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

INTRODUCTION

Beveral methods of propagating CW high-energy laser beums through the atmosphern
have been reported previously [1,2]. This report will describe a method for propugotiung:
multiply pulsed laser boams in a nonlinear atmosphere by adapting the coordinate sysicir
to the amount of thermal blooming. This technique increases the accuracy of thernal
blooming calculations and extends the capability of the code in the case of extreme huran
distortion.

The computer code SSPARAMA calculates the steady-state intensity pattern of
train of high-energy laser pulses propagating through the atmosphere in the pressnce nf
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 stoudy
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 calcululing.
The pulse widths are assumed to be short compared to the sound transit time across thu
face of the beam, so that self-blooming will not take place. Blooming occurs only as a
result of alr heating by preceding pulses. However, to avold problems of plasma formu.-
tion, the pulse width must be sufficiently long that the critical intensity for air break-
down s not exceeded. Finally, us 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 the
negative 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 propagation
directions, The steady-state density changes Ap introduced in the path of a given pulse
by energy absorption from all preceding pulses can then be expressed as [3]

- 20 2

ap = -1 zlﬂEpe““‘ 2. \¢(x~nAt.(UO +Q2)m2)| (1)
hel
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2z = 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,

4 = the ratio of atmospheric specific heats (= 1.4),
¢s ® the speed of sound in aly (%340 m/s),
o = the absorption coefficient for the laser radiation,
Aty = the pulse spacing,
Ep = the energy of each laser pulse,

vg = the wind speed along the x direction perpendicular to the direction of
propagation, and

{2 = the angular sluing rate of the beam about the y axis,
Finally ¢ is the normalized steady-state energy distribution of each pulse at the 2 plane:
o
f p(x, 3, 2)(3 dxdy = 1. (2)

This density reduction Ap changes the index of refraction from its ambient value ng,
where ng v 1, to

n? = nd + 8NAp,

where N is the molecular refractivity of air (+0.184 cm3/g). The distribution ¢ must
then be calculated self-consistently from the propagation equation:

9 , 2%, 02
il ==+ £ 4 =05 4 3NK2Ap(IIF) [¢ = 0, :
[2 5 ¥ 0a3 T yu T ANHIA0(G )]¢ 0 (3)

where e = 27/) {8 the wavenumber of the lnser radiation. It is assumed in 8SPARAMA
that at 2 = 0 the pulse train has a spherical phase front and a truncated intensity profile,
For example, when truncated Gaussian pulses are propagated

o(x, %, 0) = Nyodglx, ¥), xd + y3 < 204,
LR x? + y3 > 27, (4)
where
1 ) DYSCIYNIIT
X, y) = === e+ (kayiN{(x3ey2)at]/2 b
oy, ) nﬁ‘ (6)
2
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and Ny 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 1/e of its maximum value, and the
beam is truncated at 1/e? of maximum intensity.

Altogether eight variable physical quantities, a, f, k, &, Ep, Aty vy, and §2 appear in
Eqs. (1) through (6). All variutions will not however lead to a mathematicully «lstinct
problem. In SSPARAMA Eqs. (1) through (5) are acaled so that distine! prenagation
problems are defined in terms of five dimensionless parameters, The progte . I3 designed
to accept either the set of data with dimensions or the dimensionless set, and both sets
are printed out,

The scaling of Eqgs. (1) through (6) Is carried out via the coordinate transformations

xuk 555%, ZE‘;' (8)

and the variable transformation
3R, 5, 7) = ag(x,y, 2). M
By multiplying Eq. (3) through by a3, one can write the propagation equation in a form

which identifies the five dimensionless parameters characterizing propagation in
SSPARAMA:

2 2 o
{zwki ¢ s Do NyNetar )

2
; ¢ = 0 (8)
or azd  ay? ] }

5[& - Izv-'ju + Ne), y.i]

The five parameters, N, N, Na, Ny, and N,, are defined as

Nk - kaa/fs (9) -4
3Nk(y - 1)afE
Ny = E(‘YQ_T)-L“Bo (10) y‘!
Ca a 9
Na = af, (11)
- 20 ;
NU UoAt" (12) :
and
No = SUf/vp. (13) i

Ny i the Fresnel number of the free-propagation problem, and N, N, Ny, and N, are

coupling strength, absorption, overlap, and sluing parameters respoctively, N, was intro- :
duced by Walluce and Lilly [4] and called the pulsca-per-flow-time purameter, It i
measures the numboer of preceding pulses which have healed the air across the beam :

3
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aperture as the puise under study begins to propagate. The solution to Eq. (8) is ob-
tained subject to the energy normalization

135,002 didy = 1 (14)

and the initial condition
PR, 5,0) = |§le-iNu(e+9%)2, (18)
where |3] = 0 for 32 + 92 > 2,

Equations (8), (14), and (15) are numerically solved in SSPARAMA on a G4-by-84
grid in the 7 plane, Since one would like to use as much of the computational grid as
possible to describe the varlations In beam intensity, a scheme for adapting the coordi-
nate grid to the propagation must be used, For example, as the beam propagates, the
initlal focusing causes the beam intensity pattern to decreuse in size until the negative
lensing effects of the heated atmosphere accumulate to thexmally 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-
tlonal grid were not moved or changed in size as the beam intensity was caleulated from
aperture to focal plane, the intensity pattern would either be poorly sampled as it de-
creased 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 [B],
A slightly modified form of their technique has been incorporated into SSPARAMA and
will be deacribed 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 uxplalned,

COORDINATE-SYSTEM ADAPTION

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

(20Nkdg + OF +0F + 0¥ (n? - 1)]3 - 0, (18)

where n2 - 1, the nonlinear index of refraction, depends on ¢ as given by Eq. (8). The

X¥Z coordinate system is normulized to the constant lengths a and /f, und ls fixed in space.

In this system therefore the beam will He symmetrically about the origin of the &3 plane
only at & = 0 with an extent of order 1 (see, for example, Eq. (15)). When 2 # 0, a new
set of xy coordinates is needed to maintain the two propertics 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 Xy coordinates by a set of scale paramoters 121 and Dg and a deflection
parameter X, which are functions of #, Since one would like to solve Eq. (18) it a set of
coordinates that adapt to changes in beam size and direction, the coordinate transformation

\
|
i
i
i
i
|
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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 und variable transformations,
The form of these transformations is suggested by linear propagation theory:

5 el AY
x = , (1)

vDy

y

y = , (18)

VD2
- A 19
4 Nk ) ( )

and
3 - LTRSS P T 7Y) (20)
YD1 Dy

The constant scale change from 2 to z is done for convenlence to eliminate Ny from the
z-derlvative term in Eq. (18):

2iNyd; = 203,

The factor 1/¥/D1Dy s removed from & to Insure the form invariance of the energy
normalization:

fl'&l“ dRdy -lel“ dxdy = 1, (21)

When Eqs. (17) through (20) are subatituted into Eq. (18) and when the nonlinear
torm {8 of negligible size and the beam has a Gaussian profile, Dy, Dy, X, &1, &z, §, ¥1.
and g as functions of ¢ can be analytically determined for all z. However, when the
nonlinear term is important or when a non-Gaussian beam is propagated, the a's and f,
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 Dy, Dy, X, &1, &g, §, 91, und F2 are

known at # = 25 and that their dopendence on z is to be analytically determined as one
propagates to a neighboring xy plane at z5 + Az. Since

X

P2 7)1— 22, (22)

o (23)

[
[
<
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and
»-} 1 0,X Y.
a; = ;’; [{)z —<-‘§- 9, InDy + —&L—B_{)()x - "2'(), In Dgay], (24)

one finds that

TR TaEm el T

[2(Nkd; + 8¢ + DF + K22 (n? - 1)1————¢L— plE ¥4 &g 4057y ¢ 1)

YDyDy
Jidy §4+ &y 3+ 549, +9y) ' 1 y
- & é/ms {2( (B, --52-6‘ In 0y i)_\. —-\7-__5-1-(‘)(3_“- —Ea‘ In 02 ay>

- -é(a, In Dy + 8, In Dy) ~ 20,(F) + %) + Bl 2% - [2&, 6/ x + X) + 12
1

2 ron (T 217, + 102 - 4a
+ ——b~1- [2“1(\/7)13“'"\') +B]a.\‘ + 2iqy + 7)—20\'2 - 4“2202,?2

+ didyydy, + 2idy + k2a2@?-1) } v =0 - (26)

For vanishingly small n2 - 1 and for a real Gaussian profile y(x, ¥, £p) one would deter-
mine D1, P2, X, &1, &2, 5 ¥1, and ¥z from the requirement that Eq. (25) be cupable of
being put in the form

20, + = (2 +1-a2) + L2 +1-y7) 4 2221y w0, (26)
Dl ) D2 '

Then, ns ¢ wuas propagated to 2o + Az, it would acquire no 2 dependence and would
remain real and Gaussion:; that is, all of the 2 dependence of p would have been accounted
for in D1, ey ';'2.

For the imaginary terms of Eq. (25) other than 209, to vanish, the quantities Dy,
Dy, and X, which determine the seale and location of the xyz coordinate system, must
satisfy the equations

d: n Dy = 4ay, (27)
0; In Dy = 4@y, (28)

und
0,X = 2a;X + 0. (29)

On the other hund, for the real terms Involving 0y and 3y to vanish and for the scale
functions 17 and 17y to be factoruble from the remaining & and y terms respectively, the
phuse Tunctions &y, @z, 0 T, und y9 must satisfy the set of cquations

]
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2D,9,6; + 4&1201 -1 ’ (30)

D,
2D,0,8; + 48£D, = -, (81)

Dy
0,8 + 2X0,& + 28, (26, X +J) = 0, (32)
20,5, + 2X20,& + 2X0,8 + (2 X + )% = -51—-, (33)

1
and
20,75 = - . (34)
T2 DZ

Thus Eqs. (27) through (34) will determine all of the z dependence of ¢ when Y (x, ¥, 2g)
is real and a Gaussian function of x and y and there {s no lensing effect caused by heating
of the atmosphere; that is, Eqs. (27) through (34) will describe beam focusing in the
absence of diffraction and nonlinear medla phenomena, Thoy are of more limited utility
when such phenomena are present, In this case, during the displacement of ¢ from zq to
2 + Az, linear and quadratic phase changes will arise from two sources, As a result of
focusing ut z = z¢, the initial phases &) (29), &2(20), and F(zp) will become & (z¢ + Az),
&y(z0 + Az), and f(zo + Az) through the solution to Eqs. (27) through (34). In addition
however Y at 20 + Az will acquire lnear and quadratic phases, Af, A&, and A&y respec-

tively, as a result of diffraction and thermal blooming. Thus at zg + Az a new factoriza-
tion of § must be made, namely,

V'(x, ¥, 20 + A2)

B(F, 5, &, + Af) =
0 ) &‘/Dl(zo +AZ)D2(20 +Az)

o[04 (20 +A2)¥% + Gy (20 +82)5% +7 (20 +A2)F 45 +77 I

(36)

if ', which is to be propugated from zg + Az to 2o + Az + Az’, is not to initiaily have

quadratic or linear phase terms. After each step in propagation therefore &;, &y, and
must be redefined as

& (29 + Az) = &((zg + Az) + A&, (38)
Gy(zg + Az) = gz + Az) + Ady, (37)

and
Bzg + Az) = B(zg + Az) + AP (38)

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

e e i i

ey
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In 8S8PARAMA, y is propagated from one z plane to another by finite-differencing
a phase-transformed version of Eq. (26). Then Acy, Axg, and Af ure found in the xyz
coordinate system using the method of phase minimization discussed by Herrmann and
Bradley [5]. One requires that

f IWI2[ V(A a2 + Aagy? + ABx - 7)}12 dxdy = minimum, (39)

FLF TR IAY

where Y(x, y, 20 * Az) = |yle!?, It follows that

B ernme——— ’ 40
Aal 2(A1E_B12) ( )
A0, - ByD
ap = 11 1)
AlE - Bl
and
D
Aa2 - EA_QR-’ (42)
where
Ay "7“.“-1t2|\bl2 dxdy, Ag sfyﬂmﬂ dxdy, (43)
B, = fxl\l’la dxdy, (44)
C, = Imfd/'axw dxdy, (45)
Dy = Im |xy*d, Y dxdy, Dy = Imij‘ay\bdxdy, (48)
and
E '-—=f|w|2 dxdy = 1, @7
The factarization
Ulx, y, 2g + Az) = |'eildaix?+dagyd+Afx) (48)

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

NP e -an ..!m* l" el
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The relationship between {Aay, Axg, AB} and {A&;, A&y, Af) is found by substi-
tuting Eqs. (17) and (18) into Eq. (48):

AC!]
Dy

A&y = (49)

ABy = —=, (50)

and

Ag 280y X

vO; Dy

A similar set of equations will hold between {&;, &2, f} and {«1, ag, i}, which are

coriputed directly in the xyz coordinate system, When resxpressed in terms of oy, o
and 8. Eqgs. (27) through (29) become

Af = (61)

d:D1 = 4o4, (62)
0:D9 = 4og, (63)
and
B,X - \./E:D——' (54)
1
and Egs. (80) through (32) transform into
By = 2—11);(1 +da?), (65)
3,0y = ._2;1);(1 +4a2), (68)
and
. 20y §
5,0 = —5‘1—. (87)

Egs. (62) through (57) must be solved in terms of initial values at zg. The solutions are

p) 2
20y 9(2p) AL,
oue o (- BB <[

ekt e kit et il

e ottt s sl
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o1 a(@) = oy p(an) *+ o {1+ [2oy p(ag)] ) St (59)
112 t 2 ) Dl'z(zo)
20 (2p) 2 s - 272
= 14— (2=25)| *|=——1| , (60)
: fe) ﬁ(ZO)\/[ Dy (z0) =2 ] [Dl(zo)]
' and .
Bizo)
i X(2) = X(z5) + ————== (2 —25) (61)
3 O VB
E ’ Finaily the procedure for solving Eq. (26) in SSPARAMA is similar to the one
gﬁ described in an earlier report {2]. A phase transformation on ¢ is made:
i
o B(x,y,2) B Ux,y,2) e WDLHE (62)
»
; : where
~,
‘| g, 3,2) = k=) & -7 + wadnl - 1), 83)
= 1 2
! The equation for ¢ follows from Eq, (26):
(213, + H(x, y,2)]% = O, (64)
; where
- o -Gir2)figds' [ 1 Loae\ wa)iadd :
H = e 28 (5-1 oF + 30y )e( Mde (86)
By picking 2g to lle between 2 and zg + Az, one can propagate P from zg to zy + Azp,
with first-order accuracy, by solving the equation
v ' N 1 4 1
[2i3; + H(x, y, 25)]d = (2.3, * B, 3.2+ I_)Zayz)(p -0, (68)
Equation (68) is solved by Fourier transforming & [8],

Bk, kg, 2) = f eilk1x+k2Y) @ (x, y, 29) dixdy, 87)

and propagating & to zq + Az:

B(ky, kg, 29 + Az) = (‘f)(kl’kz’zo)e(l'lzj{kf'c:c*m[_llDl(z)]dz+k.}'j;:n+A:[1/1)2(;)](11}' (88)

10 ;
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The inverse transformation to Eq..(67) then yields ¢, and Eq. (62) yields y(x, ¥y,
20 + Az)n

NUMERICAL PROCEDURES

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

- D) ) gy 2)

Dr@) * Do VBEI0eE (©
where
fi(x) =1 - %2, (70)
faly) = 1 -y, (11)
and
o8 2
ga(% 3, 2) = N'«Nce“””*‘an ¢[ " mu N,Ny2), 3, ] (72)

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

f ]
A0 = ’.e(x.y.Z')dZ'
tz:)

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

* g y2)
Al = g, (0)AZ; + ga(v)AZy - 51D (z) (78)

1 2

wheore
z ' 2=z
= dz - -1 ( =20 >

AZyq = tanh {1+[2« } + 204 9(29) 4
1,2 »{,{,Dt,z(l) (20 5(20)]2 Dy.20) 1,2(20 fush (74)

The differential quantities AZ, and AZq4 are similarly named as the coordinate differ-
ential AZ that was used in carlier code calculations which involved only a single scaling
function D(z).

To complete the evaluation of Af, one must know the z dependence of g3, that is,

the z dependence of [#/2. Two options are provided in SSPARAMA, for evaluating A0,
depending on whether one has determined ||2 at one or both of the integration

11
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T
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endpoints. The procedures work as follows: Suppose first that the solution for V(x, y, 2p)

has been obtained. Then one can compute g(x, ¥, 20), since [d(x, v, 20)I12 = Y (x, ¥, 29)I2.

To find d(x, ¥, 20), however, one must evaluate
2,
80" = [ gtz (75)
%

where z{ lies between zg and the plane 2o + Az to which one would like to propagate V.
If ¥ is known only at 2q, the zeroth-order approximation

A0' ™ g1(%)AZ) + ga(¥)AZy - g5(x ¥, 20)AZ13 {76)

must be made, where
A Y di ™
7', & f . (1)
7, VD@ D@)

Equation (68) can now be solved for &(x, y, 29 + Az) by the use of Fourler trans.
formations. Finally on performance of the phase integral

sq+da
20" = f (% v, 2') de’ (78)

z
V(x, ¥, 2o + Az) can be obtained from ®(x, ¥, 20 + Az). In keeping with the accuracy
with which A0’ was approximated, A0" can be approximately evaluated as
A" ~ g1(x)AZ) + 83(»)AZy - gy(x, v, 20 + A2)AZY;. (79)

The differentials AZ7, AZ3, and AZ]g ure defined by the integrals of Eqs. (74) and (77)
with the integration limits as specified in Eq. (78).

Suppose however that initially both y(x, y, z0) and Y(x, y, 20) are known and that
the values of y at 29 are to be propagated to the plane at zg + Az. In this cose the
phase Integrals defined in Egs. (75) and (78) can be approximated using the integration
formula

xo+Ax
f Felg(e) de ™ wiflxg) + waflxy + Ax), (80)

xp

which has first-order instead of zeroth-order accuracy. The weights wy and wg are thus
determined such that equality will hold in Eq. (80) whenever f is a linear function of x:

2xq

xp+Ax 2 xg+Ax
wy = (1 + -B;)J;o g(x)dx - Ax .‘;0 xg(x) dx (81)

12
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and

) x° +4Ax

Xo+Ax
2 f" xg(x) dx - -—-J g(x) dx. (82)

wz- a—
Ax.x

0
Then, for example, in place of Eq. (76) one would have that
AQ' = g (x)AZ] + gg(y)AZy - ga(x, ¥, 20)AZ5 - g3(x, v, 20)0%4, (83)

where AZj and AZ) are related through Eqs. (81) and (82) to AZ)3 and an integration
over the function 2A/D1{z)D3(z):

o+ 2 ' iat
O R Ny ey o
and
) 2 % "
Az, = o zo[.o ,5—,——-—,-1(2 DG oAZw]- (88)

Although integrations over D{ ! and D3! can be carried out analytically in terms of
inverse hyperbolic tangents (as in Eq. (74)), integrals over 1o/D1D3 produce elliptic
functions. Both sets of integrations are handled in S8SPARAMA numerically, with third-
order accuracy, using a second integration formula:

xo+Ax Ax
[ nnrax w SEheo + ax1) + g + Ax)), (86)
Xo

where Axy = (1 - 1A/3)Ax/2 and Axg = (1 + 14/8)Ax/2. Again, as an example, con-
sider Eqs. (84) and (B858) and define

1

e — (87)
h VD (21)D3(z;)
and
1 (88)

fa & ————0——,
47 Di(z2) D3y
whore 21 = 29 + (1 - 1/\/3)[(20 - 20)/2] and 25 = 20 + (1 + 1\/3)[(20 - 20)/2). One can

complete the numerical ovaluntion of AZY and A?,. hy rewriting Eqs. (84) and (88) with
the use of Eq. (88), in terms of f; and fy:

13
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AZy = 20 - fy) (89)

23

and ‘

st S5 o o

+*
- (sa—zo)("—2'1> - aZ), (80)

'The procedure by which Eqs. (80) through (80) are employed requires that two sots
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 Y(x, ¥, 20) and Y(x, ¥,
20), where zg < 20 < 2g + Az, At the end of the propagation step the values of
V(x, ¥, 29) have been roplaced by ¥(x, y, 2o + A2), These new values can then be used
to propagate Y(x, ¥, 20) to Y(x, y, 20 + Az'), where now 2 < 2o + Az < 2p + A2'. 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 curveture, is reached.

Since both arrays are initlally assigned the values Y(x, y, 0), the process of
propagating one array past the other cannot begin until after the first propagation step.
The ftirat z step is therefore taken using Eqs. (7€) and (79) to determine A0’ and A0". In
general the incremental steps Az are selected in SSPARAMA according to & criterion that
the phase changes induced by g3 us computed from Kq. (78) be no larger than some pre-
assigned value of order 1 for all x and y. However, to carry out the first advancement of
¥ at 20 = 0, half of the Initially computed Az value is used. This leapfrog procedure Iy
summarized for the flrst few 2 steps in Fig, 1.

The advantage conveyed by using Eqgs. (78) and (79) to cvaluate the phase integrals
A0’ and A0" s that only one ¢ array is nceded in carrying out the caleulation, Because
of the reduced accuracy In computing A0' and AG", however, smaller z steps are in
principle required to obtain the same results as when two urrays at different 2 planes are
used. To allow a quantitative comparison of these two procedures, both options for
propagating ¢ were inatalled in SSPARAMA und can be selected according to the value
of one of the input parameters to the code. For the same reason, another input param.
cter is also availnble that allows one to adapt or not adapt the coordinate system to the
amount of diffraction or thermal blooming occurring during beam propagation.

PROGRAM OPKERATION

'This section will describe the input parsmeters required to run SSPARAMA and
explain the data included in the output, A complete listing of SSPARAMA s included in
Appendix A,

To use program SSPARAMA, two input cards are required. The first specifices cer-
tain numerical parameters and selects various program options, and the second defines the

14
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Fig.'l —Leapfrog procedure for advancing the wave function ¢

particular physical situation, This second card can contain the actual physical parameters

or 4 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

VTR rrT

Columns Name Format | Columna Name Format
el o
1.5 PHIMXX F5.0 38-40 | NPM I6
8-10 ROCULT| F6.0 41.45 | NBM 16
11.16 | HXY F5.0 48-60 | NPLOT 16
16-20 | NXY 16 61-68 | NCT 16
2126 | NCW 16 58-60 | NRS 15
2630 | NAD 16 81-65 | NPUNCH [
31-36 | NMS 18 75.80 |NID A6
15
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PHIMXX. This Is the maximum allowed phase change in radians for any point in the
computational grid at each z step. It is used to define the newly computed 2 increments

HZN at ench step, where

#3(% ¥ max

vD, D,

in which gg(x, y, 8)max Is the maximum value in the computational grid of g3, given by
Eq. (72). PHIMXX ls nominally entared as 1.0. If more & steps are required, PHIMXX
can be decreased. In this case the # increment s tied to the amount of heating in the
atmosphere, becoming smaller automatically as large density changes take place or
becoming large and efficient when near-vacuumiike propagation occurs, If HZN exceeds
0.1 of the total propagation distance, the smaller of these two 2 incroments is used, If
HZN at any time is leas than 107 times the distance to be propagated, the program exits

and an error message will be printed.

HZN = PHIMXX,

ROCULT. This is used when propagating uniform circular beamshapes with an obscuring
disk or a uniform rectangular beamshape. In the former case ROCULT {s the ratio of the
ocoulting radius to the total radiun. For a rectangle, it is the ratio of the y to the
dimension, ROCULT is used only when NBM equals 4 or B.

HXY. t;I‘hla parameter defines the size of the computational grid velative to the apertura
radius by

Ax = Ay = HXY

where 4x and Ay are the sizes of Individual computational cells, which start out square.
Depending on the beamshape, values betwaen 0.1 and 0.3 are typical.

NXY. This is the number of individual computational cells along the edge of the entire
computational grid. The FFT routine is more efficient when NXY is a power of 2, and
NXY {s 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 {7]. Before the summation is replaced, Kq.
(72) can be written in terms of physical parametors as

N(y - 1)k3aE, 08 =,
(7 )ca P e Z |(b[x - n(Uu '.‘Slz)At' Yy '] 'u'

[] nwl|

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

3N(y - )kiaPe s /D, .0
D(x + '| ’ a 'I
od(og +{17) J.”I (x +x', y,2)1* dx

18
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where P is the average power of a CW laser (P = E,/At). The integration is performed
using a simple trapezoid rule.

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

NMS8, When NMB8 = 0, the midplane integrations are not used. When NM8 = 1, they are
used.

NPM. When NPM = -1, the second data card contains physical parameters. When NPM =
+1, the second card contains dimensionless parameters.
NBM. Thia parameter selects one of the five beamshapes avallable within the program:

NBM = 0 —Infinite Gaussian, with WIDTH (a parameter read from the second input
card) being the e intensity radius;

NBM = 1 --‘Truncated Gaussian, with WIDTH being the ¢! intensity radius, trun-
cated nt /T X WIDT}{ ar ¢~% intensity radius;

NBM = 2 — Uniform circular apurtire, with WIDTH being the actual aperture radius;

NBM = 3 - Uniform square aperture, with WIDTH heing the dimension from the
center of the square to the edge (halfside dimension) in the x or »
direction;

NBM = 4 —Uniform circular aporture and an ooculting disk, with WIDTH being the
total aperture radius and, os stated previously, with ROCULT being the
ratio giving the occulting disk radius;

NBM = 5 Uniform rectangular aperture, with WIDTH being the holf-side x dimen-
sion and ROCULT being the ratio giving the ¥ dimension.
NPLOT. This determines the type and the number of plots given in the output:
NPLOT = 0--No plota;
NPLOT = 1 — Final contour plot only;

NPLOT = 2~ Final contour plot plus n plot of average intensity and peak intensity
versus 2,

NPLOT = 3 — Preceding plots plus a plot of flux und aren vorsus irradiance;
NPLOT = 4 ~ Preceding plots plus a contour plot of aperture intensity:
NPLOT = 6 - Preceding plots plus Fourfer-transform contour plots of aperture and
final intensity distributions.
NCT. This determines the contour lovels used in the contour plota:
NCT = 0--Contour plots use contour levels with 10% incremeoents;
NCT = 1-~Contour plots use 3-dB contours (0.6", n =1,2,..,10).

NRS8, When NRS = 1, the final contour plot is corrected and standurdized according to
an Interal critorion, to remove the offects of difforent amounts of coordinate system

17
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A

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

form axes.

NPUNCH. This determines whether there {8 a punched-card output:

NPUNCH = 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 physlcal parameters listed in Table 2 will be read. A deicription of each of

these parameters s as follows:
OM. The ulew rate in radians per second.

HT. The interval between pulses in seconds, or
the reciprocal of the pulse repetition frequency
(PRF). For CW propagation this should be set to
1 second,

ALPHA. The absorption coefficient « in km*1,

ALPHAS, The scattering coefticient in km-1,
ALPHAS ls used to compute the total extinction
but is not included in the absorption that pro.
duces atmospheric heating.

WIDTH. The aperture radius a in centimeters,
The particular definition la given in the preceding
subsoction for cach value of NBM,

Table 2 —Paramoters Specified
by the Second Input Card

When NPM = -1
Columns Name Format
1.8 oM F8.0
6-10 HT F6.0
11.18 ALPHA F5.0
18-20 ALPHAS F5.0
21.30 | WIDTH E10.0
3140 |WN E10.0
41-80 vO E10.0
51-60 ENERGY | E10.0
81-70 ¥ E10.0
71-80 7Zr £10.0

WN. The wavenumber & = 2n/X\ or 21/8A, whore g is tho beam quality and X is the beam

wavelength in contimeters,

VO. The wind velocity vy in metors 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 kilometer.

ZF. The distance at which the caleulation is to be stopped in kilometers,

As already shown, the propagation is a function of {lve dimensionless parameters,
Different combinations of the oight physical parametors, which are roquired to define

18
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these dimensionless parameters and which lead to the same values of the dimensionless
parameters, will produce identical results. In order that a unique physical situation be
specified, some physical quantities are also read 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 Becond Input Card
When NPM = +1 HT, Pulse interval At in seconds (=1 second for
cw),
‘ Columns Name Format
PNA. The f number = WIDTH/F,
} 1.5 F F8.0
8-10 HT F8.0 PNALF. Absorption number, ALPHA/F,
£ 11.20 PNA E10.0
: 21.30 | PNALF | E10.0 PNK. Fresnel number, WN+WIDTH?/F.
: 3140 PNK E10.0
: 41.60 | PNO E10.0 PNO. Overlap number, 2¢/2* WIDTH/(VO*HT)
i 81.60 PNS E10.0 for an infinite and truncated Gaussian beam and
61.70 END E10.0 2+ WIDTH/(VO* HT) for all other beam shapes,
§ 71.80 PNZ E10.0

h PNS. Slew number, OM*F/VO,

] PND, Distortion number, 8Nk(y - 1)afEp/eda voAt.

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

Examples of Output

A series of multipulse runs was made varying the pulse spacing and energy so that !
the average power remainod constant and using a humber of average powers. The results A
of these runs are shown in Fig. 2 in the form of power optimization curves. The CW i
curve ls included so that the convergence of the multipulse curves to the CW curve, as k
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 agninst some results obtained from Jan Herrmann of Lincoln Laboratory, who !
studied the propagation of a CW infinite Gaussian with a ¢~3 diameter of 70 cm. The i
absorption coefficient was 0,07 km-1, with no scattering. The laser was twice-diffraction- j
limited DF with a wavenumber of 8.5 X 103 em-1, 'T'wo cases were considered at focal !
lengths of 2, B, and 10 km. The first case had a power of 10 MW, a wind speed of 250
m/s, and no slewing. The second case had 2 MW power, a 2-m/k wind, and a 0,02.4"! i
slew. The rosults, consisting of the aren containing 83% of the focal-plane power and of !
the peak intensity are summatized in Table 4, Ayo and Iye; comparo these quantitios
with those that would have been obtained If thore were no thermal blooming. The results )

! for these highly bloomed cnses agroe within about 8% with those of Herrmann,
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Fig. 2—~SSPARAMA results (F = 1 km, dintm = 70,7 om . 3
gm. a w01 km=1, k = 2086 em=!, vg » 10 m/s, and !
= 01) :

Table 4~8SPARAMA Results for the Propagation of a CW Infinite Gaussian :
With a Wavenumber of 8800 cm=1, an e¢*2 Diameter of 70 cm, an g
Absorption Coeflicient of 0,07 km=1, and No Scattering

. Area A Relative Area Relative Peak "
;ﬁ;::\ Contalning Avol In:’::::w Intensity Il
F 683% of the Relative To looak llnlx'tlr.ll’ve To .
Focal-Plane No Thermal ) No Thermal E
(km) Power (cm?) Blooming (k\GIcm ) Blooming
e e [ ————

First Case: 10 MW Power, 260-m/s Wind, and No Slow

2 57.8 20.3 147 0.0464 '
& 858 37.0 10.3 0.0281 4
10 8543 49.8 1.38 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 26.8 2.96 0.0359 ;
10 2018 28.4 0.408 0.0341

Another example of SSPARAMA output i illustrated in Fig. 3, numely, the final ‘
contour plot for the 6:-km run from the flvst case with 10% contour levels, The com-
plete printed output from 8SPARAMA s included in Figs. 4a through 4c.

%
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Flg. 3—Contour plot with 10% contour lavels for the
Bekm run from the first cane in Table 4 (ENALF = 0,300,
PNK = 10.400, PNO = 0,002, PN8 = 0,000, PND =
80.000)

Figure 4a, the first page of printed output, is almost self-explanatory. Both dimen.
slonless 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 cuantity, which is ideally equal to 1, gives a quick
check on the validity of the numerical calculations. One factor that limits the accuracy
is the uge 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 Fourler-transform routine as energy is reflected off the houndary,
To avold this reflection, the outermost boundary of the computatinnal 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 normallzed lntensity gives an indication of how much energy was lost due to
boundary-value problems,

The area that Is glven In Fig. 4a {a the area containing exactly 0.63 of the total flux
obtained by linear interpolation between adjacent flux fractional areas. Thia aren will
include contributions from several peaks as the intensity patiern breaks up under severe
blooming conditions, so its meaning may also require a suitable interpretation of the
Intensity contour map. In addition the relative area and maximum intensity are caleu-
lated relative to the focal area and intensity of a vacuum-propagated infinite Gaussian
whose ¢! diametor is equal to the value of WIDTH regardless of the beamshape belng
propagated.
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Fig. 4u—First puge of the outpul by SSPARAMA, contalning the
lnput that resulted in Fig. 3 und o summary of the resulls

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 posrible future data analysis, Assuming the breakdown
intensity at 10.8 um is 3 X 108 W/em?2 and that this {s inversely proportional to wave-
longth squared, the following quantities are computed as a function of range: the mini-
mum area required for breakdown, the ratlo of this minimum aren to the vacuum aren,
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,2 of 10°!® and 1011, This is followed by an
x and y slice through the aperture to check the initial beamshape,

‘The quantities, including the values of HZN in z/ka® units, relating to the coordi-
nate system adaption are printed at each 2 step. The headings D, D1, D2, ALPHAL,
ALPHA2, BETA1, DALPH1, DALPHZ, DBET1, and XCEN correspond to D, Dy, Dg, a4,
«y, B, Axy, Awg, AB, and X used in the second section of this report., Also Included is
EPSMX, the maximum value of the summation glven In Eq. (72); PHIMX, the maximum
value of the positive phase change applied to Y to obtain ®; and PARM, the nhumber of
pulses, for the MP mode, that occur in a computational cell.

Figute 4c, the output data, lists in the top portion the area, flux, the area fraction,
and flux fraction contained within each contour level, From these datn the 63% area is
interpolated.  This {3 followed in the middle portion by the 2 locations of the maximum
of the avernge and peak intensities, the minimum 83% aren, and the minimum 2z step that
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Fig. 4b—8econd page of the output, containing numerical date

have occurred during beam propagation. Then in the lower portion the peak and average
intensities, the 837% area and the location of the peak intensity in centimeters are listed 5
at each 2 step. 3

Summary of Program Structure

When the half-step integrations are used, the solution i advanced twice before the
information at each z step is stored. This can be seen from the flow chart of
SSPARAMA (Fig. 8). Thus, when NMS = 1, the program actually used twice the number
of z steps that are printed and Included points approximately midway between those

listed, Zi

The structure of the code SSPARAMA is explained below and summarized in the ‘

flow chart in Fig. b. ’

® The call to subroutine STAKRT causes the Input data to be read, The reul part of J

the B4-by-684 urray ¥ is defined according to the beamshape specified. Initially the phose :
of this arroy Is zero,
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Fig. 40—~Third page of the output, containing the
remaining numerical data

® The initialization procedure continues with the call to INTENS, where the
aperture intensity is computed at each mesh point.

& The call to DENS computes the quantity g(x, v, z) given in Eq. (63) and then -.
applies the phase change given by Eq. (62) which converts  to ¥, The first 2 increment :
is also computed. 1

® The main program loop begins here with a call to OUTPUT to store various
values until the calculations are completed.

® The call to ADVANCE applies the Fourier transform of Eq. (67) and then the
phase change of Eq. (68). The array I8 Fourler-transformed back to yield ¢(z + Az).

¢ The intensity is computed with the call to INTENS, and the boundary values of
the array are tapered to zero. !

® The call to DENS now includes a call to VTRANS, by which the phase change
of Eq. (62) is reversed, converting ® back to . The guantities {oj, oy, §} and
{A«ay, Aay, A} are found in VTRANS, and the values of D and Dy are updated.
After the retum to DENS, Eq. (63) is solved and the phase change of Eg. (82) is reap-
plied, converting ¢ back to ¢ in preparation for the next call to ADVANCE,
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CALL START CALL ADVANCE
e READ INPUT CARDS ® CHANGE &, TO K SPACE
® DEFINE ¥ ® ADVANCE &,

e INITIALIZE CONSTANTS

® BACK TO REAL SPACE

\

CALL INTENS
® APERTURE INTENSITY

CALL DENS

® MP SUMMATION
o FIND INITIAL Z INCREMENT
® PHASE CHANGE ¥+ &

-

\

CALL OUTPUT
® STORE CURRENT VALUES

DID
THE LAST 2
STEP TAKE LESS THAN
3 TIMES THE TIME
EMAINING

!

CALL INTENS
® GET INTENSITY

\

CALL DENS

o MP SUMMATION
® Z INCREMENT
® Yy »dy

 p———

CALL VTRANS

e ADAPTION

CALL ADVANCE
® ADVANCE &,
(]
L CALL INTENS ]

CALL DENS

® Z INCREMENT CALL VTRANS

L a4 el ® By,
o _ADAPTION

CALL QUTPUT
- e PRINT RESULTS

® DRAW GRAPHS

Fig. b—8ummary of the code SSPARAMA

©A L I S S A B
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, ® Now that one cycle of propagating the solution is completed, the code checks if
i z final has been reached and if the half-step integrations are to be performed as outlined
in the section titled Numerical Procedures.

® When z final has been reached or the time limit of execution is near, the last
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 Commenta

pRnnRAH SQPARA“A
CH* % &% » @ L 20 I R BRI LB B B IEE BN NEE DT DL BRI NEE R B NN I
COMMON /ww Mumoe.ah A2Lbasbudy TTENSLG&UIAL)
COMMON ZAAA/ ERS{GG GG vEPSOULGG6a) s ACUTIL1aYY) sBUUT Y1) »
o AINLZvba )l sDALPHLU2YaDALPHA 2 0ot TLI2) 0 ALPHILIOCZ) vALPH20(2) s
. BETI02 e DIUL2) s D2CE210 KDTUL2) e RU2{2)y SRTOLIOL2) s XCLINDL2)

COMMON 7BHUZ TENS(GGsba) sy OlE6A) s GR2LBaYy PLASLLIGU)Y PHASEZIBR) Y

CONMINTIU) oM2U3) 48VIL64 ) 15V 21 64) sPARMIBL)

COMMON /#SINGLSZ Fo RUAy BMNALE Y PNRY #NO PNSY FNOe BNZy HXy WYy
Hio Lo 2200k 2NMe ZFINALY XZEKO Y2HIOs vluToe alPHAy YNy
VAIRT e OMDBTe MTy UNERGY Y ALBPRACY (&0 REFRKZCY GAAMAY |ty CTKY

LJTRJe RHTy POUTY DAKFAS " 29 TS5 TPULGE Y AS2ePCReSTaTCORLITCUR Y
21y RIGIMKY £20 RIMXMY s ¢390 APMNg At HZANU S DRARLAY TLNEMXS
EXe PlMXy ERPSMXe FRREMNS LGMXe Rl POIMAXY VTER'Y Y BHIMXX s HEINN Sy 14
Pla [2AXs JEAX s NXe MYs MAD) MXde NY2s MXYs NXDIMe NYDIRY NPTy
ITPLOTANTTERoRHUF o NX aNY S oML M FLAL DL 102 0B L a2 4 SRTU LW SRTIZ
RORUL2 o XCUNSTLALT o SUIRTEB PN e CONONGLCA oL D LaHCZ LT o0 24002 LNy
HUGENGHC 2120 ALPHL o ALPH2 ot T Lo CUNT o CONP v 2 UM L XOsEXNen TLer T2
COMMON Z0UT 8/ NHASCLFAC sNRSatIR g AC s NEXTT o NPLUT $NPUNCH
ctbu»“l!C)Hiii“ul'u-ﬂldwﬂﬁl‘&!ilulllﬂliﬁ“ﬂl’hl
CUNBLEX Aly A2
LOGICAL LS
SATA (CRe3h- g vh e LREE RACRO 01N )y (LAMMASY yth )y (FT )] o0t =m7)y
) (CTRa o [ =50y IR mALalbu2an)y (RDIegUf )y {TJTW U] e =)
DATA INXDubt) s INYDINuga)y (12990
SANK el Jestiyhy

INBUT AR TRV IALL /26T Lo

~m

THYARY AT IR FT oy

LysebALGH o
B CONT LAY

SALL LYanTre)

MU X ite:
HAELE
[ RATENAN oYt
IFELIWE
tlee
12:=7
TE ey ab e 0} [ 2e]

CALL IHTERS CAY eel ALY o)

CAML LENSEATY Al 220 Ly 1w ebsltt 4 .

RIS S K
C 3
clll:lnll!{i-h‘:Iul.nll|lll‘l--yl; PN P S AN L [ A L R S R - T T E S R e
S
¢ UATH PEeotAT peen
- A}
14 CONTINLUI S

NITIRaM TR+ i
¢ P
( ATOKE VALT S Fuae LaTE & N Te i
¢ ‘
: CALL OUTHOT (ab AL S ) ;
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TNOwWsTIMFLEFTL.)

NTeTLASTaTNOW

TLASTsINOW

JF(3ADTaL b THONY GO TO R

PRINTY 2242

FORMATY(/7729%K25Heee TIMr ABGHT AT Z2UK 1 sl ] rebalndninssyy)
GO 10 13

CONT INUE

ADVANCE FROM 22 TU Z2£4+0d CALCULaTint B A L LIUee s Ty A

CALL ADVNCE (ALl

CALL INTFNS(ALs oFALE: o)

CALL DEMS{ALy A2y 2210 14 120 oTillit g}

IF (& aGFe ZFINAL) GO TO 1% C

REPEAT IF HALF=STEP THTLORATICH 1% INCLUSLC

IF {NM& obUs ') GO TU 4Y

CALL ANDVNCLE(A242)

CALL INTENSIAZe obALLES)

CALL LENSTAZ2y Aly 7229 29 1y efwlit o)
IF (¢ oGFs 2FINAL) GO TO L4
CONTINUE

60 T0 14

ARRGRNA RRRRRRR O PR RRR R D R RNN 2 LR PP DL RGN D AN C PR R RN RN RENNA RN

eET NEXIT COUAL 1 FOR PRETATURL wXITh

NEX]Tel
CONT INUE

FRECUTE ALL OUTPUT

1A

CALL OQUTPUT e TRUES)
PRINT 14
FORMAT(IHY)

CALL STCRHLOT

PRINT RUN T1OF QR TV D
TRUNRITSTART =Y IDb Lt TH a Y b ) f o
PRINT [HyTRUN
FORMAT (27164000 0% Uh, 1] L byt bg?2y® |0t 50

HTub
AN
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PN T n' &r"~ !i

SUBRQUTINE STARTILS)
THES SUBROUITINE READS THE INPUT PARALETERS AND DEF INES
THE APERTURE DISTRIBUTION P91 (uk A)e  MANY GWUANTITILS mkE
MITIALLZED MERE FOR LATLR USHe .

ARRGNNRR ARG R AL A AR AR ARRA I HRAA R R DA RN P RN BB RE PR HRR U R bR AR ®

[aYaR¥aEaRaRaXe)

COMMEN 29997 AYU6Gyba)y A2100s64 s LTENSIAGYEG)
COMMOM ZAAAYZ L BSTAL 64 L PaULoa v s ALUTELLey) atduL I 310D s
o AINMEZ208a ) gUALPHIE2 UALPOZI2 o E T LIV aALPLALZ ) 9 ALPH2OI2 ) s
. BETI0q20w DALYy D20 2)e KOLLEZ2)e 200200 SRTIDIOZ )y XCENGIP)
CUMMON ZBBEZ TENS(AGAG )y GLIGGIY GAlbaYy Prane LlGa)y PHALEZ (0k)y
o CONMINGLO) 9 203)08VIL64) ¢0V2IHL) sPARME NN
COMMUN 25INGLAY Fo PMAY PNALE . PNCY BNOw VNS BHDY PNAy HX s HYs
Meo Lo 240Xk bty LFINALS XZLitue YZERUS #10The ALKHASY kiNe
VUDTe OBLTY HTs FNERGY . ALITHACY Che REFRACY GANMAY LTJe (TR
EJTRJY ReTy HOUT s UAREAY w2y Thy THULSE Y ASZaBCLoS aTCUCaTCURZY
1o REBIIXe 220 RINXMXS L300 AV i Zay HE Hy DRk Ay TLASVX
EXe BpiIMxy EPSWKYy L RRMXY DO Xy Iely (D ]TIAX e VTERS s DMISMXX sid NSy 14
Ple THAXY JUAXY B NYs NAY BMX2e HYZ 9 NXYs NXOLog AYDIMy NPT
TRLOT gNTTH IR MEBUE gaXe oY 0 s b LAGSDs D L a2 P L ard oS <TUL s BT gy
R ICUL2 9 XCENITLADT o HUK TR o QLOHL st uMond LanCd JoeniCddusiivd iive
FIGZAN S HCZ T2 0 AL DI v ALB I otst TEoLuM Lol G2 vl dstidhn b XUsEAN e Dy T
CObt iy Z0UTEHZ St leSCLEFAG v ax! 8010 8 o 'M)\Hv-‘l!'L,\llb‘.'"Ln.\ltn
CONNMONZD
clhﬂu“lutlunﬂﬂ:ﬂ:unuun»nlu“ hohd kU vnbhihte ikl Rz ate o ntatbtETRUD A RN LA IAT R thu @

¢

COMKLEX Als AP

LUGECAL Lhe Lite LT

AL MSTON TPu i be)
CIMENGICH PRUEI(S |2y Puind)

¢
v ot Aty INTTEaLEAaT e

AN SRV A K N P RRL I I L o B A L N T B S S NI I I SN FS R RR Y
. S R I T AN AN L R A N N S N S I Y AT R

CALL LT (hrubgn, 2yl

LILFACEY -y,

T o{Ln) wa to

Cvlnp‘.qun:.ntn|u1u...|.::.l|..u-_ EEREE B I I R T T A Y [ BEEYE A e DAY W RN
READ INPLUT DATA = PROGKA okl
(DAY - v tibieesr e

2

LT L T S R G A1 3

MADY w0 NOAABIT LM
L]

Mt Coe NOCHALE STHE D ThuwenT [onh

MEMO G e READ TM D PV LOME T S PANATE Ty e,

a0y o READ 0 PHY S LOAD BARN Y TG

MM e a [N IR ETE GAOSS TN

NEV s s TRUNCATED GrussAlL

Al e 2w UNTRORM CIRCLE

NMEM w4 e TR OIGE HOUARE

MHA 8 g = PR CHROEE Wl eut T eeeuL TR L waanfu
MELOT & 0 = MG BLOTE

MPLOT = 1 = b FEAL CUNTEUE bl ChLY

WPLOT = 2 e ARV e ) VN 72 PLat

MELOT w4 e ANUVE # FLUX Al ARPEA VO TR AL

NBLOT m 4 = AROYE & Ak bl Tinst CoR b st 1ot

[ SR TEUE I T "I\ ¥ TYWR VY S STV N I SN TN PO Y ST S QPRI IO ER U W SRR B TV 2N RVTT )

AN FOg S
NCT e = 10 PERCTENT CoNTu ey n
MOt Nj @ oW COMNYOUG e vy et ek
My e o e g NG SCALE bl Co e et
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NPUNCH ® o = NO PUNCHED tHmITeuT
NID 15 AN 1D NUMBER READ [N #b FORMAT

POR GAUSSIANS = WIDTH w 17 INTENSLTY RADIUY
FUR UNTFORIY APLRTURES = vIDIH ® RALTUS O BALE STuL DIRLRsTON

s Nataiakal

3 READ 1l PHINXX.HOCU\YonVoHKYvNCvoNAUOPJ&oN“dbhbhtquuTt
i NCToNRS gNBUNCHMID
1 FORMATU3F5 00l 1%19X0AR)
;. HX #hHXY
k HYsHXY
NXeNXY
NYsNXY
4 1F INXeuToMXD M) NXaNXI-IM
. 1F (NYafiTaNYDIM) NYhYLLM

A ' IE (hUMaL Tan) GE TO 23

READ IN DIMENSTUNLE S5 PARANE TLRDS

Feifgeal LEHGTH 1N XM

HTAPULGE INTEVAL IN SEC L 1 SLC FOR Kyl

ONAx 0T {14 INTENSLTTY RADIVEY Y

PNALF s ALPHAZF

BNK s ® % Awep / F

PNO s 2 %N A 2 RV DTY  Cal s bonlG R L)

NG ¢ DWOA W | /v
]
4

(LR poa ok % ALVEA SR e Ly e e A (hakg)
AL 2RINAL /1 LEOK nuent ensetd

P N AR a N a Ra A AR e

KEAD 20 FollTy BEAY VLALLY #Eue PEos Flitg b N
FOURMATEAE e 47810 o)

Eabujaleh

ORI AN AL

AL P vebALE /Y

AL e we g0

aher b g LD AR A

[OREEE IETUPR TN R NV R TY

R R VU IR R A TR B B )
oot T2
RIS TS|
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e
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: A COATTERING 1y Y2k
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C WN s e w7 (W TTRE, S B WA S
¢ [ R R YR B TR R Y BT i
. TR A U BT O I L
< Falooal pl*uln Iy
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. e
P2

FoF®]lsEen LA [
LFe2FeloFes i SRS AR T
ALPHAMALPHA® L ob=8 ¢ A) e
; ALPHMASRALPHAS® L obinb :
: VEDTRVORNT -
+ OMDTSOMONHT
PNAww [TATH/F
PNALFER{ALPHASALPHAS ) #F
PNK aWN# ¢ [DTHRR/F
PNOS2 ot [THZVIDT
PNSeOMD T #F /VODT
ENFFLOGCHACEUWIDTHZIRI FRACH Do DR (GAL MA=]L D))
PNDURENFROYZ (EMFFLOYWIDTHR*2#¢ Ty)
OCOUNURS G RREFIRACR COAD VAR] o JHwWNR UL HERGYNALHHAR L oL+ 7/ 1 CS%CY)
PNDW 3o ®REFHACRWAR {GARMA® L) EALFHARE R ELERGY* ot +T/
LEChHRCMeInTHAY DT
PN2aiF/F
24 IFINCwWobQoel} HYE],

él“'gtldtnH!Ibult-ﬂh'\huhnulnh\)t‘i‘n.l-uw:ulln.uﬂv(‘ Hadrrucutirdibusdiinadudnlindiigdiodtptaniis
o
c RRINT INPUY PARAVFTERS
<
0 CoNT INUF
PESENLROGY /Lt ve
PYaey /0y
PALE SYALPHAS# ] 41D
PALF sALPHA®] oS
Putew LD TH L0
PE¥E /Lot R

(. )
BRINT 63ghl !
nr FORBATE T Y yihtve22)
PRINT iy
X0 FORFATEA X Tiewn oyl aTo [runT (ATA avaygy i
Toxul, |l e ed ity A T T gy ey L oA, P un L T ahe

Aharr i CAL PASATY T et )
PRINT Ly PLAGPS Xy
LML g ALF pliY

FALLNNTSE SR TES Y

LR A Y A ]

ALt !
L e

(1Y RN YL) Y

p—

frely
WAL F 7
R FOWVATOL o A sF ] rgtia |7 X idA Post )t g te ] dtenin sk e/
PHxoedc L b ek ] a e AP UAL e L2 D) ot Ju ey loXGnhiY wl Tog e/
R TATLC I TR RS A L NI P2 AU B VIS IR AP FATES B N i

1 Xani eb lie /o LdXeviE 70 sl e, w ] ¥GLINY wing/
Bl vanth o abl gl WX LAE TP UAE AL 2 ) mE ) et
Soxal, s al Juade XL m Y Y Ak L g2
61 aghiNg =b ] et dlaxTul Lry o rbl g va/ p
PARN TRl 0 nb ) ghe/ !
MALXL AL PHASE AR | ghig /)
PEINY Va4
tn? FolUAT R WEROGRAN T ot na g
11t o e ) PRINT )60
T thCvieFirel ) PRIMY 182
L6o Fount ¢ anxge e et i)
167 ForwATE2 Yard D0 b e )
T e atiig ) vill*r lan
Trots ek se ) et sy
[ ST S PP LA N ST B BT
[ A T SR BN S A S B |
TEotf, Ml frad) PRIRT Thpgrenen g}

J USRS SR
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< R
L
IF INADsEQeO) PRINT 132 ¢
IF (NADWEGe]) PRINT 153 RATN
; [F (NMS.EQaC') PRINT 154 . A
1F (NMS4EQal) PRINY 145 R
; IF (NPUNCHsEQot:) PRINT 158 v e
; IF (NPUNCMeFQel) PRINT 187 N T
i -PRINT 1384 NPLOT e e T
; IF INCTaEQa() PRINY 182 - ¥
: IF (NCTeMEQC) HRINT 187 ’ SN
I1F (NRS.EQaC) PRINT 164 oy
IF (NHSeNEsU) MPRINTY 189 .
148 FORMAT (20X9HBEAMSHARERX® INF INITE GAUSSTANG) {ANN
b 149  FORMAT(POXGHREAMSHANEBXS TRUMCATID GAUSS]AN®) ”-.\
: 150 FORMAT( 2UXQHPEAMSHAPE “X®UNTFORM CIRCLLE®) ,!
: 151 FORMAT (20XOMBEARSHAPEDX#UNTFOIRM SOUARE # ) f"
. 1%2 FORMAT (2 LXEHADART JONSX2HNO)
i 1% FORMAT (21 XBHADABT JONBXAMYTS)
A 1%4  FORVMATIBRX21HHALF@STER INTLGKAT LURSX2HNG)
? 159 FORMAT (HX2THHALF=GTER INTFORAT I chSX3HYL S
lve FORMATLLOXTYHPUNCHEL GARDL OUTPUTLRX2HNO
197 FORMAT(I-X19HPUNCHED CARD OEI'TRPUTYXIHYE &)
B 158 FORMAT{14XIYHNUMBER OF PLOTSSX]S)
¥ 162  FORMAT(1IX1BHLOW LEVEL CONTUURSUXIHNO)
163 FORMATELIXTHMLOW LEVEL CORTLUURSHXBHYEH)
5 &6 FORMATLAX26HRESCALE FILAL CUNTUOUR BLETHX2HRO)
i Loy FORMAT(IX26HKESCALE FLHAL COMTOUL PLOYSX3YES )
L 168 FORMAT(2OXQHI AVSHARLDXEUNTRQIE CIECLE » GECULTED KADIUS wdkbe2)
E [ EARLE AR E R RN L AR R R NN SRR NS RY N SR AR TR AR RSN S Y T
b <
: ¢ AEFINE ARND STOKRE COMPARATIVE HPHYSICAL DATA
¢
Claw]leu/tals
wW2nu lhrpswlintu
: wLe{2e #PL2UNIPL, (U
A O R R ED Y Y AU A )
b RHTw) g 70T
POUTSFNFROYERHT#E Y
4 DARE Anpix#iy
i CACRGQUTTAL PHIACE ek %) b b Yo g/ gt b ey | Yo o hany
' Clhwyy o gubUET (P2 AL AR, ) 1 ety ) )
CPCIRat A gt ol I A0 e v m g =@l A o) ) ) o -t e fu,
r PEINMAL R 2L RC TR guriiavy
PLFNENG /PR
TRUL S mbiY
l [LER TS
I

DY Hay s NP
' ENPARLOAT (= b 2b LOAT D= 14 )0, =3
4R L FARWAN N

[ATARM T Ta N4

Ledt TARZETAGL Ly =7\ t)EmY

AVatrgepn

I Xaf AP aPVALE R

SHERRSORTEEY)

ADGaCARRIMNE LR X#wy

AL2RLORTIANG)

AReALZ2/ZAV

PCRuCPCROASOEBC LV/EX
TRSCTPRALDZLNREX#LE 4] g0 =it}

TPUL AL s AYINY CEPUL Wy 1)
ToshCRETR/ZPOUY

Slea Theb( RO X2 (D] #AY]

IF 172 oNFe ' o) 00 TU JO
TCORINY 0

FCaRye] g :
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/0

Y
60 10 12 TR

10 DTURBIWDTURBF{1s0E=LbH) '

TCORLaD/DTURHY L
DTURUZRDTUYRKBF {14 UE=]0) Al
TCORZ®D/NTURBZ

12 CONTINUF
ROUTLLv Vw2
BOUT(29])mAS2
ROUT (341 1uAR
HOUT(4sl)ntP
HOUTIES s 1) wPCR
BOUT(Bs 1TSS
HOUT LTy 1) 8]
BOUT{By1)uYCOR]
HOUT{9s 11 TCOR2
CONTINUL

w
4

BHRBU R SR RUR AN RO RN O DN R RN RN KR RN R R RN R HR RN RN PRI R RN R RN RN
NEFINE INTTIAL AMPLITUDLS AT APFRTURF

THUNCATED QR INFINITE GAUSSIAN
HMIFORM CIRCLE O SUUANE

TRUNCATED GAUSSTIAN 1S TRUMCATLD AT 1/7L INTLNOITY RALIUS
(R RETRUNG )8 et 16 0A

e YaXaksXsTsXaNaYa Xl

KZERDO=(NX=) ) 0HX/ 7o
Y2ERO8a(NY=L1)¥HY/ 2
MXMaNE =]

NYMay =)

DEART ASNYXSNYHDARNA
DO 4 Je] WY
Yo iyl ) #HyY +Y21 RO
G2 1Jim) yuyhy
DO 66 L)X
Xu{la] )X exai k0

1F (U sbe 1) GYUL) et =xHy
L AR EYEY

¢ MOF L uate LAY A L ] T
-
18 (trMalllg ) tay T L
It AL AL XREwce b nS50)
TFotMt et e leAtilghhilot T el el IFE LR 0
GO 3h.
¢
¢ AEFLHE UNTEOE S CLRCEE e LTt
yoe [ EN T I A YA BT A (AN N

REALeLls.
Th (6% eCTelei ) RIALH. 0t
GO0 TO AW

¢
¢ rEPIRE SOUARE ADERTULIO
.
)

I 1F (NODMaGTe 4) 60 TO 32w
TF (ARSI X et ale aANCeA 9{Y gl sl et et Nl oK' 0l o s) <l nbmly)
IF (ARSI e UT el o o CRAESTY ot To a0 a ANt gbigd) W AL oD,
CIoNN FaE LYo

NLETNE QOO TED LMTEOIRM koLt

Il !

WAL=
fF toGantele ") REAL = of
P LA RT SN0 ol o RGCUELTY KEALE Y0
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LOAD INITIAL ARRAY

w0

50 CONTINUE
ALUTod ) aCMPLX(REAL 400 0)
64 CONT INUE

FING NORMALIZATION FACTOR

CALL INTENSIALy ol ALGL )
RNORMa o0
DO 66 JmiyNY
DO 64 [l NX
RNORMURNORMSTENS( T 4d)
(] CONT INUF

.‘r

uq_ }- /gﬂ‘..". K’ﬁ s

RRNOKM® L 4 Z7SURPTLRNORMSDAREA)

¢
<
C
<
<

NRUF 2 2RNRR M apY
NXYua 2#NXOTFRNYL LM

NY? ahy /2

BRUGRBRER RN BRR BB E R BB R ARG RENARERRRNRRDERRRR BB AR R E R RIRE RN AR R BRRBRO RGN RRASY

IMITIAL LAY COMSTANTS ALD PARAMETERS USED LATER [N HOGRAY

PV a2 g eP k=) INXIHX)

[LGRMRP S
AL IO W R IWANRE {

PUL) T2 g0 uP Wt L=t =t ] 2 (KX IHY)

e DALy raPY (L)
DY 1Y ety
PHACEL ) ) m ghrRy(J)
(AN L S Y

SO NORCAL L AL Tone e |

Althaddawpt o rnl ([yl)
Acthedtaf)tled)
PRl bedie o
| I U BE IR I I LR VRSSO O O
' Cobor st
"y e Jeyenry
T4 fhectteglut g

1hxatxy s

lhyetiysy

Ou 4y | sl yhi

Altb LY mAL Ll )
ne AN w i el L]ty

TS TS 2 NP
el Xy,
Altbe ] g0 Y,
AT ST
il ety

| ESIE

ety )

YOV X ALY o NT i Ty

[SUA LN LYBEEED FYSANNES SIEE

CUNP<Oaho 1y @lar/r 02T 4,

1)

ML ol 0GP C e v E X 210G (e d by
MU RLOCE L La MY 2Ll 1 ped v oh

VAl yas
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DEFINE CONTOUR LEVELS

fa¥al

: IF INCTONF40) GO TO 210
CTLVL®49
D DO 200 laly9
L CONMIN( L) mCTLVL
200 CTLVLECTLVL=s1
CONMIN{ 10180408
60 T 250
210 CONMINU1) 0480

CEn e -

E DO ¢20 w2410 .
¥ 220 CONMING L)Y aCONMIN{I=1)%049%
15 2%0 CONTINUE
i TLASTRTIMELEFT L)
v [«
& g INTTLALLZ2E  PROGRAM PARANMETERS
X
5 2un 0
v 2Zunay
¢ HC2INm UG
% HCZ2Nmiag
! INaie
hel,
fPelel

SORTHRANRT (B )
PO RQ 1e)e?

Dintl et
DOl uy:
ROIOCTY ) e
PN AR IS
ALPIIIO D hma gheppk
ALPHIUL T Y em, g GRBNK
EIASIRERLETE
SRTDY [ 1Ymlan
XCtN e o
RYNWITIR R R P
OGALRPH2 U hme g
UHETLE Ymrray

uo CONTINLT
ERTD =Y 40
ARTOZ A 4t
RHRLDIZ2w Y0

g NFLAGw

T T T RS e D)
T RES S nt S 4

Ea

¢
8
¢ BLOT IMITIAL DTESHTTY o luteleot o A1 AR WTeR
C
TEINPLOTL Teh) O TO 2RD
CALL HYMBOL Ty o gBa: goeltondnid sy guyd)
CALL NUIDNERTCo3bosle v alhiala ol stiibHyb)
CALL OYUREL T3 2eBe- 0 alliaditt K'Yy qligts) 4
CALL LARFLIMe gao0) R
CALL FLATID ANy car 4=%) ;
XCEFMNTE D,
CALL SYMBOLIXCIEMTERyat 00l 3y o0 y=])
XWX L ROMW I DTR
YN IMaYZE ROWW T
CALL TOPOURAF LTS ol DR aNYD Ty oYy facy el ol ol sl alnerg LNy -
] AN UMV HX s aHE Qo l g 6HX CMyaa YN NanY sh il Gad ohi1Y CMat) i
2R RETURK
Ean {
t
¥
i
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WHITNEY, MADER, AND ULRICH

SUBROUY I'NE ADVNCE(AWNS)

IS SUBROUTINE FOURIER TRANSFORMS PHIU(XsYeZ) TO PHIIK1sK242)
D ADVANCES THE SOLUTION BY APPLYING THE PHASL CHANGE

PHIIKLIIK29Z4HZ I uPHI (KL oK 29 E ) #EXP(LoBR[#{KLINR2NHZ/D14+K2%%2%,}/D2) )

D THEN TRANSFURMS RACK TO REAL SPACE

* R BB AR R RN R RR R RR R R R RR R RN RN ERE N
COMMON /AAA/ LPS{BG b4 sEPSO(GL 64 ) vADUTILI19Y9) sBOUTIY 910}

AINT2466)9DALPHLI2)9DALPHZ12)9OBETI(2) vALPHL10(2) yALPH20(2)
BETI0(2)y D10C2)y D20L21s RDLOIZ) e RD2OC(2Z)y SRTDLIOC2)y XCENOL2)

COMMON 780A/7 TENS(G4s8L)y OLIBGL)y G2L64)y RFHASELLOG]y PHASER164)

CONMINLLO) oM2(3) oSVILA4L) o5V2L84 ] sPARMIHED)

COMMON /SINGLS/ Fy PNAy PNALFs PNKy PNOy PNSs PNDe PNZs MXs MYy
HZy 2o Z2322ZFy INMy 2ZFINALY XZERO9 YZEROs WIDTHs ALPHAs WN»
VODTy OMDTs HTs ENERGYs» ALPHACY €S9 REFRAC) GAMMAY ETJy CTRY

EJTRJy RMTy POUT» CAREAY w2y TSy TPULSEY AS21HCRISIaTCURLYTCOR?Y

21y RIGIMX 220 RUMAMXy 239 APMNy Z&y HMZMNy DKAREAs TENSMX
EXes PHIMXs EPSMXy ERRMXs DOMXy R1y BDIMAX Y VTERYy RPHIMXX $PZNUS)
Ply IMAXY JMAXS NXo» NYs MADe NX20 NY2e NXYs NXDIMe MNYDIMs NPT
TPLOT oNITERoNBUF o MXNaNYMaNHS s NFLAGID D1 aD2 P Lo P 2o RTOL o SRTLE
RSRDID A XCENsTLAST s SURTBaPHD s GCOND sGCUN syl a11CLLOWVMICZ2UPHELIN Y
HCZRNYHCZ Y2 0 ALPHL 9 ALPH2 o b T aCONT s CUN2 o2 a2 Hs D XOOEXK Y T 0012

Il.lllﬂll!u“ﬂIulﬂlul»«ﬂkl"‘l‘ﬂlll*nl

COMPLEX AlbdbLybb)

FINE PARAMETERS FOR DPHASE TRANSFONRI ATIUN

HEZ1aCON] #H2H

HZ29CON2#HEN

ZDLIM{HZI+HADI RO INS)

D12 THZ2+4HZO) #RDYL. 1NS)

ZD2IW{HZI+H20)#RD2: {HS)

ZOPRe{HZ24H20)IRRDZ2 NG

DTIRDLOINE ) (UL a2 e WALPH G ME)N AUl ieupaznlieli11)
D12aDLICANSI® LI wP o CRALPHT L {NR)0 211218024720 28200]7)
N21eDZ (NS (e 426 0RALPH2ULESI R 20210082 440210202))
NA2eD2 (NS (Lo 420 URALEN2u{NE )2 2022100240220 00 )
ROLI®1a0/N1]

(AR AR WEAVALD I

RIPIs)ynn/h 2

RNO2281,0:/02?

HCLIN= g W HZL#(RDLIL*RD] 2

HOCZ2NRL g BRHAMNKIRDZ2 1+ P2)

RLRDG L CQRT(RIVILI*RAP 1)

RANES2RQURT (RD]2#EDP 2

HCZ120 ¢BRHINSITRENDSL#NERD L)

Fh NMY -y PPey,

VT1AP2# (MOZ 2=t 1R 35RES L =12 26RO
wlganC7?laewT]

HSOKRT ARRAY [F MX LT 64

[F OINA obDe NXDIM) GO TO 1199
NO 1LY Jelghy
DO1LhY IwlgtiX
AtTeldmttlix)ma(ly )
CANT ENLE
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¢
o PERECRIA FOURTER TRANSEDIC. = To v=SPACL
C
CALL FASTFOURIALL1Y» M2y Wwle 5V2y =14 [FEKR}
. TF (NX oLTe NXOIM) GO TO 1o
<
C BLOT FUURIER TRAMSFORM OF INTLRSITY DLSTRIBUTIONS AT
C APERTURE AND Z=F THAL
C
1F (NITER eEGe 1 sANDe NS e:Qe 1) CALL INTFNGLAs oTRUE )
IF (22+MPN+HZNMGGEQZ2F) CALL IMTENS(AgaTRUES)
10 CONTINUE
C
C APPLY FHASE CHANGE TO ADVANCE ThL CALCULATIONS
C
DO 12 JerlaNY
Ney 12 TelehX
JTr(J=1)#NX+]
PHI-PI*((HC710fHC21N)'PHA5L1ll)+(HCZZU+HCZZN)'PHA5&Z(J))
12 A(JT)-A(JT)*CMPLXlLOSlPHl)o-SIN(PHl))
. C
i € PLRFORM EOURLER TRANSFCRE. = TO REAL=SBACE
! 9
L CALL FASTFOURLALLY ) M2y V1 SV2e 1 [FERR)
] [«
! ¢ RESORT ARRAY IF HX LT &4
C

IF INX #FQe NXDIM) GO TO 1165
DA 116 JalaNY '
DO 116 TelaNX
116 A(loJ)lAlHlJ—l)*NX)
1168 RETURN
END

nxama

CE Tk Ambiae S

ok =i
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WHITNEY, MADER, AND ULRICH

SUBROUTINF NENS(As Hy ZCOORDe ND1y ND2s LD)
THIS SUBROUTINE APRLYS THE PHASE CHANOGE

(1=X®82)/D1411=YR82)/D2=3N[OANVA=] J #KNR2RE /CSRN/SURT (D] RD2)w
SUMIPHI I XaXPyY el ) )un2

THIS CONVERTS PSI (OR A} TO PHI

R R A T T T T
SO NNON

LN K BN IR R 2 N I 2 RN DK BN SR BEE NN K R I N T REY REE R R EE RN BN BN R N LN O
COMMON ZAAAZ ERSIB6L464L) sEPLDIOAOL) s AQUT {11 299) lBOUTIY1NY,
e AING22vBG)  DALPHLE2 )2 UALPHZ2 U2V oDEETLIZ2 0 ALPHLIOL2 ) sALPH20L ')
. RETL (20 NIGEZTy D020y RDICIZ2Ye ROD2UI(P2Ye SRTRIQIZ2) e XUENCIZ)
COMMON JHRAD/ TENSRIAUOBG )y OlLEUY s G2L64)y PHASELIBG )y PHASELIRG)
« CONMINCIG)o¥213)aSVIL66) 8V a0) sPARMIBN)
COMMON /SIRGLSZ Fo PMAy PMHALF Y PNKy BROy PNSy PRUs BNZy MYy HYy
HZy 29 22022F % ZNMy ZFINAL XZERUw YZEROy wIDTHa ALFHAY WNy
VLDT e OMDTy HTy ENEROY S ALPHACY CSe REFRACY UAMMAY T CTK
EJTKJy RHTs POUTs UAKEAS 29 The TRULOLY ASZePCRISINTCURL 8 TCOIZ
21y RIGIMXe 22y RIMXI'Xe 220 ARPFNy dhiy HEMNY DKAREAY TENS
EXy PHIMXy FPSMXy bRKRNX» DOMXy Rl BDIMAXy VILRMe PHIMXX »114HMSy 14
Bly IVAXy JUMAXe NXs NYs NADY NX29 NYZs NXYy NXDIMe NYDIMs NPT
TRLOT oNTTERoNBUF g NXF aNYMONNS s BFLAGID D1 0D2 4N L aP2 o SRYDL ¢ SRTD 2y
RO L2 o XCENs TLASTaSQRTBEND A GCONOsLEUN B [ 01T TONC 2200 HC LN Y
HWEL2MyHCZ 12 9 ALPHYI dALPH2 oL T Lo CUNT O CUNZaHZ O HEN oL XO R XMW T Ly T2
COMPON LAUTEZ HBMySCLEACANICOH IR s 1Ty M X TToNPLOT glbUNCH
c*%*“{lh“ﬂlu“llu»nunn!lIﬂﬂﬂlﬂ’l&‘ﬂﬂl
COMPLEX AlGhrba)s 164G sbG)
LOGLCAL 1D
BIMPNSTON TEN (10 EPSGELaYe HEZGAVE (D)

* o e ¢ ¢ " v ua

[N BRI

INTTLALLLE 2=&TH1 DN FIRST CALL

[Ny

IF LD 60 T 6)
HIZPait g

AP RIS
2oy L1 ece:
HESAVE (21t
112 &Y

P2uldey

Plal,:

LXMNsly.

[ J2F o JFINAL # K o o ntheap

MO xa g ] w2 21 \

TF (MMO el e ) 12X ae ghepiax

HE ML ay ol w2

| R AN A B SN [ I P NP AR A8 |
Al AOUCRG R A0 A NAY (8]

r 22 o= LUCME 7 K % W IDTy Ay
.

A

6“7 2L ZCOVRN i
¢ iy
€ MM w2 4 F .
s 4
INUa/ L APl §
¢ i
c 2w i) i
I b
2uIMNHRENCTY 4 ) g0 b=y i
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DE/2el24tlen=/ N B !
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'y J s

DIwDIO(NDLI#{ (140424 C*ALPHIOINDL I #2001 ) #4242DD1#2001 !
SRTD1=SQRT (D1}

VTERM = DISTANCE BETWEEN PULSES / DISTANCE RETWEEN GRID POINTS

fa¥alel

VIERMR2 qus { ] o+ PNSHZNM) / (HX*SRTDL#PNOI
IFIVIERMOLTU) GO TO 45

EPSMXn0 0

JCRIFIXI1e0/VTERM) %]

DCuFLOAT{JC~2)
1F (NCWeEQall} GO TO 200

IF (DC) 4B149450

FXIT OPTIONS

ENA

) NRUNCH= U
MNEX]Te]
PRINT 10us 2
10 FORMAT ( /72Xy #AT Zetty Foaely % KMy A DEAD 20NE |4 PRESENT IN THE C
SALCULATICM®)
CALL QUTPUT(#ThUE S}
stop

Y, PRINT 101y 2
101 EQRMAT /7 2% RAT 2% % Fgal ® KNy [HERE ARL MORE 1BAN 1y PuLsbky
o PER CELL PRESENT IN Tht CALCULATION®)

STOP
C
HY NBUNCHa U
NEXTTe]

PRINT 103y ?
103 FORMATL 7/ 2X ®AT 2x # F7e4 % Kuy THE CALCULATED ng % SMALLER M
AN THE MINTMUM ALLOWFD VALUL® )
CALL QUTPUTLeTRUL &)
sTok

~

LR R R R R IO O o B | I O o L I T T O R F A N UK S T SPUR VI PR NV PO S PRR S ST SRR 3]

N
C
C e THE TMTEHSTTY ACKkOLS T Gt bole g =l st
¢ INTL\IHI\T[- THE INTENSTTY scwpnés 1o uivle Fu Uy
¢
¢
¢ LESS THAN oMNE BULSE PR ) L
C
H N Jl1ayTERY
[BRERAED!
FlellleyThitM
F2eleldemF]
Dy o JulyNY
Ny oo led gNX
TFUl=11140F 61} GO TO G4
EPCOUTa el (] yy)
EFS{Lled)mig..
GO TO b
ly b EPLOCTyIwt ST e d)
ERGULy )b It TENS U e L L aud+i )=y J s
. ForlTENS D=1 v b +iPu =1 10
TE GTENSET o) wliTe et B ATEMOEN) P AN ARAX L 2 lanl oy Ladd )
o CONTINUE

GU TO R
¢
C oME To Twty PULSES RER CELL
A
6N UTERMBD gusy TEIR

FlugodmptTh RM
sl |
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DO 5 JmlyNY
EPSleuen
A TENLaUGH®(TENS 12 Jd)+TLNSIZ9d))
. EPSOL2vg)aknG (24 J)
i EPSI20J)aF I#TENL+F28TENS ] 1J)
EPSMX=AMAXL(EPSE20J) s £BSHX)

i 00 5 Te3yNX

9 EBSINFIRMITENS (1= 1001 4ERSII=100) 19F 78 [EN) 4FF 4] )

: TENTRUOB®{TENE ([l yJ)+TENSET YY)
n FPSOLT o mERY (14J)

ERSULy ) RFL® CTENTSERSLI4E 2R ITE S Ul =1y d)af B0l o] y0))

IF (TENSTIwd) o6Ts vaibTrNgMX) ERGLXBAMAXLCEMSY Ry kBn (4 y) ) ,
CONTINUF 4
60 TO ¥ :

Do T

LS

MIRE THAN twO PULSES DL CLLL

L ¥ oWl

0 IF 1dC oGFe 100 GO TO 46
UTBERMEFLOAT (JC) #Y T @i
Flu2e0eTERM
F2m)la(nfl

DO & Jn]lyNY

PP N

. e 'Y "\_} \
- | [ \ :‘\ [ A WY
VeANY AN 8 L ‘]“5\{
BES‘ - ‘?:l, L‘(Jll- ."l‘i-f‘ Ve bew

‘.
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w2 -

EPSO(1)1u040

ERPS0(2)18060

TENC(L1)mTENS(I=1yJ)
TENO(2)a(TENSI1 o)+ (FLOATIUCI=L1eUIRIENSII=10d))/7FLOAILJC)
DO 70 JJdn3ypJC

FJnFLOATIIJ=1)/FLOATLJC)
TENUIJU)RFJRTENSI TaJ )+ (1eU=FUI#ENSLI=14J}

EPSOIJJIaFI# (TENUIJJ=1)+*EP UL JI=1) 14F28 | ENvivU=2 ) *EFuviJu=E))

70 CONTINVE

EPSOLL oI mERPSIT o J)
EPSIIaJ)wFIRITENUIJEI+EPSULJC) Y +F 24 TENULJC=1 ) +EPLOLIC=1))
EPSMXaAMAXI(ERS( 1+ JY» EBPSKX)
DO & le3yNX

EPSOL11aERS{ =]y )

TENO(LI=TENSLT=10J)
EPSOI2)wFI#{TENULLI+EPSKQILIN I +E2¥LTENULICI+FPSILUC))
TENDLZ2YWITENSLT o)+t FLOATLJC =1 o0 HIENSLT®)od ) )7 LUATTIC)
DO 71 JJe3JC

FJeFLOAT(JJ=1)/FLOAT(JC)

TENULJJ ) aFJIRTENS U Ly )+ 1 1aueFul# NS Inleg)
EPSOLJJIaFICtTENGIOJ= I #ERRGIJd= bR 2% IFNULJU=2 )+ ouidd=¢) )

" CONTINUF

EPSOLL eI mEPSIT W)

EPSUL o) oR IR LTENDIJCIHERPOCIIC)I P+ 2% LIENL L JC=] ) +LPOYIWL=]))
1F (TENSTL o) oGTe ol BRIENSMX) ErbmaRARA AL EramasbEraiow))
CONTINUFE
60 TO 81

é
C
4 CONPUTE Cu [MTLOKAL
C
a

0 DO 110 JalgNY
FRPSOtLyJ)mEPSILJ)
EPSELad ) mua G#HXRTENS (v ) R LTRHZINVCO TR o v NS RN}
1 #HARTIOL )
DO 110 Te2yNX
EPSUL Ly uEPSRI T D)
ERSII o) abPSIIomlad)d e ohX e (TINNL Lo I+ TRNS L= ad) ) %0 nyg
1 (VODTR{TsePNSRZNM) )
1 *HQRT (LT
TFCTENSE e il g o HETEMLEX) PPy XBASANLEE oS Ast Porvled))
e CONTINUL
C

c.ﬂl"““.'“ﬁﬂ‘l’i‘""hﬂ T R L O RN T A T I | TR R R [T L VN T L T N A R N X R R R AR E R RN R RN Y N N

.
* 5
-

41

i 2tk eac b i ol ik h § onieod wlAKE

ARG S R B

-

N




WHITNEY, MADER, AND ULRICH

e e

91 EXOmEXN
EXAEXP | =PNALF&ZNM)
EXN=EX
GCONSGCONURER
1F {LD) CALL VTRANS(AZNDY)
HZOWHZN
HCZLOWHCZIN
HC220®HC22N

C
¢ CALCULATE THE 2«INTEGRALS wHLM HNa » v
(9

R T o

1F INM54NE«O) GO TO %2

HINMGaHZO

HZ 1aCONY #H2O

HZ2CONP RHIN

ZNY11vH2yeRNIOINNLY

2012 eHZ2#RDIOINDL)

2021 2aH21#RO2LINDTY

2D22=HL28RN20 (NP

OLIaCIUEADLI# {1 an ¢ 20 #ALPHIGINOLIRZD T w0240 1020100
BI2aDIDINDIY#L {1 o420 u®ALPHIVINDLIINZDLZ k2820 200 012)
N21aD20CNDI I ®LEloueden ®ALPHALINGLI®ZD21 1 4424402182020 )
DR2eDAVINDLIIN (L 1a0e24. SALPHILINDLIOLN22 ) W0 e DR2M 27 ¢)
RD1Y1eleu/nl)

ROL2alew D2

RO2\elali/h

ROD2201400/0P?

RSUNGL1GORT IRD1I1#RNP LY

REROSZRAORT LRDI2#RNP2)

¢
¢ T 3 2=l Ot GRALS
-
BCL1GRC o BAHZOR (1R L4 0) 2)
HEZ2QW) ¢ A*HZ2OM RO 14121127
HCL]2M0 o HeHZOR (IRYROG)+ 0P )
RN I
’
3 AOMPOTE B 2 SR g Y Y 2T AYED LM Y
-
"y PANAPYRANTR L o ca®nr)y oo DSy PHEIXNY
. (RORMPOC N P X+] g0t =i, ) ) )
I UTATYC Y ITA S S RPN YIPA AP
TR o2t wlTe 1 2MINTY T g0
TE (N auTe 221 =20 =H2Ni .l Heheg ol =g eenghh,
M wHZO*HY
HLSAVE {NDD 1 sk
o
d AONPLTE THE THRLY e IMIL GRAL D
¢
¢ nOCONLY OF FERST CALL
4

IF LYY GO TO 84

TF IMMS e et} Pimigh

HE I mCYM Y

HLPaCONP UK

JZDTLH2 1eRDTCIND )

2D125H724RDY. (ND?)

ANPALIIYA R IS I R

7O22%7 2% RDP0{NOP)

SR ALY Ll e 42w YALPHLG e DV 0] b))
DI2al G IND2YH (0] e . +ieu ®ALPFHL LLUR2 v g2 i egnl 00l )
TR A PA R NS I ¥ TR TP IR RS TR BN P TR PR O
D22eDFU NN IR {{) gt 470 PALPE D L2 a2 00 Jap 01 g )
RAY e o701

ROVPslaryn12
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;
E ROZ1=1l40/021
i RO22%1ai/022
2 RSROSIBSURTIRDILI#RD/ L)
;. RFANG2wCURTIRDI2MRN2 7 )

HC2TUm ¢ Y2 (kD114 ]2
HCZ2C8 4 RHZ R (RO 14172
HCL1 280 oSHHZ # (RGIDSI*RSRDE2)
yllecy

wi2mic2y?

PUMPUTE THE PHASE CHARNGE IN Ty Lol 0N Y b

B ¥a s el

4 contInul

BT w2 T T

="}

——— L mmws e
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" PHIMXeU 0
] 1IF (NMS «EQe U) GO TO 80
DO 5% JejNY
YoY2LRU+FLOAT{ J=1]) #HY
DO 5% IsleNX
XoX2ERO+FLOAT I 1=]) #HX
GNEWSGCONI® (WTIREXOREPRPSQL Lol ewT2RLXNREPHL 9 )))
PHI=0a88PL# (HCZ10#GLI 1) #HCZ208G21 J)=0NEW)
PHIsPHI=XRX®DALPHL (ND2)=Y# v #DALPHZ (IND2 )=a®DRE (1 ND2)
: BUToJ)aR(] o JIRCMPLRICOSIPHL )Y aINvRHTD)
g IF (CTENS(IaJ) ebie veud®itNoha) GU U 9Y
E PHIMXNAMAX L (PHIMR) VoY RGNEW)

T e SR e el

%%  CONTINUE
60 T0 &0

COMPUTE THF PHASE CHANGE IN THIS LGUP L HEN NMy »

Q0 DO 8% Js]laNY
YeYZEROSFLOAT(Jm] ) ¥HY
DO 85 ImjoNX
XoXZEROSFLOAT{ {w]) #HX
GNEWSGTON M {IWTIWEXOUNEPSOL Lo JIenT24EXNRERST o))
PHISC o R#PIRIHCALORGE LT 1 oG L2062 10 J b etk )
PHIsPHI«X#XEDALPHLINDZI=YRYRDALPHZ (MDD ) exabkt 1 JIND2)
AlTadlaAlT o JIRCARLXICOSIPHLY Y alNyBHL) )
TE CTENSEIoJ) oLTs vsub®TLNSEX) OGO 10 84
PHIMX o AMAXL{PHIMY e s b ®UNEY )
HY CONTINUF
(¢ RE TURN
FND

A0 g
" XaXa¥al
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SUBROUT INF INTENSTAY LT

THIS SULROUTINE TAPERS THE BOUNDARILS OF THE CUMPUTATIONAL
ARID TO 2FROy HINDS ThE INtENalir A EACH Gl muling
AND PLOTS THE CONTOURS UF 1 HE FOURLIER JRANSEFORMED wA kA

(2 Xa¥a¥aXaXal

RN N N NN NN R R R
COMMOUN ZAAAZ LRS84 64 sEPSDLGGIBL ) s AOUT 11 19Y9) sBOUILY Y IUY Y
o AINU2084) sDALPHEL2) sUALPHREZ) oDE 1 112D 0ALPHIU L L) s ALPHEZW L 2) s
BETLot2)w DIVi2)y L2012y RLUIWIZ)Y MDEwE) s wHDlwid)y nlkivui )

COMMON 70K/ TENSL&4bG ) GLIBU) G2 6d)e PRAGEL I AG) Y PrALLE Vv OK) 4

CONMINLLO) oMU 31 o SVILAL ) vV 21 64) sPARMH)

COMMON /8INGLSZ Fo PMAs PNALFE W PREy PNOY FMSe DND BNEY My hy)y
HZo 2o 22042Fy ENMs ZFINALY XZERCGe YLERQy alDIHY ALPHA, mNy
VUDTe OMDTe HTy ENERGYs ALFHACY Cor KEFIKACe GAmaAs bies CiNy

EJTRJs RHTs POUTY DArEAY o 29 13y ibulabe AcZorCuaslriCunlyiCunds
2l RIGIMKy 220 RIAXMAY £30 AP' My cly HLI'Re UKARLAY (LNDIMAY
EXs PHIMKy EPSMRy ERRMAY LGMRY Klo HUINMAAG viLRMy BHIFAAYHIEMSY 14
Ple [HAXY JIMAXe NXs MYy FADY NXZ20 NYZy MAYe NXUIMe NYDIMy NO{
IPLOT GNITERSMOUF ¢ NP g NYL ot o KFLAG o 9 DL aDZsP a2 ot RIDL aSRIL Y
RSKOL2 4 XCENoTLASGY s HURTAWPNLC o GCOMU s UCUNBL s e TU e 20ohi e T e
HCLSNWHCZ 12 o ALPHY s ALPHZ2 v L Laub b s Uit steG s ey s L AV L AR L 01 &

COMMUR Z0UTS&7 HBMeSCLFAC Nk a bl it sk a l o sNF LU s lIMUINCH
c.'“l.hlll“!ﬁl‘hﬂl}lﬂ-Clﬁlllui'uﬂllﬂlt‘uhilﬁl

CUMPLER Albbyha)

LOGICAL L]

o o ® ® ® 0o 0o
-

lal

¢ TARER BGUPDARY VALULS 1.0 2L

P otLl e tTo L2
DO 1o JelghX
Atlelin.qu
Al laNYtang.
Alla2)ebh (120 19h
100 A ITotNYa) iwALLy(yal})e yh
no 110 JelyNy
Al daddei g
AUNKRyJ)Iw
AL2yJInALPyd) . oY
1 A{ENR=L g oA (X m L) au)ng gl
v CONT INUL

FOYPLTE THE INTE STTY AT b acr v Lo BOLE L Wby Lol T ax o

TUROAM X0 .
neow Juy gy
DO 9 le]yNx
TENSULa ALy JIRCONJUIATL 0D )
TE LTENG (T od) olbs Tiu&hxl GO TO U
{MARR]
JUYAXY
TENGENRTONA{ L o)
4] CONTINUY

¢ PETURN TF MOT PLOTTIMG FUbW s THA? S0 ule b

IF LeNOTs L]} G0 1O 1Y

c
c BENONT ARLAY wb Ll LT LG ol LA a e
¢
DY 1 Jetalyy
Bl Pe ek
HulaeTEss ] gd)
TENSCLag ) TENSEE#MxX2 vl
FENSCTAMX2 g +NYD b muL .
IR cantitan
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DO 16 lw)loNX2
HOLD®TENS{ I +NX2yJ)
TENSUIONX2 9 J)nTENSIT 2 JeNY2)
TEMS{1sJ*NY2) mHOLD

CONTINUE

PLOT FOURIER TRANSFOKMS

IF INPLOTL.TeB) 00O TO 18

CALL SYMROL (OetBe0noltoIHE =¢Cos3)

CALL NUMBER (2369840001492 106 )tHFBH)

CALL SYMBOL (1e32+8a00elbottH KM yUop i)

CALL . LABEL{Qauytye0)

CALL PLOT (2484000=3)

CALL S“MHOL (900 Beve Oslbr 39 Oy =»])

CALL TOPRPOGRAP{TENSs NXDIMe NYDIMo NXs NY) 0009 Oty Lle LUCOY

. 1000 EPS0 » XZEROs HXy 4MFeole Y1HAY =1 YLEROWHY p4HFGel viH10])
DO 74 JujiaNY

EPSO(1vJ)nGey
RETURN

END
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SUBROQUTINE VTRANSIAWNS)

THIS SURROUTINL CHANGES PHI BACK 16 Pal (OR A «HL ADAR, o
YHE COORUINATE SYSTENM 10 1HE CHANGING HEAM uleks

[2NE I B N B N NN R 2R B R N N B N R K 2 I T DT R TR RN R R SN NS )

COMMON ZHHIEZ TENSIBG8L) s GllhA)e G2166)Y WHASELIGU) Yy PHAVEZ VBG)
s CUNMINCLU) oMU obVILHG T abV 2106 ) sPARM (B
COMMON ZAAAZ EPSLGU1B%) sLPouvbaIGE ) sAUG L LYY ) slUw v Yo luls
o ALNGE2v6G )Y sDALPHLLEZ2) sDALPRZVE) it a1y @b vALPI G Y s ALPHEV 2 )
" BETIGLI2)e DIUE2he D2UL2)y RDILA2Yy RO2UiZ2)y aliDlun2)y ACENVLR)
COMMON 2SIMGLSZ Fy PNAy PNALFEe PNRY PNOs PN PND PNes HAL MYy
. FIde c4 LeveeFy wlile ek ALY Anbivuy Tetnnue w 1Dy AurMAS wive
» Vullle U¥GTY HIEy PRERG oy ALFING Y Cos mEFRALY GAsmA, Eiws G KD
o EJTRJY RHI PUGTY DARLAY 020 vy iPulub s AudePReol o i Cul o  QORE Y
. 210 RIGAMRe 229 RIMAM ALY 139 API Ny atiy HoMNy DRAREASY (LNuMAY
D EXe PHIMXy ERPIYRy BRI DOMXY 1y HDIMAX Y VIERM PHIMXR b HENYS o
. Ple IMAXY JMAKY NXo MYy HADY NX20 NYZ2y NEYy NXULMy MYQLMy NPT
M IPLOT oM TEi o MALF o1 X aNYL oL SaRFLAGID DL D2 o L a2 avin 1D e BRIDC
. REMD T2 o XCEMATLALT e AURTA YL Iy QCONOVGCCN st L hCe 1Ot 20011 L AN
. HECLAZNWHE 212 AALPHY A ALINZ b TLoLONTaCUNZ I HZ U ab il v Ru s AN L LonT e
[ NN TR TN DR DN NN NN JENE. TN NN RN TSN S U (O Y R R R A R RO S S VR |
COMPLEX Albboba)s AA
UDLEHEURD L INS,
PODZSHZERN20 (MG
NI0INS DY)
ROTOING el ey /D] itNR)
NARNPOIMYIR{ g2y RALPHQ (NUINZND2 VDU el Mg )
GRTID2HORT D)
RTINS
ROAOINEIAY e 7002 NS
floklemle Z1IURID]® T

LN B

ALDECL ALPI AN e YL A phoaley T Coml O e Ly Bed R
AALSLTAN REANSHAIT Y T Tl g MO Gk LB e wat e At
THE WAL B O G

ALPHERALTIIC IR e gb R Ll aathar b a0 ) dic  1aALE Nl atha b b ey
ALPHZoAL P2 (NS 4 bl Jarsaay Al v obic i be A Lhoa b begong
SETIel T RS PuSRE  2NHI) r)

LYSURIEY Yo sl SN AL IR NAR SURN TR AN 6 KON LEAES IR B SRS I UM SATED |

QLT (pny ety

ALVE Feio DALHI Ly DAL nfale b Phe Tl G e Do
NEFEPSRACT e S0 Tty ol ooy b G

1LY

IR
AXae g1
bXw.iglh
(Lu. g
Xegl?
Avu.ig)
OY gt

APBRLY ALY (nahG

Doon Lel g hix

I L I AL A LI A N RS Sy B Y (TSN IS B N I O N R R R
. WEAWEXNRFDRGT [ 9]l g)

Aol lwAtl et rLxicosienil) et it
CoNT U
DE 1o Jupany

[ R RIS LR QA S I I T ATy YL LR B B I S FTONYRCE S I S ISR B SR [ I VA R
] AR U N D EWINE

AT b oAl )0 PEXTCC bl Dyl ) 1)
CONT LRt
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WHITNEY, MADER, AND ULRICH

DO 15 Ju)loNYM
YsY2LRO#(FLOATIJ)=Ceb)RHY
DO 15 Ia)iNXM
PHIU B #PI# {HCLZINRGL L1+ b+MC22N*#G21J+] ) =GCOND®
(WTLIMEXO®ERPSOUTI#1 s d ) )k 1 270 X1t PY L+ 0wt ))
ALTHL o+l IRA(T+1 o d+ 1) RCMPLXICOSIPHT s lbtPHTNY
XOXZERO®{FLOAT( I Y >(eb) X
AABQo SR (AlL+10Jd)+A(T4J))
AA2uCONJGLAAT RAS
SUMXESUMXSAAR
AXSAXEAADRRXRYX
BAARXSAADON
FACTORAIMAGICONJGLAAIRCALT+) s d)=nl]oJd)))
CXeCXSFACTOR
DXsDXSFACTOREX
AdD e AL ] gd+l)*ALT 00
AA2RCONJLLAA)RAR
AYaAY+AAZRYRY
DYRDYSAINAGICONJULAN YR LA Lod+ L h=n{ ] sd) ) )oY
CONTINUY
SUMX G RIAREA
AXRARSDAREA
NXERXENARFA
CAuCXRHY
PDReDRUHY
AYSAYHUAREA
PYRDY#|IX
KOEHOUMM Lo 2 (CARR G XmpPX 13X}
LALPELERSY R o« b8 0RO SU X=X CR M D d
DALPURUING)m oS HDYZAY
DUETL(MA W {AXNGR=lax %) HREOLNLN

etk VALUES e LATaie L tiuY

[ RRLIN
ADUT (L4 ye2
ACUTLH 2w ) eD
ACUT (AR rl:]
AJUT (g ur
AGUT (LD er 1 eALb ]
ACUTLOH WK I sALPHZ
AQUT L Ty ) uki 1)
AJLT LMWK Y BDALEHT (NG
AOUT (S ar 1 DALPHI (WS
AQUT LU R mBLT ] RS
AQUT Lk ) mXCLN
IF UHAT oMb e v} GO T3 20
DALPHLI(P S ) a
DALPHZ NS ) 8.y
DUETLINS Y u ey
COMTINGI

DHRDATL Trd e hn mojo Gl TG bt Tere o

ALPHLO NS ) sALPHL #BALEPEL NG
ALPL G IME ) sALBHQ DAL (NGY)
BETLCINE e b THeDUE YL NS
RCERC NS e XCEN

CUMPLTE QUANTIYLES Tu Tart 18T L 1) a1 bl
ADAPTED COORETMATE e

TF INFLAL sclie 1) G TO &y
Plalab
R2e (o}
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LE (MMS w0 ] b= e

HMLYREONY #H

HE2UCOND #HE

2011 aH A #ROYO(2)

d012ei/ 28R 0L R)

Z021oHZI DG (2}

ZD2D2wHL 22 2)

DIIeD Gl a2 o iALPHIGLE2)8L1I1 1) #8242 10201 )
UI2aDLa ()t { e e2oc vALPRII2IR/L 2 #2020 20201 2)
DRIsD2uiD IRt lo s PALPHZGUIZIHZ0ZL IR0/ 12LH/021))
D228D2 1210 Ul etied e cRALPHZ (2196112 2)0828200 087102 ¢)
RDILs1y0/0))

ROLEwle001?

RDZLrLyu/n21L

(N EELD TN AR

REROHImOGQRT (D] 182 1)

CHSKDL2 e ALUHT (UL wDP 2}

WTL1ePd {HC2 1 2=HL 1A RBRDAE L =t PO AIS )
WT2ulC2) 2wt ]

NELAGe]

RETURN

FND
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SUHROUT INE OQUTHLT(LP)

THIS SUBROUTINE STORES UUTHUT DATA DuKKINL THE CALCULATIOUNS
AND PRINTSy PLOTH AND PUNCHES VARIGUS QUTRPUYT DATA whilh Tl
CALCULATIONS HAVE CONCLUBLED.

!
|

NN

L I L T T T T T T S S S S O S S S S RS S S T
COMMON ZAAAZ EPSLhG 641 sbPHULELGa) aAGUTELIETY ) 2ubUTIYIG) Y
o AINE2060 ) oDALPHTEZ2) yDALPHR L) oDRETI(21 0 ALPHIO(Z 9 ALFH2T (2 )y
. HETLe @)y LIul2)y L2ei2)y ROLWE2) e KL2BE2) s LGRTDICER )y XULNIL2Y

s e S

CUMMON 20897 AlLiGasba)y ALlbLsGHEy [TLNSTGGYGH) 5

t. COMMON 20t/ TENSTRGv6EA )y L1LAaY s wRloE)y Bodln Jlb6a) sy PHAGLIOG) ﬁ
o CONMINILIUIM2I3poviioalsuvdlion) sbAra(b.) 1

CUMMON Z5INGLSY Fo RPNAs PHALEY P ike PROs KNS BNUs BNZG IXy MYy E

¥ . Hey &y 2402iFy MMy ZFINAL Y XZHROs YZERO9 VIDTHe slPiiap <Ny H
k. . V BTy OMETe HTy b lYy ALPRACY CHy KL P ®ACY UARIAY LTy X ;
i o LJTRJy RUT POUTY DARNEAY 29 The TRULOHE Y Aa o PCRabl o TCOILI IO !
Y 0 Zly l63hXe 22y RINXN Ry ¢3¢ ARVNG Zaw 2NNy DRARLIcy 1 MSMKYy '
. EX e PHIFX s LPBIKy LRRMX e DOMXy 1 MDTNAXS VEIEnS s PHIMXX s HZNYS la 1

. Ple JT9AXY JHAXS NXs MYs MALe NXZ2w MYZe BXYs tXollie NYDIMy NBRTY {l

. TRLUT R LT RBUE a8 e b Yoot S FE ALY a2 byi 2yt T ol abie ey 3
. RARUL 2V RCEH e TLASBT o buR TR IPHD Dy luNe e el v Lol 2 1000 20 enG e INy 4

. HCEPNIHU LT avnl PHLanl P2 s Thotunal st uiidsnde sitninoc Ke st hiedt TinnTg 1

COAbiit Z0LTLZ vy i SCLkaCaiost ok wenCu e Al b e Lod egran 4

COIMON/PUN/HID i

('I L L R T O S PR A T B N H N | u . wosoow  hoa o A ‘

. CuvpLEx Ady AP I
A LIOGILAL L ]
d PPEREMSTON A CLayy Al IOT Lo by Sata b ebr Gl wb o) 2wttt Lo )y :
¢ VooRTEOIO LR LA L2 e 50 A (L) §
- DIMENMOTON AVIEB )y NG3EH by K DI8 by XWXEBE Y AL VLB Dy ”f
. HAZEH Ty e S AR by 7Goiid Yy PHIVAX LK) .

PATACXINCH Su8a )y (YD LI £ atiel
BATACLESHEALe2 L0 )

lPLutalbLure]
3 TPLOTRMIANL{LPLOT Y )
1 PTRANS@DROITHE X
I TRANSwPME RGY #E X
SCEACTmu [ TH#esRT 1]
SCFACZmy I NTHERRTN?
SCANLARSCHACTIHRCHAC D
KIPEAR® Ly 270 MGMX

[ cun iUt Ty AREA G X Ces T b s e P b A Gl LIV

HUMa
DO et Ielyly
b SUMALLY v AREAL T ).
Y w2 Julghy
O ke el yNX
RS LRI RO W S
FRACETENS Uy d 1P AK
Y W Melyly
1L UFRAC o LTe COMMINE ) Gl T iy
DY 4B Lesy o
SUMACL Y abhUMAILY#TENNT ] 9 J)

. ol AKLACL Y sAL AL ) «unlrL e
! G T 52
b CONT TN
he CONT it
| C

CORBECT UHPTS ATt MUOICALT/E foavd ro i b s

p Sutte it tanAle A
N [T AN IS N BT
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APRINT(1)=AREA(])#SCAREA
AF (1) 4AREA(1)/AREA(9}
FF (1) =SUMA (1) #DAREA
FLUXITI=FF{1)#PTRALS
RICI)mFLUX (LY ZARRINT (D)
54  CONTINUE

C
< INTERPOLATE TO FIND THE AREA CONTAINING 0e63 OF TOTAL POWER

DO 661 1=)1,910
IFIFFII)4LiFaiab3) GO TO 661
ILOa=1
IHls]
GO TO 462
661 CONTINUL
C IF Oeb3 EXCLEES RANGL GF Fhae UST LAST TWO FF VALUES TU LXTRAFJLAIE
1LO=Y
; IHI=10
6672 APSAPRINTUILOY+(L0e63=FFOILUM I ZUFFCTHDY~FFOILOY Y )
1 LARPRINT (I =ARRINT (LG

FING AREA RELATIVE TO INFINITL GAUSSTAN hEAM

[a¥a¥al

; APleP [ #y2+D
A RE| =2AP/AP]
R163nT 4634V TRANS /AP
RIMXaTENSHX#RTRANG SCARL A

COMPUTE OTHMER QUARTITILS

laYaka’

LCORLIPLOT ) &7
AVILIRLOT IR 0B 3XPTRANG/AP
AGILIPLOT ) aAR

. XMIUIRLOT ) aR X

i XMXUIBLOT I [PAXNX2 P HECFAC L # X
XMYLIPLOT I m [UNAX=MY2 )& ECHAC2¥RY
HEZZLLIPLAT I =H2
EPSMAX{IPLOT I wEPGMY
FHIRAXCIRLOT ) aPH ] MX

FARME TPLOT )l qiiz7V T RY

1F (AVICIPLOT) «OT, RIGBANX) fl=?
RIGIMX®AMAXLIAVICIPLOT )y RI&IMK)
T UXMICIPLOTY oOTe HIMXMX) 282
RIMXMX®AMAX L (X TCIRPLOT )y RIUXYX)
IF (AB3(IPLOTY oL Ts APYN) 27w}
APMNSAMINT (AR (IPLOT )y API)

I 12 oGEe 2FINALY GO 1O 241

[F 1112 4LTe HIMK) 2427
HEZMNBAMIMNLTHZ e HZMN)

c
241 IF (eNOTs LMY OO T 17

pPRINT RELULTS

s Ba R

IF (NFX[TeMb e} PRINT 11 Y “
1ny FORMAT U Z726X22M w8 PR ATUKE L X]T vhny/)

REL Tl I X®APL /P TIRANS

TEMONX = TENGMX HARE A

PRINT 160
Loy FORMATLZ/77 GaXlhness REGULTS vitw/ /)
PRINT 1Y 0 2t oNTTERYEOUTYP TRAL SN AR Lk [ 3yl Ngiv (]
|t FORMATUZAXZBHTIBE CALCULAT TS i ACHE 1 6 = fCeh el Xubsinti) /s
X 12XA%0THE S0 OVER RO ALTZN T INTEin Ty 2 [raha//
X 29xX24HTHE MILHER OF /=t 1pi'h alvesys

61

mn
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C
C
"% 1Y

160

170
1H¢

4av

130

lav

22y

62

"
66

10
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26X26HPFAK INTENSITY (Kw/SUCM) aF10e3y//

= 2C 2€ X M IE D >

PRINT NUMERICAL DATA

ARINT 440y

FORMAT {L1HYI®GX22Hu e NUMERTCAL UATA whu/y)
PRINT 1609

FORMAT (/

12X6uHT REL (RELATIVE YO INFs GAUSSIAN PLAKI

12X4UHAVERAGE POWER (Kw) EMITTED AT ARERTURE =F10e34//
20X32HAVERAGE TRANSMITTED POWER (KW) sF10e39//
14X38HAREA (SUQCM) CONTAINING Qs63 OF POWER =F10e30//
17X35HA REL (RELATIVE TO INFe GAUSSTAN) =E10e34//
LUXGZHAVERAGE INTENSTTY tRw/75QCH) TN TS AREA sF10e39//

wFl0eb)

’ OX WRAMGE(KI)® BX WAS2(CH2)H &X #ALD/ZA20% 6X #TPISEC)H 7X
" #PCREWI®  aX #THSATUSECI® 2X #ISAT (v /7CM21% 5X #TURLECOIIH bHX

’ *TURACORZ® )

DO 174 Jelelv

PRINT 10809 (BOUT(Ky[)ek®l et}
FORIMATI8Xs3F 1 3aB 91000}

PRINT 4200y

FORMAT (21 Xa0HINOR AL TZEL AVPLITULOL SALPLTS AT
1PXuhix/2

[PYRNY/D

PRINT 60Uy [PXANYR(AINI o) oxalyNyY)

APLRTURLZ )

FORMAT (OXOHAT Xuldedxatlys 1X2HTOla /72030 Fthaln/))

PRINT a4l IPYsNXyCAINTZ oK) ok LloNX)

FORMATUSXGHAT YaldgoXahXs LeX2dUTUlAs/22042Fasle/ )

PRINT 120

FORMAT(/Z/0XIMZTX2HHZ X THDOX 2HD LU X 2HU 2O R HALPYVA L o XultalPhAZ
1 AXBhBETALZXOHUALPHLIZXOGHOALPH? 3X Uit TLaXatXCe MaXbHLP X

2 IXSHPHIMXGXGHPARNZY )
JELuTePLOTr=1
DO 13w KeleJPLOT

PRINT 1400 AODTILaX ) s HEZ IR LADITULaK ) s lu2 91l

1 EPSMAXIK) o PHIMAXIK) s RPARNM(K)

FORMATUIXF Aot BalodF Tats ' itunigbbal ol vetigt8el)

PRINT QUTPUT BATA

PRINT 2201y
FORMAT(LHIBUX 1 HeRs QUTRPUT DATA Wk //)
PRINT 62

FORMATU /70 3TXRAREARAXSHE L UX¥HXHAREARGX L UXAHXE DIKRAD AN L@

. /26X RLEVEL® 64X

T i Cv I RIXH KW R XHEICACT TOr 2 a® b aCT O AR E L/ Y 1) )

DO 66 lulsl

PRIMNT G4y CONSTHU I o ARIInT Ol gt Lt CLY AL ok Ch) ot ]

FORMATIZOX b tetiob 12039t L0 doF vatinl JOannt | 4
coNTinug

RRINT 7 o KISSHX e UL Xx a2 oM dad Aot A
FORMAT(74UX® MAXIMUM AVG | =

)

&

T ELl00392X 0 #AT Zm#gEL10Ue39/ 440X 0% MAXIMUM PEAK
B ElQeds/s4uXe® MINIMUM AREA m#,E1003 12X s%AT Zudyb J0e3p/0bUXY

Y * MINIMUM HZ HR LU W2 X NAT Zm#yblued)
PRINT 190

[uRsE1DeFo2XRAT Juiy

190 FORMAT(//31X1HZ9XGHTIAVE TX AL 36XGHIMAXSXOHXPLAKSXSHYPLEAK)

200
210
C

C
C

[V POOIE N TR RS W TIE T e PR C O ATR Wi e F RV XTI TN T L P R {104

DO 200 KalalPLOT

PRINT 2109 2COR(K)sAVIIR) yA6TIK) 4 XMTIK) o XMXIK } 9 XY (K)

FORMAT{28x6F 1043}
PUNCHED OUTPULY

1F (NPUNCHeEQeO) GO TU 230
PWiO=WIDTH
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1P (NCHeEQe1) 1
(NCWeEQel) 10CWRZHCW LT I
PALFS=U4 [F‘?i& g [
PVORVUDT ZHT# 401 A L .
. PALFeALPHA#]¢ES : o
3 PERENERLY/Z1UOU
, OM=OMDT /HT
3 PFaF/1eES
PUNCH 149»N10» TOCWaNUSMaNAD s FNA g NALE yPMK o NO P RE ¢PNDyFNZ o NTD P w Uy

1 PFoWNsOMyPEsHT o+ PV HALF o PALE S .
169 FORMAT{AGsIX9sAToBH NSHAPE =y 11 00X obMNAUR 1L osFBwboF Tabg2F 1adsF T3y

1 FUadgFTotio/ sAbIFOa 2o FTo30F U3l Babab 1000k YatiaFbad vk T ok

2 WWTe4)

PUNCH 739 NIDsHX 9HY oHZ o PHIMAX o NX oNY sNAD# 1 PLOT
73 FORMAT (A v4E L ued el

PUNCH 724 NIDsPMDO s GCUMNO s LLUN SO oGO RLFRACHYUA A PLOUT

PUNCH 724 NIUSZ1oRIOIMX 922 9RIMXNX 0290 APIAN o 26 o HELN

PUNCH 729 NIDTCORIATCORASDLIIDZ 2 DaXCEN
72 FORMAT(AGIBED )

DO 71 kelslPLOT
71 BUNCH 72 oNTDW2CORIKIAAVIIK I pABILE ) X LUK o Xi X AR ) A XAY K]

aop :.* by K‘K o

PLOT FLUX FRACTION AND AREA FoACTION VS IRRADIANCE

[ SN a¥ oV el

a0 IF INPLOTOLTe3) GO T 74
Do 76 lelay
FRLOTCLYmAF L)
FPLITLL+0)eER L]
16 CONT MU
XINCHES R
YINCHE Hu 8.
CALL PLOTIL1owabe=3]
CALL LANTL{! subsdent)
CALL SECTROOX Gk abPLOT 0020 o Lava XLt sy Y INCHIL S5 dhe a1y
X TAFLUX FRACTTION LG
1 LINELABL s=1lol o Xt i aXx oY oYy Y1 ICK)

C 0¥ AL R TURNEE oY GALL To st eoa™hooe ertboax by e v 0 G e
¢ UNET OF Yo ANMD YTIOR I8 DIOHTA G B e p T el THOR e ARG e
¢ NYERACY It bun ) nlve Ittty NP f o oXih s hhe it T
DY RACRYTICK 20y
DYELUXRDRYFRACHENEROY R RET Ry o
DYAREARLYFRACRABR IR T ()
TeXuden
CALL SYSROLETE- X g= g by s o e d hwihn TARCE R 5 0 e o) :
TEmpxs  LGORIRT LYY ZX TN 20X !
TEXPY 2P LOT (@) #DY
CALL OHYSMMOL(TL PRy TE P Yme2uuseghbhpiho-aue ot o pebwld
CALL HYRBOL ETEMPX =07 s TESFY=at Yol lttAgl 0 1) .
TEMPYUFRLOTLLIB) DY '
CALL SYAMBOLETENRX o Tl Y e a2t aaahuythicl oo Gy neltlasl) f
CALL SYRROLOTL IPX+ e s TEMbYmgt Eaal0by LHF 9710 ]} i
CALL AXTSU=Tas oo tBIIFLUXTR o8 0 Y LG o an Y L e e Y LU RSO ey i
CALL AXTEURINCHE S s, o s LIHASLA FRECT U =] 3y i
1 YIMCh Sy e aY iy eeiaYr KACwhob 40} q
CALL AXTSIXINCIE S+ ag o g LINAKL AL G CHdamp oY NG Lo uQenYT10a wCay U
1 DYARVAyvarl Ba2) !
T4 CONT LRI i
C H
o pLOT AVLRAGE AN Br AK IRTIRGIILEY v 2
C
JloPLlellee
TF INPLUTOL T2t 80 TO W,
DOOTH =1y ]RL0OT
Fheotitieavio)
FRLOTLE+IPLOY Y s L ()
18 CONT INUE
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: CALL PLOTIDISPLY oSy =3)

- CALL LINUPLGTLLCUNS FRLOTe IRPLOTy 290 1o [PLOTY XINCHESY YINCHES
'\ N ol ol aOHLIKW/CM2)aY oL INLLALL o=1 01 o XMINIDXoYHINIDY YT ICK)

TEMPXeugB¥R INCHES=C 0
CALL LARFL(Ust'beBeu)

CALL SYMHOLITEMPXY =ueb9s welobs SHZIKIN) e (eb)

TCMPXe{ 2CORTIHLOT) =XNMIN]#DX
TEMPYS{FRLOTLIPLOT ) =Y IN)XDY

CALL SYMAOLITEND X~ stts TEMPY="43y Del10hy 4UIAVE)Y Ly 4)
TEMPYw{FRLOT{2% [PLOY ) =YMIN)*DY

CALL SYMDOLUTENPX=i abs TLMRY+0a30 OslOihy aMDAXy Uy 4)

T

Eﬁ CALL PLOT (Zuhs Qi =3)
? CALL SYMROL lvesBatpelbygdiil wolani)
¢ CALL NUMHER o469 veltis?2 slepbtibHab)
b CALL SYAROL (led2statyelosbit Kb gue st )
- [ "
€ BLOT FYNAL CONTOURS 3
~ .
Ho TE I5PLOTSLTel) GO YO 77
CALL wLOT{he v oy =3) j
CALL LARFLICeUsh o) h
CALL FLOT (2eb01as=3) : q
NCEUTERuSG, ’
CALL SYUNOL {XCENTER sDraaltinde a=])
XX RURX L HORGUFALL4XCLY
YYZLRORYZERCBSCFACT
IF INRKeNEeDY GO T Y
XIMCHE SR et
YINCHES=]LC o
DX abX ¢ EAG)
1Y Y RSCHALY
I x=et
TE [Metgtirg ) s T 1 )
¢ AUJUHST B LAl L Tee LT Ty b b Ies s AxdLE S
-
R CONT L U
LCLFACR YN, L
XFAC=h,
ERRTRRN Y R 4
| S Y '
Thoiretsstbeddeb batooy o0l 2 v e uey :
F e wUEY Y LA L AT ) et L YY) .
ST Y t
- [NEEEN ) I .
1) ALY = A I
YOCALL =YY/ A ;
YOOAE YV IO CAL i
Tr iy Crpl ol Tole ) G T e :
IF b AC et tanvg. | &1 Qapy - '

SOLEACELCLE A X AL :

RIS SRRV ]
1o YL CHU Y] e XSO AL ‘

YINChbar]l o 2 ¥R

XXAWsrat () | SO

YYZbirzmnt b AC

! Xn]
1] CObt Iyt
CALL Tt A 0o Xl v ye b s ve e e e a b b frgin s e nind oy
VorTens wyo m DXyl Galwmry C wlvay Y bivee Sy b baur Yooy pa)
o T The
P
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SUBROUTINE LARELIXsY)

COMMUN /SINGLSZ Fo PMNAW BNALF PLIKy FHOW PNSs PO PRNZs HXs HYy
M2y Ly 2L4022F s ZNMe 2FINALY XZEROw YZLIOw v lDTH ALPHAG WN
VUDTe OMUTe HTe ENEROYY ALPHACY €59 REFRACY GANMAY LTIy (TKy

EJTKJy RHTs PUUT DAREAY w2 Thy TRULSLe AS2ePCReS1sTCURL s TCORY Y
21y RIBAMKY 229 RIMXMXy 239 AFMMNY L4y HZINe DRKAMEAY TENSEXY
EXs PHIMXy ERPSMXy ERRMXs DGHMXy Rle HUIMAXS VTERMe PHIMXX sHEZN'YSY 14
Pls IMAXe JMAXs NXe NYy HADy KX29 NMYR29e NXYs NXUDIS KYDIMy NPTy
TRPLOT NI TERGHBLF g X o NYMoRMS s MFLAG DU 4D2 a0 Lo b2 e SRTU L GKRTUZ Y
RSRPD1Z2 o XCEN s TLASTILURTHePNDT sGCUN0 ¢LCONIBO L phC LU IHL L2200 HCE LN Y
HCAZNYHCZ 12 v ALPHLvALPHZ b TLaCUNLy CON2 ehidU otidtip L AL o ERN T D00 T2
COMMON Z0UTS/ MNBYeSCLEACINRA o NI HCH o NER T T o NPLOT pNRUNCH
X1ax+eJe 79
IF INPMal Teti) HO TO 1

T T e e
. o s 8 0 08 s -

TR SN S TR TR

=
n

CALL SYRHOL IXsYsualabiinhLFEmgllol ok}

¥ CALL NUMPEREXY oY .o LoHIALF suatntibl 743)
i ¢
- AL AL TY
i CALL SYSIOLIX4Yy alyphlt KR®poe™yt) P
1 CALL MUPRERIXL oYotta Lok ¥ ytay ghatit' Te 3} \\:’4{?”
k C Gt
. YaYme? i
t CALL SYOROLEXsYr el abh Q% gaeleh) \
4 CALL HUs e UX T aY ae Lol viec atirii- To 8} .
¢
YRY= ¢ \
CALL SYPRnLEXeYs sl ol hamere™ah) .
CALL NUIRLIEXT oYy ol ol b o ghtik 1o} ‘y
[ v
YaYey) ﬂ
CALL Y el (e Yy calgblt limge )
CALL R tx oYy ool e gt a2 '
[
R Trany,
[ ConT b !
Ftul /2y i e ,
CALL oy L UX Yy g Ly I bug e nd) o
CALL Lt v X aYe alabr gy o it tag) -
YaYemy,' lil
CAlL " Tty ave ol et I 1rwy w9 ?) K
CALL X oY ol Litine o wtn b e !
¢ ?
Y Yy, {
IYRYIN NIV R I i
CALL Y iU Xy Yy tel AL niney o ¢ ) |
CALL Rl ittxlaYe slontb v 0 st tey) %
4
YuYemyod
CALL wYinerp UXaYe ol i A RS
CALL MO p it (X1 eYe ol ta a w6t o)) !
(. N 1
YuYmwa .
Voey TI/nlzl i
CALL Y2 0L ENeYy ol g fit wmy e 0l i
CAll b X aYy alel " o rwntlt 7o ]
c ;
YuYmal L
(AR TR TIR VTR i
CRLL Yol Xy ¢la i tlve ey o o) i
CALL MM UX b eY e cedor auw v Tyt i
|
1
I

bb
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f ¢

N YuYmDe?

4 CALL SYMBOL(XeYsUelyTH DTHQ_.O.'H
: CALL NUMBER(X1oYsOaloHTou ol eanETab)
¢

! YaYme2

CALL SYHBN.'(X'Y.\-.I.THFNER(‘Y-M‘--:M'{)
CALL NUMBER(XLoYshad sENERGY p0elytliFY 1)
: RE TURN

¥ END

'p

i

I

:

2

)

i

;

;-,

H
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SUBROUTINE TOPOQGRAF {F o' XD IIWNYD IV ONRoNY o P L oDELF sNC o X INCGHES
X YINCHESs IMAGL :
1 XMINSDX o XFOURMAT o XLABEL aNGXo YL ANSLY o YFOAIAT YLABELINCY)

TOPOGKRAF DRAWS A TOPOGRAPHICAL PLOT OF Mk VALUES N THE ARRAY FIMXINY)s
USING BURROUTINE COMTUURe CUNTULR LINLS WILL WE DRAWN FUR NG VALULS OF Fy
AT Fle F1=DELFoeaes FI=INC=1)DELF

ORs IF DELF=Ly THE ROUTINE wilL CALCULATE THE MAX[MUR AND BLINIPUE VALLIES
OF F AND DRAW NC CONTUURS BLTWEEN THEMe .

XINCHES = OHAPH LENGTH IN [MCHESe YINCHES & GRAPH HLTORT IN INCWES S

IMAGE w NX#NY STORAGE LOCATIONS FOR USE RY CONTOUNS

XMIN 8 18T XeVALUEe DX & X=VALUF [NCKREMENTe XFORMAT 8 FURKAAT FOR X=VALULSS
XLAHBEL o NCX HOLLERITH ChaBALTLWE TO LABLL Tmt XeAX1&

YMINe DYe YFORMAT YLABEL s HCY ROVIDE CURRESVONDING VALULS FoR Y=AX1%e

COMMON ZBRH/ TENS(AUsbG) s L1T0OG 1Y LZ2LAG)y BHASELIOO )Y PHASE/ZLRG)
. CONMIMEL vy M203) s SVLIIBA) s sV2IOOYs PARMIZN Yy NTETOR(Z20142)
DIMENSTION FINXDIMeNYPTNY)

IV INCXaGTati) GO TO Lo
DXTapX#{NX=1) /140
DYTuDYR{NY=1] /1. ol
HY TO AL
DXTwACHEXMIRY e
DYTEALSCYEINY 2%

M Xnmiy &

CONTINUE

IF (LLLFaNE ) WU T O ";h
\.

POy a FHAX » F{lel)

DO B lelgNX v

DO & JalyNY szs’

TF (ECLedl = FUNY 24944 ,ﬁ;ﬂ.
Foly = BTy Myl
[CTR I PSR "(-.“."
b (E(Lad) = EZAXY Cghye L2
Fanx = Filad) N

CONT LI

B f AXaE [P 2L =)
FLEVEL = | 'AX
onore 7

FLivin = b1
N gL

NCLaNC=]

CALL ax1h 0o aXLABTLOCAod oy s lavactiloainlaat v nvnd)
CALL AXTS Low aYLABE L0 Yal oo as enlgvY ilksavytevioe o1y
FLVLsPLE VI

LN

TEotaubix it velie Dot Ta o 1) v Tor W

Key

CALL PLOT(Sephes=1)

CORE I

i 1 TelaNg)

FUEVELsCo s eh i

IF (rebtiesr) CALL CONTOINEEE 0 X, wy L cpiXeiarab PRV
IXTHOHE Say TROT g L AGL Y

T (gt Dad) CALL PO Ch @ o Yo b vome vt L v s

X TRCHE ey ENCHE Sy D)

ConTinut

Yilei

CALL LTI 2 -aYPy= 1)

Wi T

[ BN
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SUBROUTINE KONTUR [FaNXDIMeNYD I ONX oMY s FLEVEL o X INCHES oYM JHES
1 IMAGE)
PIMENSION FINXDIMoNYDIM) o [MAGL INXDIMoNYDIM)

CONTOUR DUES INVEKRSE DOUBLE [NTERPOLATION ON A Z*DINENSIUNAL ARRAYs F{XyY)
WHEN CALLFP* WITH A GIVEN FLLVEL VALUEs |T RETURNS AFTER MAVING PLOTTED

A SET OF CONTOUR LINESs WHEKE F ® FLEVELY ON A GRAPH XINCHES LONUY

AND YINCHES HIOH.

XEACTOR » XIMCHES/ZINX=11
YFACTOR = YINCHES/{NY=]]
XDaXINCHES/24
YDaYINCHES/ 26

LOAD IMAGE APRAY

DO 2 lymlshy

DO 2 IXxsioNX

IF (FUIXolY)aGboFLEVLL) GO TU 1
IMAGELIXslY) w =]

ad 10 2

IMAGE LI XolY) a ]

CONT INUF

SCAN IMAGE FOR THE 18T POINT OF A SLGLUN
IYSTAKT = 17

DO 4 LYSTYSTARTWNY

DO 4 IxmygMX

TECINVAGEUIX 0l Y el Qal) GO TO Y

CONTINUL

RE TURN

LIET PEN AMD RRING TN STARTE God BT AL o IRT Tl REbae ¥V RO

JYSTART o LY
TE tlYerel) 0O TO g
TEALAAGE (DX s I Y1) 0i Gad) e T
[SAUN IS ACICII N R SRR IANATE R FATE NS SRANEINEE FY R IR RS FITI S
Giv e
Cyu »
CXO & (iX=1)&XEACTUI
[ TR & T 35}
(Y. pPaCYumY()
CALL PENTIOX P gl Yoy )
HLUINIEE S
T 2

STARL AN TNMERC BOUNE-ARY

INOUT =}

Cad s (Ix=2 ) #XFACTOR

CYIsfIYmpe (FUIX=YalyY=1)abF Lt L7 (ol mp CPX= oY R eYE i TN
(XCPECK XN

CYODs(YL ¥

CALL PLOTICXUP Y. Py d)

G TN 2.

SEIRT UERECTLIOY 1S ]l bayYs CLGORY [hy B At DRI AL Ui Y oy

AND COUNTER=CLOCK WIS b at Lot AL et PAay

CTHE TRSTBE OF Tib REGION LTS Al avs To Dl ol o Y n et el by 1)
BOLITIVE Y=(ronsInG

(X = (lxalyextngTON

T thyel Qetiy) v T 1)
CY 2 (IY=140bCIRo I mb Lo VEL D20 Cdn gl Y = b DX by s L1 aYr vy i
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GO 10 12

; 11 CY = (NY=11#YFACTOR

3 12 CONT INUE

CXPaCX=XD

. CYPaCYaYD et
A CALL PLOTICXPICYP2) e

ITF tCXaNE«CXU) OO0 TO 10 %, A
YOGAP » ARSF(CY = CYD) -
1E (YGAP«LTeeUul) GO TO 3

16 IF
IF

LIXaEQeNX] GO 10 4v

(
13 1F |

(

L]

IX
FiIX+lelY) = FLEVEL) 40sl3913 et
YeEQeNY) LC TO 14 L

1¥ {Ixelal'e)) = FLLVEL) ld915415 y
14 IX .
6o 10 10
1% IxX = IXel
Iy « Yl

Gy TO 2u

c POSTITIVE Y=CROKSING

2o TF {IXel'Rel) GO TO 2) Com?
CX o (Ipmlm (DX lYY = FLEVEL)Z e LERy DY) = FUIX=LalY) ) JaRE AL tun w
Gnote 22 -

21 Cx =

22 €Y w (lYw)InYFACTOR
CxheCX=Xn
CYPaCywyn
CALL RLATLOXPICYD )

I 26 Telxahix
TE tIrAGk ety el Talt on To Py
26 Ivirntlely)r o m

R DR B TSR & BECTRNE SV
I tlxelYsl) = FLOVILE Tu et
24 b tlxe cell o0 TO 24
TEott el lys 1) = ) it oy,
24 1y« |y + ) p
- TP ;
M e Ixe) k
Iy » ivy+] .
[FTORN 4% I N i

MY GAT IVE XeCRGSS TG

T Cx om (Ix=1)OXFACTOR ‘I
e ClYeriel )l Gl TO Y i
CY o {fYal=s{FUIXe LYY = boly LYZ0E Il = Pl saly=12 eyt
(AT AR ¥

Y e

V2 CoNT P

(XPuwC X=X
CYPaiy~yy
CALL L0t HOXP el Yg 2}

b (CXeMi aCX ) GO Ty 473
I CYa 2al Y ) L0 To 3

T4 CiXet el e Too 2, *
[ R T Y A R VI B B T R A

(VN VA LN NSYR T BN FINE FERTH
T iy aladlY=1) = v EVELT iy vy 4y

ih Ix = !xed
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g R

6o 10 30
3% IX w Ixel
Iy = 1Ym}
GO TO 40

4 NEGATIVE Y«CROSSING

40 €Y = (1v=1)#YFACTOR
IF (1XeEQsNX) GO TO &1
CX ® (IX=14(F(IXs1Y) = FLEVELIZIF(IXyIY) = FUIx+1a1Y) ) ) #XRACTOR
GO Y0 42

41 CX » (NX=1)#xFACTOR

42 CONTINUE
CXPaCX=XD
CYPaCY=YD
CALL PLOTICRPsCYPs2)

1F {1YeEQel!) GO TO 30

1F (RIIXy1Y=1) =« FLEVEL) 3U964344)
643 1P (IXeEQaNX) OO TO hé

IP (FUIX+1elY=1) = FLEVLEL) dbdotBaad
44 1Y e lYe}

H0 T0 4L
4% I1X 8 [X+1

1Yy » l¥my

6o 10 1

FNO

60
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SUBROUTINE COMTOUR CF oNXD Lot YD IV aNXoNY o FLEVLL o X INCHE S Y INCHES
IMAGE ) \
DIMEMSION FONRDIMANYDIN) o IMAGE (NXDIMyNYDIM)

CONTOUR NOFS THVERSE DOUGLE IMTERPOLATION CN A 2=D]MENSTUNAL ARRAY s FIXsY)
WHEN CALLFD WITH A GIVEN FLLVEL VALUES 1T RETURNS AFTEIC HAVING PLOTTED

A SET OF CONTOUR LINESs wHEKL F & FLEVELY ON A GRARD XTHCHES LUNGY

AND YINCHES HIGH,

XFACTOR » XINCHES/INX=1)
YFACTOR w YINCHFS/Z{MNY=]))

LOAD L1'AGE ARRAY <&

PO 2 lywlany

SIS TRRY { :
IF IFUIX Y eOiFeFLI VELY) GO 10 ) '3{%
IMAGELIXg 1Y) n w}
060 T 2

IMAGE LIXy Y)Y o ]
CONTINUF

GCAN IMAGE FGROTHL 18T BOINT OF A MEGTGN

IYSTART w |

DO 4 lymlYeTAQTyY

B 4 Ixa)ebX

IF TIMAGE IR Yl Qe } GO TQ Y
CONTINUF

RETURN

LIRET e ARD ¢ INC T STAT G i Ty AR e D e b oy Fathde

[y&TAaRkT w 1Y

IF LIYelGel) G TO b

TE LIMAGE X e lY=1te o) wl Tu o

CYC v (Yol LIX eIy b L VEL D27 LR Y )=t DYy nCTen
Gy

(4 25 BELERNA

CXb e L IXe ) FeXEAC T

CALL VLT 1OX sy "0 1)

Mot s

LEOR] [‘\ 'P

STACT A R g ANRY

[ LPFIEN AL T

(X1 » [ Xx=2leX) (1O
Cyon{dyepeqrtlxmb ol lobbiver d 20 (0ol wl Vel dmt Plnm]alY g pavricton
CALL PLOT (0 X Y )

nr Te po

S IRT Dy et iorn 16 ALWAYS Loty e e APt AL AL ASY
AV e Y e e sy b A INTE AL U b ey
CEon et ok T edcdoN 1 A ays T Tog wlartl e Y el el b

BOLITIVE K=CROWS NG

(X = (]X«u))exXbACTON

16 LIYetaehy) 0 T L

CY o {ly=Ya (b UIXa LY =l LEVEL /70 DX Y e b cband Yol b Yiag Tas
[FIA NN

CALL FLGT (ExXsl Yo )

CY w {ANYe))eyRACTOR

b exel st X b OG0 Tor 1o

YOAR w ARSE(CY = o YL)
1FUYCAP W Taar }) 0 Ty
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TR S
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Lol avind

16
13
14
i

8
2t
73
24
2%

A
12
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&
IF tIXeEGaNX) GO TO 4y ‘(;f)

IF (FUIR$1901Y) = FLEVEL) 40913013

1E tIYeEQeNY) GO YO 16 /

1 (FUIXe1s1¥#1] = FLEVEL) Yhel®el% ;wﬂf
[x » [X4)
6o 10 10
IX » [X&}
ly « 1Y+
6O TO 20

POSITIVE Y=CROBSING

I tIXeFGel) GO TD 2] P
CX o { IRl FOIXOIY) = FLEVELIZURELIXAIY) = FUIXalolYh) )eXFACTOR
an 10 22

Cx o @

CY » {1Vl JEYFACTOR

CALL PLOATIORCY 2

0O 26 1njXyNX
1F LIMAGELTIY)alTel) 6O 10 2h
IMAGECT V| Y) w o

[F tlYatpehy) GO TO 0

1F (EUIXolY*1) = FLEVELY 10923,22
tF ¢
IF
Iy

IXallQel) GO TO 24
FllXm)olYel) w FLLVEL) 26020020
Iy « 1

I LI

Ix » I%wy

ly = 1y#+)

6ot %

MU LAY YL Yel rRA

tx ¢ (]XalVRXEACTOR

[F tivaebed) G T 1) )

Uy @ ClYeledb Iy ) = Btz Xyl - Frbaalamiiryenkat o
vy P 12

Y n

CALL PEDTIOXaCYe )

T (UXehFecd ) 60 T 34
e oy aligety ) GO T 4

I tixel e} GG TO 2

T ARt XY plY) = FLEVILY Juoadigta
b tlYatgoel ) o0 TO Ab

1V (FUIXmlglYel) = TLIVIL] shaibath
[Xx » (xe)

IR KA P

IX 2 lre)

1Y = 1ve)

0 To A
MEGATIVLE Ye OO NG

CY w L[y=l) Ry} ACTOR

R TIRATAL T RO SR |

€% m [IXm LR EIRQIY ) = FUILUR b2 Iy = byl exbac o
G T ap

X - LiygXw )Xk ACTOR

CAPL BT Xyt Yy

62

WEE ITLIS AT AT M T VAL GRS T

R T

-



41
“h

45

R b aal oAbl bbbl il SRl ol

NRL REPORT 8074

IF (IYeEQel) GO YO 30

IF (FUIXsIY=)) = FLEVEL) 30043443
IF LIXeEQeNX] GO TO 44

IF (FUIXelolY=)) = FLEVEL) hGoube48
Iy o [Y=)

GO 10 U

IX = [X#}

Iy » |Y=}

aQ 10 1lu

FND

83

FPTIRT AEy  n

RESERN e

T




WHITNEY, MADER, AND ULRICH

: SUHBROUTINE GETTICK (DY»TICK)}

ii C GETTICK TAKES ANY GIVEN NUMBER OF UNITS PER INCH4 DYy FROM SCALE AND

3 < GIVES BACK TWO NEW VALUESs LY AND TICKs FUR USE IN AXISs wHERE THL NEW
g ¢ Dy » THE NUMBER OF UNITS PER TICKs AND TICK 15 BETWLEN o8 AND 2 INCHLS.
3 ¢ THE NEW DY = 13240R & TIMES SOME POYER UF 10

D = AWSF (DY)
CALL NORMAL D LEXP)

IF (D=~840) 24144 '

TICK = 14U o

RETURN %}* .
/4

e i Ao i)
—

Y
2 IF (D=248) 34%,Y .
T IF (Delef) Tedod i"':;'"f{"".w
4&. NF{J’

6 DY w LewliawslEXp it e

Ticr = tue/h o TRy

RETURN PR

A
5ODY % BeRlLe IR A ,‘-')-
i

TICK » Bau/b ok g
RE TURN . w.‘.ﬁ/,.a

h DY » 281D nu]fxp
TiCk o 2,070
RETURN

T PRINT Lo LY
160 FORMAT (/7371 *anpep <0k 10 GLITICK == DY o [ 10ed/)
RETURN
FND
SUBROUTINE RORMAL (ARG L E X))

NORMAL TAKES ANY NUNBLRY ARGy All KORMALTZES [te Ly CONVERTS 1t
TO THE FORYy ARGEYLRHILYPy  wHERE L oLESAROGLT 4100

N

SION & 41,0

[LX® =

IF LARG) 6e80d
h SIGN & =, !

ARG w =ARG !
1 1F TARKG = Teen) 2ybgn b
3 IR ARG = 1ai) 34bak
A ARG m ARGRLIDLGD

TLXP » JFxXP =

an 10 1
4 ARG w APG/ZYIC.

TEXP w 1rXP + }

64

6o Yo ;
& AkG n S51GN®ARG }
RE TURN 3
END {

i

;

§

|

k

|

i




S

NN NNN

NRL REPORT 8074

SUBROUTINE GETSCALE (YoaNsHEIGHI s YMIND 1 4%y ) [CK o IFORMA )

GETSCALE DBTAINS SCALING PARAMETERS FOR IHE N VALUES IN ARRAY Y
(OF DIMENSION N#K)e HEIGHT IS ThHe GRAPH HEIGHI IN INCHES.
YMINSDY9TICKs AND IFORMAT AKRE PROVIDED BY GE1SCALE FOR Usk BY Axly
YMIN = THE DATA VALUE Al U INCHES
DY w» THE DATA INCREMENT 7 TICKes AND
TICK = DISTANCE QBETWEEN TICKS CINCHMES),
[FORMAT ® A FORMAT FOR AXIS LAHELING TO FIT THE DATA SCALED
ENTRY GETSCALZ INCLUDES ZERQ AMONG THE VALUEL SCALED
DATA IN ARRAY Y MAY HE SCALLD BY IME FOLLUWING CONVERSION 10 INCHES
YOU) ® (Y{]) =YMIN)/DY#TICK
EMTRYS DOSCALE ANU DOSCALEZ CHAMLL 1hih VALULES 1IN ARRAY ¥ 10 INCMES
ENTRY SCALE REPLACES THE bYSibLM KUUIInE SCALE wuilio TFURIAT PARALEITER)

DIMENSION Y(N)
JGATE] :

YMIN ¥ YMAX w Y(1)
GO 10 1

ENTRY GETSCALZ
IGATE =]

YMIN & YMAX = .-
GO TO 1

ENTRY DOSCALE
TGATE=2
YMIN=YMAX=Y (1)
60 TO 1

ENTRY DOSCALE?R
[GATER2
YMINsSYMAX =l

G0 10 1

ENTRY SCALE
1GATE»3
YMINuYMAX2Y (1)

M w N#K

0O 9 lwly MK

IF (YLD « YMIN) 29543
YHIN s Y1)

GOt N

IF [YMAX « Yi])) GebyY
YMAX & Y(])

LONT TN

[F {YMAX ~ YHIM) &Ha607

AQCALL A CONGTANT AMRAY BLTROER ST RTES WY KA S § Y A FYURN
hy = TICk = 1lati

[F (YMINGFQuYe) LD TO 1u

CALL NOIMAL 1YY THeTUXP)

TV INelNTFRIYS TN

LF (TMINGOT o YRIINME TUINATE [ M=]
YHIMSTMIMHY g e T F XD
DYIMCHapve (L o8 [EXPA LI 200 TanT

Chol GETTICK (DY eTICK)

GHa TO 8

ROUMD DOWM Y TN TO DY H0ALT
Ny = (YSAX =YMIH) M LGUY
CALL UETTICK (DY TICK)
)y

CALL NORVAL {1y

66
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WHITNEY, MADER, AND ULRICH

F' L '“ LIk \ %
CALL NORMAL (YMINyIY) ] p\ M [ [ A
XeYMIN®10s#%{1Y=1DY) u..,., AN .

TXsINTF{x/D) 0D
IF (TXeOToX) TX=TX-D
YMINTX# 1 o #8#]DY

ROUND YMAX UP TO DY SCALE t50 MAR v vALuk FALL IN LAs: 11k aMACL)
CALL NORMAL (YMAX e lMK)

XEYMAX®) Do ¥#(IMX=1DY)

TXsINTFLIX/D)IHD

IF {TXeLTeX) TXWTX+D

YMAXSTX#10one DY

ADJUST TICK LENGTH FOR wlDEh KANGL ANL ROUNDUFF
DY INCHE { YMAX=YMINY Z7HE 1 GHI

TICKaDY/BYINCH =40 w01

IF LYMINGLT o o) YMINSINTFUY LicZoy oy

CONT INUVE

IF LIGATFeFUel) GO TO 10

DO 9 lajyMyK

YOLymiY () =YMINYZDYINCH

IF LIGATE«FQe3) RETURN

SELECT APPROPRIATL FCR-AT FUR THIS DATA

ENDTICKuYMIN®UYRINTFIHE TG 21 1YY
HIU-NAXIF(AHS(Y“IN)nAua(b\ull\K)i
SMALL DY

CALL NORMAL {SMALLsIEXP)

CALL NORMAL (B 1GyMEXP)

IF (1EXPoeLTe=3) GO 10 14

TF {NEXPGFad) GO T 16

IF CIEXPY 12411911

NO RFCIvaL
IDECHD
IRAMGE m 24 NEXP
G TO 13

WIlTrt DECIMAL

oL 1EXP

IRANGE=IPEC*2

TF UNEXPatb oi ) TRANGL® IRANUL+MNE KF

CONSTRUCT FUORVAT

tOFCelOFCeyneg
TRANCE s [RANGE #Ens) 2
TFORMATRGHE ey o I Cat g biiang t
RETURN

IFORMAT=LHES o 1

RE TURN

FND
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SUBROUTINE MULTIPLT (XeYsNINYLIKR¢KTIKTYSIALENGIHy tHE IGH 1 yaLABELINA
LeYLABEL sNYCoLINELABL yMARK s NMARK ¢ XMINVAL sDX e YMINVALO Lty 1y ICK)

MULTIPLT WILL PLOT NYS LINE® UF N POINiw EACHy ON 'HE LAME GRAPHs
ON A LINEAR OR LOG »CALEy DEFENDING un \HE Enix. «.EDe

X VALUES ARE TAKEN FROM ARRAT A Al Avlly avl*Kalssnosnmilt N=l}Ka)
THE 15T Y ARRAY IS SI1O0RED IN vildy ral+KidoesnsraleN=1)K()
SUCCESSIVE ¥ ARRAYS BEGIN KYS LOCA!IONS APAR|s

THE PLOT WILL RAE XLENGTH INCHES LONG By yHEIGH: INCHED HIGH

EGy THE 2ND AWRAY BEGINS A1 v il+kia)e (HE LA Ay 1 ls N u=11K 1yl
THE X=AX1!S5 will BE CABELED wl H \HE wn CHARAC, Ena [iv uABEL, AD
MAY BE HOLLERDIM FURMA1a9 EOy OHENWERG ., un LWwCA.Tune WHERE HE
CHARACTER CODLS ARE 5)UREDe)

LINELABL 1S AN ARRAY OF NYy HOLLERIIH wORDs wHICH wlkl bBE woED 10
IDENTIFY THE NYS LINES WHENLVER NYS olije 1

MARK 15 AN ARKAY OF NYY INILGLRY DENOTING SPECIAL otMBOLY VEUY »1laNOIHINGS
OwSQUARESY 1m0OCTAGONssee} 1U HE DKAWN UN EACH LINE KEvER:' imAsK Pulniae

A NEGATIVE NMAKRK SUPPRLOHSFH 1HE CONNFCIING WINE BE, nEEN o MEVLL

ENTRY LOGPLOT WILL GIVF A LOG=LOG PLOI

ENTRY SEMILOGX WILL GIVE A SEMILOG PLOT wility X ON ThE LUG SCALE.
ENTRY SEMILOGY GIVES A SEMILUG PLOI wliH ¥ ON (HE LOG SCALE.
ENTRY LINEPLOT OIVES A LINEAK PLUIS

QUTPUT PARAMETERS XHINVALY UAs Trdinvians Uies Live bvFuniming buly Cunteniv g
THE SCALING OF THE PLOTs SO THA| A Pis Piasy) MAY BE FLOIIED ON 1ML
SAME GRAPH BY USING THE FOLLUWING CUNVERSION U INCHEy==
XUINCHES) = LOGIFX/ZXMEINVAL ) *DX
YUINCHES) » LOGIPY/ZYMINVAL ) *DY FOR LOGPLO I
WITH A LINEAR OR SEMILOUG BLULY 9UBSITIUIE ONE ort BOIH OF 1HE FOLLOWIMA==
YUINCHES] 2 (PY wYiiINVALIADY  Fu LlnErcur AnD GEmluuGa
XUINCHES) o (PX «XMINVALI#DX  FOIC LINEFLOL AND almlLUGH

NB 1T 18 EXPECTED THAL e CALLING PRULKAM wllLL mAvE ALREAL. MADE

THE INITIAL PLOTS CALLy AND wliLL ALSO CALL S10PPLUT 10 TERMINAIE PLOIIINGS
ALLPLOTS INCORPORATES THE PROCEUUKES OF SCALEsLINEsARISY AND/ZOR LOLPLOI S
WITHOUT CHANGING THE COMTENTS OF 1l ARRAYS FLOIED

ALLPLOTS MUST HE USED wlik PLAIN vouw) PLOVIER PAPERY Ao 1 PRODUCES

A VARIABLE TICK AND/UK LOGCYGLE LENGIHs  oCALINOG RUWIINEs ouwl 1 ABLE FOR
USE wilTH AVAILASLL LINED FLUb WG PAPEK ARE LOGPAPER AND SCALEIENG)
ADDRESLS ANY QUESTIUNYS 10 JEANME GLIKICHs LA 23260

DIMENSTON X{1)e YOLYe LINELABLIL)
PATA (EXPSIZbwanT)hy (TENODILL Bl s (1AERNORD)y (HEWUT)

ENTRY LoGPLoT
16ATE=]
G0 TO 1

ENTRY SEMILOGY
[GATES?
6o TO 1Y

FNTRY BFMILOGX
[GATE=?
Go To 1

EMTRY LINEPLOT
TGATE =4
6o TO Lo

LOU=SCALING GOF X
IS8T FIND XMIN AND XMAX VALUL D

XMIN 2 X ())
YUAX 2 X{1)
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WHITNEY, MADER, AND ULRICH

M & N#KX

DO 8 Iw2yMyKkX :
IF IX{D) =XMIN) 2458,
XMIN = X(1)

G0 TO 8

[F {XMAX = X(11) 4989b
XMAX = X(1I)

CONTINUE

IF (XMIN) 11911412
IGATE#IGATE+2

GO T0 19

CONTINUE

NDETERMINE APPROPRIATE SCALING

VALUES ON THE GRARH RANGE FROM AMINVAL A1 v INCHES) 10 lu#tAAEAP
(AT XLENGTH INCHES)

NSCALES = NUMBER OF SCALES (POwhiis oF 1EN) FOR iHla UAIA SEie

FIPS w INCHMES /7 SCALL

CALL NORMAL (XMINyLBASEXP)
XMINVAL ® 1CeGRRIDASEXP
XMINLOG u LOGF (XMINVAL)
ARG » XMAX

CALL NORMAL ARG IMAXEXP|
IF (ARGsEQelet) GO TO 6
MAXEXP ® MAXEXP + 1
NSCALES & MAXEXP = IBASEXP
FIPS ® XLENGTH/NSCALES

IF {FIPS.GTe0eb] GO TO 7
XLENGTH = MSCALES

FIPg & 1 ‘

DX ® FIPS/LOGF{1ueu)

TO SCALE XARRAY TO INCHES

XMINVAL CORRESPONDS TU & INCHE Sy XVIKLOG ® LoGURIINVAL)

DX = INCHES 7 DATA=LOQG=UNITL o Ly GX CunvEFran cwtmunlio v InCHES
LOGHLI0Y = ONE SCALE IN DATA=LOGsUNT IS
LOGLLIGI DX n FIPS = ONE SCALE 1M [NCHLa

DRAW AND LABEL X=AX1S

YN = =408

YODN = wy?

EXPLOCY & =g30:

TENLOCY » =g4.

CALL PLOT (upusd)

TEXP = TRASVXP

DO 10 T ]2EROWNSCALES

XLOCU = XLDOC = [#F DY

CALL PLOTIXLOCY 0 ?)

CALL FLOTIXLOCYYDDNy2)

TENLOC = XLOC=e]H

CALL SYMBOLUITUNLOC» TLALUGCY T ihldb e dbilia /)
CALL NUMBERIXLOCE XPLOCY U XDRTZL 0 bt XD gy L 1)
CALL PLATIXLOCY :43)

1F (lelQaNSCALES) GO T L

TLxe = [ExPp + |

No 9 Juayy

XLOC & XLOCL # LOGF{FLOATE(J) HuDx

CALL PLOTI(XLOCr.92)

CALL PLOTIXLOCYYDM S 2)

IF (FIP&eLTalet) GO TU Y

CALL NUMRERIXLOCyYOLEs XIPS et Jao wotil )
CALL PLOTUXLOCY.. 93)

COMTINUF

XLAUGLOC o XLENGTH 4 b

a8

e o

e

ar i o
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CALL SYMBOL{XLABLOC o s TENSTZE s XLABEL $UINX)
GO TO (20+38) e IGATE

FOR NON=LOG SCALING OF X

CALL GETSCALE IXyNIXLERGTHaXN INoDX oKX o X | [CK 9 XFURI)

CALL AXIS tUwL oXLABEL p=NXaXLENGTHIC X TTCRK aXVINIDR#XECK)
GO TO (2092092093810 1OGATE

LOG=SCALING CF Y8

YLENGTHaYHE [GHIT

IF tynelGHTeGTell ) YLENGTHR Ve
YN ® Yi3)

YMAX % Y1)

PYSaMYLYLYS

DO 28 1In] eMYHeKYS
MallehuKky=]

DO 29 1alleMexY

1¥ YD) ~YMIHY) 22025923
VUIN @ YL

a0 To 2%

LE {YMAX = YUD}) 24920025
YMAX 8 Y(1)

CONY INUF

IF (YMIM) lasdasdd
LGATENJGATES]

GO 10 38

CONTINUD

NETERMINE APPROPRIATE HCALING

CALL NORMAL (YMINg LBASLXR)
YMINVAL = TusudRlyaskal
YHIRLUGL & LOGFLYRINYALY
ARG = YMAX

CALL NORMAL (ARG TAXFXH)

IF (ARGeFLele) GL U L)
MAXEXRD o [AXEXP & ]
MSCALER ® MAXEXP = 1hAnLRP
Fibg & YUUNGTHA/MSCALE L

By a FIPS/LOGFLL ov0)

DRAW AND LAPEL YwAXLS

XOUT = = t:H

XOUTT w wme?2i®

XOUTN ¢ «=olh

TENLGCX m =eby

EXPLOCK » =e3Y

CALL PLOT (Loeued)

N 30 (e lZEROWMNSCALLDS

YLOCO » YLOC = 1#FIPS

1FXP & [HASEXDP + ]

CALL PLOT 10sYLOCH2)

CALL PLOT (XUHTTYLNCZ)

CALL SYMnol (TEHLOCxs YLOCY Thivh /by 211 0 T )
EXPLOCY = YLOC + o' 7

CALL MNUMPER (LXPLOCN S EXDPLLCY I AR B LA LT AR R
CALL FLOT (v YLUGY )

1E (Lal e NRCALLS) GO T 3.

DO 7Y Jupan

YLOC = YLOCL + LOOEF (FLLATEEGY B0y

CALL PLOT Lo YLOCY 2}

CALL PLOT txUUTs YLi Gy 2)

1P AT IPGSeLTeRes) i 1O 7Y

CALL NMUIPEER EXOUTRY YLOCY EXPLIA Y dy e 0l

a9

R AR

B ey 173 erpt T+ el A T T S et £
" pt ottt i o i ek ot
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CALL PLOT (Os YLOCs 3)
CONT INVE
YLABLOC & YLENGTH®e% = TENSIZE#NY#(34/74)

CALL SYMBOL (=¢59 YLABLOCyTENSIZE»YLABELIYeaNYC)
GO TO 4u

FOR NON=LOG SCALING OF ¥

YLENGTH= YHF [GHT

IF (YHEIGHTo6iTel0a) YLEMGTHA1O .

CALL GETSCALE (Y ON®NYSHYLENGTHaYLINIDYOKYoY ILKyTFURMY
CALL GETSCALZ (YONNYSHYLENGIH Y InoR I ant o) Ny i Punm)
CALL AXIS (Usu o YLABELNYC o TLENGIHsDye vt LCKy 1 ilINU 0 FORE)

DRAW THE PLOT TO SCALEs LEAVING THE COMIENIS OF AldAYS X AND Y UNCHANGED

CONT INUE
GO TO {H0080UsTusBUYy [OATE

LOGEL0G SCALING

NO B2 NYsmlyNYS
T1w(NY=1 ) #KYS+]
XINSLLOGPIX(]) )=iMINLOG) #DX -
YINs{LOGFIY (11} )=YMINLOG) *DY
CALL PLOT (XIhoYIhed)

NO 81 1s24N

IRu{I=]1)#KX+]

[ya{|=]1)uKY+l]
XINC(LOGFIX T IXI ) =XMINLOG ) #UX
YINS(LOGFIY(LY) )Y INLOG ) #DY
CALL FLOT (XINsYIN9 2!

TF INYSWOTal) CALL SYRLOL {XTNaYliveHaLINELARL {HY ) ot a8)
RETURN

SEMILOGX SCALING

DY=YTICK/DY

DO 62 NYN1yNYS
11n(NY=])#KYS+]
XINS(LOGFIX L) YaX INLUG ) #UX
YINs(Y(]1)=YMIN)®DY

CALL FLOT (XINsYINs3)

DO &1 1=24N

IXe(l=])uehx+]

Tys(l=1)uKy+]]

XINw (LOGFIXUIX) JmXM INLUGI X
YINe{Y{lv)myYMINIWDY

CALL PLOT (XIteYIhy2)

IF INYSeGOTall CALL SYRoOL (XEhaYliattab INCLABLINY b sGets)
X TURN

SEMTLLGY KCALLLG

PXsXTICK/ZDX

DO T2 Nym]aNYS
Tle(MY=]1)aKYS+]

XIN (X {1 )=xt M) DX

YINS (LOGF UYL b=y IALOG ) Ry
CALL PLOT (X1taY]te)

DO TL 1edeM

IxXe(]=1)#KX*]

lys{laljuxy+l]
XINa(X{Ix)=XNIN)®DX
YINe(LOGFIY DY Y=Yt ) oy
CALL YLOT (XINIYINe2)

1F INYHeGTe 1) CALL nYabGL (X Lioavbioettep Drd L Avc Gy b i
RE TURN

70
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acalLiva

DyaxTICy s0x
ywyTiCRINY
Ny #2 NYalohvY$§
T1miNYe] )Y he]

Xlhiw (X
Yitex (Y

fly=X=1hysnx
BEREL INASEIN

CALL BLNY IXThaYINe D)

no &l

Im24h

Ixugl=1)sKx+?

Iys(]=

1IeKY+]]

SR ST
e e

XIN®(XEEX)mXS 1) 0K
YINGEYLLY Y=Y IR ey 3
CALL PLAT (XINSYIL4D) :
IF (MYSeOTel) CALL SYLUDL (XHreY ! atto L INKLARLINY 904 b) %
RETURN T
END {

s

v

n
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SUBROUTINE FASTFOUR(AsMyINVsSeIFSyIFERR) FASTF 1
FASTFOUR ese DISCRETE FOURIER TRANSFURM eee FORIKAN &3
INPUY PARAMETERS TO BE SET BY USER BEFORE ENIERING FALTFOUR

A 1S A 3~UIMENSIONAL ARRAY OF CUMPLEX COEFFICIENTSy OF
DIMENSTION (NCL)oN(2)eN(3) 1}
THE A'S ARE STORED WITH REAL PART OF Atllel2913) IN THE
LOCATION WITH INDEX 2#(13&N1#%N2 + J2#N) + J1)+1 AND Tht
IMAGINARY PART IN THE LOCATION IMMEDIATELY FOLLOWING. .
IF THE FOURIER SERIES S REQUESTEDs ARRAY A 1§ REPLACED

BY sese

XEJ1aJdZoJd1nSUM ALKLoK29K3)#p/ 1 H#(K1IRJ) ) H0208 (K2HY2)HWINNR(KIANJS)
SUMMEN OVER Kisus Nimiy Kgeus Mamyiy Ko Uy Nu=.
WHERE W! = NI =TH ROOT QF UNITY.

TR AT RN =

Fes ot o EiCd

NInge#aN(]} IS THE NOs OF POINTS IN THE [V'TH DIMENGIONe
THE DIMENSION OF A Jh Tht CALLING PROURAN SHUULD b TwICE
THE NUMBER OF COWMPLEX LLEMENTS IN THE LARGEST A ARRAY 10
BE PROCESSEDS .

THE COMPLEX XS AKL STORED IN THE SAML MANNLK A5 A

IF THE FOURIIR TRAMSFURI} 185 REQUESTLOs THE ARQUMENT A
15 TAKEN TO BHE X AND 15 REPLAGCED BY ThE ARKAY A S5ATISFY-
ING THE POURIER StRIES.

LET MTaMAX(MIgM2eMBjm2y NTE2#%ATy wlTH 4 LFING THE
¥ GIVEN WHFN Tt TABLLS ARE ST

SEJIaSINCJWPI/2 #T) wdsly A=)

INVIJ+]1aWORD CONTAINING UITS OF J IN INVERTED ORDER IN 175 ’ |
RIGHTMOST MT BIT POSITIUNSs FOR JmOy NT=] E

TO SET UP SIN AND INV TABLES ews
CALL SETUPLAWMINV IS lFERR)
ONE NEED HOT REPEAT THL CALL Tou SETUP IF UKL Dubs MOT
CHANGL  THE MAXIMUN M,

NnoaNANNOONnNONMANANNONANANANDONNONONNDONANNND

!
DIMENSTON ACL e D lsVEL et d et 3 ) ok ( a1 FASTE ¢ f
EWUIVALEMCE MY ot e tN2envt 2000 t3orit3 Faste A
C CALL WITH IFG o« +) FOIC FuudinR Stalen !
C CALL WITIH (K& w =] FON Fudltlilt Taalakine .
C CALL SLTUPLA My RV ebsa ol Lwicd TO HLET 0b TapLeD LB DIN AND [hy -
o |
¢ IFERR ™ o Lbby ARGUEG IS 0 o O
C IFERR ®# 1 wHEMN THrE 15 Ao,y Dieson Te CAu e |
C .
DATA (5INGS & o171 6T612) 0 tPisdelalnvinatn) PALT |
L0 IFELFLY 12014 FALTE  »
17 MTT w XMAXGF Lo ait2 ) o (3)) =2 FASTE 6
JF{MTT oLbe MT) 1ol FALTE 7
13 IFERR = ) 3 W TO bvyy (TR0 N ]
L4 I[FERR » FaLlt oy
M1 w M1 ) M2 o= (2) 2 A S | FayTl o
Nl w p#wu] % N7 = 2ewpp 1. R R R FASTE )]
TFLIFS) 1809499 20 FASIE L¢
[ CALCULATE TRANTFUI ema b LACE A BY [GNJGTANZ,
l& MTUTE IQwN2¥N3 E] Fir s Je/FLoNTELIICEY o nlaiemgtg ol it s
VO 18 1w 2eNTOT242 vk la
Allal) w A{lu]) ey Fu b |9
W] All) = =A(L)IRFEN baSTE Lo
2n NPLLI= ti1eN]L FALTE LY
NP L2 w MiPEL)uND FASTE L
NPT3) & NP(2)ar) LIVISE B
C HERE HEOGINS ThE LJul vt s Tl T o0 L e e
72
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DO 250 D & 12 FASTF
IL = NP(3) = NP(ID) $ ILl = JL+] FASTF
M] = MLID) FASTF
[FLeNOTe MI) 250930 FASTF
IODIF = KBIT » NPLLID) FASTF
IF(M]l oEQe 2#(M[/2)) 60940 FAGTF
MI 15 OLUDe DO L ® 1 CASE
KBIT « KBIT/Q $ KL = KBIT = 2 FASTF
DO 80 1 = 19ILLyIDIF FASTF
KLAST = kL + FASTF
DO 350 K s [ykKLAST»2 FASTF
KD = K + KHIT rASTH
ONF STLP WITH Lwly Ju0
ALKY ® ALK) & ALEDY ¢ ALKD) = ALIK) = A(KD)
REAL PART
T a ALRD ) % ALKD ) = A(K =T $ ARk 1 ® ALK )+T FASRTFH
IMAG PART
T » A(KD4l) $ A(RKD®1) » A(K+lleT F) ALK#1) m ((K+l)+T FASTF
CONTINUE FASTF
IFAM] otQs 1) 28952 PASTF
LFIRST = 3 $ JLAST = ) $ GO TO 70 FASTE
DEF eee JLASYT = 2uw(L~2) =]
LFIRST = 2 ] JLAST ® 0 FASTF
DY 240 L » LEIRST » Mly 2 FASTE
JUDIF = gBIT $ KBIT = KbIT/4 ] Kl ® KBIT=2FALTF
PO FOR JmD
DO 80 | » LalLlelDIF FASTE
KLAST ®» [+KL FASTE
DO BU K w [ 4KLASTe2 FASLTF
K] = K*KBIT % K2 » K1sXH)T b K3 & K2+Kolf FASTE
DO TWO STEPS WITH Jm0 !
AfK) ® AIK) + AIK2) o AlKZ) = A(K) = A(K2)
ALKRL) = A(RY) # ALK3) o A(K3) » A(KLl)= AIK3}
ALK ) »w ALK ) « ALKY)Y o AIRLY & Ak ) = AIK]Y
ALKZ) & ALK2Y) ¢ A(KR3I#L 9 ALRY) & AIK2) = A(R3IY+!
FIRST STEP REAL PART
T s A(K2) % AlKZ) = A(K I=1 4 AR ) = Atk et FASTE
T w AIKD) $ AlK3) a3 A(K]l)=T v ALKLY w ArRY)+T FASTH
FINST STRM lhane PAKT
T & AlR2+1) % A(KZ+l) ® ALK +]l)=sT % Al +1) 3 ALK +1)+1 FASTF
T s A(K3I+Y1) AfR3*1) = A(KL+D)=T % ALLSL) a AfnLlel )+l FAYTF
SECOND STUP REAL PANT
T = ALK} $ Atk1) » a(K )=t ) Al ) & Aln )+ FasTi
T = A(KY) 4 ALKAY = ALKZ2I+AIK 341} ) AR = kg )=Alk44l) Fab T
SECOND STER IMAG DART
AlK3+1) v AlLR2+1)=T v ALK2+1) = sl gel T FasTi
T = AlK]e}) b AlKI+1) ® Alr+l)=] » AiR+)) & AtkRel)+T  HAGSTE
CONTIHUF FASTE
TF1aMOTe JLART) 2% 482 FASTH
JJ w JIDIE + ] FALTE
VO FUR y=l
TLAST = [L+JJ FALTE
GO B5 1w JJelLASTHIDIE (TR
KLAST = rl el Fatl b
DO 8% K & JakLALT 2 FALTE
K1 & » + KHIT L3 ke bl o+ KT b by s oK 4+ Kl bante

LETTING W ® EXP{IeR]/a s wg n Wespy b 3§ 5 by

Atk) 8 AIKY & AILKZI%L o A(k2) & ALF) = Aixp)s]

ALKL) = ACRII®E + ALKRAI#y Ay Ath3) s Atk]I®G - ALKA) s
ALY = ALR) & ALKLY o AlRLL = Afe) = Alx]])

AtRZ) = ALK2) & ALK II* 1o Alns) = AlKg) = alKkiIe]
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WHITNEY, MADER, AND ULRICH

R & A{K2+1)
A(K2) = Al(K)
ALR2+L] = ALK

$ T w AtK2)
+ R $ Alr) ®» A(K) = R
+l) =7 $ AlK+1) » A{K+1l) + T
AWR = AIK]1) = AlK1+1) $ AVl = A(K]1+1) SAIK])
R » AlK3) + A(K3+]) » T s AIK3) = A(xX341)
A(K3}) = (AWR + RIWSINGS $ AR & [AWR = RI*SINGS
AIK3I+l) & (AW] =~ TI#SINGS $ A(R 1) » (AWl + TI®SINAS

T & AtK1) $ A(Kl) = A(KI}=T $ ALR) = A(K}eT
T = A(Kle)) $ A(Ki+]l) & A{Kkel)m? s AlRel) » A(Kel)eT

R & Atk3+l) $ T = AtKY)

A(KR3) s A{K2)+R ) AlK2) & AlK2)=R
A(K3+Ll) = A(KR2+1}=T $ AK2+1) & A(KZ2+1)+T
CONTINUE

IFLULAST olEs 1) 235440

NNLNNENNLIES

NOW DO THFE REMAINING Jt§
NO 230 J = 24JLAST
FETCH w'S
DEF ene WImbEXP(I¥PLI/7a)#RINVIJI/ZMT o W2ewlendy winyleny
1 o INVIJ*1)
WILsSINT=1) 3 wleastl)

12 » 141 % 12¢ » NT=12

[FOI2CH 12uslluslul
12 15 IN FIRST QUADKRANT

wal = 4(12¢) $ wag = Sti2) $ GO T 130
12 158 Plr2

W2l w 0, $ W22 ® 1. L] GO TL 1A
12 15 IN StCOND QUADRANT

l2¢C = |2C + % [2¢ o ml2C

W2l = -%(IZC) $ We2 u si20e)

19 w le]2 b 13C w NT=|2

TEOL3C) 1601804100
13 IN FIRST QUALRANT

Wil = 5013C) ] w32 » (13} Y GO TO 200
13 &« p}/2

w3l = 0, $ wi2 = 1, b GO TU 200
13 1M 2ND OR IRD QUADRANT

13C¢ = |30 + NT

TFE13CC) 1900 18usl Y

13 IN 2ND QUADRANT

3¢ = =]3C

w3l = =5(13¢C) h Wiad » SOL1ICC) $ L) TO 200
19 =« b}

Wil w <1y W32 m % 060 10 240
13 IN 3RU (WUADRANT

13CCC ® NY# ]G $ 1300 » =]13CC

Wil = =8([13CCC} % Wiz = =5(13CQC)

ILAST & JL+JJd

DO 220 1 = JUslLASTBIDILF
KLART = KL+1

DO 22U K = JykLASTy?
Kl v K4XH]T 4 KD & gl4ru]T t Foe b4t

DO THO STEPS WITH J NOT U

ALKY = ALK) + ALKZ2)*W2y AP o ALK) = AUKZ)*w?
AMKL) & ALKLY#*WL 4+ ALK ®yyy ALK = AlR]I#®a] = ALK Wl
Al » ALK) + AlK]Y ’ AIKT) ® A(K) = A(K])

ALK2 o AIKZY + AIKDI¥] 9 ALKY) ® ALK2) = AlK3)*]

Koa ALK219%W2]1 ~ ALK2+])#w2?
T o A(K2IWW22 + A(XQ+]1)#y2]
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AlKZ) s AIK)=R $ ALK) = A(KI+R
AlK2+1) o A(K*]1)=T $ AlK4l) ® AtK+]1)¢T

R = AIKI)#W3) = A(K3+1)#y32
T = AUK3)#W32 + A(K3+1)0y3]
AWR » A(R1I#Wll = A(Kl+1l1%wl2
AWl = AIR1I®W12 + A(K1el)®wl]
A(K3) s AWR=R $ AlK]1) & AWR+R
AlK3+l) n AWl=T $ AlRI+1) » AWl+Y
T = A{KY) $ A(Kl) = ALK)-T $ ALK) = AlK)+T .
T s AlLRYI+1) 5 AlK1+1) & A(K+1)wT $ A(R+l) & A{Re])+T
R s =A{K3+]) $ T = AlK3)
AlK3) » ALK2)=R $ A(K2) = A(K2)+R
A(R3+]1) w A(K2+]1)=T $ A(k2el) = A(K2+]1) T
CONTINUE
END OF | AND K LOUPS
JJ o JJDIFE+I
END OF J LOOP
JLAST = 4#JLAST +3
CONTINUE
END OF L LOOP
CONT [NUE
END OF 1D LOOP

WE NOW HAVE THE COMPLLX FOURIER SUMSE BUT THEIR ADDRESSES ARG
Bl T=REVERSEDs  THE FOLLOWING ROUTINE PUTS THEM IN OROEResees

NTLHQ = NT#NT

IF(M3 osLTe MT) 3704468

NIVNT = N3/NT " SINNG & NT

1603 = v $ GO TV 380

N3VNT = 1 b NTVN3 & NT/N3 ¥ MINNS w N3

103 =}

JJD3 ¥ NTSU/NY

ITRIM2 sLTe MT} 4704460

N2VNT ® N2/NT $ MINNZ W NT

1002 = v 1Y 60 TO 480

NZVNT » ) 11 NTVN2 = NT/NZ b MINNZ W N2

1602 » 1

JJD2 ® NTSGQ/INZ

IF{M] oLTe MT) HT0486u
N1VNT o N1/NT b CINNL w AT
1601 = « $ GO TO 580

NIVNT =~ 1 b MTVNL = NT/HIL ¥ MINNL w N
16Ul » ]

JUD1 » NTHUG/ND

JJ3 = J x|

() 88U JPP3 W ]l3yMT

[Py = INVIJID)

DO BTU JPY = 1MINNY

IF{1G03) s2Usb1U

IP3 o INVIJPI)I#ISVNT F3 Ou TO 63U
IP3 v INVLJIPI)/NTYNT

13 = (1PO3R[I3)eN2

JJ2 s 1

DO 870 JPP2 w 1aNRVNT

[PP2 » INVIJJ21+]13

DO 6L JPZ = LyMINNY

JFOIOD2Y TusTin

1P2 = INVIJIRPIRNZ2VNT ¥ Ly Tu 13u
P2 » INVIJP2Y/NTVH?

12 = (1PP2+1FH2)8N]

JJ1 = )

DO 6. JPH) m 1aN]VNT

IPPL w [NVIJJL) + |7

DO HH JPY = 1yHINN]

TFUTGOL) 8204810

()

FASTFIOI
FASTFlO2

FASTFLOD
FASTF10%4
FASTFL0%
EASTF106
FASTELO?
FA5TF108
FASTF109
IASTF110
FASTFLLL
FASTFl12
FASTF113
FASTFL14

FASTHLLY

FASTELLG
FALTELLY

FASTHI LB

FASTHLLY
FASTF120
FASTFL21
FASTFl22
FASTHLIZY
FALTFLlZ24
FASTEL2%
FASTF126
FASTFL2T
FASTFl2Y
FASTRIZY
FASTH ] 3D
FasTri3l
FASTFI 3¢
FASTE]34
FAGTE] 30
FasTHI3Y
FASTH] 36
FASTIE YT
FASTI] 3N
FASTELAY
FASTELGY
FALZTERIG]
FAGSTHIGE
FasTEIGS
FASTELGG
FansThlah
FasThlbs
FALTEIGY
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WHITNEY, MADER, AND ULRICH

[Pl = INVIJPLI#NLIVNT $ GO TO 830

1Pl w INVIJPYIZNTYN]

I = 2¢(1PP1+1P])e)

IF1J oGEs 1) Ba%yH40

T = ALl % All) = A(J) $ AlJ) & T

T = ALL+L )’ $
J o= Je
CONTINUE
JJ1 = JU) o« JJDL

END OF JPPL AND JP2 LOOPRS
JUd o= JJ2 o+ Qb2

LN QF JRB2 AND JE3 L 0uPs
JUI oA JJa o+ Jub3

END OF JPP3 Loge

WAS YHIS A TRANSFURMyees
TE(=1FS) 9999,490y 4847

YESs REPLACE A oY CONJUIA),
DO 884 | w 24NTOTR 2
Aty = =p(])
GO T) 9ysy

THATUS THE FNU swesnrs
ENTRY SETUR

THIA PROURAM CORIGTES THE AIN AND INV TAsLES
MT » XMAKOF!Z.!XMAXHF(M41)1M(2)|H(3))-2)l
IFIMT oLEs 11) 90649yuY
IFERR » |} 4 00 Th 99y
[RERR o
NT w 2847 % MTVR w NT/2

ST UP SN TANLE

THETA ® Pl/2es{{+]) oy
THETA a q249%p]

JETER n 2e#{MTuL*]l) qae
JSTEP & NT

JULF » 2e8(MTal) gqa
JULF & KNTV2

Atl+1) = Ala+)) $ AJysl) a1

FUOR Lul see
Fuit Le) esa

FOR Le] 45

SCJUIFY » SINFITHETA)
DO 9%u L w 2yMY

THEYA » JH#THETA
JETERR = geTpp 1
SOJOIEY w SINFITHFTA)
JCL w0 NTaunlF

SUJCE) w COSFITHETA)
JLAGT w NT=ysTEPZ
TECJLALT WLTe JOTEI) Unryuz;

DO Suu J m UGTEPsJLAGT S TLL
JCWNT=J 4 FDLINENIPES S

50J0) w SGJ1#50JCL) 4 SUIDIFY#GEJ0)
CONTINUE

JSTEE m JDIF k2 JAE o UnTER/ D

SET WP {MVIEJ)Y TABL
MTLEXP w Z2R8{bTel) 440
MILEXP = MTYP
LMIEXH = 2Hs({La]) gay FUR L1 pue
LAlexk =}
INVIL) =m0
DO UBe L] etaT
INVILMIEXP®L) w yTLEXD
DO 970 J w Pyl ILEXM
JURJrLHIEXH

Pt L] yee
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FASTF180
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FASTHLGY

FASTF1 0

FASTFLT)
FASTFLT2
EASTEL TS
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FASTEL?Y?
FASTF1 74
FASTH] 7Y
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EAGLTELHL

FaoTH] B¢
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FASTF] 86
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' " FASTHZO4

' 970 INVIJJ) & IMVIJI#STLI XM . STk

; WTLEXP ® MTLLXN/2 . Letkxe = CIEXER m:;ijg;

! 980 CONTLINUE FasTEZNY i

i Y99y HETURN STH2 4

FasTHEOT 1§

END f
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