)
CALL PSICAL (AA9t8,CCCOSAL .COSBECOSGANRoYAM9UlU2,U3,SLZETAv
1ONE23,COSGA1,ABCvA1 ,A2,A3)
WRITE OUTPUT TAPE 99570
WRITE OUTPUT TAPE 99 58091AVSFHJ~vj2,5)
IFfSFNISFSWITCH 6) 10179125

1017 PRINT 570
PRINT 5A0, (AVSF(J) ,J=1 ,5)

I 25 TF(PP) 1400140010
130 CALL PRECLP(E1,E2,E3,COSALCOSBECOSGAU1,U2,U3,PHICOSGA1,NRUM,

1 YAM,0NE23,ZETAABCA1 ,A2,A3,S INn)
GO TO 150

140 CALL WESSLPfYAM#NRoRl12oZSINHoZETABSE)
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150 CALL DICORD(UlU2,U3,CEPESLNRTt.)
155 1Ff TL) 1?0#1209160
160 IF(CE) 100,100,170
170 CALL REJECT(NS)

PRINT 90
IF(SENSE SWITCH 3)1701,1702

1701 PAUSF
1702 REWIND 5

CALL LSOCOR(NS)
PRINT 500
CALL IAVOR(NS9NOZ)
PRINT 510
.SYAM=.SMYAM(l)

172 DO 180 I:1,NSET
IF( SYAM-SMYAM( I)) 180,180, 175

175 SYAMv!SMYAM(T)
180 CONTINUE

CALL ARST (SYAMASRSCSAS1,BSINASPANS21 .NOZEXSFNI ,ST1,RT2)
IF(SPNSF SWITCH. 6)1909200

390 PRINT 520
PAUSE
GO0 TO 210

200 PRINT 590
210 WRITE OUTPUT TAPE 99530

WRITF OoTPU)T TAPE 995
1Ff SFNSFSWITCH 6)2119,212

PRINT 5
212 CALL OUTPUT(NOZNSNI ,BT1,RT2,SEEXNOIB)

WRITE OUTPUT TAPF 495
WRITE TAPE 4,NASP
WRITE TAPE 4,(AS(HtASJ1U9dS( I),bSl(l),S( IlAN(I).,I~1,NASP)
WRITE TAPE 4,NOZNSNlBT1,BT2,SFEXNOIBNRT
REWIND 4
PRINT 540
PAUSE
END1091909091 I
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SUBROUTINE XRIAV ISP! ,NRoREJ*AVSE)
DIMENSION 0(6.1000) .SE(5,1000),AVSE5)REJE1000),RENO(1000),
1H111000)9 AVE01lOQO)o AtlSC(1000)sH2( 1000) .H3(1000)s
1 EPS(1000)
COMMON HloHZH3*EPS*AVEQREJOsRENO
COMMON ABSC#Q#SE
FREQUENCY 130(300) ,1'0(1,4.12),801,4,12) 'ZOO(300),205(O,1,3),
1 20(0,1,3)9222(300),223( 1.0.20k9225(1.0,2O) .245(300),
1 246(1. 69 14),285(300).286(1.6,14).315(1,6,14),
1 34010.1.3) 922410#191)9325 1091#1)

130 DO 195 I1,NR
DO 190 .J al1,5

140 IF(QIJ@I)) 170.150.180
150 SE(Jol) a 0.0
160 GO TO 190
170 O(JoI) * SF! * 0(J9I)
180 SE(J*I) * 0J+1I) / Q(Joi)
80 IF(SE(JoI)) 181 s 190.190

181 SEIJ.I) a SF1 * SEIJ9I)
190 CONTINUE
90 IF(Q(6#I))191.195s195

191 Q(691)00(691)*SFI
195 CONTINUE

DO 270 Jo1.5
LUMPaO
SIGMAl a 000
SIGMA2 a 000

200 DO 220 1 x 19NR
205 IFISE(JtI)) 220.220,210
210 SIGMAl xSE(Jol) *S!GMAI

SIGMA2 *. + SIGMA2
220 CONTINUE
20 IF(SIGMA2) 21.21.221
21 AVSE(J)zO*O

GO TO 270
221 AVSE(J) - SIGriAI SIGMA?

REJH a AVSE(JD REJ
REJL a AVSEIJ) /REJ

222 DO 240 Is1.NR
223 IFIREJH - SE(JoIl 230.230.224
224 IF(SE(J.I))240.240.225
225 IF(SE(J.J) - REJL ) 230.2309240
230 SE(J.1) a -1.0

LUMPal
240 CONTINUE

IFI LUMP)270.270.241
241 SIGMA1EO0

S!GMA2xO.O
LUMP .0

245 DO 260 1 a 1.NR
246 IF(SE(JoI)) 260o2609250
250 SIGMAl a SEIJ9I) + SIGMAl

SIGMA? a 190 + SIGMA?
260 CONTINUE
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GO TO 221
270 CONTINUE
275 DO 280 J=1#4

N aJ +
276 DO 280 Le N95
260 AVSEIJ) a AVSE(J) *AVSE(L)
265 DO 370 1 a 19NR

SUMO a 000
REJOCI) a 0.0
RENO(I a 0.0
DO 310 J a 1.5

286 IFISE(JoI)) 287.290.300
287 IF(J - 1) 289.289.288
288 IF(SE(J-19I)12899Z899300
289 REJOII) a 1.0

GO TO 310
290 IFCO(Jt1l310.310e291
291 IF(J-1)30093009292
292 IF(SE(J-191))310*3009300
300 SUMO a Q(J.12 * AVSE(J) + SUMO

RENOMI a RENOMI + 1.0
310 CONTINUE
315 IF(SE(SeIl 32093259330
320 REJQ(I) a 1.0

GO TO 340
325 IF(Q69IMl409340,330
330 SUMO a SUMO + 0(6911

RENO(I a RENOMI + 1.0
340 IF(RENO(Il350935O.360
350 AVEGtI) - 0.0

GO TO 370
360 AVEQII) a SUMO *ABSC(I) / RENOMI
370 CONTINUE

FREQUENCY 28710.1.6).288(5,1e5) s290(0.10s1) .291(0.1.6).
1 292(1.10.3) .9011.4.12)

RETURN
Et4D(19190#090)
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SUBROUTINE PSICAL (AA,6B.CCCOSALCOSBECOSGANRYAM.U1,U2,U3.SL.
1 ZETA,0NE23.COSGAl.AeB.C.A1,A2,A3I
DIMENSION X1(l000).X211000),X3(1000I eHlflOOO)6N211000)9N3(1000J,

f 151(1000). PSI(1000).AVEQ(1000).REJQ(1000),RENOI1000),PLIIOOO)
1 9EPSI1000)
COMMON Hl#H129H13 ,EPS9AVEQREJO.RENO
COMMON PSI1,PL951
COMMON X19X29X3
FREQUENCY 400(1.30.10) .410(113091019420(193091019435(30019
1 4554300)*475(3O0)9495(3001
A a AA * YAM
8 z 8B * YAM
C a CC * YAM
Alls SORTF4U1*B)**2 *(U2*A)**2 + 2*Oe(UI*B[*(U2*A)*COSGA)
Al2w SORTFU(U3*B)'*2 *(U2*C[**2 + 2*0*(U3*BI*(U2*C)*C0SAL)
A2ia SORTF(IU3*Al'*2 *(Ul*C)**2 + 2o0*(U3*A)*(Ul*C)*COSBEI
A3 a SQRTF(U1*A)**2 +(U2*B)**2 +(U3*C)**2
I1+ 2@0*((Ul*A)*(U2*B)*COSGA .IUl*A)*(U3*C)*COSBE
2 +(U2*B)*(U3*CI*COSAL))
BDOTC1 u U1*U3*(A*A-C*C)+U2*U3*A*B*COSGA
I +(U3*U3 - Ul*Ul)*A*C* COSBE - Ul*UZ*B*C* COSAL
ADOTC1 a Ul*U2*(A*A - BOB L.+ (U2*UZ - U1*U1)*A*B*COSGA
1 + U2*U3*A*C*C0SBE - U10U3*B*C*C0SAL
AOTC2 a U2*U3*(C*C - BOB + U1*U2*A*C*COSBE -U1OU3*AOB*COSGA

1 +(U2*U2 - U3*U3)OB*COCOSAL
UV x UI*U2
U2W2 a U1*Ul + U30U3
VW a U2*U3

U2V2 a U10 U1 + U2*UZ
V2W2 a U2*U2 + U3*U3
UVW al.0#(U1*Ul + U2*U2 + U3#U3)

400 IF(U1)430#4109430
410 IF(U2)4209450*420
420 IF(U3)4309470*430
430 UUVWwUVW/U1

ADOT01 a VW *A*A - UJV *A*C*COSBE - UW *A*B*COSGA
1 ,Ul*Ul*B*C*COSAL
ONE23 a -1.0
COSALl aBDOTCI / (A210 A3)
COSBEl a ADOTC1 / (All* A3)
COSGA1 a ADOTHI (All* A21)
Al x All
AZ2 aA21

435 DO 440 1 z l.NR
X1(I)8(Hl(lI*UV- H2(1)* U2W2 + H3(I)*VW)* UUVW
X2(I)ufH1(l)*UW + 142(12*VW - 13(11*U2V2)* UUVW

440 X3(1lz(HI(I)*U1 + H2(1)*U2 * 13(11*U3)* UVW
GO TO 490

450 ADOTB2 = -UV*C*C +VW*A*C*COSBE - U3*U3*A*B*COSGA *UW*B*C*COSAL
ONE123 a 0.0
COSALl a BDOTCl /(A2l*A3
COSBEI a ADOTC2 /(A12*A3
COSGAl a ADOTB2 /(Al2*A21)
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WUVWwUVW/U3
Al a A12
A2 aA21

455 D0460 Is l.NR
Xl(I)a (Hl(II)UV -HZ(I)*U2W2 + 13(1)*VWI* WUVW
X2(I)- (Hl(I1IV2W2 - H2(1)*UV - H3(11*UWI* WUVW

460 X3U).n (Hl(I)* Ul + H2(1)*U2 + H311)@U3)* UVW
GO TO 490

470 ADOTS) s -UW*B*8 + VW*A*B*COSGA - U2*U2*A*C*COSBE 4UV*S*C*COSAL
0NE23 a 1.0
COSALl a - ADOTC2/IA12* A3)
COSBEI a ADOTCI/(All* A3)
COSGAI a ADOTS3/(All* A12)
VUV WwUV /U2
Al a All
A2 a Al2

475 00480 I a l.NR
XlIi a (Hl(I3*VW2 - H211)*UV - H341)*UWI* VUVW
X2(I) a (Hl(I)*UW + H211)*VW - HS(Z)*U2V2* VUVW

480 X3(I) a (Hl(I)*Ul + I211)*U2 + H3(tI)U3)* UVW
490 SIN2Al w 1.0 - COSAL1*COSAL1

SIN281 a 190 - COSBE1*C0SBE1
SIN261 a u - COSGAI*COSGA1
ZETA =(SL*A3)**2 * SIN261*il.O -( COSALl COSBEl*COSGA1I**2
I /(SIN2Gl@SIN28l))
DEL *SLOA3*(StN2G1*COSBE1 - COSGAI*ICOSALI COSGAMOOSIEM3/
I SIN261
EPSI *SL*A3'ICOSALl-COSGAl*COSBEl 3/Slt4ZGI

495 DO 500 IsloNR
IFIX3111I)496.500.500

496 XlI)-Xl(12
X2( 13.-EZI1)
X3111n)-X31 I

500 P51(I) s(XlII)*Al + DEL)**2 + (X2II)*A2 + EPSII*O?
I + 2*IXl(I)*Al+DEL1*(XZfIOA2 + EPSI)*COSGAI
RETURN
EN01l9l#0909O)
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SUBROUTINE PRECLPlE1.E29E3# COSAL*COSSE9COSGA9Ul#U24U3o
1 PHI.COSGAX.NReUM.YAMoONE23.ZETA.A.S.C.AloA2.A3.SINN)
DIMENSION COST(1OO0,OSINT(1OO0,M1(1O00,X2(000~,X3E100Q).
I PSI (IO,PL(IOh~SI41O000)oAVEG(1OO)9Hl110O)tH2I11000),

COMMON COST.SINT
VER uSGRTF(1E1*A)'(E1*Al + IE2*B)*(E2*B) + (E3*CIOIE3*C)
I + 2*0*1(E1*A)*(E2*81*COSGA *(E1*Al*(E3OC)*COSBE +
1 fE2*6)*(E3*Cl*COSAL))
VDOTAluE1*U2*A*A - E2*U1*5*B + (E2*U2 - E1OU1)*AOB*COSGA
1 + E3*UZ*A*C*COSBE -E3*U1'B*C*COSAL

VOOTBlm E1*U3*A*A -E3*U1*C*C *E2*U3*A*S*COGGA
1 e(E3*U3 -EI*U1)*A*C*COSBE - E2*U1*SeC*COSAL
VDOTA2v - E2*U3*B*8 + E3*UZ*COC - E1*U3*AOS*COSGA
1 + (E2*U2 - E3OU3)*BOC*COSAL * LU2*A*C*COSGE

5 IF(0NE23) 10.20930
10 VOOTA a VOOTAI

VDOTB a VDOTBI
GO TO 40

20 VDOTA a VDOTA2
VOOTB a VDOTSI
GO TO 40

30 VDOTA a VDOTA1
VDOTS a - VDOTA2

40 IFf1.O-ABSF(COSGA1I p42942#45
42 SINGAIu0sO

GO TO 46
45 SINGAI a SQRTF 4110 - COSGAIO COSGAI)
46 COSVA sVDOTA/1A1* VER)

COSVO *VDOTB/(A2 * VER)
CVA1 a E3*(U1*Ul *U2*U2) - UI*El + U2*E2)
CVB1 a U2*(U3*E3 + UlOEl) -E2*(U1*U1 + U3*U31
CVA2 a U1*(UI*E2 + U3*E3) -E1*(U2*U2 + U3*U3l
COSPH s COSF(PHI)
SINPH a SINFIPHI)

50 IF(ABSF(COSVA) - ASSFICOSVOII 60o.60.160
60 IF(1.O-ABSFfCOSV8))62o62963
62 SINV~aO

GO TO 66
63 SINVB a SQRTF( 1.0 - COSVO COSV81
66 CAPHVB a COSPM COSV - 51RPM * SINVB

SAPHVB a SINPH COSVB + COSPH * SINVB
CDPHVB =COSPH *COSVB + SINPH *SINVB

SDPHVB a S1RPM *COSVB - COSPM 0 SINVII
65 IF(ONEZ31 70. 70.92
70 IFfCVS13 90 t 60.60
S0 IPICOSVB11001000100
90 IF(COSVS)1309120912O
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92 IFICVA2) 0080.90
100 COSA a CAPI4VB * COSGAI + SAPMV4* SINGAl

SINA a - SAPI4VS * COSGAI + CAPHVS* SINGAI
GO TO 140

110 COSA a-CAPHVB COSGAI SAPMVS SINGAI
SINS6 w SAPI4V8 * COSGAl CAPHVS SINGAl
GO TO 140

120 COSA a CDPHVB * COSGAl + SDPHVS SINGAl
SINA a -SDPHVB # COSGAl + CDPHVB SINGAI
GO TO 140

130 COSA a-COPHVB *COSGAI SDPI4V8 SINGAI
SINA a SDPHV8 * COSGAl '~CDPIVB 0SINGAl

140 CAT a AZ * SINGAl * SINA
CBT a COSA/42*0 * Al)
SAT a A2 * SINGAlO COSA
SOT w SINA/12*0 * All
A12 a AI*A1
A21 a A2*A2

145 D0 150 1 a LeNA
XYZ = IX2(1)*X2(I)*A22 - X1IMOX111)A12 -PSI(III/ XlIi
COSTM! a X2(I) *CAT - XYZ *CBT

150 SINTMI a X211) * SAT + XYZ 0SOT
GO TO 270

160 IFC1.0-ABSF(COSVA)116291629163
162 SINVAwOo0

GO TO 164
163 SINVA a SORTF( 1.0 - COSVA*COSVA)
164 CAPHVA a COSPH * COSVA - SINPM* SINVA

SAPHVA a SINPH * COSVA + COSPM * SINVA
CDPHVA a COSPH * COSVA + SINPH * SINVA
SOPHVA a SINPH * COSVA - COSPH * SINVA

165 MFONE23) 170.2009170
170 IF(CVA1) 190.180.180
180 IF(COSVA) Z20*210#210
190 IF(COSVA) 240.230.230
200 IF(CVA2) 190#1809180
210 COSA a CAPMVA * COSGAl SAPMVA * SINGAI

SINA a SAPHVA * COSGAl CAPNVA * SINGAl
GO TO 250

220 COSA a - CAPMVA * COSGAl + SAPMVA * SINGAI
SINA a - SAPHVA * COSGAI - CAPHVA * SINGAl
GO TO 250

230 COSA a CDPHVA * COSGAl SDPHVA * SINGAI
SINA a SDPMVA * COSGAI CDPI4VA * SINGAl
GO TO 250

240 COSA a - CDPMVA * COSGAl + SOPI4VA * SINGAl
SII4A a - SDPHVA * COSGAI - CDPHVA * SINGAl

250 CAT a A1*SINGAI*SINA
CST a COSA/(2*0* A2)
SAT z Al * SINGAl * COSA
SOT a SINA/( 2.0* A21
Al2 a AlOAl
A22 a A2*A2

259 DO 260 1 a le NR
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XYZ .(X1(l)*X1(l) 0 A12 -X2(I)* X211) A22 -PSI(Ill/ X2(1)
COSTI!) a Xl1U) * CAT -XYZ * COT

260 SINT(I) a X1(I) * SAT *XYZ * SOTi 270 SINU * SINF(UMI
COSU a COSF(UM)
TAN2U *(SINU/COSU)**2
SUCU a SINU*COSU
IF(ZETA)271 .272,272

271 ZETAsO0
272 ETAA a SINU*SINU -1.0 *(COSU -SORTFIZETADII*2

ETAB w 2.0* SINU
YAMS a (1.0/(2.0 *YAMfl**2

275 00 280 I sloNR
COSETA a IPSI(I) + ETAA)/ ETAS
C02ETA a COSETA * COSETA
S12ETA *PSI(1) -CO2ETA
IFI SI2ETA)276#2769277

276 SINETAvO*0
REJQ(I)=REJQ(II + 10.0
GO TO 278

277 SINETA a S0RTF(S12ETA)
278 ABC a C02ETA * SINT(11* SINT(1) + S12ETA *COST(I)* COST(l)

DEF - 2.0* SINETAOCOSETA * SINT(I)' COST111

PL(I)m SINETA * SUCU /(4e0 +4 2.0 - IPSIt Il. ZETAI*(PSI(I)+ZETAI)
11/ 1@0/ (1.0 + TAN2U*IABC *DEF )/tPSI(1)*PSJ(I))I
1+1.0/ (1.0 + TAN2U*(ABC -DEF )/(PSI(!)*P51()3)))

1 *504
AVEOCI) a AVEGCI) * PLC!)
PLC!) a SQRTF(PL(I))
SlIU)a(PSI (I)+ZETA)*YA948
IF( SINH-SI (1) 2199279.260

279 AVEQfI)EAVEQ(1)*1e5
260 CONTINUE

RETURN
END(1190.0)
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SUBROUTINE WESSLP( YAMPNRoRl#R2*SINH. ZETAsBSE)
DIMENSION AVEQI1000I.PSI(1000l.PL(1000).SI(1000).H1(1000),
1 H2(1000),N3(1000I.EPS(1000),REJO(1000).RENO(1000)
COMMON H1,N2tM3oEPSoAVEOREJO.RENO
COMMON PSI#PL#SI
FREQUENCY 90(29019105(09491) .120429291191101250191504250)
1,911 1.1,00 I .1351 100. 10,1) .1551 100. 10.1).1414 100.1.1)
YAMS N11.0/42.0 * YAM) 0*2

90 DO 100 1 a 19NR
91 IFP4O- P.51(11-ZETA) 92.92993
92 REJOII) a REJOII) + 10.0

PuL(l a 0.0
60 TO 94

93 PLIII a 2o0* SGRTF(P5111)*14*@-PSI(Il - ZgTAII/
1 (4.0 + 12.0 - P53IM - ZETA10(2*0 - M51ill ZETA$$

94 AVEQIJI a AVEQII * PLMI
P1.11) a SQRTFIPL(I))
51(l) a (P51IM + ZETA) * YAMS
IF(SINN-Slil(1)959959100

95 AVEQ(IluAVEO(1)*1.5
100 CONTINUE
105 IF(ZETA-1.OE-10117091709110
110 PSIM *40 - ZETA

RZ *160.0 * SQRTF(ZETAl/(I2*S"6 *12*0 *RI/6QATF(PSIMI +412ll
120 IF(OSE)15091?0.130
130 DO 1451 a IPNR
135 IF(REJQ(l)-10*O)140#1459145
140 YDEL a AZ * SORTF(PSI/PSI(II - 1.0)
141 IF(1.0-YDEL-1.OE-02)1429I42#149
142 AVEGOII~a~e

REJOW I IREJO(Il)20.0
GO TO 145

143 AVEGII) a AVEQII * (140- YDELI
PLI I IPL. I )*SORTFl1.0-YOEL)

145 CONTINUE
GO TO 170

150 00 165 1 a l0NA
155 IP(REJOISI-10*01140e1659165
160 YDEL a AZ * SGRTF(PSIM/PSIII) -1.0)

AVEQIII a AVEOII) * 1.0 + YDELI
P1.13IPLI)*SQRTF(1.0+YDL)

145 CONTINUE
170 RETURN

lENDf2o2o.292921
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SUBROUTINE DICORDCU1.U2*U3oCE.PEoSL9NR#TL)
DIMENSION H1(1OOOJ.M2I1OOOJ.M3(1OOO),EP$(1OOOIAVEQ41OOO).

IREJ(1OO),RENO(1OOQ),PL(1OOO),5I(1OOO)oP5I1OOO)0
COMMON H1,H2tH39EPS.AVEQ.REJQRENO
COMMON PSI .PLoSI
WRITE TAPE 7oU1.U2oU3eCEPE
WRITE TAPE 7,SLPNR#TL
WRITE TAPE ?.1(11.14t2(1 ).HS(I),EPS(I IsAVEOI Il.REJO(Il.RENO(I.o
1PLE K1eSHt I.198NR)
RE TURN
ENDEOsi .0.0.0)
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SUBROUTINE REJECTINS)
DIMENSION H1(1000),M2(10002,H311000) .AVEQ(1000).REJQ(1000),PL(1000
1),SI(10O0).SPE(1000),PSiE(10O0).ESPE 1000)
COMMON HIMZ.H3.SPEAVEQHEJQ.PSE.ESP.PLSI
FREQUENCY 5(20) .1O(250)92040920ol)
REWIND 7
IF(SENSESWITCI 61293

2 PRINT 500
PRINT 560

3 WRITE OUT-PUT TAPE 9,000
WRITE OUTPUT TAPE 9. 560

5 DO 50 J=lNS
READ TAPE 79U1.U29U3*CEtPE
READ TAPE 7*SLoNR#TL
READ TAPE 7.EHl(lIM2(I),M3(1),EPS.AVEQ(I).REJQ(I).EPSPLEI).
1 511119lIu1NR)
MSLaINTGISL)
MUluINTGlU1)
MU~mINTG(U2l
MU3uINTGILJ3
IF(SENSESWITCH 616,7

6 PRINT 560
PRINT 670PMUI#MU29MU3#MSL

7 WRITE OUTPUT TAPE 99560
WRITE OUTPUT TAPE 9. 6709MU191MU2.MLI3*MSL

10 DO 40 1uI.NR
20 IF(REJOII)i 40.40.30
30 MMlwINTG(H1(I))

MH~zl NTG(HZ El))
M3uNTG(H3( I))
M4RJo I TG IREJQ I)
IFISENSESWITCH 6332#33

32 PRINT 510.MML.MH2.MM3.SI(I)OPL(I)*AVEQ(li)MRJ
33 WRITE OUTPUT TAPE 9. 510.MH1,MMZM3,SlEI).PL(I).AVEQ(I),MRJ
40 CONTINUE
50 CONTINUE

REWIND 7
RETURN

500 FORMAT(I.H1984M H K L SINII/L LP FACTOR
1F**2 R)

560 FORMATMO)
670 FORtMATI1M0.31399 LAYER13)
510 FORMAT(1MOo2M 3149Fl9*7*FI8*69Fl9o3*I141

END (2 .2 .2 2 2 1
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SUBROUTINE LSOCORINSD
DIMENSION N1(1000),N2(1000),N311000),RLJQILO0).AVEQ(1000),

lG1(1000)9G2I1000).G3(10OO),AVEQ1(1000),REJ1(1000).R94OLE11o0OI.
2C450)9lAE5s50I4(100),M5(100hoM6100)TRENO(100).TAVEQ(100).

FREQUENCY 2?0(20)9292I0,l.1).295I0e6.11e320430.19s0).

1301091.1.0)3140951.)431(30193551301 3)93091101951..

4526 (300-1
REWIND 6
REWIND 7
REWIND a
DO 200 IllokS

200 A(I.ImwO*
.1Km 1
N1030NS-3
READ TAPE 7*U1.U2*U39CE9Pl
IPICE) 20.20.201

201 DO 202 IsIoNS
202 X41) w1.0

REWIND 7
GO TO 529

265 .1K a .K + 1
270 DO 240 1* 19MI
260 SACK SPACE 7

NI a Ni - 3
290 READ TAPE 7. U1.U2*U3*CEsPE
20 READ TAPE 7. SL*NR*TL

READ TAPE 7.4Hl1l19HNZII.NSII. PS. AVEQII)oREJQ(I)oRENO(III.
1 Ps. P5,1 w 1eNRI

292 IF(CE)291*2919500
291 N a .1K
295 IFITL) 300,300,310
300 READ TAPE 7. V1.V2oV3*CE1.PEI

READ TAPE 7. SL1,NfR1,TL
READ TAPE 7v(G1411,62fI)#G34I)# PS. AVEQ1II)9REJQ1(I).RfMO1Ilg
1 PS. PS9I s1.Na1)
N ft N +1
A4JK#NlaOo0
Afft*JK)sOoO
GO TO 295

310 READ TAPE 7. V1.VZ.V3*CELPE1
READ TAPE 7. SL1.NR1.TL
READ TAPE 7*fG1(1).G2(I)963(1)9 PS. AVEIII.REJQ1(I)#RENOl(I)9
I PS. P5,1 *19MR1)

311 IF(U2-V2J31A.3129314
312 IFIU3-V3)31H.3139314
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313 A(JKtNluO@0
AfN*JK)wOs0
GO TO 491

314 SRENO w 000
SAVEG w 0.0
SAVE0l. 0.0
JI1 a 0

315 D0 340 1 a 19HR
320 IFIASS.ISL1-ABSF(V1*H1II ,V2*H2(I),V3Ot43(lil)-1.OE-0$S33@.3@.4O
330 IFIAVEGIM 33193319332
331 IFIREJQII)3329332934@
332 J,1 a 41 +*I

MSIJ1).INTGI142(I))

M6(J1)mINTG(43tl)
TRENO(1). a REMOEZI
TAVEGQI) a AVEQ(II

340 CONTINUE
J2 a 0

350 DO 370 1 a leNMi
355 IF(ABSF(SL -ABSF(U1*G1IIIU10G211)4U3.G3111))-.oCE-05)3600340.S7@
360 IFIAVEQ1(1 1)341.361.362
361 IFIREJGlII 1)36293629370
362 J2 a J2 + 1

N4(J2)wINTG1G1( II)
NSEJ2)aINTG(G2(I) I
N6(J2)uINTG(G3I III
TRENOl(J2)u RENOMI)
TAVEGI(J21w AVEGMI

370 CONTINUE
L fo
m a0

375 1F(Jl - J2) 390,390,30
360 4 a J2

JS~J 1
GO TO 400

390 J a 41

400 D0 465 1ale
403 ILmIL

Imaim
410 17114(IL)-N4(IM)440*42O#450
420 1FfMStIL)-N5(IM))440#430#4S0
430 IFIM61IL)-N6(IM)1440.4719450
440 L a L. + 1

GO TO 460
450 m a m + 1
460 1IJB-IL )4900470,470
470 IF~iJ-Im )490#4059405
471 IF(JB-IL14909472#472
472 IFIJB-IM)490.460,4#0
400 SRENO a SRENO + TRENOIIL I*TRENOlEIN

SAVEQ a SAVEG + ITREMOMI I + TRENMMI lie TAVEQWIL I/
I(TAVEQ(IL I + TAVEIIN 11



NAVAL RISEARCH LABORATORY 43

465 SAVEQI w SAVEQL + ITRENOIIL + TRENOMMI )I* TAVEO1(,IM I/
1(TAVEQ(IL I* TAVEOMIM 11

490 A(JKoJKI *A(JK.JK) + SAVEQ SAVEG / &RENO
AfNek) *AIN.N) *SAVEIC0 SAVE0L / MNEMO
AIJK#N) a- SAVEQ SAVEGI/ 51400
AfNoJK) *AIJK9N)

491 IFITL1 31003109 495
495 IFICEI)31@.S100 365
500 REWIND 7

smogs
AVAmOoO

501 AVAuAVA+A(I#II
AVAuA VAiSN
00 502 I1.14
00 502 Jo1.Ns

502 A(l.J)aA(I#J)/AVA
WRITE TAPE 5.f(4II9I).1#NG19Jm1.N$)
REWIND 6
CALL EIGENIA*C#NSI
sNCoC(1I
Do 513 182.145
IP(C( I)-s"C15120513.513

512 SC(I)
513 CONTINUE

REAM TAPE 6*(4A4I*J).1m1.N5I.Jw1.NSI
REWIND 6
CALL VCTRIA*X*NS*SNCI

525 DO 540 1I *N14
READ TAPE T. V1.V2vV39CE1.PE1
READ TAPE To SL .141 .TL
READ TAPE 7IMIJ).N2EJI.HSEJ).EPSIJI.AVEQIJI.REJO(J).RgNOIJI*
IPL1J19SI(J) .JftIN1R)

526 00 530 J a 1948
530 AVEQIJ) a X111 * AVEQ1J)

WRITE TAPE A9V1.V29V3#CE19PE1
WRITE TAPE 695LoNRPTL
WRITE TAPE 6.(H1(JI.N2(J).IISIJ).EPS(J).AVEQIJ) .REJQ(I),ENO(JI9

WRITE TAPE S.V1.V2*V3#CEI#PE1
WRITE TAPE 4*L.NR.TL

540 WRITE TAPE $*(H1IJI.M2(JI.HS(JlsEPS(JI.AVEQ(JI.REJOIJ).RE146JI.
1PL1J1*SIIJ1*Ju19MR1

545 REWIND 6
REWIND 7
REWIND 6
RETURN
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SUBROUTINE JAVOR(NS#NOZI
DIMENSION Ml(lOO0),i4211000),N3(10003,EPS(I0001,AVEQII0003SREJQ(100
I 0),RENOI1000),51(10001,N1L(50O2HlNS0,F10)).POO92I10

0 0 )*F3(1OOO)
1 ,FAVEQ(I100),FRENO(1000)SFEPS(10001,FREJQE1000)SFSII1

0 0 03'FNlI@O0
I1 3FH2(100),PH3(1003,GAVEQ(100),GRENOI100),GEPS(100)9GREJQ(10

0)*
1 G5I(100),P611100),F62(100).FG31100)eHEPS(1003 oHAVEQIlOOI.
1HRENO(10019HRE.JO(100) .HSII 0).X(S0.1)
FREQUENCY 29010.1.5)9305(9)o540(9)o54512,1,73*565(9) .566(a01.710
1 595(9) .597(5153.605(S,1.53,63510.O.13.695300) .657(2.1.7).
1 675(300) ,6771Z,1,7),696(300).69715,1,5),71210.0.1)@716E5@)9?l?(
1 2.1.7),735(50) ,737(2.197)9755(25).756150),757(5.1.5),S2210919103@
1 *27(0t1,7).6001300f9792(0el93)
COMMON H1,H2*H3sEPSpAVEQRCJO.RENO
COMMON FH1.PNZX.H1HPN3.GAVEQGREMO.GEPS.GREJ~oGSI@PGI
COMMON F1,SIF;!,P3.FAVEQoFRENOFEPSFREJQ.FSI
COMMON FG3 sHEP S.HAVEQ.NRENO.HREJQ.N1LFG2.HSI
NOZ a 0

300 READ TAPE 7. Vl9V29V3*CEoPE
READ TAPE 7 *SL9NR#TL
READ TAPE 7 91 H1fII)EP #EPtEP#[PoEP#EP@EPeEPO I * lNA)
HIL1l) * Mli)
HMMl) *H14"Al
IPE NS-1 3315,315.305

305 DO 310 J a 29NS
READ TAPE 7 . V1.V29V39GE#P1E
READ TAPE 7 t SL*NR.TL
READ TAPE 7 9( H1(I)#EP*EPtEP#EP#EP*EPtEP#EPoI LOW561
H1LIJ) a H111)

310 IHIJI a I1(NR1
315 REWIND 7

SM1 a MIL~l)
540 DO 560 1 *leNt$
5*5 IF(HIL(11 SMHI) 550,560.560
550 556111 a 11L(I)
560 CONTINUE

MMl1INTG1SMM1)I

565 DO 540 1 m 1ION6
566 IFISIGHI - N1M(III57099809560
570 SIGAHl a HiII)1
560 CONTINUE

IGN1UINTGIBIGI)

590 Leo
IFl IJ/21100elOO.110

100 1Jw2
GO TO 595

110 ZJol
595 DO 630 1mlvNS

GO T04596e59819IJ
596 READ TAPE 6 e V1.V2oV3*CEs PE

READ TAPE 6 9 SL*NR.TL
READ TAPE 6.11111 M.MZoH(I).N3II~EPSII).AVEQ(lI)eREJQ(I~eRNOE I).
I P. 661119 I a LOUR1)
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GO TO 597
598 READ TAPE 8 9 VloVZ.V3#CE# PEI READ TAPE 8 9 SL*NRoTL

READ TAPE Set Hll) .H2(I)eH3(l).EPS(I).AVEQ(l).REJQII),RENOEII.#
I PL .SI(Il. I a lNRI

597 IF(INTGIHI1l)I-MelI)6009600.630
600 DO 620 J a 1,NR
605 IP(INTGfHl(J))-MH11620#6I0*630
410 L 6 L + 1

FIlL) a 111(J)
P2(L) a H21J)
P31L0 a 1134J
PAVEQIL) a AVE01J)
PRENO(L) a RENOIJI
FEPS(L) a EPS~iJ
PREJO(L) m REJQ(J)
PSIIL.) a 51(J)

620 CONTINUE
630 CONTINUE

REWIND 6
REWIND &

635 IP(L)SZS.S25.650
650 SMH2 a F2(11
655 DO 670 1 ml9L
657 IF(F2(l) - 5MH12660670
660 SMG2 a F2(11
670 CONTINUE

MH2=II4TGISMH2)
SIGN? a F2(i1

675 DO 690 1 *1.L
677 IP(SIG4Z - P2(11168096909690
600 SIGN? a F2(11
690 CONTINUE

IGN2wINTGI SIGN?)
695 Li w 0
696 DO 710 1 a 19.
69? IPI INTGMP(Il )-MHZ)?10970097i0
.700 Li a Li I

PI(LI) F Pil
FH21I) F 2(11
P113(Li) a F3111
GAVEOIi) a PAVEOII)
GRENOIl) m FRENOMI
GEPSILl)1 a PEPSI II
GREJO(Ii) a FREJQ(l)
GSIILI) a F51(I1

710 CONTINUE
712 IP(I)620#S2097i5
715 SMH3 a FH3(1.)
716 DO 730 1 * 1L1
717 IF(P113(Il - MM3) 720.730.730
720 SM113 a P113(I)
730 CONTINUE

MH3olNTG(SMN3$
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BIGH3 a FH3111
735 0O 750 1 a IPLI
73? 17(816)43 - FH41)) 740.750.750
740 816)43 a FH411
750 CONTINUE

IGH3nINTGIBIGH31
IGIGmO
MM3 a MNS - I

JBI16m 1GHS3 NH)
755 DO 600 1 a 1.JBIG

MN) 04 + I.
L200
zIPS060
ZAlPEO 0
z0Ps000

756 00 790 J a i*Ll
757 IF(MH3-INTG(PHSIJ))17?90.740.790
740 L2=1

WIP=FH1IJI
WAPUPH21J)
WOPDPH34Jl
WUPoGEPS(J)
ZIlPUZIP+GREftO(J)OGAVEOIJ)
ZAPuZAP4GRENOI J)
ZOP=ZOP4GREJO IJ)
ZUPsGSI lJ)

790 CONTINUE
792 IFIL218009800.795
79 19l6aBIG*1

F611 1816 IWIP
P621 1516 IWAP
F631 18IG)wWOP
HAVEQI ISIG~oZIP/ZAP
HREJO(IBS1)=ZOP
NSI IISIGIeZUP
HEPS(IBIIG)mU~tP
WRENO(IIIRZAP

600 CONTINUE
610 NOZ a 140Z + 1

WRITE TAPE 79 1816
WRITE TAPE 79( FG1(I).7G211),P6341).NAVEGII),NEPSII),NREJQII).
1 HRENO(I). HSI(I)g 1 1.1861

8Z0 MHZ a MH2 + 1
622 IF( 1GHZ - M2)625*695.99
825 MH1 a M141 +1
827 171 16)41 - MMN1IS3O.909590
530 REWIND 7

REWIND 6
REWIND 8
RETURN
ENOI1000)
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SUSROUTINE A[BSI (SYAMASBSCSAS1,BS1,NASPANS21.NOZE.X.SF.NI.I 1 6Tl.CST2)
DIMENSION SXT(100),SIG(100),YSN(100)oYSD(100),WI(100).AVEQ(1000),
1 EPS(ICOC), REJO(1O0),SI(1O0JO),YST(100),AN(20).AS12,O).
I ~AS1(.'Q)),.iS(2C),BS1(20) *CS(20),H1C1000).H2(l000).H3(iO00).

1 RENO( 1000),2ZXY1350),9A(50#1) 9PL( 1COO) 9TXT(100) #AT1(19)#AT2( 19)
I PSACG(19)
COMM.ON h1fH2#H3#EPSpAVEJNEJ0,RIENO
COMMON SXT ,YST9X.WI 9YSNoYSDSIGoZXYoPL,51 #TXT#AT1,AT2,5AG
FREQUENCY 10140),20(4) .32(41).4O(15)o47(300)o60(401.100(40o2
1 115(15),1.l7(300).483(0,15.U *5OI1.102,~l65(2O.1,4I
SIMAX a (1.0/SYA.N ) ** 2
NT =XINTF( SINMAX/S21)
SXT(l)z S21 / 200

10 DO 140 1 r ?,NI
30 SXT(I~m SXT(I-1) + S21

DO 31 Iu19NI
SIG(I3 a 0*0

20 DO 31 J x 1,NASP
31 SIGhl) z SIGM! + AN(J[*( AS(J)*EXPF(-ASI(.J)*SXT(l))+

1 BS(J)*EXPF(-31(J)*,(xT(T)) + CS(J)2**2
32 DO 35 I m1,NI

YSNCI) a 0.0
YSD)(I) a 0.0

35 WIll) a 0.0
40 DO 95 NIP a 1,NOZ
45 RFAD TAPE 7. IfHIG

READ TAPE 79(AB1,A'~1.Cb1# AVEO(I)sFPS(I)9RFJQ(I),RENO(I)9
1siIl), I a lo.I-3G)

4.7 DO 90- 1 a 19IHIG
SIX a 000

50 IF(AVEG(l)348.48000
48 IF(REJQ(1H)60960.90
60 DO 80 J 1#iNI

SIX a SIX S 21
65 IF(SIX 51S(f) ) 80. 70.70
70 YSNUD a EPSM! * S16(J) *YSNIJ)

YSD(J) *YSn(J) + AVEQI!
WI(j) WI(J) + 100
GO TO 90

80 CONTINUE
90 CONTINUE
95 CONTINUE

REWIND 7
00 98 Im19NI
IF(YSOI I -1*OE-10)96996#97

96 YST(I)aO.0
GO TO 98

97 YST(I) a LOGFC YSN(I)/ YSD(I))
98 CONTINUE

EX&@5
DO Ill Jul.19
WXX a 000
WY a 0.0



48 NAVAL EISEARCH LABORATORY

WX a 000

WXY 00

EXaEX4.5
100 DO 110 1 a 19N!

TXT( I)zSXT( I)**E)(
WT m WT + WI(I
wxx a WXX + WIcn * TXT(I) * TXT(I)
WY a WY + Will * YST(I)
WX a WX + WICI * TXT(1)
WXY a WXY + WIM1 TXT(I) *YSTM1

110 CONTINUE
AT1(J)u( WT* WXY -WX * WY )MIwT * WXX -WX**2)
AT2 (Jim (WY-ATi (J)*WX)/WT
SAG(J)=0.0
DO l1l1Ia1,NI

1110 SAG(J)uSAG(J)+(AT2(J)+AT1(J)*TXT(I)-YST(I2)**2
311.1 CONTIN1UE
!I]1 CONTINUE

SSA62SAGM(1
DO 113 1.1,1.9

1? IF(SSAG-SAG( I) 1113o1129112
112 t6TlaAT1(1)

:3T2=AT2 (1)
EXa0.5+0*5*FLOATF(I)
SSAGzSAG (1)

113 CONTINUE
SF a EXPF(BT2)

111) DO 120 J alt NOZ
READ TAPE 7 9 IBIG
READ TAPE 7 *CHI(l).H2(I).H3(I),AVib4(I).EPS(I).RFJQ(1),RENO(I),
1 51(I)q I a igIBIG)

117 D0 130 I 191BIG
130 AVEGM a AVEQCI) * SF

WRITE TAPE 09 1816
120 WRITE TAPE 89(Hl(I) *H2(1iH3(I),AVEO(1).EPS(1),REJQ(I).RENO(I).

1 51(1), I a 1.1316)
REWIND 7
REWIND 8
RETURN
END (2.2 .2.2 .2



NAVAL RESEARCH LABORATORY 40

SUBROUTINE OUTPUY(NOZOI4SNI.ST1,ST2.SF.EX.NO1B)
DIMENSION N1(1000),H2(1000)01311000),AVEQ(1000I.EP611000),REjo
1(1000),RENO(I100),PL(1000),SII1000),RAVEO(1000),WgI(1000).Yl(50).
2Y ( 50) .Y3( 50) .N1(1000) M2 11000 .M3( 1000 ) YAVEQ ISO) .YRAVEQ(5O)t
SMRENOI 1000) .YWEIISO ) .REJG I1000) sMEPSI 1000 ) SXT( 100 ) YST 1100).
4X(50)9 BCS(450)#YsIESo)$WI(100I
COMMNH1.112.HSEPS.AVEO.REJO.RENO.SXT,*YSToX.WI. YS.YAVE09YRAVEG
1.YWEI.BCB.PL.SI eRAVEQ.WEI.M1.M2eM3.MREJQ.MRENO.MEPS.Y1.YZ
FREQUENCY 190(1119945(Z) 26O40.1.10).300150.1.O),340(0.1.2O).
1362(5).33430SOO).90(0.1.1O),435(0.3.1).4@E401.3).S@5(5.1S0o)
2460(2t1.15)

Nuo

190 00 330 J019NOZ
READ TAPE 6.1516
READ TAPE *.1Hl(I).H21 II.H3(1).AVEQ(I).EPS(I).REJOIZ).RENOII).

NO I SNO 18.1816
195 00 320 1.1.1816
220 RAVEQ(I)mSGRTF(AVEOE I))

SIII)nSQRTF(SII I))
260 IP(RENO(I)l270v270.28O
270 WEI(I).0.0

6O TO 290
260 W9I(I)wRAVEQ(I/SQRTF(R9NOlI)l
a90 NDN41

Y1(N).H11I)
Y24NlmH2(l)
Y3(Nlm3(I
M1(NlwINTG(H1(I))
N2IN)wINTG(H2(1))
MSIN).INTGfH3( 1))

299 YSIIN)OSI(I)
YAVEQIN)nAVE(Il
YRAVEQIN)mRAVE(I)
MRENOIN)sRENO( I )*0001
YWEI(N)sWE1III)
NfREJQfN)UINTG(REJQ( I))
MEPSINtaINTG(EPS(1))

300 IF(M-25)3209310*310
310 174 SENSESWITCH 613119312
311 PRINT 540

PRINT 600
PRINT 5S0.(N1IK).M2I)MS(K) .YSI(K)YAVEQ(K).YRAVE(K).MEPSIK).

19RENOlKl9MREJQ(K)#Ku1.25)
312 WRITE OUTPUT TAPE 9. 540

WRITE OUTPUT TAPE 9,600
WRITE OUTPUT TAPE 9. 5609 (M1(K).M2(K),M3IK).YSIIK).YAVEQ(K).YRAVE
10(K) .MEPS(K).MRENO(K) .NREJQ(K).Kule25)
WRITE OUTPUT TAPE 9#%00.(Y1IK).Y2(K)9Y3(K). YAVEQIK)*YWEI(K),QN*
IYSI (.A819NI
mo
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320 CONTINUE
330 CONTINUE
340 IF(14)360.360*350
350 IFISENSE3WITCH 61351s352
351 PRINT 540

PRINT 550
PRINT 560.(MI(K).M2IK),M3(K).YSIIKI.YAVEOtk).YRAVEOtK),NEPS(K)o
lNREMO(KI .MREJQ(K)#Ku1 oN)

352 WRITE OUTPUT TAPE 9.540
WRITE OUTPUT TAPE 9.550
WRITE OUTPUT TAPE 9.56Oe(N1(K),N2(C)Ms3EK).YSIgK)eYAVEQIKI #YRAVEQ
1(K) .NEPS(K) ,MRENO(K).NREJQ(K).Kml.NI
WRITE OUTPUT TAPE S5850#(Y1(K).Y2(K).Y3(K)9 YAVEO(K).YWEIIK).ON*

LYSI (K) .KuloNl
360 END FILE 5

REWIND 5
REWIND S
IF(SENSESWITCH 6)3539361

353 PRINT 600
PRINT 690.NOIS
PRINT 530
PRINT 590#BT2@8TI*EX*SF
PRINT 600
PRINT 610
PRINT 550
PRINT 620e(SXT(K).YSTIKd.WI(K).Ks1.NI)

361 WRITE OUTPUT TAPE 9,600
WRITE OUTPUT TAPE 99690eNOIS
WRITE OUTPUT TAPE 9.530
WRITE OUTPUT TAPE 995909BT29BT1.EX#SF
WRITE OUTPUT TAPE 9.600
WRITE OUTPUT TAPE 9,610
WRITE OUTPUT TAPE 99550
WRITE OUTPUT TAPE 9.620.ESXT(K) .YST(K).WI(K) oKaloNI

362 DO 620 Kul#NS
READ TAPE 69UloU2.U39CE#PE
READ TAPE 69SL*NR*TL
READ TAPE 6.(HIJl.H2(J).N3(J).EPS(J).AVEQ(J)REJOJ)REN4., v
1PL(J) .SI(J)oJu1.NtR)
NUlnINTGlU1l
HU2olNTGiU2)
NLJ3slNTGIU3)
MSLoINTGISL)

363 DO 430 Im1.NR
AVEGfI ImAVEQfI I SF
RAVEGtI )uSQRTF(AVEQ( II)
511illeSQRTFISI(Ill

390 IF(RENO(II)140094009*10
400 WEIfI)sO*0

GO TO 420
410 WEIfI~uRAVEQ(IlISQRTF(RENOfI))
420 M111)wINTGfIfI))

N2411sINTG())
N3(11mINT6IH3fI))
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NREJO( I )INTG(REJQ( I))
NIENO(I )INTG(RENOI I))

430 MEPSII).INTGIEPS(I3)
NRlwNR

435 IF(PE)437*437#436
436 IFISENSESWITC4 6110,20
10 PRINT 635
20 WRITE OUTPUT TAPE 99635

GO TO 440
437 IF(SENSESWITCH 6)30.40
30 PRINT 630
40 WRITE OUTPUT TAPE 99630

GO T0(4409450.4653 .NNN
440 IP(CE)460#4609445
445 NNNu2
450 IFISENSESWITCH 61 50.60
50 PRINT 640*MUI*MU2#MU39MSLeSFoNR
60 WRITE OUTPUT TAPE 9.640 *MUIeMU2#MU3.MSL#$F*NR

GO TO 470
460 N#Nsu3
465 X(K)=X(K3*SF

IF(SENSESWITCH 6)466.467
466 PRINT 640#MUI*MU29MU3#MSLsXIKI#NR
467 WRITE OUTPUT TAPE 9#640.MU1.NU2#MUS.MSLoXIK3.NR
470 IF(SENSESWITCH 6)471.472
471 PRINT 550

PRINT 650
PRINT 600

472 WRITE OUTPUT TAPE 9. 550
WRITE OUTPUT TAPE 9,650
WRITE OUTPUT TAPE 99600

400 IF(NR1-22)490.4909800
490 NRZ.NR-NR141

IF(SENSESWITCH 6) 491,492
491 PRINT 660,(Ml(13,M2(13.N3(1),Sl(I).Pt(13,AVEQ( I).RAVEQ(II3MEPS

l(I) eNREN1t 13 ,MREJQ(1I). INR2,NRI
492 WRITE OUTPUT TAPE 9.660.fM1113.M2(l3.M3(11SI(1),PL(I3,AVEO(I3,RAV

LEO(I 3oMEPSi MRENO( 13 oREJOI 13, INR2,NR)
GO TO 810

800 NR2uNR-#4R1*1
NR3uNR24Z 3
IF(SENSESWITC4 63801.802

801 PRINT 660otMll)M2(l)#M3(1)*Sl(l)oPL(I),AVEQI3RAVEQ(I)IMEPS
(il)eMRENO(I),f4REJQ(II.IUNR2,NR3)

602 WRITE OUTPUT TAPE 9966O,(M1(l3.N2(13,M3(13,SZ(l),PL(13,AVEQ(I3,RAV
LEOC 13 .EPS(13 .NRENO (I) eNREJO II) , INR2 eNR3)
MR1UNRI-24
IF(SENSESWITCH 638039804

803 PRINT 670 sMU1,MU2#MU39MSL
PRINT '050
PRINT 600

604 WRITE OUTPUT TAPE 996709MUl9MU2oMU&*MSL
WRITE OUTPUT TAPE 9,650
WRITE OUTPUT TAPE 9,600
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$05 IF(NR1-24)490*4900SOO
610 WRITE OUTPUT TAPE 7,580.H1lIlH2(ll#H3(1)t AVEQ(13.WEI(13.QN9SI(1)

WRITE OUTPUT TAPE 7s660o4H1II)#H2(ll9H3(IR, AVEO(I)#WEI(I)o 51(1).
11m2,NR)

020 CONTINUE
END FILE 7
REWIND 6
REWIND 7
RETURN

94O FORMATI1H1,106H H K L. SIN(I/L
1 F4*2 F EPS W R)

550 FORMAM IN
560 FOlRMAT(1H0*12H 314oF18o7oF1993oFl8o4o3I9)
530 FORMATIIHI)
560 FORtMAT(6F9e2#F9*6#9H R912X)
590 FORMAT(33H LOG K a A + B(S**X) A *1.e1 aFlOs~lN8u1

1*5*12H X *F9s592OH SCALE FACTOR uFlOs5)
600 FORAM~HO)
610 FORMATISIH ISINI)/L)**2 LOG K W)
620 FORMAT112H Fl~s6.sH F9o5.F13oO)
630 FOltNAT(1H1.37H U V W WEISSENBERG)
640 FORMAT(1HO,313,99 LAYER13.36H SCALE FACTOR

1 aF1Oo5s26H NO. OF REFLECTIONS .15)
635 FORMAT(IH136H U V W PRECESSION)
660 FORMAT(1HOZH 314eF19.79F1B.69F19.3.F1S.4.31101
670 FORMAT(1N1,313,9H LAYER131
650 FORMAT (120H0 H K L SINI )/L LP FACTOR

1 F**2 F EPS W
2R )

640 FORMATISF9*2eF116e69H R912X)
690 FORMAT(1NO.49H TOTAL NUMBER OF INDEPENDENT REFLECTIONSM?

ENO(29292#2.21
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SF MOPM
rIMFNSION Hl(l00 0 )91H2(1000).H3(1000),AVEO(1000),EPS(1000),REJO
1(1000),REND(1000),PL(1000),SI (1000).RAVEQ(1000),WEI(100),Y1(SO),
2Y2( 50) 9Y3(50)9Ml(1000) tM2( 10()).tM3(1000),9YAVEG(501 ,YRAVEO(r0)q
3MREN0(1000),YWEI(50(,MREJO(1000),M!EPS(1000), BS1(20)oCS(20)*
4X(50.1).BCB(450).YSI(50).W1(l00).AN!(20),AS(20),AS1(20),BS(20)
FREOUENCY 190(15) ,195(25)9260(O.1,]0) .300(5O.19O)9340(0,1,20).
1362(5) .363(300) .390(0.1.10) ,435(0,3,1),205(5) * 805(5,1.30).
2480(291915)9364(5)

180 REWIND 4
READ INPUT TAPE 49700
READ TAPE 49NASO
READ TAPE 4, (AS( I) .AS1(I) .851I) .8S1I ) ,'S( I) ,AN( I). 1=1 NASP)
READ TAPE 4,NOZNSNIRT1,8T2,SFEXNOIiNRT
REWIND 5
PFWTNnr 6
REWIND 7
REWIND 8
WRITE OUTPUT TAPE 5o7409NOIB
WRITE OUTPUT TAPE 797Uf tNRT
ON1 .0
NUO

185 AE2*O.0
AE2C=0.0
AEFln.0
AEC=O. 0
AF?1 :0.0
AE21C=0.0

190 DO 330 J=1,NOZ
RFAD TAPE 89THIG
READ TAPE 8.(Hl(flH2(I).H3(I ).AVEO(I).EPS(1 (,REJO(1).RENO(I),

ISI (HI) .I1IFIG)
195 DO 320 1=1,1816

IF(AVEO(1)-l.0E-10)2209220. 00
200 SIG*090
205 DO 210 L=1,NASP
210 SIGuSIG.+AN(L)*(AS(L)*EXPF(-ASJ(L)*SI( I))+BS(L)*EXPF(-FS1(L)*SI (I))

1.CS(L) )**2
AVFO(TI=AVFO(T)*EXPF(8T1*.(Si(I**EX))/(EPSHI*S!6I

220 RAVFO(I)uSORTF(AVFO(I))
AVEG(I )=AVEO( I)-1.0
AEzAF+RAVEQ (I)
AFC=AFC+1 .0
AF2lzAF?14AVFO( I)
AE2IC=AF21C+1 .0
AE2=AF2.ARSF(AVFQ( I))
AE2C=AE2C+1 .0
SIC uS(ORTF(SIM()

?60 IF(RFN0(I))2709270,280
270 WIE1 IM0.0

GO TO 290
280 WEI(I)wl*0/S0RTF(RENO(1))
290 NwN+l

Vi (N) MI (I)
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Y2 (N)wH12(1)
Y3(N)m143(I)
Ml(N)=INTG(Hl(I))
M2(N)81NTG(H2( I))
M3(N)w!NTGfH3( I1)

YAVFO(N)uAVFO( I
YRAVFO(N)mRAVE0(1)
?RF~n(N)zRFNO( I)+o0001
YWEI (N) WEIM(
MREJo(N)zREJO(I )+o0O01
MEPSMNIEPS(I +*OOO1

300 IFI N-25) 3209310,310
310 WRITE OUTPUT TAPE 99540

WRITE OUTPUT TAPE 99600
WRITE OUTPUT TAPE9.560,(MIIKh9M2IK~ ,M3(K) ,YSI(K),YAVEC(K),YRAVEQ(K

1) ,MEPS(K) ,MRENO(KI.REJO(K ,Kzl .25I
WRITE OUTPUT TAPE 5,6809(Ml(K),M2(Kid 13(K),YAVEO(K),Kxl,25)

320 CONT!NUFJ
'V10 CONTINtIF
140 IF(N)36093609350
350 WRITE OUTPUT TAPE 9,540

WRITE OUTPUT TAPE 9,550
WRITE OUTPUT TAPE9,560,(M1(K),M2(K)t43(K) *YSI(K),YAVEC(K).YRAVEO(K

WRITE OUTPUT TAPE 5,660,(M1(KIM2(rl sr43(KJYAVEQ(K),KU1,Nl)
160 END FILF 5

RFW!Nn 5
RFWINn 8
WR!TF OllTPUT TAPE 99530

WRITF OU)TPUT TAPF 99590,RT2*AT1,FX.5F
161 ZAF=AF/AEC

7AF7=AF?/AF2C

WRITE OUTPUT TAPE 99600
WRITE OUTPUT TAPE 996909ZAE9ZAE29ZAE21

362 DO 820 Kn1,NS
READ TAPE 69Ul9U2tU3*CE#PE
READ TAPE 69SLNR#TL
RFAD TAPE 69(H1(J).H2 (J),M3(JI.FPS(J) ,AVEO(J),REJO(J),RENO(J),

10L(J)9S!(J)9J=1sN'R)

MUP =I NTG Ml

ML3I INTG (Ul
MSL= INTG CSt.

361 DO 430 11NR

170 DO IS0 L~1,NASP
380 SIG=SIG+AN(L)*(AS(L)*EXPF(-ASl(L)*SI 1(I I)+HS(L)*EXPF(-BSl (L)*SI (I))

1+CS(L) I**2
DL( I)UFXPF(8T1*(SI I I)**EX))I/(EPS( I *SI6)
IFiAVFO(I)-l.OE-1013859385%381

381 AVF0( Ii2AVF0( I)*PL( I)*SF
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IA5 PAVPO()zSORTF(AVF0(Ifl
AVE~o( I AVF0(11)-i .

390 IF(RFNO(T))400,4009410
400 F I ( I)zOo0

60 TO 470
410 WEI (I )ul.O/SoRTF(RENOI I))
420 M(I)=INTG(Hl(I )l

M2(1I)=INTG(H2 (I))
m3( !)=NTG(Hl(T))

479 MRFJO(IIvRFJO(TI+sOO01
MRENnOCT L=RFN!O( I +.0001

430 MEPS( I IEPS(I I+.0001
hMR1 N R

4115 TF(OF14170437o436
416 WRITE OUITPUT TAPE 99635

(0 TO 4li0
417 WRITE OUTPUT TAPE 9,630
450 WRITE OUTPUT TAPE 996409MU19MU2oMU39MSL*NR
470 WRITE OUTPUT TAPE 9,550

WRITE OUTPUT TAPE 99650
WRITF OUTPU1T TAPE 9,600

480 TF( NR1-2??I9094909An0
490 NP2=NR-NP1+1

WRITE OUTPUT TAPE 99660,(Ml1 IM2(I),M3( II.SI(I).PL(IIAVEO( I),
IRAVEOC I I ,FPS( I .MRFNO(I 1 ,REJO(1 II. IR2.NPI

GO TO~ 810
800 NR2=NIR-NR1*1

NR3=NR2+21
WRITE arUTPUT TAPE 996609(M] CI I.N2()M3(I3.SI(I),PL(II.AVEQ( II,
1RAVEOC II MEPS( II MRENO (II ,MREJQ( 1 * =NR2.NR3)
NR1=NRI-24
WRITE OUTPUT TAPE 9t670,MU1.MU2,MUl#MSL
WRITE OUTPUT TAPE 9,650
WRITE OU)TPUIT TAPF 9,600

A05 !F(NR1-24)4909&9oosnn
810 WRITE OUTPUT TAPE 7,680,(M1(IIM2(lIM3.(I),AVEO(II.1lNR)
A 71 CON T IitOF

END FILF 7
REWIND 6
REWIND 7
PRINT 730
PAUSE

540 EORMAT(1Hl*106H H K L SIN(I/L
1 E**2-1I E EPS W R)

550 FORMAT(IH )
560 FORMAT( 1HO912H 314#Fl8*79Fl9s59Fl8*593I19)
530 FORMAT(lHI)
590 FORMAT('AIH 106x K =A + R(S**X) A uE1O,5911H 8 2F10

1.591?H X =F9.5,2nH SCALE FACTOR =FlOo5)
600 FORMAT(1HOI
630 EORMAT(11,37H U V W WEISSENBERG)
640 FORMAT(11HO,31399H LAYER13936H NO. OE REFLECTIONS

1I51

Id
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635 FORMAT(1H1.36H U V W PRECESSION)
660 FORMAT( 1109214 314,F19.7,Fl8e6,F19.5,F1B.5,3110)
670 FORMAT(11399H LAYER13)
650 FORMAT (12040 H4 K L SINO/L K

1 E**2- E EPS W
2P

680 FORMAT(3!4oF20*S)
690 FORMAT(1M0.124 AVE. E a F1O.69244 AVE. /E**2 -1/ wF1O.6.

122H4 AVF# F**2 - I 8F1O*61
700 FORMAT(724

1
710 FORMAT(I4#FS*4)
720 F0RMAT(SF8o4vF4@O)
730 FORMAT(80H JOB FINISHED. REMOVE AND SAVE TAPE 7o USE TAPE 9 FOR

lINPUT TO JOB r ORDERING.*///I/
740 FORMAT(171

END I0.1.0 .0.1)
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E ORDER
DIMENSION Ml(2400)oM2(24001 .M3(2400) .AV(2400)#K1(24OO)tK242400oeK
1(24001 ,QAV(2400I .R( 2400)I COMMON M1.M2oM3#AVeR
FREQUENCY 5(5.1.5),30112001 .5O(5.l,~ .80(800I.90(5.1.5),
1170(1,1 ,* I 180(25)
REWIND 5
READ INPUT TAPE 5#10019NOIB

1 IF(5000-NOIB)29393
2 NIBO=5000

NOI BoNO 185000

GO TO 4
3 N8IOw2

N! 80.NO lB
4 Kn0

LEO
DO 20 ImI#NIBO
READ INPUT TAPE 591000010N29N34Q

5 IF(0)20910910
10 LuL+1

M2 (LI 3N2
M31LI*N3
AV(LI*O

20 CONTINUE
30 DO 160 Ju1,L
40 DO 70 Kal#L
S0 IF(AV(K)I7O.60960
60 BAV=AV(KI

GO TO 80
70 CONTINUE
30 DO 110 IaV..L
90 IF(AV(II-BAV)11O.1009100

100 BAVaAV(II
11211

110 CONTINUE

K2(J)zm2(I11I
K3(j~um3( Ill
QAV(J)*AV( Ill
R(JIaSQRTF(AV( 111+1*01
AV( 111.-l*O

160 CONTINUE
WRITE OUTPUT TAPE 9.1006
WRITE OUTPUT TAPE 99100loNO18
M=L/SO

170 IF(M-1)20091809180
180 DO 190 XsloM

Nu 1*S0-49
NlNN+24
WRITE OUTPUT TAPE 9,1002
WRITE OUTPUT TAPE 9.1003

190 WRITE OUTPUT TAPE 9.1004.(K1(JI.K.2(JJ ,K3(JIQAV(JI.H(JIK1(J*25I,
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1K2(J+25),K3(J+253,QAVIJ+25),t.IJ+25),JaN.Nl3
200 WRITE OUTPUT TAPE 9.1002

WRITE OUTPUT TAPE 9o1003
LI* L-50*M
L2mL1-25
IF( L2)3220 .220 210

210 NaM*50+1
N1uN+L2-1
WRITE OUTPUT TAPE 9,1004.(KI(J),K2(J),K3(J),QAV(J),R(J),KI(J,253,
IK2(J+25)kK3(J+25).QAVIJ+253.R(J.253,JnNNl)
N2=Nl+l
N38N+24
WRITE OUTPUT TAPE 991005,(K1(J)oK2(J3,K3(J),QAV(J),R(J),J.N2,N3)
GO TO 230

220 N=M*50+1
N1UM*50+L1
WRITE OUTPUT TAPE 9.1005.(K1(J3 .K2(J) K3(J) .OAV(J) .R(I JE~N.NI)

230 CALL OUI(K1.K2,K39QAVL.)
GO TO(1,240)#NBIO

24.0 PRINT 1007
STOP

1000 FORMAT(314oF20*5)
1001 FORMAT( 173
1002 FORMAT(1HI#107H H K L E**2 - 1 E

1 H K L E**2 I E
1003 FORMAT(HO)
1004 FORMAT( 1HQ.I13,2I4,2F1~. ,I22,214,2Fl!535
1005 F0RMAT(IH0tI1392I492Fl5o5)
1006 FORMATIHI)
100? FORMAT(H1928H J06 FINISHED@ SAVE TAPE So/////)

END(1919090912
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SUBROUTINE OUI(KloK29K3.oAVLl
DIMENSION Kl12400).K212400boK312400).OAV(2400).KU(300.6).LU(3009

1slomtUI30W.).Q00esootal 0.t COMMON KU9LU9t4U9Q 93
J11u0
.12w0
.13.0
J400
J1560
.1'..
.17w0
Joao

10 D0 300 Ju1o.
20 IF(K1(J)-K1(J)/2-II1J)/2)4O.SO.4O
30 1182

GO TO 50
40 1161
50 IPEK2(J)-K2(J)/2-K2(J)/2)70.OO.?O
60 12=2

GO TO 8O
T0 12.1
SO IF(K3(JI-KS(J)/2-K3(JI/2)95.90.95
90 13a2

GO TO 99
95 13=1
99 GO TO(10092001.11
100 GO TO(110912O)e12
110 GO TOE 191121913
r20 GO TO(121e122)913
200 G0 TO(21O.220)912
210 G0 TO(2119212)913
220 GO TO(221#2221913
II1 js.js.1

KU(JS.S)uK1 1.)
LUiJg9S)=K2(J)
MU(JOOJwK3(J)
QIJS#G)uQAV(J)
S(J6*8luSQRT~lQAVJ)+IeOl
GO TO 300

112 JSDJS.1
KU(JS#S)=Kl (.)
LU(J5.5)sK2(J)
MU(j595)sK3(J)
GIJ595).OAV(J)
51.15,5) .SQRTF(QAV(J)+*0)
60 TO 300

121 JGSJO+1
Q(J6*6) uQAVIJI
KU(J696)wK1 J)
LU(J6#6).KZ CJ)
MUE JS.S )sK3(
SEJ6*6) uSQRTF(QAVJ)*1*01
GO TO 300

122 JauJ2*1
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KUJZ.2)sKl(Jl
LU(J2.2)sK2(J)
MUIJ2t2luK3(J)
QlJ292)m0AV(Jl
S(J292)wSQRTP(OAV(Jl*1.0)
GO TO 300

211 J7uJ7+1
KUIJ7*7)=Kl U)
LU(J7o.)oK2(J)
MU(J7o7)sK3(J)
QEJ7#7)=QAV(J)
S(J7*7)wS0RTF(GAV(J)+*0)
GO TO 300

212 J3aJ3+1
KU(J3#3)oKl U)
LU(J3o31uK2(J)
MUIJ3#3)uK3(J)
Q(J3.3) uOAV(J)
SlJS93)wSQRTF(OAV(J)+*0)
GO TO 300

221 J4mJ4+1
KUIJ4*41uK1 U)
LUIJ~t4)sK2(J)
NU(J4#4J.K3(J)
Q(J4.*I.QAVfJl
S(J4.'i)mSORTF(GAV(J)41.0)
GO TO 300

222 J1*J1+1
KU(Jl .11u1 U )
LUE Ji1) .K2 (JI
NUJo1)nK3(JI
a(J1..1)mOAVIJI
S(J1.1)oSQRTF(QAVIJI*1*0)

300 CONTINUE
LLwJl
DO 500 K=1*S
MaLL/5O

310 IfIM-113*09320#320
320 DO 330 1.1gM

N2I*50.*9
N1&N+24
WRITE OUTPUT TAPE 9.1002
WRITE OUTPUT TAPE 991003

330 WRITE OUTPUT TAPE g.o049(KUIJoK)tLU(J#KI#MUIJoK)*Q(J*Klo&(J*Kl9
1KU(J+25,K).LU(J*25.K).MUIJ+25.K).Q(J*25.K).SIJ425sKI.JUN.N1)

340 WRITE OUTPUT TAPE 991002
WRITE OUTPUT TAPE 991003
LIOLL-50*M
L2mLl125

350 IF(L2)370,3709360
360 NEM*50+1

N1*N+LZ-1
WRITE OUTPUT TAPE 9,1004.4KUIJ.K).LUIJ*K).MU(JK),Q(J.Kis81J*K).
IKUIJ.ZS.K).LU(J425.K).MU)(J+25eK).Q(J*25.K)&(J25K).JhN.N1
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N28NIl
N3nN*24I WRITE OUTPUT TAPE 9.1005.EKUIJ.K)oLU(JK),MU(JK)gQIJK,tgJK),
iJ=N? .N3)
GO TO 380

370 NOM*5O.1
NIEM*50,L1
WRITE OUTPUT TAPE 9910OS.IKU(JK).LUIJK).MUIJ.K).Q(JK).$tJ.K).
IJaNoNI)

360 GO TO(39O.40.410.42O.430.440.450.S00).K
390 LL=J2

GO TO 500
400 LL*wJ3

GO TO 500
410 LLwJ4

GO TO 500
420 LLwJ5

GO TO 500
430 LLwJ6

GO TO 500
440 LLOJ7

GO TO 500
450 LL~sJ
500 CONTINUE

RETURN
1002 FORMAT(1H1.107H H K L E**2 I

.1 H K L E**2 - 1 E)
1003 FORMAT1iHOI
1004 FORMAT(IHO.113.214.ZFLS.5.122.214.2F15.5)
1005 FOlRNAT(1HOo113*2l4*2Fl5*5)

END 12 .2 .2.2 2
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FUNCTION INTG(A)
IF(A)2O.1O,2O

10 INTGm0
GO TO 30

20 INTGaXSIG'NF(XINTF(A8SF(A).e1lXINTFAI
30 RETURN

END().,22, 2
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