IMPLEMENTING f-k MIGRATION AND DIFFRACTION

Walt Lynn

INTRODUCTION

The previous paper of this section reviewed the concept of migrating
seismic data in the frequency domain (an idea presented by Stolt [1]). This
article will presernt the practical side of implementing frequency (f-k) domain
migration, It is not intended to be a comparison between the: time and frequen-
cy domain algorithms, but rather a description of our implementation of the
method. We will also investigate the inverse of f-k migration, f-k diffraction,
which can be considered as a frequency domain operation that produces synthetic

seismograms for an arbitrary constant-velocity model.

The implementation of the f-k methods involves a straightforward map-
ping, requiring interpolation and scaling, of one frequency domain to another.
After discussing these frequency domain mappings for migration and diffraction,

we will briefly examine an impulse response for each case.

The interpolation of the complex frequency domain values can cause
spurious results superimposed on the output if not done correctly. Two dif-
ferent interpolation schemes, one arithmetic and one geometric, are presented
to demonstrate this pfoblem. One result, using the superior geometric inter-
polation, is compared with an exact solution to test the accuracy of the inter-

polation and is shown to be in close agreement.

Lastly, the use of f-k diffraction to generate synthetic seismograms
is demonstrated with a simple example. An appendix is included containing the
algorithms used for f-k diffraction and migration.

In this paper, small letters are used to denote space and time func-
tions, and capital letters their Fourier transforms. So p(t,x) transforms to

P(w,kx) and p(z,x) transforms to P(kz’kx)'
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PERIODICITY

The f-k method has advantages in both its simplicity and the computa-
tional advantages afforded it by high-speed FFT algorithms. Stolt [1] points
out that the additional advantage of more accurate derivatives (a scaling by
frequency in the frequency domain) is obtained only if the input is adequately

sampled in both space and time.

There are two major limitations on the f-k method, however: (1) there
is no freedom to choose boundary conditions as the use of discrete Fourier
transforms (DFTs) inherently assumes periodic boundary conditions, and (2) the
velocity must be constant. To illustrate the problem associated with the first,
consider the migration of a zero-offset section consisting of a single non-zero

arrival . at t =t X = X, [Fig. (1a)], i.e.,

O’
p(t,x,z=0) = G(t—to) 6(x—x0) w(t).

If X and T are the dimensions of the grid, then the periodic boundary con-
ditions imply an arrival at

[}

x = x. % nX, n=20, £1, £2, ... ,

0

t = t. 4+ mT, m

0 0, £1, £2, ... .

This is shown in Fig. 1(b). The correct migration consists, of course, of a
semicircle with a bottom at zg = vty [the heavy line in Fig. 1(c)]. 1In
actuality, however, the output will be the migration of all of the implied
arrivals. Some of these periodic semicircles that pass through the output grid
are shown in Fig. 1(d). 1In practice, these are very weak relative to the cor-
rect structure, but of course can be made arbitrarily small by padding zeros

to the sides and the bottom of the grid.

There 18 no apparent way to handle spatially varying velocity in the

frequency domain,

MAPPING OF THE FREQUENCY DOMAINS

In the frequency domain, migration and diffraction are simply mappings
of one domain to another; that is, for migration we map P(w,kx) into P(kz,kx)

and vice-versa for diffraction. As we are working with discretely sampled data



11

(c) (d)

FIGURE l.—Inherent periodicity implied by the use of discrete Fourier
transforms. (a) The desired input, p(t,x), which here is 8(t - tg)d(x - xg)w(t).
(b) The input implied by the periodic boundary conditions of the DFT. The dots
imply a continuation ad infinitum. (c) The migrated section. The correct
structure is shown by the heavy line. (d) The origin of the spurious structures
in (c). The spurious structures are not as troublesome as they may seem since
they are substantially weaker than the correct one. They may, of course, be
attenuated to any desired level simply by padding the boundaries of the
original input with zeros.
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sets of finite length, there will be some data-dependent boundaries on the
individual domains, and because of this, parts of one domain may map outside

the other.

In the migration problem we first Fourier transform the seismic gather
p(t,x) to obtain P(w,kx). This information lies on a grid in (w,kx) space
between limits of imN and ikxN’ where the subscript-N refers to the respec-
tive Nyquist frequency (see Fig. 2). Migration is done by changing variables

from w to kz,

' 2.1/2
-vkz[l + (kx/kz) R (1a)

€
L]

or

~w/v [1 - (vkx/w)2 172 . (1b)

ot
]

The minus sign indicates that we are considering upgoing waves.

The shaded region in Fig. 2(a) shows the migration mapping of the known
(m,kx) domain to the desired (kz,kx) domain. To do the inverse DFT, and thus
get p(z,x), we need the values of P(kz,kx) at specific grid points in the
(kz,kx) domain [given by the rectangular area on the right in Fig. 2(a)]. Note
that the minus sign in the transformation maps the first quadrant into the fourth

and the second into the third.

There are two practical problems. One is that the mapping does not fill
up the desired rectangular grid in the (kz,kx) domain. The second is that,
with the exception of kx==0, the mapped points do not lie on grid points in
the (kz,kx) domain. To see how these problems are handled it is useful to con-

sider the inverse mapping from the desired (k7’kx) space to (w,kx) space.

We want to create a grid of aniformly-spaced points in the (kz,kx) plane.
To do this we fix kx and scan through the appropriate values of kz. 1f dw
is the frequency interval in the known (w,kx) domain, then kz ranges from
-wN/v to +wN/v with kz== w/v. The desired (kz,kx) point is mapped back to
(m,kx) space using Eq. (la). If it lies outside the rectangular grid in Fig. 2(a),
P(kz,kx) is set equal to zero. If (kz,kx) maps to a point (w,kx) within the
known region, then P(kz,kx) is computed by interpolating between the values
at known grid points P(wl,kx) and P(wz,kx), where Wy LW e, The interpola-

tion will be discussed in greater detail later.



13

Migration

—

(a)

FIGURE 2.—Frequency domain mappings for (a) migration: P(w,kx) to

P(kl,kx), and (b) diffraction: P(kz,kx) to P(w,kx). Note that only half of
the w and k, domains are shown and that +w maps into -k, and vice versa.
The left-hand side domains are the 2-D Fourier transforms of the input data
[(p(t,x) in (a) and p(z,x) in (b)] and are known at discrete grid points
extending out to their respective Nyquist frequencies (shaded areas). The
Nyquist frequencies here are all equal to 7 and the velocity equals 1. (See
Figs. 3 and 5 for a slightly different case.) To accomplish the migration or

diffraction, P(k,,ky) or P(w,k,) must be found at discrete grid points in the

unknown domains on the right. Since the desired domains (bounded by the dashed
lines) and the known domains (shaded areas) do not coincide exactly, an inter-
polation must be done to evaluate the values at the desired points. The unknown
function values are found by mapping the grid points back into the known domain
and interpolating between the two closest known function values. Where a desired
grid point maps outside the known domain (i.e., beyond the Nyquist frequency),
the value of the unknown function is set to zero. Interpolation is done by a
weighted average of the complex logarithms of the known function (see Fig. 7).

In the (w,kyx) domains, the areas below the diagonals and above the kx-axis
represents evanescent energy, i.e., where lkxl > lw/vl.
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The diffraction problem is simply the inverse of the migration prob-
lem. We start with P(kz,kx), which comes from Fourier transforming the
initial source distribution p(z,x). The mapping from the known to unknown
domains is shown in Fig. 2(b). We want P(w,kx) at uniformly-spaced grid
points, where Aw = v Akz. To do this we again fix kx’ gcan the desired
w's and find the corresponding kz using (1b). A negative discriminant in (1b)
implies evanescent waves, and for these values of (w,kx), P(w,kx) is set
to zero. For positive discriminants, P(w,kx) is found by interpolating be-

tween P(kzl,kx) and P(kzz,kx), where k j_kz < kzz. Before considering

zl
the problems associated with sampling and with interpolating the complex fre-
quency domain values, we will first examine an impulse response for both the

diffraction and migration filters.

DIFFRACTION OF A POINT SCATTERER

Figure 3(a) shows the input model p(z,x) = é(z—zo) 6(x—xo) used to
examine an impulse response of the diffraction filter. The parameters used
to generate the model are given in the figure caption. Since we must assume
a constant velocity medium, we expect the result to be a hyperbola in (t,x)
space. The first step is to Fourier transform p(z,x) to P(kz,kx). For the
input in ¥ig. 3(a), this is
p(kz,kx) } elkxxo+-ikzz0 ' 2

The real and imaginary parts of this transform are shown in Fig. 3(b).

P(m,kx), Fig. 3(c), is found by estimating P(—[(m/v)z-ki 1/2

Eq. (1b). The final result p(t,x) is found by inverse-Fourier-transforming

,kx) using

P(w,kx) [Fig. 3(d)]. The extraneous hyperbolic tails are caused by the peri-
odicity inherent in the method. This is clearly shown in Fig. 4 where p(t,x)
has been plotted side by side several times.

MIGRATION FILTER IMPULSE RESPONSE

Figure 5(a) shows the input function p(t,x), and 5(b) its 2-D Fourier
transform P(w,kx), used to show one impulse response of the migration filter.
The input is the same as in the diffraction case, but now is considered a func-
tion of x and t. P(kz,kx) 1s found by estimating P(—v[ki~+k§]l/2,kx) and
is shown in Fig. 5(¢). The final migrated result p(z,x) is the inverse 2-D

Fourier transform of 5(c) and is shown in Fig. 5(d).



“STIE3
2T10qaad4Ay snosuexixa ay3y jo uifrtao 24yl 103 % -313 °99% “(x*3)d a3nsax yeury ayy (P) .Axxlﬁslv«m = Axx,svm

“ro°1 ‘elep andur yesi aand ayy o3 °hp suioysuril ay3 yo 431adoxd uerzswisy ayj 830N °(q1) -bg Buysn

(q) woaj paure3lqO Axx.3vm Jo s3jzed LieurBewr pue Teey (2) .Axxnmxvm ‘(x‘z)d 30 140 @-7 °y3 Jo sixed

£LxeuyBewy pue yesy (q) - (Ox -%)9(0z -2)¢ = (x‘z)d “‘yapouw anduy (e) :3391 19ddn woiy ISTMYD0TDIBIUNO)

‘u=Nm = N2y = Ny aie ssyousnbaij ISINDAN  *zg¢ = xu  sode1l Jo iequnu pue ‘99 =3u s3ujod swIl jo zaqunu
‘T =4310073A ‘T =Xp=2p ai1p sisjaueied T1epow 3nduy -191833e05 jutod E JO UOTIDRIJITG—'€ FANOIL

pS 3
{(Ma*may sewr ) (e e ®

™ ™

-

> S eLE el oy Oy i) ¢
e e | w xz ﬂ
U s

i

(@ =) ©




16

"STTE3 OIT10q12dLy snosueiixs ay3j jo uydyio ayj pue UOTIdBIJITP }-J 3yl jo A37d>Fporrad ay3 a3eijsuomsp
03 °pTs 4q °prs sewy3 Tei2a®s pa3jord ¢ ‘874 ur aydmexs UOTIDBIJITP SY3 woa3 Indino ayl—'y TINOIJ

3

-~

N.*.oun Ox



) . , c(x‘z2)d 31nsax

paividTu ayr (p) (e1) b3 3uysn (q) wmoaj paureaqo Axx.uxvm (2) .Axxhavm ‘(x*3)d 3o mioysuex3l 13yanog ays3

jo muumm LieutBemy pue yesy (q) T(Ox ~x)9(03-3)p = (x°3)d ‘yapom 3nduy (8) :33y°1 13ddn woiaj asymydotd
-193uno) € "314 uy se auwes ayjl s1v sisjameied [°POK -®suodsax asindwy 13377 uotTIeABTR—"C ANODII

(M ayay Bewr S (% a) teew ®)

SRS, R .= 1 )
¢ B, e o =t ey > : ‘
SRS oRnalapa s
SEomTii e

%

Lob

"4

Wﬂ» Sy PE Lo o
16

SOy

AAx- [V .
A
y §
—
3
Py

£
_ TEOTRSIAS SERKARL
Lol |
AA.UA..U.JAA \uxmﬁ«\; (( == «
A,A, z‘kﬂfm.h Pyt oLV ,.«v“\.&AVA C 141 w wA
T
z

Pty LS
TAH.H” o mr..“,m&mwx < v J
AT \Alé.\t., L]
“.ﬁll‘ﬂnt\uil [eES P ffr\ki/fumf”ﬂ
T T I S A X &
3
X < X
{CA*m)d) Semp @ (tmyay Teoy ®)

) ~ »
pRsrys helop®
L § e W)
SRR
LR .u‘.n/.__-:.u..ﬁ
A,.JMAAR AAIJAA I‘,Akt X A,kﬁ
Pl ‘Ab\“r e £ ¢
R e e
AA.nu.r ST VLG AP Ao P )8
© 4]




18

INTERPOLATION

A word about interpolating complex numbers is in order. In our first
attempts to test the f-k migration method we kept obtaining spurious structures
along with the correct ones. For every correct semicircle, there was an incor-
rect one, upside-down and tangent to the bottom of the correct one. Figures
6(b) and 6(e) show this for two different inputs, one with a spike at 0.4 tmax
and the other with a spike at 0.5 tmax' The problem was traced to the inter-
polation scheme. In Figs. 6(b) and (e), a linear interpolation was used, and
in Figs. 6(c) and (f), a geometric interpolation was used. Clearly, the latter

is superior, and Fig. 7 demonstrates why.

Figure 7(a) shows two adjacent values of P(w,kx) at w = Wiy Wye
We want to estimate P(wl+Aw',kX). Let ¢q be the fraction of the interval
that Aw' 1is from w3, i.e., q= Aw'/(wz- ml). One method of, estimating

P(w1+Aw',kX) is to use a simple linear interpolation:

' -— —
P(wl+Aw ,kx) = (1-9 P(wl,kx) + q P(mz,kx)

An alternate scheme is to use a geometric interpolation between P(wl)

and P(wz), i.e.,

Pl +86") = P(w))[P(w)/P)]?, (3)

or

n P(wl+-Aw') (L-q) n P(wl) 4+ q 2n P(wz) . (4)
Since the imaginary part of the complex logarithm of P is its phase, then
Eq. (4) represents a linear interpolation of the phases and a geometric average

of the amplitudes.

In Fig. 7(a), P(wl,kx) and P(mz,kx) are separated by ~87° and in
Fig. 7(b) by ~219°. As an example, let q = 0.2, meaning we want to estimate
P(w1+-0.2Aw,kx), where Aw = w, =W, . Observe that in Fig. 7(a), the phase of
the linearly interpolated value (solid phasor) is approximately correct, where-
as in 7(b) the phase is in severe error. When the phase is only a little bit
in error, a weak spurious semicircle results as in Fig., 6(b). On the other

hand, when P(w,kx) is rapidly oscillating, as in Fig. 7(b), strong spurious
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imag.
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P(mz’kx) ———
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g = 0.2
P(wlykx)

(b)

linear interpolation

v

real

imag.

i

lav
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N
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L g
real

P(wl,kx)

geometric interpolation

FIGURE 7.—Comparison of linear (left) and geometric (right) interpola-
tion of complex numbers for two different cases. The known values are P(ml,kx)

and P(uw, s Ky

wy +0.2 Aw.

) (heavy lines). The desire
In (a) the two known phasor

t -

d value is P(w',ky) where w' =
s are separated by -~87° and in (b) by

~219°. In both cases the phasors spiral counterclockwise. The linear interpol-
ation ignores this and places P(uw',ky)
known phasors, whereas the geometric interpolation does a linear interpolation

of the phase and puts the estimated value in its correct orientation. The
correct phasor is shown by the dashed line. The lighkr phasors show interpolated

values for

qg = 0.4, 0.6, and 0.8.

as the arithmetic average of the two

.2
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semicircles will result as in Fig. 6(e). We conclude from this that keeping

the phase correct is far more Important than keeping the amplitudes correct.

Just how good is the geometric interpolation? For a simple delta-
function input, it is a simple matter to compute the exact frequency domain
representation of the migrated ocutput., Fourier-transforming the full wave

equation with respect to x and 2z gilves

P = -vz(k2+'k2)P s
X 2
which has solutions
+iv (kz+k2 1/2
P(t,k k) = Ptk k) e 2 (5)

The frequency domain representation using Eq. (5) can be compared directly

with the interpolated frequency domain in the f-k migration. '

Using the input model, p(t,x) of Fig. 5(a), Fig. 8 compares an f-k
migration using geometric interpolation with the result of inverse transform-
ing Eq. (5). The differences in the migrated results, Figs. 8(a) and (c¢),
are slight, indicating that the interpolation is adequate. The real and
imaginary parts of the exact Fourier transform, Fig. 8(d), are also shown for

comparison with the interpolated Fourier transform, Fig. 8(b).
DIFFRACTION EXAMPLE

Finally, we show an example of using the f-k method to generate a
synthetic seismogram. We are not advocating using this method over others,
but rather only showing how it can be used for constant-velocity synthetics.
Figure 9(a) shows a buried focus input model, p(z,x), with no vertical
exaggeration, and 9(b) the synthetic seismogram generated using the f-k dif-
fraction method. Note that the method has correctly incorporated a 90° phase
shift in the reverse branch of the triplication.

REFERENCE

[1] STOLT, R. H., "Migration in momentum space,'" Geophysics (submitted for
publication).
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FIGURE 9.—Examples of using f~k diffraction to generate synthetic
seismic sections. (a) Input model, p(z,x), plotted with no vertical exag~
geration. Maximum dip is about 38°, The grid is 128 x 64 (nz x nx).

(b) Diffracted result. Note the triplication due to the buried focus. At
the base of the triplication the method has correctly incorporated a 90° phase
shift,
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APPENDIX

A complete Fortran listing of the f-k migration algorithm is given be-
low followed by a listing of the pertinent changes to be made in it for f-k
diffraction. The variable definitions are the same in each program. The input
data is a complex 2-D Fouriler transform, P(w,ky) or P(kz,kyx) , where the
first subscript varies the fastest. Because of core limitations in our computer,
we work with only one vector (ky=constant) at a time. The convention on
the DFTs is: if p(t) 1is a vector of length nt, P(1) =P(w=0); P(nt/2+1) =

Puhyquist); and P(nt) = Plwmu o0 =~ Aw) = P(-bu).

a) Listing of program f-k migrate
program fkmigrate

Usaget fkmigr infile outfile nt nx

qiven: p(w,x(X) at 1kX=',2' eees g NX
iw ="2’ ...'nt

finds p(iKz4KX) at 1kx=1,2,400,nX
ikz=1424 444Nz

input data, P(w,kx), is complex and stored in strips of kx,
starting with kx=0.

nx = nuriber of traces (an even power of 2),

nt = number of time points (also a power of 2).

nxn = subscript of kx nyquist frequency (=nx/2 + 1),

ntn = subscript of w (omega) nyquist frequency (= nt/2 + 1),
n omega nyquist frequency

kxn Kx nyquist frequency

kzn kz nyquist frequency

n

i n

OO OO0 0000000000 000

implicit complex (c)
logical*l arqg(s)
dimension ci(2b7),co0(257)
real kxn,kzn,kx,kz

O

open input and output files.

call argfil(1,2,-12)
call argfil(2,3,512)
nbyte = g
call getarqg(4,arqg,nbyte)
decode(nbyte, 100,arg) nt
call getarg(b,arg,nbyte)
decode(nbyte, 100,arq) nx
100 format(ig)
write(s,101) ntynx
101 format(/2x,”’frequency domain migration’//2x,
| ‘nt=nz=7,15,2%x,’nx=",14)

ntn=nt/2 + |
ntpl=nt+]
nxnsnx/2 + |
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(9]

104

105

O 000

10

11

30

11844 1977 fkmigrate Page 2

compute nyquist frequencies ,etc.
units are meters and seconds.

v=i,

VAT T/

dt=1,

dax=<,

pi=3.141H92

piZz=pi*x2,

In=pi/dt

df=2%fn/flnat(nt)

kxn=pi/dx

dkx=2xkxn/tloat(nx)

kzn=fn/v v

ukz=2%kzn/float(nt)

dz=pi/kzn ‘

write(6,104) v,dt,dx,dz

format(2x,/v=/,16.0,2%,7dt=",15,3,2x%,7dx=",f5.1,2x%,
Cordz=s,fh. 1)

write(6,105) fn,df,kxn,akx,kzn,dkz ‘

format(2%x,7fn =/ ,69.3,3%x,7df=’,e9.3/2x,’kxn=",e9,3,

2%, 7dkx=’,e9,3/2x%,’kzn=’,e9.3,2%x,7dkz=",e9.3)

This do loop goes from kx=0 to kxnyquist
and treats the first and fourth quadrants in fig. b5b.

do 40 Jjx=1,n%xn
akx=(]jx—=1)*dkx
akx2=akx*akx
read(1l) (ci(i),i=l,nt)
citntpt)=ci(l)
do 30 jz=1,nxn
jzec=nt-jz+2
akz=(jz=1)%dkz
akzl=akzxakz
d=sqrt(akx2+akz2)
f=vad
if(f.le.fn) go to 10
co(jz)=0,
co(]jzc)=0.
go to 30
s==-v
avold dividing by zero.
if(jx.eq.! .and, jz.eg.!) go to 1l
s==vkakz/d
r=f/df + |,
it=int(r)
ite=nt-it+2
iteli=itc-1
aq=r-float(it)
interpnlate using geometric average
co( jz)=caveg(qg,cilitc),cilitci))
co(jzc)=caveg(qg,ci(it),ci(it+1))
coljzl)=col(jz)*s
co(jzc)=co( jzc)*s
continue
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0 write(2) (co(i),i=t,nt)

this do loop goes from kxnyquist+dkx to kxsample-dkx
and treats the second and third quadrants in fig. 5b.

O 000 0

nxnl=nxn+l
do 70 jx=nxnl,nx
Ix=nx=-jx+1
akx=1x*xdkx
akx2=akx*akx
read(!) (ci(i),i=l,nt)
cintpil)=ci(l)
do 60 jz=1,nxn
Jze=nt-jz+2
akz=(]Jz-1)*dkz
akz2=akz*akz
d=sqrt(akx2+akz2)
f=v*d
if(f.le.fn) go to 50
co(jz)=0,.
co(jzc)=0.
go to 60
50 s=~y*akz/d
r=f/7df + 1,
it=int(r)
ite=nt-1it+2
itel=itc~1
g=r-float(it)
co(jz)=caveg(q,ci(ite),ci(itcl))
co(Jjzc)=caveg(g,ci(it),ci(it+1))
co(jz)=co(jz)*s
co(jzc)=col jzc)*s
60 continue
70 write(2) (co(i),i=1,nt)
write(6,106)
106 format(2x’fkmigrate finished?/)
stop
end

function caveg{(g,ca,cb)

[eANe]

geometric interpolation

implicit complex(c)
real cabs
if(cabs(ca).ne.0.) go to |
caveg=qg*ch
return

f if(cabs(cb).ne.0.) go to 2
caveqg=(l,-q)*ca
return

2 caveg=ca*cexp{q*clog{(cb/ca))
return
end
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b) dajor definitions and do loops of prograu f-k Jiffract

O 000

1 G4

105

OO0 0

10

30
40

coptute nyaquist freaquencies ,etc.
units are meters and seconds.,

v=l,

V2=V AY

dt=1,

AX=

pi=de 4oy

pic=2exni

In=pl/at

di=2xin/iloat(nt)

kxn=pi/Jdx

dlrx=2xsxnn/ L 1loaltny)

kzn=fn/v

dkz=2=kzn/loatint)

dz=pil/izn

write(6,104) v,dt,dx,dz ‘

Tormat(2x,/v=’,f6,0,2%,7dt=",f5.3,2%,7d¥=",f5,1,2%,
?ddz=r, 5. 1)

Wwrite(6,10%) Tn,df,kxn,dkx, kzn,dkz

format(2x,7In =7,eY,3,3x,7df=7,0Y.3/2%,’kxn=",evY,.3,
2XyTUEX= g Y 3/2%y M kzn=2ye9.3,2%, 7 dkz=’,eY,3)

this do lonp goes fron k¥=0 to kxnyquist and treats
the first and fourth quadrants in fias. 3b,

do 40 jx=1,nxn

akx=0]jx=1)wcdkx

alx2=akx*xakx

read(1l) (ci(i),i=1l,nt)

cilntpll=ciCl)

do 30 Jr=l,ntn
Jfec=nt-jr+2
[=(jf=1)*uf
dis=(1*f/v2) = akx2
Ifldis.qgt.0,) go to 10
col(jriy=0.
coljfc)=0,
go to 30
akz=sqrt(dis)
s==f/v*akz
r=akz/dkz + 1.
it=int(r)
ite=nt-it+2
itet=itc-1
aq=r-float(it)
interpolate
col(jfc)=cavegl{qg,ci(it),ci(it+1))
coljfl=caveg(q,ci(ite),cititect))
co(jfl=co(jr)*s
col(jfcy=co( jfc)*s

continue

write(2) (co(i), 1=1,nt)
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this do loop goes from kxnyqlst+dkx to kxsample-dkx and
Lreats the second and third quadrants in figs. 3b.

OO0 GO

nxnl=nxn+1
do 70 jx=nxnl,nx
Ix=nx=jx+1
akx=1x*xdkx
akxd=akx*xakx
read(l) (ci(i),i=1,nt)
citntpl)=ci(l)
do 60 jf=l,ntn
Jfec=nt-jf+2
f=(jf=1)*df
dis=(fxf/v2) ~ akx2
if(dis.gt.0.) go to 50
co(jf)=0.
co(jfc)=0."
go to 60
L0 akz=sqrt(dis)
s==f/v¥akz
r=akz/dkz + 1.
it=int(r)
ite=nt-1it+2
itel=ite-1
q=r-float(it)
co(jfcy=caveglqg,ci(it),ycilit+1))
coljf=caveg(a,ci(itc),cilitcl!))
col(jfl=co(jf)*s
col(jfci=col jfc)*s
60 . continue
[0 ' write(2) (co(i),i=1,nt)
write(6,106)
106 format(2x/fkdiffract finished’/)
stop
end





