United States Department Of The Interior

Geological Survey

FFTFIL: A filtering program based on two-dimensional
Fourier analysis of geophysical data

Thomas G. Hildenbrand

Open-File Report 83-237

This report is preliminary and has not been reviewed for
conformity with U.S. Geological Survey editorial
standards. Use of brand names in this report is for
descriptive purposes only and does not imply endorsement
by the USGS. Although this program has’ been extensively
tested, the USGS makes no guarantee of correct results.






Preface

All routines (Appendix B) are written in Multics Fortran (card image) to
be run on the Honeywell Multics 68/80, and can be converted to other computers
with a moderate amount of revision by an experienced programmer. The
Honeywell Multics 68/80 is a 36 bit word machine and has a maximum floating
point number of octal 376777777777. This number is used in the program to
flag regions of no data and may need to be changed in conversion to another
computer, The program contains a few "calls" to Multics subroutines
(primarily manipulating data input and output) that will also require
replacement in converting to another computer. The program requires about 32
K words of main memory, independent of variable storage, and has a maximum

array size of 32,768 bytes.
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Abstract
The filtering program "fftfil" performs a variety of operations commonly
required in geophysical studies of gravity, magnetic, and terrain data.
Filtering operations are carried out in the wave number domain where the
Fourier coefficients of the input data are multiplied by the response of the
selected filter. Input grids can be large (2< number of rows or columns < 1024)
and are not required to have numbers of rows and columns equal to powers of

two.



Introduction

The program "fftfil" provides a means of using two—dimensional Fourier
analysis to perform the following operations on an input grid:

(1) reduction of the total magnetic field intensity to the North Pole,

(2) pseudo-gravity transformation,

(3) first vertical derivative analysis,

(4) second vertical derivative analysis,

(5) wupward continuation,

(6) downward continuation,

(7) trend analysis,

(8) pseudo-magnetic transformation,

(9) band pass analysis,
and (10) creation of Fourier coefficients.

The direct discrete Fourier transform method is employed in these
operations. In this method (Dean, 1958; Embree and others, 1963; Byerly,
1965; Fuller, 1967; Naidu, 1969), the data are transformed first into the wave
number domain by means of the Fast Fourier Transform (FFT). The Fourier
coefficients are then multiplied by the wave number response of the
appropriate digital filter. Finally, the resulting Fourier coefficients are
inversely transformed back into the space domain yielding the desired filtered
data.

The filtering operations can be performed on large data sets commonly
encountered in geophysical processing of magnetic, gravity, and terrain
data. These data must be represented by discrete values on a two—-dimensional
rectangular grid in standard USGS form (see Appendix A). The results of the

filtering operations are output in the standard grid format.



Incomplete Data

The program will accept incomplete data (i.e., data which do not fill out
a rectangular grid) provided the grid points without data are flagged by the
maximum floating point number (octal 37677777777). However, in order to
perform the fast Fourier transform, flagged data in the grid are assigned
temporary values by means of an averaging technique. 1In assigning a value to
a flagged grid point, the routine averages the four neighboring grid values (a
neighboring flagged point is ignored). For each row the routine searches for
the first nonflagged value and then, if necessary, assigns values of the
previous flagged grid points by working backwards (right to left) to the
beginning of the row. Other flagged grid points within a row or at the end of
a row are filled in by working left to right with the averaging technique. 1In
assigning values in this way, there is at least one neighboring grid point
that does not contain a flagged value. It should be noted that the program
does not allow entire flagged values within the first (bottom) row.

After the desired filtering operation has been completed on the filled-in
grid, flagged values are reinserted at those grid points assigned temporary
values. The user is cautioned against using input grids containing
appreciably large regions of missing data. Such grids may introduce unwanted
characteristics in the Fourier domain resulting in erroneous output filtered

grids.

Theory

The Fourier integral transform G(u,v) of a function g(x,y) is defined as

Glu,v) = I T alx,ye 2 + V) gy (1)



where u and v are unit frequencies associated with the x (north) and y (east)
coordinate axes, respectively. In practice, the potential field function
g(x,y) is known only at discrete points (grid points) and its transform is

obtained by using the discrete Fourier transform:

ki 1In
_ Mzl Nzl —omi(—n + =)
G(k,1) = mEO n§0 g(m,n)e M N (2)
where m and n = integers representing grid point

locations in the space domain,
k and 1 = integers representing grid point locations

in the frequency domain,

and M and N number of row and columns, respectively.

The use of the discrete Fourier transform can lead to unwanted characteristics
in the frequency, especially at the higher frequencies. These characteristics
are discussed by Cordell and Grauch (1982) and in more detail later.

Grid or two-dimensional filtering may be described by the convolution

formula:

f(x,y) = h(x,y) * g(x,y) (3)

which is shorthand notation for the integral

f(X)Y) = ;Z ~I

where g(x,y)

£(x,y)

and h(x,y)

h(x,y) g(x-u,y-v) dudv,

is the input data,
is the filtered output,

is the filtering function.



Denoting the Fourier transform of a function by the corresponding capital
letter and taking the Fourier transform of (3), we have using the convolution

theorem (Bracewell, 1965, p. 108):

F(u,v) = H(u,v) G(u,v) (4)

where u and v are unit wave numbers associated with the x and y coordinate
axes, respectively. It should be noted that convolution in the space domain
is equivalent to multiplication in the frequency domain,

In performing two-dimensional frequency analysis, the input data are
transformed to the frequency domain utilizing equation (2). The resulting
Fourier coefficients G(k,l) are multiplied by the wave number response of the
filter H(k,1) for computing the Fourier coefficients F(u,v) of the filtered
data in equation (4). The output filtered grid is then determined by the

inverse Fourier transform:

km 1n
_ 1 1M1 Nzl 21i(—m + =)
f(m,n) = ﬁ ﬁ' MZO 150 F(k,l)e M N .

The derivation of the frequency responses of the filters used in the
program can be found in the literature and, therefore, will not be shown
here. These responses or operators are as follows (assuming distance units of
kilometers and a coordinate system with x,y, and z pointing east, north, and

down, respectively):

filter response [H(u,v)] reference
2 2.1/2
upward (z<0) or e2nz(u + o) (Fuller, 1967)
downward (z>0)
continuation where z = continuation distance
lst vertical 21r(u2 + vz)l/2 - - -

derivative 7



2nd vertical tr2(u? + v2) (Fuller, 1967)
derivative

w Gp /2n T

3
(iul” + ivm” + wn’)(iul + ivm + wn) (Lourenco, 1973)

pseudo-gravity
transformation
(units: mgal)

where 1, m", n” are direction cosines of earth’s
ambient field relative to x, y, and z,
respectively,

1, m, n, are direction cosines of
magnetizatio? vector

w = (u? + v2)1 2

G = gravitational constant (dyne—cmz/gz)

I = intensity of magnetization (gammas)

p = density (g/cm3)
pseudo-magnetic (above equation inverted) - - - -
transformation
(units: gammas)
reduction to pole (u2 + v2) (Lourenco, 1973)

P (iul’” + ivm” + wn’)(iul + ivm + wn) i

directional filtering 1 for 180-@25pan_1(V/U)j}80-@1 (Embree, 1963)
(passing trends between
©; and 05; ©;<05) 0 otherwise
band-pass filtering 1 for Yu? + v2 within specified range - - - -

of wavelengths

0 otherwise

Boundary Effects

Filtering finite-length data using the Fourier transform can produce
distorted anomalies near the grid boundaries. These anomalies result from the
abrupt terminations of the data. For example, filters that enhance long
wavelengths (upward continuation, low-pass, and pseudo-gravity
transformations) have the tendency to close anomaly patterns and produce oval-
shaped anomalies near the edges of the data. Discontinuities at the grid
boundaries also give rise to fictitious short-wavelength anomalies that are
enhanced by short-wavelength amplifying operators such as differentiation,

downward continuation, and pseudo-magnetic transformation.



Both types of edge effects can be appreciably reduced by adding rows and
columns of assigned grid values to the input data. Edge effects are still
present but are primarily within the frame of assigned border values which are
removed after the filtering process. The routine will automatically perform
the task of adding border values when the user specifies the number of rows
and columns to be added to each side of the input grid. Assigned values
within this border region are simply outward extensions of the first and last
row and column. Normally, 5 to 10 rows and columns on each side pelps in
reducing distortion at the map boundaries. However, in applying the long-
wavelength amplifying operators, it may be necessary to increase the grid size
by more than 10 rows and 10 columns on each side. For the purpose of
lessening distortion at the boundaries, the user is advised to utilize the
option to increase the grid size.

The most practical way of removing edge effects is to enlarge the input
grid with real data to a size sufficient for eliminating distortion within the
area of interest. The added real data can be removed after the filtering
process (external to "fftfil"). This technique is highly recommended if long-

wavelength amplifying operators are applied to the data.

Practical Considerations
In addition to edge effects, the users must consider many other factors

before applying filter operators. Some of these factors are given below.

Short-wavelength amplifying operators
The use of the discrete Fourier transform (eq. 2) as an approximation of
the Fourier integral transform (eq. 1) gives rise to fictitious short-

wavelength tails in the Fourier domain (Cordell and Grauch, 1982). The tails



are a result of sampling data only a finite number of times within a limited
range. Because these tails pose a problem in the application of short-
wavelength amplifying operators, practical considerations must be exercised in
using filters such as differentiation and downward continuation. A map
generated with these filters will generally exhibit many high—amplitude,
single-grid-point anomalies (i.e. short-wavelength distortion). Detrending
the input data by removal of a planar surface will lessen this distortion. It
is sometimes more useful to simply apply a low-pass filter in conjunction with
short-wavelength amplifying operators. The low-pass filter (removing
wavelengths less than 2 to 4 grid spacings) will eliminate many of the
distorted anomalies and produce a more desirable filtered—anomaly map.

Cordell and Grauch (1982) discuss alternative ways to lessen the problem.

Wavelength—-filtering

Low—-pass and high-pass filters require separate discussions because of
their widespread use in generating residual-regional maps. The validity of
the wavelength filtering process in calculating regional-residual fields is
dependent on the assumption that the cut—off wavelength of the filter and
maximum depth of source are related. One generally uses the wavelength
filtering method to obtain a separation of long wavelength anomalies
(regional), that are typically associated with deep-crustal or subcrustal
features, from short wavelength anomalies (residual) that are associated with
shallow features. The user must be aware that the separation is not complete
and that in particular, some long wavelength anomalies can be caused by broad
shallow features. The short wavelengths on the residual maps bring out and
emphasize small features, but in some cases the anomaly amplitudes may be

distorted by removal of the long wavelengths. The reader is referred to
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Simpson and others (1982) for discussions on the causes of these distortions.
In applying the low-pass or high-pass filter ("banpas" operator of
"fftfil"), one should use a modified rectangular window, so that the gain
drops from unity to zero along a ramp centered at the desired cut-off
wavelength. This will reduce the effect of Gibbs phenomena and produce a more
desirable filtered-anomaly map. Selection of a ramp’s width is highly
empirical. I have found that in removing (or passing) wavelengths greater

than 250 km, a ramp located between 200 km and 300 km is suitable.

Trend analysis

Trend analysis involves passing anomalies striking between two specified
directions and rejecting all other anomaly trends. The operator "strike" is
used for this purpose. Because anomalies become elongated in the selected
filtering direction, caution must be exercised in interpreting trend maps.
Only features indicated on the unfiltered map can be interpreted on the trend
maps. Although this restriction is stringent, trend maps are often useful in
enhancing features that are real but not easily identifiable on the unfiltered

anomaly map.

Execution
When the program is run, an asterisk is typed on the terminal. The user
responds with the name of the command file containing filtering
instructions. After the current command file is executed and the data has
been filtered, the routine asks if an additional filter is to be applied to
the input data and requests the needed information to perform the new filter
operation. The user can apply as many filters as desired to the original data

set. It should be noted that the filter operations are carried out only on
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the input data set and not on any of the previously calculated, filtered data
sets. When filter operations have been completed on a particular data set,
the routine will request another command file. This sequence can be continued
indefinitely. To exit from the program, the user can enter '"ex" or a line
feed after the asterisk is typed.

There are several program error messages that can occur during
execution. These messages are preceded by a "#'". When an error occurs, all

files are closed and the program will generally request another command file.

Command File

The command file is an ASCII file containing the required filtering
information. It is comprised of four fixed format lines followed by a
"&parms" namelist section. The four fixed format lines may be blank which
results in the routine requesting the user to respond with the required
information. This allows the user to execute a command file several times but
perform different filtering operations on various input grids. Examples of
command files and their execution are given on page 21.
Line 1:

Characters 1 through 6 contain the coded filter operation to be

performed. The possible operations are:

Coded Operation Explanation
psdgrv Pseudo—-gravity transformation.
psdmag Pseudo-magnetic transformation.

(Note: the above operations require grid units in kilometers)
redpol Reduction of total magnetic field
intensity to the pole.

upcont Upward continuation.
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dncont Downward continuation.

lstver Ist-vertical derivative.

2ndver 2nd-vertical derivative.

strike Direction filtering.

banpas Band pass filtering.

nofilt Create Fourier coefficients and output to file

"ffefil.coef'",

If the field is blank, the routine will request the coded operation. The
user may also respond with '"help" which results in the routine printing the
possible coded operations and then requesting again the desired operation. .If
an incorrect operation is entered, the routine will print the 10 possible
operations and then request one of them.

Line 2:

Characters 1 through 50 contain the file name of the standard two-
dimensional grid file (see Appendix A) to be filtered. If the field is blank,
the routine will request the file name.

Note that if the namelist parameter "icoef" (described below) is equal to
-1, the Fourier coefficients of the data seé, determined from a previous run,
are used as input. In responding to the query of the}input fiie name, the
user must, however, enter the file name of the standard USGS grid from which
the input Fourier coefficients were calculated. The routine reads only the
header record of the standard grid to obtain the number of rows, columns, etc.
Line 3:

Characters 1 through 50 contain the output file name. The output
filtered grid is written in standard form. If the field is blank, the routine

will request the file name.
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Line 4:

Title line (characters 1 through 56) to be written in header record of
output filtered grid. If the field is blank, the program will request a
title. |
Line 5: VNamelist Section

Characters 1 through 6 must contain: &parms. Characters from 8 on
contain namelist items as well as continuation lines. Section must be
terminated by an &. All the namelist items listed below have been given
default conditions.

Because of the large number of input parameters used by "fftfil", the
user should consult the following table for the exact parameters needed to
perform the desired filtering operation. The term 'general' in this section

‘refers to parameters that can be selected for any filtering operation.

Coded Operation Required Parameters
general ioptl, iopt2, nadd, idval, icoeff, ddx, ddy, =xo,
yo
psdgrv den, bmag, bdec, binc, dec, xinc
psdmag den, bmag, bdec, binc, dec, xinc
redpol bdec, binc, dec, xinc
Jpcont z (negative)
‘dncont z (positive)
lstver (none)
2ndver (none)
strike istr, thetl, thet2
banpass wl, w2, w3, wh
nofilt (none)
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Parameters
General
ioptl = 0 (default)

-1

iopt2 = 0 .

-1 (default)

nadd =
idval = 0 (default)
1
-1

No printed output.

Output filtered grid printed (ASCII)

in file "fftfil.out."

Output filtered grid printed (ASCII)

on terminal.

Substract mean of boundary values from
input grid.

Subtract mean from grid and save

resulting grid: file name - "fftfil.grd".
No subtraction of mean.

Number of rows and columns added to

each side of input grid to reduce the anomaly
distortion and effects of Gibbs phenomena.
(default condition, nadd = 0).

No flagged data in input grid.

Flagged data in input grid

(note, the first row must not

consist entirely of flagged values).
Flagged values have been removed from
data set and their locations are in
segment "flag.loc".

[Note: User must specify idval = -1 if the
Fourier coefficients of the data
(determined from a previous run) are

to be used as input and if the grid

15



contains missing data. When the Fourier
coefficients were computed, a file
named "flag.loc" was created in the
user’s disk area. Specifying idval = -1
results in the routine reading "flag.loc"
for the purpose of restoring the output
filtered grid to the shape of the input grid.]

icoef =1 Save Fourier coefficients of input segment
in file "fftfil.coef" for later use as
input to program [note: if data contains
flagged values, a segment called
"flag.loc" containing their locations is
also created in user’s disk areal.

0 (default) Fourier coefficients not saved.
-1 Fourier coefficients in segment
"fftfil.coef" are used as input. Note
that if the flagged values are present in
the data, segment '"flag.loc" is required
and "idval" must be equal to -1 so that
the filtered grid can be restored to the
shape of the original input grid.
[The following 4 namelist items can be used to change the grid spacings or
origin in the header record of the output filtered grid. Default conditions,

ddx = ddy = %0 = yo = 0.0.]

ddx and ddy = grid spacing along the x-axis (east) and
y-axis (north), respectively,
X0 = position of first (bottom) data row.
yo = position of first (left most) data column.

16



Pseudo-gravity, pseudo-magnetic,

and reduction to pole

[For these operations the mean of the output filtered data will be zero
because the Fourier coefficient at zero frequency (u=v=0) is set to ZEero. |
den = Density contrast (gm/cm3).

(default conditions, den = 1.)

bmag = Magnetization contrast (gammas).
[Note: for X (emu) = susceptibility and
F (gammas)=Earth’s strength, bmag = XF]
(default condition, bmag = 1l.)
bdec & binc = Respectively, declination and
inclination (degrees) of the
magnetization vector associated with
the magnetic source.
(default conditions; bdec = 0.0, binc = 90.)
dec & xinc = Respectively, declination and inclination
(degrees) of the earth’s ambient magnetic
field.
(default conditions; dec = 0.0, xinc = 90.)
Continuation
z = Continuation distance used in upward (z<0) or

downward (z>0) continuation of data. The value
entered must be in same units as used to specify

dx and dy in grid header (see Appendix A).
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Trend analysis

[It should be noted that the mean of the output filtered data will equal the
mean of the input data. This is because the Fourier coefficient at zero
frequency (u=v=0) is unchanged during the filtering process.]

istr = -1 Reject.trends striking between 'thetl"

and "thet2".

1 (default) Pass only trends striking between "thetl" and
"thet2".
thetl & thet2 = Angles from Geographic North that form a

pie-slice filter. A clockwise direction from

Geographic North designates positive angles.
‘f/ﬂr‘J"L\

+h
thett

y» East

(If northeast trends are to be enhanced, one
could use thetl=0, thet2=90 and istr=1. If
east-west trends are to be enhanced, one could
use thetl=-45, thet2=45, istr=-1.)
The following conditions must be met:

-90 <thetl < 90.

=90 <thet2 < 90.

thet2 >thetl

Band pass

wl,w2,w3,ws = cutoff wavelengths used in band pass

18



[Note:

filter and described in the following

diagram:
A

AmpLIT UL
e

i
{
i
!

O Wl w2 w3 wi 7

WAVELEWGTE
Data within tetrahedron is passed.
These parameters can also be used to

design a low-pass or high-pass filter:

High pass—-(passing short wavelengths)

&
W (wi=Wa=0.0)
3
S
3
U l
g l
< {
1\ —>
w3 w4 o0
WMAVELFENSETY

Low pass—--(passing long wavelengths)

f

W (w3zw4= LoE+30)
[
g4
3 |
< |
I
l
® Wi wa 2o

WAVELEWGTH
wl < w2 < w3  wh
For example, if wavelengths greater

than 10 km are to be removed from the

data, one may design a filter with the
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Queries

following cutoff wavelengths: (ramp is to

provide a more continuous cutoff)

wl = 0.0
w2 = 0.0
w3 = 8.0
wh = 12.0

Default conditions: wl = w2 = 0.0,

w3 = wh = 1.0 E+30 which is an all-pass filter]

The following queries are asked after filtering operations have been

completed. The purpose of these queries is to apply additional filters to the

input data.

Query 1:

Query 2:

Query 3:

Query 4:

Additional filtering to original grid? Enter "y" if an
additional filter is to be applied to input data.

(Note that the additional filter is applied to the input
data and not to the previously determined filtered
data.) If "y" is entered, queries 2 - 6 are asked. If
"n" is entered, the program starts over by asking for a
new command segment.

New filter operator? (Format the same as that

given for command "line 1" in command segment.)

New output segment name? (Format the same as that
given for command "line 3" in command segment.)

New title? (Format the same as that given for

command "line 4" in command segment.)

20



Query 5: Parm change? Enter "y" if some of the namelist

parameters are to be changed for the new filter
operation. The parameters to be changed must be given
on the following line in a namelist beginning with

"&parms" and ending with "&'". [Example: &parms

thetl = -90., thet2 = 0., &] Enter "n" if no

parameter change is needed. 1In this case, the

filtering operations are started.

[Note: the following parameters cannot be
changed--nadd, iopt2, idval, ddx, ddy, xo, and
yo.]

Query 1 is then asked again. In other words, queries 1 - 5 are repeated until

a user’s response of '"n" is encountered after a filtering operation has been

completed.

Examples of Command Files and Program Execution

The following examples illustrate the many options in the filtering
program., The amount of processing time in examples 1 and 3 suggests that
about 4 millisecond per grid point is required for grids with 50,000 points or
less. This time will, however, appreciably increase for larger grids. On the
other hand, if the Fourier coefficients are used as input as in example 2, the
processing time is significantly reduced.

During execution the program lists all the selected parameters such as
"'nadd", the number of columns and rows added to each side of the grid. . Listed
beside the value of "nadd" is " extended columns and rows = ", after which the
total columns and rows used during execution are given., The total number of

columns will equal twice ''madd" plus the number of columns in the input
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grid. However, the total number of rows will generally be larger if computed
in the same manner. This is because the algorithm transforms the data‘in
blocks and may require additional rows to complete a block. Block sizes range
from 9 to 16 rows. If the total number of rows for a particular block size is
slightly smaller than a power of 2, the program will automatically select a
block size of 16 and extend the grid to that power of 2., To reduce processing
time one may add columns so that the total number of columns equals a prime
number or a number that is a power of 2,

Indicated underline phrases in the examples below are user input:
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. This example illustrates upward continuation of a magnetic data set.
A file containing the Fourier coefficients of these data is also
written and is used below in example 2.

Command file: fftfil.cmdl
upcont
cenmag.grd
cenmag.upcont.grd
central us magnetics: upward continued 1km
&parms
iopt1=0,icpt2=0,nadd=5,z=-1,1dval=1,icoef=1,%&

Execution:

fftfil
*fftfil.cmdi

mean value subtracted = =-0.32698855E+03 424 values used

upward continuation of field values.,
by means of the fast fourier transform.

title: central us magnetics: upward continued lkm

parameters: density= 1,000 datum level z= =-1.,000
intensity of magnetizations 1.000
inclination & declination of geomagnetic fields 90.000 0.00
inclination & declination of magnetization vector= 90.000 0
thetil= 0.000 thet2= 90.000 istr= 1

wlow2s,w38&wt= 0.0000E+00 0.0000E+00 0.1000E+31 0.1000E+31
dx & dy= (0.,400000e+01 0.400000E+01

origin of grid(xo & yo)= 0.358400E+04 -0.108400E+04

no. of columns & rows= 100 100

nadds 5 extended columns & rows= 110 112

input file name: cenmag.grd

output file name: cenmag.upcont.grd

additional filters to be applied? (y or n)n
*ex .

STOP
R 07/04/82 1020.9 mdt Sun CPU: 54.254 COST: $1.36

« The following example illustrates the option of applying many
filters, The input data are fFourier coefficients of the grid of
magnetic data in example 1.

Command file: fftfil.cmdl

redpol

cenmag.grd

cenmag.redpol.grd

central us magnetics: reduced to pole

&parms
iopti=0,iopt2=-1,nadd=5,2=-1,dec=30,xinc=50
bdec=18,binc=65,idval==-1,icoef=-18&
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Execution:

ffefil
*ffrfil,cmd2

transformation of the total magnetic field intensity to the pole.,
by means of the fast fourier transform and the poisson equation.

title: central us magnetics: reduced to pole

parameters: density= 1.000 datum level 2= -1,000
intensity of magnetization= 1.000
inclination & declination of geomagnetic field= 50.000 30.000
inclination & declination of magnetization vectors=s 65.000 18.0C
thet1= 0.000 thet2= 90.000 istrs 1

wlsw2ew3&wé= 0.0000E+00 0.0000E+00 0.1000E+31 0.1000E+31
dx & dy= 0.400000e+01 0.400000e+01

origin of grid(xo 8 yo)= 0.358400eE+04 -0.,108400E+04

no. of columns & rows= 100 100

nadd= S extended columns & rows= 110 112

input file name: cenmag.grd

output file name: cenmag.redpol.grd

additional filters to be applied? (y or n)y
enter new operator:2ndver -
enter new output file name:cenmag.2ndver.,grd

enter new title

central us magneticss: 2nd vertical derivative

parm change? (y or n, if y enter parameters via &parms):g
second vertical derivative operation., ‘
by means of the fast fourier transform.

title: central us magnetics: 2nd vertical derivative

parameters: density= 1,000 datum level z= -1,000
intensity of magnetizations=s 1.000
inclination & declination of geomagnetic field= 50.000 30.000
inclination & declination of magnetization vectors 65.000 18.0(
thetl= 0.000 thet2= 90.000 istr= 1

wlsw2,w38w4= 0,0000e+00 0.0000E+00 0.1000E+31 0.71000E+31
dx & dy= 0.400000e+01 O0.400000€E+01

origin of grid(xo & yo)= (0.358400E+04 -0.108400E+04

no. of columns & rows= 100 100

nadd=s S extended columns & rows= 110 112

input file name: cenmag.grd

output file name: cenmag.2ndver.grd

additional filters to be applied? (y or n)y

enter new operator:dncont =

enter new cutput file name:cenmag.dncont.grd

enter new title
central us magnetics: downward continued Tkm

parm change? (y or n, if y enter parameters via &parms)il
&Qa rms _z= ‘&

downward continuation of field values,
by means of the fast fourier transform.

title: central us magnetics: downward continued 1Tkm

parameters: density=s 1,000 datum level z= 1.000
intensity of magnetization=s 1.000
inclination & declination of geomagnetic field= 50.000 30.000
inclination & declination of magnetization vectors=s 65.000 18.0
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thetl= 0.000 thet2= 90.000 istr= 1
wl,w2,w38wét= 0.,0000E+00 0.0000E+00 0.1000E+31 0.1000E+31
dx & dy= 0.400000E+01 0.400000e+01

origin of grid(xo & yo)= (0.358400E+04 -0.108400E+04

no. of columns & rows= 100 100

nadd=s 5 extended columns & rows= 110 112

input file name: cenmag.grd

output file name: cenmag.dncont.grd

additional filters to be applied? (y or n)n
*

STOP
R 07/04/782 1025.2 mdt Sun CPU: 77.854 (COST: $1.89

This example uses a‘command file with no information given on the
4 fixed format lines. The program requests this information guring
execution {(note that’the filter operator "banpas" was incorrectly
entered and that the program listed the 10 possible filters and
requested one of them).

Command file: fftfil.cmd3

&parms
iopt1=0,i0pt2=-1,nadd=10,den=.2,bmag=100.,dec=30,xinc=50
istr==1,bdec=18,binc=65,idval=1,wl=4,w2=5,thet1=-90,thet2=0,icoef=0,8

Execution:

ffefil
xfftfil,cmd3
enter operator:babpas
#invalid operator
quick Llist of options
psdgrv
redpol
upcont
dncont
2ndver
strike
banpas
psdmag
1stver
nofilt
enter operator:banpas
enter input file name:basran.grv
enter output file name:basran.lowpass.grv
enter title:basin & range gravity: low-pass 4km & Skm
band-pass filter applied to data

title: basin & range gravity: low—-pass 4km & Skm
parameters: density= 0.200 datum level 2= (0.000
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additional
*

sTOP
R 07/04/782

intensity of magnetization= 100.000

inclination & declination of geomagnetic field= 50.000 30.000
inclination & declination of magnetization vectors= 65.000 18.0C
thetl= =-90.000 thet2= 0.000 istr=-1

wlsw2esw3&wé= 0,4000€+01 0.5000€+01 0.1000E+31 0.1000E+31
dx & dy= 0.400000eE+01 0.400000E+01

origin of grid(xo & yo)= 0.358400eE+04 -0.108400E+04

no. of columns & rows= 200 200

nadd= 10 extended columns & rows= 220 224

input file name: basran.grv

output file name: basran.lowpass.grv

filters to be applied? (y or n)n

1030.4 mdt Sun CPU: 185.918 COST: $4.84
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Appendix A
Standard Grid File

The USGS standard grid file consists of two basic parts: 1) a header
record providing control parameters and, optionally, a following record of
column coordinates, and 2) the profile or grid data. The general description
of the file is given below with added notes of requirements for the program
"ffefil". Note that the direction of columns and rows are, respectively,
north~south and east-west. Y-axis points north and the x-axis points east.
In addition, "fftfil" assumes that the first value stored in the data array is
located at the lower left-hand corner of the map. Recording mode is
unformatted.

A. Header record (23 words)

id: 56 ASCII characters of identification
(14 words).
pgm: 8 ASCII characters of creation program

identification (two words).

ncol: number of columns of data (integer, one
word).

nrow: number of rows of data (integer, one
word).

nz: number of words per data element (integer,

one word). For single precision, single
value data use 1, double precision or
complex use 2, . « « . €tc. In the

execution of "fftfil", nz must equal 1.

X0: position of first (leftmost) column of data

(real, one word).
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dx: equal spacing interval of columns (real,
one word). If equal to zero, then
coordinate for each column is in the data
record, otherwise the following record

consists of data. For "fftfil", dx cannot equal

zero.
yo: position of first (bottom) row (real, one word).
dy: equal spacing interval of rows (real, one

word). If equal to zero, the coordinate

for each row is the first word of each

data record row. For "fftfil", dy cannot

equal zero.

B. Column coordinate record (not used in "fftfil") present if dx of header

"ncol" real words specifying the

record equals zero. Record consists of
coordinates of each data column. Most programs require the coordinates to be

in monotonic order.

C. Data record. Each data record contains one row of real data items. The

total record length is '"ncol" times "nz" plus one word. The first word
contains the row coordinate if "dy" is zero. When "dy" is not zero, the first
word is ignored (which is the case in "fftfil"). When specified, the row
coordinates should be in monotonic sequence.

In general, a standard file can be created in FORTRAN as:

dimension f(ncol,nrow)

character 1d*56, pgm*8

dum = 0,0

write (10)id,pgm,ncol,nrow,nz,xo0,dx,yo,dy
29



do 20 i = 1, nrow
write (10) dum, (£(j,i), j = 1, ncol)

20 continue
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Appendix 8

CRRR R A R AR AR R R RN Rk AR R AR AR AR AR AR r kb ra ke a kv rnb e ernnsrnrrnrrnnrenranefft 00010

program fftfil
filter operations employing f.f.t.
coded by t. hildenbranc=-usgs., denver
(subroutines "sfftmg"” & "sdummy”™ coded by r. watts)
structure of command file+~-
card 1 : operator coded name--from list below
psdmag pseudo_magnetic tranformation
psdgrv pseudo-gravity transformation
redpol reduction of total magnetic field intensity
to the north pole
upcont upward continuation
dncont gownward continuation
istver 1st-vertical derivative of the input field_
2ndver 2nd=-vertical derivative of the input field
banpas bandpass filter
strike direcional filtering.
nofilt no filtering
card 2 : input file name.ext.
card 3 : output file name.ext.
card & : title (col. 1-56).
card 6 : 3parms
card 6 : List parameters--example: iopti=0s,iopt2=1,den=.3vcccece
card 7 : %$end.

the following queries are asked after filter operation
has been completed. purpose of queries are to continue filtering
input file with different filters.
query 1 : additional filter to be applied? (y or n) - if "y"
the program asks queries 2 thru 6. if "n" the
program starts over by asking for the command segment.

query 2 : new operatcr? format same as in card 1 response.
query 3 : new output file name.ext?

query 4 : new title?

query S5 : parmameter change? (y or n) = if "n" the filtering

computations are started. if "y" the user enters the
parmeters to be changed in a namelist
(eg. %parms thet1==-90,.,thet2=0.,8)
(note the following paramters cannot be changed-nadd.
iopt2s,idval,ddxs,ddys,xo0ryo). .
query 1 is then repeated for additional filter operations.,
input parameters:
iopt! = 0 no printec output (default: iopt1=0)
6 output printed on terminal
-1 output printed on disk.
iopt2 = -1 no removal of mean from input array (default iopti=-1)
0 remove mean using boundary values
1 remove mean and save grid, file name: con.grd.
nadd = no., of rows or columns added to each side of grid
to reduce the effects of gibbs phenomena (default nadd=0).
wlsw2,w3 & Wbt - wavelengths used in bandpass filtering.

den - density contrasts, gm/cc (default den=1.).

bmag - magnetization contrast, gammas (default bmag=1.).

dec & xinc - declination and inclination of earth's fieldrdegrees.
(default dec=0. xinc=90.)

bdec & binc - declination and inclination of magnetization vector.
(default bdec=0. binc=90,)

ﬂﬂﬁﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂhhﬂﬂﬂﬂﬁﬁﬂﬂﬂhﬂnﬂﬂﬂnﬂﬂhﬂnﬂﬂﬂ‘ﬁﬂﬁnﬂﬁﬁﬁﬂﬂ

<) 3

tft00020
{ft 00030
+£t00040
{ft00050
fft00060
f£t00070
f£t00080
fft00090
fft 00100
fft00110
fft00120
fft00130
fft00140
+ft00150
t+$t00160
f£t00170
f£t00180
£t 00190
+£t00200
fft00210
fft00220
f£t00230
f£t00240
fft00250
fft00260
fft00270
fft00280
f£t00290
f£t00300
fft00310
fft00320
f£t00330
f£ft00340
f£t00350
fft 00360
fft00370
fft00380
fft00390
f£.t00400
f£t00410
f£ft00420
f£t00430
fft00440
fft00450
fft00460
f£tt00470
fft00480
fft00490
fft 00500

(default wl=w2=0. w3=wé=1.0e+30 infinte wavelength) fft00S510

fft00520
fftC0530
f£t00540
fftC0S5S0
fft00560
fft00570



idval = 0 no flagged grid points in input data (default idval=0)
1 flagged grid points in input data
-1 flagyed values removed and locations in file "flag.loc"”.
icoef = 1 save fourier coefficients in segment “fftfil.coef” for

later use but perform designated filter operation
(note: if aata contains flagged values a segment
called "flag.loc” containing their locations is also
created in users disk area.)

0 fourier coefficients not saved (default icoef=0),

-1 fourier coefficients in segment "ftftfil.coef” are used
as input. note that if flagged values are present in the
datas, segment "flag.loc” is required and "idval” must be
equal to -1, in addition, the parameter "naad” must be
indentical to its assigned value when the fourier
coefficients were saved.

Z = continuation distance (must be in grid units) (default z=0.)
for 2>0 downward continuation, for 2<0 upward continuation
thetl & thet2 - angles from geographic north that form a pie-slice
filter for directional filtering(-%90.ge.thet.le.
+90.-thet2.gt.thet1), (default thet1=U., thet2=90,)
istr = -1 reject trends between thetl and thetl.
+1 pass (default istr=1),
(following parameters can be used if spacing and origin
of grid want to be changed. note that these changes
only occur in the header of the output filtered grid and no
subset of the input grid is extracted).
ddx = new grid spacing in x=direction.
ddy - new grid spacing in y-direction.
X0 = new origin of rows. .
yo = new origin of coloumns. (default ddx=ddy=xo0=yo0=0.)
122222222 R R R R2RRRE R R RRREERRRREE R RRRERRRRRRRRRRRRR Rl R R ERRRRR R RN R J
dimension al(2,1024,16) »work(2048),title(14)
character*50 tname,coname,fnamer,conout .
character helpw*é,blank*2,exit*2,fopr*6,flist*6(10),12*12,blid*é
external set_cc(descriptors)s,ioa_$nnl(descriptors)
external close_file(descriptors)
common/main/id(14) ,pgm(2)sn2,y0r,rx0sdxsdysriwskronyrnacdsir
common/parml/fname,conamesioptl,iopt2s,idvalsicoef,ddx,ddy
common/parml2/densdecs,xincsbmagsbdecsbincrzsthetlisthet2,istrowl,wl,
Tuwlswé
equivalence (id(1).,blia)
data icmd/10/.,lnri/16/
data nlist,flist/10,"psagrv”’,"redpol”,"upcont”,"dncont","2ndver",
1”strike”,"banpas”,"psdmag”,"1stver”,"nofilt"/
data blank/" "/,exit/"ex"/,help/"help”/
krz11
iws=6
ir=S
¢ read command file and header record of input file holding data array.
10 call ioa_S$nnl(" = ")
read(ir,20)tname
20 format(asSQ0)
if(tname.eg.exit.or.tname.eq.blank) go to 350
¢ default values of input parameters,
iopt1=0
iopt2=-1
icoef=0
nadd=0
wi=z0.
we=0.

qnannnnnﬂnnnnnn
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f£t00580
f£¢t00590
fft50600
tft00610
fft00620
f££t00630
fft00640
fft00650
f£t00660
fft00670
f+ft00680
fft00690
f£t00700
fft00710
f£t00720
+ft00730
tft00740
+ft 00750
fft00760
tft00770
fft00730
££t00790
+£t00300
fft00810
fft00820
f£t00830
fft00840
fft00850
fft00860
fft00870
fft00880
fft00890
fft00900
fft00%10
£ft00920
f£t00930
fft00940
fftC0950
fft00960
f£t00970
fft0C0980
fft00990
fft01000
fft01010
f£t01020
fft010230
fft01040
fft01050
fft01060
fftC1070
$+£t01080
fft01090
f£t01100
f£t01110
fft01120
f£t01130
fft01140
fft01150
fft01160
fft01170



w3=1,0e+30
w4t=1,0e+30
den=1,
z2=1.
dec=0,0
xine=90.
bmag=1.
bdec=0.0
binec=90.
x0=0.0
yo=0.0
ddx=0.0
ddy=0.0
thet1=0.0
thet2=90.
istr=1
idval=0
2=0.0

¢ read command file.

30
40
50

60
70
90
100

110

120

130

140
150

open(10,moge="in",form="formatted",file=tname)
read(icmd,30)fopr

format (aé)

if(fopr.ne.blank) go to 50

call ioa_Snnl(" enter operator: ")
read(ir,30) fopr

if(fopr.eq.help) go to 80

do 60 i=1,nlist
if(fopr.ne.flist(i)) go to 60
itype=1i

go to 110

continue

write(iw,70)

format (" Kinvalid operator™)
write(iw,%90)

format (" quick list of options")
write(iw,100)flist

format (2x,a06)

go to 40

read(icmd,20)fname
if(fname.ne.blank) go to 120

call ioca_snnl(" enter input file name: ")
read(ir,20) fname

read(icmd,20)coname

if(coname.ne.blank) go to 130

call ioa_snnl(" enter output file name: ")
read(ir,20)coname

read(icmd,140)4id

if(blid.ne.blank) go to 150

call ioa_$nnl(" enter title: ")
read(ir,140)id

format(14a4)

call snarel(icmd)

close (1U0)

¢ test for parameter errors.

if(z.ge.0.0.and.fopr.eq."upcont") go to 30C
if(z.le.0.0.and.fopr.eq."dncont™) gyo to 300
if(fopr.eq."nofilt”.,ana.icoef.eq.0) go to 250

if(abs(thet1).gt.90..0r.abs(thet2).gt.90.) go to 280

if(thetl.gt.thet2) go to 280
if(uwlegtew2eor.w2.gt.wi.or.w3d.gt.wé) go to 280

fft01180
f£t01190
f£t01200
fft01210
fft01220
f£t01230
fft 01240
f£t01250
t£t01260
tft 01270
f£t01280
££t01290
t+ft01300
f£t01310
f£ft01320
fft01330
ftt01340
ftt 01350
f£ft01360
fft01370
fft01380
fft01390
f£t01400
fft01410
t1t01420
f£t01430
fft01440
f£ft01450
fft01460
fft01470
f£ft01480
fft01490
f£t01500
f£t01510
f£ft01520
£t 01530
t£ft01540
ftt01550
fft01560
fft01570
f£ft01580
f£t01590
££t01600
fft01610
fft01620
f£t01630
f£t01640
fft01650
f£t01660
fft01670
fft01680
ff101690
f£t01700
fft01710
tft01720
f£t01730
fft01740
fft01750
t£t01760
f$t01770



c

c
c

c
c

c

160
170

read header record of

jf(abs(binc).gt.90..0r.abs{xinc).gt.90.) go to 280

if(iopt1)

170,180,160

if(ioptil.ne.6) go to 280

go to 13C
iopt1=20
conout="f

open(20,moce="inou

call set_

ftfil.out”

=" t",form="formatted",file=conout)
cc("file2C","-0n")
input file.

180 open(i11,mode="in",form="unformatted”,file=fname)

note that

x & y have been swicthed from normal

(usgs) grid specficati

essCONnvention used is x-north y-east and z-down

set no.
m=no. of rows.

190

200

210
220

230

240

250
260

read(kr)t

itlespgmen2onltsonzsyoprdysrxopsdx

if(icoefeege~lo.ande.fopr.eq."nofilt")itype=11

pgm(1)="f
pgm(2)
nx=nl
ny=né
if(ddx.ne
if(ddy .ne

=u.i

ferf"

l**"

«0.0)dx=ddx
«0.0)dy=ddy

if(xo.ne.0.0)xop=xo0
if(yo.ne.0.0)yop=yo

X0=x0p
yo=yop
l=lnri+l

lnri21=lnri/2+1

of

rows for fft: need m=l*2*+k, m.gt.

or .eg. nx+2*nadd,

l=no. from 9-16, k=interger,

n1=n1+2*nadd

l=Ll-1

if(leltolnri2l) go to 260

mr=n1/L+0
k=1
idiv=2
iquot=mr/
if(iquot.
k=k+1
mr=iquot
go to 200
k=k+1
ma{w2xxk

.00C0001

idiv+0.00C0001

lt.idiv) go to 210

mtest=tl*2xx(k=1)

if(mtest.
k=k=-1
m=mtest

lt.n?) go to 230

if(k.eqg.0) go.to 230

go to 22C
lnxa=m-n1

if(l.ne.lnri) go to 250
nxalé=Llnxa

nrizl
nxa=lnxa
go to 190

if(lnxa.ge.nxa) go to 190

go to 240
ni1zni+nxa

check to see
n11é6=n1-nxa+nxalé

ntest=0.9*n116
if(ntest.gtenlior.nl16.9t.1024) go to 270

if row block size of 16 will be more efficient

fft01780
fft01790
fft01800
fft01810
fft01820
fft01830
fft01840
fft01850
fft01860
fft01870
fft01880
fft 01890
fft01900
fft01910
f£t01920
fft01930
fft01940
fft01950
fft01960
fft01970
fft01980
fft01990
f£t02000
fft0201C
fft02020
fft02030
fft02040
fft02050
fft02060
fft02070
fft02080
fft02090
fft 02100
fft02110
fft02120
fft02130
f£t02140
fft02150
fft02160
fft 02170
f£ft02180
fft02190
fft02200
fft02210
f£t02220
fft02230
fft02240
fft02250
fftC2260
f£ft02270
fft02280
f£t02290
fft02300
fft02310
fft02320
fft02330
fft02340
fft02350
fft02360
fft02370



270
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280
290

300
310

320
330

340
350
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ChrRK

10
20

Chikx
c s
[ d
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nl=nl-nxa+nxalé f£t02380

nxaz=nxalé fft02390
nri=16 fft02400
n2=n2+2*nadd fft02410
if(nt.gt.1024.0r.n2.g9t.1024) go to 320 fft02420
nxa=nxa+2+*naad fft02430
id2=n1 fft02440
if(n2.gt.n1)1d2=n2 fft02450
id2=2+id2 fft02460
put parameters for fft are set: call main program, fft02470
call sfftfil(al,workesnxs,nrisitypesnxarsnl,n2,id2) fft02480
call set_cc("file2C","-0off") : fft02490
if(ioptl.eq.20)close(20) fft02500
go to 10 fft02510
rors resulting in job abortion. fft02520
write(iw,25%0) fft02530
format (" #parameter error detected=--=-case run aborted") fft02540
go to 10 fft02550
write(iw,310) fft02560
format(" #sign of z does not conform to continuation operator"”) fft02570
go to 10 fft02580
write(iw,330)nx,ny,n1,n2 fft0259%0
format (" #no. of extended rows or columns exceeds 1024:"/ fft02600
1" input no. of rows and columns="2i4/ fft02610
2" no. of rows and columns required for filtering=",2i14,/) fft02620
close(11) fft02630
go to 10 fft02640
call close_file("=all") fft02650
stop . ) t£t02660
end ) fft02670
RAR AR Ak R R R AR AR A AR A AR A AR A XA AR AN AR Ak bk hhhrahknkrke e errdnfFft 02680
subroutine "snamel'" reads parms from namelist section 102690
iread=S (terminal read) or 10 (read from file10) f£ft02700
AR Rk A AR AT ARk kA Ak AR Ak A Ak Ak Ak ARk Ak kb Ak kb kwrrhkxnrwwrxfft 02710
subroutine snamel(iread) ‘ fft02720
characterx50 fname,coname f£t02730
common/main/id(14) ,pgm(2)snz,y0sx0sdxsdysriwskronysnaddsir - fft02740
common/parmi/fnames,conames,ioptls,iopt2s,idvalsicoefrddxsddy fft02750
common/parml/densdecsxincsbmaysbdecsoincrzsthett,thet2sistrowlow2,fft02760
RV fft02770
namelist/parms/iopti,ioptd,dens,decr,xincsbmagrbdecsbincr,idval,ddx, fft02780
1ddys,x0syo,thetl,thet2sistronaddswl,wl2swlswbsicoef,z fft02790
read(iread,parms,end=10) fft 02800
return fft02810
write(iw,20) f£t02820
format("#o00d eof in parms command file--program aborted”) fft02830
if(iread.eq.10)close(10) fft02840
stop fft02850
end ’ fft02860
Ahkk kA kAR kA kAR A kA TR A Ak A Ak khhkh kaxxxr Akx bbbk bahbrrxxrxfFt 02870
ubroutine "sfftfil" removes flagged values from grids, transforms fft02880
atas, calls routines to apply filter, and writes filtered grid fft02890
LR R R R R R I T I R T R R R RNl 1]
subrcutine sfftfil(al,worksnxsnrisitypesnxarni,ne,id2) ffe02910
dimension al(2,n2,nridswork(id2),jflag(2,20),titleC14) fft02920
character flist*6(10),helprbrquer~t,fopr*b fft02930

4



c

character~50 coname,fname,fileor,flgloc fft02940

external rename(descriptors).,delete(descriptors) fft02950
external io(descriptors) fft02960
external ioa_(cescriptors),ica_3snnl(descriptors) fft02970
common/main/id{14),pgm(2)snzsy0osx0s0xsdysriwskronyrsnadd,ir f£ft02980
common/basic/cl,elsemsen,bl,bm,bn fft02990
common/parmi/fnamesconame,ioptis,ioptl2s,iaval,icoef,adx,ady fft03000
common/parml/cdensdec,xinc,sbmagsbdecsbincrz,theti,thet2,istr,wl fft03010

1 s w2 rwdsub ff¢03020
common/tr/pradsprgethipsthlp fft03030

data help/"help”/snlist,flist/10,"psdgrv”,"redpol”,"upcont”, fft03040

1 "dncont","2ndver","strike","banpas”,"psamag”,"1stver”,"nofitt"/fft03050
data iunita/10/,iunitb/12/,0vall/o376777772777/ fft03060

data gamma/é6.67323/,pi2/6.28318531/,p1/3.1461592654/,iunitc/15/fft03070
ncase=0 fft03080
if(icoef.ne.-1) go to 10 f£t03090
ncases1? fft03100
open(15,access="direct",mode="inout",form="unformatted”, t+ft03110

1. file="fftfil.coef") fft03120
open(12,access="direct",mode="inout",form="unformatted", f£t03130

1 file="slavel.tmp") fft03140
close(11) fft03150

go to 20 fft03160

remove mean using boundary values. fft03170
10 if(iopt2.Lt.0) go to 20 fft03180
call srmean(nx,ny,al) fft03190
fileo="fftfil.gra” fft03200
open(l1i,mode="inout”",form="unformatted”,file=sfileo) fft03210
read(kr)titlespgm,ny,nx,n2,yosdy,x0,dx fft03220
compute beginning and end column & row in original grid. fft03230
20 do 3C i=1.,2 fft03240
do 30 j=1,n2 fft 03250

30 al(2,3,1)=0.0 fft03260
napl=nadd+1 -~ fft03270

- n22=2*n2 fft03280
n2a=n2-nadd fft03290
nxapl=nxa*0.,5+1 fft03300
fxapl=float(nxa)/2.+1, f{t03310
if(abs(fxapi-float(nxap1)).gt.0.0001)nxapl=nxapi+1 fft03320
nlaz=nxapl=-1+nx fft03330

remove flagged values and add "2+*nadd"” rows & columns to fft03340
reduce the effect of gibbs phenomena. fft03350
open{(10,access="direct",mode="inout",form="unformatted"., fft03360

1 file="slavel.tmp') fft03370
if(ncase.eg.1) go to 590 fft03380
store flaggea values in file "flag.tmp” fft03390
if(idval.eg.1)cpen(l14,mode="inout”,form="unformatted”., fft03400

1 file="flag.tmp") fft03410
irres1 fft03420

iwr=0 fft03430

jr=0 fft03440

40 je=jr+l f£t03450
if(idval.lt.1) go to 310 fft03460
idval>0: removal of flagged values. fft03470
if(jr.gt.1) go to 140 fft03480

read 1st rcw & remove flagged values. fft03490
read{kr)dum,(al(1,i,1),i=napl,n2a) fft03500
read(kr)dum,(al1(1,i,2),i=napi,nla) fft03510
nflag=1 fft03520

i=znagp1 fft03530



50

60
70
80
90

77100

110

120

130

140

150
160
170

180

190

200
220

jflag(1,1)=nap1
if(al(i,napl,1).tt.dval) go to 90

do 60 i=napl,n2a

if(al1(1l,i,1).1lt.dval) go to 70

go to 1270

jflag(1,1)=i

aval=al(1,i,1)

do 80 ii=napl,i-1

alt(1,ii,1)=aval

if(i.ge.n2a) gou to 100

do 100 ii=i+1,n2a
if(al(1,ii,1),tt.dval) go to 100
jfltag(2,nflag)=ii-1

go to 110

continue

jflag(2.,nflag)=n2a
write(14)nflag,(jflag(1,j),jflag(2,j)sj=1snflag)
go to 350

aval=a1(1,ii~1,1)

do 120 i=ii,n2a

if(al(1,i,1). 1t dval) go to 130
al(l1sisl)=aval
write(14)nflag,(jflag(l,jl),jflag(2,j),j=1snflag)
go to 350
al(1,i-1,1)=(a1(1,1-1,1)+31(1,1,1))*0.5
nflag=nflag+1?

jflag(l,nflag)=i

1st row completed: now extend grid & write to diske.

go to 90°

remove flagged values from remaining rows.

if(jr.ge.nx) go to 150
read(krddum,(al(1,i,3),i=napl,n2a)

go to 170

do 160 i=napl,n2a -
at(1,i,3)=dval

nflag=1

i=napl

jflag(i,1)=nap1
if(al1(1,napls2).ltoedval) go to 220
do 180 i=napil,nca
if(at(1,is2).lt.cdval) go to 190
iznap1

jflag(1,1)=n2a+1
ifCal(1,napls3).eq.dvallal(1,napl,2)=ai(l,napl,l)

if(al1(1s,napl,3).tt.dvallal(1,napi,2)=(al(1,napl,1)+

al(1,nap1,32)*(C.5

go to 220

1flagCt, =i

ii=i

do 210 irev=napl,i-1

ji=ii=1

if(a1(1,ii,3).eq.dval) go to 200

a1(1,1i,2)=Ca1(1,1i,1)+a1(1,1i+1,2)+31(1,1i,3)2*(0,3333333

go to 210
3al1€1,i11,2)=(a1(1,711,1)+31C€1,ii+1,2))%0,5
continue

if(i.ge.n2a) go to 230

do 230 ii=i+1,n2a

if(a1(1,ii,2).ltoval) go to 230
jflag(2,nflag)=ii=-1

1Y

fft03540
fft03550
fft03560
fft03570
fft03580
f£t03590
f£t03600
fft03610
fft03620
fft03630
fft03640
fft03650
fft03660
fft03670
fft03680
fft03690
fft03700
fft03710
fft03720
f£t03730
fft03740
fft03750
fft03760
fft03770
fft03780
fft03790
fft03800
f£t03810
fft 03820
fft03830
fft03840
fft03850
fft03860
t£t03870
f£t03880
fft03890
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fft03920
fft03930
fft03940
fft03950
fft03960
fft03970
f{t03980
fft03990
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230

240

250

260

_.-270

.

280
290

300

[ idval.eq.0:

310

320

330
340

go to 240

continue

jflag(2,nflagl)=n2a
write(14)nflag,(jflag(lsjlsjflag(2,j)sj=1,nflag)

go to 390

do 290 i=ii,n2a

if(i.eq.n2a) go to 250

if(al{1,1+1,2).Lt.dval) go to 270

if(al1(1,i,3).eq.dval) go to 260
a1(1,1,2)3(a1(1,1,1)+31(1,i1-1,2)+a1(1,1,3))%0.3333333

go to 290

3a1(1,1,2)=(31(€1,1,1)+31(1,1i-1,2))*0.5

go to 290

if(a1(1,1,3).eq.dval) go to 280
al1(1,1,2)=(a1(1,i,1)+431(1,1-1,2)+31(1,i+1,2)+31(1,i1,3))*0.25
go to 300

31 (1,1,2)=(a1(1,1,1)431(1,i-1,2)+31(1,i+1,2))*0.3333333

go to 300

continue

write(14)nflag,(jflag(1,j),jflag(2,j),3=1,nflag)

go to 390
nflag=nflag+1l
izi+l
jflag(i,nflag) =i
go to 220

read & check
if(jrone.M)irr=2
read(krd)cum,(a1¢1,i,irr),i=napl,n2a)
do 320 ii=napl.,n2a
if(at1(l,ii,irr).eq.dval) go to 330
if(jr.ne.1) go to 390

go to 350

write(iw,340)jr,i1

input data.

format(" #flagged value row=",i4,3x,"col=",14," may be more?")

close(11)
close(10)
return

c extend row & write to disk.

350
360

370
380

390
400

410

420

430
440

do 360 i=1,nap1l
at(1,i,1)=a31(1,napl1,1)

do 370 i=n2a,n2
al1(1,i,1)=a1(1,n2a3,1)
iwrziwr+l

call swrda(iunita,iwr,al,n22)
if(iwr.eq.nxap1) go to 40
go to 380

do 4C0 i=1,napi
a1(1,i,2)=31(1,nap1,2)

do 410 i=n2asnc¢
at(1,i,2)=31(1,n2a,2)
iwrsiwr+1

call swrda(iunita,iwr,at(1,1,2),n22)
if(iwr.ge.n1a) go to 430
if(idval.lt.1) go to 40
do 420 i=napl,nla
al1€1,i,1)=a1(1,4,2)
a1(1,i1,2)=a1(1,1,3)

go tc 40

if(iwr.ge.nl) go to 450
iwr=iwr+l

2d

fft04140
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450

460

call swrda(iunita,iwr,al1(1,1,2),n22)
if(iwr.lt.nl) go to 440
if(idval.eg.l)close(14)

close(1l)

if(icpt2.eq.0)call delete("fftfil.grd™)
format(is)

write headings

470
480

490
s00

510
520
530
540
550
560

570

580

590

600
610

-

620
630

-

640

if(ncase.eq.0) go to 590

call ioca_3nnl (" enter new cperator: ")
read(ir,490)fopr

format(aé)

if(fopr.eq.help) go to 530

do 510 i=1,nlist
if(fopr.ne.flist(i)) go to 510
itype=i

go to 560

continue

write(iws,520)

format(" #invalid operator")
write(iw,540)

format(" quick List of options")
write(iw,550)flist

format (2x,a6)

go to 480

call i0a_snnl(" enter new output file name:

read(ir,570)coname

format(v)

call ioca_(" enter new title"”)
read(ir,580)ig

format(14a4)

call ica_3snnl(

" parm change? (y or n, if y enter parameters via &parms):

read(ir,570)quer

if(guer.ne."y") go to 590 .
call snamel(ir)

ip=iopt1

ith=iw

if(ip.ne.0)ih=ip
rnl1=1./(float{n1)*dx)
rn2=1./(float(n2)xdy)

c2=pi2*2

go to (620,640,670,690,710,730,780,600,890,930,910)sitype

write(ih,610)

format(1hl,"transformation of the gravity field to the
by means of the fast fourier™,

"pseudo-magnetic field,",/,
"* transform and poissons equation,”,/)
go to 640

write(ih,630)

format(1h1,"transformation of total magnetic
" to pseudo-gravitational field,",/,"by means of the fast
"fourier transform and the poisson equation.",/)

rbdec=bdec*pid
rbincsbinc*pid
cosrb=cos(rbinc¢)
bl=cosrbo*cos(rbdec)
bm=cosrbr*rsin(rbdec)
bn=sin(rbinc)
rdec=dec*pid
rinc=xinc*pid

intensity field”,

fft04740
fft04750
fft04760
fft04770
fft04780
fft04790

- £ft04800

f£ft04810
fft04820
fft04830
fft04840
££t04850
fft04860
fft04870
fft04880
fft04890
fft04900
fft04910
fft04920
fftC4930
fft 04940
fft04950
f£t04960
fft04970
fft04980
fft06990
f£t05000
££t05010
f£t05020
fft05030
fft05040
f£t05050
fft05060
fft05070
fft05080
f£t05090
fft05100
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fft05120
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fft05140
fft05150
fft05160
fft05170
fft05180
fft05190
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fft05210
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f£t05230
fft05240
f£t05250
ftt05260
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fft05280
f£t05290
fft05300
£ft05310
f£¢05320
fft05330



650
660

670
680

690
700

710
720

730
740

750
760

770

780
790

800
810

820
830

840
850

-

cosr=cos(rinc)

el=cosr*cos(rdec)
em=cosr*sin(rdec)

en=sin(ring)
if(itype.eq.2) yo to 650
c1=(gamma*den) /(pil2*bmag)

go to 950

write(ih,660)
format(thl,"transformation of the total magnetic

field ",

"intensity to the pole,",/," by means of the fast fourier

"transform and the poisson equation.",/)

go to 950

write(ih,680)

format(1hl1,"upward continuation of field values,",/,

" by means of the fast fourier transform,”,/)

go to 950

write(ih,700)

format(lhl,"downward continuation of field values,",/,

* by means of the fast fourier transform.".,/)

go to 950

write(ih,720)

format(1hl1,"second vertical derivative operation,
by means of the fast fourier transform.",/)
cé=b *pi*pi

go to 950

write(ih,74Q)

I/I

format(1hl,"strike sensitive filtering using the fast .,
“fourier transform.",/)

p=1.
q=0.0

if(istr.ne.1) go to 760

if(thet1,lt.0.0.and.thet2,ge.0.0) go to 750

go to 770
p=0.0
Q=1o

go to 770

if(thetl.lt.0.00and.thet2.ge.0.0) go to 770

p=0.0
q=1.

th1p=180.~thet1
th2p=180.,~thet?2

if(thlp.gt.180.)th1p=th1p=-180.
if(th2p.gt.180.) th2p=th2p-180,
prad=180./pi

go to 950

write(ih,790)
format(1hl,"band-pass filter applied to data",/)

if(wl.ne.0.0) go to 800

f4=1.0e+30

go to &10
foe=1./wl

if(wz.ne.0.0)
f3=1.0e+30

go to &30
t3=1./wl

go to 820

if(w3.ne.1.0e+30) go to 840

f2=0Q
go to 850
f2=1./w3

if(wétene,1.0e+30) go to 860

dp

’

fft05340
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fft05680
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860
870

880

890
900

910

=920

[

[

c

930
940

950

-

960

00O ~NOWV NN -

obtain

970

980

990

f1=0,

go to 870

f1=1./wéd

if(w3.eq.w4é) go to 880

btan12=1./(f2-f1)

if(wl.eq.w2) go to 950

btan34=1./(f4=-13)

go to 950

write(ih,900)

format(1hl,"first vertical derivative operatiocn,
" by means of the fast fourier transform.,"”,/)
cb=pi?

go to 9s0

write(ih,920)

Py

format(1h1,"” no filter operation performed: fourier coeff.'s",

" are inputed and inverse transformed",/)

go to 950

write(ih,940)

format(1h1,” no filter operation performed: only fourier ",

"coef.s are outputed in fftfil.coef”,/)
write(ih,960)ids,denszsbmagrxincsdecsbincobdecsthetl,thet2,
istrowlswlsw3dswbrdxsdysxo0syosnysnx,nadarsn2snl,fname,coname
format (" title: ",14a4,/" parameters: censity=",f7.3,5x»

"datum level 2=",f7,3/13x,"intensity of magnetizationz", 9,3

/13x+,"inclination § declination of geomagnetic field=",2f9.3
/13x,"inclination & declination of magnetization vector=",
2f9.3/13xs"thet1=",f9.3,5x,"thet2=",19.3,5x,"istr=",i2/13x%x,
"wlow2,sWw38uwb=",4e11,4/13x,"dx & dy=",2e14.6/13x,

"originof grid(xo & yo0)=",2e14.6/13x+"no. of columns & rows="

+»2i5/13x,"nadd=",15," extended columns § rows=",2i5/13x»
"input file name: ",a50/13x,"output file name: ",aS50.,/)
complex fourier coefficients (f.f.t. al).

if{ncase.eqg.0) go to 980

jr=0 -

do 970 i=1,n1

jr=jr+

call srddaiunitcojresal,n22)

call swrda(iunita,jr,a1,n22)

if(itype.eq.11) go to 1110

go to 1000

isign=-1
open(l12s,access="direct”",mode="inout",form="unformatted”.,
file="slavel. tmp")

call sfftmg(iunitariunitbsn2sntsalsnrisisignswork)
open(15,access="direct",moce="inout",form="unformatted”,
file="fftfil,coef")

jr=0

do 990 i=1,n1

jrejr+l

call srddaCiunitarjrsal,n22)

call swrda(iunitc,jr,al,n22)

if(itype.eq.10) go to 1250

al array now holds comglex fourier coefficientse.

1000

n1pl=ni+1
n2pl=n2+1
nnh1s(n1/2)+1
nnh2=(n2/2)+1

operating on a1 fourier coefficients.

jr=0
jmr=nl+l

i

1105940
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c

c
c

1010

1020

1030
1040
1050

1060

1070
1080
1090

1100

jr=jr+l
if(jregtennhl)
ji=jr=1
x=float(jjl*rn1
XSQ=Ex*x
call srdda(iunitarjrr.at1,n22)

do 1090 i=1,n2

ii=i-1

if(i.gt.nnh2)ii==(n2p1=1i)

y=tloat(iid#*rne

XysSg=xsqty*y

go to (1020.,1020,1030,1030,1040,1050,1060,1020,1070),1type
if{xysq.eq.C.0) go to 1080

call spspol(ityresxsyrxysqral(t,intdeal(2,1,1))

go ta 1090

call scont(c2,xysqgratl(1si,1),31(2,1,1))

go to 1090

call ssvert(cb,xysqeal(lsinsl)sral(2,i01))

go to 1090

if(xysGge.eq.0.0) go to 1090

call strend(x,y,al(1,is1),21(2,3,1))

go to 1090 -

call sbpass(at1(1,i,1),31(2,7,1),f1,f2,f3,f4,btanl2,btan3s,
xysqg)

go to 1090

call sfvert(cbdorxysgral(1si,1),a1(2,10+1))

go to 1090

31(10111)=000

al1(2,1,1)=0,0

continue

call swrdaiunitarjr.al,n22)

if(jr.eq.1) go to 1010

jmar=jmr~1

if(jr.eq.jmr) go to 1110

a1(2,1,1)==a1(2,1,1)

iwr=z=n2p?

do 1100 i=2,nnh2

iwrziwr=1

x=2a1(2,1,1)

y=al(1,i,1)

a1(2,1,1)=-31(2,iuwr,1)

al€(1,i,1)=31(1,iwr.,1)

al(1,iurs,l)=y

a1(2,iwrsi)=-x

continue

call swrda(iunitasjmrsaltsn22)

go to 1010

go to 1110

al array now holds complex coefficients operated on by filter
compute desired anomaly = inv, f.f.t. of al

1110

isign=1
call sfftmg(iunitasiunitbsn2snlisalonrisisigns,work)
areaz=1,/flocat(nl1*n2)

a1l array now holds computed anomaly on datum = 2z,
create standard ocutput file and list output.

1120

if(ioptt.eq.0) go to 1120

write(ip,1240)ids,2

f16=float(ny)/16.

i1é6=ny/16

if(abs(f16-float(i16)).gt.0.0001)i16=i15+1
open(li,mode="1inocut”,form="unformatted”,file=coname)

42

££t06540
£££06550
t£t06560
t££06570
tft06580
£££06590
££t06600
fft06610
t1t06620
f£t06630
£££06640
f££06650
££t06660
££t06670
t£t06680
£££06690
££t06700
££t06710
££t06720
£$t06730
£££06740
££t06750
f£t06760
f£t06770
££t06780
££t06790
£ft06800
£ft06810
££t06820
£ft06830
t£t06840
££t06850
£££06860
$£t06870
f£t06880
f£t06890
£££06900
££t06910
£ft06920
££t06930
££t06940
£$£06950
£ft06960
££t06970
££t06980
£££06950
£$£07000
££t07010
£££07020
££t07030
£££07040
££t07050
f££07060
£££07070
££t07080
£$£07090
£££07100
££t07110
fft07120
££tC7130



write(kr)idspgmsny,nx,nz,y0,dys,x0sdx

fft07140

if(idval.eg«.1)open(l4,mode="in",form="unformatted"”, fft07150
file="flag.tmp") fft07160
flgloc="flag.loc" fft07170
if(idval.lt.0)open(l1é,mode="in",form="unformatted", fft07180
file=flgloc) fft07190

dum=C.C fft07200

iwr=0 f£t07210

do 1210 jr=nxaplisnila fft07220
iwrziwr+1 fft07230

call srddaCiunitarjrral,ni2) fft07240
if(idval.eq.0) go to 1170 $§t07250
read(14)nflag,(jflag(l,jl,jflagl2,j)sj=1snflag) fft07260

j=1 fft07270

restore shape of original grid (i.e. insert flagged values). fft07280

do 1160 i=napil,nla f£ft07290
ifCistltejflag(1,3)) go to 1130 £t 07300
if(i.eqg.jflag(2,3)) go to 1140 £t 07310

go to 1150 fft07320

1130 al(1,i,1)=dval fft07330
go tc 1160 fft07340

1140 j=j+1 f£t07350
if(j.le.nflag) go to 1150 fft07360

j=j~1 fft07370
jflag(1,j)=1024 fft07380

1150 al1(1,i,1)=31(1,i,1)*area fftC7390
1160 continue f1ft07400
go to 1190 fft07410

1170 do 1180 i=napl,n2a fft07420
1180 at(l,ir,1)=a31(1,3i,1)*area fft07430
1190 write(kr)dum,(al(1,i,1)si=napl,n2a) fft07440
if(ioptt.eq.0) go to 1210 fft07450
write(ip,1220)iwr fft07460
ih=napi-1 f£t07470

do 1200 ii=1,i16 fft07480
iout=ih+1 fft07490
ih=iout+15 f£t07500
if(ih,gt.n23)ih=n2a fft07510

1200 writeCip,1230)(al1(1,i,1),i=i0ut,ih) fft07520
1210 continue fft07530
1220 format(/,1x,"row ",i3) fft0?7540
1230 format{(3x,16%7.1) fft07550
1240 format(1h1,1424,//" calculated anomaly on lLevel z=",f7.3,//) fft07560
close(11) f£t07570
if(idvalene.0)close(14) fft07580
ioca_3nnl(Y additional filtering to original grid?(y or n) ") fft07590
read(ir,570)quer fft07600
if(quer.ne.”y") go to 1250 fft07610

ncase=1 fft07620

go to 470 fft07630

1250 if(idvale.ne.1) go to 1260 fft07640
if(icoef.eq.0)call delete("flag.tmp") fft07650
if(icoef.gt.0)call rename("flag.tmp","flag.loc") fft07660

1260 close(10) fft07670
close(12) fft07680
close(15) fft07690

call delete("stavel.tmp”) fft0?7700

call delete("slavel.tmp") fft0?710
if(icoef.eq.0)call celete("fftfil.coef") fft07720

go to 1290 fft07730

2



1270
1280

1290

write(6,1280)

fft07740

format(" #entire first row is flagged values-program aborted”) fft(G7750

close(11)

close(10)
if(idval.eg.1)close(14)
return

end

fft07760
fft07770
fftG7780
fft07790
fft07800

[ 222 R 2R R R ERSRERRERRERERER R R R R R ittii"***tﬁtt**t*t*********t*ﬁfft07810

yu

subroutine sfftmg(unitarunito,n,msfsrl,isignrwork) fft07820

c performs 2-dimensional fast fourier transform using disk fft07830
c arguments - fft07840
-e— unita - unit numkber of open random access disk file containing fft07850
c one complex data row per record. fft07860
c this file is used for input to fftmg and output fft07870
c of the transform from fftmg. fft07830
c unitb - unit number of open random access work file fft07890
¢ h the same as the file of unita. fft07900
¢ n - number of y columns = length of x rows. fft07910
c m - number of x rows = length of y columns, fft07920
¢ must be of the form L#*2%*+k (k integer). fft07930
c f - complex work array for core manipulations. fft07940
c L - number of x rows which can be held in f. f£t07950
c isign = +1 or -1 for forward or reverse transform, fft079¢60
c work = work array for in-core transform routine sfourt, fft07970
c work must be complex, of length max(n,Ll). fft07980
< developed and <coded by ray watts-—-usgss,denver fft07990
< note: randinsrandourinset, and outset are entry points f£t08000
4 in subroutine sdummy fft08010
CRRR R AR Rk R R A AR AR R AR R AR R R AR AR R AR A kR b kA A kAR v vkt w ekt rrnrxxxfft (08020
integer unitasunitbsroutput,ndim(2) fft08030
complex f(n,l),twidlestwidlfrwrwork(1) fft08040
nfourt=2*n=| o fft08050
nwork=2=+n fft 08060
if(legton)nwork=2=1t £ft08070

¢ Iy R R R R R R R E T R R R R R R R R R R R R R R R R R R R P e R R R fft08080
c * the number of disk accesses (reads+writes) used by = fft08090
c * this program is mx(&4*xlo0g2(m/L)+3), * fft08100
[ I R R R R Rt R R s R R R R R 2 R 2 22 2 2 2 R R R 2  E R R R R EE ST fft08110
€ mm—m—m—m—————— ——eemecee—— R LB LD B L LD DD e e ————————— fft08120
< check arguments fft08130
ifll*(m/L).ne.ndstop "L not a factor of m in fftmg"” fft08140
ml=m/l fft08150

mt=1 fft08160

10 if(mt-ml)2GC,40,30 fft08170

20 mt=2=mt fft08180

go to 10 fft08190

30 stop “m/l not a power of 2 in fftmg" fft08200

40 continue fft08210

c it b S bbb e ittt DD D D bl R e kil b fft08220
c e i it bbbt d il e LD DDl R i ———— fft08230
c start processing $+£t08240
< skip decimation if L .eg. m fft08250
if(leeg.m)go to 80 fft08260

c set starting input and output units f£ft08270
input=unita fft08280
output=unitb fft08290

¢ set starting blocksize for decimation in input domain fft08300
iblock=m fft 08310
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decimate this blocksize
set up sub-block size
isub=iblock/2

set up for random
call inset(input)
call outsat(output)

for each vlock of this size

do 60 iblst=1,msiblock

copy even members into first sub-blocks o0dd members
do 60 i=1,isub

call randin(n,f,2*(i=1)+iblst)

call rancou(n,fri=-1+iblst)

call randin(ne,f,2*i-1+iblst)

call randou(n,f,i=-1+iblst+isub)

swap input/output functions

inputt=input

input=output

output=inputt

next smaller blocksize

iblock=isub

loop if not done

if(iblock.gtal)go to SO

decimaticn complete

i/0

into

- - - - - - - - - - - - - - - - - - - - - - - -

ensure that data set i1s back on unita
if(input.eqe.unita)dgo to 80

call inset(input)

call outset(output)

do 70 i=1,m

call randin(n,f,i)

call randouln,f,i)

continue -

start transform.
set block size
iblock=1

set up for random
call insetdlunita)
call outset(unita)
run through the blocks

do 100 istart=i,m,iblock

into=1

run through the records in a block
do 90 irecrd=istartsistart+iblock=1
read the record

call randin(ns,f(1,into)s,irecrd)
proceed with next record in block
intozinto+l
fourier transfcrm
ndim(1)=n
ndim(2)=1

call sfourt(f,ndim,2,isign,1,workenfourt,nwork)

[ 22222 R R EZEZEIREZEEREEIREEE RS RR RS R IR SRR RS R EE XN X RERE XN
write the block back onto disk

ifrom=1

do 100 irecrd=istart,istart+iblock=1

call randouln,f(ls,ifrom)sirecrd)

ifrom=ifrom+1

ilo

in both directions

i

second

fft08320
fft08330
tft08340
f£ft08350
fft08360
fft 08370
fft08380
tft08390
f£t08400
fft(08410
fft08420
$tt08430
fft08440
f£ft08450
$£t08460
fft08470
t£t08480
{08490
f£t08500
t+£t08510
fft08520
f£ft08530
fft08540
fft08550
f£t08560
fft08570
fft08580
t£t08590
fft08600
fft08610
f£t08620
f£t08630
603640
fft03650
f£t08660
f£t08670
t+£ft08680
fft 08690
fft08700
fft08710
fft08720
t£t08730
f£t08740
fft 08750
f£t08760
f£t08770
f{t08780
££t08790
f£t08800
t+£t08810
tft08820
fft 08830
fft08840
f£ft08850
fft08860
$ft08870
tft08880
f{t 08890
fft08900
$ft08910
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120

130
140

if l.eg.m, the transform is now complete.
if(leegem)return

done with first-step processing

finish the processing by pairs of rows, applying twiddle factors
set the twiddle generator
twidlf=cexp(cmplx(0.,3.141593*isign/(iblock)))
run through the blucks by pairs

do 140 istart=1,m,iblock*2

start the twiddle factor

twidle=(1,,0.)

scan the block pair

do 130 irecrd=istart,istart+iblock-1
jrecrd=irecrd+iblock

call randin(n,f,irecrd)

call ranain(n,f(1,2),jrecrd)

combine, using twiddle factor

do 120 i=1.,n

wstwidlexf (i,2)

fC(i,2)=f(i,1)-w

fli1)=f(1,1)+w

write back onto disk

call rancouln,frirecrd)

call randou(n,f(1,2),jrecrd)

increment the twiddle factor
twidle=twidlextwidlf

go on to next block pair

continue .
increase the block size, change twiddle increment
iblock=2*iblock

twidlf=csqrt(twidl f)
if(isign*aimag(twidlf). lt.0)twidl f==twidlf
check if done

if(iblock.lt.m)go to 110 =
done processing

end

subroutine sdummy
random access i/o0 routine

integer out

complex f(n),g(n)

entry to receive input setup
entry inset(iin)

in=2iin

return

entry to receive output setup
entry outset(iout)

out=iout

return

entry to do input

entry randin(n,f,nrec)
read(in'nrec)f

return

entry to do output

entry randou(n,gesenrec)
write(out'nrec)g

fft 08920
fft08930
fft08940
fft08950
fft08960
fft08970
fft08980
fft 08990
fft09000
f£t09010
fft09020
f£t09030
fft09040C
fft09050
fft09060
+ft 09070
fft09030
fft09090
fft0910C
fft0911C
fft09120
fft09130
fft09140
fft09150
fft09160
fft09170
fft09180
f£t09190
fft09200
1ft09210
fft09220C
fft09230
fft0924C
fft09250
fft09260
fft09270
fft09280

fft0%9290
fft09300
fft09310
fft09320
fft09330
fft09340
fft09350
f£t09360
fft09370
fft09380
fft09390
fft09400
fft09410
fft09420
fft09430
fft09440
fft09450
fft 09460
fft09470
f£t09480
fft09490



return ' fft09500

end fft09510
c*t**tﬂttttitﬁt’ittt**tttttt*ittttitt*ﬁOtt*ﬁtﬁ'tﬁi*ittiitﬁiit*ttﬁﬁ**ﬁt**fftooszo
subroutine sfourt(gatasnnsndimsisignsiformeworkosnfourtesnwork) f£ft09530
note that "nfourt” and "nwork"™ in subroutine call statement are fft09540
revised features of "sfourt". they are used as dynamic gimensioning fft09550
for the "“data” and "work™ arrays fft09560
the cooley-tukey fast fourier transform in usasi basic fortran fft09570
transform(j1,j2s00+,) = sum(data(il,i2ssr,e)*ul2*x((i1=-1)%(j1=1)) fft09580

* g 2* e ((i2=1)%(j2=1))%s4ss)» fft09590

where i1 and 31 run from 1 to nn(1) and wi=exp(isign*2#*pi=+ fft09600
sqrt(=1)/nn(1)), etc. there is no Limit on the dimensionality fft09610
(number of subscripts) of the data array. if an inverse fft09620
transform (isign=+1) is performed upon an array of transformed fft09630
(isign=-1) data, the original data will reappear. fft 09640
multipliea by nn(1)*#nn(2)*,,, the array of input data must be fft09650

A OO0 000600O0OOHOOOO0O0OHBOHODOOONHONHOHOHNHOHOHAHONHOOHOHOONONODHOAOONHOHODOHOOHOAOOON

in complex format., however, if all imaginary parts are zero (i.e,.fft09660
the data are disguised real) running time is cut up to forty per- fft09670
cente. (for fastest transform of real data, nn(1) should be even.)fft(d9680

the transform values are always complex and are returned in the fft09690
original array of datar, replacing the input data. the length fft09700
of each dimension of the data array may be any inteyer, the fftU9710
program runs faster on composite integers than on primes, and is fft09720
particularly fast on numbers rich in factors of two. fft09730

timing is in fact given by the following formuta, let ntot be thefft09740
total number of points (real or complex) in the data array., that fft09750
iss, ntot=nn{1)*nn(2)*.,.. decompose ntot into its prime factors, fft09760
such as 2+%#%k2 * 3%x%xk3 = S52+k5 + ,,, Llet sum2 be the sum of all fft09770
the factors of two in ntot, that is, sumd = 2+*k2. let sumf be fft09780
the sum of all other factors of ntots, that iss sumf = 3*k3x5+xkS5+,,fft09790
the time taken by a multidimensional transform on these ntot data fft09800
is t = t0 + ntot*(t1+t2*sum2+t3*sumf), on the cdec 3300 (floating fft(09810
point add time = six microseconds), t = 30C0 + ntot*(600+40*sum2+ fft09820
175*sumf) microseconds on complex data. fft 09830
implementation of the definition by summation will run in a time fft09840
proporticnal to ntot*{(nn(M)+nn(2)+,.,). for highly composite ntotfft09850
the savings offered by this program can be dramatic, a one-dimen-fft09860

sional array 4C00 in length will be transformed in 4000=*(600+ fft09870
LO*(2+42+4242+2)+175«(5+5+5)) = 14.5 seconds versus about 4000« fft09880
4000+175 = 2800 seconds for the straightforsard technique. fft09890
the fast fourier transform places three restrictions upon the fft09900
data. fft09910
1« the numper of input data and the number of transform values fft09920
must be the same. fft09930
2. both the input cata and the transform values must represent fft09940
equispaced points in their respective domains of time and fft 09950

frequency. calling these spacings deltat and deltat, it must be fft09960
true that deltaf=2+pi/{(nn(i)*deltat), of course, deltat need not fft09970

be the same for every dimension, fft09980C
3. conceptually at leasts, the input datas and the transform output fft09990
represent single cycles of periodic functions. fft10000
the calling sequence is-- fft10010
call fourt(datasnn,ndimsisigns,iformswork) fft10020
data is the array used to hold the real and imaginary parts fft10030
of the data on input and the transform values on output. it F£610040
is a multidimensional floating point array, with the real and fft100S0
imaginary parts of a datum stored immediately adjacent in storage fft10060
(such as fortran iv places them). normal fortran ordering is fft10070

expected, the first subscript changing fastest. the dimensions fft10080



are given in the integer array nn, of length ndim. isign is =1
to indicate a forward transform (exponential sign is =) and +1

complexs, O if the data are real., if it is 0, the imaginary

parts of the data must be set to zero. as explained aboves, the
transform values are always complex and are stored in array data.
work is an array used for working storage. it is floating point
reals, one agimensional of length egual to twice the largest array
dimension nn(i) that is not a power of two. 1i1f all nn(i) are

calling sequence, thus, for a one-dimensional arrays, nn(1) odd.,
work occupies as many storage locations as data. if supplied,
work must not be the same array as data, all subscripts of all
arrays begin at one.
example 1. three-dimensional forward fourier transform of a
complex array dimensioned 32 by 25 by 13 in fortran iv.
dimension data(32,25,13),work(50),nn(3)
complex data
data nn/32,25,13/
do 1 i=1,32
do 1 j=1,25
do 1 k=1,13

1 data(i,jo.k)=complex value
caltl fourt(datarsnn,3,-1,1,uwork)
example 2. one-dimensional forward transform of a real array of
length 64 in fortran ii.
dimension data(2,64%)
do 2 i=1,64
data(1,i)=real part

2 data(2,i1)=0,
call fourt(datas,64.,1,-1,0,0)
there 3re no error messages or error halts in this program, the
program returns immediately if ndim or any nn(i) is less than one.
program by norman brenner from the basic program by charles
rader, june 1967, the idea for the digit reversal was
suggested by ralph alter,
this is the fastest and most versatile version of the fft known
to the author. a program called four2 is available that also
performs the fast fourier transform and i1s written in usasi basic
fortran., it is about one third as long and restricts the
dimensions of the input array (which must bz complex) to be powers
of two. another programs called fourl, is one tenth as long and
runs two thirds as fast on a one-dimensional complex array whose
length is a power of two.
reference—~
ieee audio transactions (june 1967), special issue on the fft.

OO OO0 AOONNOOANONDOOONNOANOKOONODODONONOONONODOODON

dimension datal(nfourt)s,nn(2)s,ifact(32),work(nwork)
data twopi/6.2331853071796/,rthlf/0,70710678113655/
1f{ndim-1)1150,10,10

10 ntot=2
do 20 idim=1,ndim
if{nn(idim))1190,1190,20

20 ntot=ntot*nn(idim)

< main loop for each dimension

npi=2
do 1180 idim=1,ndim
n=nn{(idim)
np2=npil*n
1f(n-1)1190,1170,3C

1Lv]

fft10090
fft10100

for an inverse transform (sign is +), iform is +1 if the data arefft10110

fft10120
fft10130
fft10140
fft10150
fft10160
fft10170

powers.of twor, it is not needed and may be replaced by zero in thefft10180

fft10190
fft10200
fft10210
£ft10220
fft10230
fft10240
fft10250
f£t10260
fft10270
fft10280
fft10290
fft10300
fft10310
fft10320
fft10330
f£t10340
fft10350
f£t10360
fft10370
fft10380
fft10390
fft10400
fft10410
fft10420
fft10430
f£t10440
fft10450
fft10460
fft10470
fft104 80
fft10490
fft10500
fft10510
fft10520
fft10530
fft10540
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f£t10560
fft10570
fft10580
fft10590
fft10600
fft10610
fft10620
f£t10630
fft10640
fft10650
fft10660
fft10670
f£t10680
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180

190

is n a pocwer of two and
m=n

ntwo=npl

if=1

idivs2

iquot=m/idiv
irem=m=-idiv*iguot
if{iquot-idiv)120,5C,5C
if(irem)70,60,70
ntwosntwo+ntwo
ifact(if)=idiv
if=if+1

m=iquot

go to 40

idiv=3

inon2=if

iquot=m/idiv
irem=m=-idiv*iquot
i+f(iquot-idiv)140,90,90
if(irem)113,100,110
ifactd(if)=idiv
if=if+1

m=iquot

go to 30

idivsidiv+2

go to 80

inon2=if

ifCirem) 140,130,140
ntwosntwo+tntwo

go to 150

ifact(if)=m

separate four cases--

¢ complex transform or real transform for

dimensions.

if not, what are

2. real transform for the 2nd or 3rd

transform half the data.,

jugate symmetry.

its factors

dimension.
supplying the other half by con-

3. real transform for the 1st dimension, n odd.
set the imaginary parts to zero.
4, real transform for the 1st dimension, n even,

transform a complex array of Length n/2
are the even numbered real values and whose

are the odd numbered real values.
the second half by conjugate symmetry.

icase=1

ifmin=1 .

ileng=np1t
if(idim=-43Y160,210,210
if(iform)170,170,210
icase=2
ilrng=npl*(1+nprev/2)
if(idim=-1)180,180,210
icase=3

ilrng=np1
if{ntwo-np1)210,210,190
icase=4

ifmin=2

ntwos=ntwo/?2

n=n/2

np2=np2/2

e

the 4th,

method-~-

whose real parts
imaginary parts
separate and supply

fft10690
fft10700
fft10710
fft10720
f£t10730
fft10740
fft10750
fft10760
fft10770
fft10780
fft10790
fft10800
fft10810
££110820
fft 10830
f£t10840
fft10850
fft 10860
fft10870
fft 10880
fft10890
fft10900
fft10910
fft10920
fft10930
fft10940
fft10950
fft109640
fft10970
fft10980
fft10990
fft11000
fft11010
fft11020
fft11030
fft11040
fft11050
fft11060
fft11070
ftt11080
fft11090
fft11100
fft11110
fft11120
fft11130
fft11140
fft11150
fft11160
fft11170
fft11180
fft11190
fft11200
fft11210
fft11220
fft11230
fft11240
fft11250
ffe11260
fft11270
fft11280



(]

ntot=ntot/2 fft11290

i=1 fft11300

do 200 j=1,ntot fft11310
data(j)=catali) fft11320

200 i=i+2 fft11330
shuffle data by bit reversal, since n=2+*k, as the shuffling fft11340

can be done by simple interchange, no working array is needed fft11350

210 if(ntwo-np2)290,220,220 fft11360
220 np2hf=npd2/2 fft11370
j=1 fft11380

do 280 i2=1,np2.,np1 fft11390
i1f(j-122230,250,250 fft11400

230 i1max=i2+np1=2 fft11410
c— do 240 i1=i2,i1max,2 fft11420
do 240 i3=i1,ntot,np?2 fft11430
j3=j+i3-i2 fft11440
tempr=data(i3) fft11450
tempi=data(i3+1) fft11460
data(i3)=data(j3) fft11470
data(i3+1)=data(j3+1) fft11480
data(j3)=tempr fft11490

240 data(j3+1)=tempi fft11500
250 m=np2hf fft11510
260 if(j-m)280,280,270 fft11520
270 j=j-m fft11530
m=m/2 fft11540
if(m-np1)280,260,260 fft11550

280 j=j+m . fft11560
go to 370 fft11570
shuffle cata by digit reversal for general n fft11580

290 nwork=2*n fft11590
do 360 i1=1,npl1,2 fft11600

do 360 i3=il,ntot,np2 fft11610
j=i3 - fft11620

do 350 i=1,nwork.,?2 fft11630
if(icase-3)300,310,300 fft11640

300 work(i)=cata(j) fft11650
work(i+1)=data(j+1) fft11660

go to 320 fft11670

310 work(id)=cata(j) fft11680
work(i+1)=0, fft11690

320 ifp2=np?2 £ft11700
ifsifmin fft11710

330 ifpl=ifp2/ifact(if) fft11720
i=j+ifpi fft11730
1f(j-13-1fp2)350,340,340 fft11740

340 j=j-ifp2 fft11750
ifp2=1ifp1 fft11760
ifsif+l fft11770
if(ifp2=-np1)350,350,330 . fft11780

350 continue fft11790
i2max=i3+np2=-np1 fft11800

i=1 fft11810

do 360 i2=i3,i2max,npl fft11820
data(i2)=work (i) fft11830
data(i2+1)=work(i+1) tft11840

360 i=i+2 fft11850
main lLoop for factors of two. perform fourier transforms of fft11860

length four, with une of length two if neeced. the twidcle factorfft11870
wsexp(isign*2+*pi*sqgrt(-1)+m/(4*mmax)). check for w=isign*sqrt(-1)fft11880



and repeat for w=w*(J+isign*sqrt(=1))/sqrt(2). fft11890

370 if{ntwo-np1)680,680,380 f£t11900
380 nplitw=npl+npil fft11910
ipar=ntwo/npl fft11920

390 if(ipar-2)430,410,400 f£ft11930
400 ipar=ipar/e4 f$t11940
go to 390 fft11950

410 do 420 i1=1,i1rng,2 11960
do 420 k1=il,ntot,nplitw fft11970
k2=k1+np1 fft11980
tempr=data(k2) fft11990
tempi=data(k2+1) t£t12000
data(k2)=datal(k1)~-tempr fft12010
data(k2+1)=data(ki+1)~-tempi f$t12020

T datal(k1)=data(kl)+tempr fft12030
420 data(kl+1)=data(ki+1)+tempi ff£12040
430 mmax=np1 _ fft12050
440 if(mmax=-ntwo/2)450,680,680 ££t12060
450 lmax=max0{(npltw,mmax/2) f£f£12070
do 670 Ll=npl.,lmax,npltw fft12080

m=l . fft12090
if{mmax-np1)500,500,460 fft12100

460 theta=-twopi*float(l)/float(4rmmax) fft12110
if(isign)480,470,470 ftt12120

470 theta=-theta ££ft12130
480 wr=cos(theta) f£t12140
wizsin(theta) fft12150

490 w2r=wr*wr—uwi*uwi . ftt12160
W2iz2.*wr*uwi : fft12170
w3drzwlrrtur-w2i*uwi fft12180
wliswlr*wi+wli*twr 12190

500 do 630 i1=1,i1rng.,2 fft12200
kmin=il+ipar*m tft12210
if(mmax-np1)510,510,520 - $£t12220

510 kmin=i1 $§t12230
520 kdif=zipar*mmax _ f£t12240
530 kstep=4*kdif ’ fft12250
) if(kstep-ntwo)540.,540,630 fft12260
540 do 620 kil=kmin,ntot,kstep 12270
k2=k1+kdif fft12280
k3=k2+kdif fft12290
kb=k3+kdif ' f£t12300
if(mmax-np1)550,55L,580 f$t12310

SS0 ulr=data(ki)+data(k2) 12320
utisdata(ki+l)+datal(k2+1) fft12330
u2r=data(k3)+data(ks) f£t12340
u2izdata(k3+T)+data(ks+1) fft12350
uldr=data(k1)-data(k2) 112360
udi=sdata(ki+l)~-data(k2+1) f£ft12370
if(isign)560,570,570 ff£12380

560 u4r=data(k3+1)-datal(kée+1) ' fft12390
ubdiz=data(ké)-data(k3) fft12400

go to 610 12610

S70 ubr=data(ké+l)-data(k3+1) fft12620
ubi=data(k3)-data(ké) fft12430

go to 610 fft12440

580 t2r=w2r*data(k2)-wl2i*data(k2+1) fft1245C
t2isw2r*data(k2+1) +uwl2i*dgata(k) 12460
t3r=wr*rdata(k3)-wisdata(k3+1) fft12470

t3i=swr*data(k3+1)+wirdata(k3) fft12480

dl



590

600

“7610

noOoaon

620

630

640
650

660

670

680
690

700

710

720
730

tér=wldr*datalké)-wldi*data(ké+1)
téiz=wdrxcata(ké+l) +w3irdatalksd)
ulr=datal(k1)+tlr
uli=data(k1+1)+t2i
ulr=t3r+tér
u2i=t3i+tsi
udr=data(kl)-t2r
udi=data(k1+1)=-t21
1f(isign)590,000,600
ubr=t3i-téi
ubiz=tér=-t3r

go to 610
ubrstbi-t3i
ubi=t3r-tar
datal(k1)=ulr+ulr
data(ki+1)=yli+uli
data(k2)=uldr+usr
data(k2+1)=u3i+usi
data(k3)=ulr~ulr
data(k3+1)=uli-u2i
data(ké4)=uldr-uébr
datal(ké+1)=u3i-ubi
kdif=kstep
kmin=4*(kmin=11)+i1
go to 530

continue

m=m+{max
if(m-mmax)véd0,640,067C
if(isign)650,660,600
tempr=wr
wrs(wr+wid)*prthtif
wis=(wi-tempr)*rthtf
go to 490

tempr=wr
we=(wr-wi)=rthlf
wis(tempr+wid*rthlf
go to 490

continue

ipar=3-ipar
mmax=mmax+mmax

go to 440

main loogp for factors not equal to two.

agply

the twiddle factor

w=exp(isigne2+xpi*xsqrt(=1)+*(j1=-1)x(j2=-j1)/(ifpl1+ifp2))s, then
perform a fourier transform of Llength ifact(if), making use of

conjugate symmetries.
if(ntwo~np2)6%90,900,900

ifpl=ntwo

if=inon2

npthf=npt/2

ifp2=sifact(if)*ifp1

jimin=npl+1
if(jimin-ifp1)710,710,760

do 750 j1=j1min,ifpl,npl
theta=-twopi*float(j1-1)/float(ifp2)
if(isign)?730,720,720

theta=-theta

wstpr=cos(theta)

wstpi=sin(theta)

Wwrswstpr
wizwstpi

f o

f£t12490
f1t12500
fft12510
fft12520
fft12530
tft12540
f£t12550
fft12560
fft12570
fft12580
fft12590
f£t12600
fft12610
fft12620
fft12630
fft12640
fft12650
fft12660
fft12670
fft12680
fft12690
ffe12700
fft12710
fft12720
fft12730
fft12740
fft12750
fft12760
fft12770
fft12780
f£t12790
fft12800
fft12810
fft12820
fft12830
fft12840
fft12850
fft12860
fft12870
fft12880
fft12890
fft12900
ffti12910
fft12920
ff£12930
fft12940
fft12950
fft12960
f£t12970
fft12980
fft12990
fft13000
fft13010
fft13020
f£t13030
fft13040
fft13050
ftt13060
fft13070
fft13080



740
750
760

770
780

790

800
810

820

830

840

j2min=j1+ifp1
j2max=j1+ifp2-ifp1

do 750 j2=j2min,j2max,ifp?
iTmax=j2+i1rng=-2

do 740 i1=j2,i1max,2

do 740 j3=ilsntots,ifpl
tempr=data(j3)
data(j3)=data(j3)*wr-cdata(j3+1)*ui
data(j3+1)=tempr*witdata(j3+l) ~ur
tempr=wr

WrSWr*ustpr-wi*ustpi
Wwis=tempr*wstpi+twi*wstpr
theta=-twopi/float(ifact(if))
if(isign)780,770,770
theta=-theta

wstpr=cos(theta)
wstpi=sin{(theta)
j2rng=ifpl«(i+ifact(if)/2)
do 890 i1=1,ilrng.,2

do 890 i3=i1,ntot.,np?2
jemax=13+j2rng=-ifp1

do 880 j2=13,j2max,ifp1
jimax=j2+ifpl-npl

do 850 ji=j2,jimax.,npl
j3max=j1+npl=-ifp2

do 850 j3=j1,}3max,ifp2
jmin=j3-32+i3
jmax=jmin+ifp2-ifpl
i=1+(j3-i3)/npihf
1f(j2=-13)790,790,820

sumr=0,

sumi=0. :

do 810 j=jminsjmax,ifpl
sumr=sumr+data(j)
sumi=sumi+data(j+1)
work(i)=sumr

work(i+1)=sumi

go to 850
iconj=1+(ifp2=-2*j2+i3+j3)/nplhf
j=)jmax

sumr=data(j)

sumi=data(j+1)

oldsr=0.

oldsi=0.

j=ij=-ifp1

tempr=sumr

tempi=sumi
sumr=twowr*sumr-otdsr+data(j)
sumiz=twowr+*sumi-olcdsitagata(j+1)
oldsr=tempr

oldsi=tempi

j=i=ifpl
if(j-jmin)840,840,83C
tempr=wr+*sumr-oldsr+data(j)
tempiz=wi*sumi
work(i)=tempr-tempi
work(iconj)=tempr+tempi
tempr=wr*sumi-oldsi+data(j+1)
tempi=wi*sumr
work(i+1)=tempr+tempi

c?

fft13090
fft13100
fft13110
fft13120
fft13130
fft13140
fft13150
fft13160
fft13170
fft13180
fft13190
fft13200
fft13210
fft13220
fft13230
fft13240
fft13250
fft13260
fft13270
fft13280
fft13290
fft13300
fft13310
fft13320
fft13330
fft13340
fft133S0
fft13360
fft13370
fft13380
fft13390
fft13400
fft13410
fft13420
fft13430
fft13440
fft13450
fft13460
fft13470
fft13480
fft13490
fft13500
fft13510
fft13520
fft13530
fft13540
fft13550
fft13560
fft13570
fft13580
fft13590
fft13600
fft13610
fft13620
fft13630
fft13640
fft13650
fft13660
fft13670
fft13680



(4]

850
860

870

880

890

900
910

920
930

940

950

960
970
980
990
1000

work(iconj+l)=tempr-tempi
continue
1f(j2-13)860,860,87C
Wr=wstpr

wiswstpi

go to 880

tempr=wr
WrSWr*wWwstpr-wi*wstpi
wi=tempr*wstpi+wi*ustpr
twowWr=wr+wr

i=1

i2max=i3+npl=-np1l

do 890 i12=i3,i2max,npl
data(i2)=work(i)
data(i2+1)=work(i+1)
izi+?2

if=if+1

ifpl=ifp2
if(ifp1-np2)700,900,900

complete a real transform in the 1st dimension, n even, by con-

jugate symmetries.

go to (1176,1090,1170,910),icase

nhalf=n

n=n+n
theta=-twopi/float(n)
1f(isign)930,920,920
theta=-theta
wstpr=cos(theta)
wstpiz=sin(theta)

wr=wstpr

wi=wstpi

imin=3

jmin=2+*nhal f-1

go to 960

j=imin

do 950 i=iminsntot,npe
sumr=(data(id+data(jl)/2.
sumiz=(data(i+l)+data(j+1))/2.
difr=(data(i)=-data(jl))/2.
difi=(data(i+1)-data(j+1))/2.
tempr=wrrsumi+twixdifr
tempi=wi*sumi~wrxdifr
data(id=sumr+tempr
data(i+1)=gifi+tempi
data(j)=sumr-tempr
data(j+1)=~-difi+tempi
j=j+np

imin=imin+2

imin=jmin-2

tempr=wr
wrEwrrystpr-wi*wstpi
wistempr*ustpi+wi*wstpr
if(imin-jmin)940,970,1000
if(isign)v80,1030,10C0

do 990 i=iminsntot.,np?
data(i+1)==data(i+1)
npd=npl+np?
ntot=ntot+ntot

i=ntot+1

imax=ntot/2+1

S VN

fft13690
fft13700
fft13710
tft13720
fft13730
fft13740
fft13750
fft13760
fft13770
fft13780
fft13790
fft13800
fft13810
fft13820
fft13830
fft13840
fft13850
fft13860
tft13870
fft13880
fft13890
fft13900
fft13910
fft13920
fft13930
fft13940
fft13950
fft13960
fft13970
fft13980
fft13990
fft14000
fft14010
fft14020
fft14030
fft14040
fft14050
fft14060
f§t14070
fft14080
fft14090
fft14100
fft14110
£ft14120
fft14130
tft14140
$ft14150
fft14160
fft14170
fft14180
fft14190
fft14200
fft14210
fft14220
fft14230
fft14240
fft14250
fft14260
fft14270
tft14280



1010

1020

1030
1040

1050

1060

1070

1080

1090
1100

1110
1120
1130

1140
1150

114C
1170

1180
1190

(AL RS S RS AR RSl RRRAR RSttt ittt

c
<
c

imin=imax-2*nnalf

izimin

go to 1030
data(jlr=data(i)
data(j+1)=-data(i+1)
izi+

ji=i-2
if(i-imax)1020,10640G,1040
data(j)=data(imin)-datal(imin+1)
data(j+1)=u,
if(i=-j)>1060,1030,1080
data(j)=data(i)
data(j+1)=gata(i+1)
izi-2

j=j=-2
if(i-imin)1070,1070,1050
data(j)=data(imin) +data(imin+1)
data(j+1)=0,

imax=imin

go to 1010
data(l)=data(l)+data(2)
data(2)=C,

go to 1174

complete a3 real transform for the 2nd or 3rd dimension by

conjugate symmetries,
if(itrng=-ng1)1100,117G,1170
do 1160 i3=1,ntot,npl
i2max=1i3+np2-np1

do 1160 i2=i3,i12max,npl
imin=i2+ilrng
imax=i2+npl-2
jmax=2+*i3+npil=-imin
if(i2=-i3)1120,1120,1110
jmax=jmax+tnpl
if(idim=2Y1150,1150,1130
j=jmax+npl

do 1140 i=ziminsimaxe,2
data(id=data(j)
data(i+1)=-data(j+1)
j=j-2

j=jmax

do 1160 i=iminsimax,npl
data(i)=cata(j)
data(i+1)=~data(j+1)
j=i=np0

end of loop on each dimension
npC=np1

npl=np?2

nprev=n

return

end

subroutine spspol(itypesrxsysrxysqgrarsai)

subroutine "spspol' operates on

input fourier coefficients to

obtain the maynetic field reduced to the pole or to make a

pseudo~-yravity (or pseudo-magnetic)

transformation.

fft14290
fft14300
fft14310
fft14320
fft14330
fft14340
fft14350
fft14360
fft14370
fft14380
fft14390
fft14400
fft14410
fft14420
fft14430
fft14440
fft14450
fft14460
fft14470
fft14480
fft14490
fft14500
fft14510
fft14520
fft1453C
fft14540
fft14550
fft14560
fft14570
fft14580
fft14590
fft14600
fft14610
fft14620
fft14630
fft14640
fft14650
fft14660
fft1467C
fft14680
fft14690
fft14700
fft14710
fft14720
fft14730
fft14740
fft14750
fft14760
fft14770
fft14780 -
fft14790

fft14800
fft14810
fft14820
fft14830
fft14840

Chkk bbbk A XA XA AT v Ak b kRN bk kA RN R AR A bk xa kb bbb a b rrrrrffL 146850

common/basic/clrelr,emsensblsobm,bn

fft148640



xy=sqrtixysg) fft14870

bml=x*bl+y+bm fft14880
eml=x*el+y*em fft14890
ber=bn*en*xy-bml*eml/xy fft14900
bei=(en*tmi+on*eml) fft14910
if(itype=2)10,20,40 fft14920

10 c=c1 fft14930
go to 30 fft14940

20 c=xy fft 14950
30 art=ar fft14960
ait=ai fft14970
bes=c/(ber*ber+beix*xbei) fft14980
ar=(ber+*art+bei*ait) *bes fft14990
o ai=(ber*zit-bei*art)*bes fft15000
go to S50 fft15010

40 c=1./¢c1 fft15020
art=ar fft15030
ait=ai fft15040
ar=(ber*art-bei*ait)+*c fft15050
ai=(beirart+ber*ait) *¢c fft15060

SO return fft15070
end fft15080

CRAA Ak hkkkhk kAR kAT kAR Ak AR A AR A Ak kR A kR ek kkk k ke kkhkhhkk ke kb ekkrrxrxrxfft 15090

subroutine scont(clsxysqerarrai) fft15100
¢ subroutine "cont'" upward or downward continues input fourier fft15110
¢ coefficients. . fft15120
ct*ttt*tt*iﬁ*tﬁ'h*i**itt*ttt*ttt*tﬁtttttt*tt******tttttt****t**ttttt**t*tfft151 30
xyssqrt(xysaqg) fft15140
esexp(cld*xy) fft15150
ar=ar+e fft15160
aiz=aixe fft15170
return - fft15180
end fft15160

CRERR A AR AR AR X AR AR AR ARk AR ARk ek h R kAR ke akkh ek ke krakrxxff£15200

subroutine sfvert(cbr,xysqrarsrai) fft15210
¢ subroutine "fvert"” operates on input fourier coefficients fft15220
¢ to obtain the 1st vertical derivative of the input data. fft15230
CRRR R kAR ARk R R R AR AR R AR R AR AR AR AR R ARk ARk kb ek kb kh bk enadxffr 15240
xsgrt=sqrtixysq) fft15250
XypsSxsqrtxcé fft15260
arzar*xyp fft15270
aizai*xyp . “fft15280
return ff£15290
end - fft15300

ctttitt*t*ti*t*t***ﬁ*****t*tﬁt*it*i**'**iﬁtttttttttﬁittttt*ttiﬁ**tt*tt**fft15310

subroutine ssvert(cé4,xysqgrar,ai) fft15320
¢ subroutine "svert' aoperates on input fourier coefficients fft15330
¢ to obtain the 2nd vertical derivative of the input data. fft15340
CRRR kA ks wkkk ek ek kkk kb ke h kb Rk Ak Ak kAt kA ek kb kb ket rarerderfft 15350
xyp=xysq+rcé fft15360
ar=ar*xyg fft15370
ai=ai*xyp fft15380
return fft1539C
end fft15400



CRARR R A A Rk k kA kR kR kR kAN N AR kR Ak Ak AN AR A AR AR AR Rkt kb Ak kb bbb kb kb ke arrnreexfft 15410

subroutine sbpass(al,al2,f1,f2,f3,f4,btan12,btan34sxysqg) fft15420

c subroutine "“sbpass” eliminates wavelengths fft15430
c lying outside the range of wl,wls,w3 & wé, fft15440
Chakk hhk kN ke Rk kk kAR AR RAR N AR AR R R Rk AR R kR ANk AR kN Rk ARk Rk h aw ke rarnberrrexfft]15450
rad=sqrti{xysq) fft15460
if(radoslt.f1) go to 10 fft15470
if(rad.gt.f4) go to 10 fft15480

go to 20 $+ft15490

10 a1=0.0 fft15500
a2=0.0 fft15510

_ go to 40 fft15520
20 if(rad.ge.f2.anderadele.f3) go to 40 fft15530
ifl(rad.gt.f2) go to 30 fft15540
f=(rad-f1)*btan12 fft15550
al=fx31 fft15560
a2=f*a?2 fft15570

go to 40 fft15580

30 f=(f4-rad)*btan3s fft15590
al=f+xal t+ft15600
al2=f*a?2 fft15610

40 return 115620
end fft15630

L R R R R R R e R R Y- X 8]

subroutine strend(x,ysars,ai) fft15650

¢ subroutine "trend” passes or rejects trends striking fft15660
¢ between angles thetl and thet2. fft15670
c**tttk*ﬁﬁkik****titﬁk*ﬁit **Qﬁit***kkiifkkiﬁitkﬁti*ﬁﬁkttitttitt*ti*kiﬁikfft“5680
common/tr/pradspregrthlips,thep fft15690
if(x.eq.0.0) go to 50 - fft15700
if(y.eq.0.0) go to 60 fft15710
thet=atan(x/y)*prad fft15720
if(thet.lt.0.0)thet=180.+thet fft15730

10 if(th2p.gt.thlp) go to 40 fft15740
if(theto.gteth2pe.ande.thet.lt.thip) go to 30 fft15750

20 ar=ar=*q fft15760
ai=ai*q fft15770
return fft15780

30 ar=ar*p fft15790
aizai*p fft15800
return fft15810

40 if(thet.gt.thlp.and.thet.lt.th2p) go to 30 fft15820

go to 20 fft15830

SO0 thet=0. fft15840
if(y.lt.0.C)thet=180. fft15850

go to 10 fft15860

60 thet=90. fft15870

go to 10 . fft15880

end ft215890
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subroutine srmean{(nx,np,al) ff£15910
¢ subroutine "srmean” removes the mean from the input grid fft15920
¢ employing only boundary values. fft15930

R e e R R e Y2222 A 2B L XA

cn



dimension al(np,3),title(14)

character+*50 fname,coname,fileo

real mean
common/main/ia(14),pgm(2),Nn2,y0,x0,dxsaysiuskr,nyr,nadds,ir
common/parmli/fnamesconamesriopti,iopt2r,idval,icoef,ddx,ddy
data dval/o376777?777777/

ko=10

mean=0.0

k=0

if(idval,eq.0) go to 150

¢ idval>0: find and sum boundary values.

10

20

30

40

50

60
70

80

90

100

110

120

catl srdoin(krral,ny)

do 10 j=1,ny

if(al(jsr,1).eqedval) go to 10
mean=mean+al(),1)

k=k+1

continue

call srdbin(kr,a1¢(1,2),ny)

do 130 i=3,nx

call srdbin(kr,al(1,3),ny)

ig=-1

if(al1¢(1,2).eq.dval) go to 20

k=k+1

mean=mean+al (1,2)
if(at(1,1).lt.dval.and.al(1,3).lt.dval)iqg=0
do 90 j=2,ny-1

if(al(j,2).eq.dvall) go to 60

if(iq)30,40,50

mean=mean+al(j,2)

k=k+1

iq=0
if(al(jo,1).eq.dval.or.al1(j,3).eq.dval)ig=-1
go to 90

ig=1 -
if(at(jeo1).lt.dval.and.al(j,3).Lt.dval) go to 90
ig=-1

mean=mean+al(j,2)

k=k+1

go to 90

iq=1
if(al(jr,1).lt.dval.and.al(j,3).t.dval) go to 90
mean=mean+al(j,2)+al1(j=-1,2)

k=k+1

igq=-1

go to 90

if(iq)80,80,70

mean=mean+al(j-1,2)

k=k+1

ig=-1

continue

if(al(ny,2).eq.0val) go to 100

k=k+1

mean=mean+al(ny,2)
if(al{ny,1).lt.dval.and.al(nyr,3).Lt.dval) go to 110
if(ig.ne.?) go to 110

mean=mean+allny-1,2)

k=k+1

do 120 j=1,ny

al(j,1)=31(j,2)

al(j,2Y=a1(j,3)
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130 continue
do 140 j=1,ny
if(al(jr2).eq.dval) go to 140
mean=meant+al(j.,2)
k=k+1

140 continue
go to 240

¢ idvatl=0: read yrid and check boundary values for flagged values.

150 i=0

160 i=i+1
call srdoin(krsal,ny)
if(i.gt.l.,and.i.lt.nx) go to 190
do 170 j=1.,ny

o if(al(j,1).eq.dval) go to 180

170 mean=mean+at(j,1)
ifli=-nx)1603,230,160

180 write(iw,220)isjs,a1(js1)
close(11)
stop

190 if(al(1,1).eqge.dval.or.al(ny,1).eq.dval) go to 200
mean=mean+al (1,1)+a1(ny,1)
go to 160

200 write(iw,210)i,a1¢1,1)a1(ny,1)

210 format(/," #found flagged value: row = ",i3,2x,"col = 1 or ny",
12xs" value = ",2e10.4," may be more?")
220 format(/,"” #found flagged value: row = ",i3,2x.," col = ",i3,
12xs"value = ",e10.4" may be more?")
close(11)
stop

230 k=(nx+ny=2)+*2
¢ compute the mean.
260 c=mean/float(k)
ipsiopt1
if(ip.eq.0)ip=iw
write( ip; 250)csk
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250 format(/,"” mean value subtracted = ",e16.83,5x,i5," values used"”.,/)fft16900

close(11)
¢ read input array and write array with the mean subtactec.

open{11.,modez="in",form="unformattea”,file=fname)
read(kr)titlespgmeny »Nxsn2,y0prdypesx0peredxp
fileo="fftfil.grg"”
open(10,mode="inout",form="unformatted",file=fileo)
write(koldtitlespgmeny,nxsnZsryosrdysx0s,ax
do 270 i=1,nx
call srdbin(krs,al,ny)
do 260 j=1.,ny

260 a1(j,1)=a1(j,1)=c

270 call swrktin(kosalsny)
close(11)
close(10)
return
end
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subroutine srdbin(no,dat,n)
c subroutine "srdbin" reads standard grids (binary).

fft17080
fft17090
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dimension dat{(n)
read(no)dum,dat
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return . fft17130
end fft17140

cti'**’ttﬁ***'iiit'*'*i**Ot*tt**i*ti*ﬁ*i***ﬁiﬁttiti**ﬁtﬁi**tﬁt**ttt'titﬁfft171 SO

subroutine swrbin{rno,dat,n) fft17160
c subroutine “swrbin” writes standard grids (binary). fft17170
ChRAE khhkkh Ak k kA r kb kA bk hkk kh Rk kA ke r kA ARk kAR r kA b ek kb kb rrex*xfftT17180
dimension gat(n) fft17190
data dum/0.0/ tft17200
write(noldum,dat fft17210
return fft17220
end fft17230

o
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subroutine sradal(no,ipos,dat.n) fft17250

c subroutine "srrda" reads keyea sequential files. fft17260
ci***t*t***ﬁ**tttiﬁ****i*'ititﬁittt**it**itt*ttttttttQiit*it**tﬁti***t*ifft17270
dimension dat(n) fft17280
read(no'igpos)dat fft17290
return fft17300

end fft17310

CRRA N AR Rk Rk AR Rk kAR RNk kAN RR R AR AR R AR R RN R Ak kR Ak Rk kR kb bk kR r kb ke *rff117320

subroutine swrda(no,ipos.dats,n) fft17330
c subroutine "swrda"” writes keyed sequential files. fft17340
CRRR A kR A Ak A kA AR AR At kb kb kb h bk k ko kkkhh ke ke kk ke kkkk kb bk kabenrkeefft 17350
dimension dat(n) fft17360
write(no'ipos)dat fft17370
return . fft17380
end ’ fft17390

s



