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SOQ USER GUIDE UPI)AT1L;

June 1980 Updates to SOQ80128

INTRODUCTION

This document defines the changes made to the SOQ code (SOQ80128)

between January and June, of 1980. The changes either correct short-

comings found in the codte or, more usually, document the increased

capability being continually built into the code. The SOQ code i!;

rraintained as SOQ80128 June PL,ID AFLOJRA as a NOS/BE-l CDC update

format file.

UPDATES

1. *ID FIXZRN

This update redefines the coeffiencets to be input to the Zernike

subroutine. This new convention is more physically meaningful in that,

at least for lower orders, the coefficients are in waves. For example,

to impose one wave peak to peak of defocus (P 4) on a beam, one would

input P(4)=1. The phase applied is now:

(IJ) = EP 7TZ (1,J)
k k k

The subroutine affected is ZERN. This update does not effect the rest

of the code.

2. *ID FIXJTR

This update ensures a correct definition of DF in subroutine JITRBG

since when JITRBG is called from subroutine QUAL, the X-coordinate

array contains RX/D coordinates, not the spatial coordinates.

Only one line of the code is affected by this update.

3. *ID ROTZRN

Due to different coordinate system orientations for data, it became

necessary to allow for this variation within subroutine ZERN.

Define the data x and y coordinates to be XROT and YROT, and the SOQ

x and y coordinates to be XIN and YIN. The rotation angle is then

defined to be 0 (in radians).
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COSROT =COS(b)

SINROT =SINCO)

XROT = XIN x COSROT + YIN x SINROT

YROT =-XIN x S1NROT + YIN x COSROT

Application of Zernike polynomials to and SOQ point located at

(XIN, YIN) would then be calculated using Z(XROT, YROT). The possi-

bility of axis flips are also accounted for and are flagged by

FLIPX or FLIPY not equal to zero. Narnclist Zi;RNS is modified to

include FLIPX, FLIPY and the rotation angle (in degrees) ZTHETA. No

common was modified. This update modified only subroutines GDL and

ZERN.
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SECTION V APPENDICES

APPENDIX A

SOQ USERS GUIDE UPDATES

JANUARY 1977 TO JUNE 1978

INTRODUCTION

This appendix documents those changes made to the initial SOQ code between

January 1977 and June 1978. The changes incorporated in the code are those that

have become generally useful for the physical optics simulation problems which

have been solved using the SOQ code. The Users Guide Updates are also prepared

to clarify and correct the initial description of the SOQ code, as documented

and delivered to AFWL on 1 March 1978, in the Preliminary SOQ Users Guide.

This document supersedes previous written material on SOQ code documentation.

The organization of the SOQ Users Guide Updates is

SECTION AI New Subroutines

1. Theory

2. FORTRAN Updates

SECTION AII Code Changes/Corrections

1. Theory/Reason for Correction

2. FORTRAN Updates

SECTION AIII Users Guide Corrections

SECTION AIV SOQ Code Access

AI. NEW SUBROUTINES

1. THEORY

a. Beam jitter -- Relative motion between optical elements, such as

mirrors, induces time varying positional displacement of the optical field.

The typical term for this phenomenon is beam jitter, and the principle effect

is to broaden the ,ime-averaged effective beam illumination area, while

reducing the time averaged intensity.

Beam jitter is both a near field and far field concern. Jitter in optical

trains can overload apertures or cause energy deposition on areas outside the

normal propagation path as well as cause a deterioration in the peak on-axis

irradiance and integrated spot power.
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The time-averaged effect of beam jitter may be modeled as the convolution

of the intensity profile with an appropriate probability density function (PDF)

for the jitter statistics. The current SOQ model assumes that the jitter PDF

is Gaussian with known mean and variance. The model allows the user to specify

the Gaussian parameters and, for the selected beam jitter analysis location, to

determine the near field and/or far field effect of beam jitter.

The following is a brief description of the analytical and SOQ Fortran

implementation of beam jitter calculations:

b. Relevant formalism -- The effect on the beam may be found by convolu-

tion of the Gaussian jitter probability density function with the SOQ predicted

intensity distribution:

00

I'(x,y) = fI (x',y)J(x-x', y-y')dx:dy' (Al)
-00

The I-D Fourier transform of the Gaussian function looks like:

H(f)

o f

2. FORTRAN UPDATES

The jitter model can be called in two ways. Each assumes that the jitter

variance is the product of a jitter angle and the propagation distance from the

jitter source.

aue * z (A2)

e = Jitter angle (1a, in microradians)

Z = Distance from jitter source (in cm)

When the far field model is called from QUAL, the jitter angle has been

incorporated into namelist QLOT while the propagation distance is the focal

length found in QUAL. The jittered intensity is returned to array CU as a

phaseless field so it can be plotted, or written to a permanent file.

298



The other method of activating the jitter model is to call the near field

jitter model from GDL with IFLOW a 23. For this model both angle and jitter

distance are entered in namelist JITTER.

Namelists modified:

Far Field

QLOT: SIGANG (rad) is added to specify the jitter angle

Near Field

JITTER: Contains -

JITANG (urad)

JITDIS - Jitter distance

All. CODE CHANGES/CORRECTIONS

1. THEORY/REASON FOR CORRECTIONS

a. Bare resonator calculations -- The SOQ resonator/optical-train cal-

culation code may be used to simulate, in Cartesian coordinates, bare reso-
nators. This added option is frequently used in the initial simulation studies

of a resonator or a class of resonators.

The bare resonator optical configuration may be compared to its geometric

counterpart using the SOO code by simply invoking the IBARE option and asso-

ciated updates now contained in the fundamental code. The fundamental approach

in bare resonator calculations on the SOQ code is to allow the user to use the

same input and code for bare, semibare and loaded cavity calculations. Various

options under the bare cavity calculations have been incorporated and are now

described as input values for IBARE in Namelist START.

IBARE - 0 (Default)

Loaded cavity calculations are performed as usual following the stan-

dard input which the user has supplied.

IBARE - 1

Using the same input, the user will now perform bare cavity calcula-

tions in which the resonator is normalized to 1W of circulating power.

Mirrors are defaulted to have 100 percent reflectivity, and no power

dependent or flux dependent distortion. The SOQ output is modified

to printout the resonator eigenvalue.
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IBARE a 2

Semibare resonator calculations are performed in which the user can

perform bare resonator calculations that include optical aberrations

generated by a flowing saturable gain medium. These aberrations may

strongly effect mode shape/phase. This option provides a convenient

method of studying their perturbational effect on the bare cavity mode.

For the semibare option, an additional update has been included in which

the namelist MIRROR user may specify the desired power at each of the resonator

mirrors. This allows the user of the semibare updates to apply mirror distor-

tions as though the bare cavity mode had a significant power level. Specifica-

tion of the DESIPW value in namelist MIRROR to some value other than 0.0 will

cause the field incident on the mirror to be scaled to that power specified by

the numerical value of DESIPW. Appropriate mirror distortions will be applied

at the desired power level. The field leaving the mirror will then be rescaled

to its incident power level. Subsequent calculations are done as specificed by

the user typical namelist input.

An additional variation is allowed in which the parameter FLAG of cavity

input namelist CAVTY2 can be used to execute a resonator with loaded gain, but

no fixed phase perturbation in cavity. The input would correspond to FLAG = 0;

IBARE = 0. Usual loaded resonator calculations are performed with mirror dis-

tortions as specified by the user.

All of the above variations of cavity/resonator calculations may be run

from the standard loaded cavity input.

At the rear of this section are Fortran listings of the code updates which

have been included in the basic Cycle III SOQ code previously documented.

b. Mirror non-normal incidence angle -- In many optical train calcula-

tions the propagating optical field is incident on the mirrors in a nonnormal

manner. Since, in general, the mirror surface may have a spherical figure, the

field leaving the mirror will exhibit phase front aberrations introduced by non-
normal incidence of the field on the curved surface.

The SOQ MIRROR subroutine has been modified to incorporate an astigmatic
aberration due to the nonnormal incidence on a spherical surface. The follow-

ing is a brief description of the generation of the astigmatic aberration

applied.
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Astigmatism in Resonator:

General astigmatism is introduced when a wavefront is incident on a spheri-

cal (parabolic) surface in a nonnormal manner. This aberration occurs at each

spherically-distorted turning flat, for example.

X0
xZ

Y x - Sagittal Plane
y - Tangmntial Plane 2

1 - cos
S -= 7- R - Incident angles c

limit> S R c  S - Object distance

l S 2 coso R = Mirror surface curvaturec (spherical)

X2s Sagittal plane effective
SOQs curvature

Thus 2S' is the resultant phase curvature being imposed on the beam. A
5

cylindrical mirror can be used to model this with

R =2S' a -v,'2Rc (neg since R is convex) for = 450
Cs' C (A3)

Therefore, to represent the astigmatism introduced in the x-plane by a

spherically-distorted turning flat, a cylindrical mirror is employed with a

radius of curvature

Rc is the power induced radius of
curvature which is input or deter-
mined by the SOQ code.

Similarly, the tangential plane is described by

OQT  ( )
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_Rccoso(4

T 2 (A4)
-R
c for 0 45"

2v7
The new mirror subroutine including astigmatic effects has the form

deS0 2r x x2 y y2,

'SOQ X S S

Rc R Cos
s T -co 0-iS -2 (AS)

The only additional input change is to the MIRROR routine namelist which

is expanded to include the variable PHIAST, the beam incidence angle in degrees

(default is PHIAST = 0).

c. Beam rotation -- The mirror model has been updated to describe beam

rotation introduced by optical elements, which are oriented in a skewed fashion.

Many examples of this type of orientation are encountered in resonators and

optical trains. The principle effect of skewed, or out-of-plane, orientation

is to convolve or smooth the mirror distortion-induced aberrations over the

total number of optical elements.

Rotation of the beam is accomplished by analytically rotating the mirror

with respect to the beam, rather than rotating the beam within the mesh and

then applying the mirror. By rotating the mirror with respect to the beam

two modeling advantages result: First, analytical rotation of the mirror with

respect to the beam is accomplished with no interpolation loss of information.

Second, since the rotation is analytical, computer time is saved by not having
to evaluate the field numerically. The following describes the rotation

equations used in the code. The following sketch shows a base and rotated system.
, yY

\ x

of Rotation Angle
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Since,

x x Cosa + y sinca (A6)

y - -x sinac + y Cosa (A7)

Then,

-27r + 2 Cosa (A8)
~ Cosa

Here,

(x,y) are the SOQ coordinates

(x,y) are the transformed (rotated) coordinates

The SOQ field is modified as

CU OUT , A exp (60) CU IN (A9)

wJare A represents the completed transmittance effects included in mirror.

The variable added to the SOQ MIRROR iianelist input is PHIROT, which is the

beam rotation angle in degrees. The default value is PHIROT = 0.0.

2. FORTRAN UPDATES

The attached printouts contain a listing of the updates, denoted as ROT,

used to effect these changes.

i:1'ii ou

00tLETE CLOAST,.1

*Uk.LETF CIOFLA.!

*UkL~rE riASTG.29C1OAbT3.J

OULLFUr CI1AqT(,.4
A I)ELTAdJisT. )irl'YPA4L*PL'(PIO.F3P

C WI'4HO TS rt PIFA'4 WOTATTU4 A'~dILF AT ToiAT STATTflN- OEC.
C oeip is rME, mtTPI R~OwE'4 LLVEL AT TmAT 'STATTUN

O A$Cfw CMli, 'TC% aiJ~j

*A#4C(tio.ImT.)) x r)-Slw
2e ()EIPw a A14C'41,mTReC
#Dt~LrFT Cj1A%rG.,.

X I)[5TF *wANIII- *Y'IteY~ $-1A oj~w .nfl ;P)
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Po4tRn r up"t.I P
*INSERT CIflASTG.12l

Pmqj5oTzl.t

C()SP'WuCUS (PHIQUW)
OLETE CIOASTG.IS

APQ'4uE (j1C0SPW.x(1)51N~k
YPM2.A (J)*SINP#'W.EI)*CUS14W

0tASk=AKY0( (XPRM*/WtJSA() *( 0M*2/PdT AN) )-AKY*f'ELL
*UUrF C~flASTG.24

A5'~#48x (J) COSP14#A(13 OSINPR

.PtA~AKY0 I (A(PHM*02/W#4AI#~ (YPI'4/QMTANJ))
*OkLLETE 4IPwnWl.84

9'4SA(~=0UC/C0S (P'4IW)
RMTANzW.1CCrS(P~tQ1

,JHIW.OTxO.O
S I NPW=S IN (PO41R(J I
C05PW:C05cP'4IWUW1

*IJELErE ml1qig91
xP4Mz (j) *C0SPR.E (I) SIN"q
YPIQM=-A J) eS1N~..X (1) oC0SW
JMIMIgW2AIKY*( (XpP4.0/WM3A3 ) .(Y~JP4*2/PMTAN) I

NWITE~(6*i6P.ION

WW.ITV CA.&4)0)fSAG.WmTAN~
d6 FfQmTI2flA.* MIRRORW UTATUJN z ,I.iGOO

AIII. USER'S GUIDE CORRECTIONS

1. SUBROUTINE FUHS

a. Purpose -- Subroutine FUHS is used to calculate the phase change

due to heat release as the molecules in the lower laser level decay to the

ground state. The FUHS modeling includes the assumption generally made for

supersonic flow and assumes the heat release has only a small perturbative

effect on the flow.

b. Formulation -- The equations used here are based on those described

by Biblarz and Fuhs, (Ref. 10) and Fuhs, (Ref. 11).

The usual continuity, momentum, and energy equations for steady flow

with heat addition are used as the basis for the analysis:

Continuity: 7.(pu) =0

Momentum., +i 7p 2 0Dt -2
Energy: 7v.u h * q
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These are linearized assuming

pup +p'

pP. +~I P,

i (U + ) + jv (AIO)

Resulting in

Continuity: P. U' P v' + UP' 0 (All)
~6

Ys u'; etc) (A12)

Momentum: P U P = 0

P Uv' + =0 (A13)

Energy: L 1g. (._ 2_ q (A14)

The solution to these equations was first shown by Tsien and Bieloch,

(Ref. 12), resulting in the following equations for a heat source q in super-

sonic heat addition.

u (= (y - 1)q 6(x- By) (AlS)

vI &y - 1)q 8(x -By) (A16)
2yo

p (y- 1)Mg S(x - By) . - _)q S(y)I(x) (A17)

2a 3 a2U

Where,

X By Defines a Mach line

sB Tm - 1

Ua a

Speed of Sound

1, x > 0

I(x) 0, x <

AL 
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For a small volume, the heat addition is q u h(x,y) dx dy. The effects of all

sources are then added; for example,

Uia (Y 1 T fh (x ,y) 6(x-03y) dx dy

S(v-i)
=" I h(x=3y) sin Ads (A1S)

0

where the integral is taken along a streamline (x = y) and sinu l/M.

s is related to x and y by

x = c OSA y = s sing (A19)

By the Faltung theorem, for Fourier transforms, this can be written

II (X,y)= I F [I (x,y)] F [J(x,y)]) (A20)

The Fourier transform of the intensity is performed by the FFT, while the

Fourier Transform for Gaussian density functions can be found analytically

as

F'1 exp [ cx2+y2 4 exp [27ra 2 (fX2 + f~2  (A21)

From sampling theory, the discrete values of fx and fy can be found since

Af a (A22)L

where

L is the width of the SOQ calculation region (DCALC)

f (I is then (I-l)Af. Recall from the discussion in FOURT, the DC value is
x

returned in the first position and the last half of the transformed data are

really negative frequency information shifted by one period, illustrated

below in one dimension.
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- -- I

-. 8 8 fX
2 2

where

B s- AX

Ax = Sampling rate in real space

The equation for density change is, therefore,
S

=1 (y - 1)MC h(x,y)= y sin u ds
o I 2a3

(Y-1)ffd'dy'h(x y') 6(y - y') I(x - x') (A23)

The first term describes the compression waves along the streamlines due

to heat addition, while the second describes the wake resulting from those

compression waves.

The heat release h(x,y) for a laser can be written:

fX 
(x -X')

fx R (A24)

h(x,y) - C A(x,Y)e"

where T is the time constant for the depopulation of the lower laser level.

If the depopulation were instantaneous Cr - 0), the heat release would be

proportional to the intensity, since every molecule emitting a photon would

then immediately relax to the ground state with an accompanying increase in

translational energy. It has been shown that the above equation for the

heat release can be used in all regions of the cavity with only small error

introduced.
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The constant c can be found by conservation of energy as shown

following.

Consider the following 3-level molecule:

El

Eo

The quantum efficiency n is defined as the ratio of the energy out divided

by the total energy available, so for the gain/phase segment under

consideration.

(no. of molecules) (E2 - El) AP (A25)

(no. of molecules) (E, - F0) AH + AP

Where
AH = (no. of molecules) (E1 - E0)

the above expression can be inverted to give

&H T{- ) &P (A26)

with

//

AP =f I(x'y') dx'dy'

and

A= /ffh(x')y dx' dy'

assume, for this calculation, that (0,0) is at the corner of the sidewall

and the NEP. Then

AH - cAz fdyf dxf AI(xy )e -'/

00 0 -(x - x')/Ur
U cAzJ dy dx] I(x - x')AI(x',y)e ) dx' (A27)
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Where, recall

I(x - x')
10, < x'

So,

H= cAz dy] dx' AI (xI y) dx I(x - x')e

6 of

CAZ dy dx' al (xy)fdx'e -x"/UT

cA¢z~d f- x' AI~x'y ) (A28)
o

Or,

-= c(Az) UTAP

Or,

C Uaz

Since the numerical kinetics routine returns information about the wake

region itself and not just the heat addition terms, this information must

be the data used. Thus, for the analytical kinetics model, one must find

the value for the wake integral:

x x x - (x? - x"t)/U r

w(x.y) =Jdx'h(x, y)= cfdxfdx"&I(x",y)e

fx )-(x' - x")/UT
Scflxh(x - x')fdLl-x'-X xAICIx",y)e

= cfx"AI(x",y)jdx'I(x - x') I(x'- x")e
o S

= cfdx"AIlx",Y) I(x - x")fdx'e (A291
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So,

r ( -x"Ir
w(x,y) c dx"AI(x",y)U(l - e ) (A30)

f
0

So, recalling

1 ( (A31N

UTAz

And
(l - G from SIMPGG& 1 2xy 1 2 G-- -)PPD

x -(x-x") /UT

2(y1 -lG)(l -n)f 'PPD (X'y)(-ew (x,y) I + G (A32')

Now both numerical and analytical kinetics models return the same array,

namely the value of the wake integral throughout the cavity. The effect of

heat release due to lower level depopulation can be calculated without

regard to the particular kinetics model chosen. The Fuhs effect is calculated
in the following manner:

x (I)
1 fh w~(xl )-W (x (I-) (A3

H(I,J) = f (x.y)dx (A33)

X(I-l)

Given this average heat release function, the integral along a

characteristic can be performed. Note that reflection off the sidewalls

must be included as can be seen in the following diagram:
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,M %1

P2

P1

The contribution at P1 due to reflection is therefore found by finding

the total heat released along the characteristic that reflects at P',,

then adding this to that found along P2P .

The phase shift is found using the Gladstone-Dale law

n = I + CO (A34)

The phase change AO isL, -r (,%n) ( Z) . 2 -- A O o AA3

This is then added to that of the unloaded density field to establish the total

phase change at the gain/phase segment.
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AIV. SOQ CODE ACCESS

1. SOURCE CODE

The following listing represents the source code necessary to update

the SOQ to include the corrections and modifications described on the

preceding pages.

)ELTA = )-
I(1STF = t~
4TTFUF.Ah#y IkAkp

'16f I mArlh =*1s nELTA AN 00.

1 U CI)N T Trii

*1N~k.Q APQeA.PlO

i)tLF rF 0L .704 960L. 70-

CALLK APWi (0IL ,4iJ. 7 .0. d)

PErTFl ;)9(CFFL C LlZ0,liUIC)*
PE.41 NI) ?9

*3Hq C'OW =-O * uL)

=fq X(T w AK(X1) -A.1I..N~sN

wn!TH A,6iT APC1#*1/2

PEE. CFeL)(CFLTCI / 5.TiH)w
wI.EwIN d ).2QU.~

wwITE (Atsm?1 P Ii

00 686121312



1002 CONTTNI'E
CALL WF~P(~rI~(

*1.:tLE TF GL. Pd GL.M 3H
OiILLETE CAVITY.3

-INSEi4T SOQ77CYI14
TFIWPF.GT.) GIO TO 104

INSF'41' CAVITY.21T

12 WIT C (C1 )sNLCOS(TZ).I tP'41I~)
Lf',LLTF C(NPwl.%

*IVNSET OS07Y1f1

IF(LAPE.GT.) 0 TO 12

G43 TOI
12 COiTINUEL(CSP~f)*LtP1)

*UrNLSE, LONS.2

01 CAFTA I)ENSYlE/3
*IS)TFkAFl.I GOL..'

OINSE4iT LROPJI.2

CJ4MON /MARES/ L.RARE

COlMMOlN /9&PFS/ L'RA~

OOLETE LROIJl.3
A .t'4AWFoPLOTi

C
C 16ARF rS FLAG FOR LUAUE09) tiARE9 UFO~ !)MI-RAPE CAvITY

a n. FOR LOADED KES'UNArOP (oEFAtJLr VALUE)
C z I FOR~ ,AWE 4ESUNArOq (uNITY .ATN.O PH4ASE CL4ANGF)
C a= FOR SFM1-RANH. RFS5JNATJW WivITY GAIN91OE4,STY RMASE C -ANGF)
*j1SEqT GDL.'30

T!)IN(S*ICAV) a IRAWE
*tPISEWT CGOL.437

*DELETE GOL.439
x PPOPAGATING OAi4AMLTk. et210 ISAH~. *911

*DELETE GOL.444
X .4ESTWT.1flnCR(4ICAV).LLI(TCAVl.ZL.O(iCAV),IOIW(9,ICAV))

*0EL~rF GOL.r-30
TF(.IJUT.INII) GU TO e2
DESIPW fl.0

ILNSEPT GOL.P'5
NOH 2 NpTSON~py

*LILErE AeTQwnpQ.24
70 IFcOFSTPW.Eu.0.0, G~O TO 3bOi

NUA s NPYONOJTS
NOH22 NUP02

C 00* FIN!) INCIDENT POwEQ
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PP41iN 2

n0 355 [Z21*N01429?
355 QPIPN~t z POW[PJ * CUUC[VZ**2 *CuWCIZ*fl*02

2WK PPw!NO(X2)..XA)**(.*TiS/NPY)/lOO

t-qANS a=QTUSP/VK
C 04*4 SCALE TH-F tiEAM TO THiE LSIPEOj POOErt.

00 3%6 1Z 2 1,N082
36 CUR(17) a CUR(IZ)*TRANS

WkITF(6.9fl10) DESfrJW9P~wI(TWA1NS
4010 FOPMAT(/SX.4PMHwE FIELO -iAS dEEN~ bCALEO TO DESIRED 00viEw/

A lRX41PHOESIPW uG1i .4/A#2mp'w(aG24
X 8A9lL'H1'ANS =90j2.4/)

DESIPw 2 TRANS
36nl TF(A S(ANX).LE.0.00010U.ANO.Ati~(ANY).F.0.Og10IuI 60 TO 71

*fitLErE CIOAST(;.7
3 A3C (IIs1.M1PI*) AFC ( 2IMI-492)ACC(139 MIR92 oESIPW)
IF(0FSTPW.FtJ.0,0) GO TO 24

C *0*00* SCALE THE FIELD) mACK t)0~i'd.
003q IZZI.NU9

.3d CU(17) a ClU(TZ)/ES-ww
4IwT TF (6*4000)

"000n FOPMAT(/SX930HTHE FIELJ HAS HEF'4 SLAI FO nOWN/)
?4 CO)NTINUE

OjI 0;aI j J1Tt-

*TDFNT JITTV.W
01ALETE jflL.?0

A ICUT.NqLT,1D(,!jT.
X ICNT24.ICNT25vICfNT~b
A IT.1(~F~NCT

'J11ELFTE GDL.?f,

s(;tLLTF GOL.?V,0
00 173 IZEROx1,e)

ODLLETE GDL.314
(10 177 17FO021.17

GINSF4T 50077CY1.165
C a 23 JITTEQS THE. dtAl AN ANGLL ANGJIT
C 2 24 UUMM'Y - LINE d'e40 11 TEMPUkAPILY S7ORLD IN JITTEQ tFLOws,
C a 25 UUMMY - LINE 25') IS TEMPORARILY STOREDO IN JITTER IPLOW.
C a 26 PMMY - LINE 260) IS TEMPUWARILY srooLO IN JITTER IFLOW.
*INSER~T CORR?.r

DATA IJTR*ITTANb..JITUIS /0.0.0.0 .0/
*UELETF 3UL.795*SOOVCYVIb7
C / Ift/ 17/ 1A/ 19/ 20/ dl/ 22/ 23/ 2'.1 ?A/ 26~/

K. 160 170, 1A0. 9u) 200 92109305,230 .240 .250 261) IFLO)w
'OULLETE G0L.125.SU0?7CV1.16b
C / leti 17/ 1sw IQ/ 201 el/ ?2/ 23/ 24/ ?S/ ?4b/

A.1eO.170.1l40.190200,Z10,365.230,d4u,2S0.26fl),YFL)w
0IrSE'4T CUL.;043

NAMELIST /jITTEW/ JITANtioITDIS
C
C JTTANI a THE ANGLE UP JITTER (IN MICROQADIANS)
C JtTIS 2 THE DISTANCE WRUJAGATLU SUCH THAT THE JITT~q
C SIGMA IS JIIANG*JITDIS*19E-A4
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*OeLETE (UL.32?

C
C

e30 jrT a IJTP.1
IF(*NUT*INTli 'no TO 231
Q#EAOC tNvJlTT'R)
A14C(691JTW*1) 2JTTANIJ*.E-6
AF;Cth*TJTQ#2) a rOIS

WiPTTF (6918436) AHCC6*LJTH91).SI(CAY

183h FOR~MAT (45H 4* REAM jirrEW miJOEL CALLED **'**..TO UFVIA9
X23HTTON ANGLE (WAflIAtN) a *Gld.,8X9*: S~n DEVIATTUN (SIG4Y) *
X6,12.5)
no 233 IJ21.NOR9

2.13 USCliJ x CIUR(2*Ij-l)*,0 # CIJ(2IJ)m*P
flA a XC?) - X(I)
CALL JITR4GIlDA.SIGXY)
00J 235~ 1JalNOd
tIjj a 2 ~
CUR(TiTJ-1) zslwrCusC1J))

235 C'JQ(TiTi) a .
240 CONTINIUE
250 CONTINilE

t1,NAL 1

1P4St.w GOL.3?

REAL jtTANfl.JIjI~l
0IrSENT CN'CL 9.,,T

-UtLFTF WJAL.?;
SkJRPOIJTT%F (IUAL

*fNSEWT QUAL.1I

tLEtI. JVAL.IC17

Ap" qIGAy*qI6AJsI

1&lb FORMAT (45" **** ..iFAM JI11kR MQUL LALLED ****qhTl DEVIA.
Xld.MTIUN ANGLE a - (i20.5
CALL JTT.#flAAvEqSIiAy)

00J 6'4 J*1,'76JT5

IF~ CI"A.GF.UJ5i I'l )fM2 To Ane
k4A~xztlq (I1?)

yoft.Ka1 Cd)

Cow(IIT71 x o.n
o%8 CuNrtp.i'
7~1 *e.4~aImA/Ip).

*INSE'%FT 4AIN.1,1(
Sum~fl'j FINE jI TUw( X.SItiAY)

C T-IS ,I'WQ4.)ItILtNF 40iO1IF~S T-4E FAR~ FYILLP INTENSITY 0OT#UT~uN
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C 1400F i T?4F 'FVE C I s F iE Am~ i IT rE T'4F JJTTFIW T' AS$Umm~Fl TO
C 5AUSb 1AN. S1IvCL TmL r4P,'D-LrTNG 1,4TENSITY IS Tb4F COJNVOLUTION OF twE
r C vjltQ~ I 4r!4k''ITY vjr Tmt. GAWAU%(AN. TmF oPtwATION IS PEQaFOQ#4Ec 13Y rf TJj FACPm &,J'CTIJ.A ALUNfo MULTIPLYING rHE bWFSULTSj,
C ~ wrrmE EP4Vk.1*.r_ is-T. Jy~vh/f/76,.

C immnr. /CG/C 71 0

OAT OT

C1(M) a CMPLX (UlS(M).o0U)
10 iOPW~ x PVJW*USCM)

NNl(p) =NPTS
NAP ?*NTSQ
NP02=NPTS,
CALL Fnt1PRT (CIsNAjbrJNti,1,
SIGEXIJ 2.*(SI(.AY I.Jfl**
SIEx(NPTS)-XU)),e. * )/e

no 2n Jz31,NPTS
Ys~= C U-i C F)oo2
IF (J.rT*NPJU S1J-f'w)'

J00 .)I=INPTS

* IF (t.c.r.NPu2) XS;j=((L-NIT-fl'F..42
Kx I *JA

CALL Ff.JURT (CI *NAtiJNU* -1
rit) 30 KK21 NPTSu
0'3 (KK ) CA8S (C I (KK C/14P tS

10 P5PWN z PPWN*US(KKa)
PWWFAC x P$3W/PPWN

flU 40 NM1.NPT5U
40, US(MM) 2 USCM)'5JWRAC

WRITECAglon) RWfFAC
100 Ft3PMAT(//5Ae*T -4 Poow HAS HFEN '3CALEf) BY A FACrOk UF',GIZ.~e!3

X *TN St'RWOOTT'4F JtTkH~b.*//i

F NO
*UELETF MATN.eO

-DELETE MAIN.P30
210 CALL 'JOIAL (IPMASE.ISAV, I-LT.T1TLLPb$,ASon@.4F.hIGANC,)

IATA SIhjANG /0.0/
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APPENDIX B

SOQ USERS GUIDE UPDATES

JUNE 1978 TO JANUARY 1979

INTRODUCTION

This appendix documents those changes made to the initial SOQ code between

June 1978 and January 1979. The changes incorporated in the code are those that

have become generally useful for the physical optics simulation problems which

have been solved using the SOQ code. The users guide updates are also prepared

to clarify and correct the initial description of the SOQ code as documented

and delivered to AFWL on 1 March 1978, in the Preliminary SOQ Users Guide. This

document supercedes previous written material on SOQ code documentation. The

organization of the SOQ Users Guide Updates is as follows:

Section BI New Subroutines

1. Subroutine ZERN

2. Subroutine CPUTTM

3. Subroutine LISTER

Section Bl Code Changes/Correction

BI. NEW SUBROUTINES

1. SUBROUTINE ZERN

Zernike polynomial terms give the SOQ code the ability to model mirrors
with arbitrary surfaces. This subroutine also provides the determination of

sensitivity of a given system to the level of these Zernike terms.

a. Relevant formalism -- The Zernike Polynomials are an orthogonal

set of polynomials used to describe phase front aberrations. The low order

terms of this set correspond to the low order Gauss-Seidel aberrations, such

as piston, tilt, defocus, astigmatism, coma, and clover. A list of these

polynomials, Z(k), is given in Table B-i.
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TABLE BI. ZERNIKE POLYNOMIALS

kZ k  k 1k

1 1.0 13 (4R4 - 3R2 ) sin28

2 Rcose 14 R4cos4e

3 Rsin6 15 R 4sin48

4 2R2 - 1 16 (10R 5 - 12R3 + 3R) cos6

5 R2cosze 17 (10R - 12R 3 + 3R) sine

6 R2sin2e 18 (SR - 4R3) cos3e

7 (3R - 2R) cose 19 (SR - 4R3) sin3e

8 (3R3 - 2R) sine 20 Rcosse

9 R3cos3e 21 R5sin5e
36 4 210 R , in3e 22 20R - 30R + 12R - 1

64  2 8 6 6 104
11 - 6R + 1 23 70R - 14R 6 + 560R _ 210R

12 (4R - 3R 2) cos2e 24 252R10 - 630R8 + 560R - 210R4

+ 30R 2  1

The phase applied is

24
2: =2rP k k (R,

9 )

k=1

A (1,e)

r R<I

0

R>1 (Bi)

If the Zernike radius R° is specified to be zero, it is a flag to set the

phase identically equal to zero.

b. Fortran formalism -- Subroutine ZERN is called by GDL with IFLOW

24. Namelist ZERNS contains the Zernike radius R as well as the coeffi-
0

cients of the Zernike polynomials to be applied P(1) I = (1,24).
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Due to excessive use of the FRINGE program, one can also input fringe
coefficients (PFRNG(l)), corresponding to the 24 Zernike polynomials to be
applied. The PFRNG coefficients are converted to P coefficients in subroutine

GDL.

NAMELIST /ZERNS/ RO, P, PFRNG

Argument List RO, P

Commons /MELT/

Externals None

IDENT ZRNIKE computer printouts follow.

) 
1
r IT / -'J

. .IT r .. ° , .

L iyrlk ra .

.................................... ......

C.........................

, .l If I I

'' 'i. * f.l /'.A. I .: ' CeF F p F'.. C NFMFI O., R(VI/

2Ij. I z .,4 ,,i r} = , •

z

=.' i' -iJ* ', , (

-~l I I .° I?

i ZI I 1, ')Uj, ,41

6. 4l~ 1 i' rJ;, I

"I I"l) 3 .l-I. .( I 1

ll;) I !l,,I,319



w z

I Tt

V~I r zf I*

Ir r 1 13T F4 ~I rF (A,1)4 7
Pf.7 I- )I4 A('A.d~,~( T F 'k.f;F i IrFF j(tr OF OOi)EW OP T'4OUGH 2309

61 ,o a r.4

*!mS-1 i~ ( I ~

IC(,.Va (1

II -4 C, )'. T~ -Jl r fl i iAV In1 0 0 1P ~
II) J 'I VFi* L)

,y = a T So / o61 1G;
01'8 F2 AWtVli

'. --F f% r /F= 14 *

CT I LU r'

CT

D~ 11 ~1(.r4T)N

hmO 10 S x~ .mO P

.E4. 2 ( ~ I A 0;

Wmi x I) )

TJ'm a ATd@WI..l %( X)

w a A-IINI(0/wie320



li , ,-jo

lm' *.;I*': el *P 4;los r

* ' 'l4J , or T . V'b OS**~* T

( 1J) 4Q I It

-1 * *( P* W r?

I*CT

11- 00 .*,J*4jIA4 4.44t4WO.*I Ao)I*l( * 913) * ITI
(,),I u ?1 rjqflg.S

6 1 ,;'?* !'' I "'(S 46 I *W 1'. -*442 1 )L )e

'' ~ ~Iri 4). *A It~ ' . rn 'F*.dFC*LCrCP? lD I r s1MIIITIf

X As14 *~ 'C ~(f'1 f~fl~l-(**

1- F .1-4 iN r ~ 4 I ** A. -4&F rC -T ~C.T [4 %wji Ip4 ~O.A I r -F>) I I aT I~= ol //

~r T w(P 7("
%i z1. F =s F -0 I LIIF T1

-1 1 11.01
I t T 1-

2. SUBROUTINE CPUTIM

Subroutine CPUTIM has been activated for the CDC computer to print out

the amount of CPU seconds used by the kinetics package, which is driven by

Subroutine REGAIN. On the Cyber 176 a system routine

A = Second (B)

returns the CP time since start of job, in seconds, to both A and B.

FORTRAN:

Argument List:

IT a 100* time since start of program

Conmmons None

Externals None
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IDENT CPUTIM computer printout follows.

L r " (,,, T 

T r I I 
('01 1r I .

I r = I tjoo% 'w-r T
. ,- i r

.J) FLr z- I ST 1 0

3. SUBROUTINE LISTER

Subroutine LISTER was activated so that the output of the resonator.

design program RESDES or an arbitrary file may be read internally and

reprinted in the output of the SOQ code. LISTER reads an 80-column file,

designated as Tape K, and reproduces it in the SOQ-designated system output

file with pagination defined the same as on Tape K.

FORTRAN:

LISTER is called anytime IRSDS, is nonzero in namelist START.

Argument List:

K C = IRSDS from START)

= tape number of the file to be replicated

Commons: None

Externals: None

IDENT LISTER computer printout follows.

I r'-:'IT L T srp

*rIENT L[1TFd
L 1rE

OI FLI YE .)JPMYS-2? l)!J 1MYS e'
Soo4-1()tIT1F tL I TFQ (,K

C *,' TH15 wOitM . COPIES TAPE K TO OIITP(IT.

fF (; TO 11.;lC
I .F n,(14.S) rCI.C

.IlT t . ,) C

r JFAr) f F I N T C I,1)
r.;) TO 1
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Ial I

iF(TWSoS.NF.0) CPLL LISTF6UIOS)b)
IF (,wL.LF .. ) . Ipir' 'it

BI. CODE CHANGES/CORRECTIONS

The code modifications and corrections included in the code are

described below by their update file name. The reason for the change, the

structure, and the listing are included below:

1. *ID SOQMAP

This update provides a cross-reference map to the 5OQ79128 code. The

first section lists each routine in the order of appearance in the SOQ code

with its commons and externals. Also given is a list of all routines that

call it. The second section lists every common block in the SOQ code with

the subroutines possessing that common block.

'
1 

T ,i w(r F

C

(r 1(j TF CUr ISO , T I _ . VF1. -A 0r FOI.L..''. 4 Y "F-)".

C
r 'Oi1TIhip C,).-A ION FKTEwK%'At. CALLEr ky

r" S01) FfT (P) c N r T,-4',,
r "FLT .?) "wF'T )ION

C. 1/JTTL ISOS
(7 ,11. ,%0 L. T",TFP
r ,.j T Y1 L I rr i

ru" r 'ri

~tiiI
I' I T5) -F r )-) ~ O

F.~P~j -c,~pjA TNXY
r"K INET
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r Nk A

Sh 041 ,A N

r C- F~ r,3

r 6A 1 pl xY

r- 60LI

C 4F (,A I N

r L ; io

r HCL1CI*K - - tyF '1W

c AFQ')w -FLT C') -

C G~

r MIRROR

e 4L'"I r)S

r- CA4 r iTy

C , A))

r "- %V A (,e

c C* A PJJ

r i jl'y L T e) I NT P- P Ca~v 1TY

C

r C ITLAl FG I

r II c, Aw CavITY

C e.,;Ac T' FwFC rF4I

r JI~T Cr

;rAcCF

r yC kO~
C bo
e*C .
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r ,1T F I EL0)

r ,SjTYki jT4H(i

r k.F(,1 T"I

r WIR Fl

r THFf~mL

Vr

r CAVITY

r.. IPL~lr C -L r ( ) Ct)PJ

'wL TST( C&SX
C;j (JFT w.'OIJ? EwFC GIX

CSrTTiI

CM

r ~ ~ i'

(7

f, 'AT )prf - ATNxY

C ~ I Nit

c -ml- '' LT ()Cfl.IFFF SOO
T 1 OATF

v r4CLUCi<
C

Ay I PLO T

ti)T ta y CAV ITY

C O *J~TS 1 ; 1 iRuT

C ,L T'2Vr PiWWO~ v 011AL

r .JCow.j -- Gr

r P.w I w -
PtL TOT

fC 
JijAL

C7 01i& FLT (e)) 5014Ar

c I PLOT
r PL TOT

r WFI; t-' HFT L' 1* rjt
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r ~~c-.; (-')r1

c I SOC.40

L; c~ 1) Y ~
II ip d L P .J' y -)FNSY

c q05 A "4FL r P) ) FN5'-Y

(7 -o) T P, .v. a Foow r

r .i,;L r ;,,)
c i.441 Cdv2 (2) FGA I N

c SL IV F; *FLT C ) -
r i ,I Wt q ~ (2)-
r c; j TN - - AE ICN

r 1; r F )UR r CAVITY
'CLT r T T L T 1(

C 'UrPLC,. (k!A
r T rP;&Ov T4LUJm

c TZL 10" .'FL r ?) (jTptJ r (

rrT -LT 1,) -j IA
SUP~

-q - E'wFC

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

C

CAVY' (f)) r ~ 1
I- ('CI. (A r7 o FG T

r c; j' I ;4P4t

c F- t a1N XY oIfI N F

r FsT (;J) - 1(

rC )L A 1) c; ) . r A V T TY 1) E 4sY *F I I H 1A INA Y. E kA I N

c I NJITL .rL

T 4L ')( 1, THFw~ml . T I L T vIF Q~Nj

C~, ' 1,I.~ ,A~Y * tINFT . mI
r v I IT ( lL . 1 P o

r 'L TS I" I.) TOLO~ *UI0; I JT
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r V r i Cv 1 r f

r 17 T. C, Y;
sccv

2. *r ACAo N * "F

SC W CA%/1rf60t )t.OJAL.,SrHw

r T ( O 4A
r %/TE ''

r A 3 Pq TIJ *C A/I T Y,*WL. 9 W PP140 u

C

2. *ID AB0MAP

Current allocations of the ABC (I, J, K) array are presented here for

ease in future updating.

TT(FQT la0Lsw%

r
" FuLL IhTbNG T 4 SUM.1O.Y OF T 4F aHC ARAY L( _'ATT ^AJS Ij)SE
" T-,4 (,I.' . i.4r 14; -I kl% S NC~I FiV, TiO ( 1'd.?o.v4)

e7 ,-C(1,1,I) T-4QtJGr4 AC( *1.) IFLUW*Ao CUTOUT
S a (tei I I T -44,*1H Ae4(2.,fl ( OPX* OPY IN SOO

C ARC I, *I T,.) T-4WO,)G-4 Ar4C (.I',I 2 - I[FLOWsP, MW1ROR

C 46C( 1). IMt ,4,) T WfluG-1 C (A m 1, C1 I 3 , ) IFLOw=2, &IRPnR
r C 3 I ., I .ST O .j) T -"P,; )(7,-' iMC (H. TSTE.P .3) IFLOW=3, PROP

C A"C( 1tA '0) r .14plG-1 AiC (A , [ A.) IFLO24", APWTW
C a'( ( 1 . TI'K .4) T;4W(tj (,M AMC (l10, [hoK.96) IFLOW"e TILOOM
r A"C(1.[JTQ.s) T.4WOhIIGH ARC(2 IJrwb) IFLOo"P3, JITTER
C . Z(" .,,Fa,) IFLOw=I5. 4FGwI0
C 1 9(1,T -k4L,, ) T.Mw1luL, OC A 9Cu9, TT wML,7) IFLJW=17, THERmL
! AmC( I *jwqlP.m) T-iw liJGP4 ACc4. IQ'PAA) : IFLOW*PO. QSTFR
r A04r 1 9 oML T , ) t ,40 GH A A C 2 9ML t * ) : IFI.OWS| M+UL T

3. *ID PLTFTX

Ident PLTFIX modifies the printer-plotting package in the SOQ code.

This new plot package:

a. Prints DCALC, IMAX, DCALC FLUX along with the location of the

center of the beam (DRX, DRY) and the bottom of every iso-inten-

sity plot
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b. Prints a blank for every value of intensity less than 0.01

*UM,,AX( (UMAX is maximum intensity) and puts a border around

the outside in column 1 of NPTS and row I to NPY

C. Allows for selective plotting, based on the new namelist

parameter KPLOT in namelists PLOT and QLOT.

TPLOT

I)CF= I

'IC = !,CF

O-)Ft.FTF I.m.J I t.4.L1' .it

A 7-4FL.'A .; .'I?.

*U,1  F'F L U (0

Kpi fi a 4-;C[lF .* w.4i4F %ir 909 lAdif E &kEl oI O)PI .
'% = I OAflTAL PLOTS

r- .42 I r'OTNrF45ITY 1'LOT-
rC = I If - AXIS P'LO)
r )= I "IAGONAL PLOTS~
r r z I Y IS PL,) 1!

*I-ASP- r 611L .tO%(

IF (- )~ rQ.i~ *N * . A i'Jf1 .PLn7T F.F' Ko I I I~L' r 1Ii

2PO TIOLrTDTT
CALL rf0Lnr(K&Lonr

TPI OIT

I uMt.% N 1,)) I/I ( AAI
1WI-mSFQ LW*.ig;

nIF P4C K90 .JI/~ f'* IP 9NT~I T . 1

4 F01(1 . 1 !K21 '~t
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U1= hi.*TP)/1 " t*

I" ( I J. . 1 0 . T.FO .' JIP ) TK l I

1? AIT(!) : ,= K1 i I rr (. I) * . tr I'.r= .,*

1~~1 F. &(QFi.,('S*A I

4. *ID ADDPRNT

This section of updates was included to add information on intermediate

printout to CAVITY, STEP, GDL, and TILT:

a. CAVITY - The incoming and outgoing total flux at

each gain/phase section is now printed.

b. STEP - At the beginning of STEP, current values for

DRX, DRY, RAPTR, NREG, and WNOW are printed, and the

incoming flux calculated. At the end of STEP, mod-

ified values of DRX, DRY, NREG, and WNOW are printed

along with the percent flux lost during the propa-

gation step. This last parameter (percent flux lost)

indicates how much of the beam has been propagated

out of the calculation mesh and, therefore, lost by

windowing in S-space and K-space (Fourier Transform

Space).

c. GDL - At the end of any IFLOW the code now prints

out total DCALC FLUX, DCALC, and the location and

magnitude of IMAX.

d. TILT - Subroutine TILT now prints out the mirror

radius of curvature necessary to remove the beam

radius of curvature found by TILT.

T '. v tv r l-, ;. l tr', r .r

f ~ 1) 611T Al i NI.A ; TO ot iT Pu FkIIM SLur4WMT I FS

(IvI TV, ;TI 1 6 rL~

rr

UjVst : O.

329



OOFLFTE CA\ 1 r

A T XI~('X 1 432,14 4 :4 1 o ? C

WO (L 1)..-*4 )( X) L'IAT CJ ITS/ 4P') )/U 0 0

*f4-LVTF C WTTY.12 4
,jyjy = *j

A Itif z (r~I.I C JY IY) **,> C WCyj'1)* ~ 'F

J IA= PJOW A * A ift

4 UjS .JV a OT
t jr * w';( jyl

PIVd =j a or a 9( ) -A( ) *20f* L aT -1J~ %/N Y) )/10004.

FO~ a TC,/3xl44(;ArIN/iw A5"S i J6 1T I P 17H 1N r AV I T NtiMPEiRI?
X ,))iH '- A Q iF A t. I F r) F L:) Ti r13, I 13 LUX ihJT st1 .

I e P 1% T C d T 11? it.it ii T . I N ijE 1; Tj P C 0 NT O.WOP AG;A 1 1()%4

x /-4x*C)~iTO 0, 1

0 C I w II T

ra C, T I

N) w F p- 4 PF; 3 P()WA P A/Wll 1) W

*=T ( *1(0

X ~)AWFAWW = t * ibC1TI)*4w C'DHTT)'P
I )n 0 4 TlfX*PXI I\1 jfj~ o4 T ;.riQ ~ W P G T n o

X & J1AW4".F .* 1* 9 (f*.) )-

x m=*Q

= R~fwr
X j.PqLf . 4WJO aj CIT9,64) q

OPSw qTFT.R4:*

*NO 2H..9W
AOLZ.04
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2,A 0.0
A FA~ A A I I

VAE a (J1*)4T

AY TNT a rij IT/) *Cn~JJ' (Ctw(I/ I
1Fc'JMAA.GTv.AY1NT) GO TO 7A
i94AX a XYI1,IT
AMAA 2 A(T)
Y'4Ax x X(J)

7'I PW a Ppw.xyTpr

11t4A*I a Ig4AA/10Iy,.

WWA4A 2 SOW T I At4AAP*.YMAK'*?

OftLi- rE 1,70I..8h#$
!FeIASTEP.NF.1n 4,tTEft*74) 01W~nA PUA~oAo4~~At&

*FlLFTF tiOL .j7fn
WLX u.C12.4/'. j,&'-aICALC =*A2H*121MA4 2661P.4, lUX,
x2,,a'.L'CATFD Ar (AtY ) z I t e 4 4 ,Ie* *1H

*0ELFTE C-Ot. .71
1F(4S TFP.F(0.fl 'aL.'[F(.7741 kPKrCLPIM~tXAo4XQI1A

Or)FLFTE ',fl. 371
XUX 296h1.4/A4J.[&OCAI-C =,VF.*?/MAIdt4IMAX

TCIJ4AL 2 I
(it) TO 494

r rL r*
OnF'LFFE cYI:Lk-..?3

x i. 4. FLJEVNT CIIWVATiI.F z IQAI)CiJw 2b?~ Cm/
4/10X9* NOr - T?4f' CtiVAT1b4F CAN ~AF REmtuVEO wirw A mjbWQ0W*/

*I 'P. 'T 'J .-'Ar'Ci .. 2.*kAO)C1W 41)1 I)tF I:4Ei) AF40VF-
A jflx.0 kl4iATT4F 4'%11Cew r% -% CONV4v6JING '0.IASF V14CNT 4,dHICN*./
1( I1it*0 LANI.' JC 41111F 41tT,4 A Ctl4VFX (N4tGA1IvP WAflc) *AIQLW.../l

S. *ID SCLPWK

Ident SCLPWR modifies the IFLOW - 12 section of GDL to allow for

scaling of the beam to a specific power TRANS.

4 *T;IJT sr*:i 04

C IriI0.r1) T49 ;IvLf) 75, SCALE!) .-4y 95PTcTQANS)/'iAA
C *..r$# . r Flef-J) rs 'CALE: TO~ rHE PowEi "TRANS54
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U'~ tu) = A .11 .
4  

I
pWA(,S = C('L.'ToJ

f F ( T . * t. J I *,r •( ) ,t r, IZ"I
=,, ,d - U.',l

V4F' 2 Fc'u ( * CO )-) C .)(^tPTi;/(,C)/ I00o

F (T ft S. . PN.o~eGFO } A OF &4 Aoto

IF ( r Pj amS . n reuoivl4a

6. *ID TBLLUI

Two errors in subroutine TBLUM are corrected by this ident. The

following listing is self-explanatory.

4-LrFT E r 4L~u.~
IF (fAA [AL .r r .,'. ., T V(A.)- AXI.AL

"' i. T LO MV T if
i T.1 = (14,411 orPp,9*41 W;"ti el OWT /T tI~i' I [ /:o

*ID REMSPH

Ident REMSPH allows the removal of defocus and/or tilt using a call

to subroutine QUAL, and to continue with this optimized beam. This optimized

field can be plotted and written to a local file specified by IWRITE.

IWRITE. FT.O sets IW = IMRITE

IWRITE. LT.O sets in IW = -IWRITE and returns to SOQ

immediately.

If desired, the non-optimized field can be read in using ISAV = I in

namelist QLOT.

It AL

IF !).. I= *F'.T~,' * V

T. I,, Itrr
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I (TWITF.LT.f il = -I PTT-
WWlr ([,. ) (( " ,( ' * 1 = *,N' - , K , , X, * NIT, SAvE

' Fow 4 Ar ,A. 4icl -4 AS P4 ' WI T ri ON LINITO* 139* FWOMP 'QUAL*

I F -401 .j~Tc.'~~l To a-fj ,

IF (KI oT ';T.,,) jwr F( ,1ioI1) \sFTTTL
[IF'(KJL0 t-T . I) CALL .(JL !IT('(JLO)I
IF TS..VF ; . ) .I1)[ (7 ((IL IX) * a X0 I. *,(PR .X X )N4X I4Y

44 N ,'" CoN t;+Uf-

*I  IF l M AtNo 7

P 'F 1)11 K IJ ) T I L) Ai P

8. *ID CHGNPT

Ident CHGNPT increases the flexibility of IFLOW = 6 in two ways:

a. Reoverlap the beam, letting the code find the

original DCALC by setting DIBEAN = 0

b. Change the number of points in the beam, by interpolation,

by specifying NEIV1PT and NEWNPY. On a subsequent call to

START, set N1NPTS equal to the value of NEWNPT or NPTS will

be reset to the previous value of NNPTS.

*ytii .t C - .'o I

I F . , .1 r) I rrf) 1* 1

o s r, j ( r oWt 4- r, i i

A HC 11, 1 'i 1.%) 8 'J17-)
ISI 4 146w 11U AP C( jlYF tA)O IM oo , CY* ( & ('t,4riPo,

NrIPY a P _NPIY

f "~140'M a P.P'IVeP,;

S, . " .sor ryrLF .4.M

r 4~.P a,,jo *;F'~jiY t4;'V T*dE f IPF-) N0&J'IRM-4 nF I.'iJI T',
C T-46I'r. ; ¢CIFLT,' .
C a Ti*4 ,) cow r.41, C.vA'o I'IAIILTS TO L%41) 2 1*
r 11 IS lt"' iO 4F,-N ALr/Fl 1.41- iA\4W ki-50,4ATI T FPEI)PACK rIEln.

NMf.' Ik y £ 0
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%,'4(+, I . *.1 I = *1 v' ,+',- Y

A C -4. 1 9 1 = r'1t,-r
IF ( )I -'I AA. F",.n) . % ( (,1.1.1) = X ( T-A(I)) .FL(1A (NPrs)

'jj ,.-T = A "L * ,

i.I Y= Ai.C(7 9 u .~Ij,ll..' , J Ar-" ;3 #,(( + . ) 1

I|F f.,vFrvo T.Ff). I P-Fwr,'I1.T=NPT5
€

NF (. = .JF , iJ * ,Ii' N

ef (t;;1"I.. , ) 1,,

4NI. 1) Z I 'r | .l ;a

, I (j TE , j . I k .* wi;4, F .

9. *ID MISCFX

This ident corrects minor errors and adds two parameters to namelist

START.

a. *D GDL 384,385 This change in format compacts

this part of the printout to 80 columns for 4

or fewer struts.

b. *D GDL 884, 885 This change removes the S from

column 1 so that output can be put on microfiche.

It also corrects an error in the BARE updates so

that the CU field is read in at the end of a con-

verged iteration.

c. *D CORR 1.23, 24 This change removes S from column

1 in the output.

d. *D JITTER .83, 86 This change updates the indices

in the ABC array which were defined originally in

reverse order.

e. *D BARE .11 This change corrects the size of the

loop from MUT to NOB.

334



f. *D Cycle 9. 119, 120 Previously for IPS = 2,

the iteration counter KOUNT was not updated.

g. *I Cycle 9.99 Focal a I.E50 defaults the radius of

curvature of the beam to "infinity."

h. *1 STEP .40 This change activates the lIPS A 0

option in STEP. Setting DELZ = 0 allows the

removal of tilt and/or calculated sphere without
propagating the field.

i. *D GDL .827 This statement was redundant.

j *D BARE .86 The parameter RGAIN allows

the option of not calling REGAIN at the end
of an iteration.

The parameter IFLGAP is included so that aperture loads are printed for all

apertures in the optical train.

F ~r 'T sCFPAr i ,w- r r, 6. (N' A F,

, Fr T F" ;r)1. -"*i

TF -IL . Q K

N-4 l r .' . 4 f1, .. g4 nT 1 40

F r , ( .) e,( r g, r) l ,,r x) o x ,,)s,* ofqy
WrATNI') 14

L T qTA,
OI PT6C )Qw 1 -.. C 1I.J I e)4

1 1 o'&"CWfl 9 * , • ' ( P'4 ) * Ii (1 -4?) ,1 0 ( t 4) u ( IH4) * j ( lHS) *
2);)) h"' )' ) f"l) , -+-4./7' J..iM,., ' IIH ?:I'4/W,)) ,%X,

+'ai F T t r r). -* . o.i r r rk -o, .*

j Ii .i'' = c (I . I , o ;4 .r ,v;+.IT .I,)T'. ii,) 4'C = 1.J)' rI.g*1%

I',' T' To .4%Ty

0 ')' .r TTF '() (-44T-F).1I=In(.)
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r ILT
,I PI T r YCL F , I I' .CCIL:- 4 

I ?U

€,'JC-1 r = I . - ,-

qTF

= '-¢.:1 C'-,'.,-.*(i, tij (Yt e 7

C0F P IS k-~ AT~P WI~lh~ FF .PI uLUN * F9.%o~(~PE
I .I L . 64,. L T5T~ 1 ,XI=U TIT~ r~ T'O CiFL"

A- , .

*•j r..<r *,4At- *

,,Ik if" --Fv L- _ TST7-J ti ,]s 0 - s ~ S t1 T C t0

'.)M'41); (/SvF T'vA/ CAL TOj r4F;4L(N;A:()

'.IS ~ ;S,) AW.~ '.E. 1~ f, . 6,

IF TCa. .. I . .I L(,AP'.F1.ou GO TC)

0. *D FXQUAL

The quality program has been updated to include more options and more

printouts. See also *ID PROP and *ID PR.VSPH for other additions to QUAL

a. IPPRNT. This parameter was added to suppress the

additional STEP output (from *ID ADDPRNT) when STEP

is called from subroutine QUAL. It was also added
to namelist PROPGT for the same purpose.

b. The output of the focal plane search was modified to
print out more information.

c. Additions to QLOT

RBB (New meaning)
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IWRITE (see *ID RMVSPHP)

PROP (see *ID PROP)

IRYFF

KPLOT

I TABLE

ICTRD

(1) RBB:

If RBB is input as other than one,

QUAL will find the quality infor-

mation for RBB (RA/D)

(2) IRYTFF.GT.0 writes far field

to unit IRYTFF

(3) KPLOT.GT.O plots the far field by

calling PLOT (KPLOT)

(4) ITABLE = 0 finds quality table and

plots information

1 1 does not do the above

(5) ICTRD is used for ITABLE = 0,

= 0 chooses the optimal focal length

based on the highest 1.0 RX/D quality

about IMAX, then constructs the quality

table based on the better of the two

beam qualities at that focal length

(Default and same as previous).

I 1 calculates quality table about cen-

troid for optimum.

= 2 calculates quality table about IMAX

for optimum.

- 3 finds the optimum value about either

centroid or IMAX chosen for the highest

l.ORX/D quality.
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!I r' F slJIAL

*TvIhr FUMIAL
'MIAL

,wTI aFPT A Trw. 1*
r **. j.jt IS T- ;% Ir~f 17F,trwLINF INTI.NSiry )IiE TO A PLANF W4VF
r To4 au A IA1 4 PTti vlr~I-4 C~jv aTNG~ L 'A4 UF FUCAL LENGTM

C .P U~T AwitAT T'14I. 'JFA-4 FI r) Twf' TOTALi P*)W.b1 IN THEF APFTU.~r)

17 LANF .AVF 11; TmF Sv'4F Ac, T4Ar or T 4r CIJW$tN CU FIELn.
*INS$ut CYCLF'4.17

*rNSFQT t6nL.13sA
C
C 1-Jwf0T IS a VI.vi4 Fl vQNrTs( Ns4PG at..O wt~ow Fi.O STFP
C z 0) ni)N't i'INT
C a I 09411-4T (-)FFI%(JLT)

IPwNT a=1

A4C(KIST~J~l)a rI'4FT

llIpfNr = AC(A,IST.3) . 10il

CMornN ,5TIPi4w/ TIO'sir
f), )AL

*TiSFQT JITTFW.I;?,

IF(Kw~LUT.NF.o1 CALL IPLOTe(KPLUT)
I'w-,4T zI
[F(rI-YTFF.%wj.4D) wwrrFcrpyrFF) (CU(IIA=IlNO14).X~flAr)WX0YNtTqSAVE

IF ITwYtFF.NF.l) w'.UTF(h,901) fQYTFF
..*flf F wAT(l')x.*FAWJ FIFLil riA' QEIN wWIMITT'N TO LINTI4)

qSTF P

T'ISFWT SPD~
COMMON /ST;.-Jei / TPWT

rAVITY
*1 41Fwt CAvITY.0

COMMOIN /(;TPiw./ 1014,4T
61,4s;w~t Clv ITY.I','

IPhIIT 2
0'AL

*1-4SEWT jtTTTFW.1't&
OATA PFTTTL /14*a-4 o4HFAW 94*HFWEL.AMif) PL94407T; *2*4m

04TA #'FTTTL /14*4b4 ,*4HoPJT.I4Hf4lF*,&Hf9I FI,44FLP' **0

IPJA4T 0 i

r, *0 . AVF a Q :Pfr,%o 1 r14 it'A FIELD i',J4M 'j;,.T 4.

01I 5FQT li'Iai * 1'
r7 00* IJA4F : 1 AVF NFAW IEL. ON uNI1T to

*T Sw6OT JIJAg I~
r *** !SAVI- *-I : ovfl jFA6' FVFL(i Fi.f)j JIjNT 4.

C #* v.W1TF Cl) Tl wIT?4 tFNJ APPLIEIv (I)( AL LF.4GTh4 F) M1 IUNIT 1
*''FLFTE 141IAL.IIP1
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CALL i~lot' JT.) XFKYFfo~ PW
!F( TSTFP.F.f- CALL POW)(ITe)oo)*PAoPAorroRS

A CALL buwwAW (",ior;.ix.A.JS.PAKYPFAFHPWMR)

w..qTTE(vho1 V) Jii.P".CINT.YCI'4t*44l.oPKMXtPFAK.Pf.AkK.

x 4w[ TFi(h. 3o, HUR4iWXC INrYC!NT,.wuI.WWWKUMKEA,(.Y"E&(

EI?,Ih~iJFt)I.~FSr~?.~/1,h iCALC FLUX IN ,Fcie?.'%I PL/fl2.Gl?.10.
X14H &.A(T TmaA OF*6i2.4..1?' c(oawnINA!FS.?(i12.4/l3N TOTAL DCALC

EPL~~in,1~ ~W*FFtNCE lIi AMFT.F#~.Z.
X 1144 STWF'4(. TMt~N';[TY

,4o~c.i4T z Ph4',iK/Pw5AvI0I1.
M40%C!4T 2 0QASKI/PWcAVl%*I').

v * fFNI 'WTFsie;//9 140 ARWItT 14AX Foiw S~lL/U*,S1*4q
X101.* IN '% mOIIT T'4F CFNTPOlI0 FORJM L~~.

*91FLFTE ')tjat-.flj

CALL P.Uwqow (I.0TS*'lA.X e,)S. l(C Nr 9YT1T *~IPI r)

ZLf'Sn at 71n*71.!

C **FINI H'a Fw It, nkP)
CALL 12-.W -(j2'.) . oj; X F K Y F K P.* R S
CALL Pf)ww() .4 ONPTSjH(. x Lijs. <r1N r 9 C I-,T qW~~*RW%)

=H4 PwHS4*7LIS .4
PkIc$ 2 PP;4/jflf.

rrb.14.H.I.) GO TO )UOej
C **F11411 P)wFW 11, PQ#QL/'

CALL WO'(T.E.I.XF ,Pb4

CALL 'WU(i'i.*..i.CrYcN.IW1R

;JI I4kK a

C *. WFTtwNi To r "NjFTE,4 FOR 01TP')T.
-flnl ACINT z xrT'iT*ZLlN

YCVIT 2YcTNr*iLI)
APEAIK a XPF4A,*ZLrn
Y)fiaM w YPPim*7Ll
P'i(ISTFP) a P4K

40-1 aPQ/PWSAvF4lflo.
.40COYT a IIQR,')WjAVF@jniJ*

IF (uofl,~NF.* (.* ) GO' TO 30411

'*)l LFTF C Y(1*I'. 4 -CYCLcl-*Q

F 1 ')w'4&1 (//3'4(. ioW, frLux-01fi) 1*4 I*'QL/it At-q'T q/
K 1,0' rwl&L ;*~Ao'*n~(T~mo4I -1 A X CENT

v I e" t.W *rs.4A03" VL IA.ME.o 1014 (APFAK*YPFAK) (XCTNroyCfNr)a

0PF1I( .YF 4A'#XC NTqvc IN1
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X ' I F (,A * . 4 Fh, 1. )
41r.FLE rF C YCLF.1 7

*I)FLFTk ryC II- cj.o ICYCLF4.AS
R PT-4= - I -.*

C 0*0 F1141' L'CAT T')r4 ('IF ^4.A I4114 00ALlr t Y W)UT 1:44K .

IF0(. 1) P- * Jiir) ;) ToItoir

Isv z

C *" I N-) LiIC /TY I rW0 iA 4 IrALJA A I TY AkouT TtF CF.NI 40 10.

I F (124( I) .LF ijoiprTo 1i'.0 TO 17S'

ISv'4 x I

'I7q CON T INUF
r~ 00 OF rFwt4I N F';CAI. I.cNCvTI FOW OP~T IMAL CALCULA r ION

TV C TwTi).NF.*41 ,;o T' 360
IOIJT = 14V

IF(~r~ok.~.C-'PT !"PT = fSvti
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The lightly shaded region is removed by a regular

rectangular aperture, while the heavily-shaded por-

tion indicates the region removed by the fillet.

A central obscuration can be applied in a similar

fashion. The result is a rectangular aperture with

rounded corners:

r

The input was a list of names for RFIN for

nainelist APTUR and RFMIN for namelist MIROR.

Subroutine APRTR has also been modified such that it now prints

out maximum intensity on both the central obscuration, as well as on

outer aperture.

The bare resonator normalization aperture has been generalized to

include the fillet as well as being any particular mirror number TM.
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12. *ID NUDISKT

Ident NUDISKT modifies the two 1/0 IFLOWS in GDL, IFLOW = 10 and

IFLOW :16.

a. IFLOW - 10 Two new options have been'added to this

IFLOW. Multiple fields can now be written to the

same file by not rewinding the file between writes

(RWIND = .F.). A file can also be written that can

read at a terminal (READS = .T.). For this can the

file is written in the following order:

TITLE, NPTS, NPY

(X, HI, 1 1 , NPTS)

DO 141, J 1 , NPTS

141 WRITE (IWRITE) (01J 1,+ (J-1) *NPTS], I"

1, NPTS)

Symmetric fields are unfolded before being written

to tape for READS a .T.

b. IFLOW a 16 This IFLOW has been updated so that

formtted data can be read in as well as written

out. The format has been modified to include more

digits.
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13. *ID CY4KIN

The capabilities of the numerical SOQ kinetics package have been

expanded to include oxygen, hydrogen, and R-branch transitions (9.4 Vi Dand).

a. Oxygen has been upgraded from a structureless mole-

cule to one that has structure. Therefore, there

are now kinetics rate equations for the interaction

of oxygen with the rest of the molecules from the

combustion process.

b. Hydrogen has been included as a structureless

collision partner.

C. Previously the code has used P-Branch transitions

(10.4 u). Using GFACT less than 1 now activates the

9.4 u R-Branch transition.

In addition to the above major changes, two small additions have been made:

(1) Input the Gladstone-Dale constant GDC in name-

list CAVTYZ.

(2) Account for the gain length by the factor ZFACT,

also in CAVTY2.
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14. *MIRFIX

The MIRROR subroutine has been modified to calculate the effect of

power-induced surface curvature when mirror reflectivities other than
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the design value are used. The parameter, S, is modified to change the

center to edge distortion as a function of the mirror reflectivity. The

parameter, RFLFAC, is used to scale 6 as input through the relation:

N[here

R - Mirror reflectivity

P = Incident energy

d - Design value

Further, the MIRROR routine has been updated to include the calculation of

its own value of mirror flux-induced distortion factor when mirrors are

encountered off axis as noted by PHIAST A 0. This update has not been

activated, since it would mean input file changes for all users. It is

included in the code and will be activated by each user, when so desired.
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15. *ID PROP

The SOQ code calculation of far field performance is based on the

analytical equivalence between the Fraunhofer pattern and the propaga-

tion of a distribution with field curvature, f, a distance Z = f, using the

Raleigh-Sommerfield formulation of the diffraction integral in the Fresnel

degree of approximation. The SOQ far field calculation propagates the wave

distribution, CU, a distance f, determined in a manner which preserves the

correspondence between near field and far field coordinates, while accurately

resolving the energy spectrum in far field coordinates.

In certain cases, however, it has become necessary to propagate the

distribution CU to an arbitrary focal plane Z, using the SOQ calculational

procedure, in order to obtain the effects of beam jitter at a fixed distance

Z and to obtain the far field information scaled to same focal length. Since

far field calculations are based on the use of "vacuum" propagation, the far

field at any plane Z" is simply the scaled distribution at any other plane

Z'. This can be shown by comparing the far field distributions in terms of

the Fresnel integrals at two arbitrary focal planes Z' and Z", where a field

curvature of V = Z' and f" = Z" has been applied to obtain the distribution.

Comparison of these two distributions for the same transmitting aperture size

leads to the following scaling.

f -ik (f -Z) -ik -
CUZ.,, = CU7,. Z e

And

Z >,(B4)

7

where f is the propagation focal distance obtained in the usual manner from

the SOQ code, and Z is the "new" scaled propagation distance.

These changes are incorporated in the SOQ code primarily in subroutine

QUAL, as documented by the following Fortran changes.
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16. *ID ECSPIX

The updates for ECSFIX are included to correct original errors in

dimensioning Level ri variables, and to reduce the resident array sizes at

load and execution of the code.
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17. *ID SEGSOQ

The SOQ code, as currently configured, is too large to run on the Cyber

176 under AFWL Small Core Memory (SCM) restrictions (high speed core). The

segmented load option of the CDC NOS/BE loader has been used to reduce

execution time SCM requirements without loss of generality of the code. A

segmentation loader, and the appropriate "tree" structure of the code segmen-

tation is required to take advantage of this feature.

To incorporate this scheme into the SOQ code, the SOQ code required

additional ]LOBAL commons to-save certain values, as described on the follow-

ing Fortran listing. A segmentation tree was developed and is listed also.

Further information on segmentation is available in the CDC/NOS/BE loader

reference manual. This approach was selected instead of overlay structure

cecause it is a more powerful tool, even though it is machine specific.

i *Iris. 4T" 4;€ , 1j(]

In. qr*-',i TNCL II' ' Ct""..4, tbHAT CAN '*I S-0. F OW T-4E
CFf';M5:TFT) LOPPINGt(: O)F T-41: f") " Ko

rif % f,
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18. *WNDOW

The aerodynamic window subroutine of GDL is used to model the effect of

an aerodynamic window on the propagated field in a Monte-Carlo sense. The

aerowindow subroutine simulates a random phase transmission function whose

rectangularly distributed random phase information can be selected with

arbitrary "strength" or variance. This version of AEROW is designed to

simulate the phase field degradation with rectangular probability distribu-

tion in phase of 0.25.
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