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SSPARAMA: A NONLINEAR, WAVE OPTICS MULTIPULSE
(AND CW) STEADY-STATE PROPAGATION CODE WITH

ADAPTIVE COORDINATES

INTRODUCTION

Several methods of propagating CW high-energy laser beams through the atmosphorr,
have been reported previously [1,2]. This report will describe a method for propgal.iij.,
multiply pulsed laser beams in a nonlinear atmosphere by adapting the coordinate 11yHew
to the amount of thermal blooming. This technique increases the accuracy of thermal.
blooming calculations and extends the capability of the code in the case of extreme hlua,
distortion.

The computer code SSPARAMA calculates the steady.state intensity pattern of a
train of high-energy laser pulses propagating through the atmosphere in the presence )I'
thermal blooming. Steady state is achieved when enough equally spaced, equal-energy
pulses have been propagated for transients in air heating to have died out. In the steady
state a single pulse will propagate in an atmosphere that has been heated by many
preceding pulses which have the same energy distribution as the pulse one is calculatilng.
The pulse widths are assumed to be short compared to the sound transit time across LhU
face of the beam, so that self-blooming will not take place, Blooming occurs only as a
result of air heating by preceding pulses. However, to avoid problems of plasma formt-
tion, the pulse width must be sufficiently long that the critical intensity for air break-
down is not exceeded. Finally, as the pulse is propagated from one coordinate plane to
another, coordinate transformations are performed to insure that the transverse scale
lengths are adapted to the amount of thermal blooming induced on the pulse train by tlh
negativo lensing influence of the heated atmosphere.

Another requirement for steady-state propagation is that a cooling mechanism exist
for removing heated air from the path of the beam. In SSPARAMA, cooling is provided
either by a wind moving perpendicular to the propagation direction or by beam sluing
about an axis in the aperture plane perpendicular to both the wind and the propagUl inn
directions. The steady-state density changes Ap introduced in the path of a given pui~
by energy absorption from all preceding pulses can then be expressed as [a]

I0 2

= - nlt +1 z),y.z) 0-2 E e - ' 0X y(,I

Manuscript atubmitted October 14, 176.
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whore

z = the distance in the propagation direction measured from the aperture plane,

x = the distance in the wind direction measured from beam maximum intensity
in the aperture plane,

, the ratio of atmospheric specific heats (- 1.4),

v, the speed of sound in air (*340 m/s),

- the absorption coefficient for the laser radiation,

Atj - the pulse spacing,

Ep w the energy of each laser pulse,

v0 - the wind speed along the x direction perpendicular to the direction of
propagation, and

L - the angular sluing rate of the beam about the y axis.

Finally 0 is the normalized steady.state energy distribution of each pulse at the z plane:

J 10(xy,z) 2 dxdy w 1. (2)

This density reduction Ap changes the index of refraction from its ambient value no,
where no ft 1, to

n2 * no2 + 3NAp,
where N is the molecular refractivity of air (fO.154 cm3/g), The distribution 0 must
then be calculated self-consistently from the propagation equation:

21k O- + W + aN/+h2AP(pI2)1 " 0, (3)

where t 2w'/X is the wavenumber of the laser radiation. It is assumed in SSPARAMA
that at z - 0 the pulse train has a spherical phase front and a truncated intensity profile.
For example, when truncated Gaussian pulses are propagated

@(x,y, 0) = N0,g(x, y), x2 + y2 4 20,

a 0, x2 + y > 2a, (4)

where

Og(X, Y) " '- 1 'lI.(Iltf)il(X2*Y)/I'/2 (5)
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and N is a normalization constant insuring that Eq. (2) is satisfied at z = 0, Two scale
lengths, a and (, are defined in Eq. (5). The scale length f, the initial curvature of the
phase front, defines the distance from the aperture to the focal plane. At a distance a
from the aperture center the beam intensity falls to Ile of its maximum value, and the
beam is truncated at 1/e2 of maximum intensity.

Altogether eight variable physical quantities, a, f, k, a, Ep, Ata, vo, and 1 appear in
Eqs. (1) through (5). All variations will not however lead to a mathematicilly dl tinct
problem. In SSPARAMA Eq. (1) through (5) are scaled so that distinct arAenragation
problems are defined in terms of five dimensionles parameters. The progrt'. )a designed
to accept either the set of data with dimensions or the dimensionleu set, and both sets
are printed out,

The scaling of Eqs. (1) through (5) is carried out via the coordinate transformations

~ 5., ~ A(6)
a f

and the variable transformation

a 0(X'y,Z). (7)

By multiplying Eq, (3) through by a3 , one can write the propagation equation in a form
which identifies the five dimensionles parameters characterizing propagation in
SSPARAMA:

_0 +j L2 +~ 2 t
21Nk Nk2a~ hre-Na j[.- 2(l N),s, II j' 0. (8)

2INk + "  -N4 N~e ' "'' 7 -N,( N), i .  '  8

The five parameters, N, Nc. Ncl, N,,, and N#, are defined as

* = 1112 f, (9)

3¢ .Nk(,y - 1 )oifEp
N N M cs2a E (10)

N0 - orf, (11)

N,, - 2a (12)

and

N# nflvo. (13)

Nk is the Fresnel number of the free-propagation problem, and N, Na, N,, and N, are
coupling strength, absorption, overlap, and sluing parameters respectively. N,, was intro-
duced by Wallace and Lilly [41 and called the pulses.per.flow.time parameter. It
measures the number of preceding pulses which have heaLed the air across the beam
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aperture as the pulse under study begins to propagate. The solution to Eq. (8) il ob-
tained subject to the energy normalization

1-( 0) 1 d d. - 1 (14)

and the initial condition

( , 0) -I 1 e "iNG ( ' 2' )l2, (15)

where II - 0 for R2 + '92 > 2.

Equations (8), (14), and (15) are numerically solved in SSPARAMA on a 64.by.64
grid in the .. plane. Since one would like to use as much of the computational grid as
possible to describe the variations in beam intensity, a scheme for adapting the coordi.
nate grid to the propagation must e used. For example, as the beam propagates, the
initial focusing causes the beam intensity pattern to decrease in size until the negative
lensing effects of the heated atmosphere accumulate to thermally defocus it, Moreover,
since the wind removes heated air from the path of the beam from left to right, a
thermal gradient Is established that deflects the beam from right to left. If the computa.
tional grid were not moved or changed in size as the beam intensity was calculated from
aperture to focal plane, the intensity pattern would either be poorly sampled as it de.
cresed in size or it would expand or deflect to reach the boundary of the grid and
invalidate the calculation.

A technique for adapting the computational grid to local changes in the size or
location of the beam intensity pattern has been developed by Herrmann and Bradley [5],
A slightly modified form of their technique has been incorporated into SSPARAMA and
will be described in the next section of this report. In the third section the numerical
procedures used in SSPARAMA will be described, and in the fourth section the code
usage will be explained.

COORDINATE.SYSTEM ADAPIrON

The dimensionless form of the propagation equation can be rewritten more com.
pactly as

212 , + /g (f2 1)1 ; 0,

where t12 - 1, the nonlinear index of refraction, depends on as given by Eq. (8). The
,t.0 coordinate system is normalized to the constant lengths a and f, and is fixed in space.
In this system therefore the beam will lie symmetrically about the origin of the .i, plane
only at i - 0 with an extent of order 1 (see, for example, Eq. (15)). When z * 0, a new
set of xy coordinates is needed to maintain the two properties that the beam be centered
about the xy coordinate origin and be of order 1 in extent. In general, one can relate
the xy and , coordinates by a set of scale parameters Il and D2 and a deflection
parameter X, which are functions of i, Since one would like to solve Eq. (16) ill a set of
coordinates that adapt to changes In beam sizt' and direction, thi, coordinate trnnsformation

4
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must be related to these beam changes as determined by the linear and quadratic terms
of the phase front. By analogy therefore with the transformation to dimensionless
parameters, one must perform simultaneous coordinate and variable transformations.
The form of these transformations is suggested by linear propagation theory:

-X
X (17)

Nk ' (19)

and

- P'( ' ' ' ' '  h ), (20)

The constant scale change from i to z is done for convenience to eliminate Nk from the
z.derivative term in Eq, (16):

2WNOal -, 2MR,

The factor 114/DTDT is removed from to insure the form invariance of the energy
normalization:

f II2 ded.9 102 iI dxdy - 1. (21)

When Eqs. k17) through (20) are substituted into Eq. (16) and when the nonlinear
term is of negligible size and the beam has a Gaussian profile, D1, D2 , X, &1, &2, , 1,

and 12 as functions of - can be analytically determined for all z. Ilowever, when the
nonlinear term is important or when a non.nauusian beam is propagated, the a's and 0,
which represent the effective quadratic and linear phase changes throughout the xy plane,
can no longer be so determined, One must adopt a more limited strategy for the em.
ployment of Eqs, (17) through (20).

Consider, for example, that the quantities DI, D,2, X, 61, &2, , 11, and i2 are
known at z - z0 and that their dependence on z is to be analytically determined as one
propagates to a neighboring xy plane at z0 + Az. Since

1j,2 (22)

)' , 1 *. ,12'
3). (23)

5
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and

n- a InDI + a, I lD 2 ay] (24)
k 2- In 2

one finds that

[2,V1N, + + (,I + le2 (2  _ 1)1 f +6+

rYT 92
2 a - a, In D -I o, a,xa,. In D2 8"

077L 2 I',2

- (aln t1 +alnnD2 ) - 2a,(!+ 2 ) + . . 261, X +X) + 2

2

+ 1-21 [2 1 (Vt\ x +X) + ] , + 2i1 + -+. 4& 2D2Y 2

+ 416iyv + 21, + k2a 2(12 - 1) 0, (25)

For vanishingly small n2 - 1 and for a real Gaussian profile (x, y, zo) one would deter.
mine DI, D2 , X, &t, 62, , 11, and 12 from the requirement that Eq. (25) be capable of
being put in the form

[ 1 (f 2  y2 222
2i 0. + - ((.1 2 + I - V2 )  + - L (( " + 1 .- 2) + k C12 (t12 -1 , ( 6

21),+ 1-A +L) +~ + kci( lJt 0. (26)

Then, as k was propagatod to xo + Az, it would acquire no z dependence and would
remain real and Gaussian that Is, all of the z dependence of ¢ would have been accounted
for in D 1, - i2

For the imaginary terms of Eq. (25) other than 21 a. to vanish, the quantities D1,
D2, and X, which dvttrnilne the scale and location of the xyz coordinate system, must
satisfy the equations

t In D1 - 4&1, (27)

o In D2 - 4 2, (28)

and

iX - 2& 1X + . (29)

On tih other hand, for the ral terms involving (3., and oyv to vanish and for the scale
functionas )1 and I)2 to he faettortlih, from the remaining x and y trms reIspctively, the
phtse functions t, 62, ., Lind i2 Itust satisfy the set of oquations

6

1!'
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2Dltdll + 40 1
2 D, 1  (30)

2 D2Oa&2 + 4&2 D2 - 1l
2D + 6 2D(31)

1,0 + 2Xa, + 2d. (2& 1X4+ ) - 0, (32)

+ 2X2  
1 +2M80 + (2&1 (X + (33)

and

2
5 2- 1

2a3j (34)

Thus Eqs. (27) through (34) will determine all of the z dependence of when (X, y Zo)
Is real and a Gaussian function of x and y and there Is no lansing effect caused by heating
of the atmosphere; that is, Hqs. (27) through (34) will describe beam focusing in the
absence of diffraction and nonlinear media phenomena. They are of more limited utility
when such phenomena are present. In this case, during the displacement of 0 from zo to
zo + Az, linear and quadratic phase changes will arise from two sources. As a result of
focusing at z w z 0 , the initial phases 61(z0), &2(zo), and O(zo) will become 61(zo + Az),
i2(z0 + Az), and P(zo + Az) through the solution to Eqs. (27) through (34). In addition

however 0i at zo + Az will acquire linear and quadratic phases, A#, AaI, and 61 2 respec-
tively, as a result of diffraction and thermal blooming. Thus at zo + Az a new factoriza.
tion of must be made, namely,

, -- .L (X, y, + A --) "' 0 2 -' ..O .. .. ..
Ai) i ° A z ' 'lallY+AD ((oo 

AA)'D"+4t ')17

if 0', which is to be propagated from zo + Az to -to + Az + A ', is not to initially have
quadratic or linear phase terms, After each step in propagation therefore &I, a2, and
must be redefined as

6(zo +-AZ) - 6t(Zo + AZ) + A l, (36)

a(z o + Az) - &.(ZO + At) + A&2 , (37)

and

O'(Zo + AZ) - O(ZO4 AZ) + A4 (38)

In order to adapt the coordinate-system determination from Eqs. (27) through (29) to
changes in phase that result from focusing, diffraction, and thermal blooming.

7
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In SSPARAMA, l is propagated from one x plane to another by finite-differencing
a phase-transformed version of Eq. (26). Then Aci, Aa2 , and A are found in the xyz
coordinate system using the method of phase minimization discussed by Herrmann and
Bradley [5]. One requires that

f IiI 2[v(AX2 + Aa2y2 + AgX y) )2 dxdy - minimum, (39)

where (x, y, zo + Az) _ 10je'7. It follows that

DIE - BICI
4 - A1 :-(40)

A1 C1 - B1D1  (41)
AIE -. 1 2

and

402 - 2 (42)2A2'

where

A, a * JSI0p2dxdy, A2  fy22 ddy, (43)

B1 "M fX 1012 dxdy, (44)

C1  M rrnf* 3x dxdy, (45)

D - Ir.X a0.xldxdy, D2 : Imj y08*a dxdy, (46)

and

- fj / 2 dxdy - 1. (47)

The factorization

(X, Y, z 0 + AZ) = 0 'et(~x+CY A x  (48)

will then define ' at zo + Az as a wave function of minimum quadratic and linear phase.
In particular, if i is exactly a Gaussian beam, i' will be real.

8 A
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T7he relationship between (Aal, Aft AP) and {Atkl, ~A62 , A#) is found by substi-
ti-iting Eqs. (17) and (18) into Eq. (48):

-I(49)V

and

A sintilar set of equations will hold between {611, &2, }and (Cil, a2,} which are
com.puted directly in the xyz coordinate system. When reexpressed in terms of al,a
and Eqs. (27) through (29) become

axD1 - 4a1, (52)

ajD2 = 4U~2, (53)

and

a~x -(54)

and Eqs. (80) through (32) transform into

sol (1 + 4ac, (55)
2D,

D2 1 T L 2 ) ( 5 6 )

and

52 McqD, (57)

Eqs. (52) through (57) miust be solved in terms of initial values at zo. The solutions arp

D12,2(2) - D1,20z0 ) + D1Ct, 2(ZO ) ZO)J +~ [z~ ] ' (58)

9
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1 2}z..z0 59
C(1,2(2) " 1,2(ZO) + 1- (1 + [2oil,2(Zo )] 2 t=( o

- 2 D 2i(oI}-11,2450)

1 1(z ( ZO )  + (60)

(z) = P(z0) o1 i (zo) LDi(zo)'(0

and

O(zo)•XWz X(zo ) + D,(z) (z-zo). (1

i, Finally the procedure for solving Eq. (26) In SSPARAMA is similar to the one

ty described In an earlier report [2]. A phase transformation on 0 is made:

10(x, y) (y, z) e'(0 .M,Y')dz, (62)

where

H(X, y, ) - _. )( + _ y ) + =a2(n2 _ 1). (68)

The equation for tb follows from Eq. (26):

[21 bs + H(x, y, z)]@ = 0, (64)

where

By picking zb to lie between zo and zo + Az, one can propagate cP from zo to zo + Azo,
with first-order accuracy, by solving the equation

[2ia, + H(x, y, z)]n - (2ia6 + + - O. (66)

Equation (66) is solved by Fourier transforming D [61,

' (k, 1,z 0 ) af e(k x +k 2Y)(I(x,y,zo)dxdy, (67)

and propagating T to zo + Az:

li)(hl, k2, ZO + Az) ( 1 , h2, Zo)/ 01 . 613

10
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The inverse transformation to Eq. (67) then yields ci,, and Eq. (62) yields i(x, y,
zo +Az).

NUMERICAL PROCEDURES

The phase function g(x, y, z) of Eq. (63) can be written more usefully in the form

g-) g2(y) W 3 (x,ys)
4-=-- + , Y' X) (69)D r() D 2(4) V'B1(Z)D 2 (Z)

where

91 (x) a 1 -X (70)

g2(y) B = (71)

and

2
38 (x, y.Z) NNV e -N Nk£4)[x~ .n . (1 +NNko),Y1 X . (72)

This expression for g3 is found by substituting the new variaibles x, y, z, and 4! into
Eq. (8). The phase integral

AO so g(x, y, z') dz'

appearing in Eq, (62) can now be partially evaluated and expressed in the form

Sg1(x)AZ 1 + g2(y)AZ 2  ( dz, (73)

whr.re

AZI, 2  Dz'7) ++ 201,2(zo - (74)
SO' Di 2 (z' t D1,12(o) 2 40)+2

The differential quantities AZI and AZ 2 are similarly named a the coordinate differ-
ential AZ that was used in earlier code calculations which involved only a single scaling
function D(z),

To complete the evaluation of AO, one must know the z dependence of ga, that in,
the z dependence of clI,12 Two options are provided in SSPARAMA, for evaluating AO,
depending on whether one has determined 1(1)12 at one or both of the integration

11
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endpoints. The procedures work as follows: Suppose first that the solution for OP(x, Y, z0)
has been obtained. Then one can compute g(x, y, so), since 141(X, y, *0)12 Ik (X, y, 80)12.

To find 4F(x, y, so), however, one must evaluate

'6 f 80 ,z' x,(5
80

where zxb lies between so and the plane so +As to which one would like to propagate ''
If 0, Is known only at zo, the zoroth-order approximation

-60 91(x)Z 1 + g2(Y)AZ2 9 g(X,Y, ZO)AZ' 2  (76)

must be made, where

f 8I1 (77)

Equation (66) can now be solved for bP(x, y, so +~A) by the use of Fourier trans-
formations. Finally on performance of the phase integral

4011 a g(x, y, a')Ids' (78)
80

C kPx, Y, so + As) can be obtained from tb(x, y, so + Ax). In keeping with the accuracy
with which AO' was approximated, 40"' can be approximately evaluated as

AO" a' 91(xAZI1 + 92(Y)AZ2" - g3(X, Y, ZO + A*)AZ". (79)

The differentials AV, &Z", and AZ'12 are defined by the integrals of Eqs. (74) and (77)
with the Integration limits as specified in Eq. (78).

Suppose however that initially both O~(x, y, zo) and ik(x, y, zb') are known and that
the values of 0 at so are to be propagated to the plane at zo + As. In this case the
phase Integrals defined in Eqs. (75) and (78) can be approximated using the integration
formula

I 0 AX)X X- W1 fAX0) + W2 f(x0+ AX), (80)
X 0

which has first-order instead of zeroth-order accuracy. The weights W1 arid W2 are thus
determined such that equality will hold In Eq. (80) whenever If is a linear function of x:

W 1 +W gxdx xgx (81

12
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and

W2 x~xd 2 j (x) dx. (82)

Then, for example, in place of Eq. (76) one would have that

AO ftg 1(X)AZ' 1 + 92(y)2' - 93(X, Y, Z0)AZ3' - 93(X- Y, SO)Z~ (83)

where AZ3b and AZ4 are related through Eq.. (81) and (82) to AZ'12 and an integration
over the function aA/Di1a)DWSa:

a-S'- So &Z'2 S O'- 70 s0V=1zF-2(4

and

2Z Ef , - ZAoZ' 2] (85)

Although integrations over Dj t and Dil can be carriod out analytically in terms of
inverse hyperbolic tangents (as in Ejq. (74)), integrals over 1W1DT' produce elliptic
functions. Both sets of Integrations itre handled In SSPARAMA numerically, with third-
order accuracy, using a second Integration formula:

fX fxdx -v- 2 [f(x0 + AX,) + (x +AX2)1, (6

where Ax -- (1 -- 1F/3)ix/2 and Ax2 r- (I + 1/V3)4x/2. Again, as an example, con.
sider Eqs. (84) and (85) and define

* 1 (87)

and

r2 ~ 2 D2 a) (88)

where zj a so + (1 - 1/IV/)((zb' - o)/21 and zj -= z + (1 + 1/V3)[(zo' zo)/21. One can
complete the numerical evaluatin of AZ! and AZ hw rewriting Eqs. (84) and (85) with
the use of Eq. (86), In terni. of f, and (2:

........... ... ..... . 1 3
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4z', (89)A 9 *- -7:' (fi -f(s)

and

L ,e)(f 2o fi Z'.(9- - oa

The procedure by which Eqs. (80) through (90) are employed requires that two sets
of values of , be stored at any time by SSPARAMA. At the beginning of the propaga.
tion step described above, the two arrays contain the values of O(x, y, zo) and O(x, y,
to), where zo < *6 <0 s As. At the end of the propagation step the values of
O(x, y, z0) have been replaced by (x, y, zo + Az), These new values can then be used
to propagate O(x, y, z:) to '(x, y, zh + Az'), where now so' < so + Ax < so + Az'. The
process of alternatively propagating one and then the other of the two arrays is repeated
until the focal plane, defined by the Initial beam curvature, is reaclhed.

Since both arrays are initially assigned the values O(x, y, 0), the process of
propagating one array past the other cannot begin until after the first propagation step,
The first z step is therefore taken using Eqs. (76) and (79) to determine AO' and AO", In
general the incremental steps As am selected in SSPARAMA according to a criterion that
the phase changes induced by ga as computed from Eq. (76) be no larger than some pre.
assigned value of order 1 for all x and y. However, to carry out the first advancement of
tk at s0 a 0, half of the initially computed Az value is used, This leapfrog procedure is
summarized for the first few z steps in Fig. 1.

The advantage conveyed by using Eqs. (76) and (79) to evaluate the phase integrals
A0' and A0" is that only one , array is needed in carrying out the calculation. Because
of the reduced accuracy in computing A0' and AO", however, smaller z steps are in
principle required to obtain the same results as when two arrays at different Z planes are
used. To allow a quantitative comparison of these two procedures, both options for
propagating ' were installed in SSPARAMA and cal be selected according to the value
of one of the input parameters to the code. For the same reason, another input param.
eter is also available that allows one to adapt or not adapt the coordinate system to the
amount of diffraction or thermal blooming occurring during beam propagation,

PROGRAM OPERATION

This section will describe the input parameters required to run SSPARAMA and
explain the data included in the output. A complete listing of SSPARAMA is included in
Appendix A.

To use program SSPARAMA, two input cards are required. The first specifies cer-
tain numerical parameters and melects various program options, and the second defines the
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Pig,'1-Leapfrog procedure for advancing the wave funtlton (P

particular physical situation. This second card can contain the actual physical parameter.

or a set of dimensionless parameters,

First Input Card

The parameters read from the first card are listed in Table 1. A description of each
of these parameters is as follows:

Table 1 -Parameters Specified by the
First Input Card

Columns Name Format Columns Name Format
mII- -

1-5 PHIMXX F5.0 36-40 NPM 15
6-10 ROCULT F5.O 41.45 NBM 15
11-15 tiXY F5.0 46.50 NPLOT 15
16-20 NXY I 51.55 NCT 15
21-25 NCW 15 56-60 NRS 15
26-30 NAD 15 61.65 NPUNCH [5
31-35 NMS 15 75.80 NID A6

15
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PHIMXX. T'his is the maximum allowed phase change in radians for any point in the
computational grid at each a step. It is used to define the newly computed x increments
HZN at each step, where

g~(. '.*)a~HZN *PHIMXX,

In which g&(, y'. #)mua is the maximum value in the computational grid of ga, given by
Eq. (72). PHIMXX Is nominally ente4red as 1.0. If more # steps are required, PIEMXX
can be decreased. In this case the s increment is tied to the amount of heating in the
atmosphere, becoming smaller automatically as lauge density changes take place or
becoming large and efficient when near-vacuumlike propagation occurs. If HZN exceeds
0.1 of the total propagation distance, the smaller of these two x increments is used. If
HZN at any time is less than 10-7~ times the distance to be propagated, the program exits
and an error message will be printed.

itOCULT. This Is used when propagating uniform circular beamshapes with an obscuring
4 disk or a uniform rectangular beamshape. In the former case ROCULT to the ratio of the

occulting radius to the total radium. For a rectangle, it is the ratio of the y to the X
dimension. ROCULT is used only when 14DM equals 4 or 5.

HXY. This parameter defines the size of the computational grid relative to the aperture
radius by

A~x a 4y a HXY

where &x and A1y are the sizes of Individual computational cells, which start out square.
Depending on the beamohape, values between 0.1 and 0.3 are typical,

NXY. This is the number of individual computational cello along the edge of the entire
computational grid. The FPT routine is more efficient when NXY is a power of 2, mild
NXY to normally entered as 64.

NCW. This parameter permits CW propagation to be included by allowing the summation
in Eq. (72) to be replaced by an integral ['71. Before the summation is replaced, Eq.
(72) can be written in terms of physical parameters us

SN(Vy- 1)k 2caR e-0 'x nv

Thi summation is performed when NCW a 0. When NCW 1. 1the program is in the CW
mode, and Eq. (72) is replaced by

- 1)~ct~"~'~D7 .0

I. ) 1111(x + x', y, z)12 dx',

0.2 VO Z J1 0
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where P is the average power of a CW Iaser (P - 4/4t). The integration is performed
using a simple trapezoid rule.

NAD. When NAD a 0, the coordinate system adaption is not included. When NAD - 1,
it is included.

NMS. When NMS *0, the midplane integrations are not used. Whent NMS 1, they are
used.

NPM. When NPM m-1, the second data card contains physical parameters. When NPM
+1, the second card contains dimensionless parameter.

NEM. Thin parameter selects one of the five beamehapes available within the program,.
NBM 0 0-Infinite Gaussian, with WIDTH (a parameter read fromi the second input

card) being the #-I intensity radius-,
NBM I 1 -Truncated Gaussian, with WIDTH being the e- intensity radius, trun.

caodatyiX WIDTh -r v 2 intensity radius,
NOM 2 2- Uniform circular apL4. 't r, with WIDTH being the actual aperture radius;
NSM 3 3-Uniform square aperture, with WIDTH being the dimension from tho

center of the square to the edge (half-side dimension) in the x or y
direction;

NBM m 4 -Uniform circular aperture and an occulting disk, with WIDTH being the
total aperture radius and, as stated previously, with ROCULT being the

K ratio giving the occulting disk radius;
NBM a 5 -Uniform rectangular aperture, with WIDTH being the half-*side x dimen.

sion and ROCULT being the ratio giving the y dimension,

NPLOT. This determines the type and the number of plots given in the output:
NPLOT 0- No plots-,
NPLOT I - Final contour plot only,
NPLOT *2 -Final contour plot plus at plot of average intensity and peak intensity

versus Z;
NPLOT -3 - Preceding plots plus a plot of flux and area vorsus irradiance;
NPLOT -4 - Preceding plots plus a contour plot of aperturv Intensity;
NPLOT *5 - Preceding plots pius Fourier-transform contour plots of aperture and

final intensity distributions.

NCT. This determines the contour levels used in the contour plots:
NOT - 0 -- Contour plots use contour levels with 10% increments;
Nur - 1 .- Contour plots use 3.dB contours (0.511, it 1, 2. ... , 10).

NitS. When NRS a1, the final contour plot is corrected and standardized according to
anuiInternal criterion, to roinovt! the effects of dtirferent amounts of coordinate system

17
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adaption in the x and y directions. When NRS - 0, this plot can appear with nonuni.
form axes.

NPUNCH, This determines whether there is a punched.card output:

NPUNCH a 0--No punched.card output;

NPUNCH - 1- Punched.card output for later data processing.

NID. Up to six characters can be used to identify a run or a series of runs on both the
printed and punched output.

Second Input Card

The data contained on the second input card depend on the value of NPM. If NPM
1, the physical parameters listed in Table 2 will be read. A description of each of

these parameters is as follows:

OM. The slew rate in radians per second. Table 2-Parameters Specified
by the Second Input Card

HT. The interval between pulses in seconds, or When NPM -1
the reciprocal of the pulse repetition frequency T
(PRF). For CW propagation this should be set to Columns Name Format
1, second. __........

1-5 OM F5.0
ALPHA. The absorption coefficient c in km" 1 . 6410 HT F6,0

11.15 ALPHA F60
ALPHAS, The scattering coefficient in km"1 . 10.20 ALP14AS F5.0
ALPHAS is used to compute the total extinction 21.30 WIDTH E10.0
but is not included in the absorption that pro. 31.40 WN E10.0
duces atmospheric heating, 41-50 VO E10.0

51.60 ENERGY E1O,0
WIDTH. The aperture radius a in centimeters, 61.70 F E10.0
The particular definition is given in the preceding 71.80 ZF I101O
subsection for each value of NBM.

WN. The wavenumber k a 2r/? or 21r/oXP, where 0 is the beam quality and X is the beam

wavolngth in centimeters,

VO. The wind velocity u0 in meters per second,

ENERGY. The individual pulse energy Ep in Joules. For CW propagation ENERGY is
the average power in watts.

F, The focal length in kilometers,

ZF. The distance at which the calculation is to he stopped in kilometers.

As already shown, the propagation is a function of five dimensionless parameters,
Different combinations of the eight physical parameters, which urv r(quired to define

18
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these dimensionless parameters and which lead to the same values of the dimensiorles
parameters, will produce identical results. In order that a unique physical situation be
specified, some physical quantities are also road from the second data card when NPM -
+1 (Table 3), They are not used to define the physical situation but rather to assign
units to the derived quantities at the end of the calculations, The quantities read when
NPM - +1 are:

Table 3-Quantities Specified F, Focal length in kilometers.
by the Second Input Card I

When NPM - +1 HT. Pulse interval At in seconds (-1 second for
T -- TCW),

Columns Name Format
PNA. The f number - WIDTH/F.

1-5 F FS.0
6-10 HT FS.0 PNALF. Absorption number, ALPHA/F,
11.20 PNA E10.0
21.80 PNALF E10O.0 PNK, Fresnel number, WN WIDTH2/F.
31.40 PNK E10.0
41.50 PNO E10.O PNO. Overlap number, 2V' , WIDTH/(VO. HT)
81.60 PNS E10.O for an infinite and truncated Gaussian beam and
61.70 PND E10O.0 2 WIDTH/(VO, HT) for all other beam shapes,
7180 PNZ _____ PNS, Slew number, OM F/VO.

PND, Distortion number, 3Nk(,y-1)ctftp/caf voAt.

PNZ. The ratio of the distance at which the calculation is to be stopped to the focal
length, ZF/F.

Examples of Output

A series of multipulse runs was made varying the pulse spacing and energy so that
the average power remained constant and using a number of average powers. The results
of these runs are shown in Fig, 2 in the form of power optimization curves. The CW
curve is included so that the convergence of the multipulse curves to the CW curve, as
the limiting case when pulse interval is decreased, can be readily observed,

To test the SSPARAMA code in the CW mode, some comparison runs were made to
check against some results obtained from Jan Herrmann of Lincoln Laboratory, who
studied the propagation of a CW infinite Gauuian with a C-2 diameter of 70 cm. The
absorption coefficient was 0.07 km -1 , with no scattering. The laser was twico-diffraction.
limited DF with a wavenumber of 8,5 X 103 cm- 1, Two cases were considered at focal
lengths of 2, 5, and 10 kni. The first case had a power of 10 MW, a wind speed of 250
m/s, and no slowing, 'Te second case had 2 MW power, a 2.m/s wind, and a 0,02.s- 1
slew. The results, consisting of the area containing 63% of the focal.plaae power and of
the peak intensity are summarized in Table 4. Arel and Ireq compare these quantities
with those that would have been obtained If there were no thermal blooming. The results
for these highly bloomed cases agree within about 5% with those of lerrmann.
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Table 4-SPARAMA Resulta for the Propagation of a CW Infinite Gaunian
With a Wavenumber of 8600 cm - 1 , an e-2 Diameter of 70 cm, an

Absorption Coefficient of 0.07 km 1, and No Scattering

Focal Area A Relative Area Peak Relative PeakIntensity |tol
Lengh Containing Aral Intensity Inlative ToLent 63% of the Relative To oak No Thermal

F Focal-Plane No Thermal (kN/cm,2 )
(k) Power (cm2 ) Blooming Blooming

First Came: 10 MW Power, 250-m/s Wind, and No Slow
2 57.6 20.8 147 0,0464

6 658 37.0 10,3 0.0251
10 I 8543 49.8 1,33 0,0184

Second Case: 2 MW Power, 2.m/s Wind, and 0.02-s- Slew

2 64.8 22.8 26.8 0,0422
5 474 26.6 2.96 0.0359

10 2018 28.4 0.495 0.0341

Another example of SSPARAMA output is illustrated in Fig. 3, namely, the final
contour plot for the 5-km run from the first came with 10% contour levels. Th com-
plete printed output from SSPARAMA is included in Figs. 4a through 4c.

20



NRL REPORTr 807.
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Fli, 3-Contour plot with 10% contour levels for the
0.ks run from the first cisue in Table 4 (PNALF * 0,350,
PNK u 10,400, PNO - (1,002, PNS - 0,000, PND
80.000)

Figure 4a, the first page of printed output, is almost self-explanatory. Both dimen-
sionlems and physical parameters are listed; one is computed from the other, depending on
which was entered, The program options indicate the mode, either CW or MP and the
beamshape etc. The results summary in Fig. 4a includes the final value of the energy
conservation integral, Eq. (2). This quantity, which is ideally equal to 1, gives a quick
check on the validity of the numerical calculations, One factor that limits tie accuracy
is the use of a finite mesh size. As this mesh is made finer, the intensity distribution gets
closer to the mesh boundaries, and numerical errors may enter through diffraction and
the use of a discrete Fourier-transform routine as energy is reflected off the boundary.
To avoid this reflection, the outermost boundary of the computational grid is set to zero
and the next outermost boundary is set to one half its value at each z step, Thus the
sum over normalized intensity gives an indication of how much energy was lost due to
boundary-value problems.

The area that is given in Fig. 4a is the area containing exactly 0.63 of the total flux
obtained by linear interpolation between adjacent flux fractional areas. This area will
include contributions from several peaks as the intensity pattern breaks up under severe
blooming conditions, 6o its meaning may also require a suitable interpretation of the
intensity contour map. In addition the relative area and maximum intensity are calcu-
lated relative to the focal area and intensity of a vacuum.propagated infinite Gaussian
whose e-1 diameter is equal to the value of WIDTH regardless of the beamshape being
propagated.
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Fig. .1a.-Pirst paio oF the output by SIPARAMA, containing the
Input that resulted In Fig. 3 and i summary of the rexulla

Figure 4b, the page containing numerical data, begins with a list of internally com-
puted quantities that relate to the problems of air breakdown and t'cubed self-blooming.
They are printed only for possible future data analysis. Assuming the breakdown
intensity at 10,6 pm it 3 X 106 W/cm 2 and that this is inversely proportional to wave.
length squared, the following quontities are computed as a function of range: the mini.
mum area required for breakdown, the ratio of this minimum area to the vacuum area,
the maximum pulselength before breakdown occurs, the critical power, the saturation
time, the intensity produced by the critical power propagating in a vacuum, and factors
accounting for turbulence with values of C,, of 10 I and 10- H. This is followed by an
x and y slice through the aperture to check the initial beamshape,

The quantities, including the vdues of HZN in z/ta 2 units, relating to the coordi.
nate system adaption are printed at each z step. The headings D, Di, D2, ALPHA1,
ALPHA2, BETA1, DALPHI, DALPH2, DBET1, and XCEN correspond to n, nI, D2 , a t,

02, 9, AQ1, Ao 2 , 40, and X used in the second section of this report. Also included is
EPSMX, the maximum value of the summation given In Eq. (72); PIIIMX, the maximum
value of the positive phase change applied to ' to obtain (1); and PARM, the number of
pulses, for the MP mode, that occur in a computational cell.

Figure 4c, the output data, lists in the top portion the area, flux, the area fraction,
tad flux fraction contained within each contour level, From tlese data the 63% area is
interpolated. This Is followed in the middle portion by the 2 locations of tht nIaxiMum
of the average and peak intennities, the minimum 63% area, and the mininiuml z st(Ap that
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intensities, the 63% area and the location of the peak intensity In centimeters are listed
at each z step.

Summary of Program Structure

When the half-step integrations are used, the solution ios advanced twice before the
information at each z step is 3tored. This can be seen from the flow chart of
SSPARAMA (Fig. 5). Thus, when NMS a 1, the program actually used twice the number
of z steps that are printed and included points approximately midway between those
listed,

'The structure of the code SSPARAMA is explained below and summarized in the
flow chart In Fig, 5.

r The call to subroutine START causes the input data to be read, The rea l part of
the 64-by.64 array 4' Is defined according to the beamshape specified. Initially the phase
of this arr,,ly is zero.
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CALL START CALL ADVANCE

" READ INPUT CARDS * CHANGE 101 TO K SPACE
" DEFINE '1k 0 ADVANCE 4bi
" INITIALIZE CONSTANTS * BACK TO REAL SPACE

CALL INTENS [ CALL INTENS

0 APERTURE INTENSITY E____SGE NEST

- . CALL DENS
CALL DENS s MP SUMMATION CALL VTRAS

0 MP SUMMATION 9 Z INCREMENT 6b -0p
0 FIND INITIAL Z INCREMENT * *2- D ADAPTION
* PHASE CHANGE 'I-4)

CALL OUTPUT TA
VALUES1

* STORE CURRENT VLE

< DID 
ES

THE LAST Zr
STEP TAKE LESS THAN CALL ADVANCE

TIMES THE TIME NO
EMAINING0E I ADVANCE IV2

YES 5-umn (teCod AAMAN

CAL5EN

ICEEN L.VRN

~ Mfl~fl~h~i. 4 P 2 0412



WiHITNEY, MADER, AND ULMICII

* Now that one cycle of propagating the solution is completed, the code checks if
x final has been reached and if the half-step integrations are to be performed as outlined i

in the section titled Numerical Procedures.

* When z final has been reached or the time limit of execution is near, the llst
call to OUTPUT prints the results and ends this run.

The Appendix contains a complete listing of the code with copious comments
included.
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APPENDIX A
Listing of Code and Comments

PR06RAq SSAA"'A
C ***4 .* 4 14* *1*W***It***.*4*14*49*

COMMON /9Y91 Al(64o64), A2)6E,,6'.I ITE.Nb(6.,','

*AIN)~.A41 ,lALPI-11(2)slIALPH() o, vt I () sALII10() ALPri?0)Z) s
* tL71(2Is U.l)2) s 140)2l, (I')) RoWu2tr)o AR5iTl) 10 , X(110( 2)
COMMON /tibii/ TENS 6I IS. 1 6 (iiC64) , 12) b~l Pr IA~.11 4 ) 1,41tA.1:2(6 19

*C0NMIN) lul *'2 (3) .bVl(64) 9SVP 164 1 PARM hU )
COM.UN /hINGLS1 Fe WlA, ["NALtv , PKt ~thos IJN~i HN.. WNIt Fi~ HY,
*H~ , Z% ZZoU1 , N'A, ZI- I NAL. XL~ kos YLIEI40i 0LT~io ilLPmAi ',;N
* VJiL~1 WAI.)T? ris , ALPi-i( o (So RL.FRI( 1 ,%4A.MA 1. (T KI

*I.JTKJo RHtT9 1-1Jtv I)AN4FA9 29 TS9, TPU.LY, s CJPIL*CN,

* 1 4)63Ni 9t~ 1? 41MXMhIY i 3s APVN9 04 /.., j/ U* KAf~l ki. 10151 Xt
* .X. I'rII\4X, EPSM)(o iRRKX* PWAXt Ris t l' AX% VT .Wlo P1HIWXX9H1N~lis, 14

P* Pi I"'AXi JtIAX* liX, NYi NA(1, NX29 NY.?s NI1Yo NXI)1'. N.'f.IP NP?,

* SIPT, ILN L !T0 .1 8 ii-~, iLO, 9L I)I I 1, ~ IIC 0 T(1, 0

C0'YUN 1001 0-IS */N' ... C*i~,~P.,N;..NI-X IT9,NPLU 1WINCI I
C~ 4 1 4 4 4' 14 4~4 0 1 .** 4' 14 11 4 1 9 1: N It 1 44 *

C UNI"L L.X Al s A2

~A TA (Ce131 6 J 1. ! NN .qI-I Ac(. 1) 1 (AY "A. 4e 1 0~ 7 1.4-)
t C T K e -5 P IC s. 14 1 tJ We, (lk I LJ I., I IJIC

)'\TA (NXr7Ir.kv64) * (NYI)Il''hi4C li/~ll C
*W 1 I . ) 6/4 kii

111 ('A, II T In

1 A \ I Ill 1 - T ' Pl"'

ti I
A I ' I -I

(,it. 1 f T * 1,11 19 A

C At L, 1 .1 A I I I I I P

11 C NI II) I ,. I C

I I A . ' It. IA k K ~ L- /T IN 1 .I ' I'*

C

c1A.'L OlNTN 'I llIT A

I. T :I1t RI 'A 1 NhI If- 3 1P 1 11 0 L-
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I TNOWftTI'AFIF t(.-
(OT.TLAST-TJO%

PRINT 2?.?
22 FOI. ATi/1251(251104* ?U.;r AvoI' AT i(K 11* 11 sj,,IX3tIv**//j

GO TO 13
S CUNTINIL

C
C AUVANCK FROM~ 1Z TU /.e'i. L d1TI* A ILI10iSU I~j A
C
4.0 CALL AflVMC1 4IL)

CALL INTrNsIA19 *FAL~sI
CALL tkA~,hIA1v A29 ?Z21, Is Ips %T ji
IF IZ @Ci. ITINALI GO 70 15

C qR.PEAT IF iiALF-ST0 IfIT1.6HA 1(- "I ~CLJt
C

IF (NMS. .i(o. 60 TO 4t)d

CALL A0I4VCL(A2,2)
CALL INTENS(Ad, alAl-to
CALL LdKNS(A2o Als 1129 W, It *t, II 16
IF (Z *ffo ?.iINALI GO TO 1')

4S CONT INUE
00 TO 14.

C tsto04 * tov 1 41 ai IsI

C
C 0T NEX I r.OLAL 1 FOR~ I'HttAtlki. X IT S
C
13 NLAITRI
I!. CONTINUL

C
C FXECUTE ALL OOTPULT

CALL CIUTPLTWITII'
PRlINT 16

16 FoH'4A1 HaII
17 CALL SiTCPI"LOT

C PRINT RUiN 1t- Ii CP rrI'f Is
1kUNlT~,TAIIT-1J:I;,.Lt.F H''Y lel

PR I NT 1I sI ltIt!
I A FOR MA T 1/ Is16 11" v* kl't, I I 1~ , s,, v i t

STuIP
F N0
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SUHROUTINE- STARTILSIl

C THIS SUWI!TINI 14iAI)S T'lti INP)IT PAlA-'-1 TINS. AND OFFINSR
r. THE APLI01,11ll At TH! IBT I (N PSI I UN Ales MANY (eiIANT ITilb AIAt
c INIT! ALlfr i -llt FOR 11 LATLR iJSr k

CLHS'CN /LMt Alt1640419I A?16'6gl4i 111I TNSI1649,41
C0U"%'ON /AAA./ 't~t,~pI~tlgIetI -L 'v !AIhfu~

HE)iT10141 0t iilI) * D2t(P)v 14011.) tJ?(I,'l SiltOi)t0i'I X(I-Ni'I?
CuI- MUIN /.IIII Tt'N.%Ih4,d N164) 1b is (ii161 o1 PM t I l61) IJlA1? 611

*. (ONII II,2 I*~ III) W2 5 I q(64 1 0V64) 1,PARN11 ) I
C W-1%IUN / h~i (S/r PN~ig '1NAL *Im4 ~I"t* i'N4SOg NNI)W ft INX9 ft11g

* l o 4 /lltf l ?.'l IF IN L. X.L- YLliiu, wiOi,o ALl,-FIAt WtiN
Voi.T (ULT I fIT F NI lttiY ALl-olifl(t C.So iltI-ACo L A M ,ITI% cIKg

It fJtKJft RiTl' PoUTft IoAkI A, 2, t!, TIJI'Lt * ASI,l9-CAS)TCkI- )gT~uR2,
* 11 Ill163-1XII .2. 14 \.1 o 1:4t AI<. ig /4,i HI/ "is l.ii\I,,L LNS'.NXo
* LK9 PIIIMKX, I-I'\'K i 11,10-'At IHiXt ,1 lit 1 Il) AX, VTH-;'g I'HIM-SXX1ZN.-II% it,

Pl I'A 9 !~ofii ,;N AP NIA?g IjYd, NXYs NxA) Ike IYwI\lI, NPI)T

ft IiLI2TNHC.Zi2,A 11l+ uX. *AL''lItftll ot I ~ i tg /iol,l/ ti ii-,! tLAl I(TD1T

Clnt',biUT,? ',0lgSj %fit >dgi'~~ax,I[L IPL'ltmll

AC#fItf 1ft*llft I, N 41 1,Ilfti fi 0RI ,W l,4ia k lU'i4 L ti t 4; 111o I f. .:ti~ t1iA 1i, 1 l 1 1 1 0 w # Ift lfhU tf t,

CU!lPLt'LX Al, A?

W, I.' i ~' 111 NI 64 )

Ilhil I 61. I I I id I I II

CALL I LflYT I I'! I h l

k.1A( j

0 I 0 A it ' I 1 ' 4 1 4

C (IAll IPUT I ATA - l'W1I,,kA ol'Tr[

r 1-C 1 11 'it. I I''.N

r. kicA' ft . ' .. 1it' A f ' j'
( PP.5v ; I - NO' FU-AI- 5 I' (Ir"~ d iI

C ilY -!-- - Nru i1 -Au s I I li L ( TI I -i hiI A'

C -'il- L, I - Tu1IN A -I I IILA'"S51A1, l --
C 4145 Al 4P -'l-'~- iNII-N 11 10, L
C II fi - )J) I t W k4. ',J I AlI
C NIHYA ft Li- IN Iit i L IN(L A4 )It II I(1. 1 1 fl. I . ie

C 4)10) - I IN I F 146) ( I KtuLlI 11' PL
c 1,1'L KI Is i - A41lIM! YA AM~
c hii1 IV 1 I -1 1/. C I I('k I -I 1'- Al 1it .v5 l t.l)T1 h
c *)pLL' I - it.I 4 lIIlIiT(t ~ II I '

c W - I - I ' I 'PiA I V!I

C 4Pl?0 Ni - t'' Ii f llTlII Li A. W ' A14 A ! l:)Il

CA I 4t * - U N l I ", AIFIil I l '
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C IPLINCH -No ILIN(0* HFm uiltl

I' ~C Nit) IS~ AN IpI Nl)MsEN1 I Al) IN Ab 1,Ui0AT

pC P O CAtIl.S IANS - WID)TH 11 /~ If.~ IT ~ ll

Rf~A0 19 Pm11,'iXXNOCkLI1 sHX ~v, NKY NCI * NAIl )0- ,U llL t

I NCTsNRrvNI)iiNCH*Nllf

HY IIIXY
NXwNXY
1Y ANXY
IF INXe.TaNXI)IM) NXwNXi IM
IF I (INY OT .O i IMM NYaNYl, I'.

C ?L AL) I N 1)1 1 lII UN0 !S ~i ~ ii

c
C Fal*QC'kL LLITH~ IN i PM

C HTo1hIIL!, I-NTk.VAL IN SEAt I R) I Y( HIM4 CV-

C PNAL.F *ALPHIA/F

C 1)~ N~ ll b I IV DI V )I I

C I' I. Pa A I ~I 41l.~' I k

C

Ir Al ?' 1 11 O's l1AIl q, 0i1 Pg1 a H . p lA " ,/

2)I iiMA A-,~' Ai i v* k

Ii.P I .'

C. 1 lit Ii I I I.

P Ill III, Al4 11P

V0. '.1, !,I I Nl

II \; 1 . - 1'

I - i, ' . T, It h

I I A I H l. v ' .

I! ft t 111 1 , .I'

C. v ~ I / I(Ilf /

I~l 'II IN 0
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ALPHAaALPHIIA.-5 H
VDTmV0'Ht

0MDT CM*H4t
PNApw Ir.1TIF

PNAL~m( ALPHA*ALI'HA5S *F
PNKMWN#W10yH*e21pF
PN0* 1w I t)TH/VIMI
PN~m0Mb1WF~/voL)?

PNOI'UENFRCjY1 (IfiPFLL1)w I TH#2*t T I)

I'NO. 3. VIJF.Fl4A( IN I (sk.IA1 I 'ALIpIA*IFA~,H(Y I vL+7/

*C PR~)INT 1NVWT fIAWA%'FTW
c
in CONT I Nur

* PF. ~NI:RfiY/ 1.,i

PALFIALPHiA*I1 .5

IM: I NT 41

sl r ,f v 

tpA I 

111:, 41h 1 1, 1.) 1 t, ,I 'I A .P L..~ I4,9 al 4/

1, I k1I,NjA j d I1q ItII4]III -) iI o l

i t Ig

'A I -M6( A-- 14 I'l I I 4

N6 -.4.''.A '4 VII r'4( 1

*j t1,I I PR I II T IIt

AI . e~.I I (I I I T I *l' I
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I F INADeEQ.O) PRINT 152
IF INAI).E0*11 PRINT 153
IF 1NM6*EQa('1 PRINT 154
IF 1NMS.I!Oal) PRINT 155
IF INKUNCH.ok.II PR~INT 106
IF INOUNCMeFlQ.1I PRINT4 15?
PRINT 108s NPLOT-
IF INCTolQ.O) PRINT 162
IF iNCToNlso) PRIINT 161
IF INRS*EOeU;) PRINT 164

14g FORMAT I 2XHIr.A?1vNAP~l'XI INF IN I T (AUSSIAN41)

I SO FORSAAT I2(XQHIIF Af'!HAPIX OIN I POW CII4CLLOI
I II1 FORMAT I 20gHllAk'SIIAPEOX'uLN IFI~ild4 5c0UARL1 I
152 FORMAT1I1X8HAC0APTIoN5XHN03I
151 FOWMAT12IXSHAIAPTIlJN !X3YlI
IN 5d ORMAT I MXi11iliALF-,TI P *NTL~ihAT I lI,5X2fH?w1
IS'§ FORtIA? I HM11HALI-ATIP 1I~Tt'k1%T I -NtX3lIYt .iJ

I '6 PO~tA il (XI9IIPMCHI~.iRL) ;,'TP0T ,X lIhol(
I'l? FORM\AT II X19HPUMV4j1, CAPI) OPTPUT'ix3HYI S
IS8 FORMAT1AXIWICHLR or 1JLVTS5XIiC
I162 FOI4MAT I 1 XI1ILO'W LEVhL C0NTl~URS!X.'~))
163 FORMAI111XI MIlLOtW Lh.VL.L Nui', hY ,

164t FORNIAT I 1926H10.5CALL IN IL C %1.11i4 PLt15X2111.)
16 b rUI4NAT13 X2bHId I(.ALF Fi I.L ( II'IT001, Pl.0I,IIT :4'Yj
166 FUIRA T I POX'9I1h VISHAPLIIX 41 ON I FUIV 1( 11~c - ,,r.Ul1 I 1- 101) 1, imcv .2I
c

c IF IN AND S'TOI41 (0CCIPAI4AT liIVI PYSI CAL II) lA

OA10 4.lX*l4Y

111'I' V /1"Pt

fill

s'NI'Oil (At 1 1-Il/I LAAt 10-1 )I*1* -3

AVI' f." *4 0CT

I Xal 'AI -I''AI P /Pi' I
1,141 1' S fT I I Y I

I'CP(IwCoA4T,',' 1/l

T11014 II * II It)11- 1
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GO TOl 12(

TCOR2ImD/hTURI2
12 CONTINUr

fOUTtI1,I .
LOUTI291 w*AS?

HOUT(A9 ,TP
LIOUTIB. IIPCR
MOUT1be I 1.75
HOUT17,1 ) wS IIBOUTI18 1IN)YCOII
l'OUTIV,I ITCORZ

54 CONT INU

C r.EFIV INITIAL AMPLIDLS AT APFII TUI4F
c
C ?ILINCATE0 014 IMI' INI TV LAUSSInN
C 11I IFOR?' C IKL OCRV 1 SUUANE
c
C THUNCATL) AIOSW I 1A I T ItiINCA? I.!) AT' 1 /. Pi T LtI1TY VAu Ius

XZE4O-(NX-I )NIIE/2*

*NVNOAIIY- Ol/q

II.Arqf AuNX*MYI4IIARVA
00 64 Jo1 .NlY

00 64 I's1 ,tiX

IF Ii *tIu. I I (,I I I

MlN F 11.1 LIIIA A411Twll

I. I" AL Y A%, IRS'))

I. V (I N0 .C 1 rn T i

It' 1 X1d. .W 41- 1 I ' 'Acj1 Y . l , i ,1,

F I N 1 I i -!I AlP..' 1 W .

14 AL 1'1 A

U ti 0 1 tt rIA I li le471, t.T14't I
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C LOAD INITIAL ARRAY
C

16O CONTINUI:

r INPJ NORMAL IZAT ION FACTOR~

CALL INTLN51A1, olAu..)

00 66 Jmh NY
D)O 66 ImlNX

o RNOq'RPONORt147EIS1 I sj I
(16 CONTII NUF

R RNOIRM a I * /5i(T I Iq NO' V-1* D)A r' 1 A

C )I I I I. . I r-NSTANT5 r, t) OANA.'.I T R US LATI~ F 1 I iW)C,RA'

N YP' N Y '

F Il I IIA*PXI I 0

1%, A I lk, I ' IlTfI . I. IH i

00. j it I II .4

I1 A~ I I'' I I s '

2 (or, T

r , T o x f ,I I c IIII

A I s I *I -AI

ITil I~

X I~, Loi

L (I i I * y, ~ /i* I I .1d
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C rLFINE CONTOUR4 LEVELS

IF (NCT*NFaCI GO TO 210
CTLVLm*9
I0 200 1.1,9
C0NMIN IIlvCTLVL

200 CTLVLOCYLVL-al
C ONM INi (hI mU.
60o TO 250

210 CONMINII00011~f
n0 m2) 1.2i10

220 CONMiINI)CONI-WINI-1140.5
2 5n CONTINUE~

T LA ST IV.ELLFT 10

C INITIA.IZ RUA RA-VES

C

M I I)

020 1. j l

POP 'rII Ia:N 1IS 4
At. PI1]0 1L 2 - II
A L P I 11-a) *IN
402o1II I.6 i

X~ LI I I .

CAP H?' I a t a ,'

iMFT)I I I *Ia
AD CW~Ill1'M

'ill Aa

C 01 AII T I hL 1.1%, Y I ,' -ilh :A I1i lP

CAI.RU v--H. ) a

C I-it( 1 9 0

CI I L , I.'.I) O '

CALL o * -II

(.A IiiX'4~'1,.4 Cl "4,,Yt.II)%IiI I 'm1 aIi I ( 11 1

Is; li. T t RP,
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SUBROUTlPNE ADVNCE(A.NS)

C THIS SUBROUTINE FOURIER TRANSFORMS PHIIX#YoZl TO PHIIK1,K29ZI,
C AND ADVANCES THE SOLUTION BIY APPLYING THE PHAS. CHANGE
C
C PH(lK0+ZNH(l 2I*X(o~*K*2*Z0+2*0~/))
C
C ANO THEN TRANSFORMS BACK TO REAL SPACE
C
C# 44 * * # *4** * 4 * at * at * it * *4 *

COMMON /AAA/ LPSI&4964,EPS66IAOkT(1,Y9l)oBUT'jOl,
* AINI?,6i.),DALPHI2),DALPH2tlOET12)l*ALPHIO(2hoALPH2O(2),
0 BETIU(2)o 0~10(2)q 020(.21s R01012)9 14020(21, SRTQIO(21, XCEN012)
COMMON /RAI TENS6(64). 61(6419, 6264)s PHASEIce'.I, PHASE2I6.I,

* CONMINI1CflM2(3(,&V116*d *5V2(64),PARMIIOi
COMMONJ /SINGLS/ Fs PNA, PNALFs ONKo PN0, PN59 PNUs PtN2, HX, hy,

* HZ. Zs ZZsZZP, ?.NM, ZFINAL9 XZEROo YZEROo WIUTH, ALPHA, WNs
I VOUT. OMDT, Wit, ENLHGV, ALPHAs C5, RhJ:RACt GAMMA$ iiTJ, CT~
* L.JTKJo RHT, POUT, 'AHEAt w2o TSo IPULSbEo A52oPCHsSI9TCuH1qT.042
6 ZIo R1I63MXo 12s rW!XMkX Z3, APMWI, 14s HZk'Ns OKARLAo TEN~0.'Xo
I EX. PHIMXo EPSWX, H4RMXs (XMXt R19 IiDIMAXt VTEWY, PF14I1MKX01ZhsMS 14
I P1, IMAX, JhIAXs NX# NY. 'AtD NX~ 4Y,2o NXYs NXDI. NYDIt', NPTs

COMPLFX A(6496,4)

C "r FINE PARAMI'TtR FO ~RH.I TWqFF(!1C AT IuN

Ht1sC0NI#HZt.
ilZ~vC.N2*HZN

!)2s., (NISl4 IIIv, .,2sJ*Al.P'i2k (f.!,14 022~?//'c.
rI2sD Il .N. Aqi2I )2

C. I 1.,H/01Pmi

0 lap* Ic */"1? ?

c N.' ~' 4Y ., IF N i LT 6

IF (NA 61-f. NX0I)60 ~o 115.'

I I~ CONT INtL
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D ERFCO(V FMJ I E H T'0M~c, l- ToC - K -fPAC V

C.ALL FA,,',FOUlRIAC 1.11 V29 !,V1. SV29 -19 11F.1KR)

IF" (NX @LT9 NX)I-%) 60 TO 10)

C OLCOT FUUIM FA TkANSF' UF iTL.I'. I TY U0 bI ILAUT IONS AT

C NPFNTUR4L Alin) Z-FINAi.

IF (NITER .E(. I*AN[)& %S *Oo 11 CALL INTFNSAt olU ,0

1 1 CONT IN OF. NH.S~i. ALI I, N

c APPLY P'HASF (.tiANO TO AlWINCl THE; UL.LLAT IONS

C
0)0 12 J019INY

DO) 12 IS1 0X
fiR (jiI)*NI(+I
Ptlal*.P(HC?1HCZIN*)iAS~l1II+(ICL2U+CZ2N)*PHA 

WJU

I? A (JT I A WJ*CtL X I COS(PH I ) -S 1 (PH I

C CFR OU h R FFOkl. - TL) 1i AL-v 3 AC..

C
CALL FA5ST~ouH(AI IvIk V2o Vlt SV21 lo IFF.HI)

C

C 'qE S 1ORT ARRAY [F PIX 1.1 b'

IF (NX .FCo NXIUIIA) G(0 TO 1165

00 116~ JmItNY
DO llb IWIINX

116 AC I ..C A 114J- 1) NX I
llfEc l*hTURN
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SUMROUTINF flFNS)A9 H9 ZCOOR)9 NOl. N0)29 LO)

I' ~C TH IS SkURIOuT I NI APPLYS THE PllASI CHANi6i-
C
C (I-X**?/r1.r2-Y*2)/r2-3NICAlWM-I t ftf2Ei/rft*K/SvT (1f 2)

4 WM UMPHI IX-XPYZ ) )**2

c THIS CONVFRTS PSI (014 A) TO PHI
C

*f t t 4 * *t is f t * * f 4 * f * 4 t f t f t * f t t f t 4 t f t *

A IN (2 t64) ftIAL1114 ( I) tALPt2 (P I *1ULT 1(7) vALP4IIO(2 I sALPHi20. i I
fAFT.T (7) o , P.1~~ ) 0~20 ? ) i RVIC (2) o RUPI; (;'( ) SkTP10 12) 9 XCEINC( 2)

CO)MMON /1H,3/ TICNF 16 6' s6' Ci ( 61 s 6? (6'.),9 PHASE 1 (64 oPIIAS.E (6'.).
*CONNMIN (I(;) o.'2)3I SVl1i64 6SVP 166f) PARMW)'

COMMON /51 NOS/ F.i PNA, PI1AL o t-NK o PNO 9 PN45o Y-Ns IJN/ I iXi MY)
* H1l, 7. l~?F ?iNN, 7I(NALo XU.ROP Y/IEFCOt WIL)TH. ALPHA, v'N,

0 V(LDT OMDT g HTo , NE k(,Y ALPPHAC Cbs R I F AC, 4LAC.F.!A t-T.J C TK I
0 I TKJo ,R4'T* POUr, iuAHC.Ao ..2s Is * TPtJLs~L .AI P< i, oN ,1.N

* ?It H163N1X9 22o RNMXs Z3# AW4No 0it PlIMN, O4(A10.0k teNY~

P.Xs PHINIX, [PSMX, I-kkN.XP U(lX, RI. B)[MIAXo M.WisM PHIMXXpi/iMi~it 14t
*Plo IMAXo .aMAX9 NX9 NY, NAto, NX2t NY2v NXt NX0I.Ys NYDIiM.v NPT9

* IPLOt 9NI TER NHOF~ OXK' .NYMP N S IN LAG 00.01102 011 #P, oRI<i o. Sr T
* N 5111 12. XCEN , TLAST * SQRN A I sN,.CCONC) vtiC UN. II) I . 'Cl /109,1 C/20, HC IN.
* ICZIIHCZ 12 9ALPtil ,ALPrI? 4il.T I oLofi $(N vv1NO XhlftI XP :1 1 U;12

CC'4)WoN I')U4TS/ WOIOlCL.} AC TN!.~' 110C':t,- ?ftL.Te'hNCH
#t t *t f ft ft 41 *t uI f to ft o1 * o A ft n 4 ! i~f t 'A t, it V. ft I, ii t v' f 4'

CQ1AtPLLX A (64 v64.i 1 s 64.fs6'

LO IA 1.N() T I . l:'~I1) /tV

IF~i!IAII)' /Tl W!U FiRSt (:AL.L

IF (.D (W% TO) 41

H / 1,AVyI I)*

fl' AV 1 ft 0 -

P .3 I o,

7j FINAL/ '

I ~ ~ ~ X I X U. . , *'

O 9 /CM) /K ft IO[TlWlf,'

r F

C K,

D~1JlFt Tvf I I IN

38



NRL RE;POR'r

DlwD()lNr) *i(1*0+29(I*ALpH10(Nr)l l*Z0D)1),2+zDZDD1l)
SRTD1aSORT101)

C i

C VTERM a DISTANCE HETWFEN PULSES / DISTANCE B~ETWEEN GRID POINTS

VYERMu2.U*(1.i *PJS*ZNM)/IHXOSRTDI*PNO)
IF(VTFRN .LT6U) GOI TO 45
EPSMXuCJ,0

DC.FLOAT( JC-2)
IF (NCW*EOI) 6,0 TO 2100

C IF (DC) 48t4900U

k c XIT OIPTInNS
C
4S NPUNCi-IsO

N X ITal
PRINT 1(u 7£ ()o' F0iRMAT(//2X# *AT Z.'. 6.e4. K~iv A tA() ?.ONFi lb PNR.;j.NT IN THE C

*ALCULAT ICN'I)
CALL OUTPUT ( *Tku.4
'St Op

C
46I PRINT 101# Z
101 FORMAT /12X *AT Zu F 6.4 K* ' 1iHLkE AINL MORL o/iN lu fuLILb

*PER CELL PI4LSVNI I N Ttil. CALCULAT ION*
STOP

C 1
4 NPUNCHakY

PRINT 10'39 7
1 U3 FORMAT C // 2X *AT It F7.o K%;t tfil: CALCUILATt.0 flc15 I)MALLL14 1 H

sAN THE~ FINIMIIM ALOIjVAlL[L*
CALL OUTPUT I TRUF s I

C. cl k Ii It I T I NN I I~ k 0 TI if (IH IP I kI- It IL I I ~ I
c I N T L AAT T Ill I N T 1 NS TV Y ('O~ 1,. 1, Um~I.

C .tSTHAN OF. PhtILS l'ri. (I Lt.

I v T t W,

FI I "I II-vT.0

FilI' I-VOWTF r,0 To 4

EP" ~' I qJ) a
(,o To 4.

1-JI 5( 1 I J) 'd *5,( I 1- 1 .)

* F;'*( T N!,i 1-111 oJ(+LY - 1 119-J * I(
I F (1- N!, I 9J) e .1, , . k .i C i, XI II XS 11 I P.11I 01iC*i

16 CONT I N01
WA TOIi

C e~it TI T v,l P t '- !, P[ 1? (111.

I '1 O t N't 7 I V T I R

I -2" 1.-i N
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DO 5 wjN

TFN1NUS(TLN1,IJ)+TL JS2,j)I
EPS02J)k~s(l,J)

EPS'l~AMAX1(LPS( 2.jj t*~.A

110 5la~40
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EPSOE 2) .0*0
TENO(1).TfiNS( 1-1,.))
TENO(2)a(TENSIJ).+FLOAT(JCI1.*U)*IENbilIsJfliFLOAiIjC)

00O 70 .hiu),jc
IFJmFL0AT(JJ-1 IFL0AT (JC I
TENOIJ)apJ*TENSIIJ)+I1.UFJ)IkNbiIlJI

70 CONTINUE

LPSOjI I j)wEPSI I .J)

0O 6 I*s$Nx
EPSOMMAIFPS I .j),E$~

MI 71 JJm3tJC
FJmFL0ATIJJ-1 1/FLoAT JC)

71 CON 7 1NUF

F.P S IoI a ( I .LT. () LP"I JCI'4 ) +1 11 I . 1C - II L I1 b I I

6 (011NNF
rIO TO 51

C
C cON'PUTh Cw If,:TL(,64AL.

20o 110 11.' JSINY

1 *!joRT(0 11
00 1I~I 10I ,NX
FPS(II 'JI FP,( I ,J)

r .WfJ)%FPSI I1J.*~h* I~iI)i~ - ~I

C* 0 rl I I., I4 I

C~st % :
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51 EXOmEXN
rEXmEXPI-PNALF#LNMAI

GCONOGCON)0'EX

HCZIONHCZ1N
H1C22OxHCZ2N

C
C CACL T V Z-I NTLGRALS WfiLN rl~z

H~lo NI'*HI

I'll I arU( IhI 1* 1 sil+2s, */ALPIGi NolI I*/11 11 4412+1.1k 1fZ.I)

RI l' I KU I4? I * 1 10 P!,r~ 140

rt ot 3 ~ 1 i. / '(ll J I

IIlilt .Ci.C,$CX

11ZS5AV1: I 1'C2p i~

C.
r IN) L)NL Y Wli F I RST ('Al. L

IF~ (t.1 C,0 TO S4
IF at).(C~ 1.*'

'/ ? .CflN? "H?

1)~ 11 P I #~ I(U I eoALP .Y 1 01'1' k " .
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14R D5 U I RU I*R I I/'
r1sRDs5sSLJ.(?R?)1R

l1clf. c'a'.11 * (Hop I +rill??

~r*"POT1i T~r rl~ip , (1-0,w IN til:, L( 1' I 1 4
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PHZMXmu~u
IF INNIS @EQ. 01 GO TO NU

0YsYLLR0+FLOATfJ-I )*HY

UO 55JImIJ*NxCX ~ f,~N~'I

IF ITENS4IJ) eLl. wowS*iLNjIAI Gu ou !)t
PHtMX*AMAXIIPHI4R, %J*5GNL4)

9 CONTINUE
00 O 70

C COMPUTE THr PHASE Cf1AN~r IN THI! LOiUP .HLN NMS S

C
au 00 05 J*19NY

YvYZLI~o+FLOA1 (J-1 O*Y
DO 85 ImIoNX
XmX*IERO.FLOATll-1l*HX

PGM CnPl*(HCT1*Gl (HI I flJl.k,*2 I I-Wlk I J

PH I mPHI -X*X~oAl.Ptij I NVU -Y'Y*H)AL6Pfi I':) -AOi I 'I IND21

IF (TENS(IIJ) .17. 6. IN~I(0 it) Ilti

Il% CON TINLIT
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SUBROUTINF tNTr.NSlA9 LI)

C THIS SUbROCUTINE TAPERS T11F 30 N)L OF T'tE C.U'PLTATIONAL

r MID 70 ZF4R09 11N43 THE IN ILNZIi IT A I FACh (~i1) e-viii i

CAND PLOTS THE CONTOURS OF IHIE FOV14ILN jkAN314Oi*400 .. A1 klAs

COMMON 1AAAe LPS(4I.,l.EP!,L,6*),~iALI11,'9),0UUI(I9,U3.

COMNY0N /1M4/ TLW316'.,6A), Ca ~t~o * 64 PhAo.L1 641, P-A.)I-.,?%641

CO4MN'ON /IINGLbj Fo PNAs PNALks * fJ PN~Os P.!N!t PNUo IJN4.9 itIYo
* His Is 14910s ZNM% IFINALt XILi4(le YSLWOo .IiHs oiLIJA, ivNo
* ViiT. 0-MOs lTo iiPNFkGY9 AWH4ACt Ci wLFYAC9 .(A.IMAs Li.)e C.'
* JTKJo RH?, POU)tT9 C)At~efAt ,? 1zi.,0 K, ,Ct'.

Its1 R1I3tiXi 12s fM4fxPAo t3o APo 1.49 HLS2N, 4ji.AiRt.0-o 1LNoiiAl
a EXI PHIMX, C'PSMfl. EXPMNo OUK'Ao W19 hIiJ'AAI v 1041, PHI4.AAHII;\'014

* Plo IMIAXs JMAX9 NXs MYt MAD NX~oi NYi'. NA~ NKdIPI, NYI)IMo NI
* I PLOT oN I TER4 .tAUF 6,'XtI.NY * I '' t.l', l A i. *j) ROW ,9' I s a 1 41 is 0I LUd

COMM*UN /0U7 S/ l' ~~'C~*I'.SC ~AlSL
COMP4ILEX A(64164)
LOC4ICAL 1.1

r TAULIr% ) hlrAWY~ VALII~hIN1.

IFI' (L I161) ToI 1
00~ 1.'' I si '

AtI oeNY ,.6i.
At I~ olla.A.?f

1F. At 43.4NY-I1"A 44 ma 1. NY- I(4I*I
DO I 10! Jo I *NV

11 At IPX-1 .44 eM CX-11 4 ,jl

r

T I4 x*
1 I .' . 1 0 ;

PO IO .JNXNltA .1
lI TINilt,jl *ll.~l *~Ti ,~i ) T
IV .i N ~ i At( 771. x (iTO

'1 CONT INU['

C Ii* rTOM IF WI0T I' iTY ri I 'i kt. tA .

C

IF a o' I I ri To Ili1

h(I Ii 1-1 I' ,J

TI N! I I .44 TI1'~ I I +Nx,! ,J+N, v.
I1I N!, I I 4.A17 1  o,J+tY? I mI WL,.
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DO 16 I1'NIC2

NOL~nTENSI I.NXlJI
TENS(I*NX29J *T9NSlUJ+NY2)

16 CONTINUE
C
C PLOT FOURIER TRANSFOHMS

IF (NPL0Ts.LTo5) 00 TO 10
CALL SYMBOL (0..S.U,.14o3Hl wo0#931
CALL NUMBER I.s~oI.Oos14ol 9Uao4HFS.§I
CALL SYMBOL (1932sS.C,.14'iM KM 9U6#4.)
CALL,LA8ELfQ.UA.OI
CALL PLOT (g.I,(~,,-31

CALL S'MOOL (boU. Savo Uidso So Us -1)
CALL 70006RAFeIENSo NXr)IM# NYDIMs NXI NYI C),Q* Oet.10 11, Wuo.t

D0 74 JuloNy
74. EPSO(1,.JIuU.OJ
is RETURN
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SUIIROUTMN VTNANSIAPNS)
c
c Vilb S., 5UHOLJT INtL C1ANWAUS PHI HACK~ it, Pzd kI A) .dIU A)IM4

c THE COOIHUINATE 5YSTE4 10 gt*: UllI&Ao A~
c

Co 0 I0 11 al ft 4 4 NO44* 4 4 44 4 4 . f *

* IMX* PISINUV Ft'X PNA9 NA tA PNI IIOMA, I.) PNi M HI~ 1 11

VkDI0Y1 i FN-~l .,tAI'..,~co L- K~9~h4AuLs 4,I.Cik 0,uC2UIC.
* J KJ 4-1 1jl A%. * 4 ,i ,Cu1 d,99v *I9/.(-,9)..9ogI.Ai vg .I il

C(,I'MI LF. /16 90~I41 1 A 9

(: ~ ~ Y-l I!,) It, Till999

ALr'lI4AL.0l19t,) 9Nl+, o b 4
( I l.-ft'4e:'4L.9))i, IPALl I Ill I ?.41el

AL PlijeAX[I'll?, (.%Sl4 4 *.9* "1.9 i l( [1.l

-' -I TI-0 T 050 J~ T W J111 (''II ' 9. .

A X A.,

'411 * (

1.XN4 I v I III)

A * -W l ' TTL XN4 I I I I

A I l, I J *4A I I *I, I C 'l X 1 I -19 -i ll , ,I.1 1 1 1
"I (c9' T I LII
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DOQ 15 Jul*NY)M
YYZtH0*1FLOATlI -C.saI*Y

IPHIm0eb*P1O)HC1N*GII+I4+ICZ2N(2.J+l-(CONU*

A( +1tJlN10EC~O1 9J4I44,LX CSIHI b Iit PH+I I)

X.X2ERO0FLUAT(I I (-s5I*H
AAm0*5*4I*t1,J)+A) I ,I)
AA~vCONjtl(AA) *AA
SUm~sStJMX*AA2
AXeAX+AA2*XOX
I3XmnX+AA?*X

C )CC)(FAV0A~
DX*UX*F'ACTOHOX
AAvuoSaIA) I J41I+A( IsJI)
AA20CONJOIAAWIA I
AYMAY+AA2*YOY

S) CO T I * if

AYIAV~uAHr A

c ln ALII F (1'Lh i *bNIllt)T

C
V, 1PLOT

Al.1UT 1 IV I III

Aout I 7*K 11110 7)
A,%ITI I ti K s P I N!,
AU I It lV -14 11 1~ ti)
AOUT I IU sK RL I I I W

ACIUT I I, I I 11C
I F, I ti ,K a P1) 00 t I

DAPI f b) .IAL I

I F h42 ",'h -- o( 1

Al-P il' ( I uA 11 I U. N!*
LALPI'2 ( I I~~ N',
0CT1,1I-it T 14 0TI I 'i)UI

2rO !~o I ' I I

ILFt~ INF .A iLos 11 TO~iI ' .

P2. L DO
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IF (WtS of US I I,
i.2 , uHmCON * I P-

9()21 a H/,I 04112t,11 .I)

DI I mb I V I# I 1 1. +Ps,;#ALPl1Ii .12 *I 1J ) I * 1 1*1l11 I)
t) I ?U11 I 14,.LIIi 1)4111 002+ZI012*I1) it) tlJ ? I ), I # 1 19

j
I ,1"+2 a .O A l. , ' I OetQW I I **'2 +11;P.,I* iU II

lit I 0 11
RI) 120 1 a0/0I 1

RI,) 0 1" . I./ 02 1

klo.iu!, 10 ', T U Ik) It *i,);" 1
I §Ki 1 (CI I H i'H I* SI Ob I -I2) t? fMAl' I

N V, TL1RN

49
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c CACULANONSHALC ON CLUDJL)v

C* 0ft0 It 0f*tsf*t4 a .Is t t ft ft fts 0 i

s I104#)A 1112o)ALPIli(12)oi~i~ir 112 IsALP11101 iALI112C I
* oLTI 1(2)o , b1(2) , 12(2)1 H0t10~2 I i * 1~) 1 21s jt l( 2 sXI.)j2

CUMMC)N /'1)99/ Al (6'i9tv4') A21~ 6461.l I rt.N5(64,ti4 I
(OPMON /VIli/ T .N!,hb'v64) 9 . (-16-1 ) 9 ',QIbC. Ca P 1(641) (o9 *

*CUNMINI IkA 0~213) tbVl (64) iovY2(t.idtl~I b*
COMMONf / b I t(LfS/ r , P1,6, Pt.,AkI F iK s PM), st Nb PNU a PNZ'. IXi MeY

* o£ Usll's 114v l)INAL, X£ 4NC4, YZI.R09 ,jD~ P'T, Lptlr~D .*Ns
* V ('t 4)1 1) Iae ICI,4(iy t AL IHA. 9 C.5 i N k . A(t LaA. .IAa I.T.) (Jt #

* LJ TKJ, It HTa s POOT s DAI. I A, $ .? T,'ai T PUL!,La i Aa?asPC.4fi t ,T(.0k I v I AC' 4
I £1 0a o Ij3fiXt Z ~ N111 (1.xi 131 A6VINa /ie /N U.4L. 114 i~t i,

* LXI IlHIl'XI I.P51 X, 0001X0C 06YK, ki( IA.AI VILHVi, 1IIC/XX,4I£NYa 14
* P1 a I(A~s Jt'Axo NX% flY, IIA) NX~v Ni'ro flX'r tlX,)Iit l(Y,4)it 141? o

* 'I j !j qH-( Z I s PLIP1' 19 l -li 12 $1 : I I o.C.- I 19(k: :9r7 s, !(.,, .A,. si.A,,* "1 oi , T.
0 (1, T / 1, 1a (LFIhCI,.10 .4 1,, . L A ,I . L.( I ,J-it-

CO). L)#'I~I AL

LJO;It At L,'
1) 1 L W! I () J,(I I I I~ lt I. I, I II' I kl L 2 a L ' I I L i I

k fI I .i I i L I 1t. I. AI-. 1 21 031) -A ( It.
0 1 rw I'K. I ON AV' I ) i \(A I H L.4 1 18 9A ', X IN H fa A; Y C It a

'A !iII5,v yN a 4 . Ux A a ( s I I aP 4'' N
A1A IN11L CI aY"'' N

I i'LI? "I PLii T.
I PLOT am)1 4. ( (PIP?) 4

I I tim,.5 a rhF I44,Y~ I X

5.( 1;A( I alI !'T HOt.T I071
1,C F AC .i a wi 1 TH*5t 1,(TI?
.(CAIOL Am FICI AC I 'PSC VAC

Ni P I Arm 1. eTI 'If5"X

1 4.

16 yLJLA ( I -All) A( Ila

l'~ '.~ I X

I I I) FN4 ' 4 'L T' ' ' I I I

1410 411 LaY, I,

A 0. IA IL ) m Iii L I ix I a 4-1 jA0 I

W) TO N2
(ONT IN
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APRINTI I ~AREAM# I5CAREA
AF II 'AREA 111/AREA (9)
FF (I) SOMA (I)#0AREA
FLWXI lFF)I )4PTRAl,5
R jfl)mFILUX I /ARR INT) 1

54 CONTINUE
C
C INTERPOLATE TO FIND Tiii AREA CONTAININl 0*61 OF TOTAL POWEH
C

DO 661 ['1.10o
IPF(F).LF.I:.63) GO TO 661
ILOU [-1
I H I a I
G0 TO 662

661 CONT INUL
c I F 0.@63 1 XCUtiIS RANK.. 01 I, t'9 LAST TWO F1F VP.LU TJ LXtRAPZ)Lr1 E

ILOu)
IN u10

66? AP*AI'N I NT) ILO)+ I (1-61-Ftl ( ILL)O W 21:1 IHiI IF ILOI I I
I1 )APR INT (Il I0 )-AP'RI NT ( I L.; I I

C F! NL AREA RE LATIVE. TO INF INI TI. (,ArI ,A b EAM

APIv*P1*0,*D'
A PfL'J~Al/API

N )b3m' *63*PTRAMS/AIP

ICCOPTNII Ill NLO Ir: T

AV I( IPL-'I.II I' *3#1)TRAW/AlP
A61( I;PLfT)mAP

XlI II PLCOT I all I IX
X ( I PLn r I a(IIAX-Nljx2 )it "5-C FiL 1*IX

VAY I I P1.0 T Im I JS:AX-NkY;! I i. ~24HY
HIZ I (PLOT) I HZ

EI'5MAX I [PLOT ) *.P Y X

PARW IIPLO1mIU./V TI R3.

IF I (AV) I I IPLOT 1 (Iitl* 016 311X Ii ?1 -
N I 61MIPAW X I I A%/I (I IPLOT 1I, NI6'4,N-X )
I F IWA I ( IPLOT ) (iT . R IX')X I1',7
R I KVXu-AMAX I XIIl(I IPLOT 1 N II'M X I
IP F A631 (IPLOT ) L T.s Al'N I Zu -1.
APN-N'Aj [N I Abl I I PLil 1 A P !)1

I 1 rl .0 ? I N1.L UO0 TO P4 1
IF 1111. *LT. 1'N) 1.41?

2 4 1 I F I NOT.* LrI I Co Tn I I
c

I n 9 o Ri WI A 11 T r 1 P I ArJN

II. - NIXT,1I . IlOT i

14I POP F i.Al I 1 44 £.X I 'I I if NI !,11[ 1 d k

j f: kN!AT ( )4X?H i[I, A I.A ULMT ](1" i' Au I1 , i 0

X 1 lX00Hil 'A!I OVIII H .~ Al/ K1 1 1TI I 1

t'll.,H R /- l P1
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X 12X4UHAVERAGE POWER iKWI EMITTED AT APERTURE *I.l0.3 /
X 20X32HAVERAGE TRAN5,MITTE(U POWER (KW) NFlO.3.//
X 14X3bHAREA ISQ1CM) CUNTAINING 0#63 UF PowE:R ml110.3,l/
X 17X35HA REL (HELATIVE TO IN~s (AUSSIAN) mPHU.3v//
X 1UXI42HAVFRA(it INTENSITY (KW/hUCf-l IN Tifl., AREA 0F100s//
X 26X26111PFAK INTENAITY (K/SUC1il aF1093v//
XC 12X'.0HI RLL (ILATIVE TO INI. UAUSSIAN PtAKI wPlO#dd

C PRINT NUFILRICAL OATA
C

PRINT 41no

PRINT 1601
160' FORMAT(/

* 9X *RAN6E(Kr.14 5X *AS2(QC' l' 6X *tAb?/A?204 6X t'TPISIC(ft IX
* iPCR(Wl* d.X *7TiATIt.Cl* 2X *ISATI /Cm~I* ,X *rkmIL-c4)h,* 5

170 PR INT 18~:)s I FlNT Ko I IKB 1 04 1

PRINT 42oo
42t- FClMT 1IJNOiLI~i AV'L ITL44 m PL AT AlPi.kTIJ L/ I

IPYuNY/2
PRIN~T 4o0t IPx,~iY, AINI .. tK8 04Y)

4U4. FUiCMAT 1 XtHAT Xmli3,,JX'4 Y' ?N 4T~9/eI~Ii ,I
PRINT 41:)s IPY9NXs(IAINI 2%Y)* K~lINX)

41'. FON:IT(Nx5HAr YsI3,?x'.4x- ~ TI,/v.4i/

13X41l$TAIXf~I14,AiLl'r112X1iiALI'H? !.X'4II4 t 1I4,X~i4XCt kH.N'

2 3X5Hl'M IhX4XhHPAWW I

DOUT 11% KoLOJPL

13() PRINT 140.tIT K H~Kl~'~I .. lI
1 EP.MAXIKIPHiMAXIKIPAkIl Ii

1144 (010JMAT(IXP 6.3. Pli,1'I4o !l44~i.4.tJ*1)4istisb1l)
C
c PHINr OUTPuT U.ATA

PRINT 2?'.t
22k, FQUiAT(IHIlkXdIR)H** UkYTPUI )A4TA ilvv//)

PRINT 62
62 I.31IiAT I/.( Xt~A4X' ~XI41(4 X4-1LXN 'I~I"iL

./11~6X ftLJ:VLL* 16X

U)O 66 11'
PR'~INT 64s CO I('l 11 I 9APIK 1 1 1 9 LIX( 4 11.1 I I l.14 I 1111

66 420N11air
PRINT 7 0 P Ie,'lXo/.1 I X. //,A' 4/. 14.. ,4

70 FORMATI/40X* MAXIMUM AV(. I m*
7 E1O.3.X90AT Zm',E1Uo39/o40Xo* MAXIMUMR PEAK Iu~vLI0.3s2Xs'AT Zlo*$
8 E10,39/,40X9* MINIMUM AREA m*s.E10oiozxsAT Zv~sLIo.3p/94UX9
Y~ * MINIMUM HZ w**Elu.*39?Xs*AT Zlw,(-1us3)
PRINT 190

19n FORMAT I //1 H9~l V XIA3XH tA 5XtA55~j-A
DO 200 Kv1.IPLOt

200 PRINT 210* ZCOR(KI .AVI (KI ,A631K1 .X 'I IKI ,MXIK I ,X4YIVK)
210 FORMATl?5XEPIUs3)
C
C PUNCHED OUTPUT
C

IF INPLINCH.EO.) W. TU 230
PM 10W ID)TH
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I oCw2HMP

PALFSsCw V6
PVO.V0DT/MT~oQ1I
PALFtALPH-A#1,iE5
PEmENIkRUY/1UU.o
OM&OMOT tNT
P~nF/1eES
PUNCH4 169 PSI I (I, I UCW e NijI 9NAO , I1NA 911NAL0 , PNi s'NUsIP'!5 W)ND oh 9N' NIt. oPIN I (it

2 sF7.'.)
PUNCH 73, NIUoHXHiY HlilI'XiNXNYNA',HPLUT

71 FOHMATA14V).,. 1 .4'I9)
PUNCH 72, till) oPMUC 96CULI0 oUCLN Ihd I I'R t AC o ,A'lA , PUUt
PUNCH 72,vI.1.~13A,2,IN~,iliN~,~.i
PUJNCH 72t N I I) TCOR1 ,TCO~iP2 ,t1) f2 ,L),CI N

7P FORMATIIII6ol!E9*S.)
DOt 71 Kalo.IPLoT

C
C PLOT FLUX FRACT ION AND AIU:A IiNACTI luVS IRRAOIAuNL
C

2r IF (NPL0TL1.3) O 70 74
'0 76 IN 1
IrPLUT IIMvAP I

76 CON T I MUr

X INCIM&NAR.

CALL IL0TI1.,.'-3I
CALL LliorLi 0I *2vol

C OY A!, !iitt T M itY C L To ,I .. )W 1,:t YV i.'. ii ii,

C I, Ir UF Ye s NIM Yt T r I 5 '' I t s IN -I'. II!,s -A.',s
C NYi NAC 1 i,) liI'(s i Li111

t) Y, AL r ItYT I L K / 1)y
OIY- IXt 1-!(-Y ~ 10 7w4tii .1 1 1

OYA[NI A'k~ IY11 A: iIJPi I ( 1 1,
TL.'IIX-3 .s

rf;iPX - L;(,I* 11111)1 t I 'I I *OX[
T r..i!PY -I'I'LOT I 0
CALL !,Y 1101. TL. 'IJK 9T .. I'Y 4 'Ie t, V; I,, k I i I
CALL !Y;.1(3(iL I LPX-./ ,T L. Y- . tI o 111iA, s 1
T i PY 0 PPL.OT 118) 1 fi

C ALL YMI iTL WX 1 , ,II'- . 6,. ,If $'1 jI
CALL AXI9A -I s- o 11 .. ItiL(IiX I s.tivyl AiHt ,~sI I l, I,, LIt *S
CALL. AXIII:C. ,i, .,13tAMI 1,1 t, T KIPr,.1 3 ,

Y VI C1.I !*, 0 o v~ Ii. ; 0 -10i 1 A G , I -1
CALL AX I!,I XI I ( I It S,+1 ,.. .1 hj~ A~i i s I I y I'51.1 I e',o y IY l .C.

14. MOIT I tIA

r LOiT AVDRACfI ANI. III AK 117l N!, 11It VI,

C

IF (PL.0a T1 .' I.I10 H

I I'LO(Ii AV I I

78 C0 N T 11101
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CALL lPLOT(L)ISPL9 (;S -3,)
CALL LIN( PLUTIZCILI 1"PLOTo IPLI.T 2919 .9 L01C, , XINCllL.-So YIN~ltLk.TENIPX , * 11X I NCHF.1- 17It

CALL LA~rL1-'5s8-'i
CALL !iYMiL LI Tt~PXo -"b~ i ~ 1 £j 51? 1KL,I (ob~
T1VPX.(ZCCCNI HXM IN I*(PX
I LMPY iFPLOTI PLOlT)-YI*IN )iflY
CA LL hYifAOL II FWPX-, a 4 t TFI Y-"'.itJ )105~ '11IAVE, i. -'s4
TF4!MPYw ( Fft O'T I ?*I PLOT -k INIs
CALL SYWI1. I TE'PX-i .4#, TE.%!l'Y+(#3i I 0 5 v 4H I lAX if Us 4 1
CALL PLO~T Iaobs 0p;. -11

CAL.L ",Y911L !.,v8 t t . s 3 l/. m
CALL Wb;FFR I s3bolhlo , llAls 60s sidl. s
CALL ! Y.I L '[ i '*l. 111 K.I , ed. 14)

C 11LO1TINI CONTOURS5

11 IF INbLoteLT. I (IC O , /
CALL. PLO(Oo. s 4og
CALL LAtrLh ellife(A
CALL PLOT (o.e,L-
X C E~ I! I L

X I ~lL. P

X 11 10- 1[ a )0
yI ':( IX IL S.C Itc C

(Xmix fiC F14

II I ~ e 0 Id llC I

C Ii.Jcc C.:,c. L -L T I:c ;0 1 1;; Ili 1'. AX[I

II11

I I 1 ,' 11 #T I. I Ic 1 1
II c . 4 .1 1 * 1 . I l 11 1 1 P

I I f c .( I.t.I I T 1
~~Xc'I At IP

X Y/( it X',( Al P I

!I T~' I PtI

A LI r1,~,c:ie}IIf Al Ijcc.~ IcIc~n I
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5UHROUrINE LAflLL(XqYl
C01MNON ISIN'GLS/ Fs PNAs 1PNALI, P':K Pf.0, Pibb PNjU, PNl, lie lot

F Hl, Zs ZIlZFo INNI. 7FINAL# XZIHM9 YZI110 .IUTfis ALPHtAs wN.
* VuUT . U.)'i1T H-T, LT*.NCiY ALIIAC , (.Fi, t l lt HC$ (IA!!;.iA L TJo (.TN'.*

0 EJTKJs RH-T. VOCUTs 0)AItAo v.2, IS TPULZ.L9 AzWPCNS1TCUiv(.,~
0 Zli RI63IXs Z?9 IlIMMlo 09 A'MiNs £4, HZI11N, CKA'4LAq ThN5IXs
*c EXI PHIMX9 EPSMX, FRHMX9 Wiolt (RIP HIMAXs VTLiqle PHIR.XX HMMIe 14

* Plo IMAXP JMAXe MiX. NY, fNAD, 1;X2s NY29 NXYs NXlJI~oI ;1YDW'9 NPTs
* I PLOT 0NI TFR N ,li4IF qNX: ,NYM e 4;i5 INFL Al 91 Ul 01112 ,I e sP1 tIRT0 i I 0

CONISIN /OLITS/ Ili CFCei 'l 1W F ?,LI p'JCI

IF (NiXLd.~ (0TO1

CALL 5YPIW(LXsei, *, i(e:.'

CALL. S.Y%'kL( XtY9 91 9 .)1 NK4''* c I
C.ALL Ii~I1.. Y l b' oc * 91110 7s )

CALL I - 'I L X Y Is ll h' '
CALL ' JI: l I " y oo 0.1.I

A 1. , I Y 9,1w 141 1

Y -

ALI '0 i'!IA-1a
CALL '-Y iL I iY, '4I*i ,II~ 1,1 sr I
(AL.L XiiI s Y, ci cc 4' 1wI."

C ' A L, i. ! .1

V v r /V l
u. . :' iilt. xl III'. * *U . ,
.L i '-l LI I 9 I I ~I~ I. s

1. 1. A, t.I y' * 9 III 'I.*
(A/LI I :IIIPX I Yi t v1 s 1

6 b
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C

CALL SYrMBOL IXYuo1 7H mO7I

CALL Nu 4 eFUX1,Yt*I gHlt,o..sQ4HVi7*bI
C

ymy-62
CALL AVlf~nLIXYt,'*6 7IttILR(.Yi, .'e8,7I

CALL
RE TURN
END
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SkUiROUT I NV ToPOR AP F IFotXU I I IsNYrOI v. INK oNY it' I 0OI INC 9X I N..ilLb
X Y INCIFIES I IMAUjL
I XMIN9DXoXWW:AToXI.AbuLNt.X9 Yt INo,LY.Y LUW1AltYLALLN.YI

C TOPOGNAF DI4AWS A TOPOGRIAPJHICAL PLOT01- fiti VALLIES IN THlE ARRAY F(NX oNY I
C US ING SUMSOUT INE CONITUtI4. CUNTUtJH L INLS WILL UL ORAWN FUk 'Ni VALILS OF~ Fe
C AT Flo F1-0ELI~a..., F1INC-1ILLP
C Ci~l IF rCLFa(.,o THP HOUT iNI wILL CALCULATL THE MAXIIIU!. AND 1 1NIP01, VALI'FS
C OF F ANn DR4AW NC CONTOURS BhTWFV:N TH(--.~
C M INCHES a LaNAI'H LLNGTH- IN INCLSO Y I CHI;& N URIAPH II). JUM I N INC4O-.5.
C IS!AOC Ii NX*NY STO4AC41: LOCAT IONS FOR ILSI' BY CUNT0UIke1434ICVLi~
C XMIN a 1ST I-VALUE. DX * X-VALUIF NR.i~ XFORMAT 8 F,44TFNXV~~s
C XLAHEL Is NCX ftULLE I Tit ClimH~ALTLI4I. TO I.AVI.I. TmL X-A I S.
C Y-MINt U~s YFL'IMAT9 YLAorLo a CY roN0VI toL wRNLS'N0 INL vALULSF F')IH Y-AX IN

C04Ot'4 I UII 19"21 I5 TL%6,6Ifi, 16f016 Y211 9 1) 1iA5 FI TOR, PIA4 ;I I

flIMN~rNION F1NXi'i-aYI

nX~mt)X#(fNX-11/1 *
DYIDY46INY-11/I, .L,

%10 TO0
vYT'AbIY*IN)1h@

I CONTINILX
I F IOLL. *il it )1 tO f

r'1N a FOAX w I il

DO !I 1I %N
0)0 !, J, I I tly
IF IF 11 9j) 1"14 P00N e,

I II (I ..J - "AX I a''
14 F:.i/%X F119I JI

(.( I TI Il)*I41l

'I II IAX -I I 111t I '1' -1 1
I'Ll V1 L I "IAX

CALI L X I 5 1, 1 4YIA l l

(A~LL AXII I t~ b .I L AW Lo V.I. a ay. sala Y dfII',a iiy n I
L. VI L I, VI

(ALI.l Wt '.11
IL laN( I

I V 1 1I. '4 "' I !' I II )"I L.\'L.
IF I~a.*ICALL (Wi1T,1114a I aM a' 4  III'H

At I- (I

(ALL I-.4 1.-yI'a 'i
I 1'
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SUBIROUT I NE KUN1LJR IF01MX) I M NY114,NxYrIVFLI'VpL ox I4 CHES *Y" :H-IL
I IMAGE I
rPIENSION F(iXIIMNVDIM) ,IWA4jLINXI4IMoNYI)IMI

C CuNTOUft Dul .h INVERNSE LiULIhLL INTILHPULATIUN ON A k-UItN5t4IAL AliAY9 F(XqYI
c W4HEN CALLr' WI TH A (GIVFN FLLVFL VALLI.o 1T fqrTottNS AFTE14 HAVING PLjT7Eo

U c A SFT OF CONTOUR LkNCS9 WHLEL F a 4FLIVLL ON A (iNAPli XINCHES LUPi
c AND Y INCHES HIM*iH

XFACTOR aXIN(ISi/lNX-1)I, YDmYINCHFS/2s

c LOAD IMAM' APRAY

Do 2 Iye1lthy
DO a IXaIvN4
IF (Fl lX*IY.GL~.l-LI VLL) (,0 TUI)
I MAGL I IX sI YI a -
610 TO 2

j . IMAfi(IX91.Y) a

7 CflNTINUF

C I.CAN P~AC,1 11,11 111L IST POINT 1,1 1 [(' 1U.N
IVhTAlT a1

3 DO 4 IYmIY5FTAN4Tt~iY
0i0 '. IXIII 01X
IFV Is'A(sl*I(Xii I oil .) 1(0 Ti !i

RE TiJ4N

c L I F T PI.-A! l ,P ', 141;t C, !' tYAP-TI P i 1' 1;7' T I' T Tid. 1ii p tI LW'

IYNTA.T IY

If I o,06-1 - TO 6 .fL i x,~ - - 1,r

7 CXk) . I(-I4XlATkll

C V. '.Cyo i)
(ZPL I 'U rLI ( ''*A

I Nt

T!)i /:

C T TAlP I A t I , -l 1k i 4( i -t, 1
SINOIIT 1

FY. I( IY-,14(f7 l X-I *lY-1 )-['.[ I f .)t - 4 44 4~ 4 I f~l T. 1,

( Xcvicx -xr0
C(irs(.Y' -VP
(.ALL PLIT IC Xiiq 1 1i0).4
(w) TI i?..

r 4Tilt IN li lt' 0 .' Til4 1 011' I , /, i -,V'. To I ,0 -1 111, 4. 11 1 I , l b

TI1 i Wc.,! I T IV

C X I X -1 ) ';Xl ,C T ()'
I I I1 .i y) t" TO I I
Cy Ily-I 44l (IX I y1-4 iUiVII 1111 4 Ix.ly VI I )+ 1) A- "L 10, 14

.. .. ...... .....
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GO TO 12
11 CY a INY-iIOYFACTOR

12 CONTINUE
cxpmcx-xrt
C'vP C Y- YD
CALL PLC)T(CXPoCYP#2)

IF IcxsN.4FCX') (to TO 16,'
YGAP aA~sF(CY - CYO)
IF lYGAP*LTomU-1) (10 TU 3

16 IF I IXsEO.NX) GO 10 40'
IF (FII'X*19IY) - FLLVt-L 40.13013

13 IF IIY#EO.NY) W: TO 14.

14. IX 0 IX.1

1" IX m IX~1
ly IY.1

1111 T 0 2V.,.g

CX A I I XY -I II II h/Irk tIX VY Lx- *II I .i I X 1 Y IA
6'0 TM ?2

71 CX x k
22 CY a lIYI1YFA(Toi

I t'A~t( . 1 s Y I .T.I I i.i I1( , '

ij gI Y Tu
p I~*Iy4 - IL; L I I 'I,'&

4 ,1 1*' ;

I: T.) I

fl" TX ; V, X- 1 0 I W, I~

I I C yo'. 1 Tt i

'I (y
I ';TI I i

IAt I Ii If', IC XI'*C YI,0.

It I C Xot* 1 X I (-( T, 1 i
I I (y 'Cc V.. y I f,0I T, 1

4 r I I V i I I I .1 I I

if (f ly-I6 sly-Il LI \! C. ' '
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00 TO so
36 Ix a IX-1

Iyv * t-I
Go To 40

C NEGATIVE YmCROSSINGL40 Cya42-1YFC
IF lIx*EQ.NXI 00 TO 41
IF m JIX-+I91 Y - LVL liIs~ F44,'.yl)*XP4T

00 TO 42~
41 Cx a (I1 ATO

2 CONTI
00 TO 1'D

CY~vY-Y

CALLPLOTCX~oYP62
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TAUIROIT IN(.- COUR1 F * NXO I I;(NYD I YoNX sNYFLEVLL KI INC ILSOY INIL$,
I IMAGE I
1) IMENS ION F 1KX(It~NYDI) 9 I'tACL I NXIIMNYI)IM)

C CONTOURi flOF INVERHSE r)OILE INT!Rr4OLATION (GN A 2-1)IVNILINAL ARlRAV9 , X1YI
C WHI EN CALLrIT) w I TH A ri I VtN FLLVt.L VAL lk:, IT 141' TUIN N AFT EI4 HAV ING, PL(.1TTr.I
C A sk T ur CONTOURI L INjES 0 W IIt L F FL F.VtL o ON k ORiA PI' X I (CM4S LLiN(0'1

c ANl) YINCHEir HiiiN.

XFACTOR a XINC-ISlNA-1)

C LOAn iIIAGI: AF411AY

on 2P Ixv.lCI L vL(siN0 Y.

V l 2 I xoI ,Vx
lIF c I( X&IYC s (1" LIv. 0 1

540 TO 2
I I.SAciF 1X I Y) v I

C. fXAN lr'1i'- fINl iHI. 151 P01hT OF A l-IL(.I1.N

IYb4TAH? I

110 4 1vmIi , A T%%

OnI. TUNN~ 
o

4 IOT I I X, Y I . .)rr ~
R1,. TjR

I F . I 1 1 I AC T 1

It ' oc T

Y I I ,4,( I:

CI t IV1.1-T X .'Y 's'41

I ;&I? T IIfPirtIoI " K ,I.(A , (10dJ .1 ft" At, I x~t'A ~ ''M "V

C P' I T I VI X -( Il'

It' Ix

I At.. Il, I (rXICT *
11C Iv VN-I I Y ACTil?

I I I (X ' P. ~X. I j;, V (
Yf.AP - Alt;OI(~V (VY I

I Y l .sT
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16 IF IIX.IVQ*NX) (10 TO 4k;

IF~ (F((XIX+IYI - FLFVIL) '011313

13 IF IYFQ$NY1 CIO TO 14.4 /

roc TO 10

10 IX I IMXl0

AVTO A~

Po IF iI ['61 0T O 2

l,) TO' P?

)C ALL II "TICXCY0.3

IF ( I-M.f : II s I ) 2,I , 1 1
P6 I O ( I lo I , V 4 -IL iI I 2.3

PP IF I IYaIX*N I 60~ TO It'
IF (' I Ks I I I - F L, i L 1003#23.~

IF 10 IX-1 +)-FE

lY 4 IY4-I
00 TO'

Arlv t-i'c ,

IF I I Y. I II' I I X I Y

44 11 X I 1x~ 00IA Ti

11- 1rI x- loI I FL V( .) ,- 34 6 2
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IF IlYdoel) r60 TO 10)
AIF (F(lgoIY-11 FLFVF.L) 30,'.3s43

4.3 tF II)X.EQ*NX) GO TO A44
I F IIX4.1eIYfl FLEVLLI 44454

At. 1~ v IY-1
GlO TO 4u

45 IX a 1X41
ly a IY-1
CI0 TO b-0

63
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SUBROUTINE cOETTICK IDYPTICK)

C GETTICK TAKES ANY GIVEN NUM13114 OFtUNITS PER INCH, L)Ys FMOM SCALL AND
c GIVES bACK TWO NEW VALUES% L)Y AND TICK% FUR USE IN AAIS, WME$iL THE NE-W
c DY 0 THE NUMER UF UNITS PER TICK, ANU TICK 15 t5LIWCEN -0 AND d INCHLS.
c THE NEW DY ft Is2sOR 5 TIMES SOM4E PCvIER UF In~.

CALL NORMAL(UsIEXP)
IF (D-5@0) 2,1,4

I TICK 0 I.LJ

V RE TURN

IF Ml-10') Io9

R4ETURN 1

b~ DY a ?,,Ilie*#ILXP
T ICK~ 0 wl
10 TURNl

P~FY a*1001IM

T ICK a pwt

7 PR~INT I - ', 0Y
NC' F'H T tip 'i KIu tI.- IYN

TND

I ti NU I I Ml' Nfr ''A L. A 14 , X XI

c NORMA L TAK.S 5 MiY 'iU" L. R, Ali 0 Aht' t CRtA L I I h. S 1'r o I J. s LONVLP 1 It1
C TO Tiff FCIt44 A14601 *4IL.YP9 M'IIE I oLI-'sANE~LTs1Q4

IF IAN(I A.'~,
6 SIOiN -10
1I AN6 - IL.I2,,1

I I 1ANU

ILxP * rxP -

fr) TO 1
4 ARC, o

IFXr ' I ('X 1 1

END
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SUBROUTINE GETSCALE (Y~~lHoMNU#tl~lUm,

C GETSCALE OBTAINS SCALING PARAMEIERb FOR 1HE N VALLJEb IN ARRAY Y
C OF DIMENSION N*KIo HEIGHT IS THL GRAPH HEIGH1 IN INCHES#

C YMIN*DY9TIC~v AND IFORMAT ARE PROVIDED LBY GElbCALE FOR UbE BIY AXIb
C YMIN a THE DATA VALUE Al 0 INCHEs
C DY v THF DATA INCIRLMENT / TICKo ANIL
C TICK~ m DISTANCE nETWEEN TICKS IINCHIFS1.
C IFORMAr m A FORMAT FOR AXIS LAbELINU To FIT THE DATA SCALED
C ENTRY GETSCALZ INCLUDLS ZERO AMONG THE VALUEj SCALED
C DATA IN ARRAY Y MAY BE SCALILD ISY IHE FOLLUWIN6 CLONVEMION IIU INCHEz

Y11I II ( YtI) -YMINI,'DY*TICK
C ENTRYS DOSCALE ANO 1uOS%.ALLZ CHAML.. I II" VALUI.;b IN AIRikY Y 10 INLiiLb

C ENTRY SCALE RLIPLACES THE bYbILk , iOuII'iL )CALE wU.'Iio IFu.,iiAi WARAiEitH)

IGATEmi
YMIN kYMAX Y(1)I

DIENSION VINIA

I CATIL 2

G-O TOY IM~Y
ENTRY DOSCALE!
ICATIF'2
YVAIN.YMAX*Y[;
riD TO 1

ENTRY DSCALEZ

IGATL*3
YIN -VMAXmY I)

I M v N*K
(1 m o o

11 I Y VIII - Y1,1N) 20
2 YtIAIN ft YVII

Wr) TO 5,
'3 IF C YNAX - VIII 1 4 ,% ,j
4 YmAx a YiII

:-or r I tor
IF (YMAX - Y'11 6t6s7

!C ItA CoW$,TIT lvHWY Ii h~' w ;:1 lit l"it 1Ir 't
6, ty =t~ i, 1.11u

IFr I YMIN.H 61.11 hD O r~Ik
CALL. ,010r'AL iY INs, .I1

IINTMIN011.YtiI[i P

CA..L [J I1T ICK (ry, CtI(KI
f 0 TI 13

I ny - (Y'iAX -YFIN11 0/1,1116IT
(ALL. 1OTTI(K ll'YoT lC:K

CA[. . NWrr0\AI (I iy
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IF (TX.CIT.XI ?XETX-D
YMINwTX*1t .**IDY

C ROUND Y-NAX UP TO OY SCALL tho 1-1AP Y VALwLk FALL IN LA4- (~ 'cL
CALL NORMAL (YKAXI,!xJ

7XaINTF(X/Lh)*U
IF i1X*LTsX) TXNTX+EC
YMAXmTX*10***IL)Y

C ADJUST TICK LENGTH FOR v.I0L% kA,\QL ANLV ROIuNI)FF
0YINC~m1YMAX-Y-NIN1/HEIGH1

IF (YS1Ii'iLTseI YMINNINTF(Y. Il./. y)*uy
8 CONTINUE

IF I IUATri~coeii W TO 1(:
DO 9 I'10ioKp

9 Y(IIN ul ) -Y~iIN) /EYINCHi
IF IGATF*FQ.31 RETURN

C SELECT APPROPIRIATL FCk','T 1 kIR THIS OATA

IQ~ ENOT ICKsuYIN*L'Y*INTFt1.hIhI / i CKi
bI' MAXIF (ABi C IN) oklb(LNO ILK) I
SAL LBO

CALL NORMAL I5'ALLvILXP)
CALL. NORI'AL ILVIG0,MkPI
IF (IEXPLT*-3) 6~ 0 TO Ii
IF tKEXIPd6'e41 CO T(1 14
IF CILXP) 12ol1ol1

c NO f)FCIVAL
11 IEu

I RANGE m?+NrXP
r0( TO~ 13

C wITH DLCI\IAL
12 1:ItC - IF XP

I R AN E a I 'C*
I IF bXd., IRAN~t.a N A 4%..+ht AP-

C CnNS.TRUCT PORVAT

It, IFORMATmI.11*

rNo~
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SUBROUTINE MULTIPILT IYNeNYbKAKY.KYbGALENGiH,HI~iI ALAIUELiNA

C IYLA UELNYCLINELABLMARKNmARKXMINVALOAoMINVALo~l),,f, 
I

C MULTIPLT WILL PLOW NVb LINEb UF N POINio EACH91 ON iHE i.AME GRAPH#
C ON A LINEAR OR LOG bCALLP L) HENUING ui4 HE Eiim .-.ED.
C X VALUES ARE TAKEN FROM ARNAI A Al All)$ Ai1+K,*a*,l+N1)K.)
C THE 1ST Y ARRAY IS S1ORED IN 1i), i~ l4Ki I . sii + 1N-)K ii
C SUCCESSIVE Y ARRAYS WEIN KYS L0CAl IONb APARia
C THE PLOT WILL AE XLENGTH INCHEb LONG Eli IHEIGHi INCHEj HI(iM.
C E09 THE 2ND ARRAY bEFiINb Ai ltl+K,.*I, ift LA,, A,
C THE X-AXIS WILL BE LABELED .IH HME IN,, CHA.mAC,E.r. fi. a.ABEL.., A14O
C MAY BE HULLEkNiI Fw~i*Agjs Los 6HEi~'Erf, um LwCA.Ivisi. HrEmE HME
C CHARACTER C.OI)L5 ARE bIURBO.)
C LINELABIL IS AN ARRAY OP NYb HOLI.LRI H viORLi V01iI01 vILL LIE waED 0
C IDENTIFY THlE NYS LINES WIIENLVER NYb s~i. I
c MARK IS AN ARRAY OF NYS INILGLN!, 0EIIUIINO bPLCIAL j0Mb0L,, tE)) -1014UIMING,

2.C OwSQUARFS. i IOCTACON s a ) I U HE OkAN U14 uC~ACC II' E vEmi iiAi eu 11 1 a.
C A NEGA T IVE NMARK SUPPRL,,V~b HE CUNINFC iI NG 6 1INE ti, .EEv4 lmdwi_

C FNTRY LOGPLOT WILL GIVE A L05GLOG PLOI
C FNTRY SEMILOGX WILL GIV A S.l:4"LOG PLOT W10, X ON thEL LOG SCAL.E.
C ENTRY SEMILOGY GIVES A SILMIL.UI PLOI wl'iIH Y ON HL LOU bCALE.
C FNTRY LINFPLOT GIVE ). A L.INLI:;l 1LU1.

C OUT PUT PAR A 1,1T9HS XM* I NVAL 9I CAs I I . I ui It Q I r.~ 1,Pvw I I ui '_IL '' 4.

C THE SCALINDi OF THE PLOT. 40 THAI A Pit PtA97) MAY UE HL~iiL0 ON iHL
C SAME GRAPH IBY USING THE FOLLUVIN(, CUMVE~bION u INCH "--
C X(INCHiE51 n LUGIPC/XMINVALI*I)X
C YlINCHES) m LOGIPY/YMINVALI*JY FOR LO(,PLO I#
C WITH A LINFAR OR 5FEMIL(Jr, PMV), zjIvlibl imUE ONE COi IOiH UF OIL FLLOAINA--
C YI INClI'PS 2 IPY -Y;INVAL)I1DT Fpu LjiriE>ui AnD jEv.ILVGA

C XI INCHES) a IPX -XMINVAL lI)x F011 LINCEILWi AND aCOA'IGI0

C N8 IT IS EXPECTED) THAI MLt CALLING) PRUIMAhN wILL 'CAvk ALREA.Cq 'AADE
C T HE INITIAL PLOTS CALL. ANU INILL ALSo CALL b10PPLUI 10 IrNMlINAii rPLii IN1G.
C ALLPLUTS INCORPORATES THE lPkOCEVLkL5i UF bCAEsLINEAAIS, ANDOR LOUPLuCbl
C WITHOUTI CHANCON T1111CCI CON TLNIr Or1 H AIIHAY L, PLUO 'ir
c ALLPLOIS MOST HE USK!) %0.1 I PLA)IN lv PLOi iR PAPEN, Aj I i 11NO®C(EJ
c A VARIA1LE TICK ANO/UN LOUCYCLE LKNO11-1. I4C:ALING M(UviINEz auAHLE FON
C USE WI TH AVA ILAHI LuINir) P-~LuiI II1c; PAPEI AI-C LOGICAT. AN)) (.ALE EN.

* c ADDRE&Sb ANY WUEST ION,) IIi JLAl.P.L 2Li~I I(. C. 232be

11IMNNSION Xi 1) 9 Y(Ile. L INILAIL( I

FNTR 1-0LOPLOT
t6ATEC )
6O TO I

WNRY '_.l-hIL00,Y
IGATL'?

C,(O TO 19

t. NI Y ,rI II LOOiX
IOATI -2
GO To I

vI:,1y LI. IPLOT'
I OAT1--'
60 TO 19

C
C LXCO-SC>AL!N6 (IF X
C 1 .l FINO XkIIN AtflO XK'AX VA(iul:

1 XhIIN X(I)
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M *N*KX
DO 5 I'2sMoK'X
IF IXII) -XMIN) 200.

2 XMIN m X(I)
GO TO 5

3 IF )XMAX - XIIII) 400.
4 XMAX m )(F)
5 CONTINUC

IF IXMIN) 11#11912
11 IGATEOIGiATE+2

GO TO 19
12 CONTINUE

C (ETERMINE APPROPRIATL. bCALING
C VALUES ON TI1F GIHAPH MAN(1E VROM 1ItNVAL. IAi w IN(IlEal 10 lw*.'4AAEAP
C (AT XLENCTH INCH!ES2.
C NSCAI.ES a N)JIMEI OF SCALE6 (POWLRb OtI I LNI 1Or i ii I AI jit s

C FIPS 0 INCHfrS / SCALL

CALL NO~kAL(XIIIHASEXr1
XMINVAL a 10.(4**iiA.XP
XNIINLOJ u L06FIXK'iNVAL1I

ARCE a XMAX *
CALL N0RMAAtIARGM1AXE.XPI
IF (ARGet~o.1.l (10 TO 6

6 NSCALES M4AXEXP - IbASbEXP
FIPS&F. NGT H/N SC ALE S

IF IFIPSOrTc'.b1 60 TO 7

XLFNGTH v hISCALEq

u IS/rF ui. I

C TO SCALIC XARHAY TO INCHE9S
c X).iINVAL CORRL~SPONf)S To '.1 INCHL $r. X'- I LOCJ * Li 16-NVAL)
C D)X a I NC) U'.S / ATA-L(,-N IT! I It 0 OA (UNVI'iv o LV6-W14I lb Iu 1i ~Ct i
C LOG) 10) *ONE SCALE IN ]ATA-60fi-LN ii

CLOGI10)*t)X n FIPS a ONE bCALL IN .ti.
C
C DRAW AND LAIHEL X-AXIS~
C

YDN - si
YL)DN - -*2
EXPLOCY a .~

TFNI.nCY w ,
CALL PLr)T fijsii3)

XLOCU - XLOC UI*F 111!
CALL PLOTIXLOC,.',2i
CALL [L',TIXLA)C Y)I0'l 2
TCNLOC - XL()C-alS
CALL Y.ULTNLCTtLUY ItIL.,I1.'
CALL NO. FrH~iXLI)Cit-X[ILt(.Y.[I xTrl/.,it
CALL tLnT(XLOCv.:%3I
IF I I. o IN U0CAL5) 60 TO I
ILXP it lrXP I
r)') 9 JU?,9
)(LOC A XLC 1. 4 LWiF I V LOI'lI .J I I"fly.
CALL PLOT( XLOCo,, 9.)
(.ALI. PL.OT( XLO(C vy[tP s2

CALL NUMilt 14 1XILCC 0 111,691i XIi Iib J i. 9M I 11
9 CALL PLOT IXL0tC 0- si

10) CON T INL)
XLAi1L0C a X.I.NOTti + ;.

t i
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CALL 5YMS1OLtXLAbLOCi,.,TLNrw.'IXLAUEL.sU*NX)
00 TO (20ollill IGATE

C FOR NON-LOO SCALING~ OF X
19 CALL riTSCALE (X4iNxLE14GTHXl-INUXKXgXil C14XFLI,)

CALL AXIS (I L.XLADEL,-NX.XLENGTHIOXl lClKX'IN,1gOX(i'l)
G0 TO (209209209581s IGATE

C LOCI-SCAL!N6 (OF Y'S

10 YLIENGTHEYHIN~lt
IF (writj11ItTsfip1(.) YLINOjTII'10

71 Y'4IN~ 0 *
f, YNIAX N Vill

Mej 1,t,*h,'-1

GOC To 2s IH242i2
21~ IF IYMAX-Vil)2955
24 YN4AX m Vill
25' CONYINUF

IF (YMIM) 14141
14 IGATEmIGATh*1

(10 TO 38
IS. CONTINkir

c (1 hIRMINF APIPH RIAW SCALIN6~

CALL N01RMALMYINsIBiAStX)(P
WI INVAL a I i,.siE* I AbLAP
Y! lIM~Lt1U a L((I.FIY1I NVAL I

CALL NOHAL(AR60~AMXVI)

IF 1AKU *.t. 1e~- I .~. W u 2b'
MAE1 1-XW XP+I

IP~ c YLI NrTil/ ICAL

C IWAv, ANfl LAPI L Y-AX15

XOUTN

TENL(LCX 1 e ,
EEPLUCX m -*30
CALL lPLO7 0,kol

YLOCO 'YLOC 10I 111!,'
eFX 19%AM X1 + I

CAL.I. PLOT7 I01 YL.DC .2
rALL PLOT7 IITjr7yLnC92
CALL 5yM !O1. iIJ:IL0(X YLO(.o TwI/i4. 1 211 .0 ,

EXPLOCY a YiLOC: 7
CALL Pi 1LXPL.U(~l),l . Cyo I.trI I~

CALL PLOT k t YL0(. s, I
tF I! I tfI.NSl~( ALl I (10I 1") 1.

YLC - YL(U + Lo(1l (FL 1.1 (J) Wy

CALL PLP?) Il 9 YtCALC I 21
CALL PLO~T I XGUTs Y IL. *1

CAIL NI.01 IL (XL)LT7N YLL)C9 IXI- ~,I~ J1 -10 .,, 1i
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29 CALL PLO? 10# YLOC9 31

YLABLOC a YLENGTH*o5 - TENSIZL*NY*(3/7*1
CALL SYMEB0LC-.5.YLAtBLUC TEN IZkEYLALQtLYP. .I4YC)
GO TO 4~U

C OR M PONLUT TOAIN OCAF LY VN H U NI~ EAdY N~ N~AH

IF Go t-lCI6G~jsAsI) YLIGTIRItE

9CAL GLYSCAL I~NN6YIN1~11J4U sk it 0,iiim

40 ~ CNIUEN

flviiI)*KY+

XINsiLOGFIXHI I xNNLOG) *UXY

YiNfA(LOGiF(XIIYIIINLOtui4*LU

51 CALL P~LOT iXiNtYIN92)
52IF CNYSGTlI) CALL AYHOUL I X II N~iL INELAHL lYI4),s,,

RE TUR4N

C SEMILOGX SCALING
60 (PrUYT ICK,,iOY

00 62 Nv.1,NY5i
IlUI(Ny-i IKYS+l

CALL PLOT IXINsYIN93)
1)0 61 1021N

61 CALL. PLOT (XINsYII ,p7
IS IF INy,5s6(T. Ii CALL SybinflL li.vVIILLILi

it TURN

70 rX-X TiCK/f'X
1)0 7? NN-i yn
I 10 ItlY-i ) sK vS..

vi IN- I LX I ? I - ll i -Y;Iox .I

(At)) PLO I W llil

Ixii I-i iiKX+l

X IN- XliI-XNINI*I)X
YIN.I(- (t IFy( (lvi -Y V AC t

71 (A(L l 0 L(X ixiN0 2)
7? It' lNVfi(TI) CALL ',Y.IA;L Iir,,itLI

RE TUR~N

70
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Yn L T I (Y I X
Y T I C l P Y l

I a INy I1 ) **Y, 1
x I 1 , ( I I- V .I

Y NI fv YII I I )-X;, I% It11 Y,
CALL PL )T lXII,vYINs';

'l,I Y I 1 )* Y 'l l' I )

P1 CALL I'L f)I i X 16y II , 17)
82 1 II Y3(t1 ) l L , Y.,; L lX IL Y I tI L 'LLAi!L Y I *gb)

71
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SUBROUTINE FASTFOUR)A9MilINVSIFSIFERIR) AT
C FASTFOUR see DISCRETE FOURIIER TRANSFORM see FURIIIAN 63

C INPUT PARAMETERS TO BE SET bY USER SkFUHE CNILHINI FA~jTFOURLI.C I1
C A 1S A 3-UIMENSIONAL ARRAY OIF CUtMPIEX COEFFICI NTSP OFJ
C DIMENSION (N(1.IoN)2).N)Isl
C THE A'S ARE STOR4ED WITH REAL PART OF A411oI2sl3i IN THE
C LOCATION WITH INUEX 2*(13*Nl#N2 # 12*NI + 111*1 ANU THik
C IMAGINAkY PART IN THE LOCATION IMEDIATELY FOLLOWING.
C IF THE FOURIER SERIES IS kEOIuESTEDs ARRAY A 15 IIEPLACET)
C BY
C XIqJI ,jI3)USUM A(KlK2,K3I)*z1**IKI*Jl41W21k(K?IJ2I*W3**(K3*J3)
C SUMMFO OVER Kieu*# NA-Is K&-oe , U, Noh-.

tvC WHERE WI Is NI -TH ROOT O uNITY*
C
C N102*0M4Il 15I THLE NO* or POJINTS IN THF 1i Ul LN510N.
C THE D)IMLN81ON OP A Ito THk. CALLING Pi1OURA1. lQULI4 li TWICE
c THE NUMBE14 OF COM.PLeX LL -NLhTP. IN Tilt LAI4(4ST A ARRAY TO
C UE PROCESSLO.

C THE CONIPLEX XIS AWL STONEr) IN THE4 SAlIL IWANN1.1 AS As

C IS TAKEN TO E X ANU 15 10PLACIt) UY THL A111AY A SAT ISFY-
C ING THIP FOURIER StRIESs

C

C S(JI.SINcJ#PI/2 41T) oJels NT-1

C INVbJI1WOR0 COVNTAININ6i hIT5 O J IN INVENTLO Ui40(c:R IN ITS3
C RIWGITMO1ST 'T BIT POSIT IONS. FOR J1U , NT- I
C
C TO SET LIP SIN ANO INV TAHLES ...
C CALL A TUPlAsMoINV65*ulULWK)

C ONE NEED) hOT i4F'EAT TIiL CALL To SE~uI' IF 0ilL Jx)LL! hJT
C CHANUiL THE. MAX IM~U- Sle
C
C

EukLJIVALI-NC I t.' 1-'I~4 ~ ,i i~,)
c. CALL WI T1 )F5 0 +1 1 01H 41. )RI4 ' h-',
C CALL WIqlHi I4S 0 -1 ~ FO 'lI.u N ~ T~,
C CALL 5LT,PIAe-,lVjs,.911 Lisk) TO :LIT ol) TADI:.: L1 !uN AN.' IN~V

c IFI Rri * I 14 Al,;:i J 0! ,4 AM
C IFERR 1 wIF N lli-i Id IS ,I, I vk i; I,; CAk.L. I,"
c

I U IFIIF!5I 12913 ~A!,TI
2 PT lT a AN!A~kF I.- I(11 I ?I st 1 3In -e IAu) I ,

IF04TT *LL# 1-1t 1411) : F
13 IFLN14 a 1 b UU TO 9YYYuc

NI ?#*14F N? , A I I

I F)II FS,) ll il9'Y',2" IA:, k I) I
C. CALCIILATI THANIIi-.I see i ILL A 64 'r \J().
IE6 lilUT. 1bN2*\3, I 4il - 1.0i .,lIIlk I I lIe:I I )I~ Ii

00O 18) 1 * ?NTOT2 I 11I- 14
Al I-i) * A) I-1101:lj I It 1

1441 All) -- AIIICFN tA,. I
inl NP)))' tlj+NI l I /

Nil(?) I NIC )N ( I~ 1 14
NN' 31 a NP4I*5,.4 ':

C 111:10 t-UINS IM LiAii' uI[., ti Tti !1 l. ,
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no 20 to 193 ASTF 20

IL so NP(3) NPIID) 5 ILI IL~l FA5TF 21
MI so M11)) FASTF 22
IFI.NQT9 MI) 290.30 IASTF 23

30 IOIF so KBIT a NPlII) IrASTF 24
IF(MI sEQ. 2*IMI/211 60s40 AST!- 25

CMI 15 OD. 00 L 0 1 CASE
40 KBIT SoKBIT/2 6 KL *K111T -2 FAS161F 26

DO 90 1 is 19I19IDIF FASTF 2?
KLAST * KL 4'1 ASTF 28

if00 50 K a IsKLASTt2 FASTF 29

KD a K ol 0.17 PASTI 30
C ONE STLP WITH Link, .3.
c A(K) is AIK) A CKI) I A10f) a AIK) - AMUO)
C REAL PART

7 aA(KU ) 6 AII(0 I a ARK 1-T $ AM a AIK )*I FASTV 31

C IMAG PART
T so AIKUcI) ll AROI) a AIK+I)-T llo A(Ki-1) 0 %K+1)+T FASTF 32

SO) CONTINUF FASTF 33

52 LFIRST a 3 S JLAST a I S (it) TO 70 FASTF 45
C ULF.. JLASI a 21-*(L-21 -1
60 LFIRST a 2 S JLAST a 0 FASTF 36
TO DO 24v L * LHHS4T 9 %I1 fo 2 p oS 73

J.3DIF 0 KBIT $ KbIT KI/ lo 1. KMT-2VASTV 38i
C ~ DO FOR 11111

00 do I a 19.,IL1DIIF lFASTF 39
KLAST ft I+KL PASIF 40

DO BUI K so I KLA5T*2 l'AbTF 41
K) 2 FKeKRIT K2 K .1I+KBIT K 3 aK.Z*Kolt I-SI 421

C DO TWO STE~PS WITH JAO

C A(K) a AM) 4 AIK21 AIKP) aA(K) -/(Ki

C A(KI) a A(Kll +. ACK3) * AKII a ACY.1I- AlK31
C AK I AlK )+AI) s AKIa oAilbe I- A(Kj
C AlK2) *A01 + ACK3I'1 s AIK0I a Al(l - AlK3lI
C
C F IRST STEP RE.AL PART

Ia A(K2) ll AIK2) a AK )-I I. ARK a AR, let IASTF 43

1 0 AIK3) S AIF.31 a MIKIT lo A(I.1 0 AIKUCT ~ A., I 44

C F 145FT 5,TI.P It .. P qk
I a AC.2+11 1, AIIK2+1I so AIK 411-T 1 ARK +1) aAio +1)+l FAY 415

I so A(K3+13 Ak3+1) - h(F.l~l)-T s, A14 A I + I F. ~A',F 4f,

c SLCONI) eTL'P 14AL I'Ai%
T A(1411 3 A(l)1 a A(K )-I 1 A( I A(K 1+1 0, tIf 41

I *ACK1 $ AIKI) is AlKi!)+A4v 31 A I K,'~ I I/-l F. sxI Iit 4

C I SC ()N 1 STIi' ImlAki 1i'A%T
A(K.3e1) w AlF.2+1 -T A, IQ'*;1 I lI.+1 1 A I 1l 4'

t A(l1*1) l4 Al'+l) so M Al +l -I A. Iu I + I I*1lT 5 1'

I F i sNOT. J1.AFT 1 235 182 AN.TV 6, r

8? j a JJ~i11 1 F A!,TV o)'
C UO FUR J-1

ILAST isILa J IteJ.4
00i 85 1 a JJ9ILASTol~l)1 I W, ~T 5
KLAST - YrLd 5A to-

DO0 115 K. Itil(LAT92 "' "

KI K . KHIT 1 K2 0 fli + Killt i, P. . o, 1, 11I ,I j

C
c LLTTINU Vi 0 ~1- X P II P1' IW P w0 . ' 0 4 lo d~ 3

c A(XI so AIKl 4 AIKII s AlI~~ A I) AIKl

C A I( 1 A K 2 1 - A I14 K4 2 1 +l11 A IF KI 3, 1 A I A I' K .4
c
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R AIK2+11 T o AIK21 FASTF 09
A(K2) a A(K() 4R $ AINrI a AIKI R FASTF 60
AIV.241l a A(KI(4I T 6 AIKI~4) *A(K41( + T FASTF 61

AWR v AIp(1I - A(KA*11 S Awl a A(K1.13 +AIiI FASTF 62
R a AIK3) + AIK3el) Is T AII(3) - A(.(3+11 FASTF 63
AIK31 a (AWR + R)OS11IN45 AIK' ~a(AWN - 141*SIN*.5 FASTF 64.
AII(3.1( a (AWl TI*SIN45 A4I 1) a (AWl + T)OSIN.5 FASTF 65

T a AIKI) $ A(K1( a A(KI-T 6 A(K) A(K(+T FASTF 66
T m AIK1.I 1. A(KI.1( a A(Kel)-T 6 AIK+11 A(K+1)4-T FiASTF 67

R a AIK3*1) S T A~IK31 FASI 6o
AMV.) a AIK2)+( A(K2) a AIK2)-R I'ASTF 69
A(K3+11 v AtK2+1)-T S AIK2+1I AIK2+114T FASTF 70

85 CONTINUC FASTF 71
IFIJLAST @L~s 1) 2359YU FASTF 72

90 jjsjj+JJCNF FASTI' 73
C NOW 1)0 THF ALIMA1NING Jig

DO0 230 J a 2o.)LAST PASTF 7'.
C FETCH W'FS

tC OLF ... W1.hXPI Z*PI/f.)**INV(JI/MT t V.'2wl#*2o W.4xW14 *'I
96 1 o INV(.J~1I (FASTF 7S
98 WAIS(NT11II W1ms( I) FASTF 76

12 11 141 S 12C v NT-12 PASTF 71
IF(12C1 12Ut,11",lu' FAST' 78

C 12 IS IN IIRST WU0AN7
I100 W21 a h( IC) S W22 a 8(121 $ 1. TU 130 FASTF 79
C 12 is P1/2
I1i0 W21 a 0o W2? 8 Is t, GO TO 11U ('AS?' 00
c 12 IS IN SECOND QL)AORANT
120 12CC v 12C + NT S 12t 0 eI2C FAST)' HI

W21 *-541201 S ~ a 51121CL FASTF 8~2
lip 11 1412 $ 13C a NT-13 FASTF 83

C 13 IN IIST OUA04M~T
140 W31 a 5( 13C) w3? r 0(13) 1 6U TO 20d FA5Vr' 85
C 13 a P3/2
15o W31 m Of % %432 a Is lb GO To 20L. FASTV 86
c 13 IN 2NI' Ok 3R~O cJ.IA0MAN?
160, 13CC - 13C 4 NT PASTP 87

C 13 IN 2N ULIAORANT
Iu 13L a -31 FA.5TI 89

w31 - -51 1311 $ n v S I I S 1 $ UP 0O - I-AF)TV~ 90
C 13 a PI

I Ho W31 - 1. a, W kl 1. ( 00T 200 (FASTF Y1
c 13 IN 3RU COUAI)NANT
I go 13CCC v NT*13C( 13(.(. -1 3(.L F A.11 9 d

W11 Is -SC IIIccI S w32 * ~(131(1 tAYTF 4i:3
U() ILAST a IL+JJ FA,TF~ 94

Do 22L. I a JJoILA.'1 ,1Iu I CA'1P 45
KLAST - KL41 1A';II 9 b
00 22k0 K m I oKLAST0 FA [sTrt 4I7
KI - K X.I I IT . K? ft K 14 V I IT '. 2 I + j I t VA'; 7 1 t

C00 TW~O STE.PS WITH J NOT u

L.AIKI a A(K) + AIK2I*W2t A(K?) A(K) A(21K
c (LIKI) w A(K1)*wl + AIK314,wI, A(II AlII)*'I - AlI3L"I

c AOL.) 6 A(K) * AIKI) * (Kl) m AIKI - ( I
c A(K2 m A(K21 AIKI)*4I* AIKI) a AOL,') A(K*I*

14 m A(K2)*WPI A(K24fl*w2 F A'dl YIJ
T A(K,'IW?2 + A(K?+1)OW2I A!5TII-

74
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AIIC2I * MU-R S AMK * AIKI4N FASTFIQ1
AIK2tI) m A(K41)-T S AII(*1) * AIK+114T FASTF1OP

R a AIK3)*W31 -AIK3*1I*W32 FAST F103
T s AIKIIOWSZ AIKS+1)4'WI1 FASTF10'.

AWR m AIIC1[*W11 - AIKl+l1*W12 FASTF105

Awl x AIKIOWiR AIK1lIl*W11 FASTF106
AII a AWN-t S AIKII a AWR+R FASTF107
A(KI.1I * AWI-T s AIK1si) a AWI+T FASTF1OB
T a AIKI) s AIKi) m AIK)-T s AM A(K)4T FASTF1O9

T a AIK141) S AIK1+1I a AIK+11-T s AIK+1) *AIK*1)4'T IASTF11O
R a -A1K3e'fl & T a AIK3) PASTF111
AIK3I m AIK2)Mk S AMK) a A(K2)4R FASTF112
A(K3+1) v A(K241)-T I AiK2'01) *A(KZ.1I +T PA5TF113

220 CONTINUE FASTFI14'
C END OP I AND K L.OOPS
2 30 44 a 44121F+J4 FASTI1lb

C END OF J LOOP
233 4LAST 8 4JLAST *3 EASTFI 16

S24U CON T INUE V AS TI: 117
c LND OF L LOOP
2311 CONTINUE FASTH 18
C END OF ID LOOP
c
c WE NOW HAVE THE COHPLLX FOtUlflR SUMt'S 14 T THE IN AUDJmLSSLiS Alit.
c LII ThIEVENSl5D. THE FOLLOW .INCO 10IT INt. PUTS THEM Ili UI4DEN... *

NTSO * NT*NT PASTFL119
350 IF(M3 eLTe MYN 370036V FASTF12O
360 N3VNT a N3/NT b 'IINN3 * NT IASTWLZZ1

1003 *o I U 0 1 a 30 FAST F122
3 7L N3VNT *1 !10 NTVN4 m NT/N3 $SINN3 N3 1AS 3

1003s a 1 FA1TF124
380 4J03 a NTSU/N3 ASTI 123

IF (MZ eLY. MT1 4?0t460 PASTF12G
460 NZVNT * N2/NT s tkINNP MY N:A5 TF 127

1002 a v 00G TO 480 FASTF128
4 70 N;;-VNT a I NTVN2 *m NT/N? YIINN2 * N? IASTH?29

1002 * 1 FASTFI130
48 SC 402 * NTS(J/N? 124511131

IPIMI *LT* MY) b7(I,6b FASTFI fl
5 6t; N1VNT-m Ni/NT .1 'INNI * NT 4514I133

I0 *o I' ioo TO S80 FASTI 134
5 70 N1VNT m 1I 1 NTVNI m hT/rIl 31 HIINI % I Fo4STI-13b

1001 m 1 FASTIF1I3
58t. 4401 'NYSO/N I I-AN?1137
600 JJ3 j a I F AS? 01314

00 880 JPP3 a 1 ,113V'jT [ A!, 1I 1: :9
[DPp. 0 INVIJJ3I f l t 140)
00 Vuh JP3 v 1 ."INN.4 k A!,l141
IH 10031 620,61I AbYf-14i

bill 1103 v INV(41'I'.3VNT 10 (, TO 630 4sts T F14.1
62wJ [P3 a I NVL(JP II)/ NTVNJ 1, 1F1 4 4
All) 13 m ( I P P'3.1'3 1* N 2 1 F 14'"

00D 871) JPP2 a 1,N2VNT Al. 7 I 14 1I
IPJP2 - 1NV1JJ42)13 I. Alt T 14(,1
P0 860i JP2 m 1,mIN rsI I4,1
IF( 11602) 1l:7 A? 1'W

-,111) 1P2 - If4VfJP? I*N(VNT Ub 01) 7I /31 0I, 1 21
72l0 1P2 v INV(JP21/.,VfI? I ;O, T I I"
17 n 12 a I IPP 2+ 112) ft, 1.A NIl I I
8 0 44 J1 a I I AS? 71 1

DO0 86k, 4PP) a luNIVNT I lo, Ilt
IPril u INVIJJ1I +4' P I bA',T IP(
Do $3.1 JPt - 1 s''INN1 A,,t 1k
11- 1 1601 1 820a810 T I .F I;
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a IU IP1 a INVIJPU'#NvIYT 6 (JO To 83U
82L, IP.1 0 INVIJ.PIIINTVNI kAS71160

J.JI 1 - J 4. JJDI P).1 ASTFI6iT

T. C ENI 5PJP AO +I aP AfOI +I1A+I SF.6
8760 JJl s *i *J JJim PASTF16

CLNI. (IF JPPJ2 ANO J0il u
8 80 .143 me JJ3 4. JJU3 1IAS TF 169
C CNLI OF J P I~i LOOP

C WA6 THIS~ A TCRAN0ut)jA....

C F~5 REP'LACE A OY CONJ (A I
882 1 11 804 1 Is 2 ZNT0T2,2 -ASTF171
884 A(II is -All P5T1

Glo To q999 kA Ti- 17
c TH-AT I S tilt, F.Np *a,..

ENtNY b~TLP J AS7FF /J.CTHiAl PROC4utAH C~lI TEh il-L ,IN ANO I NV TAmLLS

9U4. IPIMT oLlo 111 906,905 DASTFI 76905 IFER~t I 1 11, (0 To 9999 FASTFI 71
906 IFEM)R a C) FASTF1

NT am 2#v4n $ ftitV2 a IYT12 IAST I7
c 60T UP sIM TAII1.1;
C Il.TA a PI?2**IL*fl se. !*Ul Leiis

THETA a @?*) ASnTFH 1
C JSTEP a 2**tM7-.L+1) ... POR Lml s

JS1P is NT ~~T
c J1)IF * *(KMT-L) too FOR LBE at

c a Ff NTVR IA!3 -8I

0)0 90k L a 204T FAs1TFI8'
Ti *t .540THETA k A .T ?I 18JSTEP2 - JSTI I m)5 j~l IfJI ~ I. a J T P/ r 'S lb t,

SIJUIH a SINF(TIW TA) I AS, T rI t IJC21 a NT-.jn1F A.)I 1~

JLA)it 0 NT-J~ITkP2 w T.I Y90Il (IJt.A!,T aLT. a . TEI') v-,r (i2; pl.t9 ?' DO Yho J - yr-p .PJLA.5T .J!,j 1WTII9
4L&NT-J I. JDI11+JU I I' I i 3.94'1 sIJUI - (Jois~IjcI + ",IJonlpRii jc) ~AS T 1 1 "0495o CQNtINUIIF o,' ?I I 191

c CfLT UP U1 vIj) TAIBLi
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