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1. Introduction

This report describes a collection of programs used in the calculation,
stacking, and display of geomagnetic transfer functions. A description of the
procedure used to estimate the transfer functions 1is given along with a
detailed explanation of how the programs work. The programs and their
functions are: (1) AUTRN - computation of spectra and transfer function of a
data segment, (2) STACK - stacking of spectra from different data segments
and computing resulting transfer function, (3) LSTRF - listing of transfer
function files, and (4) PLTRF - plotting of induction arrows and error
estimates from transfer function files.

Software and Hardware Requirements

Most of the software 1s written in HP (Hewlett-Packard) FORTRAN IV with
some subroutines written in HP Assembly Language.

Some of the assembly-language routines make use of special instructions
which are not found on the older HP-2100 CPU. These instructions will have to
be simulated if the routines are not run on an HP-2IMX or new CPU.

The software was designed to run on an HP-9640A Multiprogramming System,
which has been superseded by the newer HP-1000. The essential hardware are a
CPU, a disk drive, a terminal, and a printer/plotter. The plotter that was
used in the design of the system was a Varian Statos 33; it 1is wused by
programs AUTRN and PLTRF. ©Plotter commands can be removed from AUTRN for
installations not having the proper hardware without affecting the rest of the
program’s operation.

The logical-unit assignments used in all of the programs are shown in

Table 1.1.
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Table 1.1 Logical unit assignments

LU Name Device
1 LUTTY terminal
6 LUPRT line printer/plotter

Access to data files 1s done by means of the Spool Monitor Package (SMP),
which is also referred to as the File Manager. Consult the HP Batch - Spool

Monitor Reference Manual for more details.



2. Computation of Transfer Functions

Geomagnetic transfer functions are wused to describe the 1linear
relationship between the vertical and horizontal components of magnetic field
variations at a particular frequency or frequency band. We begin with the
northward (X), eastward (Y), and downward (Z) magnetic-field components and
transform them into the frequency domain. The various power and cross power
spectra are estimated for different frequency bands. Then the linear system
of equations which relates the input and output power spectra are solved. A
detailed derivation of this analysis can be found in Bendat and Piersol
(Random Data: Analysis and Measurement Procedures, Wiley-Interscience, 407 p.,
1971).

The following description uses notation similar to that of Bendat and
Piersol. The three components of magnetic field are usually referred to as X,
Y, and Z corresponding to the northward, eastward, and downward directions.
For ease of notation we consider the inputs of the system as channels 1 and 2,
which correspond to components X and Y, while the system output (Z field) is
channel y (see Figure 2.1). All inputs as a group are referred to as x. We
use the symbol X; to refer to the Fourier transform of channel x4+ Thus X
and X, refer to the Fourier transform of the two inputs, while Xy is the
Fourier transform of the system output. The following paragraphs outline the
steps 1in computing the transfer functions, coherency functions, and error
estimates.

We define the cross power spectra as

*
Sij = <Xi Xj> 2-1
where the angle brackets represent averaging over frequency bands, and the
*
asterisk denotes complex conjugate. Notice that Sij = sji'



Figure 2.1

Transfer Functions

Linear system representation of transfer functions. The magnetic
field components are X, Y, and 2Z. For notation purposes in
section 2, inputs are designated by numbers, the output by y and

all of the inputs together by x.

X(north)
—  H (D)
channel 1
\
c\ Z(down)’_
4 channel y
Y(east)
—f  Hy(D)
channel 2



Transfer Functions

The augmented spectral matrix [S_, . ] is computed

yXX
s S s
yy yl y2
[Syxx) = Sy 811 S12 2-2

from which one can form the output cross spectral vector

[Sgyl = [S1y Spyl 2-3

and the spectral matrix

511 S12

[S.,] = 2-4

XX

Sg1 S22

The set of equations describing the linear system are then given by
[SxylT = [yl (H1T 2-5
where
(H] = [H; H,] 2-6
is the desired transfer function.

Solving (2-5) one obtains

T _ -1 T
7T = 18,170 15, 2-7
More specifically
59981y 7 819 Sgy
H, = 2-8a
1 Is__1
XX
5118y T 8915y
H, = 2-8b
2 Is |
XX



Transfer Functions

This expression 1is the same as would be obtained by using a least-squares
technique to reduce the residual vertical field for a two input system.

For purposes of determining how good the transfer function estimates are,
coherence functions are computed. The value of the coherency varles between
zero and unity. A large coherence between two signals indicates that one of
the signals can be used along with the appropriate transfer function to obtain
a good prediction of the other function. The following coherence functions

are computed.

2
Is..1
2 12
G12 = 3. .S 2-9a
11°22
) Ek
Gy = —?fijg 2-9b
y yy 11
2
2 1S,
527 S8 >-9¢
y yy 22

To easlly compute the partial and multiple coherence, it 1is useful to
first calculate the residual cross spectra. Consider for the moment the
residual cross spectra, sly.2’ This 1is the cross spectra between the residual
of Input channel 1 and the output y, and their respective linear least-squares
predicted values using channel 2 as the predictor. The six residual cross

spectra computed are:

811.2 = 831 (1 = 6Gyy) 2-10a

S =s.. (1 -6%) 2-10b
22.1 = 892 12

S =S (1-6%) 2-10c
yy.l yy yl
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2
y2)

S (1 -6 2-10d
yy

S
yy-2

51259
s -5, (1 --t22%, 2-10e
ly.2 ly 82281y

55151
s -=s. (1 -1y 2-10f
2y.1 2y SllsZy

The partial coherencies, which 1is the coherence between one input and the

output when the effect of all other inputs is removed, are given by

2
Is I
ci ) = *—Iéz 2-11a
ye 11.2%yy.2
2
Is I
G§ LT3 25“ 2-11b
y- 22.1%yy.1

Finally the multiple coherence, which is the coherence between all the inputs

and the outputs, is

Is__ |
G2 =] - — YXX 9-12
yex s Is__|

yyxx

The partial and multiple coherency functions give a measure of how well
the output can be predicted by the various inputs. 1 have defined a quality
factor, QF, which can sometimes be used as a measure of how reliable the
transfer function estimate is, as the geometric mean of the two partial and

the multiple coherencies.

2 2 ,1/3

1y.2G 2y.1Gy.x 2-13

QF = (G2
This variable ranges between 0 and 1. Whenever the two horizontal components
of magnetic field are linearly polarized, there are not enough degrees of
freedom in the data to estimate both Hl and Hy. 1In this case, the transfer

function can then be represented by a single complex number, and the quality



Transfer Functions

factor QF can be shown to equal zero. Thus the quality factor would warn
against using this data to estimate the transfer function of a two-input, one-
output system.

The last quantity computed is the formal random error of the tramnsfer
function estimates. The squared random error for the two transfer functions

H; and Hy are given by

2

ri = K E Sii i =1,2 2-14

where
Syxf Hlsyl_ H2$y2
E = S S 2-15
12721

and

R = —2 2-16

n-b_ T4, n-4; 0.95
The function F is the F distribution for the 95% confidence level and n is the

number of degrees of freedom used in the estimate. If m harmonics are
combined to form the spectral estimates, then there are 2m degrees of freedom.

Three techniques are employed by program AUTRN to obtain stable spectral
estimates. First, the individual 128-word long data blocks are multiplied by
a Hanning (cosine bell) function in the time domain. Second, the spectral
values at adjacent frequencies are averaged together to obtain the spectral
estimates. Third, the spectral estimates from independent blocks of data are
added together.

In geomagnetic variation studies, the usual quantity displayed is not the
transfer functions, but the in-phase and out-of-phase induction arrows which
are derived from them. Let the two transfer functions be given by

Hl = hr1+ i hi1 2-17a
and
H, = hr2 + ] h12 2-17b

2

where j is the square root of -1.
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The magnitude of the in-phase and out-of-phase induction arrows are

2 2.1/2
Ai = (hr1 + hrz) 2-18a

and

/2 2-18b

2 1
Ao = (hi1 + hiz)
respectively. The azimuths of these arrows with respect to the channel 1 (X)
direction are

04 = tan~l(hry/hry) 2-19a

]

and

%%

tan~!(hi,/h1,) 2-19b
These quantities are also computed by program AUTRN. When induction arrows
are plotted, 180° is normally added to 04 so that the in-phase arrows point in

the direction of current concentrations. This convention 18 used by program

PLTRF.



3. Program AUTRN
Purpose

Program AUTRN 1is used to automatically compute geomagnetic transfer
functions. It uses a scheme similar to one developed by W. D. Stanley (oral
communication, 1979) to compute the transfer function over a wide range of
frequencies. The data set 1is divided 1into 128-~point blocks, which are
analyzed. The data are then low-pass filtered and decimated, saving every
other data point. The new data sequence is now analyzed to obtain transfer
functions at periods twice as great as the previous analysis. This procedure
is called cascading, and 1is repeated up to seven times to obtain a maximum of
eight analysis-frequency sets. The longest 1input data set which can be
handled is 32,767 words. The advantage of this technique is that only short
data segments need to be handled.

Output from AUTRN includes the stacked spectral matrix, the transfer
function, induction vectors, and error estimates. These data are stored in a
file and printed. Intermediate results, including plots of the original time
sequence, power spectra plots, the results of the analysis of individual data
blocks, and the stacked results every time they are updated, can be obtalned
at the discretion of the user. Detailed descriptions of the user-supplied
input parameters are given in Appendix B.

Description

The program consists of a very short main program and eight segments
which are scheduled by the main program as needed via system EXEC calls. The
main program allocates most of the storage used by the segments. This storage
resides in a large common block. Control is returned to the main program by
means of GO TO statements that branch to labels which are in the common

block. In the main program these labels are assigned to statement numbers.

10



Program AUTRN

The labels are all named LOOP{ where 1 is an integer between 1 and 8.

Figure 3.1 shows a flow diagram for AUTRN, which should be referred to
during the following discussion of the functioning of the main program. AUTRN
starts by 1initializing some parameters in the common block and then schedules
segment AUTR1. AUTR1 inputs the X, Y, and Z field data and creates work files
into which it places the data. The user provides some processing parameters
at this point. If any errors occur in AUTR1, flag ISTOP is set. Upon exiting
from AUTR1, the main program checks to see if there were any errors. If there
were none, processing continues. If an error occurred the user 1s asked 1if
anymore data are to be processed.

AUTRN now enters a main processing loop and schedules AUTR2. This
segment initializes some work buffers on all passes, and inputs some more
processing parameters only on the first time it 1is called. The next segment
scheduled, AUTR3, computes the Fourier transforms, spectral matrix, and the
quality factor for one block of data. The results of the individual block
analyses can be printed 1f desired. Stacking of the data takes place in
AUTR4. If the intermediate stacked data are to be printed and plotted, AUTR5
is scheduled, otherwise control transfers to LOOP5 in AUTRN and the next block
is processed.

When the last block has been processed, AUTR6 13 called to output the
results to a disk file. If stacking was based on the quality factor, and no
data were stacked and quality factor lowering is allowed, AUTR6 exits to LOOP2
and reprocesses the data for this decimation level with a lower quality factor
threshold for stacking results. The number of threshold lowerings allowed at
all decimation level are set by the user.

If the data are to be decimated, AUTR7 1is scheduled, which low-pass

filters and saves every other data point. Plots of the resulting time

11



Program AUTRN

Figure 3.1 TFlow diagram of program AUTRN. The large circles refer to labels
in the main program. The double wide arrows indicate transfer

control to or from a program segment.
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Figure 3.1 Continued
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Program AUTRN

sequences can be obtained if desired. The data are then processed to obtain
analyses at lower frequencies. When the last decimation level has been
reached, AUTR8 1is scheduled. This segment writes a summary of the results on
the line printer, closes the result file, and purges the temporary work
files. AUTRN then asks if any more data are to be processed.

This completes the description of the overall functioning of AUTRN. Each
segment will now be discussed in detail.

AUTR]1 opens files containing the X, Y, and Z components of the magnetic
field. These files are in Integer Format (see Appendix A). The data are
converted to floating point format and stored in Temporary Real Format files
named "..XX..", "..YY¥..", and "..ZZ.." respectively. If any of the input
files can not be opened or 1if the temporary work files cannot be created, all
open files are closed and any temporary work files are purged. The three
input files are checked to insure that they contain the same number of data
points, and have the same effective sample interval.

After all the temporary work files have been created, several parameters
that control processing are input. These include the number of decimation
levels the processing is to be carried through, and whether or not overlapping
of the input data sequence 1s to be used. If the former option is selected,
each analysis contains the last 64 data points of the previous data block plus
64 new data points. When this type of processing 1is used, the number of
degrees of freedom cannot be easily determined, but will be less than the
indicated value since some of the data are used twice. In the case of all
data being stacked, the degrees of freedom will be large by a factor of 2. A
consequence of this 1s that the transfer function error estimates will be
biased downward. After the question about overlapping is answered, control

transfers back to AUTRN.

14



Program AUTRN

The next segment, AUTR2, requests more information from the user which
controls the processing. The user begins by supplying the name of the result
file. TIf the file cannot be created, the user is asked for another file name.

The transfer function analysis is carried out in 4 frequency bands at
each decimation level. Since there are 128 points used in the Fourier
analysis, there are 64 harmonics which can be wused in the spectral
computations. Experience has shown that the harmonics above number 32 are
quite noisy and not well suited for analysis. AUTR2 displays the default
frequency averaging bands that are used unless a different set of harmonics 1is
gselected.

The spectra from each block are considered for stacking only 1if the
quality factor (QF) exceeds a user-specified quality-factor cutoff (QFCUT).
Notice that a value of zero will result in all data being stacked. Simply
because a block’s QF exceeds the cutoff value does not mean the data will be
stacked, but rather the process depends on the type of stack specified to
AUTR2. There are three types of stacks: (1) straight, (2) non-degrading, and
(3) non-degrading with QF lowering. For a straight stack, the data are
stacked 1if QF exceeds QFCUT. A non-degrading stack requires that the QF
exceed QFCUT, and that adding the data to the previously stacked data does not
lower the QF of the stacked data (QFSTK) below QFCUT-0.l. It is possible to
set QFCUT high enough that no data are stacked in any of the 4 frequency bands
at a given decimation level. If this occurs and a non-degrading with QF
lowering stack has been specified, QFCUT is lowered by 0.10 and the analysis
for this decimation level repeated. When this option is selected, the user
can specify how many lowerings of QFCUT are to be performed. When processing
of the current decimation level is completed, QFCUT 1is returned to its

original value.

15



Program AUTRN

The user can also specify when the results of the individual block
analyses are reported. There are three choices: (1) report all results,
(2) report only results when data have been stacked, and (3) do not report any
results. Finally the wuser furnishes a parameter that determines when the
original data sequences are plotted. When the data sequence length is less
than or equal to the specified number of blocks, the X, Y, and Z time series
are plotted.

The input of processing control parameters by AUTR2 is done only before
the first cascade 1level 1is started. A second function of AUTR2 1is to
initialize storage buffers. This function is performed at all cascade levels.

The ‘'"work horse" segment 1is AUTR3 which performs the spectral
computations. The three field components are read and a linear trend and mean
are removed. A cosine bell is applied to the data before the discrete Fourier
transform is computed. The spectral matrix is formed for the four harmonic
bands specified. From these quantities the ordinary coherence, residual cross
spectra, multiple coherence, partial coherencies, transfer functions, and
quality factor are computed. If the quality factor exceeds the threshold
value, the spectra are saved for possible stacking. These intermediate
results, called "BLOCK RESULTS" are printed if the "ALL DATA" print mode was
selected, or if the "STACK DATA" print mode was selected and QF exceeds
QFCUT. Control then returns to the main program.

Segment AUTR4 determines if the spectral matrix computed by AUTR3 should
be added to the stack. If the QF for a given frequency band exceeds the
threshold value, it 1is stacked. After a value is stacked, the QF of the stack
is computed. If a non-degrading stack has been called for, and the last
addition to the stack lowered QFSTK below QFCUT-0.1, the last addition is

removed. If the spectral values are removed, the coherencies, residual

16



’ Program AUTRN

spectra, and quality factor are recomputed.

The transfer function and error estimates of the stacked spectra are
computed. If additions were made to the spectral stack, and the "ALL DATA" or
"STACKED DATA" print modes were selected, then the "STACK RESULTS" are
printed. When stack results are printed, AUTR5 is also scheduled to plot the
X, Y, and Z data for this block as well as their power spectra.

When there are no more data blocks at this decimation level to process,
AUTR6 1s scheduled. This segment checks to see 1f QF lowering 1s being
used. When it 1is, data must have been stacked in at least one of the four
frequency bands. If it wasn’t, and the QF can still be lowered (by 0.1), it
is and the processing of this decimation level starts again. When QF lowering
is not being used or if some data were stacked, the results are written to the
output file for future use.

If more decimation levels are to be processed the data are now low-pass
filtered and decimated by segment AUTR7. This segment uses a l6-point filter,
which is convolved with the three input channels. The amplitude and phase
response of the filter are shown in Figure 3.2. The phase introduced by this
filter does not affect the calculations since we are only concerned about the
relative phase of the different channels.

AUTR7 also has a facility for plotting the input data sequences after
they have been low-pass filtered. The data are plotted whenever the total
number of blocks 1is less than or equal to the value specified by the user.

When the last decimation level has been processed, segment AUTR8 prints a
summary of the results including the stacked spectral matrix and the transfer

function.

17
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Figure 3.2 Amplitude and phase response if low-pass filter used by AUTR7.
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Program AUTRN

Special Requirements

Program AUTRN creates three temporary work files named "..XX..",
",..YY..", and "..ZZ..". Files with these names must not exist when AUTRN is
run or processing will be halted. Under normal operating conditions, AUTRN
purges these filles when it is done using them. If AUTRN is abnormally
terminated with an "OFF" command, these files should be purged by the user
before the program is rerun.

Program Loading

The loading of program AUTRN can be accomplished by issuing the commands
shown in Figure 3.3. The first module, named 7ZREPLC, is used to replace any
calls to software routines .LBT and .SBT with the corresponding hardware
commands. The percent signs in front of the module names indicate that they
are relocatable modules. The loader 1is called to do a temporary, background
program load with segments.

Program Operation

Before AUTRN can be run, temporary ID segments must be assigned to it and

its eight segments. This is easily accomplished by issuing the command

:TR, /AUTRN
which restores AUTRN and its segments by executing the commands in Figure
3.4. The program is then executed with the command

:RU,AUTRN
After execution of AUTRN is completed, the temporary ID segments can be
returned to the system with the command

:TR, \AUTRN

which executes the commands in file \AUTRN shown in Figure 3.4.

19



Figure 3.3 Command sequence to load program AUTRN.

LOAUTR T=902233 IS

2291
2293
23293
2394
2038
2396
2297
2398
A0S
2319
2211
2312
2213
2914

a2is

agig

aa1? .

2318
2313
2329
0931
ag22
D23
2324
P25
AP26
Ra27
228
2229
23309

LG, 19
'MR, ¥REPLC
'MR, %AUTRM
{MR, %DSPLA
'MR, %AUTRL
PMR ., $HUTRE
‘MR, XAUTR3
{MR, %FOURL
'FR SAUTR 4
tMR, %AUTRSE
t MR %MOVE
‘MR, $ZERG
‘MR EINDOT
MR, 53UTRE
tMR . %AUTR?
t MR KZERD
tMR, 5INDOT
P MR XMOVE
tMR . %AUTRE

‘RU, LOARDR ,88,6,9,1,2

'SP AUTRN
'SP, AUTRL
'SP, AUTRE
i SP,AUTR3
'SP, AUTR4
i SP, AUTRS
‘SP, AUTRSB
'SP, AUTR?
'SP, RUTRE
TR

ON CROA30Q USING

20

Program AUTRN

222092 BLKS R=2090



Figure 3.4 Command sequence contained in files

Program AUTRN

/AUTRN and \AUTRN. File

/AUTRN 1s used to restore program AUTRN, and file \AUTRN is used

to off it.

“AUTRN T=00003 IS ON CROQ390 USING 20001 BLKS R=00020

{RP, AUTRN
{RP. AUTR1
‘RP.AUTR2
‘RP . AUTR3
:RP. AUTRA
tRP, BUTRS
‘RP . AUTRS
P RP, AUTR?
'RP . AUTRS
P TR

2391
2392
2203
aga4d
2095
ARQB
227
RAJE
0333
2919

~AUTRN

2221
aga2
22323
2094
2298
Q326
a7
038
D23
22109

T=22203 IS ON CROD3020 USING 20201 BLKS R=2200Q

'OF, AUTRN
‘OF , AUTR1L
' OF , AUTRE
' OF , AUTR3

OF , AUTR4

i OF , AUTRS
: OF ; AUTRE
: OF , AUTR?
{ OF | AUTRE
' TR

21



Program AUTRN

Input to the program 1is provided at the system console. AUTRN makes use
of the CPU display register to let the wuser know where it 1is 1in the
computations. Bits 0-8 display the current block number being processed,

while bits 9-12 display the current decimation level.

22



4. Program STACK
Purpose

Program STACK 1is used to stack spectral matrices computed by program
AUTRN and compute the resulting transfer functions, error estimates, and
induction arrows. The stacked spectral matrix is formed by simply adding
together all of the spectra selected by the program.

Description

This program consists of a main program plus three segments which are
scheduled by STACK. Control is transferred back to the main program by the
same mechanism used in AUTRN, i.e., a branch to a label variable in a common
block that has been assigned to a numeric label in the main program. The main
program’s function is to: (1) allocate a common storage block, (2) initialize
parameters, and (3) schedule the three segments.

The first segment, STACl, 1s used to input the names of the transfer
function files to be stacked. Up to 16 files can be specified. The input
files are opened and read, and the frequency averaging bands and sample
intervals of the different decimation levels printed. After the last input
file 1is read, control returns to the main program which schedules segment
STACZ.

The user, after looking at the printer output, specifies the frequency
averaging bands to be used. The standard frequency bands used by program
AUTRN are used as default values if no changes are made. The user also
specifies the sample intervals to be used for stacking. There is one sample
interval for each decimation level computed by program AUTRN. Up to eight
values can be specified. In situations where more than eight sample intervals

are wanted, STACK must be used twice, producing two output files.

23



Program STACK

Once the stacking frequency bands and sample intervals have been
specified, stacking 1s performed by summing the selected spectral matrices.
When the stacking 1is complete, the quality factor, transfer function, error
estimates, and induction arrows are computed.

Control is now passed on to segment STAC3 by the main program. The user
specifies the name of the output file the results will be written to, and the
file is created. Any creation errors result in an error message and the user
is asked to again specify an output file name. The results are written to the
disk file and it is closed. A summary of the stacked data are printed. This
is similar to the summary given by program AUTRN including the stacked
spectral matrices, transfer function, error estimates, and induction arrows.
Additionally the names of the input files used in the stack are reported.

The user then specifies if any more files are to be stacked. A negative
response terminates the program, while a positive response starts execution of
segment STACl again.

Special Requirements

Program STACK has no special requirements.
Program Loading

Program STACK and its three segments are loaded by executing the command
sequence shown in Figure 4.1. Binary relocatable modules are indicated by a
percent sign in front of their names. Module ZREPLC serves the same function
as described in the section on the loading of program AUTRN.

Program Operation

Temporary ID segments are assigned to STACK and its three segments by
issuing the command
:TR, \STACK
which executes the commands contained in file \STACK shown in Figure 4.2. The

program is then run using the command
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Figure 4.1 Command sequence to load program STACK.

Program STACK

LDSTAC T=02004 IS ON CRe0300 USING 202Q2 BLKS R=0012

2001
0032
2093
2204
2095
0006
23087
2008
2329 .
2019~
a1l
eaie

LG, 19

‘MR, ¥REPLC
MR, ¥STACK
‘MR, XSTACT
MR, %8 TRC2
MR, %¥STAC3

+RU,LOADR ,89,3,8,1,2

<+ 8P, STACK

-

18P, 8TACL
1SP,STACE
1SP,5TAc3
TR

25



Program STACK

Figure 4.2 Command sequence contained in files /STACK and \STACK. File

\STACK is used to restore program STACK, and file \STACK is used

to off it.

/STACK T=200024 IS ON CRE®30Q USING 922091 BLKS R=0902S

@l :RP,STACK

P22 RP,STACL .
9203 :RP,STACE2

2924 RP,STAC3

988 TR

NSTACK T=20024 IS ON CRee390 USING 22221 BLKS R=000S

2091 ' 0F,STACK
2992 +OF,STACL
2993 :0F,STAC2
20804 :0F,STAC3
P25 TR
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Program STACK

:RU,STACK
After STACK has been run, and no more use 1is anticipated, the command
:TR, \STACK
is given to execute the commands shown in Figure 4.2, which returns the

temporary ID segments to the system.
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5. Program LSTRF

Purpose
Program LSTRF is used to 1list the contents of transfer function files

created by programs AUTRN and STACK.

Program Description

This program is very straight forward in operation. The user is asked
for the name of the transfer function file to be listed. If the file exists,
a copy of the standard transfer function file summary like those printed by
programs AUTRN or STACK is printed. The files are then closed. If the
specified file cannot be opened, an error message is written. After either of
these actions, the user is asked if any more files are to be listed. An
affirmative response starts the whole process over, while a negative response
stops the program.

Special Requirements

Program LSTRF has no special requirements.

Program Loading

This program is quite simple to load. The following commands are used:
:LG,2
‘MR, ZLSTRF
:RU,LOADR,99,6,0,0,2
:SP,LSTRF

Program Operation

Since LSTRF has no segments, it does not need an ID segment assigned to
it if it is run using a File Manager :RU command. The following command is
used to run the program:

:RU,LSTRF

No commands are necessary when the program completes execution.
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6. Program PLTRF
Purpose

Program PLTRF 1s used to plot the induction arrows computed by programs
AUTRN and STACK. This provides an easy way to look at the results of the
transfer function analysis.

Description

The user supplies to PLTRF the name of the transfer file to be plotted.
If the file can be opened, processing continues, otherwise an error message is
displayed and the user asked 1if another file should be plotted. Once the
input field is opened, the user indicates the scaling factor for the plots,
the maximum-length induction arrow to plot, and the comment field that will
appear on the plot. fhe user can also indicate if more than one copy of the
plot is desired. The actual plotting procedure then begins.

The generation of a plot consists of three steps: (1) generation and
sorting (in blocks of 64) of plot vectors, (2) merging of the sorted plot
vectors, and (3) rasterizing and plotting of the sorted vectors. The first
function is carried out by PLTRF, while the last two functions are performed
by programs MERGE and PLOT respectively. The last two programs are described
in greater detail in D. V. Fitterman, Geomagnetic data utility programs for
the HP9640A, USGS Open-File Report 81-360, 1981.

PLTRF begins the plotting procedure by creating a file named "VECTRS" to
put the plot vectors into. Data from the first decimation level is read and
used in annotation of the plot. Dashed border lines to aid in trimming the
plots are drawn, as well as indicating the limits of the plotting area. Any
vectors which have an end point outside of this area are not plotted.
Subroutine ARROW is used to plot the data from each decimation level, one

frequency band at a time. When the last decimation level has been plotted,
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the input transfer function file and the vector file are closed. Program
MERGE 1s scheduled to merge the sorted vectors, and when it is done program
PLOT 1is scheduled to draw the plot. If more than one copy of the plot is
required, the sorted vectors are saved and PLOT outputs the plot again. When
the last copy of the plot has been made, file VECTRS is purged, control passed
back to PLTRF, and the user asked 1f another file is to be plotted.

We will now discuss the operation of subroutine ARROW. This routine
plots the in-phase and out-of-phase induction arrows. The sense of the in-
phase arrows 1is reversed 180 degrees, while the out-of-phase arrows are not.
The out-of-phase arrows are plotted with dashed lines and the in-phase arrows
are plotted with solid lines. If the X and Y component error estimates are
smaller than the maximum of the in-phase and out-of-phase induction arrows,
rectangular boxes centered on the ends of the induction arrows are plotted.
The period, quality factor, and number of data blocks in the stack are printed
beside the induction arrows.

The induction arrows and their error boxes are not plotted if either
arrow is greater than a user-specified maximum value. If no data were stacked
for a particular frequency band, ARROW will neither plot the small cross at
the arrow origin nor the values of T, QF, and NSTK.

Special Requirements

The vectors generated by this program are written into a file called
"VECTRS". The user must be sure that another file by this name does not
exist. If it does, a creation error will result when PLTRF is run. Any other
programs that use the plotting programs MERGE and PLOT should not be run
concurrently with PLTRF as this will cause problems. Finally, programs MERGE
and PLOT should be restored before PLTRF is run. This procedure is described

in the Program Operation section below.
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Program PLTRF

Program Loading

Program PLTRF uses some of the routines in the plotting library. These
routines are supplied after the 1loader pauses with undefined externals
specifying the needed routines. The procedure to use is as follows:

:1G,2

tMR, ZPLTRF

:SYRU,LOADR,99,6,0,0,2
At this point the loader will print a 1list of the undefined externals and
suspend. Continue loading by issuing the command sequence below:

MR, ZPLTLB

:SYGO,LOADER, 2,0,1

:SP,PLTRF

Program Operation

Before PLTRF 1is run, temporary ID segments must be assigned to program
MERGE and PLOT to prevent SC05 scheduling errors from occurring. This 1is
accomplished by issuing the command

: TR, \PLTRF

31



Program PLTRF

Figure 6.1 Command sequences contained in files /PLTRF and \PLTRF. File
/PLTRF is used to restore programs PLTRF, MERGE, and PLOT, and

file \PLTRF is used to off them.

#PLTRF T=@0@@4 1S ON CRO2320Q USING 20291 BLKS R=00Q4

a2e1 RP,PLTRF
2202 RP,MERGE
2993 RP,PLOT
ogag4 TR

WPLTRF T=00204 IS ON CRe230Q USING 90001 BLKS R=00@4

eaal :QF,PLTRF
a2 :QF,MERGE
Q9a3 :QF,PLOT
2234 TR
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7. Appendix A - Data Formats
There are three file formats used by the programs discussed in this
report that are described below. They are:
1. 1Integer Format - the form of input files for program AUTRN.
2. Temporary Real Format - used by program AUTRN to store input
data during processing
3. Transfer Function Format - the form of output files from AUTRN
and STACK, and the form of input

files for STACK, LSTRF, and PLTRF.

Integer Format

Integer format files are created by program SLECT, which is described in
D. V. Fitterman, Geomagnetic data utility programs for the HP9640A, USGS Open-
File Report 81-360, 1981. These files consist of a 128-word header record,
followed 128-word data records. The data records contain 128, 16-bit integer
data words. The values of these data words should lie in the range of 0 to
4095. The units of the data are counts. Any unused data words at the end of
the last record are set to zero.

The header record has essentially the same format as Source Tape Files
produced by program TRANZ for the first 60 words. Additional information 1is
added to the remaining portion of the record by other processing programs (see
USGS Open-File Report 81-360). The header-record format is described in Table
7.1. Some of the parameters are not used by any of the programs described in

this report, but have been included for completeness.
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Appendix A - Data Formats

Table 7.1 Integer Format file header record format

Word Contents
1 Transcription version number
2 Day of year of transcription
3 Year of transcription
4 Tape file number (0-32767)
5 1st and 2nd character of location code (ASCII)
6 3rd and 4th character of location code (ASCII)
7 Cassette ID number (0-99)
8 Instrument number (1-31)
9 Scanrate (0-7), NRATE (Original sample interval = 2%% (NRATE-1l)
seconds)
10 Channels per scan (1-7), NCHAN
11 Clock reset time, hours
12 Clock reset time, minutes
13 Clock reset time, day
14 Clock reset time, month
15 Clock reset time, year
16 Clock off time, hour
17 Clock off time, minute
18 Clock off time, day
19 Clock off time, month
20 Clock off time, year
21 Stop watch time, minute
22 Stop watch time, second
23 Stop watch time, tenths of second
24 Number of words per cassette record
25 Number of cassette records per disk record (always 32)
26 Number of words per tape record, NBUFL
27-51 Comment field (50 ASCII characters)
52 Number of words per subrecord, NWORD
(NWORD = NSCAN*NCHAN + 8)
53 Number of scans per subrecord, NSCAN (NSCAN = integer (24/NCHAN))
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Appendix A - Data Formats

Table 7.1 Continued

Word Contents

54 Hx gain in nT/2048 counts (Value of 0 indicates a default value of
1000 nT/2048 counts.)

55 Hy gain

56 Hz gain

57 Ex gain, >0 north end (+), <0 south end (+)

58 Ey gain, >0 east end (+), <0 west end (+)

59 Ex line length in meters

60 Ey line length in meters

61 NHOUR (Starting time of data segment)

62 NMIN (Starting time of data segment)

63 NSEC (Starting time of data segment)

64 NDAY (Starting time of data segment)

65 NYEAR (Starting time of data segment)

66 Number of data points in data segment, (0-32767) Set to -1 when
greater than 32767. Then use FNPT in word 127 and 128.

67 Decimation number, NDEC. Equals 1 for no decimation.

68 Original sample interval in ticks (1 tick = 1/2 second)

69-71 Reserved

72-126 Not used.

127-128 Number of data points in floating point format.
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Appendix A - Data Formats

Temporary Real Format

Program AUTRN creates three work files named "..XX..", "..YY..", and
"..ZZ.." that have Temporary Real format. The file contains only real data
records which are 128 words long. In each record there are 64 real data words
corresponding to the magnetic field component in nanoteslas (nT). Conversion
from the integer count data in an Integer Format file to the Temporary Real

Format is accomplished by using the formula

H (nT) = -g%%% * (counts - 2048)

where the gain term is obtained from the Integer Format file header record.

Transfer Function Format

Files using the Transfer Function Format are created by programs AUTRN
and STACK. This type of file serves as input for programs STACK, LSTRF, and
PLTRF. The files contain 256-word records and no header record. The results
of one decimation level are stored in a record, and each record contains the
results of four frequency band averages. Table 7.2 gives the names,
descriptions, type, and address of the various data stored in the file. The
addresses are given for accessing the data in integer, read, and complex
mode. The addresses are those of data in the first frequency-averaging bin.
To access data in the next frequency bin add 64, 32, or 16 to the integer,

real, and complex data type addresses respectively.
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Appendix A -~ Data Formats

Table 7.2 Transfer Function record format. The addresses are for the first

frequency~averaging band of a decimation level.

Variable Type iadr radr cadr Description

FREQ r 1 1 1 frequency (hz)

DT r 3 2 - sample interval (sec)

IDEC i 5 3 2 decimation level

NSTK i 6 - - # of blocks stacked

SXX r 7 4 - X power spectra

SYY r 9 5 3 Y power spectra

Szz r 11 6 - Z power spectra

SXY c 13 7 4 X, Y cross power spectra

SXz c 17 9 5 X, Z cross power spectra

SYZ c 21 11 6 Y, Z cross power spectra

H1 c 25 13 7 X, Z transfer function

H2 c 29 15 8 Y, Z transfer function

El r 33 17 9 X error estimate

E2 r 35 18 - Y error estimate

QFSTK r 37 19 10 stacked spectra QF

QFCUT r 39 20 - cutoff QF

Al r 41 21 11 in-phase induction arrow
ANGI r 43 22 - in-phase arrow azimuth

A0 r 44 23 12 out-of-phase induction arrow
ANGO r 47 24 - out-of-phase azimuth

IFLO i 48 - 13 low harmonic number of stack
IFH1 i 49 25 - high harmonic number of stack
NDEGR i 50 - - number of degrees of freedom

per stacked block
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Appendix A - Data Formats
Table 7.2 Continued

Locations 51-64 are not presently used, and are set to zero.

Type code: 1 = integer, r = real, ¢ = complex

The data are stored in an integer array IBUF which 1is equivalent to a real

array RBUF and a complex array CBUF.

DIMENSION IBUF(64), RBUF(32), CBUF(1l6)k
COMPLEX CBUF
EQUIVALENCE (IBUF(1l), RBUF(l), CBUF(l))

The data are then accessed by using the value of 1ladr, radr, or cadr

corresponding to the data type.

For example: IDEC = IBUF(5)
SXX = RBUF(4)
H1 = CBUF(7)
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8. Appendix B - User’s Guide
This appendix gives examples of the terminal input and output, and
printer/plotter output for the operation of the programs described 1in this
report. The output are presented in figures. On the figures you will notice
circled numbers, which correspond to the description in the text.
Refer to Figure 8.1 for the following discussion.

1. This command transfers control to file /AUTRN which restores program AUTRN
and its eight segments.

2. Program AUTRN is run.

3. The three input files are specified. They each contain 2048 data points
or 16 blocks, the sample interval is 8 seconds, and a total of five levels
of output can be obtained.

4. TFive levels of output are selected, no input data overlapping is desired,
and the output file is called '"NRTEST". The list of standard spectral
harmonic averaging bands is chosen.

5. The stacking quality factor is set at 0.0, which will cause all blocks to
be used in the stack. The stack is to be a '"straight" stack meaning all
data that exceeds the quality factor cutoff will be used. No reporting of
BLOCK or STACKED results will be printed, but plots of the original data
will be made whenever 16 or less blocks of data remain. One block of data
produces a plot 1.28" long.

Figure 8.2 shows an example of some of the data plotted by the running of

AUTRN. Shown as the X, Y, and Z fields which will be used as input to the

third (IDEC=3) analysis level. The data have been low-pass filtered and

decimated twice. The new sample interval 1is 32 seconds. The scales are
always 50 nT/inch for Z and 100 nT/inch for Y and X. If the data exceeds the

plotting limits it folds over. An example of this can be seen on the Y
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Appendix B - User’s Guide

Figure 8.1 Terminal output for program AUTRN.

8553319 11 5 a2
tTR/AUTRY (i)
RP, AUIRN :
'RP AUTRI . -
:RP . AUCR2 : :
tRP,AUTR3
:RP,AUTR4
tRP, AUTRS
tRP,AUTRG
tRP, AUTRY
:RP, AUTRS

: TR ‘
tRU, AUTRN f———<::)

[ 4

X-COMPONENT FILE?-NRF20X

Y-COMPONENT FILE? NRF20Y

Z-COIPONENT FILE? NRF20Z

NPT= 2048 H3LK= 16 DT= 8.2

MAXI¥UYM NDEC= 5

DESIIED HDZC? 5

52% OVERLAPPING? (YE OR HO) NO
SAHE OF RESULT FILE? NATEST

' SPECTRAL BA!D HARYOWIC NUMBERS
BAND LO I .

13 1z
2 9 16
3. 15 22
4

21 28

ANY CHANGES? (YE OR NO) NO
QUALITY FACTOR CUTOFF? (2-1) &
STACKX TYPE? (G=STRAIGHT. I=NCN=-DEGRADING, 2=D WITH QF LOWZRING) 2
SPECTRAL RZPORTING? (3=ALL, 1=5TAC! ‘D. 2=0NE) 2

DATA PLOTTING THRESHOLD? (<=BLOCKS) 16

CONTINUE PROCESSING? (YE DR NO) Y~
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Figure 8.2

MRTEST:

Example of input data plotting by AUTRN.

Appendix B - User’s Guide

IDEC=3 DT= 32.0 (190XDT SEC/INCH)

= SCALE(NT/INCH): Z= S2.9090 VY=120.09 X=120.20
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Appendix B - User’s Guide

channel. The name of the output transfer function file is printed for

identification.

While AUTRN 1is running, the wuser will notice that the CPU display
register lights are changing. The display contains the current decimation
level number in bits 9 through 12, and the current data block being processed
is shown by bits 0 through 8. Notice that the number of blocks processed at
each decimation level decreases by a factor of two from the previous level.
Figure 8.3 shows the summary printed by AUTRN when all of the input data have
been processed. It 1s the same data written into output file NRTEST. The
summary 1is divided into two parts: the first part contains the spectral
matrix, and the second part contains information about the transfer function.
1. Each section has a header which tells the name of the output file

(NRTEST), the cutoff quality factor value used (0.000), the percent

overlapping of the input data (0%), and the harmonic numbers of the four
frequency averaging bands (Bandl=3-10, etc.).

2. Each decimation 1level contains four 1lines of output, one for each
frequency band. Both parts of the summary contain the arithmetic average
frequency in hertz of the band (FREQ), the sample interval in seconds
(DT), the number of blocks stacked (NST), and the quality factor (QF) of
the stacked data. The number of degrees of freedom for the spectral
estimates is twice the number of harmonics in the stack multiplied by
NST. For example, for the first band of the first decimation level, this
is 2 * (10-3+1) * 16 = 256.

3. The marked columns contain the power spectral estimates (SXX, SYY, and
SZZ) and the cross power spectral estimates (SXY, SXZ, and SYZ). These
numbers have not been normalized by the 1length of the input data

sequences, the sample interval, or the number of data values in the stack
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Figure 8.3 Example of summary printed by AUTRN.

SUMMARY OF RESULTS: FILE=NRTEST QFCUT=9.990 OVERLAP= 0%
BAND1= 3~10 BAND2= 9-156 BAND3=15-22 BAND4=21-28 “-(:)

DT NST QF SKX Sy SZ2 SXY SXZ SyZ
2.9 18 .S28 .39SE+AS .208E+A6 .S3SE+D4 . 168E+QS .628E+AS , 7P4E+R4-. 131E+05-.227E+05-. 104E+0S
8.9 16 .11 .698E+04 .S32E+Q4 .3IBBE+Q5 .131E+04 .3Q1E+04 .SG1E+P1~-. 642E+03- . 620E+a3~.156E+23
2.9 16 .94 .433E+Q4 .498E+Q4 .277E+03 .199E+34 .267PE+04-.120E+Q3- . S2SE+Q3-.481E+93~ 153E+03
2.4 16 .23 .151E+04 .149E+24 .z03IE+A3 .BSBE+D3 (. G23E+23-. Y8GE+02- . 1SQE+A3- . 120E+@3~ . 5SEE+QR
16.9 g .88 126E+25 . 462E+06 .151E+9S~.126E+35  313E+d6 .293E+05~. 2S7E+AE~ . 612E+A5~ 298E+0S
i6.9 2 .03 .121E+R4 .24S5E+R4 .978E+22- 2SEZE+03- . 19YE+R4 L 121E+23 . 7SBE+0E-. 119E+33- 220E+01
3 15.92 g a2 123IE+24 , LETE+D4 B7PLE+32 ,B43E+92- . B5TRE+O3 . 43BE+a2 . 1SPE+21- IZ24E+22  2SEE+02
211363 16.9 g 11 143E+24 . 17RE+D4 . 7TIE+DZ S3ITE+R3I . 6ES3E+A3I-. 1SRE+BE- . 131E+03- . 17EE+D3~. 1Q2E+AT
901827 32.9 4 .22 ,1Q2E+97 .24TE+D7? .344E+0S-.2S3IE+96 . 133E+27 .2CIE+QE- 7EQE+AS-. 249E+Q6~ . IISE+0E
.Aa3382 3z2.9 4 .32 .3B3E+24 . 343E+B4 . 19BE+33~ . 1ACE+Q4  TIZE+RI | TRSE+A2- . IPOE+D3- 29SE+23T | 1S4E+Q3
.DA4E1L7 32.9 4 .12 .S77E+03 .1@3E+34  278E+02-. 131E+Q3~- 27SE+A3 . 1GAE+OZ- 233E+01- HASE+R2-.191E+02
.2083981 2.2 4 B8 .435E+03 4O1E+33I .3SLIE+QIT~.131E+03- ZOPE+I2 . 17AE+I2-. IFTE4A2~ . 162E+I2 . 149E+02
.2AQ793 84.9 2 .64 .BS3E+06 .1S1E+A7 .9Q1E+AS~ 24EE+A6 .74RE+Q6 . 17?7E+QE . PASE+AS~- 2B4E+ACS~ 251E+26
.2a1528 64.8 2 .92 .73I4E+d4 . 1Q7E+A5 . 422E+Q3~- SP2E+23 . 3ETE+R4 L ISIE+A3- 138E+04- 152E+Q4-. F43E+E2
.ag22se 64.9 2 .8Q (24SE+24 . 17IE+D4 .BI4E+D2~ 437E+23 . 1S4E+R3 | 2Q9E+Q3- 269E+23- LP4E+23 | 312E+02
.322991 84.0 2 23 .145E+24 .40BE+Q3 . 282BE+92~.107E+92~ . S13E+33 .722E+22~-.TE2E+02 .3I26E+02 .213E+22
.98233? 128.9 1 .37 .B72E+96 .16B6E+27 .2S4E+0S .7P4RE+04 . TESE+QAE . 122E+26 . 142E+QS- . 118E+25-. 163E+26
.229763 128.9 1 .89 .JS2E+3S .206E+98 .110E+AS-.3Q3E+A5 . 1SYE+OAE  248E+d5-.133E+9S~. 440E+95~. 351E+a5
.9A1133 128.9 1 .36 .G4EE+Q4 .S4DE+DS .622E+23I . 23IIE+D4 . ZIZE+QA4  S13E+03-. 163E+04~ 344E+D4- . 120E+D4
.a31435  128.2 1 .65 |.1SEE+A4 .2S1E+94 . S4TE+I2 . S432E+D2 . 111E+24 ' IB2E+02- . 267E+23- . 231E+23- . 186E+23
SUMMARY OF RESULTS: FILE=NRTEST GFCUT=d.220@ OVERLAP= 3% ___—{::)
BANDl» 3-12 BAND2= 9-18 BAND3=1S-22 BAND4=21-23
FREQ T NST GF HAR HXI HYR HY I ERX ERY al ANGL AQ ANGO
CRPE343 2.8 1e .58 L1865 -.9839%5 -~ .Q3924 -.21286 . 9475 L9236 L1297 -49.3 Qa1 -173.2
.ata207 3.0 15 .1t .2244 - PS54 ~.0849 . 92035 L2707 L3773 .a3g4 -732.9 R865 178.5
.A13966 2.0 18 34 -.@380Q -.1223 ~.2185 -.92186 .A819 .B8833 .9383 ~186.1 1220 ~-179.3
.A22328 2.9 1& 22 ~.9714 -.97%8 -.2145 -.0224 1294 L1139 .a728 -1e2.% 2882 -189.1
.AR3174 18.9 2 .88 | .1S14 .9146 -~ 1332 29S8 . 433 9313 .291e  ~41.3 3157 22.9
.AA5124 15.2 2 . ad L2249 21386 ~-.Q@399 ~-.a388 L1121 . 2364 .A9Q4  ~2Q.92 .@417  -61.9
. PAZA323 16.9 3 a2 .D349 -. 2122 -.2247 0217 L1297 .1182 .a428 ~35.2 @122 1722
. 211963 1.3 g .1t LQ219 -.9323 ~.9921 -.2487 L1323 . @GS aga1  -~g8.2 .a8g? -122.9
291587 32.9 4 B2 L1778 Qa2 ~-.1353 -.231S L2281 .2130 L2172 -38.3 agse -21.4
.233952 3z.9 4 22 .@388 ~.92788 - Q€87 2226 L1370 L1445 .A883 -¥§.2 2732 183.4
.994517 3z.92 4 12 L2397 - Q422 -~.Q266% ~.3329 L2149 L1691 .97268 -85.3 9E23 ~143.8
.9RS581 32.9 4 26 L @392 -.2338 -.2383 .02298 L3403 L3429 L9471 -43.3 9388 173.€
. 3227933 £4.9 2 .84 L1576 .2821 ~.183839 ~.3439 L1274 .a841 L2318 -47.2 2854 -8.7
.221528 64.9 2 .92 L1278 -.9877 -.1129 .@3283 . 843 2537 L1723 -41.5 ag2g 181,23
.9AE258 54.3 2 .69 L3728 -.1945 - .32836 -~ 9907 .2Qgs L2439 L1991 ~43.3 1943 ~178 8
.232531 g4.a 2 .99 .QAS47 - . Q427 278 ~.2176 .128% L2204 LQEL32 27.2 R462 ~157.€
. A23337 128.9 T .37 1418 Ag42 -.Q3I74 - 2286 L1730 L1139 L1487 ~-14.8 av4a  -23.7
.AQA7E3  12%.9 1 .83 2925 19582 ~.1778 . Q928 L2405 .a2z8 2725 -49.7 19509 1.5
.aa1128  132.0 1 .35 1327 -.9388 ~. 1164 3232 .47 . A244 L1788 -41.3 @361 175.1
an149s 128.9 1 .85 ( .9538 -.1385 -.a432 2049 .2224 . 8857 .A729  -42.4 1388 172.3 y

43



Appendix B - User’s Guide

since we are only concerned with ratios of the numbers for transfer
function analysis. Notice that the cross spectra are complex numbers.

4. The second part of the summary contains the real and imaginary parts of
the X and Y transfer functions (HXR, HXI, HYR, and HYI). The columns
labelled ERX and ERY are the 95% confidence limits on HXR and HXI, and HYR
and HYZ respectively. The quantities AT and ANGI give the magnitude and
phase of the vector made of HXR and HYR. It is the in-phase induction
arrow. When plotted by program PLTRF, its direction 1is changed by 180°.
The quantities AO and ANGO are the out-of-phase induction arrows magnitude
and phase derived from HXI and HYI. PLTRF does not change its direction
when it is plotted.

Figure 8.4 shows the input for another run of AUTRN.

1. This time the user has selected a different set of frequency averaging
bands.

2. The quality for accepting data has been set at 0.33. Also a non-degrading
stacking has been selected. This means that the analysis of any data
block must equal or exceed 0.33 before it is considered for stacking, and
the addition of this data to the previously stacked data cannot lower the
stacks of QF below 0.23 (0.33-0.10).

3. Only stacked results have been selected for reporting. This means that a
"BLOCK" and "STACK" summary will be printed whenever some data are
stacked.

Refer to Figure 8.5 for an example of a block and stack summary.

l. The first line of the block summary gives the decimation level (1), the
current block number (9), the cutoff quality factor (0.330), and the

sample interval (8.0).
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Figure 8.4 Example of input to AUTRN showing user selected frequency bands.

CONTINUE P?OCESSING?A(YE 02 HO) Y&

X=-COMPONENT FILE? NRF22X
Y-COMPONENT FILE? NRF2DY
Z-COMPONENT FILE? NRF22Z

NPT= 2248 N3LK= 16 DT= 8.3
HAXIMUM NDEC= S

DESIRED ND=C? 4

52% OVZRLAPPING? (YE 0OR NO) NO
NAMZ OF RESULT FILE? NRFTR2
SPECTRAL BAND HARMONIC NUMBERS

BAND LO HI
I 3 13
2 9 16
3 15 22
4 21 28

ANY CHANGES? (YE OR NO) YE
BAND LO HI (>1, <=54)

1? 3 7
2? 6 14
3?7 13 21

42 20 23
QUALITY FACTOR CHTOFF? (3-1) .33 . fi:%{:)
STACX TYPZ? (3=STRAIGHT, 1=NON-DZGRADING, 2=MD NWITH QF LOWERING) |

SPECTRAL REPORIING? (#=ALL, 1=3TACKED, 2=.I0NF) |
DATA PLOTTING [HRESHOLD? (<=BLACKS) 7 a6
CONTIMIF PROCESSING? (YE OR NO) Y=
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Figure 8.5

Example of block and stack summaries.
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_BLOCK RESULTS: IDEC- 1 IBLK= 9 GFCUT- .330 DT-
.4833E-02 . 3786E-92 1E6RE-21 2344E-01

p (3337E+23  .Q30QE+@@ . 1S4GE+24 . 0DQ2E+DY . 1SOSE+04 L 02DIE+FDA L 1E49E+A3 -. 4763E-08
3 Y34c8403  baaaties (ES22E+AT - .4TE3E-2E L1BEIE+D4 AFRE+DD . SORSE+D3I . DDIRE+DR
527 1221E+03  .2DQ2E+0D 2347E+32 . ODADE+ID AGE+22 . DAIIE+AD Z492E+01 . DQ0IE+2D
Ep SEESE+R3 ZEF4E+AI - 4317E+32  .EO19E+23 SA7TE+Q2 . 1242E+04 20S4E+@3 . 1SS2E+AZ
5wz .2694E+22 163FE+D3 . 3349E+02 ~.T143E+02 137IE+02 ~-.1236E+23 31S4E+02 ~.1224E+02
SvZ_ ~.1717E+23 394SE+23 I7PEE+RE  ~.4332E+22 10156403 =-.1353E+a2 4240E+02 1545E+02
3112 .1963E+a32 3315E+23 .3972E+23 21s7E+22

Iz21  .SEESE+23 4325E+23 2213E+83 . 9B34E+02

Svvi . 336SE+02 12446422 1E3BE+a2 1S14E+a1

Svv2  .2l62E+02 J1EELE+D2 . 1S24E+a2 4220E+01

S1v3  .2411E+92 - 1SS4E+B2 -.1413E+22 -.49EIE+02 | 1ZG2E+02 -.18G0E+Q1 ~-.S413E+R21 -.GEEEE+01
Sivl -.3223E+22 ~-.7346E+82 -~ I9E2E+D1 -.32IVE+D2 - 22OLE+D2 9932E+21 ESIE+01 . 3939E+01
a1z .EZ16E+aDd 3533E+00 (7B1SE+ad 75E+aa

avl . P24SE+20 17S4E+00 . 323%E+00 LZE1TE+AA

iva L 2230E+00 ZE08E+00 C3T2ZE+0d ‘Sa31E+00

v (ZI3BE+00 I 3424E+09 . 1250E+2D G3BZE+ID

A1¥2 L 4026E+d0 11103E+2d . S372E-21 (ZE43E+00

GE¥l  .51B1lE+@9 . 19ZEE+2D . 1SSEE+29 (E232E+29

nZy (ZZEIE+DD -, 174GE+0@ - 143QE-01 -,40S5E-91 . 47B3E-91 =~ 4ESBE-02 -, 2EESE+4AD - . 2111E+20
miv  =.1402E+09 ~-.1253E+0M - .2121E-91 ~-.9PETE-21 - US47E-91  .4E11E-21  .9913E-@1 . 49ZBE-21
Al 2EETE+0D 2553E-01 .1193E+29 (2312E+90

AHGL =, 3172E+22 -, 1240E+23 - E441E+02 L1B13E+93

G L 2143E+00 .3932E-01 433SE-a1 [2151E+02 .
AMGO =, 1443E+02 - 1141E+23 \3S2IE+03 C1EIRE+D3

a | -B@S3IE+2D (DN | .19SZE+02 .1SEEE+2a . 7I51E+2d

STACK RESULTS: IDECT 1 IBLK= 9 DTe 2.0 MSTK= 9 4 1 1 ——4C>
FEEG  .4833E-02 . 37EEE-D2 . 16ERE-21  2344E-01

zx J11R1E+9 -.32228E-91  .S3ITBE-0D1 -.2722E-81 -.13S4E+20 ~.1362E+DQ ~. IEESE+40D -.2111E+00
HZY  ~.1137E+32 -.3214E-91 ~.l0BEE+pd -, 2924E~01  .EI23E-91  .123IE+20  .9A13E-91  .4Q22E-01l
ERR¥  .B777E-al J1113E+02 . 1AEAE+2D . E2QZE-a1
ERRY 4303E-91 L1222E+09 1AETE+2D . 35S84E£-~-1

Al 1E19E+20 .2552E-a1 C1193E+22 (22136490

EHGI ~.4714E+02 - 1249E+23 - B441E+02 C1B13E+03

70 . 2763E-31 . 9932E-a1 . 4S3SE-ai L21S1E+22

SHGE -, 1S9IE+03 -~ 1141E+03 C3EIIE+02 L 1EERE+D3

3FST . 73SIE+28 . 323I7E+90D . 4IESE+RD . ?SE1

m
+
()
Rl
,9

%1IH= .17TEE-O1 RMAX= .3488E+A4 ZFCs+s- 5. YFCs+s= G HFCw+s=

C

.

[ 1 T T 1

FETETT T
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The rest of the summary has two columms for each frequency-averaging
band. Numbers in the second column are the 1maginary part of
complex quantities. The quantities displayed include: frequency, power
spectra, cross power spectra, residual cross spectra, various coherencies,

transfer functions, induction arrow estimates, and the quality factor.

The remaining portion of Figure 8.5 is called the stack summary and 1is

described below.

3.

The first line gives the decimation level, block number, sample interval,
and number of blocks which have been stacked in each of the four bands
(band 1 = 9, band 2 = 4, band 3 = 1, and band 4 = 1).

As before, the results of each frequency band are given in two columns.
The results include: frequency, transfer function, error estimates,

induction arrow estimates, and the stack quality factor.

The last part of the stack summary contains plots of the data from the block

just stacked and their power spectra.

5.

The first line gives the minimum (RMIN) and maximum (RMAX) value for all
three power spectra plots. Also printed are the full scale values of the
original data plots. In this example the end points of the scales go
between +5nT and -5nT on all three plots.

The power spectra plots are logarithmic in power (left to right) and
linear in harmonic number (top to bottom). Viewed from left to right the
spectra are of the Z, Y, and X channels. Along the harmonic number axis
are four vertical bars which show the 1limits of the four frequency
averaging bands. The harmonics run from one to 64.

The three plots to the right are the Z, Y, and X time series (going from
left to right). There are 128 points in on each plot. The scales are
automatically adjusted to keep the plot within the 1" allotted. The data

plotted have had a linear trend and average removed.
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Refer to Figure 8.6 for an example of terminating AUTRN and starting STACK.

10

When the last data sequence has been processed the user types "NO" to the
query about continuing.

Program AUTRN is shut down by 1issuing this command which automatically
causes the following 10 commands to be performed.

The stacking program is initialized with this command.

Program STACK is started running with this command.

The user specifies two files (NRTEST and NRFTR3) to be stacked.

At this point STACK prints the frequency bands and sample intervals of the

input transfer files (see Figure 8.7). The user needs this information to

decide on the harmonic bands and sample intervals to be selected for stacking.

Refer to Figure 8.8 for an example of inputting of stacking parameters.
The standard spectral harmonic bands are displayed.

The user decides not to use other spectral bands. The user can select
harmonic bands which do not exist in the input files, but no data will be
stacked.

Five sample intervals are selected for stacking. Each sample interval
corresponds to a decimation level.

An output file name of '"NRFSTK" 1is selected, but the file already
exists. This causes a creation error. The user then selects an output
file name of "A".

No more data are to be stacked, so the program is stopped.

The user has decided that file NRFSTK should be purged, and file A renamed
to NRFSTK.

Program STACK 1is no longer needed so the command :TR,\STACK is given to
return its ID segments to the system. This causes the next five commands

to be executed.
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Figure 8.6 Commands to terminate AUTRN and run STACK.

CONTINJS PROCZSSING?
STOP 3793

AUTRY @

$TR,\AUTRN

..
*e av o a--] e oo

:OF , AUTRN

$0F,AUTRI

$0F, AUIR2
: OF , AUTR3

Or' AUTRA4
F,ﬂJL?S

JAUT RS
W AUTRT
+AUTRS

P DTAVK
P,STACI
PP OTA\,Z

=RP STAC3

°
.

RJ SIAL

9
0
:0
0
L
R,
R
R

INPUT MNAI
MAXIMUY N
TYPE “STO

NFL MAME
1 NRTzZST
2 NREFTR3
3 STO?

SEE SUMNA

—3

@

=5 0OF

U4BER
ps TO

RY ON

@
AUTRN A30QRTED

FILZS TO 3E
OF INPUT

TERMINATE

{Yz 0R NO)

FILZS
INPUT

LINZ PRINTER

STAZC!
[

NO

)
I

N

5
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Figure 8.7 Summary of program STACK input files.

1 NRTEST BAND1= 3-1p BAND2= 9-18 BAND3=
DT= 8.0 i86.9 2.9 64.0

2 NRFTR3 BAMD1= 3-10 BAND2=
DT= 8.9 1.9

15-22 BAND4=21-28
1i28.9

9-18 BANDI=15-22 BAND4s21-2%
32.9
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Figure 8.8 Example of input of stacking parameters.

SEE SUMMARY ON LINZ PRINTER

SPECTRAL BAND HARMONIC MUM3ZERS
BAND LO HI
| 3 12 (i)
2 9 16
315 22
4 21 28

AWY CHANGES? (YE OR NO) #0 (2)

INPUT 1-8 DT VALUES TO STACK
VALUZS HIST 0T [ ASCENDING ORDER
USE €0:=PNSITIVE VALUE TO STOP

I 0T

Jt €
2 16

3 32 7
4 54

5 128

B

OUTPJT FILE NAME? MRFSTXK

CREATINH E230R: FILT=NIFSTK I5R= -2

OUTPUT FILZ HAUYE? A

STACK “ORE FILI5? (YS OR NO) NO(:)
STACK : STIP  A7J37

:PU,HRFSTK ‘_If)
$AN, 4, H2FSTY i

:TR,\STACK
:0F, STACK

STACK A30RTHD
:0F,STACI Cﬁ)
:0F,5TAC2
:0~,STAC3 3
:TR

:TR./PLTRF\
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When program STACK finishes the stacking procedure, it prints a summary

similar to the one shown in Figure 8.3. The only difference is that at the

top of the summary a list of the input files is included.

The user now wants to print summaries and plots of some transfer function

files (see Figure 8.9).

1.

2.

An

in

]..

Program LSTRF is run to list a file.
Files named NRFSTK and NRFTR2 are listed. The output for file NRFSTK is
shown in Figure 8.10. The output 1is similar in format to that of program
AUTRN described in Figure 8.3. After the last file to be 1listed is
printed, the user responds '"NO" to the question "LIST ANOTHER FILE?" and
the program terminates.
Before program PLTRF can be run, it and programs MERGE and PLOT must be
restored by transferring to file \PLTRF.
Program PLTRF is run.
Transfer file NRFSTK 1is selected to have its induction arrows plotted. A
scale of 0.25 units/inch 1s chosen, and the maximum arrow length to be
plotted 1is 0.75 units, corresponding to a length of three inches. A
comment field which will appear near the top of the plot is input. The
user does not want multiple copies of the plot. The plot 1is now created
and printed.
The user does not want to plot any other files so an answer of "NO" is
given.
The ID segments of the three plotting programs are returned to the system
by transferring to file \PLTRF.
example of part of an induction arrow plot made by program PLTRF is shown
Figure 8.11. This figure has been reduced to fit onto a page.

The name of the input file and comment field are printed at the top.
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Figure 8.9 Use of programs LSTRF and PLTRF.

tRU,LSTRF (D)

TRANSFER FILE WNAME? NRFSTK
LIST ANOTHER FILE? (YE OR NO) YE

TRANSFER FILE NAME? NRFTR2

LIST AMOTHZR FILZ? (YZ OR MNO) NO
LSTRF ¢ STO? 9327

tTR,/PLTRF

¢RP,PLTRF

t3P,MERGE

‘QP PLOT

:pu PLTRF ()

TRANSFER FILE VNAME? NRFSTK

SCALZ? (UNITS/INCH) .25

LARGEST ARR0W TO PLOT? (UNITS) .75

COMMENT FISLD? (<= 57 CHAACTERS)

SXAMPLE OF TRANSFZR FUNCTIOH PLOTTING
MORE THAN ONE COPY OF OF PLOT? (YE OR N0) NO
PLOT : STOP @877 -

PLOT ANOTHER FILE? (YE OR NO) YE

TRANSF=zZR FILE MNAME? HRrFTR3
SCALE? (UNITS/INCH) .25
LARGEST ARIVOW TO PLOT? (UNITS) .75
COMMENT FIZLD? (<= 53 CHARACTERS)
EXAMPLE OF PLOTIING WwITH HO DAT\ STACKED
MORE THAN ONE COPY OF OF PLOT? (YE OR NO) HNO (:)
PLOT ¢ STOP 3377
PLOT ANOTHER FILE? (Y= OR NO) :HO
PLTRF ¢ STOP @292 ' . .
tTRN\PLTRF
s0rF,PLTRF
PLTRF ABORTED
. $0F  MERGE
MERGE ABORTEN
$DF.PIANT
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Figure 8.10 Example of summary printed by program LSTRF.

TRANSFER FUNCTION: FILE=NRFSTK
BAND1s 3-12 BAND2+ 9-18 BAND3I=1S-22 BAND4=21-28

FREQ oT NST GF Sxx Sy SZ2 SKY SxZ SYZ
298348 2.9 17 .83 .123IE+IE .217E+QE .B831E+D4 .1ZTE+AS . 742E+05 . L1OUE+BS- . 17QE+AG-. 24CE+AG~- . 121E+0C
Q12297 3.9 18 .11 .E9BE+D4 .S32E+D4 .3EBE+D3 . 1Z1E+24 .201E+d4 .SE1E+A1- C42E+D3~- E2IE+D3- 1SEE+D3
213386 3.2 18 .94 439E+94 | 4QBE+94 | 27TE+A3 | 199E+34 L 267E+04- . 1ZQE+D3- SICE+D3- 4E1E+03- . 152E+D3
Q23328 2.9 17 .92 L 1B84E+94 . 133ZE+94  20IE+D3  SSTE+IZ | P4TE+D3- 1I3E+02- 15TE+03- . 1SOE+A3- . 3I2E+I2
.Q93174 18.3 9 61 L247E+28 .23TE+R6 .23SE+DS5-.S34E+AC . SS4E+D6 L ASIE+QS- . A4QE+DT- . 114E+D6- . 473E+QS
. 2RE194 16.9 3 29 .131E+34 . 24SE+94  IPIE+Q3- 3S3E+03- 199E+04 121E+Q3  TEESE+O2- . 118E+23~- . 220E+DL
.@R9a33 16.9 3 22 23IE+Q4 . 127E+94 .BT7LE+Q2 . 243E+02~ .67QE+A3 ,436E+QE2 . 1STE+Q1- 224E+92  2S2E+02
.911363 18.2 g2 11 L1ASE+D4 L 17DE+Q4 (PT4E+4Q2  S3ITE+A3 L EE3IE+23- 1SQE+D2- . 1Z1E+A3- . L1P2E+D3- . 1D2E+A3
aLse? 32.9 8 .28 178E+97 .3E2E+A7 .14cE+QB8- .62EE+2E 1 L A4SIE+RE- . 1QSE+QE~, IGPE+RS - SIIE+AE
293382 32.9 4 .30 3ESE+94 | 248E+94  10BE+Q3- 13SE+04 L TSSE+02- . 370E+03~- 29SE+A3 . 1S4E+03
294517 32.9 4 .12 (S?7E+33 .103E+34 .27SE+22-.131E+23- 27SE+Q3 . 16AE+D3-.2B3E+21~ EQSE+D2~ 13ILE+22
AREI8L 32.9 4 QB L 4QSE+Q3 . 4D1E+Q3 | ISIE+IZ- 131E+Q3- 2OTE+R2 . 1TOE+D2- . 397E+0E-  1E3E+D2 . 142E+02
Q22733 84.9 2 84 .BSRE+98 . 1S1E+97 ,IQL1E+QS~ 248E+38 . P40E+AE . 17PE+QE . TASE+AS- ZE4E+0QS- . 3S1E+0E
291528 64.3 2 32 . 734E+04 [ 127E+95 . 4QQE+0Q3- STIE+A3 (3E7E+D4 | ZEIE+QT- . 10EE+D4- LERE+D I~ F43E+AS
QR22EE 64 .9 2 .68 . 24SE+94 [ 179E+94 . ST4E+D2S- . 437E+D3Z L 134E+23 SATE+I3- . 2HBIE+II- . L74E+D3 L 312E+02
.Aa2991 64.9 2 .23 146E+D4 . 43BE+23 . ZE2E+02-.127E+33~- . 513E+33 | 7OSE+22- . PE2E+QE | 326E+22  213E+02
.299397  128.92 1 .37 .B72E+QE . 1BEE+Q7 ,2S4E+0S (P40E+24 | PESE+4RE | 133E+08 . 142E+925-. 11BE+DS~ . 1EIE+A8
.90e763 128.9 1 .29 .9S2E+AS .IJ0BE+D8 .110E+@S-.3ID3E+3S . 1SS9E+D6 . 248E+DG- . 123E+AS- 442E+0S- . 351E+02S
Q911289 1282.9 1 .38 .B4BE+D4 . 24JE+DS . GE2E+QT . II3E+Q4 . 3ZZE+94  SL13E+Q3-. 153E+A4-, 344E+04- . 120E+04
.@91435  12%.9 1 .85 .1SG6E+94 .2S1E+d4 .SA4TE+32 .343E+93 .111E+04  322E+02- 267E+Q3-.331E+03- . 166E+02
TREBNSFER FUNCTION: FILE=MRFSTK
BAND1= 3-13 BAND2= 9-18 BAND3=1S5-22 BAMND4=21-28

FREG DT NST aF HXR HXT HYR HY T ERX ERY Al ANGT a0 ANGOD
QB3I 43 3.8 1? .83 L1978 -.3%924 - 9905 - 91114 . @402 A2SE8 1408 -49 L2931 ~-173.2
al2ze? 2.9 18 .11l . 2244 -.0S84 -.028B49 .0203S .Q7a7? 2773 agg4 -=73.9 .aS8s 176.%

12086 £.0 18 .94 -.02358 -.1829 - 2155 - .2als8 L2519 AS38 2333 -1S6.1 1830 -179.3
Q23928 2.3 17 .92 - Q733 -.0%44 -.0123 -. 91123 9933 AF1S 2744 ~179. 1 .B851 ~172.4

@3174 16.9 3 81 <1431 L2193 -.1387 aR8E LA374 L2294 1382 .2 .a123 31.9
AQE124 18.9 g 09 L9249 2198 -.9323 -.2382 112t Q%64 Q924 ) L9417 -61.9
233033 18.9 2 22 .9249 - 2122 - Q247 2317 L1297 1188 2428 2 L2123 1v2.2
211963 18.9 2 11 2019 -.2328 - 2901 - 0487 L1222 . 2353 2591 .3 L8837 -~123.9
291587 2.9 B8 g2 1779 9283 - .1317 -.229S .B29g .2148 2213 -38.%5 .9%31 ~-12.%
233982 2.9 4 30 QS8 -.97E8 -, 2887 9228 L1372 L1446 A58 -85.2 @792 163.4
334517 32.2 4 12 .@387 -.2422 -.988% -.02a3 L2143 L1801 A73e -6S.3 L@823 -143.2
AaR59281 32.9 4 AE L A3B3 - 2FFB -, 9380 | 220E L3403 . 3420 471 -4%9.3 L9338 1739 S

AA?I3 64.9 2 .54 . 1S78 2821 -.1883 -.2432 4 L9241 L2318 -47.2 L2254 -3.7
a@lSEG 64.9 g .a2 L1278 -.9877 -.112% .a3a3 9 @837 L1793 -41.S .R%28 lel 2
.dae2E8 4.2 2 .E9Q L A722 -, 1943 - 2685 - 9207 1] L2439 L1981 -43 3 1948 -173.5
.Aa2931 64 .9 = ] .QS47 - 9427 A2?E ~-. 0176 3 L2204 "wEL3 27 .2 L4822 -187 B
,998387 122.9 1 .37 1418 .2843 - .08374 -. Q388 L1739 1133 1487 -14. 3 La740 =23 .7
,Q90783 128.9 1 .29 L2885 .19%S2 - .177E 23 . Q408 azEge L2728 -40 7 .1a2C0 1<
.a1123  128.9 1 .96 .132? -.9858 -.1184 3982 Q473 Q244 L1788 ~-41 3 N 1 178 1
.231435  133.9 1 &S .BE38 -.1385 - 9432 2948 LDE34 3es? LAP2I ~42.4 1386 178.2
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Figure 8.11 Example of an induction arrow plot.

FILE:NRFSTK
EXAMPLE OF TRANSFER FUNCTION PLOTTING

@ @FCUT= .800 ARMAX= .75 LBE T ey
BAND 1 BAND 2 BAND 3 BAND ¢
@ 3-10 9-185 15-22 21-28

T + 158 e . T 55 T+ a2
QFs 63 Q 11 QF: .04 oF: .02 :
NSTKs 17 NSTK: 16 NSTK: 16 NSTK: 17
[ g l db
| ! z\\{ ¥ ;
~T1 J : ]
by ! o ’
r | ' [
(. lmoo e d i ,
i
-
T = 111 T« 84
QF: .02 QF: .11
NSTK 8 NSTK: @
D T - 1 6 . M

T = 31S. T = 184
QF= .61 QFs 09
NSTK= 9 NSTK = 8
T = 328 T s 221 T ¢ 167.
QF= . 30 QF=z 12 QF= 08
NSTK s 4 NSTK:= 4 NSTK 4
i
BT= 32 '
: A
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The first input file used in the stack had a value of 0.8 for QFCUT,
so this value 1is set in the output file. The maximum arrow length which
will be plotted is 0.75. The scale at the right shows the length of an
arrow with a value of 0.25.

The harmonic numbers used in the various stacking bands are shown above
the columns where the data are plotted.

This row of data 1s for the data with a sample interval of eight
seconds. The so0lid lines are the in-phase induction arrows (reversed
180°) and the dashed lines are the out-of-phase induction arrows. The
rectangular boxes are the 95% confidence limits. Notice that the data for
band 4 does not have an error box plotted since one of the errors
estimates is greater than the longest arrow length.

Each set of arrows is annotated with its period (T) in seconds, the
quality factor of the stack (QF), and the number of data blocks (NSTK) in

the stack.
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9. Appendix C - Program Listings

This section contains 1listings of the programs described in this

report. They are presented in the order listed below. The list includes the

routine name, type of routine, and the language it is written in.

3.
4.

7.
8.

9.
10.
11.
12.
13.

140
15.

AUTRN, main program, FORTRAN

a. DSPLA, subroutine, HP Assembly Language
AUTR1, segment, FORTRAN

a. FILLR, subroutine, FORTRAN

AUTR2, segment, FORTRAN

AUTR3, segment, FORTRAN

a. DTRMN, subroutine, FORTRAN

b. FOUR!, subroutine, FORTRAN

AUTR4, segment, FORTRAN

a. ADSTK, subroutine, FORTRAN

b. FTEST, subroutine, FORTRAN

AUTR5, segment, FORTRAN

a. FACTR, subroutine, FORTRAN

b. MOVE, subroutine, HP Assembly Language
c. ZERO, subroutine, HP Assembly Language
d. INDOT, subroutine, HP Assembly Language
AUTR6, segment, FORTRAN

AUTR7, segment, FORTRAN

a. IDEFL, subroutine, FORTRAN

AUTR8, segment, FORTRAN

REPLC, loader replacement module, HP Assembly Language
STACK, main program, FORTRAN

STAC1, segment, FORTRAN

STAC2, segment, FORTRAN

a. FTEST, subroutine, FORTRAN

STAC3, segment, FORTRAN

LSTRF, main program, FORTRAN
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16.

17.
18.
19-

PLTRF, main program, FORTRAN

a. ARROW, subroutine, FORTRAN
/AUTRN and \AUTRN transfer files
/STACK and \STACK transfer files
/PLTRF and \PLTRF transfer files
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Np01  FIN,|

0002 PROAGRAM AUTRN, 3, R

ngn3 C

NONY Cew=== PROAGRAM TU AUTNAMATTCALLY CNMPUTE TWO IMPUHT, NNF NLTPUT
noos C TRANSFFR FUNCTTON FUR GEOMAGMNETIC DATA

0006 €

0p07 € WRTITTEN RY p. V., FTITERMAN, I',S.G.S., FEPRUARPY 1979
0008 C MUDIFIED 20 MARCH 1979

0009 C

0010 CUMMPI LOGP L, LOUPZ2,LNUPS, LNUPH,LNUPS,LINUP6,LAUPT,,LOUPE,
ng11 *xTRDPT,TSWL,1Su2, TSW3, ISwi, T3S,

0012 *TSTUP,TEP,NBR, TulLk, hRLK, TUFC,MDEC, DT, wFCUT,

0013 *_UTTY,LUPKT,,TSTZF (2) /NAMF (9),1FI1LEC(3),

0014 *TDCHO144),J00s(144),¥D0B0144),LuCar1a4),

0015 *TFLOCA), TFHIC4)  NDEGP (),

0016 *F (8),85C6,4),STK(6,8),6uSTK(L8),HI2,4) ,FRR(P,4),a4F5Tn(4),
0017 AOF (U) ,AT (L), ANGT(W) ,AGO4) ,ARNGLIR)Y, TOATA(P304)

0018 COMPLEY S,STK,H

0019 NIMENSTOMN TS3FGS(24)

0020 DATA 1SEGS/2HAU,2HTRy2HY ,208U,2HTR, 2H? ,2HAU, PHTEK,2H3 ,
0021 *2rbU,2HTP,P2H4 ,2HAY, PHTR,2HS ,2HAU,2HTR,?Pri6 ,2Hall, PHTK,
0022 *x2r7 ,2HAU, 21Tk, 2HE /

ng23 C

0024 Cem=== TRTTTALIZE COMMQN BLNCK VARIABLES

0025 LuTTY=1

0026 | UPRT=z=6

0027 TSTZF(?2)=128

0028 MERZ128

np29 Ny 10 T=1,9

0030 10 MAME (1) =2H..

0031 NAME(2) =PHYX

no32 MAME(S)=2hYY

nN033 NAME (8)=PKH7Z

0034 €

0035 C(Ce=w= SET UP RFTURKM ADDPDRFSSES

0036 ASSIRN 30 Ty LNUPL

0037 ASRIGK &N TU LOQP2

00328 ASSIGN 80 Ty LNDOPS

0039 ASSIGIN 9N Ty LNUPY

0049 ASSINGN 100 TN LOUNPS

00481 ASSIGHN 131G TO LynpPé

004z ASSIGN 12y 10 LONPY

no4a3 ASSIGN 140 TN LyDPA

0044 C

0045 Cw=w== SCHENULE RFAD SEGMFNT - AUTKI

0046 2N 1s8TUP=0

0047 TuoFC=1

0048 CAlLL EXEC(R,TSFGS(1))

ngu9 C

0050 Cm==== CRFCK FyUP FRPURS

0051 30 TFCISTAP .Fuw. 0) GN Ty 50

0052 ¢C

0053 Ce=== PRNCFESS SOME MNRF F]igS?

0054 40 WRITF(LUTTY,1000)

0055 1000 FURMAT(™ CNNTINUF PROLFSSIMNGT (YF DE D) _")
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N0s6 READ(LUTTY,1010) I

0057 1010 FORMAT(A?P)

0056 TF(1 EG. 2HYE) GuU TN 2¢C

0059 STPP

0060 €

0061 Ce==== LGOF OVER DPEFIMATION

0062 €

0063 C(e=== SCHEPULE IMITIALTZF SEGMFNT - AUTKRZ
0064 50 CALL EYEC(R,TSFGS(4))

0065 60 TBELK=0

0066 TRPPT=1

No67 NLOUOP=2xNLK/ISw1+TSW1=2

0068 €

0069 C==== LONP OVEP DPATA SFGMENTS

0070 C

0071 C==== SCHEPULE SPECTRAL AND CUHEPENCY SEGMFNT = AUTR3Z
0072 70 TELK=IRLK+1

0073 CalL DSPLACS12*IPEC+TBLK)

no74 CALL EXEC(B,TSEGS(7))

0075 €

0076 C==== SCHENULE STACKTING AND TRANSFFR FUNCTTOM SEGMFNT = AUTKY
0077 C FUR NU PLUTTTNG RPETURNS Tu 100

no78 € FOR NU INTERMEDIATE PLATTING RFTURNS TN STATEMFNT 100
0079 80 CalL EXEC(R,TSFGS(10))

noRo C

N0R] C==== SCHENULE PLOTTTNG SEGMENT = AUTRS

noae 90 CALL EXEC(R,TSFGS(13))

0083 C

00Ry C==== ADVAMCE READ POINTFR

00RS 100 TEDPT=TRPPT+TSW]

008 C

Ng87 C==== Dy §NMF MQRPE SFGMEMISY

noR8 TFCOIRLK LT, wLulpP) 6O TN 790

norg C

0090 Ce==== SCHENULE RFSULT WRTITFK OFGMENT = AUTRe
noe1 € FUR NU DATA STACKED AxD QF LOWERKTNG ALLUWEDR, RFTHRMS TN 60
0002 CalL EXEC(P,TSFGS(16))

npe3 C

0094 Ce==== TNCREMENT DECIMATION CNUMT

0095 110 TDFC=IDEC+]

0096 C

0097 C==== DO SNMF MURE DECTMATTUM?

n098 TFOINEC 6T. wDPEC) 6N Tu 130

ngag €

0100 Ce==== SCHEPULE LM=-PASS FILTER AND DECIMATION SFGMEMT = AUTR/
0101 CALL EYEC(R,TSFGS(19))

ning 120 GO TN 50

0103 C

N104 Ce==<== SCHEPULE CLEANYP SFGMENT = AUTRS

nins 130 CALL EXEC(R,TSFEGS(22))

nNi06 140 GU 10 40

nyn7y FiD
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FING CNMPILEP: HP9P060-16092 RFV. 1913 (790200)

*x NG WARMINGS *x N ERRDORS *=x PPUCKAM = 00275 CUMMNEY = (3233
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PAGF 0001

0001 ASMB,L,TsC
DSPLA R 000001
LEMTR X 000001
SLIBR X 000002
SLTBXY X 000003
SRFG R 0n0000y

*x  NQ EPRORS PASS#H] *x*RTE ASMR T60924d*xx
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0001
0002x
0003%
0004
0N0NSx*
0006%
Q07
0009
0010
0011
0012
0013
0014
0015
nNoté6
0017
0018
N019
0020
norti
no22

0002 unj

21_MARCH_1979
AsSME,L.T,C

POUTINF TU QUIPUT A WURD TN THF S=REGISTFR

WRTTTEN RY D.
MODIFIFD 21

noooo

00000
nonot
npo0o?
nonoz
00004
00005
00006
noo07
focgo
00011

000000
000Ny
016001X%
00000QR
102000R
016002X%
000000
102601
016003X
000001R

SRFG
NSPLA

V.
MARCH 1979

FITTERMAN, H.S.6.S., MAPCH 1979

NAM
FNT
EXT
RSS
NQP
ISR
NEF
LDA
JSR
nNgP
nTA
Jsn
DEF
FaD

NDSPLA,6,R0

NSPLA

LEMIP,SLTIDBR, SLTY

1 VALUF TU BF OuTprplUT TN S=REGJSTFR
LENTP PERUOLVF TNNRLIPECT ADOPESRSFS
SKFG

SkEGr L LUAD VALUE

SLTBR TURPN OUFF IMTFRRUPTS

1b NUTPUT DATA T S=RFGT3TEFR
TLIBYX TURN UM TWTERRKIPTS

PsPLA AN RETURHN

DSPLA

**  NU ERRORS *TOTAL **RTE ASMB 760924%x
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PAGF 0003 bSPLA
CRNSS=-REFEPENCE SYMpOL TABLE

$L IRR 00011 00017

3LIRX 00011 00020

LFENTR 00011 0no14

DSPLA 00013 00010 0unel 0np22 P
SPEG 00012 0np1s 00016
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n001 FTN,L

0002 PROGRAM AUTR1,5,80

0003 C

0004 CFe=== SEAMENT TO UPEN AND CRFATE NECFSSARY WNRK FILES. ALSU

nges C TNPUTS PPOFCESSTHG PARAMETEPS,

0006 C

0007 C WRITTEN RY p, V. FTITTERMAN, U1.S.G.S., NECEMBFK 1978
0008 C MONIFIFL 4 NOVFMBER 19R(

0009 €

0010 CUMMON LOOPL,LOUPZ,LNOPS, LNUP4L4,LOUPS,LNUP6,LNUPT LGP,
0011 *TKNPPT,ISW1,1Sw”, TSW3, [Sud, TSWS,

0012 *xISTOP, TEP,NBR, TuLK,NRLK, TUFC,NDEF, DT, @AFCHT,

0013 *LUTTY,LUPRT,TSTZE(P) fiAMF(9),IFIIEC3),

0014 *TDCB(144),JDMB(144) ,KuCs(144),1.0LC30144),

0015 *TELOUCA), TFHIC4) ,NDEGR(4),

No1o XF(4),5(0,4),STK(6,4),NSTK(4) ,H(2,4),FRR(2,4),4FS5TK(4),
0017 XOF(4) ,ATCA)Y ,ANGTICU) ,AGC4) ,ANGGEY) , TDATA(2304)

0018 COMPLEX §,STK,H

0019 NIMENSTOMN THEDC(128),T8HF(128),.JtIF(128) ,RUFI(6MN) ,pUFJ(64)
0020 DIMENSTOM LAREL(3)

0021 FOGUIVALENCFE (IHED(1),IDATA(ZST7) ), (TBUF (1), RUFIC1)Y,TLATA(CY)),
0022 * (JRUF (1) hullFI(1),INDATACLIZ29))

00753 NDATA LABFL/2H X,2H Y,2H 7/

0024 C

00”8 Cw=== TPUT X=FJ1E

00?26 WRITF(LUTTY,1000)

0027 1000 FURMAT (/)

00°8 WRTTF(LUTTY,1010) LARELC(1)

00”9 1010 FOPMAT (AR, "=COMPONFNT FILE? _™)

0030 READCLUTTY,1020) IF]Ilk

0031 1020 FURMAT(3A2)

0032 C

0033 Cm=== NPFK X=FTILF

0034 CALL UPEM(LDCo,IFK,IF1LE,2?

0035 TFfIFKk JGE. M) GO TG 10

0036 WRTTF(LUTTY,10%0) TFTLF,TER

0037 1030 FURMAT(" FTILF=",3AP," [FR=",15)

0038 fy TN 180

0039 C

0040 Ce=== RPpA HFADEP

0041 10 Call RFAPF(LDCR,IER,THFD)

0042 NPT=THFDL(66)

0043 NT=FLOAT(IHED(ATI*THFL(6R)Y /2.

0004 TF(nNPT GT. 0) GO TU ¢0

0045 C

0046 Comemm=m NPT > T2747

0047 WRITF(LUTTY,1040) LAREL (1)

0048 1040 FORMAT(AZ,"=NPT > Z2767")

0049 Gu TN 170

0050 €

0051 Comme DETERPMINF SI7E UF FILE +.xX..

nQse2 2n Ml K=nPT/178

00%3 TSTZF(1)=NRLK+NisLK

0054 €

0055 C==== CRFATE X wDPRK FILt (..%XX..)
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0056
0057
n058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
no7e2
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
N0R3
0084
0085
0086
NQR7
N0A8
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
nin9
0110

0002

1050

C

Commme
30

Comm=

Commm

Comemm

40

Commee-

1060

Commme

50

1070

Commm

60

C----—

70

Commm

e

Commme

AUTRY 10211 AM MgM_, 9 MAR,, 19R]

CalllL CREATCIDCR,TER, MAMEC(LY,ISTLIF,1)

TF(IFR .GE. N) GN Ty 30

WRITF(LUTTY, 1050G) NAMEC(L),NaME(2) ,MaME(3), TEP
FURMAT (" CREATTUM FRRPUP: FTLF=",3a2," IFR=",[5)
GO 10 170

FILL X whNrK FILE
CALL FILLRCIHEDP(S4),L0CB,1INCR,TollF, RUF,RUFJ,ISI7E(1))

TNPUT Y=FILE
WrITF(LUTTY,1010) LAREL (?)
READ(LUTTY,1020) LFILE

NPEN Y=FTLF

CallL OPEN(LOCb,IFK,IFILE,2)
TFCIFR Gks 0) GO TO 40
WRITF(LUTTY,1030) IFTLF,TER
50 1N 160

RELD HFADER
ChLL KFADF(LDCR,TERP, THFD)

CHFCK FyuR CONSTSTEMCY 0OF NP

TF(HRPT JFg. THFD(66)) GU TO 50

WRTTF(LUTTY,1060) LAREL(1),NPT,LABFL(2),THF:f0k)

FURMAT (" NPT INCONSISTFNCYI"/A2,"=NPT=",TS5," ",A2,"=-P1=",[5)
Gu TO 160

CHFCK FQOR CUMSTSTEMCY NF SAMPLF INTERVAL
NIL=FLOAT(THED(6T)*XIHED(68)) /2.

TF(DT .EQ. DT1) GO TN 60

WRTTF(LUTTY,1070) ' AREL(1),LT,LAREL(?),DT1

FURMAT (™ DT TNCOUNSTSTENCY:"/A2,"=pT=",Fé6.2," ",A2,"=LT=",Fo6.2)
fo TN 160

CRFATE Y WORY FILE («eYY..)

CalllL CREATCJNCR,TER, NAME(4),TISTZF,1)

IF(IFR .GT. 0) 6N TO 70

WRTTF(LUTTY,1050) NAME(4) ,MAME(S),NMAME (), TER
CU TN 160

FILL Y wORK FILE
CalL FTLLRCOIMED(SS),L0Co,JNCP, TBUF, JRUF,RUFJ,ISL7EC(1))

TNPUT Z-FILE
WRTTE(LUTTY,1010) 1 ABEL(3)
READCLUTTY,1020) IFILE

NPFiN LZ=FTLF

CALL OPEN(LDEB,IFK,IFILE,2)
TF(IER GE. 0) G0N TU 80
WRTTF(LUTTY,1030) TFTLF,TEP
cy 1N 150

READ HFADPER
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PAGE 0003

0111
n112
N113
0114
0115
n116
0117
0118
0119
0120
ni21
0122
0123
0124
01°5
nize
0127
0128
N1?9
0130
0131
0132
0133
0134
0135
N136
0137
0138
N139
0140
0141
n14p
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
n154
N155
nise
n1s7
0158
0159
N160
nie6l
0162
0163
0164
0165

80
¢

r-—--

C-——-

g0

Comen

100

C----

110

C-———

1080

120

130
1090

1100

C—-—-

1110

C—---

C----
150
1120

Commm

AUTRY 10211 Am MuN,, 9 MaP,, 1987]

CALL READF(LDCR,TER, THFD)

CHFCK FUR CONSTSTENCY NF wP]

TFINPT .FG. THEL(66)) GO TN 90

WkTTE(LUTTY,1060) LAREL(1),NPT,LABFL(3),THFU(66)
G0 TN 150

CHFCK FQR CUNSTSTENCY OF SAMPLF TNTERVAL
NTI=FLOAT(THFD(67)xIHEP(68)) /2.

TFOT JER. 0T1Y GO TN 140
WRTTF(LUTTY,1070) LAREL(1),LT,LAREL(3),DTI
ty 10 150

CRFATE Z wNrRK FILE (..74..)

CALL CREAT(KDCR,TeR,NAME(T),TSTLF,1)

TF(IFR .GT. 9) 6N TU 110

WRITF(LUTTY,1050) MAMEC(T),MAME(8),MAME(Y), TEP
fO0 TN 150

FilLL Z whrK FILE
CALL FTLLRCIHED(S6),L0Co,KPCR, TBYF,JRUF,RUFJ,ISI7E(L))

PETERMTNFE MAXIMUM NUMBFR UF CASCADF LEVELS
WRTITF(LUTTY,1080) NPYT,NSLK,DT

FURMAT (" NPT=",1I5," MpLKk=",I13," DI=",F5.1)
N=NPT/12R

NDFC=1

N=N/2

TF(N LT. 1) GN Tu 130

NDEC=iDEC +1

su TO 120

WKITF(LUTTY,1090) NDF(C

FORMAT (" #MAXTHUM NDEC=",T3)
WRITF(LUTTY,1100)

FORMAT (" DFESTRED nDEC? ")

READ(LUTTY, %) N

IFfN GT. MDEC) RO TN 130

NDEC =N

THPUT DATA OVERLAPPING

TsWi=2

WRITFCLUTTY,1110)

FOPMAT ("™ 507 UQVYERLAPPING? (YF NR WD) _™)
PEALCLUTTY,1020) IFILECL)

TFCIFILECL) JER, 2HYF) 1S8w1=d

GO TO LONPI

FRPUP HANDL INgG

PURGE Y=WyUPK FTLF (..YY..)

WRTTF(LUTTY,1120) LAREL(?), NAME (4), NAMF (S) , NAMF (6)
FOPMAT (" PURGIMG",A2"=WURK FTLF=",%4a2)

CALL PURGE(JDCR,TER,MAME (4))

PURGF X=W(Pn FTLF (,..X¥X,.)
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0166 160 WRTTF(LUTTY,1120) LAREL (1), NAMF (1), NAMF (2),NAMF (3)
0167 fall PURGEC(IPCR,TER,MNAME(1))

0168 C

0169 few== C{NSF CURRFNT TRPUT FILE (TFTILF)

0170 C IF INPUT FTLF To CLOSED, THIS WILL HAVF NO £FFFCT
N171 170 WRITFCLUTTY,1130) TFTLF

0172 1130 FURMAT("™ CLOSING INPUT FILE=",3A2)

0173 CalL CLUSE(LDCR)

0174 €

0175 Ce=== SET STOP FLASG

0176 180 T18TQP=1

0177 ¢C

0178 C==== RETURN T0 Maln PRUGRANM

0179 GU TO LOOPY

0180 FuD

FTN4 COMPILER: HP92060-1609 RFV. 1913 (790206)

*x NGO wARNINGS *x Ny FPROARS *x PRUGRAM = (094t CUMpiNy = 03233
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N1R1
01R2
N183
N1y
01RS
01R6
n187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0197
ni9sg
0199
0200
0201
0202
n2o3
0204
0205
0206
0207
n208
0209
0210
0211
0212
0213
0214
0215
n21e6
0217
0218
0219
0229
0221

0005

10

Commm

20

Comme=

Comm=

FTM. 10211 A4 MOM,, 9 MAR,, 198]

SURROUTIME FTLLRC(IGATH,LPCR, TUCE, IPUF,JB!IF,lIF.T,M3LR)

RONTTWF T FTLL WURK aAPKRAY, CNNVERTS TNTEGER PATA TN

FLOATING PRIMT.
NgLK IS THF NyMgFRr gF 128 WURD UUTPUT PERLPDS.

DIMENSTON TDCu (D), JUCBOL), TBUF (1), JHUF(1)Y,PUFJ(1)
GAIN=FLUATC(IGATN) /20408,

TbLK=0

J=0

I=n

REAL RECORD

TALL wRFAPFOLDCR, TER, THUR)

T=T+1

J=J+1
RUFJ(J)=GATN*FLUAT(IRUF(T)=204R)

AUTPUT BUFFER FULL?
TF(J LT. 64) GO TN 390

WRITF NUTPUT pUFFER

CALL wRITFC(IDCR,TER, .JpUF)
J=0

Tl K=IRLK+1

PONE?
TFCOIRLK JGF. NRLK) N Ty 40

TNPUT RUFFFR EMPTY?
TECL JLT. 128) GN Ty 20
G TN 10

CLNSF TNPUT FILE
CaLlL CLUSEC(LDCR)

REWIMD whNkK FILE
CALL RWNDFCIDCR)
PeTURH

Fiyn

FTN4 COMPILER: HP9P2060-16092 KkFV. 1913 (790¢06)

* %

NO WARNIMGS *x MU ERKNKS *x PRUGKAM = 00102 Uty
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0222 FuDs
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0001
nooe
0003
0004
0005
nooe
0007
0008
0009
0010
0011
0012
no13
0014
0015
0016
0017
0018
0019
0020
0021
0072
00723
0074
0075
0026
no27
0028
0029
0030
0031
0032
0033
0034
0035
N03%o
0037
0038
0039
0040
004t
0042
no4a3
0044
no4s
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055

0001

FTM,L

Commm

ol NeRe

C—-—-

20
10

C----

[

30
1010

1020

Commee-

C

Comm=

1030

c-———

FIN, 10212 AM MyN_,, G Mpp_, 19R1

PRNGRAM AUTKR?,5,80
TNTTTALLZATION SEGMENT

WRTTTEM BY D. V. FITTERMAL, U.S8.G.8., FERKUARY 1979
MUDIFIFD 20 AUGUST 1979

COMMON LOOPL1,LNOPZ,LNUPS, LAUP4L,LAUPS,LNUPE,LOACRT,LNUFRY,

*TRDPT,ToW1l,1Sw?, TSW3, 1Swd, TSWS,

*TSTOP, TER,NYP, TLLK, WRLK, TDFC,NDEC,DT,wFCUT,
*LUTTY,LUPRT, TSTZF(2) ,NAMF(9),IFILE(3),
*TDCH(144),TpCu(184),KDCBI144), L CB(144),

*TFLOCY) ,IFHIC(G) ,NDFGR(Y),

*F (8),806,4) ,8TK(6,4),NSTK (L) ,H(2,4),FRR(2,8),4F3TK (),
*0F (4), AT C4Y ,ANCT ()Y, AQC4) ,ANCOCA), TDATA(P3NY)

CuMPLEX S,8TK,H

TNITYALIZE STURAGE BUFFEPRS
DU 1(\ J:1,I-f
MSTK(J)=0
AT(J)=0.0
ANGIC(J)=0,0
AGCJ)=0.0
AnGUCJY=0,0
NF(J)=0.0
QFSTK(J)=0.0

ng 20 T1=1,7
H(T,.J)=(0,0,0,0)
ERR(I,J)=0.0

NG 10 T=1,6
STK(T,J)=(n.Nn,Nn, 0}

CHFCK FUR FIRST FNTRY
TECIPEC 6T. 1) GU TN LOUCE2

CREATE RFSULT FILE
WRTTF(LUTTY,1010)

FUPMAT (" NAMF OF rRFSULT FILE? _™)
READCLUTTY, 1020) IF]LE

FOPMAT (3A2)

NETERPMINF SIZE UF FILE

b4 WNRDS PFK FREQUFNCY PFKR LFCTMATTUM LEVEL
256 WURDS PER DECIMATINN

TSTZF (1) =NPECHNDEC

FRFATE FTLF

CALL CREAT(LDCR,TEPR,TIFTLF,TSTZF,1)

TF(IFrk .GL. 0) GN TO 40

WRTITF(LUTTY,1030) TFTLF,TER

FUPMAT ("™ CPEATTUN FRPUR: FTLF=",3A2," [IFk=",I%)
Gu T0O 30

SET FREQUENCY BAVFRAGLTNG RANDS
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0056 40 TFLUC1Y=3

0057 TFLUC(Z2)=°

0058 IFLUC3)=15

N0s9 TFLUC4)=21

nNog60 TFHIC1)=10

0061 TFHI(2)=16

0062 TFH1(3)=22

0063 TFHI(4)=28

0064 WRYITE(LUTTY,1040) (I,IFLO(T), IFRI(T),,1=1,4)
0065 1040 FORMAT(™ SPECTRAL RAND HARMOMIC NUMBFRS"/
0066 x" BARD Ln HI"/7404%,T1,3%,72.,2%,72/7)/
0067 *" ANY CHANGES? (YE OR Nd) ™)

0068 READ(LUTTY,1020) 1

0069 TF(1 .ME. 2hYE) GO TN 5S¢

0070 C

0071 Ce==== TNPUT CHANGES

0Q72 WkTTE(LUTTY,1050)

0073 1050 FURMAT (" PAMD LO HI (>1, <=64)")

0074 Py 60 T=1,4

0075 70 WRITF(LUTYTY,10A0) 7

0076 1060 FURMAT(4XY,T1,"? _")

0077 PEADCLNTTY,x) TFLOCI),TFHICLD)

0078 TFCOIFLN(T) .6GY. TFHLIC(1) JOR. LFLN(T) JE. 1
0079 * UR., IFRTI(T) .GT. 64) GU TN 70

00RO 60 CONTTNNE

00R1 50 DY Bb I=1,4

npre C

N0R3 Cme== CUMPUTF PEGKREES NF FREFDOM PFKR STACK

0084 NDFGR(T)=2* (TFHI(1)Y=TFLUC(IY+1)

0085 C

0086 Cm=== CGMPUTF CEMTFR FPEAUFKCY

NQR/7 80 F(T)=0.5*FLUATCIFLOCT)+IFHT(TY)/DI/FLUAT(HRR)
00RrR8 €

00R9 Cmw=e TRPUT NUALTIY FACTINK CUTAFF

no9o 90 WRTITE(LUTTY,1070)

0091 1070 FURMATC"™ QUALLITY FACTOR CUTOFF? (u=1) _™)
N0Qe2 PEADCLUTTY,x) QOFCUT

0093 TFOGFCUT JLT. 0.0 OR, WFCUT 6T. 1.0) GN Ty 90
0094 C

0095 Ce=== TyPUT STACK TYPE

0096 100 WRTITF(LUTTY,10R0)

0097 1080 FURMAT(" STuCK TYPE? (0=STPATGHT, 1=NON=REGKADTNG,",
0098 *" 2=Np wTTH QF LNWFRTNG) _")

0099 PEADCLUTTY,x) TISWy

0100 IF(ISwd LT, 0 .OR. TSW4 T, ?2) 60 TO 100
n1o01 TF(ISwd .JLF, 1) Gy TN 120

nin2 C

0103 Ce=== THPUT NUMBFR UF OF LDWFRTNARS

N1o4g T=TFIX(UFCUT/0.10)

n1ns 110 WRYTF (LuTTY,10°0) 7T

0106 1090 FURMAT ("™ NUHMRER NF yF LUWEPINGS? (1=",T1,™ _")
0107 READCLUTTY,x) J

0108 TF(J JLEe 0 JOR. J JGI. T) GNP Tu 110

0109 TSWY=TISnWl+J

0110 TSW5=0
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0111
0112
nNi13
0114
0115
N116
0117
0118
0119
0120
0121
0122
0123

Comme=
120
1100

C

Cemm=

1110

AUTKRZ 10212 AM MgN_, 9 MR _, 198}

TNPUT SPFCTRAL RFPORTING CRITERION

WrITF(LUTTY, 1100)

FURMAT (" SPECTRAL PREPUPTTWG? (0=ALL, 1=STACKFD, 2=MNQMp)
REAGCLUITY, *x) TSke

THCISW? LT, 0 .0Ok. T3W2 RT. 2) 6N Tu 1290

TiWPUT DECIMATINN PLUTTING THPESHNALD
WRTITF(LUTTY,1110)

FURMAT ("™ DATA PLOTTING THRFSHOLD? (<=plyrks) _")
READCLUTTY,x) TsW3

GO T LONp?

Fab

FING COMPILER: HPQ2060=16092 RFV. 1913 (790200)

* *

MO WARMINGS *x My EPRORS +x PRUGRAM = QN07R7 CuMMON =

73
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noo01
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
not1é6
0017
no1s
0019
no20
no21
0022
0073
N0 4
0025
0026
0027
0028
0029
0020
n031
0032
0033
0034
0035
0036
0037
nN0%8
0039
N040
noay
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055

0gnt

FTN,L

C---—

C----

C--—-

Commmm

10

Commmm

C-—--

FIN, 10212 AM  MgM,,

PROAGRAM AUTR3,S,R(

SEGMENT Tu PFRFOPM SPECTRAL
WKTITTEN RY p. V., FITTERMAN, U.S,

9

MUDIFIFDL 17 NCTUREP 1979

MAD' 14

1981

n

o
eVer

JANUARY

AD CUHERENCY FSTIMATNN

1979

COMMON LOOPL,LNOP2,LNUPS,LNUP4,LOUPS,LNUPE,LNOFPT,LNUPY,
*TKkDET,ISW],IS@u?, TSW3, 1Sad, TsWs,
*T5TOP, TER,NER, TolL K, NRLK, TDEC, NDEC,DT,uFCUT,

*LUTTY,LUPRT,TSTZF(2),nNAMF(9),IFILECR),

*TOCEC144), T 0144),KDCL0144),LDCBC104),
*TFLOCY) , TFHI(4Y ,NDFGP(4),
*F(U),506,4),STK(R,U),nNSTK(8),n(2,4),FRR(?,4),uFSTK(4),
*XNF(4), AL L), ANGT(4),AuC4) ,ANGUCY) , TUATA(2304)

CUMPLEX S,S8TK,H,HT

NIMENSTUN TX(2%6),TY(256),T21256),X(12R),Y(128),7(12"8),
xFXx(128),FY(128),FZ(128),SPFC(3R4)

CUMPLEX FX,FY,FZ,SPEC

PIMENSTUM LEL(27),GYX(4),01204),6v1(4),6Y2(4),

*311204),5221(4),SYY104),8YY204),51Y204),82Y174),

*G1Y2(4),C2Y104),HT(2,4)
FUMPLEX S1Y2,S7Y1

FWUIVALENCE (IX(1), X (1), TOATACI)), (LY (1) oY CL),TOATA(PST)),

*(17(1),Z201), TUATA(S13)), (FX(1),SPEC(1),INATAIT69)),
*x(FY(1),SPEC(129)),(F7(1),SPEC(257))
PATA LBL/ZHFR,?2HFQ,2HSX, 2HSY,2HS7,2HS1,2HS2,”HY ,2HY
*2H1 s2H2 ,2H12,2H21,2HYL,2HY2,2HG1,2HG2,2HEY, 2HWF,

*2R s 2HH7 ,2nA L, 2HAN, PrAN, 2HGT, 2nGU/

PATA PTn/.0490R739/

READ Xv» Y, AML Z DATA

calLe RFADF(IPCR,TEP,TX,c56,1,IRDPT)
CALL READF (JDCR,TEP,TY,250,1,1IFDPT)
CALL READF(KDCR,TEP,TZ,2%0,1,1IFUPT)

REMUVE LTNFARP TREND AND MEAN

CALL DTRMNCX,IRK)
CALL DTrRMNC(Y,»nRE)
CALL DTRMN(Z,NRR)

TRANSFFR DATA TU FFT APKAYS

PO 10 T=1,NgR

RELL=0.5+0.5*COS(PTN*FLUAT (1-64))

FXCI)Y=rMPLY (RELL*Xx(1),0Nn.0)
FYMIY=CMPLX(RELL*Y(]I),0.0)
FZC(I)=CMPLX(RELL*Z(1),0.0)

COMPUTF FFTY

CalLL FOURLC(FX,NgPR,=-1)
CALL FNUPLC(FY,NBP,=-1)
CALL FOURL(F7,MpR,=1)

LUNP UVEP FREJUENCTESR
TRPRT=0
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N0S6
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
NORQ
00R1
0082
0083
N084
0085
0086
0087
noRS8
0089
0090
0091
0092
0093
0094
0095
0096
0097
0008
0099
ni{no
n101
0102
0103
0104
0105
n106
0107
0108
0109
0110

Nooe

r:—---

40

Comm=

C

Commm

3n

Cmmee

Commeme—

C—-——

r

Commm

Commmm

AUTR2E 10212 AM MygN_,, 9 MAP_, 198}

Py 20 J=1,4
LL=IFLN()
LUusIFnI(J)

7ERQ BAND AVFRAGIIIG ARRAY
Ny 40 I=1,6
S(T,J)=(0,0,0,0)

LUNP QVEP RANDS
nO 30 T=LL,LY
TUFF=0
LOFF==128

ng 30 K=1,7%
LOFF=LNFF+128

CUMPUTE SPFCTRAL AVEPRAGES

MUFF=LNFF=128

Ny 30 L=k,3

MUFF=NMOFF+12R

TuFF=10FF+1
S(TUFF,J)=S(TUFF,JY+FUNJG(SPFC(LNFF+T)YXSPFCIMNFF+T)
SX=RFAL(S(1,.0))

SY=kFAL(S(4,I))

SZ=RFAL(8(6,1))

CUMPHTF ORDINAPY COHFRFNCE

G12(JI=RFAL (CUNJIG(S(2,J))*S(2,.7))/SKX/SY
CY1(J)=RFAL(COMJIR(S(R,J)¥%x8(%,))/SL/SX
CY?2(JI)=REAL (FUMIG(S(=,J))IXS(5,J)VY/S2/5Y

CUMPUTF PESIDUAL CPUSY SPECTPA
S112(J)=8X*(1,0=G12(J))
fQ221(J)=8SY*x(1,0=-G12(J))
SYY1(J)I=8Z2*%(1.N=nY1(J))
SYY2(J)=S7* (1. 0=RY2(.T))
[1Y2(u)=S(3,.7)~5(2,4)*8(5,.J)/S5(4,J)
S2Y1(J)=S(S, ) =CONJGIS(2,J))*3(3,3)/%(1,J)

COMPUTE NMULTTRPLE CNHFRFRNCE
PEXX=EXASY=CONIG(S(2,0))*5(,d)
PSYX¥=SXASYXSZ=SX*REAL(CONIGISIS5,dY)I*5(5,J))

*=SYXPEAL (CONJG(S(5,J))*503,J))=S7*REALICONTG(SI2,J))*x5(2,Jd) )
*x+2  0*XRFAL(S(?,J)*CNNIG(S(3,J))*5(5,d))

GYX(J)=1.u=DSYXX/S7/PSYX

CUMPUTFE PARPTTAL CUHEREMCF
GIY2(JI=REAL(CNNIGISTIY2(T)I)IXSLIY2(J))/SHLI2(T)/8YY2())
G2YL1(J)SREALICONTGES2Y 1 (J)IXS2Y1(J)) /5221 (T3/78YY1 ()

NPETERMTINE TRANSFFrR FUNCTTUN FSTIMATE
HTC1,d)=0804,3)%8(3,J)=502,J)%x8(5,J))/D5¥X

HT (2, J)=(=CONJR(S(2,T)I%R(3,J)+8(C1,J)%xS(5,.T))/D5YX
BICJ)=SURT(RFAL (HT(1,J))*%x2+REALCHT(?,J))x*x2)
AGCI)=SHUPTIATMAGCHT (1, )Y %% 2+ ATHMAGCHT (2, J))Y*%2)
ANGLICUI=RT 2957 8%ATAMZIRFAL (HT(2,Jd)),RFAL(HTCL,d)))
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0111
n11e2
0§13
0114
n115S
0116
0117
0118
0119
0120
0121
0ize
0123
0124
0125
n126
0127
N128
0129
0130
0131
0132
0133
n134
0135
01%6
nN137
n138
nN139
0140
n1a1
niap
0143
0104
0145
niue
n14a7
0148
0149
0150
nist
0152
n1s53
nisy
0185
0156
0157
0158
0159
0160
n161
0162
0163
0164
0165

0003 AUTKR3 10212 A MUM,, 9 MaR,, 1981

ANGUMII=RT . 295T8xATANFATMAGIHT (2, 7)), AIMAR(HT(1,d)))
c
Commm= CUMPUTFE RUALTTY FACTOR
PEEJISCGYXOJIXCLIY2(JIXG2YI(JY)*»x0 33337337
C
Cm=== NETERMIWNF TF RFSULTS SHUULD RE PLUTTED
TF(WF(T) .GE. QFCUT) IRPRT=1
20 CUMTTINUE

C

C==== REPURT RFSULTS IF:

c TSW2 = 0, ALL DATA

c TsW2 = 1 & IPPRT = 1, STACKED DATA

c

C NOMNTT RPEPURT KFSULTS [F:

C ToWe = 2
TF(ISh? .0, 1 JAKD, I[PPRT .Fu. 0) GN Ty LOUP3
TECISw? .EQ. 2) GU TO LUNP3

-

C==== REPORT RFSULTS

c

Comw== ALVAMCF PuPER
CALL EXEC(3,1100R+I_UPRT,2)
WRTTF(LUPKT,1010) TOFC,IRLK,RFCUT,NT
1010 FURmMAT (Y RIACK RESULTS: IDEC=",T3," IRLK=",T3,
x" NFouT=",F5,.3," LT=",F7.1)
WRTITF (L UPRT,1020) LBL(1),LRL(2),(F(J), =1,10)
1020 FURMAT(LIX,2A2,2X,E10.4,08X,E10.4,14X,810.4,14X,E10.4)
1030 FUORMMBT (1X,”A2,2XsE10.4s,2X,F10.8,2X,010.4,2%Y,F10.4,2%,
*F10.4,2XsE10.4d,2X,F10.4,2X,E10,.4)
WRITF(LUPRT,1G30) Ll (3),LRL(8),(5C1,d),0=1,4),
*Lol (4),LRL(9),(5(d,Jd),J=1,4),
*Ll (S),LRLOLIN), (S(6,T),J=1,4),
*Lel (3),LRL(Y,(S(2,J),.1=1,4),
*Lpl (3),LRLOINM), (S(3,.7),d=1,4),
*Lul (4),LBRLC17),(S{5,J),d=1,4)
WKTITF (LUPRT,1020) Lbl (&), LBRLC13),(S1120J),J=1,4),
*LsL (7),LRLCOLY),(822114),0=1,4),
*xLeL(4),LRLO1IS) »(SYYL (I, I=1,4),
*LBL(4) ,LRLC1IAY, (SYY2(J),J=1,4)
WRTTF(LUPKT,103%0) LuL(6),LRL(1A),(S1Y2(J),0=1,4),
*LL (7),LRLCLISY,(S2Y1(0),.0=1,4)
WRTITF(LUPRT,10720) LBL(ID),LBL12),(G1204),T=1,4),
L al (19), Ll (1), (GY L), T0=1,4),
*Lsl (19), Ll (12),(6Y204),0=1,1),
*LBLID) Ll (R, (GYY(T),»Jd=1,4),
*'_6',(17),[,.UL(1b)l(G1Y?(J)'J=1'Q)I
*Lpl (18), Lol (19),(G?2Y1(TJ),d=1,4)
WRITF(LUPET,10320) Ll (22Y,1L(R),(HIC1,J),0=1,4),
*gl (22),LBL(Q), (HT(2,d),0=1,4)
WRTTF(LUPRT,1020) Lyl (23),LBL(21),(AT(J),J=1,4),
*xI 81 (25),LBL(26)Y, (ANGT (J),J=1,4),
xLpl (24),L8l (P1), (ANCT) pd=1,4),
*{ 3t (25),1 is! (P7), CANGN(T) pd=1,4)
WRITE(LUPKT,1020) Lol (20,1 BL(21),(LF(.I),d=1,4)
GO TO LONPZ
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FTNG COMPILER: HP92060~16092 RFV. 1913 (790206)

*x N WARMINGS **x M ERRORS *x% PRUCRAM = 02427 CUMMM = 032353
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nie7
N168
0169
nNi70
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
nie3
01Ry
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00ns
C
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C
Comme
C
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C
Commm
20

FIN, 10212 Ay MUN,, 9 MAR,, 19R}]

SURROUTINE DTRMNCK,N)

PUUTTINF TU RFMOVF LIMEAR TREMD AND FAN FRNWM AN
NIMENSTUN X (1)

CUMPUTF SLOpPF
SLAPF=(x(N)=X(1))Y/FLNAT(NM=1)
RIAS=0.0

COMPUTE RIAS

PO 10 T=1,M

RIAS=BTAS+X(T)
RIASSBIAS/FLNAT(N)=0.5*FLUAT (N=1)*SLNPF

REMOVE SLUPE AM]D BTAS

ng 20 T=1,M
X(T)=X(]1)=RIAS=FLUAT(I=1)%xSLNPPF
PETUPN

Fih

FTMN4 COMPILER: HP92060-16092 RFV. 1913 (790206)

* X

NU WARMIMGS #*x My EPKNRS *xx PRUGGKAM = (0N137 CuMMOY

79
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0001
0002
0003
0004
0005
n006
0007
0008
0009
N010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
no29
0030
0031
0032
0033
0034
0035
0030
0037
0038
0039
0040
0041
0042
0043
noa4
0045
0046
0047
0048
0009
0050
0051
0052
0053
nosS4y
0055

0

F

OOOOOOOHOOOMNMOOOOON

001

TN, L

NN

FIN, g:52 Av TUF,, 4 MNuv,, 1980

SURKDULTINE FDURI(DATA, NN, ISIGH)
A PELATIVELY FAST, sMaLL FOUPLIFR TRANSFUORM SUBRUGUTTNE

DATA=CNMPLEX ARRAY uUF FUMCTINN 10 BE TRANSFORMED. TwO
CNLSECUTIVE wORDS UF ARRAY DATA ARE EXPECTED TO CONTAIN
FEAL AND TIMAGIMARY PARTS RESPFCTIVELY (OF FACH COMPLEX
POINT.
Np=plUWRERP OF DATA PUTNTS IN ARRAY NDATA = 1/2 NUMBER OF wORDS.
N MUST pE A PUWEP OF 2, T.E., Niy=2xxN
ISTGN=+1 UR =1 INDICATING ThF DIRECTIUN OF TRANSF(URM
TO TRANSFGRM ISIGH CAw BE +1 UOR =1. TU INVFRSE TRANSFURM,
ISIGN MUST HAVE ThF OPPUSITE SIGN,

NUTE: WHFL CONVERTING Tu FREGQUENCY, MULTIPLY EACH DATA POINT BY
1/Ni.,

NIMENSTON DATACL)
SePI=FLUATC(ISIGN)*6,2831R53
Nz 2% Ny

J=1

DU S I=1,ive’

TFCI=-J) 1,2.,2
TEMPR=DATAC(S)
TEMPTI=DATACI+)
DATACJ)=DATACT)
PDATACI+II=DATACLI+1)
DATA(I)=TEMPR
PATACI+1)=TEMPT

MzM/2

TF(J=M) 5,5,4

J=J-M

M=M/2

IFfM=-2) 5,3%,3

J=TJ+M

MMAY =2

TFeMMaX=N) 7,10,10
TSTEP=2xMMAX
DTHETA=S2PT/FLOAT (MMAK)
THFETA=0,0

PO 9 M=1,MMAX,2
WR=COS(THETA)
WI=SIN(THETA)

DU & 1=M, s ISTEP

J=T+MrAX
TEMPR=WKR*DATA(J)=nI*DATACJI+1)
TEMPT=WRADATA(J+1)+nIxDATAC(CT)
DATACJI)=DATA(CI)=TEMPR
NATACI+1)=DATACI+1)=TEMPT
DATACL)=DATACI)+TEMPR
DATACI+1)=DATACI+1)+TEMPI
THETA=THFTA+DTHETA
MMAX=ISTEP

GO TO 6
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0056 10 RETURR
0057 Fuib

FTNG COMPIILER: HP92060=16092 RFV. 1913 (790206)

*x Ny WARNINGS *x Ny ERRORS *x PRUGKRAM = (0356 cComMMON = 00000
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notl]
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not14
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00729
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0034
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0036
0037
0038
0039
00480
0041
noae
0043
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0046
0047
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C

p—

Commmm

Comm=

Comma

Commm
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PROGRAM AUTRA,S,R(Q

SEGHFNT TU PFRFUPM TRAMSFER FUMCTION ANALYSIS

AND STACKING.

WRTTTEN RY Do, V. FTITTERMAN, U.S.G.S., JAMUARY 1979
MUPDIFIFL 12 NOVEMbFR 1980

CUMMNN LOOPL,LNUPZ,LNUP3,LNUP4,LNOPS,LNOPE,LNUPT,LDUPG,
*TRDPT, TSW1,ISW2,T5W3, [Swd, TowWS,
*TSTUP, TER,MHBR, THhL K, NRLK, TDFC,NDEC, DT, wFCUT,
*LUTTY,LUPKT,TSTZF (2) ,kAMF(9) ,IFILE(3),
ATDCB(144),JuCHB01484) ,KDCB144),1.DCBC104),
*TFLOCA4) , TFHIC4)  NDFGP(4),
*xF(4),506,4)Y,STK(6,U),NSTK{U),H(2,4)Y,FRR(2,4),4FSTK(4),

AXQF (4), A1 C4) , ANGTI (), AUC4) ,ANGOCH) , TOATA(Z2304)

CUMPLEX S,S8TK,H

COMPLEX S1Y2,82Y1

NIMENMSTON Ll (31)

PATA LBRL/ZHFR,?2HFW,2H5X,2HSY,2HS7,21S1,2HS?2,2hX ,2HY ,?2d7
*2HY s2HZ ,2H12,2H21,2HY1,2HY2,2HG1,2HG2,2HGY 2HUF, ?h y 2HET,
*X2HFR e 2HRX ,PHRY y 2HAT , PHiAN, 2HGT , PHAU , 2HGN, 2HS T/

DETERMTNF TF KRFSULTS SHUULD RE STACKFD
ng 10 J=1,4

T5AVF=Nn

TF(GF(J) LT. QFCUT) GN T4 10

SET SAVE FLAG
TSAVF=1

STACK PESULTS
CALL ADSTK(J,STK,S,1)

INCRFMFNT STACK CUUNTER
MSTK(J)=NSTK(JI+1

CUMPUTE CUHERENCY AND OUALTTY FACTOR
SX=RFAL(STK(1,0))

SY=RFAL(STK(4,.7))

SZ=KFAL(STK(6,J))
G12=REBMLICONTGIOTRI2,J))*3TK(2,J))/3X/SY
GYVT=REAL(CONTL(STK(3,J))*STKI3,J))/8X/SZ
CYP2=REAL(CPNIGISTK(S,u))*5Th(5,J))/8Y/S2Z
S112=8X*x(1.0~;12)

8221=8Yx(1.0-612)

SYY1=57%x(1.0~GY1)

SYY2=87Z*x(1.0-GYe)
S1Y2=5TK(3,J)=STK(2,J)*5TK(5,J)/STK(4,.7)
S2Y1=8TR(5,J)=CONJR(STK(2,J)IXxSTK(Z, T} /5TK(1,J)
PSXX=8X*xSY=RFAL (COMNJG(STK(2,J))*STK(2,.7))
NSYXX=SX*EY*xSZ=SXAREAL(CONJG(STR(S5,Jd))I*S3TKIS5,J))
x=SYXREAL(CONTGISTR(3,J))*STKI3,0))
*=SZxPEAL(CNNJILISTK(2,J))*x5TK(2,J))
*+ 2 0xRFAL(STK (2, ) *CNRIGESTR(3,J))*3TK(5,J))
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npse LYX=1.0=NSYXY/QZ/USXYX

0057 G1Y2=RFAL (CUNJR(S1YR2)XxS1Y2)/S112/5YY?
N0=8 G2Y1=RFAL (CUNJR(S2Y1)x82Y1)/R221/5YY1
0059 QFSTK(.T)=(FYXXkGLYR2*EPY1)*%x0,33833233
0060 C

0061 Cem=== CHFCK TYPE (F STACKIMG

0062 TFCISwd LEQ, 0) G TN 30

0063 C

0064 Cemew== TEST FNR IMPRUVEMENMT BY STACKING

0065 TF(ISAVE .Fiw. 0) 6N Ty 30

ngke C

N067 C(==== CHECK FyUR NUOMDEGRADATIOUN bBY STACKIMG
0068 TF(WFSTK(J) LGCE. OFCUT=-0,10)Y G0 TN 39
0069 €

0070 Ce==== PEMOVE DATA FROM STACK

nNo71 CALL ADPSTK(OJ»oTR,S,=1)

0072 MSTK(J)=NSTK(J) =1

0073 TSAVF=0

0074 C

0075 Ce==== Gij RFCNMPUTE STACK VALUES

0076 ~O 10 20

0077 ¢C

0078 C===- CHFCK FUP SOME DATA STACKED BREFORE COMPUTING TRAMSFER
0079 C FUMCTION

0080 30 THC(NSTK(J) Fu., 0) N TO 10

00”1 C

0082 Ceo=== NPETEPMINF A NEW TRANSFEFR FUNCTTUN F3TIMATE

0QR3 H(1,J)=(STK (A, TJ)*STK(3,J)=STK(2,T)*3TK(5,J))/7D8XxY
00R4 H(P, )= (=CONTGISTROZ2, IV IASTRKOS,J)I+STK (1, J)*3TK(S5,J))/usSxY
0gas C

0086 Ce==== COMPUTF 95% COUNFIDFRCE LTMTT

0087 C=FTFST(MUFOGR(JI*NSTKTIIXREAL((STK (A, J)=nl1,JIXCUNJR(STK(3,.T))
0088 *wrd (2, J)IXCUNUG(STK(S,J)))/8TK(2,J)/CUNMJR(STK(?,.T)))
00R9 FRR(1,J)=8SCRT(Gx]Y)

00990 FRR(2,J)=8PRT (LS X)

009y ALCJYSSQPTIRFAL(H(1,J))x*2+RFAL (H(2,J))%xx2)

0092 AQCJ)=SURTCATMAGCHC(L,JY )X %2+ ATIMAG(H(P,T))x%x)

0093 ANGIC(JY=CT ,295T78*xATAN2(REFAILL(H(2,J)),RPEAL(H(L,JY))
0094 ARGUCUI=ST7.29578*ATANZ2(ATMAG(H(2,J)) yATMAG(HCL1,J)))
0095 10 CONTTNUE

00% C

0097 C=w=== PEPQRT TRAMSFER FUMCTINN ESTTHMAIE TF STACK wWAS MADE
0098 € RETURK TO RYPASS PLUTTING SeGMFNT

0099 TFONSTK (1) PNSTR(PI+NSTK(3)+NSTK (M) JFW. 0) GN Tu LOUPH
0100 C

0101 Ce=== PUN‘T REPURT UR PLOT [F ToW2 = 2

0102 TF(ISW2 .EN. ) GO 10 LONPS

0105 C

0104 Ce=== SET THDYCTTOMN ARPUWS TO ZEPU IF Ny DATA STACKED
niong ng 40 J=1,4

0106 TFI(NSTK(J) ART. 0) gD Ty 40

nioy AI(J)=0,0

nNi0ng Apecgy)=on,0¢

0109 ANRICJ)=N,0

0110 ANGROCJY=0_0
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n111
0112
0113
N1ty
0115
0116
n117
0118
n119
0120
0121
0122
0123
nie4
0125
0126
ni1?27
n128
n129
01%0
n131
n132

40 COMTTHUE
Cc
Ce=== ADVAMCF PAPER

CalL EXEC(3,110UR+LUPKT, 1)
WRTITF(LUPKT,1010) TDF(,IBLK,PT,NSTK

1010 FORMAT (" STACK PRPESULTYS: IDPgC=",T13," 1RLK=",T4,
*x" DT=",FT7.1," MSTR=",4T4)
WRTITF(LUPKRT,1020) LEI (1),LRL(2),(F(J),T=1,14)

1020 FURMAT(LIX,Pa2,2X,10.4,148X,£10,4d,18X,E10.4,148X,E10.4)
WRITF(LUPRT,1030) Lul (22) LBl (R),(H(1,T),d=1,4),
*x L (P2),Lb!l (), (H(?,J),d=1,4)

1030 FORMAT(1IY,2A2,2X,E10.4,2X,F10.4,2X,10.4,2¥,F10.4,7X,
*FlO.U,?X,E1O.UIBXIFln.uI?XIﬁ1O.4)
WRTTIF(LUPRT,1020) LBL(?23),tBL(24),(RR(L1,J),I=1,4),
*LBL(23),Lpl.(?5), (ERR(2,J),J=1,4),
xLBL(P6), Lol (P1Y), (AT (T),,d=1,4),
*x.gL(27),Lbl (P8), (ANGT(J),Jd=1,4),
*| UL(P,(J),LHL(?l)l(An(-')'J=114)l
*Lol (27) ,L8L (30), (ANGD () ,d=1,4),
*x.5L(20),1LBL(31), (UFSTK(J),J=1,4)
~fY T LOOPA
Eub

FTNG4 COMPILER: HPY2060=16092 RFv. 19135 (7902006)

* KX

MG WARMINGS *x Ny ERRORS *x PRUGRAM = U177%1 COMpON =
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PAGF 0004

0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0116

C-—--

10

2n
30

FIN, 10213 AM MgMN,, 9 MAP_,, 1981

SURRPUTIMNE APSTK(J,8TK,3,1S1GN)

RUUTTINF TO APD (R SURJTRACT DATA SEGMFNT WITH STACKFY

SPFCTKA,

DIMENSTUM STX(6,1),506,4)
COMPLEX ST¥K,S

TFOIRIGH 1. 0) gN Ty 20
Ny 10 I=1,6
STK(T,J)=8TK(L[,J)+8(T,.T)
RETURI

NGy %30 1=1,6
STK(T,J)=5TK{L,J)=8(T,J)
RETURN

Euh

FTN4 COMPILER: HP92060-16092 RFV. 1913 (7902006)

* %

NO WARMINGS #*x Ny ERRNRS *x PROGKAM = (0096

87

CUMMNG

[VELEVELRY]
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0107
n14s
n149
0150
n1s1
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
N166
0167
0168
0169
0170
0171
n172
N173
0174
0175
0176
0177
0178
0179
0180
0181
0182

0005 FTN, 10213 AWw MgN,, 9 MAP,, 194}

FUMCTION FTESTIWDER)

C
Commeme FUNCTINN TO CUMPUTF THF F=NISTRIBUTINN 957% CONFIDEMCF
C LEVEL FQR Npt=d AND NUP=DEGRFES 0OF FREFDNM 4TNINS 1.
C U3FS TABLE LNUKUP AND TWNTERPOLATTUN N INVFKSE ntl2.
NIMENSTUN TARGS5(12)
DATA TAB95/224.6,19.725,9.12,6.39,5.19,4.53,14.93,1.99,
x12.20,7.20,10.0,2.37/
NUPz=MDF =4
c

Cemee PICK INVTEKPULATIOWN CNONSTANTS
TE(nle JLT. 20) GU 70 1u
TM=11
T3=12
co TN 390

10 T (2 LT. 10)Y GO TN 20
TM=9
TE=10
Gy TN 3y

20 TF(iNU2 LT. 7) 60O TU 40
Tii=7
Tr=86

Comme PERFNKM TRTERPOLATTIQON
30 FIFST=A4,0x([AB95(IM)/FLOATINUZ2Y+TARYS(TIB))/FLOAT (HUZ)
RETURHN

Cm=== TRAP ZFRN Nk FFuFE UFGLPEFS UF FRFENOM
40 TF(NUZ2 JGE. 1) 6N T 50
FIF§T=0_.0
RETURHN

Ce=== PERFNRM TARLF LUNKUP
S50 FIFST=4_.0xTARYS(NU2) /FLUAT (NUZ)
RETURN
Fuah

FTN4 COMPILER: HP92(060-16092 RFV. 19135 (790206)

* k

NG WARNINGS *x MU FRRNRS *xx PRUGRAM = (0160 CUMMNY =

88
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0001
0002
non3
noo4
0005
noo6
0007
000§
0009
0010
0011
0012
noy3
0014
0015
0016
0017
0018
0019
0020
no21
00722
0023
0024
0025
0026
0027
n028
00729
0030
0031
0032
0033
0034
0035
0036
0037
ng38
noz9
0040
0041
noag
noas3
0044
0045
0046
noaz
0048
0049
0050
0051
0052
0053
0054
0055

npot

FTm™, L

Comem

iInBe Ee e Re)

C
Commwam
10

C
r——--

C
C--—-
1010

FIM, 10213 AM MON,, 9 MAP,, 1981

PRNAGRAM ADTRS,5,R0

PLOTTING SFLMENT. PLUTS URIGIMAL TIMg SFRTES AND
POWER SPFCTRA,

WRITTEN RY L. V. FITTERMAN, U.S.G.S., FERKUAPY 19709
MUPIFIFD 3 APRTL 1979

CUMMON LOUPL,LOUP2,LNUPS,LNUPY, LOUPS,LOUPSE,LNUPT,LDUPY,
*TRDPT,ISWL, ISKH2, TSW3, 1Swd, TSKS,

*TSTUP, TER,NHR, THLK, NRLK, TLUFC,NPEC,DT,dFCUT,
ALUTTYLUPRT, TSTZF (2),NAMF(Q),IF1LEC(3),
*TDCB(144),JD030144),KpCo(144),L.DCp (144),

STRFLOCHY, TFHIC4),NDFGR(4),
*F(A4),500,4),STK(6,4),0STK(H),R(2,4),FRP(2,4),4FSTK(4Y,
XOF (LY, ALC4) , ARGLCH4) , AU(4)Y , ANGCUIL4)Y,TDATA(P304)

CUMPLEX S§,8TK,H

DIMENSION FXO128),FY(128),FZ(128),RA(64),Y(64),RZ(4),
*Y (128),Y(128),7(12R),IPLT(66),MASK1(60),MASK?(60),Tn(3)

CUMPLEX FA,FY,FZ

FQUIVALENCF (Xx(1),TDATA(1)),(Y(1),TDATA(2S57)),

*CZC1Y, TOATA(SLIZ)), (FY (1) ,RYX(1),IDATACT69)),
*(FY(1)RY(1),INATACL?281)),(F7(1),R7(1),INDATACLIT7IN

NATA MASKI/0R,3778,12x177777R,100000R,1775,12%x1777778,
*140000B,TTR,12*1777778,1600008,27,0x1777778,02,3775,
*Sx177T7TTIR,VTTTTOR, NGB, 377TTH,5*%1777770,177700p/

NDATA MASKZ2/0R,2006,12%x013,1000008,100R,12%0R,40005, 400,
*12*x(GR,200008,200,20013,100R,10004p,400R,490208,¢M015,0R,
*x200B,20010R,1000R,1QNOQUQOR,H004R,2005,20010R, 08,2001,
*10NB, 10004R,4006,40020R,P001R, 1005/

NATA IR/25,250,476/

COMPUTFE PQWER SPECTRA, FIND MAY AND MIN
RiAAX=0.0

RPuTn=1.0F20

NG 10 T=2,6A4
PXxC(I)=PEALCFX(TIXCONJIGIFX(TI))
RY(I)=RPEBLC(FY(TIXCONJGIFY(T)))
RICIV=REALIF7(TIXCONIG(FZ(T)))
PHMAXTAMAXT(RY(T),RY(T),R7(T) ,RMAX)
RMTNZAMIMI (X (T) s RY(T)»R7Z(T),RMIN)
Frize00 . /ALONGT (PMAX/RMIN)

Fy==Fr*al UGTIRMIM)

DETERMINF DaTA PLOTTTING SCALF FACTNRS
CALL FACTR(NBR,X»XFC)
CALL FACTRINRR,Y»YFC)
CALL FACTR(NRK,Zy£FC)

NUTPUT SCALE FACTORS

CALL EXEC(3,1100R+LUPRT, 1)

WRTTF (LUPRT,1010) PHTN,KMAX,ZFC,YFR, XFr

FORMAT ("™ KMIN=",F10,4," RPMAX=",E10.4," ZFC=+/=",F5.0,
x" YFrz4/=",F5.0," XFC=+/=",F5.0)

90
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0056 €

0057 Ceeme= COMPUTF URTTS Tu STYLIT CUMVFRSINN
0058 XrC=S0./XFC

0059 YFC=S0,/YFC

0060 7FC=S0./7FC

0061 C

0062 Ce=== PNT TTCK MARKS

0063 CALL EYEC(3,1100R+LUPKRT,?)

0064 caLL MOVF(MaSK1,0,TPLT,0,66)

No6S CALL EXEC(2,1008B+LUPRT,1PLT,606)
0066 CALL MOVF (MASK?,N,TPLT,0,066h)

0067 Ny 25 T=1,10

0068 2% CALL EXEC(2,1uNG+LUPPRT, [PLT,A6)
0069 C

0070 C==== NUTPUT

0071 CallL EXEC(3,1100R+1LUPRT,1)

0072 K=1

np73 nig 20 T=1,128

0074 CalLL ZFRD(IPLTr06)

0075 €

0076 Cme== X DATA

0077 TOOT=IFIX(XFCxX(T)Y+1000

0078 CALL IMDOTCIPLT,TLOT)

0079 C

0080 Ce=== Y DATA

0081 TONT=IFIX(YFCxY(T))+875

0082 CALL INDOTC(IPLT,TLNT)

0083 C

00RY4 Cm=== 7 DATA

0085 TONT=IFIX(ZFC*x7(1))1+750

0086 CabtL INDOTCIPLT,TuNT)

0087 C

0088 C==== MARK FPERUFNCY AVERARIML BANDS
00R9 NG S50 M=z1,4

0090 TF(K LT. TFLUMM) J0R. K .RT. TFHICGHKY) 0 Tu 50
0091 DU 60 MM=1,3

0092 60 CAlLL IMUOTIIPLT,T5 (M) =fi=l4)

0093 50 CONTThUE

noeg C

0095 Ceo=e= DETERMINE TF SPECTPAL PUTNTS 6N N THIS L 1Mt
0096 TFMOD(L,2) ER. U NPR. T JLT. 3) GO TN 30
np97 KzK+1

0098 €

0099 Cew== X SPFCTRA

n100 TONT=IFIX(FMral UGT (KX (K)I+FB)+475
niol catlL IMDOTCLIPLT,IRNT)

nine C

0103 C(Ce==e= Y SPECTKA

0104 TOOT=IFIX(FHM*ALUGT(RY(K))+FBY+250
nins CALL INDO[CLIPLT,TLNT)

0106 C

0107 Ce=== 7 SPFCTRA

nN10ns TONT=IFIX(FMxal OGT(R7Z(K))+FB) +25
0109 CALL INDOTCOLPLT,THNT)

0110 C

91
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0111
n112
0113
0114
0115
0116
0117
nNi118
0119
0120
0121
012¢
0123
0124
N12s

0003
C----
30
2on
C
C----
40

AUTRS 10213 A MUM_, 9 MuR,_,

WRTTF NaTA

CALL eXEC(2,1006+LUPRT,IPLT,66)
COMTTHUE

CALL EYEC(3,1100R+1 UPRT,1)

TICK MARKS

CALLL ZFRO(TPLT,06)

CALL MOVF(MASK?,0,TPLT,0,66)

PO 40 T=1,10

CALL EXEC(2,1008+LUPRT,IPLT,66)
FALL MOVF(MASKY, N, TPLT,Ur06h)
CALL EXYEC(2,100u+LUPRPT, iPLT,66)
CALL EXEC(3,1100R+LLUPRT,?)

GO TN LUCOPS

Fih

1981

FTNG COMPILER: HP920hu=16092 RFV, 1913 (790200)

* %

NU WARNIMGS *x N EPRORS *x PRUGKAM

92

= 905721

UM NN
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0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
n136
0137
0138
0139
0140
0141
niae
0143
0144
0145
0116

0004
C
C--—-
C
Cmmmw
10
C
Cmmme
20
30

FIM, 1013 AM MgN_, 9 Mar_, {9R]

SURRNUTINE FACTR (i, X,FC)

RUUTTINF T{U pFTFRMINE PLOTTING FACTNR
PIMENSTON LEVEL(R),x(1)
DaTA LFEVFL/5,10,20.,50,100,200,5060,1000/

DETERMTINF MAY[MUM FXCURSTUN
FC=0.0

ny 1N I=1,N

XARS=ARS(X([))

TF(XABS .GT. FC) FC=YauRS
COMT Tiwlle

GET MEXT LAKGEST LOGARTTHMIC LFVFL

T=1 .

TFCFC JLF. FLOATCLFRVELCLDY)) 0Ok, T JGF. 8) hy TN 29
T=T+1

GG 1IN 20

FC=FLUOATCLFVFL(L))

RPETURK

Fih

FING COMPILER: nP92060=16092 RFV. 1913 (790206)

* %

NO wWARNINGS *x NG EPRNRS *x PROUGRAM = 0900093 CUMmNN

93

VIRV
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0147 Fung

94



PAGF 0001

0001 ASMu,L,T»C
MOVE PR nQOnN0nNsS
LENTR X 000001
SOURC R 0000090
SORPT R 0000014
NEST R 0Q0yn2
NESPT R 000003
NUMBR R 000004

*%x N ERRNRS PASS#1 x*rTet ASHR 760924*x

95



PAGE
0001
0002
0003
0004%
0005
0006
0on7y
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0016
0019
0020
0021
0022

0023
no24
* X

0002 #01

0ongo

MOVE

0gnoo
00001
00002
00003
00004
nonos
00006
00007
00010
00011
ngn12
00013
0ont14
00015
00016
00017
00020
00021
none2

= PKNGRAM

000000
000000
090000
0000090
000000
ng000Q
N160n01X
00000N0R
162004P
np2003
126005R
Ne”?0NQR
142001P
NebQNR
146003R
105777
100004R
ngnoong
1260059

ASMB,L,T,C
NaM MyVvE, 5,80

Suttke
SURPT
NEST
DESPT
MUMER
MUVE

TG mDVF

FisT
FaxT
RsSS
R38
RSS
RSS
RSS
NyP
JoR
DEF
LOA
SZA,
JmMP
LDA
ADA
| DR
ADR
My W

TP
FrD

THF CUMTFuTS UF NNF

MUVE
SEMTR

1
1
1
1
1

LEMTR
SQURE
NUMBR, T
RSS
MUVE, I
SYURE
SuPPT, T
DEST
NESPT, T
MUMBR, T

MOUVE, L
MoVE

96

ADUPESS
ADDPESS
ADDPRPESS
ADPPESS
ADDRESS

KFSOLVE

ARKAY TN ANNTHER,

SGHRCE
SGURCE BUFFER PUINTER
NESTTHATIUN RUFFER
PESTTWATTUN RUFFFRr PNINTFIic
NUMBFR UF WURDS Tu mNVF

uF BUFFER
UF
UF
uF

uF

TRNDIRECT ANDDRESSFO

MAVF 7ERU ANRNS?

YFS,
o,

FORM DESTINATTUNM

MOVE

NU ERRNRS *TOTAL **rRTE ASHRB 700924 x%

RETURN
FORM SOIRCE BIFFER 8uNKFSS

BUFFFR ANDRESS

WURDS



PAGF

FNTR
vFSPT
DEST
MOVE
NUMRR
SNRPT

SNURC

Ngos3s

0006
noogn
nooy9
00012
00011
fO0YR

00007

MOVF

FRNSS=REFERENCF SYMBOL TABLE

00013
00071
00920
00005
00015
00019

00014

00017

0G02?

000N1R

97
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0001 ASMispl o, T#C
ZERU R 000002
LENTR X 00000]
ARRAY R 000000
NUMBR R 000001
LONP R N00012
COUNT R 000020

*% N0 ERRNRS PASS#1 *xxRTE ASMB 760924xx

98



PAGE 0002 #01

0001 ASMp,L,TsC

0002 00000 MAM 7ER(Q,3,80

N003x

0004+« 7RO = RNUTINE TN 7ERU APRAY

0005

0006 FWT 7ERU

0007 FXT JeMTR

0008 NQ00p0 00NQ00 ARPAY RSS 4 ADDRFSS NF DATA ARRAY

0009 00003 NEOONY NUMBR RSS 1 ADDREFSS OF wWUMRBRER NF LNCATTQNS T 7EPL
0010 000G2 000000 7EPO  NULP

no11 00003 0N016001X I83 JEMTR PESULVF TwDPIPECT ADDRESSES
0012 N0004 0QNQOGR NEF ARPAY

N013 00005 162001R LbA NyMgPR, T LOAD "A"™ aTTH NUMBR

no14 00006 003004 CMA, Tih MEGATE

0015 00007 N720”uR STA CQOUNT SAVE

N0le 00010 N02400 cLa "A" = 0

0017 00011 191741 CAYX X" o= "A"

0018 00012 101740 LULP SAX ARRAY,T STORF 7ERU IN ARRAY
N0013 10N0NUR

0019 NONLL 105760 ToX TRORFMFNT "Xx", ARKAY [MDFAX
0020 00015 036Q02¢R 157 COUNT TNCREMENT COUNT

0021 00016 02A012P JMP L QNP LUOP uVER 7ERUTNG PRNCFDYRF
0022 00017 126002P JMP ZERPU, L PeTURwN

0023 00020 000000 CQUNWT RSS 1 LOUNP COUNTFR

00”24 FND 7ERU

*%x MU ERPRORS *TNTAL **xRTE ASMB 760924*x

99



PAGE 0003 LERN
CRNSS=PEFEPENCE SYMBNL TABbLE

LFNTR 00007 0Nn011

ARRAY 00Q00QR 00012 nooie

CNUNT 00023 0N015 ngozo

LNoP NO01R 060021

NUMBRR 00009 00013

ZFRD 0010 UoyNe hgng? 90u24 N

100
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0001 ASMB L, TsC
TWPOT R 000002
LENTR X 000001
RAS 7 000000
roL R nQoony
MASK R 000022

MASKS P 0000673
**% MO ERRORS PASS#{ x*xkTE ASMR T76N9”4xx%

101



PAGF 0002 #01

0001 AsMu,L,T,C
0002 090000 NAM TDNUT,3,R(
0003 FaT TNDOT
0004 FXT LENTR
N005%
000N6x RUUTTINF TU PLACE A DOT AT 8 PARPTICINLAK BIT POSTTTUN Tw
No07x% ARRAY RAS, THF FIPST WURD UF ARRAY RAS CONTAIMS (NULUMNS
0008 1 THROUGH 16, THF T=Th wNkD CUNTAIMS CNLUMMNS 16x([=1)
0009 THRUUGH 1ox(T=1)+16.
0010~
0011x WRTTTEM RY D. V. FTTITERHAN, U.S.0.S., MAY 1977
Ng12+ MUDIFIFD 25 MAY 1977
0013%
0014 00000 0000N0D PAS R5S 1 alRLP NF RASTERP RUFFFR
0015 NOO0Q1 NnOOO0U Cul RSS ADDR NF CNLUmN Ty oF SET
0016 00002 NOOQNG  TuluT NOP
0017 00003 016001X JSR LEMTR RFSNLVE INDTRFCT ADDRFSSES
no18 NQOQ4 NQOGNQPR NEF RAS
N019 0ONGS 162001R LOA Cul,7 LOAD CULUMN NIFMRER
0020 Nonpée N12y044R AnnD =B17 MAS UFF L0Dw ORDER oTTS8
0021 00007 042023R ADA MASKS AND ADDRES> JF MASKS
0022 00010 N72072R STA MASK SAVF MASK ADLRESS
0023 00011 007400 rCR "RYzw
0024 00012 146001P ApR it , T ADD COLTIMMN VAL UF
0025 00013 101044 LSRR 4 vIVIDF RY 16
N026 00014 046Q00R ApDB RAS ADL OFFSET TU RAS ADDPESS
0027 00015 N7AQ00R STR PAS
0028 NON16 1GSTT3 S8S MASK, I KRAS,I
00017 100022PR
00020 1430000R
0029 00021 126002R JpP TRDOT, T
0030 00022 000000 MASK RSS 1 APDRES3 OF MASK TN HSF
nN031 00023 NO0(OPUR MARKS DEF *+1 ADDRESS UF FIRST MASK
N032 0Qn24 000001 ngrT ot
0033 00025 1y0n0N0 NLT 100000
0034 00026 040000 NCT 49ngn
0035 00027 020000 ngT 20000
no36 00N30 0100090 oCcT 10000
00%7 006031 0Qa@Ou NCT 4000
0038 00032 002000 nCT 2000
0039 00033 001000 ncT 1000
0040 Q034 npodonyg NeT 400
0081 0003 NON200 neT 200
0042 NQ036 0uyn100 ngcT 140
0043 00037 00004y neT 4y
0044 00040 000020 ncT 20
nQ4s5 00041 000010 neT 1o
nNoae 00042 000004 neY 4
N047 0undl npnQne neT 2
00044 000017
noas FiyD THPOT
% Kk NU ERRNKS xTNTAL %x+RTE ASHMB To0924%xx
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PAGF 0003

JFNTR 0o0ng4a
=P17 creee
coL N0o015
INDOT 00016
MASK nGo3En
MASKS 00031
KBS nor14

IMpnT

CRNSS=PEFEPEMCF SyMpNL TABLE

00017
00020
00019
00003
0r022
60021

00016

nonpu

npgnge

npn2e

0u02h
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PAGF 0001 FIN, 10220 Am MyN_,, 9 MaP,, 19R8]

0001 FTN,L

noone PROGRAM AUTR6,5,80

0opon3 C

0004 Cmw== SEGHFNT To wRITe u!TPUT Ty FTILF

0oos €

0006 Cmem== WRTTTEM RY Do V. FTITTEPMAN, U.S8.6.S5., FERRUAPY 1979
0007 € MUDIFIFD 5 WNVFMRER 19R(

00ng

0009 CUMMN LNUPL,LNUPL LLNAUPS, LNUPY, LNGPS,LNUPG,LNUPT,LNUPS,
0010 *TRPFT, TSWL, 1SW2,ToW3,18n4, TSKS,

0011 *TSTUP, TER,NBR, TBLK,NRLK, TOFC . NDEC, DT, uFCIIT,
0012 *_UTTY,LUPRT,TSTZF(2) »NAMF(Q),IFTILEC(S),

0013 *xTDCBC(144),J0CHE 0144 ,Kkpe3(l44),LDrB144),

0014 xTFLUCY), TEHL (WY ,MUFGR(4),

0015 *F (4),506,d4),STK(6,4),NSTK(4),H{2,4),FRP(2,4),4FSTR T4,
00teé AOF (4) AT () ,ANGLI (), AG04) , ARBUCA) , TDATA(2304)
0017 CUOMPLEX S,STK,H

0018 PIMENSTON LlIF(128) ,RUFL(64),CRUFL(32)

no19 rOMPLEX ChUFL

0020 FUHIVALENCFE (LRUF (1), eFL (1) ,CRUFLCL), TDATA(1))
no21 €

0022 C==== MHFCK FyUR NF LNOWFKTING STACK TYPE

0073 TFCOISwd LT. 2Y 60U TN 10

0024 C

0025 Ce==== CHFCK F(OR M STACKFD DATA

0026 TFONSTK(1)+0uSTK(P2)HNSTK(3)+NSTK(4) 6T, 0) 6N Ty 20
0027 €

0028 C(w==== TEST FNRr ENUUGH NF LNKFRTNG

0029 TFCISwd LF, ISaS) &GN Ty 20

0030 C

0031 C==== LUWEP NAF AMDL INCREMENT COUMT

ng3e AFCUT=NFCUT=-0 1

0033 TSHE=ZTISHWS+1

no%y4 C

0035 Cw=== PROACFSS NDATA ARATH

0036 GU 10 LGDP?

0037 C

0038 Cem=== RESTARE AF AND ISwS

0039 2N AFCUT=AFCUT+0 J1xFLONAT(TSWS)

nQugQ TSWS=(0

0041 C

0042 Ceo=== CLFAP NUTPUT blIFFER

0043 10 Dy 30 1=1,128%

0044 30 LgUR(1)=0

0045 C

0046 Comma= | (NP UVER FRFGUHEN(CTES

0047 J=0

0048 40 TUFFT==pd

0049 TUFFP==32

0050 TUFFlf==1¢6

0051 50 J=T+1

0052 TUFFI=IUFFT+64

0053 TUFFR=TUFFP+32

0054 TGFFC=TUFFC+16

0085 €
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0056
0057
0058
0059
0060
no61
0062
0063
0064
0065
0066
0067
0068
0069
0070
no71
0072
0073
0074
0075
0076
0077
0078
0079
0080
00R1
noR2
DOR3
0084
00RS
no8e
0087
0088
0089
0090
noo1
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
010¢
0109
0110

npoe

Come=

(-

Comem

60

C----

C----

(oo --

Come—-

fmom-

Comem

C----

C----

Commmn

Comme=

AUTKE 10220 AM MUM,, 9 MAR,,

CHFCK FUR STACKED NDATA
TF(NSTK(J) .GT. 0) uN Ty o

7JERG INDUCTINN APRORS
AJCJ)=0.0

AuCJY=0,0

AnNGICJ)=0,.0
ApGOlgY=0_0

FREWLIENCY
BUFL(INFFk+1)=F(.7)

nY
RUFLCOINFFR+I=DT

TOFC
LoUF(INFFI+SY=TDF(

NS T
LBUFCIOFFLI+6)=MSTR(4)

SKXX
RUFLIINFFR+4)I=REAL(STK(1,d))

SYY
RUFLCOINFFR+S)=PEAL(STK(4,3))

S27
PUFL(INFFR+6)=REALISTK(E,J))

SXY
CoUFL(TUFFr+08)=3TK(2,J)

3X7
Col'FL(TUFFC+5)=8TK(3,4J)

Sy7
CBUFL(TUFFC+A)=STR(S,4J)

TRANSFFR FUNCTTION
CoUFL (TUFFC+7)=h(1,J)
CoUFL(TUFFC+R)=ri( 2, J)

RANDOM EPKOR
RUFLCIOFFrR+17)=EPK(1,4)
RUFLC(INFFR+1B)=ERR(2,J)

NFSTK
AUFLC(INFFR+19)=yFSTK(J)

RFCUT
RUFLCINFFR+20)=uFCUIT

Al
RUFLCINFFR+21)=AT ()
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PAGF 0003 AUTR6 10:20 Al MUN,, 9 MAR,, 19R]

0111 €

0112 Com=m== AKG]

0113 RUFLIINFFR+22)=ANGT (J)
N1ty C

0115 Ce=== Ay

Nite RUFLCIDOFFR+23)=AN(J)

0117 ¢C

0118 Ceow== ANGO

0119 RUFLCINFFR+24)=ANGN(.T)
0120 C

0121 Ceo=e= TFLO

0122 Lal'/FCINFFI+49)=1FLO(T)
0123 €

0124 Ce=== TFHI

0125 LBUF (CINFFLI+50)=1IFHT (J)
nire C

0127 Ce=w== MNOHFGR

0128 LEUF CIOFFI+51)=pDEGR])
0129 ¢C

0130 Ce==== CHFCK FOUP FULL bUFFERP = TaN FRFWUENCIES PEP PECQRD
0131 TF(J Fue t LUR. U Fl. 3) GD TU 50
0132 €

0133 Cm==== WrTTF FILE

N134 CLlL wPRITFOLDCR,TER,LBUF)
0135 C

0136 Co=== DyYME?

0137 TF(J LT. 4) 6N Ty 40
N138 GO 10 100MPe

0139 Fub

FINy COMPILER: HP920h0=160°2 KFV. 19135 (7902006)

%k NG WARNINMGES *%x M EPRORS %% PRUCKRAM = 00507 COMMOM = U335
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PAGF 0004 FTM, 10220 Am MyM,, 9 MAP,, 19R]

nNi140 Fruhyg
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PAGF 0001 FIN, 10227 Am MyN,, 9 MAR_, 1081}

0001 FTN,L
0002 PRNGRAM AUTKT7,5,R(
non3 C

N004 Ce=wm= SEGMENT Tu DN LW PASS FTLTERING, DECIMATION, ARD PLNTT MG
0005 C
0006 Cw=== WRTTTEN RY pD. V. FTITTERMAN, I,S.G.S., FERRUARY 979

nooy ¢ MUDIFIFD 3 UCTNBFR 198N
noog C

0009 COMMON LNOPL,LOOPL,LRUPS, LOUPL,LOUPS, LNUP, LNGPT,LNUPS,
0010 *TRDOPT,ISWL, ISw2, TSW3, IS4, TINS5,

0011 *TSTUP, TER,MuR, TBLK,NRLK, TDFC,NDEC,DT,uFCHUT,

nNo12 *LUTTY,LUPRT, TSTZE(?),NAwF(9),IFILE(3),

nNo13 *TuCb (144),J0CH(144),Kulp(144),1DCE(144),

0014 xTFLOCA), TFRIC4) ,MUFGR(4Y),

0015 AXF(4),500,4),8TK(6,8),NSTK(A),H(2,/4),FRR(2,2),uFSTK(4),
nd1eé XOF (4) AT C4) ,ANGICG) ,AUCL) ,ANGUCE)Y, TUATA(R30Y)

0017 COMPILEX 8,STK,H

0018 NDIMENSTUMN ThUF (2R6), ToUF (2R6),KBUF (2R0),PUFT(143),BUFJr103),
0019 *RUFK(143)

0020 FUUIVALENCE C(IRUF(1),bUFT(1),1NATACLY),

00”1 * (JRUF (1) ,8MFT(1),IDATAC2RT)) , (XBUF (1) ,RUFK(1)Y,TDATA(STR))
00722 NIMENSTOM CFLP(8),TPLT(350),MASK3(30),MASKL4(30)

0073 DATA CFLP/~.011807,.01%179,,.,0012910,=-,035459, .NoR5?,

0024 *x=_057171,~-.061011, .577R9/

0025 DATA SCLX/100,0/,8CLY/100,0/,8CL7/50.0/

NQ02o NATA MASK3/3%0R,7777T76,5%177777b,17600008,2%0R, 777,

0027 *Sxk17T7TTR,VTTTAOR, 2x05,7R,6x177777R,140000R, N5/

0026 DATA MASKG/3%0,4N020R,2001P,100B,10004R,40N,400P0R,2000R,
0029 x2x 0B, d00R,40020:,20018,100R,100048,400R,40020,2*0R,

0020 *AB,400R,4uN206,20015,100R,100048,400R, 400008, 0R/

0031 C

0032 C==== CHANGE SAMPLF TNTERvVAL

0033 NT=DT+NT

0034 C

0035 Ce==== CHANGE FPENUFNFIFS

0036 Ny 10 J=1,4

0037 10 F(JI)S0.5*F(J)

0038 C

003G C==== REPYRT SCAlE FACTURS

0040 TF(NRLY 6T, ISw3) GN TU 30

0041 Call EXEC(3,1100R+LUPRT,?2)

0042 WRITF(LUPRT,1010) TFTLF,TDFC,DT,SCLZ,S5CLY,SCLX

0043 1010 FURMAT(2X,%A2,": TOFC=",I1," OT=",F6.1," (10NkD]T SFL/IMCH)"/
0044 *"  SCALEC(HT/TNCH): Z=",F6.2," Y=",F6.2," X=",Fk.?)

0045 C

0046 Cem=== P NT TICK MaPKS

0047 Call EXEC(Z,1100B+LUPKT,?2)

0048 Cabt L ZFRO(CTIPLT,S$0)

0049 Cal.L MOVF(MASK3,0,TPLT,0,30)

0050 Call EXEC(2,100B+LUPRT,IPLT,Z0)

n0s51 CALL £FRO(TPLT,30)

0052 CaLlL MOVE (MASKA,N,TPLT,0,30)

0053 Py 20 T=1,190

0054 2n FAll EYEC(2,100a+LUPRT,IPLT,30)

0055 CalL EXEC(3,1100R+1.UPKT,1)
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PAGF 0002 AUTK7 10220 Ap MQUN,, 9 MaR,, 19R1

ngse C

0057 Ce==== SET CUUNTER FUR TWTCF RLNCK MUMpFR GFCAUSE
g8 C WE PRUCESS 64 REAL wNrDS AT 8 TIMg

009 30 NELKZ2=MNplLK+pNRLK

0060 €

0061 Ce==== QEAD FIRST wsLUCK

no62 IPTR=1

0063 JPTR=1

n064 CALL RFARF(IPCR,TEP,Tl'F(31),128,1,iPTPR)
N0AS CALL KEADFCOJDCR,IEPR, JoF(31),128,1,1P1R)
0066 CatL READF(KDCR,TER,KisUUF(31),128,1,1PTP)
0067 TPTR=2

0068 TaLKk=1

Ngs9 C

0070 Crme=== TRITIALIZE BFGTINMIMG UF ARPAY

0071 NGy 40 T=1,15

0072 AQuFI(L)=RUFI(16)

0073 RUFJ(1)=RUFJI16)

0074 40 RUFK(I)=RUFK(16)

0075 TFL1IP==1

0076 JJ=0

0077 C

0078 Cm==== START FILTFKk aAND DFCTMATTUMN LUOP

no79 50 ng 70 T=1,32

00890 Ti=i+i=-1

0081 JJ=JJ+1

NgR2 €

00R3 Ce==== 7:RU UQUTPUT

0084 RUFI(JI+T7I) =N

00ARS5 RUFJ(J.T+79)=0

0086 RUFK(JTI+79)=n

0087 C

00R8 Cewe=== APPLY LUW PASS FTLTEPR

0089 Ny 60 J=1,R

0090 RUFI(JI+T79)=RBUFI(JI+TOI+CFLP(JIIX(BUFT(TI=J+16)+8UFT(T[+J~1))
no91 RUFJOJI+TOI=RUFJOII+T+CFLP (I X (BUFI(TI=J+16)4bNMFI(Ti+y=1))
0092 60 RUFK(JJ+79)=PUFK(JI+TI+CFLPIII X (BUFK(TI=J+1A)+plFK{Ti+J=1))
0093 C

0094 Ce=== SKTP [F ABOVE THRESHOLD

0095 TF(RRLK GT. ISf3) GN TU 70

0096 C

0097 Cee== PLNT FILTERED NPATA

noeg Cat L ZFRD(IPLT,30)

no99 TONT=INEFLIBUFT(JJ+79),S5CLX)+400

0100 CALL INDOICIPLT,TLNT)

0101 TOAT=IPEFL(BUFJI(TI+79),5CLY)+250

0102 CallL IMODNTCIPLT,TONT)

0103 TUNT=IPEFL(BUFK(JJ+79),3MLZ)+100

0104 calL INDOTCLPLT,IDNT)

0105 CAaLL EXEC(2,100B8+LUPPT,IPLT,30)

0106 70 COMTTNUE

0107 TFLIP==1FLTP

0108 TFCIFLIP .GT. 0) N Ty 80

ning C

0110 Ce=== WRTTFE RECURDS
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0111
nit1e
0113
0114
0115
Nite
0117
N1
ni19
0120
0171
0122
0123
n124
0125
ni2é6
0127
0128
0179
0130
0131
n132
0133
0134
N135
0136
0137
0138
01329
0140
niay
ni4e
n143
0144
0145
Ni4e
0147
0148
0149
0150
0151
0152
0153
n154
0155

0003
C
C—---
an
C
c----
C
Commme
C
C----
90
c
Cﬂ-—-
100
C
Commmm
c
110
C

AUTR7 10:¢0 AM MgMN,, 9 MAP_, 198}

CalL wWRITFC(INCR,TER,TBUF(159),128,.1PTK)
CALL wRITF(JNCR,TER, JulIF(159),128,TPTR)
CALL wRITF(KDCR,TER,KplF (159),1cR, JFPTR)
JPTR=JPTR+1

JJ=0

SHTFT LAST 15 DATA PNINTSR (50 WQURDPS) TN FRORT NF wUFFEP

rabtL MOVF(TEYF, 128, LRUF,0,30)
CALL MNDVF (JolUF,128,JRUF,0,30)
CalLL MOVE(Kg!F,128,hRuF,0,34)

NUNE?
TF(IBLK .GF. NRLKZ) Ry TN 90

READ RFCNKDS

CalL RFADF(IDCR,TER,TulIF(31),128,1,1PTR)
CALL RFADF(JNCR, TER,JplUF (31),128,1+,1PTP)
CALL READF(KNCR,TEP,KhUFf31),128,1,1PIPR)
TPTR=IPTR+1

TOLK=IRLK +1

GO TN 50

SKTP IF ABNVF THRESHNLD
TF(NBLK J6T. ISW3) 6N Tu 110

TICK MARKS

CALL EXEF(3,1100R+LUPRT, 1)

Call ZERP(CIPLT,30)

CalLlL MDVF(MASK4,0,TPLT,0,30)

PO 100 [=1,10

CALL EXEC(2,100p+LUIPPT,(PLT,30)
CaLl MOVF(MASK3Z,N,TPLT,0,30)
CALL EXEC(2,1006+LUPRT,,1PLT,20)
CALL EXEC(2,1100R+LUPRT,2)

NONE FTLTEF1ING AND DFCIMATTNG
CUMPUTF FFFECTTVE FILE LFRNATH
MELK=NRLK/2

REWIMU wORK FILES
CallL RWNDF(IDCR)
Cal L RWRDPFC(JDCR)
CALL RWNDF (KDCR)
GO 10 LODOP7

FisD

FTNG COMPIILER: P92060=16092 RFv. 1813 (790206)

X X

NG WARNINGS *x N EPRNKRS +*x PRUGRAM = (N&ld6
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PAGF 0004

0156
0157
ni1s8
0159
0160
nis61
0162
0163
0164

Commme

c----

FIN, 10:20 A MgN,, 9 MaR,, 1981

FUNCTION IPEFL(X,SCALE)
CUMPUTES MNplLILAR DFFLECTTUN

SCALF = NUMgFR OF UNTTS PER 100 STYLTIC1 IMCH)
Tx=IFIX(100,.*X/SCALE)
TOFFLEMUD(TX+ISIGNCS0,TX),100)=[SLIOAN(SN,TX)

Re TURHN

Fnh

FING COMPILER: HP92060~-16092 rRFV. 1913 (790206)

* x

NGO WARNIMGS *%x N ERRORS +x PRUGKAM = 00039
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PAGF 0005 FIN, 10:20 &M MpuM,, 9 MAR,, 19R]

0165 Fruhs
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PAGF N@gO01 FIN, 10:21 AM MpgM_,, G MAR_, 19R]

0001 FTM,L

0002 PrNGRAM AUTKAR,S5,"”(

0003 C

0004 Ce==== SECMFNT TU WP[TE RFSULTS, CLOSF OUTPUT FTLFS,

0005 C ApD PURGF WURK FTLFS

none €

0npo7 € WRTITTEM PY D. V. FITTERMAN, U.S.G.S., FERRUAPY 1070
0008 C MODRIFIFD 21 AUGUST 1979

ngn9 C

0010 COMMON LOUPL,LNGP2,LNUPR3,LNUP4,LOGPS, LOUFR6,LOURT,LNUPS,
0011 *THDPT, TSW1,ISw2,ToWs, 18w, ToWs,

001e *T5TOP, TER,NpP, Tul. K, NPLK, TOFC,NDEC, DT, UFCUT,

n013 *LUTTY,LUPRT,TSTZF (2),NAMF(9),1FILEC3),

0014 *TDCBC144), JurB(144) ,KLC (144),LDME(144),

0015 *xTFLUCA), TFHI(4) ,NDFEGR (4),

0016 XF(A),506,4),STK(6,8),NSTK(4),H(2,4),FRR(2,48),uFSTh(4),
0017 *QF (4, A1 04), ANGLI(4) ,AQCL4) ,ANGUIY) , TLATA(2304)

nN018 NDIMENSTON LAREL (2),LRUF(256),plUFl (128)

0019 FGUHIVALEMCF (LRUF(1),8UFI (1))

0920 COUMPLEX S,SiK,H

no21 NATA LABEL/Z2HR0,2n 0/

no22 ¢

0023 Ce=e== RegWIMy gUTPUT FILE

0024 CALL RWNDF (LDCR)

00”5 C

0026 Cem=e== PRINT HEADFR

no27 CALL EYEC(3,1100R+LUPRT,?)

00~8 WrITEF(LUPKT,1005) TFTLE,NFCUT,LAREL (TSW1),

0029 *(LFLN(T) L IFHT(T) . I=1,4)

0030 1005 FORMATI22X,"SUMMAKRY NF kFSULTS: FTLFE=",%A2,

0031 *" QFC”]:'Q'FE".“’" UV{‘_PLAPz"IA?I"Z"/

0032 *22X, "pANDL=",[2,"=",T2," RAMNpR2=",T2,"=",12," DBARD3=",
0013 *TE'“'"’I?'" hAf‘JDL;:“’le"'"’IZ)

0034 rall EXEC(3,1100R+L UPRT,1)

0035 Wi TTF (LuPKT,1010)

0036 1010 FORMAT(BX, "FRENY,BX,"LT ", 3X, "WNST", 23X, "0OF",3X, "SXY",0X,
0037 AMSYY" ,bXe"SZ7" 06X, "SYY", 15X, "SXZ", 15X, "SY /")

0038 NG 10 T=1,NDFC

0039 €

0040 C==== RpaAp RESULT RECURD

0041 FALL KEADFOLDPCR,TEP,LBUF,256)

0042 TuFFI==64

0043 TUFFR==32

0044 DO 20 J=1,4

no4s TUFFI=TUFFT+h4

0046 TUFFR=TUFFR+32

0047 20 WETTF(LUPRT,1020) RUFLCIDFFR+1),RUFLIINFFR+2),

0o4us *L_EUFCINFFI+0) ,RUFLIINFFR+19), (RUFLCINFFR+K) , K=4,12)
0049 1020 FUPMAT (1Y ,FE.6,1%X,FoolelX, T3,1¥X,FL4.2,1%X,9E9.7)

0050 10 CalL EXEC(3,1100R+LUPRT, 1)

0051 C

0052 C==== REWINL QUTPUT FILE

nos3 CALL KWNPF(LPCR)

0054 C

0055 Cm==== PRTINT HEADFR
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PAGF 0002 AUTRR 10221 Am MygN,, 9 MARP,, 19°]

0056
0057
0058
0059
00690
0061
0062
0063
06064
0065
0066
0067
noé&8
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
00RO
noA1
0oR2
npR3
0084
noRes
00R6
00R7
0088
0089
0090

CALL EYEC(3,1100R+LLUPKT,?2)
WrkTTE(LUPRT,1005) TFILF,PFCUT,LAREL (TS®WL),
*(LFLN(T) A IFHT(T),1=1,4)

Call EXEC(3,1100R+L UPKT,1)

WRTTF (LUPKT,1G30)

1030 FOPMAT(3X,"FREA",5X,"DT",3X,"NST",3X,"RF",4X,"HXP",4¥
*THX I, S "HYRY L AX, "HY L S, "FRX",SX, "ERPY ", SX, AL, S,
ATAMGT", 4X, "AN", 50X, " ANGN™)

Du 30 T=1,NMNpFC

Comm=m= READ RFSULT F1LE
CALL REAPF(LDCR,TEP,LBUF,256)
TUFFT==-64
TUFFR==32
TOFFI=TUFFT+h4
TUFFR=TOFFR+32
40 WRTTE(LUPRT,1040) RUFLCOINFFR+1),RUFL(INFFk+2)Y,
*LsUF (CINPFF1+6) ,RUFLIINFFR+19),(RUFLILINFFR+A) ,XK=13,1R),
* (GUFL (TOFFP+K) ,k=21,724)

1040 FURMAT(IX,FB8.6,1X,FoalslX, T3, 1%, Fh4.2,2Y,Fb.l4,1¥,Fb.d,
(2K pFO U, 1K s FO . U,2X FRUPX,FOU,2X, FOU X F6.1,2X,
*Fo,l4,1¥X,F6.1)

30 CALL EYEC(3,1100P+LUPKT,1)

CaLlL EXEC(3,1100R+LUPRT,501)

C

Co=== CLNSF NUTPUT FTLF
CallL ClyuSE(LPCR)

[

Cm=== PUPGE WUPK FTLFS
Call PURGECIDCB,TEP,NAME(1))
CALL PURGL(JDPCR,TER,MAME(4))
CplLl PURGE(KDCR,TER,MAME(T))
GU TO LUCRR
Fub

FTN4 CNMPILER: HP92060-16092 KFV. 1913 (790206)

* %

NO WARNINGS *x M) ERRORS %% PRUGRAM = U0911] CUMMNN
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PAGF 0003 FIN, 10221 AM MQON,, 9 MAR,, (98]

0091 Fang
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PAGF N001

0001
«LRT
«SRT
* Kk

ASMB,L,T
S 105763
S 105764
MO EPRNRS PASS#1 x*kKTE ASMB T760924*xx

116
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PAGF 0002 #01

0001 ASMB,L,T

0002

No03+* RUVTINF TO RFPLACE LT AnND _SRT EMTPY POINMTS WITH
NO004x MICRN=COPE [NSTRUCTINNS., TO USE MOVE RELUCARLF
0005 MUDULE %PEPLC TU THE LNAD=AND=GU (LG) ARFA IM FRONT
0006%x NF AlLL UTHFR RFLNCATARLE MNDULFS BEFNRF RUNRKTNG
0007 THF LUADEK.

nNoNe*

0009 WRTITTEM RY D, V., FITTERMAN, I!.,S.G.S., July 1979
0010 MUDIFIFD 25 JubLy 1979

0011x

0012 00000 MAM PEPLC,3%,R0

0013 FnuT (LRI, .8BT

0014 1057638 LRT RpPL 108763R

0015 1057648 JSRT PPL 105764R

0016 Fnh

*%x  NU ERRORS *TNTAL **KTE ASMB 760924*xx
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PAGF 0001 FTMN, 10:27 A MgM,, G MaR,, 198]

0001 FTN,L

0002 PROGRAM STA(CK,3,R(

0003 C

0004 Ce=== PROGPAM T STACK TRAMSFLP FUMCTINN FTLFS CREATFD uY
0005 C PROGRAM AUTRN,

0006 C

apn7 C WHITTEM RY . V. FTITTERMAN, U,S.6G.S8,, MAY 1980

0png C MODIFIFD 21 MaY 14989

0009 €

0010 COMMON LOOP1, LUNP2,L UOP3,L0NPANFL,NMFLMYX,NDT,LUTTY,LUPRT,
0011 *TFTLF(3,16), JFTLF(3),1FLO(4) ,IFHT (), INCR(148), IRUF (256),
0012 *JOCB(1284),Ju'lF(2N4R)

0013 NIMENSTUN TSFEGS(9)

0014 NPATA ISENRS/2HST,2HAC,2HL ,PrST,2HAC,2H2 ,2HST,2HAC,2H3 /
no1s C

0016 C==== TRITTALI7E COMMUN RLOCK VARIAQLES

0017 LUTTY=1

0018 LLUPKT=6

0019 MELMmY=16

0020 €

0021 Cm==== ASSIGH KFTURN ApDRFSSES

nore ASSIfnN 10 TU LNUPYL

n023 ASSIGN 20 To LNADP2

0024 ASSIGK 30 Tu LNUPS

0025 ASSIG 40 Ty LNOPYy

00”26 C

0027 C==== SCHENULE INPUT/SHMMARY SFGMENT

0028 10 CALL EXEC(R,TSFGS(1))

npr9 C

0030 C~=== SCHEDULE STAFKTNG SEGMFNT

no3t 20 CALL EXEC(R,TSFLS(4))

0032 C

0033 C==== SCHEDULE UUTPUT SUMMARY SEGMFNT

0034 30 cALL EXEC(R,TSFGS(7))

0035 40 STNP

0036 FaD

FING COMPILEP: HP92060=16092 RFV. 1913 (7902006)

*%x NO wWARNMNINGS *x My ERRNKS *x PRUGRAM = 00060 rurmnNin = 02660
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0037 FrnDy
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0001
npong
0003
0004
0005
0006
0007
nong
0009
0010
noti
0012
0013
0014
0015
0016
0017
note
0019
0020
0021
0022
00”3
0024
00275
0026
0027
0028
007”9
0030
0031
0032
0033
0034
0035
0036
no37
0038
0039
0040
0041
0042
0043
nouy
noas
0046
0047
0048
0049
0050
0051
005¢
00S3
0054
0055

0001 FIM, 10:22 &M MQON,, 9 MAR,, 198]

FTN, L
PRNLRAM STAC1,5,R0
C
Comee SEOGMFRT TU SFLFCT TWPUT FLLES AnD WRTTF SUMMARY
C
C WRT1TEN RY D. V. FITTEPMANI UQS.G.S.’ MAY 19R0
C MUNIFIFD 29 SEPTFMRER 19R8(
r

CUMMNN LOUPL, LUOP2,LUPP3, 1 UNPU,NFL ,NFLMX,NODT,LUTTY ! UPRT,
*TFTLF(3,16),JFTILF(3),IFLN(A), IFHT(4),INPCR(1448),[RUF(?P56),
*JDCb (184) , Je!IF(2048)

NIMENSTOM RyUYFIf125),PT(8)

FQUIVALEMCF C({RUF(1),6/FT (1))

C
C WRTITEQLUTTY,1000)
C1000 FURMAT("™ STACL"™)

Commm= WRITF MESSAGF
WRTITF(LUTTY,1010) MFLMmX
1010 FURMATC/"™ THPUT MAMES OF FTLFS TN RE STACKFD"/
*" MAXIMUM MUMpFR OF TNPUT FILES Is5 ",12/
*" TYyPE “STNP7 Ty TFRMINATE [NPUT"/)
CatL EXEC(3,1100R+LUPRT,?20)

NFL =0
WRTTF(LUTTY,1030)

10 MEL=NEL+1
20 WRITE(LUTTY,1040) MFL
1040 FURMATCLX, T2, " ")

Cm=== CLFAR MAME ARRAY
P 30 1=1,3
30 TETLE(T,NFL)=gH

C-=== REAL FTLF MAME
PEADC(LUTTY,1050) (IFTLF(T,NFL),1=1,3)
1050 FURMAT(3A2)

Cm=== FHECK FuP “STUP?
TFOIFILECL,NFL) LER. 2HST LAMD. TFTILF(2,MFL) .Fu. 2HOP (AHD,
*TFTILF(3,NFL) .F@, 2H ) GO TN 70
c
Come= NPFN FTILF
Cull UPEN(TOCH,IFR,IFILECL,NFL),2)
TF(IFR .GE. 0) 6N Tu 40
WRTITF(LUTTY,1060) (IFILECI,NFL),I=1,3),I1IFR
1060 FURMAT(™ FTLF CAN NUT BE (PENED: FTLF=",3a?," TER=",TH)

fy TOD 2u
c
Cm=== NUMFK UF DEFIMATIONS
40 NpFC=0
C

Ce=== READ DATA PLECURD
50 CaLl READFCOLIDPCR, TR, ToUF,256)
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0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
06072
0073
0074
0075
0076
0077
0078
0079
NORO
0081
0082
0083
00R4
00RS
No8e6
0087
0088
0089
0090
0091
0092

0002 STACT 10222 &M MON,, 9 MAR,., 198]

Cmme= CHFCK F{jR F{F
TFCIFR JEu. =172) GN Ty 60

Cmm== RQAVE 0T

NUEC=nDEC+HT

DTINPEC)Y=uUFT (?)
c
Cmmmm TF FTRST TTHMF PRTINT FILE NAME AND RANES

TFINDEC LJER. 1) WRITECLUPRT L 1070) GNFL, (TFTLF (I, NFLY) »J=1,3),

* (IRUF (J+48),TEUF(J+49),J0=1,193,064)

1070 FURMAT(2Y ,T2h1X,3A2,1X, "RANDI=",TI2,"=",[7," RaNP2z",T12,"=",17,
x " RANDS:-"'TE'""HII?'" RAMU“:"lTZI"'"pIZ)
nyg 10 50

Cm=~= WRTIF DT”S
60 WKTTF(LUPRT,1080) (DT(J),J=1,HPEC)
1080 FURMAT(12X,"DT=",8(Fb6.1,1X))

Cm=== ADVANCF PAPLP
CalL EXEC(3,1100R+LUPRT, 1)

Ce==== CLOSF FJLE
CALL CLUSECIDCR)
TFONFL JLT. NFEMX) 6N Ty 10
Gu TP 8y

Cm=m== REDUCE WFL GY NNF
70 MEL=NFL=1

Cw=w= EJFCT PAPER
80 CALL EXEC(3,1100P+LUPRT,S0)

Cmmme= WRTTF M SSAGF
WRTITF(LUTTY,1090)
1090 FURMAT (/" SEF SUMMARY Ny LTNF PRTRTER"/)
ocug TN Lorpe
Fih

FIN4 COMPILER: HP920hA0-16092 RFV. 1913 (790200)

* %

NO WARNIMNGS *x N ERPRORS *x PRUGRAM = 00533 roMEiNy = 32064
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0093 FrnDa
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0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0001
noaz
0043
nouy
0045
0086
0047
0008
0049
n0S0
0051
0052
0053
0054
0055

0001

FIn, L

Coomm

c1000

C--——

Commmm
10

1010

1020

C

r:—---
1030

30
1040

20
C

o

40

FITM. 10227 AM  MUN_., 9 MAR,, 1GR]

PROGPAM STAC?,5,R0
SEGMFNT TU STACK SPECTRA

WRYTTEMN RY Do M, FTTTERMAN, Y.S8.G6,S., MAY 19RYQ
MUPIFIFD 29 SEPTFMBER 19R(

CUMMN LOUPL,LOUP2,LNUP3, LNUPA, NFL,NFLMX NOT,LUTTY, L UPRT,

*TFTLE(3,10), JFILF(3), [FLO(4), IFHT (4),INPCR(144), [RUF(256h),
*IDCB(144), TplF(2048)

NIMENSTUN PT(8),BUFI(128),RUFJ(1024),CRUFJIS512)D
FOMPLEY 81Y2,52Y1,CBUFJT
FUUIVALENCF (1RUF (1) ,8UFT(1)), (JRUF(1),8UFJ(1),CRUFJC1))

WRITFULUTIY,1000)
FORMAT (™ 3TAM2")

SEY FRFWUEMCY RAMD SFLFCTION RANGES
TFLU(1)=3
TFLUC()=9
THLUT3)=15
TFLOCEY=21
TFHI(1)=19
TrHIf2Y=10
TFHI(3)Y=272
TFHIC(4)=28

ZERY STACKTHNG ARRAY

Ny 10 T=1,2048

JUF(I)=0.0

WRTITF(LUTTY,1010) (L, LFLOCT),IFHT(T),I=1,4)
FURMAT (" SPECTRAL RaMND HARMUOMIC NUMBFRR]"/

X" BAND LD RT"/404Y%,T1,3%,72,2X,72/)/
" OANY CHANGES? (YE OFP NG)Y ™M)

PEADCLUTTY,1020) |
FURMAT (3A2)
TF(I .ME. 2HYE) RO TO 40

THPUT NEW HARPMONTC NUMREPRPS

WRITF(LUTTY,103%0)

FURMAT("™ BaMNp LU HI (>1, <=64)")

Ny 20 T=1,4

WRTITF (L UTTY,10480) T

FURMAT (4¥Y,T1," ="

READCLUTTY » %) TFLUCI),TFHICD)

TFOLIFLO(T) .6T. TFHICLY .0R. IFLO(CT) JE. 1 ,0R.

*TFHICI) 6T. 64) GO T 30

COUNTIMUE

TNPUT DT VALUES FUR STACK SEILECTIUM
NDT=0

Tzt

JPT==60

JPTR==32
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0056
0057
0058
nos9
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
n072
0073
nNo074
0075
no76
n077
0078
0079
00RO
0081
0082
00R3
0084
0085
noRe6
00R7
0088
N0R9
0090
noQel
0092
0093
0094
0095
0096
0097
0098
0099
0100
n1o01
0102
0103
n104
0105
0106
0107
0108
0109
0110

1050

50
1060

c

C---—

C

Cove=

Commmm

60

Comme

70

C--_-
Comm=
90

C----

Coeam

100

Commm

STAC? 10:22 A MgM,, 9 MaR_, 198]

PTLST=0.0

WRTTE(LUTTY,1050)

FURMAT (/" THPUT 1=R NT VALIIES TU STaCK"/
*" VALUES MUST BE [N ASCEMODING NRDER"/

*" USF MON=PUSITIVE VvALUE TN STNP"//

*" 7 DT")

WRITF(LUTTY,1060) 7

FURMAT (LY, T1," ="

REALCLUTTY,x) ND[(1)

CHECK FUR DT PRSTITVYF
TFCDT(T) Jle. N,0)Y GO Tu 70

CHFCK FUR ASCEMDTIN NRNDER
TF(OT(T) JlE. PTIST) GO Ty 50
NuT=MDT +1

PTLST=PT ()

SET NPT, FRFEYJUEMCTIES, AMUD BAND LIMITo

Ny enh JI=1,4

JPT=IPT+64

JPTR=JPTR+32

RUFJCJPTR+2)=DT(T)
RUFJCOJPTR+1)=FLUATCIFHT(I)+LIFLN(I)I /DT (L) /256,
JEUF CUPT+49)=1FLNOCT)

JeUF (JPT+50)=IFHT (.T)

T=T+1

IF(NPT JLT. 8) 6O TQ 50

START STACKIMG LNDOP
LUPP UVER FIIES
Py 80 T=1,NFL

OPFN FTLF
Cal L OPEN(TLCB,IFR,IFILECL,1),7)

PeaD A RFCPKD
Cal.L RFADF (INCR,TER, TBUF,256)

CHECK FOUR FUF
TFOIFR Fu. =12) 6N TU 14¢

CHFCK FQP STACKARLF DT

J=0

JPT==256

JPTR==12R

J=J+1

JPT=JPT+256

JIPTR=JPTR+12R

TF(BUFT(?) JFG. DICJY) GO Ty 1190
TF(J LT. R) GD Tu 10§

NG MATCH UM DT
Gu TN 90
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0111
0112
0113
nN114
0115
n116
0117
0118
0119
0120
ni21
0122
0123
0124
0125
0126
0127
0128
0129
0130
n131
0132
0133
0134
0135
0136
0137
0138
0139
n1a9
0141
0142
0143
0144
0145
0146
niazv
0148
0149
0150
0151
0152
0183
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165

Commmm

tio

C—----

Commme

C

C----

C

Cmmme-

c

C"’—--

130
c

Commome

C

[

120

C-'--
140
80

r---—

C

C-——-

C

C‘--""

c-—--

STAC? 10222 Am  MOM,, 9 MaR,, 198}

CHECK FUP PROPFR HARMUMNIC LIMITS

TepT==pd

IPTR==32

NG 120 J=1,4

IPT=TPT+64

TPTR=1PTR+3%2

TFCIRUF(TPT+49) nF, IFLAGT) JOR. TolF(IPT+50)
Gy TN 120

KPT=JPT+TPT

KPTR=IPTP+.JPTR

DU STACKTING NPFRATTQOM
FRFEQUENCY
RUFJ(KPTR+ 1) =glFT{TPTR+1)

SAMPLE IMTERVAL
RUFJIKPTR+2)=sUFT(TPTR+2)

DECIMATION LFVFL
JEUF (KPT+5)=TlIF(IPT+5)

NUMBFR UF STACKS
J3UF(RPT+)=Ja3lUF (KPT+6)+TLHFCIPT+6)

SPFCTRAL VALUES
DU 130 K=4,1°7
RUFJ(KPTR+K)=glIF T(KPTR+K)I+RUFI(IPTP+K)

nFcuT
BUFJ(KPTR420)=RUFIFIPTR+20)

DEGREES NF FREFULNM

JBUF (KPT+51)=1RUF(TPT+S1)
CUNTTN!UE

Gu TO ©90

CLOSF TNPUT FILE
catlL CLuUSE(1PCR)
CUNTTNUE

CUMPUTF TRANSFFR FUNCTTON AND FRRUR RGUNDS
TP T=z=pd

JPTR==32

JPTC==16

LUNP UVER SAMPLE INTFRVALS
NG 150 1=1,m:D7

LOOP UVEP FRFQUENCY RANDS
NG 150 J=1,4

JPT=IPT+64

TPTR=JPTR+32

JpTC=JPIC+1e

CriFC¥ FOP NG DATA STACKED

125
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0166 TEF(JRUF(JPT+A) JLE. 0) GN TOU 150

0167 C

0168 Cm=== COMPHTF CyUHEPENCY AND QUALTTY FACTOR

0169 Sx=plFJ(JPTR+4)

0170 SYy=pUFJ(JFTK+5)

0171 SZ=eUFJ(JPTR+6)

0172 G12=PEALCCONIGICRUFJCOJPTC+A)IACBUFICIPTC+4)Y)/SX/SY

0173 GY1=REAL(CONIGCCRUFJ(JPTC+S)IXCBUF.T(JIPTC+5))/8¥ /8.

N174 CYP2=REAL(CNNIGICRUFJIJPTC+A))XCBUFI(IFTC+6))/S8Y /87

0175 S112=5X%x(1.0-512)

0176 Se21=8Y%x(1.0=6G12)

0177 SYY1=8Zx(1.0-GY1)

n178 SYYR2=S87%x(1.0~6Y2)

N179 S1Y2=CRUFJIJPTr+5)=CRUFJI(JPICH+A)*CRUFJIJPTC+H) /bUFI(IPTR+S)
0180 SZY1I=CRUFJIJPTCH+E)-CONIGICRUFJ(JPTC+A)YXCBUFT(JIRPTC+5)/
nN181 *RUFJOJPTP+4)

0182 DSYX=EX*SY=RFAL (COMJR(CBUFI(IPTCH4)Y I XLRUFJC(UPTC+L))

01R3 NSYXX=SX*SY*SZ=SY*kPEAL(CPNJIGC(CRUFG(JPTC+E)IIXCBUF T(IPTC+0) )
01RY *=SY*PEAL(CNNIGCRUFJIJPTC+S))YXCBUFJ(JIPTC+5))

0185 *=S7XkREALCCONTGOCRUFJCIPTCH+A)IXxCBUFT(IPTC+4))

01R6 *+2 O0*KFEAL (ColVFI(JPTC+E4IXCUNIG(OBUFI(JIPTC+S) ) *CRUFJ(JPIC+H))
nNiRy GYX=1,0=DSYXY/RZ/pSXX

N188 N1Y2=RFAL (CUNJG(S1Y2)%xS1Y21/S112/5YY?

0189 C2YLI=RFAL(CUNJR(S2Y1)x82Y1)/82°21/5YY1

0199 PUFJOIPTRA1Q)I=(LYXAGIY2AG2Y 1) %xx(0,3353323

ni91 C

0192 Ce==~ CUMPUTF TRANSFFR FULCTTUM FSTIMATES H1 ANU H?

0193 CollFICIPTCH7I=(SYXxCpllF JCIPTCH+S)=CHBUF.JT(JIJPTC+ANV*CBUFT(JPTC+0))
0194 x/D8XYX

0195 CEUFJ(IPTCH+8)I=(=CUMJE(FolUFJI(IPTC+4) I *CRUFJOJPTIC+R)

ni9e6 *+GXxkCEUFT(IPTL+0) ) /DSXX

0197 C

0198 Ceo=== CUMPUTF 95Y CUMFTDFNCE LTMTI

0199 G=FTFST(JBHF (JPT+S51)*JRUF (LTPT+6))

0200 **¥RFAL ((SZ=CRBYUFJ(IPTC+7IXCUNJIG(Co!FJI(IPTC+5))

0201 *=CRUFJOJPIC+A)*XCONIGICRUFJ(JIPTCH+H)Y)

0202 */CRUFJ(JPTC+4) /CORJIG(CRUFJCIPTIC+4)))

0203

0204 Ceo=e= RaNDMM ERPKRNR 80OUNpS F1 AMU £°?

nens RUFJOJPTR+17)I=8SQRT(GxSY)

n2one BRUFJ(JPTR+18)=SURT(*8X)

n2o07

0208 C==== Ty PHASE AMPI ITUPE AT

0209 RUFJ(JPTR+211=SQURT (gUF J(IPTR+1Z) *xx24RUFJ(JPTR+15H) %% 2)
0210 €

0211 C==== NYT NF PHASE AMPLITUDRE AN

0212 BUFJOIJPTR+23)=SuRT (YUFJI(JPTR+14)%x%xP+RUFJ(JPIP+16)x*x¢)
n213 ¢

0214 Ce=me= T,y PHASE AMNGLE ANGT

0215 RUFJ(JPTR422)=57.29578*xATANC(BUFJICIPTR+15) ,LUFJ(JIPTE+13))
n2te C

0217 Ce==== NyT NF PHASE AMNGLE AMGN

0218 RUFJCOJPTR424)Y=8729578*ATANM(BUFJ(JIPTR+16),BUFJ(IPTR+14))
n219 150 COMTTWNUE

0220 S0 TN LONPR
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nez21 FiD

FTN4 COMPILEPRP: HP9206(6-1609c RFvV. 1913 (790200)

*x  NO WARN]IMGS +x MGy ERRNRS *x% PRURRAM = 01698 CUMmNN = Q206U

127



PAGF

nez2z2
nez23
n2z4
0225
n2z2e6
nea27
0228
0229
N230
0231
0232
0233
0234
0235
0236
nez7
ne3sy
0239
n240
naa1
neuz
0243
neay
0245
0246
0247
0248
0249
Neso
nest
nese
0253
nesy
n2ss
0256
0257

0006
C
Comem
C
C
C
Comm=
10
20
C
Comum
30
C
Comame
40
C
Comeme
50

FTM,. 1y:2? Bx MUM,, v MAP_, 1981

FUMCTIMH FTEST(RDER)

FUMCTINN T0 COMPUTF ThF F=NISTRIRUT1INN 95% CNNFIDENCF
LEVEL FUP NMUl=48 ANP NUP=DEGRFES NF FREFDOM MINNS NUTL.
HSES TABLE LNOKUP AND TNTEPPOLATTUM NN IMVFRSE nUZ.
PIMENSTON TAR9S(12)

NATA TAB95/226.6,19.25,9.12,6.39,5.19,0.53,14.95,1.99,

*16020'?.?&'100ﬂl?.z7/

NU2=NUF G=4

PICK INTFRPULATION CPHNSTANTS
TF(nllg LT 20) GU TN 10
Tm=g1

To=12

cy 10 30

TF(nti2 LT. 10) fu TN 206
ThM=9

Tp=10

SU TN 3¢

TE(nllZ2 LT, 7) GO TY 4
Tm=7

Tr.=8

PEPFNRM TNTERPNLATTON
FTFST=4_0x(TABOSC(IM) /FLUAT(NUZY+TARIS(TIRBI)/FLOAT (nII2)
RETUPHN

TRAP ZFRO Ok FFwFR DFGREFS UF FRFEDUM
TRt FE. 1) 6N Ty S0

FIF5T=0,0

RETUPHN

DEPFORM TaRLF LyulbkUpP

FTFST=4 _NxTARIS(NUP) /FLUAT(iNIIZ)
RETUPN

Enn

FTING CNMPILEP: HP9R2060=16092 RFV. 1913 (790206)

* %

NG WARNIMGS *x M EPKORS *x PRUOGRAM = u0160 CuMMnNy =
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0258 FruDyd
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0001
0002
Noo3
0004
nons
0006
00n7y
n00g
0009
0010
0011
no12
0013
0014
0015
0016
0017
0018
0019
N020
00721
np22
0023
N0724
0025
0076
0027
0028
N0°9
n03%0
0031
0032
0033
0034
0035
0036
0037
0038
00329
0040
00401
0042
no4a3
0044
0oas
0046
ooav
0048
0pNng
0050
0051
0052
0053
n0s4
0055

0Qg01  FIN, 10223 89 MGM,, 9 MAR,, 198}

FIN,I
PRNGRPAM STACZ,5,Ry
C
Commmem SERMENT TO UMTPUT PESULTS
C
C WRITTEMN RY Do V., FITTEPMAN, 1H,.S.6G.S8., MAY 19R{
C MODIFIFD ¢é SEPTFMPER 19R(
C
CUMMNiN Lﬂbpl,LﬂUPZ,L”uPS,LUDpu,NFL,NFLMX.NnT;L“1TY,L“PQT,
*TFILF(3,16), JFTILF(2),1FLO(L) ,IFHT(A) ,INDCR(14AO), [RUF(2P5A),
*JpCa(144),JpUF(20458)
DIMENSTUMN JSTZF(2),s'FJ(1024)
FUUIVALENCF (JRUF(1),slUFJ(1))
DATA JSIZE(Z2)/128/
C
C WRITF(LUTTY,1000)
C1000 FORMAT(" STAC3™)
C

Comm== READ UNTPUT FILE NAMF
10 WKITF(LUTTY,1010)
1010 FUPHMAT (™ QUTPUT FILE NAMFT _™)
READILUTTY,1020) JFILE
1020 FURMAT(342)

C==== CKFATE ULUTPUT FIIE
JSTZF (1) =NPT+NDT
CALL CPEAT(JNCR,TER,JFTLF,ISTZF,1)
TF(IFR GT. 0) G0 Tu 20
WrkTTE(LUTTY,10%0) JFTLF,TEP
1030 FURMAT(" CPLATTUN FERPUR: FTLF=",342," [Fk=",1%)
U TO 10

Cm=== WikTTF RESULTS TU ULISC
20 raLL "“pITF(JnCRrIEp,.Td'!f-,,\)DT*gR(,)
rilL CLUSEC(JDPCR)

Coe== PRINT HEALFK
CalL EXEC(Z,1100R+LUPRT,2)
WRTTF(LUPRT,1040) JFTLF, (I, IFILECL,1),TFTLF(2,T),[FILE(3,1),
*T=1,MFL)
1040 FURMAT(22%, "SUMMARY NF STACK: FILF=",3a2/
*22X,"INPUT FTILFSe", 401X, T2,"=",3A2)/
X (34X, 401X, T2,"=",3A2)/))
WRTITF(LUPRT,1050) (IFLO(T),IFRT(T),I=1,4)
1050 FURMAT(22X, "RANDI=" ,T2,"=",]12," BANDZ=",[2,"=",T2," PRPiMuZz",
*TZI"-"II?I" bANnazu'Izlll_"'Ia)
CALL EXEC(3,1100R+1L UPKRT,1)
W TTE(LUPRT,1060)
1060 FURMATC(AX, "FREQM, SX,"DT" , 4X, "NST",3X,"0F",3X,"Sx¥",
X6 X e "SYY 6N, ST X SKY ", IR, "SX7Y 18X, "SY7 ")
JPT==0l
JPTr==32
C
Com=== QNP UVER SaMpl g IMTFRVALS
DU 30 T=1 NpT
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N086 C

00587 Ce===e= | NP QVEP HAPMONTC BAnDS

0058 PG 40 J=1,4

0059 JrpT=JPT+64

0060 JPTR=JPTR+ 3¢

N061 WKTTF(LUPRT,1070) RUFJUJPTR+1),bUFJ(IPTR+2),.TblIF(JP1+6),
0062 *RUFJCJPTR+1G), (gUFJ(JIPTR+K) ,K=4,12)

0063 1070 FOPMAT (LY, FB.6s1X,Fool,s X, T4,1%X,F4.2,1%X,9E9.7%)
0064 40 COMTTWNUE

0065 30 CALL EXEC(3,1100P+LUPRT,1)

0066 WrITF(LUPKT,1010) JFTILF, (1, IFILECL, L), TFTLF(?,T),IFILECS, 1),
0067 *T=1,NFL)

N0Q68 WRITE(LUPRT,1050) (IFLN(T), IFRI(T),I=1,4)

0069 CALL EXEC(3,11N00B+LUPKT,?)

0070 Wk TTF(LUPKT,1080)

0071 1080 FUPMATCRY, "FREA",,SY,"pT", 3X,"NST",3X,"OF Y, 4X,"HXR",4¥X,
0072 *uhxln'qx'HHYQH’“X'"HYIHIQX’uFKx"'SX'nEpY",qx’NAIu,qx'
0073 *“kk'e‘r“'liy'"An"'SX’“A'\'Gn")

0074 JFT==6i

007% JPTR==32

ng76 C

0077 Cew== LGOP UVYEP SaMPLE IMTFRVALS

0078 PG 50 T=1,MpT

0079 C

00R) Cmmew GNP UGVERP HARMONTC BANDS

0081 NG 60 J=1,4

0QR2 JPpT=JPT+6y4

0083 JFTR=JPTFR+32

noRYy WRPTTF(LUPRT,1090) RUFJOJPTIRP+1),BUFJ(IPTR+2) ,JuIF(JPT+0),
0085 *RUFJ(JPTR+19), (BUFJ(JPTR+K) ,K=13,18), (RUFJC(JPTR+K) ,K=21,724)
0086 1090 FURPMAT (1Y, F8.0,1Y,F6.1,1X,Td,1X,FU4.2,2X,Fo.b,1¥,Fb.4,
nNoR7 k2K e FO U I x s F O U, P X e FO U, 2XeFOU,Px s FO U, 1XeF6.1,2X,
0088 *Fo, U4,1%X,F6.1)

0089 60 CuNTTwlUE

0090 S50 CaALL EYEC(3,1100R+LUPRT, 1)

0091 Cal L EXEC(3,1100R+1 UPRT,S0)

0092 €

0093 Ce=== STACK SUME MNRF NATA?

0094 WrTTF(LUTTY,1100)

nQas 1100 FURMAT(" STACK MORF FILES? (YE OR NUY _")

0096 PEALCLUTTY,1020) 1

0097 TF(1 .FQ. PRYE) GO TN LufPi

0098 Su TN Lonpa

0099 Fub

FTN4 CNMPILER: HP92060-16092 RFv. 19135 (7902006)

*x MO WARNINGS *x M ERRNRS *a PRUGRAM = 0NB29 ruMmnn = g20A0
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non1  FiN,L

0002 PrOAGRAM LSTRF,3,8¢0

0003 .

0004 Cew=== PROGRAM TU LTST TRANSFFR FHUNCTTUN FILES CRFATED RY PRUGKAMS

000s C AUTRN AnD STACK,
0006 C

opn7 C WRTTTEM PY . V. FITTERKAN, SEPTFMRER 19RQ

nong € MDNIFIFD 26 SEPTEMRERP 19R0

0009 €

N010 NIMEMSTUN TETLF(3),IPCR(144), LRUF(20438Y,RUFTI(1024)
0011 FWlIIVALENCF (JRUF (1), ,bUFT (1))

00t2 DATA LUTTY/1/,LUPRT/6/

0013 C

0014 Ceo=== TNPUT FILE NOMF

0015 10 WRITF(LUTTY,1000)

0016 1000 FURMAT(/"™ TRANSFFR FTILF NAME? _")

0017 PEADCLUTTY,1010) 1FILL

0018 1010 FUPMAT (3A2)

0019 C

0020 Ce==== DOPFN FTLF

N0~1 CALL UPEN(IDCHB,IFR,IFILE,2)

0022 JF(IFR .GE. 0) GN Ty 20

0023 W TTF(LUTTY,1020) TFTILF,TEPR

0024 1020 FURPMAT(" FTLF=",3%3a2," 1FR=",15)

0025 Gu TN 9

0026 C

0027 C==== RpgAL A FILF

0028 20 NRF(L=0

0029 TFT==256

0030 20 TPT=TPT+7°56

0031 CALL KFADF(IDCB,TER, TullIF(1PT+1),256)

n03e C

0033 C==== CHFCK FUP FUF

0034 TFC(IFR JFQ. =12) GN Tu 40

0035

0036 Cme=e= TNFREMFNT PECURD COUMI

0027 MRFC=HNREC+1

0038 Gy TN 30

0039 40 calL CLUSEC(CLIDCR)

0049 €

0041 Cew== PRTINT HEMUFR

0042 CAtL EXEC(3,1100R+I.UPRT,2)

0043 WTTF(LUPKRT,1030) TFTILF

0044 1030 FURPMAT (22X, "TRANSFFR FUNCTTIUM: FILE=",382/)
0045 WRITF(LUPRT, 1040) C(IRUF(T+48),TllF(i+49),[=1,1°3,564)
0046 1040 FURMAT (22X, "RAMDI=",T2,"=",12," BAND2=",17,"=",T12,
00“7 *" BAf‘-‘r’S:"II?l"'"lId‘r" RAMUQ="1121"'"112)

0048 CalL EXEC(3,1100R+LUPRT,1)

0049 WRITF(LUPKRT,10%0)

nNosQ 1050 FUPMAT (33X, "FREAY,S5X,"DT" ,dX,"NST",3X,"0F",3%x,"SXX",
0051 XEX e "RYY " L oX, ST, OR, SXY ", IRX,"SX7, 18X, "8Y7")
0052 C

0053 Ce=== REGIN OUTPUT LOGP

0054 TFT==64

0055 TrTR==32
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0056 DU S0 J=1,NMrF(C

0057 C

0058 C==== LUNP UVER HARMNNTC BANPS

0089 NU 60 T=1,4

0060 IPT=TPT+64

0061 TPTR=IPTR+32

0062 WRTTF (LUPKT,1060) BUFLCIPTR+1),6UFTI(TPTR+2),T3UF(IPT+6),
0063 *RUFICIPTR+19), (BUFT(TETRE+K) ,K=4,12)

0064 1000 FURMAT(LY,FB8.0s1X,Fbels1X,Td,p1X,Fd.2,1%,9E£9.7%)

0065 60 CUMTTLUE

0066 CaLll EXEC(3,1100R+LUPRT,1)

0067 50 CONTTRUE

0068 C

0069 Cm=== WRTTE HEADFR

0070 CALL EXEC(3,1100R+LUPKRT,?)

0071 Wk TTF (LUPRT,1030) TFTLF

0072 WRTTF(LUPKT,10480) (IRUF(T+48),TI8IIF([+49),1=1,193,64)
0073 CALL EXECC(3,1100R+LUPRT,1)

0074 WRTITF (LUPRT,1070)

0075 1070 FURMAT(3X,"FREQ" ,SX,"uT" ", dY, "NST",3X,"QF" , AL, "HXRP", 14X,
0076 *HHXIN’SX'tugu'uX'"HYIH,SX’HFKXH'SX'"EPY"’QX'HAI"’RX,
0077 ATANGT ", 4Y,"AN", 5%, "ANGO™)

0078 C

N079 C==== REGIN NUTPUT LNQP

0080 TPT==64

00R1 TPTR==32

008z DY 70 J=1,NRFC

norR3 €

0084 Cm==== | ONP yYVER HARMDNTIC 3ANDS

00RS Pu 80 T=1,4

00Re THrT=TPT+64

no87 TPTR=IPTR+32

noRsy WRTTF (LUPRT,1080) RUFIC(CIPIR+1),8UFT(TPTR+2),TRUF(IPT+06),
00RQ *xBUFICIPTP+19), (BHFT(TPTR+K) ,K=13,18), (PUFLI(IPTR+K) ,k=21,”4)
0090 1080 FURMAT(IX,FB.6,1X,FoulsiX, T4, 1%, Fd,2,2Y,Fb6.4,1Y,F0.4d,
0091 *?XIF(’.Q,1XrFéoaIEXIF(J-a'2XIF6oal?.XIF6.afIXrF(’.ll?Xr
0092 *Fo.4,1%X,Fo.1)

0093 80 CONTTINUE

0094 CalL EXEC(3,11008+LUPRT, 1)

noa9s 70 CGNTTINUE

009 C

0097 Cmeme FJFCT PAPEPR

0098 CaLll EXEC(3,1100R+LUPKRT,S)

noeg C

0100 C==== LIST AMUTHFK FTLF

ning 90 WRTTF(LUTTY,1090)

0102 1090 FURMAT("™ LT5T ANOTHER FILE? (YF DR ~NN) _")

nNio03 READCLUTTY,1010) I

0104 IF(] Fu. PHYEY GU TN 10

0105 CALL EXEC(3,1100R+LUPRT, 45

0106 STNP

0107 Fh
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FIN4 CNMPILER: riP32060-16092 RFV. 1913 (790206)

*%x N WARMINGS *x N0 LRRNRS *x PRUGKAM = (2942 rOMpMNN = ¢g000Y
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0001
0002
0003
nong
noos
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
00?23
0024
0025
0026
no27
0028
0079
0030
0031
0032
00323
0034
0075
0036
0037
0038
0039
0040
0041
noaz
0043
00ua4
0045
0046
0oa7
0048
0049
0050
0051
nose
0053
0054
0055

0001

FIN, L

C----

I e N N

Commm=
10
10go
1010

(o——

1020

Commm=

20
1030

Commme
3n
1040

Commme=

1050

FIN, 10:23% AwM MUN, , 9 MAR,, 1981

PRPGRAM PLTKF(3,R0), MOL 073

PROGRAM TUu PLUT TRANSFER FUNFTTOM FILES RENERATER RY
PROGRAM AUTRM,

PRITTEM RY p. V., FTITERMAN, U.S.6.S., AUGUST 197°
MODIFIFD 16 SEPTEMRER 1989

COMMON LTVEC(256) s IVECS(256) ,MUCH(L184) , THNVEC () ,NPTR ,MRF(C,
*TASCT(A) » IXMTIN, IXMAX, JYMTiN, IYMAX

DIMENSTUN TFTILF(3),INCR(144), [RUF(256),8UFT(12R),NFILEC3),
*MEPGE (3), LPLATC3) ,TCNMC2S) ,LRLCLS)

FQUIVALENCF (IRUF({1),uMFT(1))

DATA IYDTF/=200/,IX0DTF/=200/,NFILE/CHVF ,2HOT ,2HRS/,
*MERGF /PHME » 2HKR G, 2HF /, TPLUT/2HPL,2HUT,?H 7/

PATA LUTTY/1/,LUPRT/6/

DATA LBL/ZHFT,2HLE,2H: ,2HRA,2HAD, 21 1,2HBA,2HND,2H 2?2, ?HRA,
*2HNU,2H 3, 20HRA, 2HND, 2H 4/

GET FILE NAMFE

WRIITF(LUTTIY,1000)

FUPMAT /" TRANSFFR FTLF MaME? _™)
PEAGCLUTTY,1010) IFILE
FUPMAT(25A?)

NPFN TRAMSFEP Filc

CALL GPEM(TLCH,IFR,IFILE,2)
IFC(IER .GE. N) oM TQ 20
WRTITF(LUTTY,1020) TFTLF,TER
FOURMAT (" FTLF=",342," TeR=",T5)
cy N Ry

PEAD SCalE FACTUR (UMITS PFR IMCH)
WRTTF(LUTTY, 1030)

FORMAT ("™ SCLLE? (UMITS/iMCLH) _")
READ(LUTTY,x) SC

TF(SC JLF. 0.0) Gu TP 20

READ PLAOTTTING LIMIT

WRTTF(LUTTY,1040)

FURMAT (" [ARGEST ARROw TN PLNOT? (UNITS)Y _"™)
READCLUTTY,x) ARMAY

TFCARMAX LE. 0.0) GN Ty 30

TNPUT COMMFNT FIFLD

W TTEF(LUTTY, 1050)

FURMAT (" COMMEMT FTELD? (<= 50 CHARACTFRS)I")
NU 40 T=1,25

TCOM(CI)="H

RPEADCLUTTY,1010) jCuMm

MURE THAN 0OnFE CUPY (F PLNT?

WRITE(LUTTY, 10600
FURMAT (" MNKF TrHAn OME COPY NF (F PLOT? (YE NR NN)
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0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
n071
0072
0073
0074
0075
0076
0077
0078
0079
0080
00"}
0082
0083
0084
00RS
0086
0087
N0RE
N0R9
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
ning
0109
0110

0Q0e

Commm

Comemm

Commm

Commm

Commmm

Comenm

Commmn

1070

C----

1080

Commmm

1090

(o=

Commme

Comen

Comemm

PLTRF 10322 Am M@UN,, 9 MAR,, 1981

TPARM=O
READCLUTTY,1010) [
TF(] FQe 2HYE) TPARMz=~-}

PREPARF FyuR PLOT
Call START(NFILE)

READ FTRST 2 RFCOARPS, 4 FRFGWUEMCY RANDS, | DFCIMATTUM LEVEL
CaLL wEAPF(IDCR,TER,T5IF,256)

PLAT CUTOFF ROPDFKS
CallL DLIME(1201,1,1201,2112,10,20)
CALL DLINE(99,1,99,2112,10,20)

SET PLATTIMNG aTwhOW
CalL wINPUCLIN0,1200,0,2112)

PLOT HEADING

FILE KNAMF

CalL CHAPSM1125,2055,LBLI1),5,3,-1)
CALL CHAPS(1040'20quIFILt(1)'6131’1)

COMMFNTS
CaLL CHAPS(1125,203%0,100M,50,3,2)

nFCuT

CalL CODF

WKRITF(TASCT,1070) RuFI(20)
FORMAT("OQFCUT=",FS.3)

CALL CHAPS(945,2005,TASCT,11,3,-1)

MAXIMUM AKPUW LENGTH

CALL CNDF

WRTTE(TASCT,1080) ARMAX
FURMAT("ARMAX=",F4,2)

CablL CHAPS(700,2005,TASCT,10,3,~1)

SCALF

CALL CNDFE

WRTITF(TASCT,1090) SC
FUPMAT(Fa,2,"=")

CALL CHARS(410,2005,TASCT,S,3,-1)

COMVERT SCALF FRNM UMITS/INCH TO UMITS/STYLIT
SC=sC/100,

PLAT 1" 1 INg
calL LINF(315,2010,215,2010)

PLOT & LARGE TICKS AT FiDS
rall LTNF(315,2015,315,2005)
CALL LINF(P15,2015,215,2005)
PLNT 9 SMALL TTICK MARRS
Tx=215
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0t11 Ny 850 I=1,9

0112 Tx=IX+10

0113 S50 CALL LTNF(TXx,2012,7X,2008)

0114 C

0115 C==== RAN{p 1 '

0116 FALL CHARS(945,1980,L5L(4),6,3,-1)
0117 CALL CNDLF

n118 WRITFE(TASCT,1100) TEUF(49),IRUF(S50)
0119 1100 FURMAT(LZ2,"=",12)

0120 CalL CHARS(945,1960,TASCT,5,3,=-1)
niz1 C

0122 Ce=== BANp ¢

N123 CALL CHAPRS(745,1980,L0l(7),6,3,~1)
0124 calLL CRuF

0125 WRYTF(TASCT,1100) TIuMF(113),TilF(114)
0126 CalL CHARPS(745,1969,TAS8CT,%,3,~1)
0127 ¢C

0128 Ce=== RAND 3

0129 CAlLL CLHARS(545,1960,0L61 (10),6,3,-1)
0130 CalL COpF

0131 WRTTF(TASCT,1100) TeUFCL77Y,THUFC(178)
0132 CALL CHARS(545,1960,TASCT,S,%,-1)
0133 C

0134 Cmem== RAMD 4

0135 CALL CHAR3(315,1980,L5L(13),6,3%,=-1)
013 rall. CORF

0137 WRTITEF(TASCT,1100) TaltFp(241), TpttF(2a2)
0138 CalL CHAR3(345,1%90,TASCT,5,3,-1)
0139 C

0140 Ce=e= STAKT DATA PLUTTTNR LUNP

0141 TYP(S=20600

np1a2 C

0143 Ce=== HERATE Y POSTTIUN

0144 60 TYPOS=TYPUS+TYNR]F

niLas TPTI==64

0146 TPTR==32

0147 T3AnD=0

niug TxPUS=110¢

0149 C

0150 Cem=== SaMpLE [NTFRVAL

01851 CalL CODE

0152 WRTITF(TASCT,1110) RUyrF1(2)

n153 1110 FORMAT("DT=",F5,0)

0154 Calll CHAPS(IXPNS+50,TYPUS+15,IA3C1,8,5%,2)
niss €

0156 Ce=== LPRATE X PNSTTTUNM

0157 70 TXPUS=TxPUS+TXNIF

0158 TPTI=IPIT+64

0159 TPTR=[PTR+32
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