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FOREWORD 

This manual describes three computer programs designed to 

study the optical properties of laser resonators.   The first two are 

both Step-by-Step Computer Programs,  termed SSCP and SSCPtECS), 

where the latter is based on an Expanding Coordinate System.   Both 

programs simulate the propagation of one or more waves between 

mirrors in a laser cavity,  differing primarily in the coordinate system 

used to describe the propagation.   Experience has shown the SSCP(ECS) 

program to be more efficient in most cases,  requiring less computer 

time and memory to solve equivalent problems,  and for this reason 

only the SSCP(ECS) is fully documented.   The SSCP package is docu- 

mented only in Section I and Appendix C. 

The third program is designed to take an output waveform from 

the laser cavity (computed by one of the two programs above) and 

propagate it to the far field to determine the resulting intensity distri- 

bution.   Appendix B contains a complete description of the program, 

including its mathematical basis anu a description of the required 

input. 

This report represents the second of two user's manuals which 

have been prepared under Contract DAAH01-73-C-0298.    The first was 

a user's guide for laser resonator modeling using the Fresnel integral 

technique.    This work was monitored by William Martin of the Propulsion 

Directorate. 
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G. 
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^d 

K o 

M 

NX 

NZ 

OMEGA l.OMEGAZ 

RCURVl.RCURVZ 

Defined by eq.   (14) 

T for cylindrical resonators,   4 for square 
resonators,  O for 2-dimcnsional calculations 

Speed of light 

Diameter of mirror  1 (output mirror) or 
mirror 2 

Mesh spacing at mirror  1 or 2 for x 
coordinate 

Small-signal gain at j      mesh point 

Resonator parameters defined by eq.  (16) 

Resonator parameter defined by eq.   (16) 

Small-signal gain for analytical grin 
subroutine 

Local flux density for two-dimensional 
resonator 

Local flux density for pseudo-three- 
dimensional resonator 

Wave number (2TI7M 

Geometric magnification of unstable 
resonator 

Number of propagating field points in 
x direction 

Number of propagation steps between 
mirrors 

1/e truncation distance for mirror edges 

Radius of curvature for mirror 1 and 
mirror 2 
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Sy mbol 

REFL1, REFLZ 

TLOSS1 

U 

li 

Urn 
J 

U Zd 

VRl.VRZ 

x 

XIZERO 

XWIDTH 

ZLEN 

ZLENMD 

ZMDLOC 

Greek 

AP 

Ax 

Az 

An 

An. 
J 

6x 

\ 

Zd 

Mirror reflectivity 

Transmission loss for mirror 1 

Electric field vector 

Phasor for electric field U 

Free-space electric field at x = jAx and z = mAz 

Electric field in two-dimensional 
resonator 

Defined in eq. (16) 

Transverse coordinate for electric field 

Saturation parameter for analytical gain 
subroutine 

Extent of x dimension at start of each 
roundtrip 

Distance between mirrors 

Gain medium length 

Distance from mirror 1 to center of gain 
medium 

„2-i 

Power contained in strip of Ax width 

Incremental step size in x coordinate 

Incremental step size in z coordinate 

n -  1 

n; - 1, where n   s refractive index at j 
field point 

Defined in eq.  (7) 

Wavelength 

th 

via 
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Greek 
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Laplacian operator in rectangular 
coordinates 

Laplacian operator for x coordinate only 

Angular coordinate for cylindrical 
resonators 

Optical frequency 
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I. SYSTEM DESCRIPTION 

Introduction 

The purpose of the Step-by-Step Computer Program (SSCP) is 

to study the optical properties of laser resonators.   The optical prop- 

erties of a laser system are dependent upon many factors which are 

interrelated in a complicated manner.    This makes it impossible for an 

experimenter to determine the best choice of medium and resonator 

parameters for producing an optimum output beam without an expen- 

sive experimental trial and error analysis or without conducting a 

realistic analytical study.    The SSCP is useful to the experimenter 

because it can greatly narrow the range of parameters from which he 

has to choose.   By modeling the laser medium and the optical resona- 

tor for the device under analysis,  he can vary the model parameters 

which represent physical variables and choose a range of parameters 

that give the best beam quality. 

The experimenter has the choice of making his analytical 

analysis using the Step-by-Step Computer Program (SSCP) described in 

this user's manual or the Fresnel Integral Computer Program (FICP) 

described in the user's manual for the Two-Dimensional Fresnel 

Integral Computer Program. The choice is dependent upon the size 

of the resonator's Fresnel Number and the homogeneity of the laser 

medium.    The SSCP must be used for laser resonators with Fresnel 

numbers larger than sixty,  for a transverse flowing medium,   when the 

medium is highly gain saturated,  or when significant density variations 
■ 

exist. 

The SSCP is a very versatile tool for the experimenter to use 

in the analysis of large Fresnel number,  inhomogeneous laser devices. 

Once he has optimized the nonoptical parameters to obtain the largest 

Two-Dimensional Fresnel Integral Compute : Program,  User's 
Manual,  Hughes Research Laboratories,  Contract NOT DAAHOI-73' 
C-0^98,  May 1973. 

1 

iftLuLt*.*  _ 



1 

amount of energy in the medium,   he must select an optical resonator 

which will optimize the far field intensity distribution (in most 

instances this means obtaining the largest far field flux density).    The 

SSCP will allow the experimenter to couple up to 6 laser waves to a 

particular laser medium (except for empty cavity calculations the 
SSCP must be furnished with a kinetics subroutine).    The medium sub- 

routine can represent a single line laser system such as a CO? laser or 

a multiline laser such as an HF laser and it must supply saturated gain 

and refractive index for each local propagating field point.    It will 

accurately account for diffraction of each propagating wave as they 

propagate through the laser medium.    By examining each wave and 

their composite (obtained from their averaged intensities) the user can 

determine if the laser will be single or multimode,  the total roundtrip 

loss or gain for each wave,   the output power of the laser,   the intensity 

and phase distribution for each wave in both the near and far field,  and 

an averaged intensity distribution for both the near and far field if the 

laser is operating multimode.   All the above information CUB be both 

printed and plotted after each roundtrip pass through the resonator (the 

operator has the option to print and plot after any given roundtrip 

pass).   Furthermore,  the user has the option of including mirror tilt, 

selecting the axial location of the medium inside the resonator,  and 

selecting mirror reflectivity and mirror transmission loss. 

The accuracy of the optimization results using the SSCP depends 

upon how realistically the medium and resonator models describe the 

actual laser device.   Since any model must make certain approxima- 

tions,  the optical properties as predicted by the SSCP will never be in 

exact agreement with measured results.   Therefore,  it is important for 

anyone using the SSCP to understand the techniques used in the analysis 

and its limitations.   In the remainder of this section the techniques used 

to analyze laser resonators,   the type of information available from the 

SSCP,   the limitations of the computer program,  and the factors govern- 

ing input data to the program will be described. 
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B, .St''p-by-Stcp Technique 

ihe approach that is taken to solve for the transverse modes of 

a laser resonator is one which closely resembles the actual develop- 

ment of the modes from the laser's spontaneous emission.   An arbi- 

trary input wave (the SSCP has a choice of a wave with uniform or 

gaussian amplitude distribution) is propagated back and forth between 

two i osonator mirrors.    As the wave traverses between the mirrors it 

interacts with the laser medium.   As it interacts,  its amplitude and 

phase are adjusted according to the gain and refractive index of the 

medium.    This iterative procedure is repeated until a stable solution is 

obtained.    The wave represented by the stable solution is the steady 

state transverse mode or modes of the laser.   A measure of the beam 

quality is obtained by transforming the steady state solution (near field 

of the laser) into the far field and comparing it with the resulting far- 

field distribution for a uniform near-field distribution. 

1. Approximate Solution to the   Wave Equation 

Confining our attention to the case in which orthogonal 

field polarizations are not mixed by the laser medium,  the electric 

field vector U within the resonator may be represented by 

U(x,z,t)  =  i Re[U(x. z) exp (iK  z - iwt)]. (1) 

where i is a unit polarization vector, K    is the free-space wave num- 

ber (K     =   Zir/K), u> is the optical frequency in rad/sec ( w =  cK  ),  and 

the phasor Ü is a complex number depending on the position coordi- 
A 

nates x, z.   In a laser resonator,   U(x, z) satisfies the wave equation. 

(V2 + Ko
2n2) U(x, z)   =  0 (2) 

2 
where V     is the Laplacian in rectangular coordinates, and n is the 

refractive index (contains both real and imaginary terms).   By con- 

verting the above differential equation into an integral equation and 



using the Green's function for the Heimholte equation,  we can obtain the 

following equation: 

U(x,z + Az)   =   U  (x,z + Az) exp ^i K  AnAz + 0(cAz   /p2)) (3) 

A 
where U  (x, z + Az) is the resulting electric field after propagating 
A o 2 
U(x, z) through free-space for a distance Az,   c  =  n    -  1,  p is the 

shortest characteristic length in the z direction over which the field 
2     2 

amplitude or phase changes,  and 0(tAz   /p ) is a truncation error 
A 

term.    In other words,   if we know both the electric field U and the local 

refractive index of the medium (assumsd to be constant for a distance Az) 

in the z plane, and if we know what the free-space electric field U    is in 
0 

the z + Az plane, we can determine the electric field U in the z + Az 

plane. 

In a laser resonator model,   the medium as well as the initial 

propagating field is assumed to be known.   Therefore,  what remains to 

be solved is how to determine the free-space electric field at z + Az 
A 

from a known electric field U at z. 

2. Propagation Algorithm (Two-Dimensional) 

The two-dimensional free-space wave equation assum- 

ing constant K    is written as & o 

(i2Ko al + vt ) öo(x'z) = 0 <4> 

2 2,2 
where V    =   9 /ox  .   Using the following difference equations of DuFort 

and Frankel (Ref.  2) 

2 
R.  D.  Richtmyer and K.   W.  Morton,  Difference Methods for Initial- 
Value Problems, Interscience Publishers,  Second Edition,   1967. 
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A 
90  o k (^r1 - url)        (5a' 

 o 

üx Ax Av^   V   J+1 J J J"1/ 
(5b) 

where 

(6) 
x  -  jAx 1  <   j   <   NX 

z  =  mAz 1   <   m   <  NZ 

[Eq.   (5) includes both the real and imaginary termo of U   .]      We 

obtain after substituting eq.  (5) into eq.   (4) the following propagation 

algorithm: 

* m+1   = _1 [V m-1 + i6xMm       _ ^ m-1 + ^m \ 

,   2/* m *  m-1  l   * m \ 
+ ox   (Uj + 1      -U. tU.^j] 

■   ■ 

+ Truncation Terms (7) 

- - 

where 6x  =   Az/(K   (Ax)   j.   Equation (7) allows the field at z + Az to 

be computed from known field values at z and z  - Az. - - 
The difference method of DuFort and Frankel is explicit and is 

unconditionally stable (solution always converges independent of ux, 

and Az) in unbounded regimes.   From experience and an examination of 

the truncation terms,  it has been determined that if Az  £  0. 5K   (Ax)   , 

and Ax and Az are less than the smallest characteristic length in the x 

and z directions,   respectively,  eq.   (7) will accurately propagate an 

arbitrary field through free space with a gain or loss of less than 1 or 

2% for each  roundtrip pass (the user should note that these errors do 

not accumulate from pass to pass). 



3. Calculation Procedure 

The calculation technique for analyzing laser resonators 

using the step-by-step propagation algorithm given in eq.  (7) is very 

similar to the technique described in Ref.   1; the main difference is the 

propagation algorithm [Ref.   1 uses a Fresnel integral to propagate the 

electric field back and forth in the resonator,  while here propagation 

is accomplished using the numerical difference technique in eq.  (7)]. 

The approach taken is to consider a propagating wave or waves 

reflecting back and forth between two cavity mirrors.   It will be 

assumed for the moment that there is no laser medium present.   (This 

condition gives the empty cavity or nonperturbed mode.)     The follow- 

ing calculation sequence is used: 

Empty Cavity 

1. Reflect input wave or waves (a maximum of six 
waves can be used) from mirror 1.   This step 
corrects the field amplitude for mirror reflectiv- 
ity and mirror size and corrects the phase of the 
field for mirror curvature and angular mirror 
tilt.   (For perfectly aligned resonators, mirror 
tilt is zero.) 

Z. Propagate one step to  z   =   Az  using the following 
initial propagation algorithm 

A1        AQ /*       o *oAo\ 
U.     =U.    +i6xU.   1

0-2U0 + U.xl (8) 

3. Propagate to mirror 2 (see Fig.   1) using eq.  (7) 
repeatedly for NZ - 1  steps. 

4. Reflect from mirror 2.   This step corrects the 
amplitude and phase of the field for the effects of 
mirror 2. 

5. Propagate one step using eq.  (8). 

6. Propagate to mirror 1 using eq.   (7) repeatedly 
for (NZ - 1) steps. 

i  i 
i 
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Fig.   1.     Resonator  geometry   for  step-by-step  computer  progra m 



7. Store real and imaginary terms of Ü; on a 
RSTART tape.   These values will be used later 
in a FAR FIELD PROGRAM to compute the far 
field intensity distribution. 

8. Renormalize field amplitude at mirror 1.   This 
step multiplies the field at mirror 1 by a constant 
so that at this location the area under the distri- 
bution curve remains fixed from pass to pass. 

9. Repeat steps I through 8 for NPASS passes. 

By following steps 1 through 9,  the many modes that went into defining 

the input wave will reduce to a single mode,   and this mode will be the 

lowest loss transverse mode of the resonator.   This mode is also the 

lowest loss mode for three-dimensional square mirror geometry and 

should be interpreted as applying to a cross section through a resona- 

tor having square mirrors with spherical surfaces.   It should be noted 

that when a saturable gain medium exists,  this equivalence is no 

longer true. 

Figure Z shows the active laser medium inserted into the calcu- 

lation procedure.   Unlike the FICP,  the SSCP is not restricted to low 

Fresnel number calculations and therefore can treat diffraction in the 

gain medium.   The total gain length of the medium is ZLENMD,  where 

ZLENMD can be equal to or less than ZLEN.   The location of the cen- 

ter of the laser medium is located ZMDLOC distance from the mir- 

ror 1. 

When propagating through the laser medium, the phase and 

amplitude of the field is adjusted after each propagation step according 

to eq.  (3).   Rewriting eq. (3) in terms of the local power gain G- and 

the local index of refraction An.,   results in the following: 
J 

U(jAx, z + Az)  =Üo(jAx,z + Az) exp   (-^-+ i K
0

An) Az (9) 

^itfr^Wififiiii^ 
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(G. can be positive or negative depending on whether the medium has 

gain or loss).     Az is the step size in the gain medium and is equal to 

ZLEN/NZ and An. is the local refractive index difference.   The local 

power gain G. can be supplied by a separate gain subroutine such as 

the Lockheed 2-D,   DF-CO-, (Ref.  3) mixing program or by a built-in 

gain subroutine GAINA which assumes the gain to be uniform and homo- 

geneously broadened.    The  latter gain routine is expressed as 

G.  =        GZERO    , (10) 
J      iyT(jAx)' 

1 +   XIZERO 

where GZERO is the small-signal gain,   XIZERO is the saturation flux 

density,   and yT(jAx) is total field amplitude (forward plus backward 

traveling wave).    If the medium is assumed to have uniform density,  then 

An. = 0.    Since this type of gain medium cannot couple laser transitions, 

GZERO and XIZERO are the same for each propagating wave. 
The calculation procedure when the two-dimensional laser 

medium is included is as follows: 

Medium Included; 

1. Reflect input wave or waves from mirror 1. 

Z. Propagate to edge of laser medium using eqs.  (7) 
and (8). 

3. Sum present field intensity with field intensity 
from previous pass traveling in opposite direc- 
tion (stimulated emission depends on total local 
intensity). 

4. Call gain subroutine.   This routine furnishes 
gain and refractive index values for each field 
point. 

5. Propagate one step in the z direction using 
eq.  (7). 

6. Adjust the U; field points for gain and density 
variations according to eq.  (9). 

3 
Chemical Laser Analysis Development Program,   Two-Dimensional 
Fresnel Integral Laser and Mixing Program User's Guide,  Vol. II, 
Lockheed Missile and Space Company,   Contract DAAH01-73-C-0232, 
Technical Report RK-CR-73-2,  October 1973, 

10 
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7. Store the intensity {|Ujp) for each field point. 

(The total number of times the intensities are 
stored in the z direction is limited to 21.   If the 
number of propagation steps in the medium 
exceeds 21,  the program automatically skips 
storing every step in order not to exceed this 
number. ) 

8. Repeat steps 5 and 6 for total of IGSKIP times. 
The parameter IGSKIP requires that IGSKIP 
propagation steps be made before the gain sub- 
routine is called. 

9. Repeat steps 3 through 8 until far side of laser 
medium is reached. 

10. Propagate to mirror 2 using eq.   (7). 

11. Reflect from mirror 2. 

12. Repeat steps 2 through 9. 

13. Propagate to mirror 1 using eq.   (7). 

14. Store amplitude and phase of field points on the 
RSTART tape.   (This data is used in the FAR 
FIELD PROGRAM to compute the far field 
intensity distributions. ) 

15. Repeat steps I through 14 for NPASS passes. 

Laser power can be coupled out of the laser at either or both 

ends of the resonator if the beam spills past the edges of the resonator 

mirrors.    The power lost in this way can be determined by taking the 

beam power before and just after the beam hits a mirror and taking 

their difference (mirror reflectivity is assumed to be  1).   Useful laser 

power is assumed to occur at mirror 1 and this can be from both 

spillage and transmission through the mirror (REFL1   <   1.).   It is this 

combined beam that is used to determine the far field. 

II 
.. 

1 

4. Mirror Edge Tapering 

The truncation error terms in eq.   (7) contain the fol- 

lowing partial derivatives. 

11 



Truncation Error   = 

i      rd4U  .   2"| 
-TIK- 7irAx 

o \_dyi J 

. i aJu A 2 + T —5- Az 
8z 

(11) 

Because of the partial derivatives with respect to x,  we cannot accu- 

rately treat infinitely steep field gradients that occur at sharp mirror 

edges; therefore,  it is necessary to use edge-tapering.   In our step- 

by-step resonator model,   the mirror reflectivity at the edge of the 

mirror is given by the following gaussian function: 

Mirror Reflectivity   =  REFL exp   /-(x - x )   /OMEGA   \, for | x    > x 1 o 

(12) 

where REFL is the power reflectivity of the mirror,   2x    is the mirror 

width describing the region of uniform reflectivity, x = o at mirror cen- 

ter,  and OMEGA describes the distance of truncation.    (When the operator 

sets DIA1 or DIA2,  the program automatically computes x    such that 

x     =  DIA/2 -  v/0. 7 •   OMEGA.   This fixes the effective mirror diameter o 
between the half power points in the taper region. ) 

C. Step-by-Step Technique (Expanding Coordinates) 

The discussion up to this point has outlined the technique for 

solving for the transverse modes of a laser resonator using the step- 

by-step propagation technique.   As stated in the introduction the step- 

by-step technique is best suited for large Fresnel number waves. 

Thus, the step-by-step model should be best suited for studying large 

Fresnel number resonators.   However, this is not the case.   Larger 

Fresnel numbers require increasingly larger numbers of mesh points 

and therefore more computer time.   This is due to the beam curvature 
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which is introduced into the wave every time the beam bounces off a 

resonator mirror.   For example,  in a confocal unstable resonator 

using a convex and concave mirror (laser output is obtained at the 

convex mirror),  the beam that is reflected from the output mirror has 

a radius of curvature equal to that of the mirror and thus its effective 

Fresnel number is much lower than the Fr^nel number of the resona- 

tor.   However,  by using an expanding coordinate system,  we can 

remove the dependence of the mirror curvature on the number of mesh 

points required to accurately propagate the beam.   We can propagate 

the beam back and forth inside the resonator,   assuming it is nearly a 

plane wave,  and then by using a suitable coordinate transformation 

determine the actual beam distribution including phase information. 

The SSCP can treat diffraction within the laser medium,   but it 

is limited to studying resonators with Fresnel numbers of approxi- 

mately 60 or less.   However,   by going to an expanding coordinate sys- 

tem the Step-by-Step Computer Program (Expanding Coordinate 

System) SSCP(ECS) does not have an upper limit on the Fresnel num- 

ber.   Because of the importance of large Fresnel numbers in high 

power laser systems,  this user's manual will be mainly devoted to the 

SSCP(ECS).   Features which are  explicitly different in the SSCP will 

be described in Appendix C. 

1. Propagation Algorithm (Two-Dimensional) 

The propagation algorithm for the expanding coordinate 

system is similar to the algorithm given in eq.  (7) and is expressed as 

follows. 

4 
Chemical Laser Mode Control Progiam,  Semiannual Technical 
Report,  Hughes Research Laboratories,  Contract No.  DAAH01-73- 
C-0290,   13 November 1972 through 12 May 1973. 
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um+1 

j 
AA       f* m-1 /A -r, 

ZU."1"1-  AA + U."1,   \ 

+ Truncation Terms 

where AA is a variable which is a function of z.   AA is defined as 

(13) 

:  1 

AA   =  l1  ■ 2(z + VR) ) (14) 

where VR is shown in Fig.   3 as the virtual image source distance with 

z measured from the mirror as the beam propagates away from it. 

The virtual source distance V % is a function of the physical parameters 

of the resonator and is given as   : 

VRl.Z 
/ 1 

teigg)    - 1 +(gli2) 

kfl -(g/1 
ZLEN (15) 

where g,   -, are the resonator g parameters defined at 

. 

, ZLEN 
g1.2  ~      " RCURV1,2 (16) 

Because of the expanding coordinate system 6x is no longer a constant 

since Ax is a function of z.    Ax is expressed as follows. 

A.  E.  Siegman,  "Unstable Optical Resonators for Laser Applica- 
tions, " Proceedings IEEE,   53,  277-287, March 1965. 
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Fig.   3.     Geometry  showing   location of  virtual   image 
sources   PI   and   P2. 

: 
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Ax =  DXMIRl (l + Vp . ] propagating from mirror 1 to mirror 2 

Ax =  DXMIR2 (l +     ^    1 propagating from mirror 2 to mirror 1 

(17) 

where DXMIRl and DXMIR2 are the values for Ax at mirror  1 and 

curror 2,   respectively,  and z is again measured from the mirror that 

the beam is propagating away from. 

As a result of the coordinate transformation the SSCP{ECS) 

differs from the SSCP in that beam expansion or contraction is con- 

trolled by the increase or decrease of Ax in eq.   (17) and not by the 

phase curvature placed on the beam upon reflection from a mirror as 

is the case for the SSCP.   In the SSCP(ECS), the transformed mirrors 

are flat (infinite radius of curvature).   The operator,  when inputting 

the mirror radii of curvature,   must supply the physical curvatures to 

the program (these are used to compute the virtual image distances in 

eq.   15), but the program treats the mirrors as if they were flat when 

the beam reflects off their surfaces.   The divergence or convergence 

that would be caused by the actual curvature of the mirrors is treated 

by the coordinate transformation.   The operator can supply any mirror 

curvature to the program as long as all virtual image sources are 

located outside the resonator.    The coordinate transformation cannot 

treat internal focal points.   It should be pointed out that in the 

SSCP(ECS),  the maximum distance traversed in the x-direction 

depends on the maximum value for Ax. 

2. Calculation Procedure 

The calculation procedure for the empty cavity configu- 

ration is as follows (see Fig.  4). 
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Fig. 4.  Resonator geometry for step-by-step propagation with 
expanding coordinate system. 
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Empty Cavity 

1. Compute VR1 and VR2 and VR2 using eq.   (15). 

Z. Reflect input wave or waves from mirror 1. 
(Maximum of six waves can be specified. ) 
Mirror 1 and mirror Z are treated as if they 
have infinite radius of curvature (flat mirrors), 
therefore only the spatial properties of the input 
wave are changed. 

3. Compute Ax using eq.   (17).   (DXMIR1  = 
XWIDTH/NX, where XWIDTH is an input 
parameter). 

4. Propagate one step to z   =   Az using eq.   (8). 

5. Compute Ax using eq.   (17). 

6. Propagate one step in the z direction using 
eq.   (13). 

7. Repeat steps 5 and 6 until mirror Z is reached. 

8. Reflect from mirror Z. 

9. Repeat steps 3 through 6 until mirror 1 is 
reached. 

10. Store field points on RSTART tape for use in 
the FAR FIELD PROGRAM. 

11. Renormalize field amplitude.   This step multi- 
plies the field at mirror 1 by a constant so that 
at this location the area under the distribution 
remains fixed from pass to pass. 

1Z. Reduce the maximum spatial extent of the beam 
from xmax to XWIDTH.   This step takes the NX 
field points which have amplitude and phase 
information for the beam spaced every DXOUT 
and replaces every field point with beam infor- 
mation spaced DXMIR1 apart. 

13. Repeat steps Z through 13 for NPASS passes. 

For the empty cavity configuration,  the operator can determine the 

total roundtrip losses for the resonator by summing the losses that 
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occur at each mirror.    The loss at mirror  1 is determined by taking 

the area under the intensity distribution after completing step 11 and 

subtracting from it the area after step 2.    The loss at mirror 2 is the 

difference in areas after completing steps 7 and 8 [the area after each 

of the indicated steps is printed as output by both the SSCP and the 

SSCP(ECS)]. 

The phase distribution obtained with the expanding coordinate 

system is normalized to the geometric phase for the output beam.   In 

other words,   if there are no perturbations in the resonator,  the output 

phase will be essentially flat (all geometric curvature removed). 

To include the laser medium effects in the SSCP(ECS) an addi- 

tional step,   other than the steps outlined for the SSCP,  is required to 

compute the local intensities needed for the gain subroutine.   Note in 

Fig.  4 that propagating from mirror 1 to mirror 2 the total extent of 

the beam in the x-direction is smaller than for the opposite traveling 

beam.   Since the field points of the two opposite traveling waves do not 

necessarily coincide,  the total local intensity (which is needed for the 

gain subroutine) must be obtained by interpolation.   In addition the 

matrix containing the local intensities S0T0T and GAIN must be 

expanded to include field points covering the entire beam of the previ- 

ous pass when propagating from mirror  1 to mirror 2 at the current  z 

location. 

D. Pseudo Three-Dimensional Calculations 

In high power laser devices with transverse medium flow,  the 

spatial homogeneity of the near field intensity distribution depends 

upon the output coupling of the resonator.   Since the coupling loss for 

two- and three-dimensional resonators are not equal [for two- 

dimensional confocal unstable resonators the loss (1 - 1/M) is consid- 

erably less than the three-dimensional loss (1 - l/M )], a realistic 

near-field distribution cannot be obtained with a two-dimensional reso- 

nator calculation.   Furthermore,  three-dimensional calculations are 
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necessary to determine output power since this quantity also depends 

upon coupling loss.    The SSCP and the SSCP(ECS) contain an option to 

perform a pseudo-three-dimensional calculation.   A description of the 

calculation technique is given below. 

I. Calculation Technique 

The three-dimensional cylindrical resonator is divided 

into two halves about a line running from the top to the bottom of the 

resonator.    The same propagation algorithms used for the two- 

dimensional resonators can be used if it is assumed that for the right 

half (downstream half) of the resonator the field amplitude in the reso- 

nator is 

^■^ = y3d(r)e 
J4> yZd(x) , (18) 

for 

TT , IT 
I < 6 < 3   , 

0   <  x  < DIA 2 

and for the left half (upstream half) of the resonator for field amplitude 

is 

U, ,(r,(t.) =  y,,(r)ej4, =  U?,(x)   , ■3d' ■3d Zdy (19) 

for 

2  < *   £T ' 

and 

■DIA 2 
< x <   0 
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Thus,   for the upstream half of the resonator,   the mode distribution is 

independent of <J>,   and a similar assumption is made about the down- 

stream portion.    Next the flux density that the gain medium senses 

must be adjusted in order to account for the differences in coupling 

loss.    To find this adjustment factor,   note that the power contained in a 

thin strip Ax wide and DIA2 high in a two-dimensional resonator is 

Ap2d  =  I2d •  DIAZ •   Ax   , (20) 

i     i 2 where I   =   |Uj|    .    The power contained in a thin strip Ar wide and cov- 

ering half a three-dimensional resonator (either the upstream or 

downstream half) is 

Ap-, ,   =  ASR •  I. ,  •   rAr   =  ASR •  I- ,  ■  xAx 1 3d 3d 3d 

ASR   =  IT (cylindrical resonator) 

(21) 

ASR   =  4 (square resonator) 

ASR  =  0 (two-dimensional calculation) 

where the center of the resonator mirror is assumed to be loccited at 

x =  0,  and 1 is the flux density in the laser cavity.   Because of the 

imposed angular requirements (cylindrical resonator) on I,, in the 

cavity,   the three-dimensional cavity flux density can be set equal to 

the two-dimensional cavity flux density.   Thus 

AP3d = ^ • x •  AP2d <22) 

However,  in order to satisfy eq.   (22) the flux density that the medium 

senses I    (I    is the flux density used to calculate the gain which in this 

case is different from the cavity flux I) must be adjusted as follows 
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p       ASR .  . 
i3d     ' DIA2 '   X       2d (23) 

2. Calculation Procedure 

The procedure for computing the pseudo-three- 

dimensional near-field in the presence of a laser medium is similar to 

the two-dimensional procedure described for the SSCP and the 

SSCP(ECS).   The three-dimensional procedure requires two additional 

steps.   First,   since eqs.   (7) and (13) conserve the two-dimensional 

area the field amplitude at each propagation step must be renormalized 

in order to conserve the three-dimensional area.   Each field point is 

multiplied by the following constant: 

RATIO  =  Renormalization Constant {3-d) 

? \ 1/2 
2|U.mr|x.  -x  |Ax . '   i    '   '   i        c1 

i 

S|Um+1|2|x. - x   |Ax 
.'i '   '   i c 
i 

(24) 

where x    is the x-dimension for the center of the resonator.   The 
c 

accumulative ratio RCUM3D is the NZ products of RATIO for each 

propagation step (RnTIOj • RATI02 •• •  RATIONZ).   Second, the total 

local intensities must be adjusted according to eq.   (23) before comput- 

ing the local gain.   It should be pointed out that the local intensities are 

not permanently changed by this adjustment; they retain their original 

values once the local gain has been computed. 

Both programs,  the SSCP and the SSCP{ECS) are set up so that 

when ASR  =  0,  two-dimensional calculations are made. 

E. Program Uses 

The Step-by-Step Computer Program (SSCP) and the Step-by- 

Step Computer Program with Expanding Coordinate System 
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I 
. [SSCP(ECS)J,  when used to analyze empty cavity resonators,  will solve 

for the amplitude and phase of the lowest loss transverse mode,   the 

total  roundtrip   loss   per pass,  the output coupling fraction,  the ampli- 

tude and phase of the far-field distribution,  and the far-field normal- 

ized area distribution.    This latter distribution gives the total area,  or 

power,   under the far-field distribution for a given far-field angle. 

Both near- and far-field information is provided regardless of the res- 

onator configuration.    The resonator may be stable or unstable,   per- 

fectly aligned or misaligned as a result of mirror tilt,   or have partially 

transmitting mirrors. 

The empty cavity analysis is important because it gives the 

program user the nonperturbed intensity cistributions for any two- 

dimensional resonator configuration.   It also permits the user to 

determine the effects of mirror misalignment and coupling on the 

intensity distributions. 

With an active medium present,  additional information can be 

obtained from the SSCP and SSCP(ECS).   Using the uniformly saturable 

gain routine contained in the two programs,   the user can determine 

how the intensity distributions are perturbed when saturable gain is 

present.    Furthermore,  he can determine if a given small signal gain 

will cause multimoding in the resonator.   For gain routines such as the 

Lockheed Z-D,   DF-CO . mixing program,     effects from flow,   multi- 
•• 

1 
1 

2 
wavelengths,  and refractive index gradients can be studied.   In addi- 

tion,   of course,   parametric studies involving concentration, 

temperature,  and mixing of gas species can be performed in order to 

determine their effect on the output beam. 

F. Limitations 

The two-dimensional Step-by-Step Computer Program (SSCP) 

has three basic limitations.   The first limitation is that the analysis is 

limited to slit or two-dimensional resonators; this restrains the laser 

medium from varying in the y direction.   Therefore,  lasers which have 

3 
Chemical Laser Analysis Development Program,   Two-Dimensional 
Fresnel Integral Laser and Mixing Program User's Guide,  Vol. II, 
Lockheed Missile and Space Company,   Contract DAAHO I-73-C-0232, 
Technical Report RF-CR-73-2,   October 1973. 
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free expansion nozzles,   shock waves, etc. ,  cannot be accurately 

analyzed with a two-dimensional analysis.    The pseudo-three- 

dimensional calculation procedure discussed in Subsection D permits 

the user to eliminate the difference in coupling loss between the two- 

and three-dimensional resonators; however,  the procedure still 

requires medium uniformity in the y direction. 

The second limitation of the SSCP is the size of the Fresnel 

number of the resonator which can be analyzed.    For efficient calcula- 

tions the number of field points NX should be less than approximately 

300.   From past experience this requires Fresnel numbers of 60 or 

less.   The Step-by-Step Computer Program with Expanding Coordinate 

System [SSCP(ECS)] removes this limitation.   However,  in removing 

the Fresnel number limit it adds a constraint that no internal focal 

points can exist inside the resonator (all virtual image sources must 

bk, outside the resonator). 

The third limitation is the inability to treat infinitely sharp 

mirror edges.   Since the mirror edges must be gradually tapered,  the 

fine structure in the near-field intensity distribution is eliminated. 

However,  the overall structure is not degraded by the tapering of the 

mirror edges and the net result is an averaging of the fine structure to 

produce a smooth varying intensity distribution for the transverse 

modes. 

G. Input Data Considerations 

Several input variables to the program are not set by the 

physical dimensions of the laser device being analyzed.   A list of these 

along with a brief description follows: 

Variable Description 

NX 

NZ 

Number of field points 

Number of propagation steps between 
mirrors 
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Variable Description 

IGSKIP Number of propagation steps between 
GAIN calls 

AMPINT Amplitude of input wave (uniform or gaus- 
sian (NTW/L) 

WOMEGA 

OMEGA 1, 2 

XWIDTH 

l/e   radius of input wave (L) 

Truncation distance for mirror edges (L) 

Maximum spatial extent of input wave (L) 

NX must be chosen such that there are at least two field sample points 

within the smallest length in the x direction over which the amplitude or 

phase of the beam changes.    The smallest length may be OMEGA or the 

size of a density variation such as a shock wave.    For single mode lasers, 

NX will be determined primarily by the truncation distance of the mirror 

edges (sec discussion at end of this section). 

NZ is determined from the following equation: 

K 
Az   < -f •   Ax2 

(") 

where 

Ax 
XWIDTH 

NX and Az   = 
ZLEN 

NZ 

Under most conditions,  eq.  (25) is sufficient to determine Az; however, 

if a laser medium is present such that the amplitude or phase of the 

beam changes by more than 5 or 10%,  then Az must be reduced in 

order not to exceed this limit. 

IGSKIP should be set so that the GAIN subroutine is called 

whenever the beam amplitude changes by 5 or 10% 

The amplitude of the input waves (uniform or gaussian distribu- 

tion) is set by AMPINT. For empty cavity conditions th? field distribu- 

tion is normalized every pass in order to make the average intensity at 

mirror 1 equal to 1.0; therefore, AMPINT has no meaning in this 
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case.   For gain filled resonators the distribution is not normalized. 

Since the final mode distribution must be independent of the input wave, 

the value for AMPINT is arbitrary.   For values less than the satura- 

tion levels of the medium,   the SSCP and SSCP(ECS) require several 

passes through the resonator before the medium saturates (gain equals 

loss).   By setting (AMPINT)    approximately equal to the saturation 

flux density of the medium,   the SSCP and SSCP(ECS) require the few- 

est number of iterations for a solution. 

WOMEGA is the 1/e radius for the input wave or waves.   The 

amplitude distribution for the input is as follows: 

|u|.n ut =  AMPINT exp/-(x - xc)2/WOMEGA2) . (26) 

For uniform distributions,   WOMEGA — «. 

The truncation distance for the mirror edges is given by OMEGA 1 

and OMEGA2.   The values for OMEGA should be such that 2 ■   OMEGA < 

0.07 • DIA.   For example,   if DIA2  =   10 cm then OMEGA 2 <   0. 35 cm. 

The purpose of the upper limit on OMEGA is to insure that the taper 

region does not contribute to a significant portion of the mirror sur- 

face.   There is an additional consideration that must be made when 

setting a value for OMEGA.    Significant truncation error terms in the 

propagation algorithm can develop if there are not sufficient sample 

field points in the taper region; therefore,  the    operator must be sure 

that DXMIR < OMEGA/3.   Decreasing OMEGA means that DXMIR 

must be decreased proportionately.   However,  DXMIR can only be 

decreased by increasing NX,  which means more computer storage and 

computation time to analyze the resonator.   Therefore the operator 

must compromise between the sharpness of the mirror edge and com- 

putational efficiency. 

Since the step-by-step propagation algorithm is a numerical 

difference method,  the first and last field points in the propagation 

algorithm must always contain zero.   Therefore in the SSCP and the 
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SSCP(ECS), XWIDTH must be large enough to ensure that throughout 

the entire cavity,   significant truncation errors are not introduced by 

setting the end points to zero (in both programs,  the value assigned to 

the end points are always zero).    In the SSCP (where there is no 

expansion of the coordinate system),   XWIDTH must be large enough to 

include both geometric and diffraction spreading of the beam.   For 

example,   on the first pass when the initial beam is reflected from 

mirror 1 and propagated toward mirror 2, XWIDTH (which is equal to 

NX •   Ax) must be larger than the beam when it arrives at mirror 2 

(the beam size at mirror 2 will depend on both the radius of curvature 

of mirror 1 and diffraction spreading).   In the SSCP(ECS),   geometric 

spreading is accounted for by the expanding coordinate system. 

Therefore, XWIDTH which sets the width of the initial input beam does 

not have to be made large enough to include geometric spreading,  but 

only large enough to include diffraction.   This is the advantage of the 

expanding coordinate system.   When using the SSCP(ECS),  XWIDTH 

usually is slightly larger than DIA1, while in the SSCP, XWIDTH 

usually is larger than the largest cavity mirror. 
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II. PROGRAM DESCRIPTION 

A, Summary of the SSCP(ECS) 

.. 

.. 

The Step-by-Step Computer Program with Expanding Coordinate 

System,  or SSCP{ECS),   is composed of a variety of FORTRAN sub- 

routines and functions.    For simplicity,  they can be grouped into four 

divisions based on function:     primary,   satellite,  utility,  and input/ 

output routines.    The boundaries between divisions are arbitrary; but 

in general reflect the importance or difficulty of implementation of a 

subprogram. 

Primary routines are generally the longest and most logically 

complex of a system of routines.   In addition,   they usually contain the 

fundamental mathematical concepts and techniques upon which the pro- 

gram was based.   The SSCP(ECS) system consists of three such 

routines. 

.. 

.. 

PR51 Main program, defines input,   contains 
overall logic 

P50SBS Propagates one or more waves through 
free space 

P50MED Propagates one or more waves one way 
through a medium 

Satellite routines are generally self-contained routines which 

accomplish some smaller portion (often repetitive) of the overall solu- 

tion.   Four of these routines are incorporated in the SSCP(ECS). 

P50GAI 

GAINA 

Returns a set of gain values at a particu- 
lar location in the medium 

Computes the gain for each element of 
each wave for some location in the 
medium 

•- MIRROR Reflects one or more waveforms from a 
particular mirror 

SETMIR Sets up a mirror vector 
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The GAINA routine is described as a satellite routine only because of 

its mathematical simplicity and its short length,   A program such as 
3 

the Lockheed DF-CO, mixing program would obviously be a primary 

routine when substituted for GAINA. 

Utility routines generally have little to do with the calculation 

that the program system is performing,  but. accomplish some neces- 

sary function instead.   The four routines of SSCP(ECS) in this category 

are: 

P50GET Retrieves one intensity value from the 
last-pass intensities matrix by a triple 
linear interpolation 

P50INT Reduces the output wave(s) from fully 
expanded form to compacted form for 
start of next pass by linear interpolation 

NORM2D Two-dimensional area conservation 
(renormalization routine) 

RAT3DA Three-dimensional area conservation 
routine 

Input/output routines are normally special purpose routines 

designed to manipulate a particular type of input or output in a particu- 

lar way,  and hence are self explanatory and highly inflexible.    Three 

routines of this class are: 

AREA21 Computes and prints the area under a 
curve 

PWROUT Computes and prints the near field power 
and power transmitted for one or more 
waves positioned before the output mirror 

RSTART Restarts a previous run by reading a 
magnetic tape 

The fourth routine in this category, ALLOUT,  is in reality a 

package of routines designed to allow the programmer to describe the 

type,  frequency,  and quantity of output he desires while retaining 

flexibility.   Since these routines have nothing to do with the problems 

'Chemical Laser Analysis Development Program,  Two-Dimensional 
Fresnel Integral Laser and Mixing Program User's Guide,   Vol. II, 
Lockheed Missile and Space Company,  Contract DAAH01-73-C-0232, 
Technical Report RK-CR-73-2,   October 1973. 
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which the SSCP(ECS) was designed to handle,  their description will be 

given in Appendix A. 

B. Main Program and Key Subprogram Descriptions 

1. PR51 (Main Program) 

The main program,   PI :',  defines all input parameters 

and controls all output either directly (by calling the output package) or 

indirectly (by supplying an output file code to routines which use the 

output package).   In addition,   PR51 controls job flow by initializing 

certain parameters before each case begins,  defining certain vectors 

(such as the mirror vectors),  and defining the manner of execution of 

the primary routines P50MED and P50SBS. 

All important arrays are declared in PR51 and supplied to sub- 

programs through the argument list or by labeled COMMON.    This 

feature permits the user to alter the size of certain arrays as desired 

to minimize the storage requirement.   All arrays dimensioned in PR51 

are indexed by one or more of five quantities:     (1) the maximum num- 

ber of propagating points in the x-direction,  (2) the maximum number 

of last-past; intensity values stored in the z-direction,   (3) the largest 

number of propagating waves,   (4) the largest number of passes that 

PR5 1 can handle, and (5) the largest number of gain values that PR51 

can handle.   These five values are assigned to variables NXD1M, 

NZD1M,   NWD1M,  NPDIM,  and NGDIM,  respectively,  and appear in a 

DATA statement at sequence number  18Z0.   Table I describes the rela- 

tionship between each subscript of each array and the approximate 

quantity involved.   The abbreviations used in the table are 

X = NXDIM 

Z s NZDIM 

W s NWDIM 

P =? NPDIM 

G s NGDIM 
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TABLE 1.     PR51 ARRAY SUBSCRIPT REFERENCES 

Subscript Reference 

Array Name Array Type No. 

1 2 3 

T Complex X w _ 

U Complex X w - 

V Complex X - - 

XMIR1 Complex X - - 

XMIR2 Complex X - - 

GAIN Complex G w - 

SO Real X z w 
SONEW Real X w - 

SOTOT Real G w - 

XLAMDA Real w - - 

XKZERO Real w - - 

AMPINT Real w - - 

INFOUT Real p - - 

WOMEGA Real w - - 

X Real X - - 

OUT1 Real X - - 

0UT2 Real X - - 

OUT3 Real X - 

OUT4 Real X - 

OUT5 Real X - - 

OUT6 Real X - - 

OUT7 Real X - - 
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.. 

J Should the user need to change one or more of the dimensions of PR51, 

he should first identify which arrays are affected (by Table I) and then 

change each array declaration in PR51 to reflect the changed dimen- 

sion.   Last,  he should change the appropriate value in the DATA 

statement at sequence number 1820 so that all subprograms will auto- 

matically handle the change. 

Z. Selected Subprogram Descriptions 

Flowcharts and listings are provided in Appendix E for 

each primary routine and the more complex satellite and utility rou- 

tines.   Other routines,  including the output package (GPOP),  have only 

listings.   Documentation describing the purpose of each routine and the 
- - 

nature of the arguments supplied are provided in the listings them- 

selves with the exception of three GPOP routines.   The description of 

GPOP usage appears in Appendix A.   The information provided by the 

listings (and, if present, the flowchart) is generally sufficient to ade- 

quately describe the subprogram.   However, three routines warrant 

further mention. 

.. 

11 
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P50GAI 

The critical feature of P50GAI is the storage and 

retrieval of the last-pass intensities prior to the call to the gain rou- 

tine.    Since a major portion of dimensioned storage lies in the SO 

(last-pass intensity) matrix,   a facility exists by which the user can 

avoid storing intensities at every medium propagation step.   When 

retrieving intensity values from the matrix, therefore,   a linear 

interpolation procedure is used to derive an approximate intensity 

value for each field point.   As the propagation proceeds along the 

z-direction,  current intensity values are stored in place of last-pass 

intensities which are no longer needed so that the wave re-entering the 

medium during the next P50GAI call will contain new values.    The SO 

index in the z-direction increments when propagating toward the back 

mirror,  and decrements when propagating toward the output mirror. 
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SET MIR 

The mirror setup routine,   SETMIR,  computes three 

components for each location of the mirror matrix.   The first, 

reflectivity,  is supplied directly to the routine as an input parameter 

but may be locally adjusted by SETMIR to accommodate edge tapering 

(see Section I.B.4).   The second component, mirror curvature,  is 

defined as 

CURV.   =   exp[-jK  (x.  -x )2/RCURV]  , i  =   1,2,   •••,   NX 

where 

x is the x-value at the mirror center c 

RCURV   is the mirror radius of curvature. 

The third component,  mirror tilt,  is defined as 

j[2KoP(x..xc)] 
TILT.   =  e        "      *    ~      , i =   1,2,   • • •,  NX 

where 

p =  mirror tilt angle (radians). 

GAINA 

The gain routine returns an array defining the power 

gain and refractive index variation of the medium for each wave and 

each field point at a desired z-location.   The gain matrix is complex, 

with the real part containing the local power gain, g.,  and the imagi- 

nary part containing the refractive index variation, Arj.K .   The 

GAINA routine supplied with the SSCP and SSCP(ECS) only returns a 

power gain. 
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C. Input Description 

PR51 is the only routine in the SSCP(ECS) package requiring 

input to be prepared by the user.    All such input is entered on data 

ca -ds by the FORTRAN NAMELIST convention, with which the reader 

is assumed to be familiar.   (A complete description can be found in the 

FORTRAN reference manual.)     In general,  a NAMELIST data record 

consists of a "$" in column 2 of the data card followed immediately by 

the particular NAMELIST name for this record, followed by one or 

more blanks or a comma, followed by the list of variables and corre- 

sponding values (in the form of assignment statements separated by 

commas), and finally terminated by a "$". 

Two NAMELIST group names are used by PR51,  the first, 

CASENO,  used to define the number of cases to be analyzed during the 

run,  and the remaining one used for each case to describe all run 

conditions,   geometry, and constraints.    The data deck for a run will 

always have as its first NAMELIST record a card of the form 

$CASENO NCASES =   5$ 

to describe the number of cases to be analyzed (here set to "5" for 

illustration).   Following this card will be NCASES groups of cards, 

each group having a first card starting "$INPUT. . . " and a last card 

ending with a "$" following the last data value defined. 

The parameters which must be defined in the case description 

block named "INPUT" are: 

(Title) 

CASE Real number in format XXX. XX to be 
displayed for titling purposes on output 
as case number 
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(Run option descriptions) 

NPASS 

1FILE 

IRCODE 

1RTAG 

IROUT 

The number of passes which the starting 
wave is to be propagated (no upper limit) 

The FORTRAN file code on which all 
normal output will appear (normally  =  6) 

FORTRAN file code for restarting a 
previous run, if >0 (must match the file 
code assigned to a magnetic tape on a 
system control card) 

Pass number from which restart informa- 
tion is desired from file code IRCODE, if 
IRCODE   > 0 

FORTRAN file code for generating a tape 
for later restart or far field analysis,   if >0 
(must match the file code assigned to a mag- 
netic tape on a system control card) 

(Cavity description) 

NX Number of propagating field points (see 
Section I-G and II-B-1) 

XWIDTH Minimum spatial extent in x of the beam 
(see Fig.  4),  L* 

NZ Number of propagation steps to be taken 
between mirrors (see Section I-G and 
II-B-1) 

ZLEN Distance between mirrors,  L 

XCENTR Relative location along x of mirror axis 
centerline,   L 

ASR Pseudo-three-dimensional parameter 
(see Section I-D-l) 

*Unit of length is arbitrary but must be consistent for a data case. 
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(Medium description) 

ZMDLOC Location of the center of the medium 
relative to the output mirror,  L (see 
Fig.   2) 

ZLENMD Length of the medium,   L (see Fig.   2) 

(Gain routine description) 

IGSKIP 

GZERO 

X1ZERO 

Skip parameter for call to GAINA,  where 
IGSKIP =   3 would call the gain routine 
every third propagation step (see Sec- 
tion I-G) 

g0,  the small signal gain used by 
GAINA,  L"1 

I0,   the saturation flux density used by 
GAINA,  watts/L2 

(Input wave description) 

NWAVES The number of propagating waves 

XLAMDA K,  or wavelength for each wave; array of 
NWAVES,   L 

AMPINT Initial amplitude for each wave (see Sec- 
tion I-G); array of NWAVES, (watts^/^/L, 

WOMEGA w for each gaussian input wave, if >0 (see 
Section I-G); array of NWAVES,  L 

(Mirror descriptions) 

DIA1 

DIA2 

REFL1 

REFL2 

RCURV1 

RCURV2 

Diameter of output mirror, L 

Diameter of back mirror,  L 

Power reflectivity of output mirror^ 

Power reflectivity of back mirror^ 

Radius of curvature of output mirror,   L 

Radius of curvature of back mirror,  L 

■Fraction with values between 0 and 1, 
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OMEGA 1 1/e truncation distance for output mirror 
edges (see Section I-G),   L 

OMEGA2 1/e truncation distance for back mirror 
edges (see Section I-G),   L 

T1LT1 Tilt angle of output mirror,  radians 

TILT2 Tilt angle of back mirror,   radians 

TLOSS1 Power loss of output mirror* 

(Output option selection) 

1NFOUT Near field print options (a "zero" stored 
in the i^1 location of this vector will sup- 
press the output for the matching pass 
number; a "one" will produce the normal 
output); array of NPASS 

D. Restart Facility 

PR51 controls the generation of a restart tape if a certain 

option is supplied,  while RSTART controls the search of a restart tape 

to find and read a desired waveform if two other parameters are 

supplied.   The user will normally not be concerned with the format of 

the data on the tape since the program handles the information solely 

on the basis of three input variables during case definition (1RCODE, 

IRTAG,  and IROUT).   Should it be necessary to know the format of the 

data on the restart tape,  the following information should be sufficient. 

The information on the restart tape is written by FORTRAN 

unformatted (binary) WRITE statements.    The first record consists of 

five words regarded as titling information only.    The second record 

consists of 20 words used for describing the quantity of information to 

be read from the tape.   The first word of the integer array is NX,  the 

second is NZ,  and the third is IWAVE, where these variables repre- 

sent the number of propagating field points in the x-direction,  the 

number of SO matrix locations used for storage in the z-dimension. 

i , 

'Fraction with values between 0 and 1. 

38 



and the number of propagating waves (NWAVES in data input section), 

respectively. 

The remaining logical records on the tape occur in groups of 

three,  each group representing the results of a different round-trip 

pass. 
r 

Record Information Contained 

SI The pass number for this set of infor- 
mation.   (This number is searched for if 
a restart is requested.) 

2 The near-field pattern for each propa- 
gating wave, written and read by 
([U(I. J),I = 1.NX]. J=1,IWAVE) 

3 The last-pass intensities matrix,   so 
that propagation can be continued; 
written and read as 
[([SO(I,J,K),I=l.NX].J=l.NZ), 
K=1,IWAVE)] 

Groups of three logical records are read at a time in the event of a 

restart until the pass number read from the tape matches the restart 

number supplied by input variable IRTAG. 

E.          Gain Routine Replacement  £  

», GAINA,  the gain routine provided with SSCP(ECS) is designed 

to be replaced with a more sophisticated routine whenever desired.   A 

replacement of this nature will be simplest if the new routine uses the 

same name and calling arguments as does the present GAINA routine. 

If additional arguments (such as g   and I   in GAINA) are required, 

provision for their initialization can be made by including a labeled 

COMMON block in both PR51 and the gain subroutine and initializing 

the parameters by a READ statement,  an initialization subroutine,  or 

by a BLOCK DATA subprogram.   Modification of the argument list 

required for the  gain routine is uot recommended since at least the 

P50GAI routine would have to be changed,  and possibly P50MED, to 

assure that the arguments are passed successfully to the gain routine. 
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III. MACHINE UTILIZATION 

The SSCP(ECS) package is written in FORTRAN IV.   The 

program was originally written for a GE635 computer operating under 

the GECOS III operating system,  though this manual reflects changes 

made allowing the program to run on a CDC 6600 computer operating 

with the SCOPE monitor (Version 3.4).   This requires about 34K 

(decimal) or 103K (octal) words of memory,  of which 

NXDIM[(NZDIM + 7)NWDIM + 12] + NWDIM(3 •  NGDIM + 6) 

+ NPDIM + NZDIM 

resides in dimensioned arrays in the main program.   For the current 

dimensioning parameters 

NXDIM =   101 

NZDIM =  21 
- * 

NWDIM =  2 

NPDIM =101 

NGDIM =   1001 

the total storage required for dimensioned variable storage is 

13, 000 words (decimal) or 31, 300 words (octal). 

Processor time depends on too many parameters and option 

settings to be accurately estimated,  but the longest case analyzed so 

far consumed about two minutes on the CDC 6600 and about 15 minutes 

^ ontheGE635. 
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APPENDIX A 

GENERAL PURPOSE OUTPUT PACKAGE (GPOP) DESCRIPTION 

The GPOP package was written to eliminate the need for 

specialized output routines (and to eliminate the inevitable errors 

incurred during their development) while still retaining enough flexi- 

bility that output could be tailored to a program's needs.    The routine 

is able to handle real or complex vectors and perform various normal- 

ization operations on the data to be displayed.    Tables and/or printer 

plots can be specified for any vector as can a skip parameter in case 

the data need not be tabled in their entirety.   Pages are titled and data 

are headed by the appropriate user-supplied column heading.    Up to 

seven vectors of information can be handled at once.    Since all such 

output is fully specified by providing the appropriate information in a 

FORTRAN subroutine CALL statement,  the" possibility of user error is 

virtually eliminated. 

Usage 

CALL ALLOUT (IFILE, NPTS. ISKIP, NMAT, NCHAR, LABEL, 

ITYPE   , IOPT1, NCHAR l, LBLj, AMAT1, DUMMY j, 

ITYPE   .IOPT   , NCHAR   , LBL  ,AMAT   .DUMMY  ) 
n n n n n n 

where n = NMAT and 1   <   n  <   7. 
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Description of Parameters 

for 
each 
vector^ 

IFILE 

NPTS 

ISKIP 

NMAT 

NCHAR 

LABEL 

'ITYPE. 
i 

JOPT. 
i 

'NCHAR. 
1 

LT3L. 
i 

AMAT. 
i 

I DUMMY. 

Output file code 

Number of points in each user vector 

Skip parameter for vectors (i. e. ,  use 
every ISKIPth location) 

Number of vectors supplied to ALLOUT, < 7 

Number of characters in title 

Title (either an array or a Hollerith 
literal) 

Matrix type {1   =  real,  Z =  complex) for 
ith vector 

Output option (described below) lor i 
vector 

Number of characters in label for i^h 
vector 

Label for i     vector (array or Hollerith 
literal) 

Name of user matrix to be displayed 

Dummy vector supplied by user (dimen- 
sioned at least NPTS) 

The IOPT. option is a seven-digit integer which completely 

describes the sort of output to be produced from the corresponding 

vector.   Each digit has a specific meaning.   For the  description below, 

assume that the integer's digits are numbered from right to left (i. e. , 

7654321),  dnd that numbers shorter than seven digits will have zeroes 

assumed for the leftmost digits. 

. 

46 



m 

I 
I 
I 
I 
1 

i 

! 

I 
1 
1 
I 

Digit Number Options 

I Value type to be taken from 
vector 

0 number is assumed 
real 

1 real part of complex 
number 

EZ imaginary part of 
complex number 

3 magnitude of complex 
number 

4 intensity of complex 
number 

5 pha.'je (radians) of 
complex number 

6 phase (degrees) of 
complex number 

2 Option for tabular output 

0 no tabular output for 
this vector 

1 produce tabular output 
for this vector 

3 Option for printer plot 

0 no plot for this vector 

1 plot vector versus 
AMATi, full page 
scaling 

2 plot vector versus 
AMATi,   plot scaled for 
"convenient" axis 
increments 
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Digit Number Options 

4 Not currently used 

5 Option for normalization type 

0 no normalization 

1 vector normalized to 
one by division 

2 vector normalized to 
zero by subtraction 

6 Option for position of normalization 

0 no normalization 

1 center point is normal- 
ized to zero or one 

2 highest value point nor- 
malized to zero or one 

3 lowest value point nor- 
malized to zero or one 

7 Option for normalized area plot 

0 produce vector itself 

1 use vector to produce 
normalized area plot 
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ALLOUT main routine of the GPOP set; produces a 
complete set of listings and/or plots when 
referenced by a CALL statement 

ONEOUT prepares one vector to be listed and/or 
plotted; called once for every vector 
supplied to ALLOUT 

VALUE computes the value for one location in the 
vector to be listed and/or plotted; called 
for each location of every vector handled 
by ONEOUT 

LBLPOS positions alphanumeric column heading 
above each vector to be listed 

PGPLT2 produces line printer plot 

CSCALE scales axes for PGPLT2 

I 
1 
I 

Fig.  Al.     GPOP  subprogram references 
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APPENDIX B 

FAR FIELD PROGRAM DESCRIPTION 

I. SYSTEM DESCRIPTION 

A. Introduction 

The purpose of the FAR FIELD PROGRAM (FFP) is to 

determine the far-field intensity distribution of the laser output bearr^ 

the total far-field power, and the incoherent average of the near- and 

far-field intensity distributions (averaging is only necessary if the 

laser is operating multimode). 

The method used to determine the far-field intensity distribu- 

tion is to take the near-field distribution that is transmitted by the 

output mirror and multiply each field point by a phase correction fac- 

tor exp (i K   (x - x )   /(RCURV),  where x    is located at mirror center, o c c 
This correction factor acts as if the output beam is reflected from a 

•- 
spherical mirror having a radius of curvature RCURV.   This is referred 

to as a far-field mirror.   The far field is by definition located in the 

focal plane of a spherical mirror,   therefore propagating the beam 

reflected from the far-field mirror a distance ZLENFF  -  RCURV/2, 

the far-field intensity distribution is obtained for the output laser 

beam. 

Incoherent averaging is used whenever the output beam is 

multimode or,  in other words,  whenever the transverse mode does not 

stabilize bat continues to change from pass to pass.   The averaging is 

performed by adding the intensities, at each field point, to each suc- 

cessive pass through the resonator and dividing by the number of 

passes averaged.   For multimode lasers,   both the averaged near- and 

far-field intensity distributions will converge to a stable solution after 

sufficient averaging. 
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B. Calculation Procedure (Empty Cavity) 

For two-dimensional (ASR =  0) far-field distributions the 

computational procedure is straightforward.   The near field amplitude 

and phase for the empty cavity is obtained from the RSTART tape. 

This distribution is multiplied by mirror  1 (output mirror) and the 

resulting distribution (e. g. ,  the portion of the beam that spills past the 

edges of the mirror plus the portion transmitted by mirror 1) multiplied 

by the far-field mirror.   Finally the beam is propagated to the focal 

plane of the mirror by a two-dimensional Fresnel integral (see Ref.   1 

for a description of the Fresnel Integral).   The user must choose 

RCURV so that the spatial extent of the far field distribution is similar 

to the spatial extent of the near field.   For example,  if RCURV is too 

small,  the number of sample points containing significant information 

will be a small percentage of the total number of sample points NX. 

When ASR ^ 0 or in other words when pseudo three-dimensional 

calculations are being made,  the far-field calculation procedure is 

similar to that described above except the two-dimensional Fresnel 

integral must be replaced with a three-dimensional Fresnel integral. 

The following propagation algorithm is used to find the far-field distri- 

bution (in a transverse plane cutting through the focal point) for a 

cylindrical near-field distribution in Section I-D. 

UW   =   -— Z   We WzLENFFJ -1 HoVzLENFFJI 
j=l 

iK       Nx .K (^W) 
•U(jAX)AX--T^     Y     Ixle    oRÜÜRV 

j=Nx/2 

/    / K xjAx   \ / K xjAx  \\ 

for x <  0  , 
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where x is measured in the far field plane with the center located at 

x   =   0,   U(jAx) is the output beam (includes both real and imaginary 

terms),   and H    is the Struve function.   For x   > 0,  the far field distri- 

bution is found by changing the sign in front of the Struve functions, 

C. Calculation Procedure {Laser Medium Included) 

Since the step-by-step propagation algorithm requires that 

mirror edges be tapered,  the phase distribution for the near field 

transverse mode will change significantly for small changes in x in the 

region of the taper (note that this rapid phase change occurs in the 

taper region).    This change is seen as an increase in the phase curva- 

ture as |x| increases.   In empty cavity resonators,  the amplitude of 

the beam in the taper region falls rapidly and therefore the small 

amplitude combined with a rapidly changing phase does not significantly 

distort the far-field distribution.   However,  in transverse flow lasers 

where the upstream portion of the resonator can have considerably 

higher unsaturated gain (especially in the taper region),   the amplitude 

of the beam in the taper region may no longer be insignificant and 

therefore there could be significant distortion in the far field due to the 

taper region.    To correct for this effect which is introduced because of 

the necessity to taper the mirror edges,  there is an option in the FAR 

FIELD PROGRAM to take the phase of the output beam from the gain 

filled resonator and subtract from it the phase of the empty cavity 

output beam (obtained from empty cavity RSTART tape).    This removes 

the phase curvature due to the taper region,   but does not affect any 

phase distortion introduced by the medium. 

The use of the phase subtraction is an operator option.   Experi- 

ence has shown that the phase curvature in the taper region for the 

SSCP(ECS) is considerably smaller than for the SSCP and therefore 

phase subtraction has not been needed when the SSCP(ECS) was used. 

To better understand the phase subtraction,   refer to Fig.   Bl.   Fig- 

ure Bl(a) shows a typical near-field phase distribution for an empty 
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Fig.   Bl.     Example  of phase  subtraction 
when  computing  far  field 
intensity  distributions   in  the 
far  field  program. 
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confocal unstable resonator.   The phase is essentially flat in the center 

of the resonator and increases rapidly in the taper region.    The phase 

distribution for the medium filled resonator looks essentially the same 

as the empty cavity distribution except for some distortion near the 

center.    The difference in the two distributions is shown in Fig.   Bl(c) 

and is essentially flat everywhere except for the distortion caused by 

the medium.    The far field distribution for the last two phase distribu- 

tions (assuming some amplitude distribution) will be the same if the 

amplitude is small in the taper region.   However,  if the amplitude is 

not small in the taper region,  the far-field distribution for the second 

phase distribution will appear distorted.   Thus by using the third phase 

distribution,  the rapidly varying phase in the taper region is 

eliminated. 

:: 
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II. PROGRAM DESCRIPTION 

A. Summary of the FFP 

The Far Field Program (FFP) is composed of primary, 

satellite,  and input/output routines of the sort described earlier.   The 

two primary routines are 

FFLD Main program,  defines input,  contains 
overall logic 

FFLDAV Propagates one or more waves to the far 
field; controls averaging; controls output 
of far field and averaging information 

Four satellite routines are contained in the FFP. 

PMAT30 Sets up a Fresnel integral vector for 
two-dimensional propagation to the far 
field 

SETM01 Sets up the far field mirror vector 

FFPRP2 Propagates a wave to the far field by 
three-dimensional propagation 

STRUVE Computes the Struve function by Taylor 
series approximation 

The three input/output routines,   RSTART,  AREAZ1,  and 

ALLOUT have been discussed in Section II-A of the SSCP(ECS) part of 

this manual and will not be further discussed here. 

Four of the routines deserve further mention at this point. 

FFLD 

FFLD,  the main program,   controls the definition of the input 

near field wave prior to calling the far field/averaging routine 

(FFLDAV).   The procedure in constructing the near field wave is to 

define both a "primary" and a "secondary" wave,  where the latter may 

not be supplied for certain cases.   When phase subtraction of the 

empty cavity waveform is desired, the secondary wave is restored 
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from the specified magnetic tape and the phase correction terms 

computed.   As each primary wave is restored (from a different tape), 

it is phase-corrected by the secondary wave (if it has been supplied) to 

yield the desired near field waveform. 

There is no functional difference between restart tapes gener- 

ated by the SSCP and those generated by the SSCP(ECS) -both are 

fully compatible with the tape requirements of the FFP package.    The 

difference has,  in the past, been that an SSCP tape will also require 

the empty cavity secondary tape for phase subtraction while the 

SSCP(ECS) primary tape exhibits a sufficiently flat phase profile to not 

warrant the empty cavity tape.    The latter situation is a significant 

advantage since the number of tapes should be minimized for faster job 

turnaround. 
- 

SETM01 
'  

1. The mirror setup routine,   SETM01,   computes three components 

for each location of the mirror matrix.    The first is the transmission 

distribution.    The distribution takes into account the si/.o of the output 

mirror DIA 1 ,   the output mirror reflectivity REFL which is constant over 

the mirror surface,   and the transmission loss TLOSSl of the output 

mirror.    This distribution when multiplied by the near field distribution 

taken from the RSTART tape,   gives the field distribution incident on the 

far-field mirror.    The second component,   curvature,   is defined as 
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CURV.   =   exp f-jK   (x.  -x )2/RCURV]) i   =   1,2,   •••.  NX i '-•'oic ' 

The third component,   mirror tilt,  is defined as 

j[2KJ3(xrxj] 
=   ( 

i 
TILT.   =   e 0     1     c      , 1  =   1,2, ••■,  NX 

where 

ß =  mirror tilt angle 

x    s  x at the mirror center 
c 

RCURV  = radius of curvature of the far-field mirror « 
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PMAT30 

PMAT30 generates the Fresnel Integral matrix by which 

diffraction propagation is performed.   To simplify computation,  the 

matrix is symmetrical around the (2-NX-l) point.   In general, the i"1 

value of the matrix is defined as 

3-j-  jKo[(i-l)Ax]2/2L 
AxVzi±e 

where 

L   = ZLENFF,  or far-field propagation distance 

though the procedure in PMAT30 performs this computation in a dif- 

ferent form than that shown. 

FFLDAV 

The concept of averaging is included in the FFLDAV routine 

along with the far-field propagation (which is straightforward). 

Averaging can be used independently on either the near-field or the 

far-field intensity distribution or both,  and consists of a numerical 

average at each point of all the values of the intensity distribution over 

some set of passes. 

B. Input Description 

FFLD is the only routine in the FFP package requiring input to 

be prepared by the user.   All such input is entered on data cards by the 

FORTRAN NAMELIST convention, with which the reader is assumed to 

be familiar.   (A complete description can be found in the FORTRAN 

Reference Manual. )     In general, a NAMELIST data record consists of 

a "$" in column Z of the data card followed immediately by the particu- 

lar NAMELIST name for this record, followed by one or more blanks 

or a comma, followed by the list of variables and corresponding values 

(in the form of assignment statements separated by commas), and 

finally terminated by a "$. " 
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Two NAMELIST group names are used by FFLD,  the first, 

CASENO,   used to define the number of cases to be analyzed during the 

run,  and the remaining one used for each case to describe all run con- 

ditions,   geometry,  and constraints.   The data deck for a run will always 

have as its first NAMELIST record a card of the form 

$CASENO NCASES  =   5$ 

to describe the number of cases to be analyzed (here set to "5" for 

illustration). 

Following this card will be NCASES groups of cards,   each 

group having a first card starting "$INITL. . . " and a last card ending 

with a "$" following the last data value defined. 

The parameters which must be defined in the case description 

block named "1NITL" are: 

ASR Pseudo-three-dimensional parameter 
(see Section I-B in this appendix) 

IPSTRT Pass number at which to initially restore 
the primary wave (>0) 

1PFIN Last desired pass for which a near field 
wave is to be constructed (sNPASS of run 
generating tape) 

ISTAG The pass number of the wave to be desig- 
nated the secondary wave (iNPASS of run 
generating tape) 

IPCODE Primary wave's file code, >0 

ISCODE Secondary wave's file code,  if >0 

IFILE The FORTRAN file code on which all 
normal output will appear (normally  =   6), 
>0 

NWAVES The number of waves to be taken from 
tape (<NWDIM in FELD) 
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ZLENFF The far field propagation distance 
(normally half the far field radius of 
curvature) 

R.CURV The far field radius of curvature (see 
Section I-B in this appendix) 

XKO The wave number (ZTT/X.) for each wave; 
array of NWAVES,  Lr1 

DX The spacing between field points 

NX The number of field points (<NXDIM in 
FFLD) 

TLOSS The power loss of the output mirror* 

REFL The power reflectivity of the output 
mirror* 

BETA Tilt angle of far field mirror,   radians 

DIA1 Diameter of output mirror,  L** 

DIA2 Diameter of back mirror,  L 

VR2 Virtual source distance for the back 
mirror; (set to 1.E30 if SSCP(ECS) not used) 

ZLEN Distance between cavity mirrors,   L 

INFOUT Near field print options; array of IPFIN 
(<101) 

th 
0 stored in the i     location of this 

vector will suppress the near field 
output for the matching primary pass 
number 

th 
1 stored in the i     location of this vec- 

tor will produce full near field output 
for the matching primary pass 
number 

^Decimal percent between 0 and 1 
*Units are arbitrary but must be consistent for a case. 
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IFFOPT Far field propagation and near/far field 
averaging switch,  where the i^h.  location 
in IFFOPT controls the matching primary 
pass number 

0 Do not propagate to FF; do not 
average NF or FF 

1 Propagate to FF; do not average NF 
or FF 

£       Do not propagate to FF; average NF 
only 

3 Propagate to FF; average NF only 

4 Propagate to FF; average FF only 

5 Propagate to FF; average both NF 
and FF 

IFFOUT Far field averaging output options,  where 
the ith location in IFFOUT controls the 
output for the matching primary pass 

. number 

0 Print neither set of results 

1 Print FF results only 

2 Print averaging results only 

3 Print both FF and averaging 
results 

I 
1 
I 
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C. Flowcharts and Listings 
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D. Sample Case for FFP 

The case described by the input below is a far-field analysis of 

the waveforms computed during the sample case "8.45" described in 

Appendix D.   A magnetic tape was generated and saved by that program 

and will be used for input to the FFP.   The user is assumed to be 

familiar with the conventions adopted by his own computer center when 

referencing a previously saved magnetic tape. 

The far-field analysis is to be two-dimensional (ASR =  0.) 

adhering to the same mode of analysis used in the SSCP(ECS) sample 

case 8.45,   The tape is to be read from its beginning,   rather than 

some intermediate pass number,  and is to read no further than the 

?*■    pass.   One wave is to be taken from the tape at each pass (the tape 

could contain more waves).    The file code for the primary wave is 

logical file code 10 (the user is assumed to have previously informed 

the computer system that file code  10 is to be associated with the 

SSCP restart tape).   There is no secondary,  or empty cavity, tape to 

furnish phase terms for subtraction from the primary waveforms.   The 

file code for normal program output is logical file code 6.   The far- 
4 

field propagation distance is to be 6 x 10    cm.   The wave number 

(XKO) can be found in the fifth NAMELIST group (WAVES) at the begin- 

ning of the normal output of the SSCP(ECS) for case 8. 45 following the 

vector name XKZERO.   The iix mesh spacing can similarly be found in 

the second NAMELIST block (CAVITY) following the term DXOUT. 

The number of mesh points along the x direction is known (from the 

input to 8.45) to be 81.   The first seven passes read from ths restart 

tape are to have their near field values printed, to be propagated to the 

far field, and to have the far field values printed.   No averaging is to 

be performed.   The output mirror of the 8.45 cavity is  100% reflecting 

(the loss has no meaning in this instance since no light energy passes 

through the mirror).   The radius of curvature of the far field mirror is 
4 

twice the propagation length above,  or 12 x 10   cm.   The far-field 

mirror is not tilted.   The diameters of the output mirror and back 
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mirror for the 8.45 cavity are 5.74 cm and 11. 1 cm,   respectively. 

The virtual radius of the back mirror is found in the second,  or 

CAVITY,   NAMELIST group of case 8.45 after the term VR2.   The 

distance between mirrors in the cavity is 10,000 cm. 

Sample Input Deck 

(column 2) 

$CASENO NCASES=1$ 
$INITL 

ASR=0. , IPSTRT=0, IPFIN=7. NWAVES=1, 
IPCODE=10,ISCODE=0,ISTAG=0, 

IFILE=6, ZLENFF=6. E4, XK0(1) = 20944. . 
DX = . 225,NX = 81, 

INFOUT(l) = 7*l,IFFOPT{l)=7-l,IFFOUT(l)=7*l, 
TLOSS^O. . REFL=1. , RCURV=1. 2E6. BETA=0. , 

DIA1 = 5. 74,D1A2=11. 1, VR2=1. E30, 
ZLEN=10000.$ 

The output produced by the FFP consists of four major groups. 

The first is not optional and includes the following: 

1. Repetition of the input data 

2. Description of the far-field mirror matrix 
(intensity and phase listings and plots) 

3. Restart summary of titling information con- 
tained on the secondary tape,  followed by a 
listing and plot of the phase correction informa- 
tion (appears only if a secondary wave,  or empty 
cavity,  tape is used) 

4. Description of the "ideal" uniformly illuminated 
aperture for this cavity configuration 

5. Far field summary of the wave in 4. 

6. Restart summary of titling information contained 
on the primary tape 

The near-field summary (optional) lists and plots the intensity 

and phase information of a wave taken from a primary tape (after 

phase correction, if a secondary tape was specified). 
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The far-field summary (optional) lists and plots magnitude, 

intensity,  normalized magnitude,  normalized intensity, normalized 

phase,  and normalized area of a near-field wave. 

The averaging summary (optional) lists and plots the incoherent 

average of both near-field and far-field waveforms. 

The following pages represent the output produced by the sam- 

ple data case.   All types of output except the secondary wave restart 

and averaging are represented. 
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MIBRO" niScRJ'TlON 

I 
1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
\* 
15 
16 
17 
ia 
1» 
20 
21 
22 
23 
2« 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3« 
39 
40 
41 
42 
43 
44 
45 
46 
47 
46 
49 
90 

-0.90000000E 01 
-0.677908006 01 
cO,65500000E 01 
=0;8S2499«9E 01 
aO.BionooooE oi 
sO',7R750000E 01 
-0,7«l)ftO«OOE 01 
:0.7429oeoOE 01 
■0,7?00OS00E 01 
c0;697«0800E 01 
-0,675008006 01 
s0,6S280e00E 01 
^0,63000800E 01 
s0.6n750000E 01 
s0,9R5O0B00E 01 
E0,5A25oeOOE 01 
=0.94000000E 01 
=0,517500006 01 
s0.49500800E 01 
sO,47250SOOE 01 
s0.49oeoeooE oi 
tO 4?79oeOOE 01 
io,4o5noeooE oi 
=0 3e29oeooE 01 
B0.36000B0OE 01 
s0.33790800E 01 
•0,315008006 01 
;0.29250800E Ot 
BO,27OOO0OOE 01 
sB,24790»00E 01 
e0.225e0800E 01 
äB'.2n290a00E ot 
io.iAoooeooE oi 
r',197908006 01 
»0,135008006 01 
eO;il290800E Ot 
0,900000006 00 

08 
00 
08 

o{67S9öefl»t 
sO 49000800E 
sO,27»Q0800E 

0 22500800E 08 
0,450000006 08 
0.67$B0808E 00 
Q|9flOeOBOOE 00 
0,112908006 Ot 
o,i39ooeooE 01 
0,19790800E Ot 
0,1^0008006 01 
0;20290800E 01 

INTENSJTV 
o.ioonooooE oi 
o.iooonoooc oi 
O.IOOOOOOOE oi 
0.99999996E GO 
0,999999966 "0 
O.IOOOOOOOE 01 
O.IOOOOOOOE 31 
0.100000006 ni 
O.IOOOOOOOE 01 
O.IOOOOOOOE n 
O.IOOOOOOOE 01 
0.99999998E 00 
0,999»9998E 00 
0.99999999E no 
O.IOOOOOOOE 01 
0.999V9f9BE 00 
0.99999999E 00 
0.99999999E 00 
O.IOOOOOOOE 01 
O.IOOOOOOOE 01 
0.99999999E UO 
O.IOOOOOOOE 01 
0.999V9999E 00 
0'.999?9»99E 00 
0,100000006 01 
O.IOOOOOOOE 01 
O.IOOOOOOOE 01 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0, 
0. 
0. 
0, 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 

PHASE (DG) 
•0>.90002237E 0? 
«0',50008240E 0? 
•0;il02674BE 02 
0 26942243E C? 
0,638987106 0? 
0;99842eB9E 02 
0jl3477415E 03 
0 168693UE OS 
.o;H8«0182E 03 
<0|12650767E 05 
äO 95626431E 0? 
iO,65757497E 02 
s>0 319018696 02 
»0,.9057l»54E 01 
0;i7774270E 02 
0.4359317BE 02 
0 6R3999I5E 02 
0 92.O3480E 02 
0 11497467E 03 
0 1367«176E 03 
0,ll750013E 03 
0,,l7724«aiE 03 
0;i6402e02E 03 
0 14630715E 03 
0,129608806 03 
0;il390899E 03 
0)992296146 02 
0 90000800E 08 
0 50000000E 00 
0 90000000E 00 
0,500008006 00 
O'^OOOOBODE 08 
0 900008006 00 
0 900006006 00 
0.90000800E 00 
o;9ooooeooE oo 
0 90000800E 00 
o'.9oooooooe oo 
O'.SOOOOOOOE 00 
0 50000000E 00 
0 50000000E 00 
0 50000000E 08 
O'.SOOOOOOOE 00 
0.90000800E 80 
OJSOOOOOOOE 00 
o sooooeooE oo 
0.90000000E  00 

io;90000800E 00 
"0 SOOOPOOOE 00 
=0.900000006 00 
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MIRpOfi  DiScRIPTlOw 

I 
0.2?500800E 01 
o;247soeooE 01 
0.27000IOOE 01 
0 ZOZSOOOOE 01 
o,3i5ooeooe oi 
0,3^790IOOE 
O'.JAOOOOOOE 
0'.3A290000E 01 
o.<n$oonooE 01 
0.«?7!0fl0OE 01 
0.4^0OO«0OE 01 
0.47290000E 01 
0.«<»5oO(»OOE 01 
o.$i79oaooE oi 
O.S40noOOOE 01 
0.5A2$0e0OE 01 
0.5A5noOOOE 01 
0.6n790BODE 01 
0,6J000t00E 01 
0.652?000OE 01 
o;67»ooeooE oi 
0.69790000E 01 
0'.7?0O0»00E 01 
0.74250900E 01 
0;7«$eOR0OE 01 
0.7R790flOOE 01 
0;81000900E 01 
0;B3249999E 01 
0;85500000E 01 
o.e779oeooE ot 
0'.9noe0800E 01 

JNTENSITr 
0. 
0, 
0. 
0, 
0.10000000E 01 
O.IOOQOOOOE "1 
O.IOOQOOOOE ül 
0,9997")999E 00 
0.99<»«9999E 00 
OflOOOOOOOE 01 
0.99999999E f!0 
OiiooonoooE oi 
OflOOOOOOOE 01 
0.99999999E 00 
0.999V9999E 00 
0.99999998E On 
o.ioonneooE 01 
0.999V9999E 00 
0,99999998E 00 
0.99999998E 00 
O.IOOQOOOOE 01 
0.10000000E 01 
O.IOOQOOOOE 01 
O.IOOQOOOOE 01 
O.IOOQOOOOE 01 
0.100QOQOOE 01 
0.99999996E 00 
0.99999996E 00 
0.100U0000E 11 
O.IOOOOOOOE Ul 
O.IOOQOOOOE '■! 

SE (DO 
500009006 00 
50000000F 00 
90000000E 00 
50000800E 00 
99225614E 02 
11390695E 03 
l296D0e0E 03 
1«630715E 03 
164026026 03 
17724401E 03 
15750013E 03 
13674376E 03 
ll4974e7E 03 
92193480E 0? 
68399989E 0? 
43593178E 02 
17774I70E 02 
90571494E 01 
36901O69E 02 
65757497E 02 
9I626431E 02 
126507I7E 03 
15840182E 03 
16869311E 03 
13477415E 03 
998420896 0? 
63898710E U2 
26942I43E 02 
110267«RE 02 
50009240E 02 

iO;90002237E 0? 

, 

• - 
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NE*P   HELD   HAVE 

I X INTENSITY PHI tSE (Dti) 
1 ;0.900noRODE 01 0. ;o 50000000E 00 
2 -o;87750n0OE 01 0, ■ 0 50000000E 00 
3 cCdtSoOOOOE 01 0. «0 50000000E 00 
4 a0,83249»99E 01 0, 00* 50000000E 00 
5 ^Q'.eiOOOOOOE 01 0, ;o 50000SOOE 00 
6 iO^^soeooE 01 0. «0 50000000F 00 
7 -0;7A500000E 01 0. .0 50000000E 00 
8 >0;74290flOOE 01 0. .0' 50000000E oo 
9 t0.7?oAoaooE 01 0. .0* SOOOOOOOE 00 

10 •o;6979ogooE 01 0. ;o' 50000000E 00 
11 tO,67SoO*OOE 01 0. = 0 50000000E 00 
12 «O^tZ^OODOE 01 o; ;o; 50000000E 00 
13 *0.63000C00E 01 0. »0 50000000E 00 
H 50;6075pflOOE 01 0. ;o 50000D00E 00 
15 iO.S^anoOOOE 01 0. äo 50000000E 00 
16 ^o;5«250R0OE 01 Of eO 50000DOOE 00 
17 S0.54000000E 01 0.100U0O00E 01 o; 
16 w0.5l750B00E 01 0,100000006 "1 0I 
1« =0.49500«OOE 01 0.10000000E Ul 0 
20 -0;47290I!OOE 01 O.IOOOOOOOE nl o) 
21 ^O.45OO0B00E 01 O.IOOOOOOOE 01 0. 
22 eOf4?7^0000E 01 O.IOOOOOOOE 01 o; 
23 •o;4n5ooaooE 01 o.iooeooooE 01 0 

e« ä0.36250eOOE 01 O.IOOOOOOOE 01 o; 
25 ^0.36000000E 01 O.IOOOOOOOE ')! 0. 
26 eO.33750B0OE 01 O.IOOOOOOOE 01 ol 
27 =0;31500«ÜOE 01 O.IOOOOOOOE 01 0 
26 »B.2Q290000E 01 O.IOOOOOOOE 01 o 
29 =o;27oooeooE 01 O.IOOOOOOOE 01 0. 
30 iO;247?0O0OE 01 O.IOOOOOOOE 01 o; 
31 =0.22500«DOE 01 O.IOOOOOOOE 01 0, 
32 SO;2n25000OE 01 O'.IOOODOOOE 01 0'. 
33 ^OII^OOOSOOE 01 O.IOOOOOOOE "I o; 
34 ;0,197500C0E 01 O.IOOOOOOOE 01 o; 
35 ^o.issooeooE 01 O.IOOOOOOOE 01 0 
36 *0 U230600E OS O.IOOOOOOOE 01 0» 
37 ;o!9n060000E 00 O.IOOOOOOOE 01 0 
36 iO'.67JO0l)0OE 00 OilOOOOOOOE "1 o| 
39 sO 4^000«00E 00 O.IOOOOOOOE 01 o; 
«0 »9 22500eOOE OB O.IOOOOOOOE 01 0 

41 0 O.IOOOOOOOE 01 0, 
42 o'2?5oonooE 00 O.IOOOOOOOE 01 o; 
«3 0.49000000E OB O.IOOOOOOOE 01 0# 
44 oliTSOOBOOE DO O.IOOOOOOOE 01 0. 
45 O,9OOOOO00E 00 O.IOOOOOOOE 01 Oi 
46 olilZ'QSOOE 01 O.IOOOOOOOE 01 o; 
47 0'.13SOOOOOE 01 O.IOOOOOOOE 01 c. 
46 0;i979090SE 01 O;IOOOOCOOE 01 o; 
49 O.IAOOOBOSE 01 O.IOOOOOOOE ni o; '•, . 
50 O'.2n290BDOE 01 O.IOOOOOOOE 01 0*. 
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NEAR  MELD  WAVE 

I t INTENSITY PHASE <PG) 
51 0.2J50O8OOE 01 O.IOOOOOOOE 01 o; 
52 D'.24750000i 01 0.1000000QE 01 o; 
53 o.27onoeooE 01 O.IOOOOOOOE 01 o; 
54 0',29250e0OE 01 o.iooaooooE 01 o; 
55 o.smosooE 01 O.IOOOOOOOE n 0 
56 0 33750000E 01 O.IOOOOOOOE ol o; 57 o.SAOooeooi 01 O.IOOOOOOOE 01 0 
56 0,3«250900E 01 O.IOOOOOOOE 01 0 
59 0.40600000E 01 O.IOOOOOOOE ^ 4 v 4 0. 
60 0',42750600E 01 O.IOOOOOOOE 01 0i 
«1 O.450O0O00E 01 O.IOOOOOOOE 01 0 

62 0.472^0900E 01 O.IOOOOOOOE 01 ol 
63 0.49500800E 01 O.IOOOOOOOE nj. o; 
64 0;51750000E 01 O'.IOOOODOOE 01 o; 65 0.54000800E 01 O.IOOOOOOOE 01 0 
66 0'.96290000E 01 0. -OjSOOOOOQOE 00 
67 0,585n0800E 01 0, •0.50000000E 00 
68 O;6O750BD0E 01 0. iO,50000600F. 00 
69 0,63000800E 01 0. «0 50000000F. 00 
70 0;65290«DOE 01 0. ■ O'.SOOOODOOE 00 
71 0.67500800E 01 0. i0.50000000E 00 
72 0.69750000E 01 0, -0.90000D00E 00 
73 0'.72O80n0OE 01 0. »O.SOOOOOOOE no 
74 0,74250eOOE 01 0. •OjSOOOOOOOE 00 
75 0.76500000E 01 0, •o.sooooeooE 00 
76 0.78750000E 01 0. •O'^OOOOOOOE 00 
77 0.6l080tt00E 01 0. •0 90000000E 00 
76 0.6S249O99E 01 0, -0 9000eOOOE CO 
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USIKG RFST4RT TiPf, HU   CODE   10, TO HATCH 

T»P6 IDENTIt !C»TI0N 
TIHb 1726 
n*TE 110?73 
SNUMH Hr4»6 
PROCR»" PP51 
CASE ».? 

GOVtH'M' .a HHW 'FRS roi» TAPE INFnRMATJOl- 
NXi 81 
NZt 18 
lW«VEa    l 
NWAVg«!!    1 . 

. 

i 
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NUR   riEUD  w»VE 

1 x 
1 .0.9nonofiOOE  01 
2 .0.e77^0''0t)fc   0i 
3 -o.Bi^nonooE 0i 
4 -0.8^249«99E   01 
5 ^o.eioonnooE oi 
6 -O.^^TSOODOE 01 
7 ,0.7A5oOI)OOt 01 
8 •0,7«2<0,,OOE 01 
9 s0.7?üP0O0Ot 01 

10 ;.0.6
<'7?0«OOE 01 

11 .0.67ioO"OOE 01 
12 ^0.6,i2SO')OOE 01 
li .O.fc^OftQlOOE 01 
14 -0.6n7S0flOOE  01 
15 i0.5f»600000E  01 
14 =0'.5*2Sonoot 01 
17 -0.!i4Qn000OE  01 
18 =0.5l7^onoOE  01 
19 i0.496noOOOE 01 
20 -0;472S0inOE 01 
21 ;0.440nOftOOE 01 
?2 -6.4?750noOE 01 
23 -a.4r5ft9flOOE 01 
24 iO.SWOOOOE 01 
25 .O.lAOOOflOOE 01 
25 -O;3^OOOOE oi 
27 -0.3l5n0f)0OE 01 
28 ■O.2«2,t000OE 01 
29 *0.27000100E 01 
30 «0,24750n0OE 01 
31 .0.2?in0OOOE 01 
32 s0.2n2,iOBOOE 01 
33 -0.la0ft000OE 01 
34 sOii^O^OOE 01 
35 «.O.l^SnoOOOE 01 
36 -0.1l2,!fllJ00E 01 
37 .O.9ncn05OOE 00 
38 -D.675n0P0OE 00 
39 -0.45ü'10nOOE 00 
40 .0.2?iflOf,OOE CO 
41 0. 
42 0.2?5oonOOE   00 
43 0.4<;OnOOOOE  00 
44 o.675nonooE 00 
45 0.9nonoOOOE 00 
46 0.n2*OOCOE  01 
47 OaJSflOnOOE  01 
48 Ci'^^O^OOE  01 
49 0.1«OflOOOOE 01 
50 a;2n250flOOE 01 

UlTENSr* 
0. 
0.75674660E-35 
0.4l66?49lE«04 
0.245l8l04e»0J 
0.12512085:-^')? 
0.539!>^163E-^2 
0.191'7X14E-IJ1 
0.54J4i9i7E-Cl 
0.11943601E TO 
0.204B7260E CO 
0.30463679E 30 
0.470ÜB502E 00 
0.75i4c557E On 
0.11381766E 01 
0.17311248E 01 
0.2«'115426E 01 
0.3n4Q8426E 31 
0.55497097E ai 
0.'73Q6S4iE 3i 
0.103Q2654E 02 
0.1^012202b 02 
0.15405082K ü 
0.16915964k 02 
0.17386950E 0? 
0.16t»99323E 02 
0.lft6l3O?7E 0? 
0.1AS24183E 32 
0.16391832E 3? 
0.150'B270£ 0? 
0.13803747E 02 
0.12890066E 02 
0.l250?2eiE n? 
0.12717130E J2 
0.13466V74E 02 
0.14306391E 02 
0.1<68ilO4E 02 
0.146Q6437E 02 
0.143O5912E 02 
0.1404e664E 0? 
0.13641351E 02 
0.13414623E 0? 
0.13641351E 12 
0.1404B665E 02 
0.1436B51SE 02 
0.14A0643SE 02 
0.14691105E 02 
0.14306392k 02 
0.13466972E 0? 
0.12717129k 02 
0.125O2280E "9 

PH4SF (CG) 
•o'.soocooocf-; on 
^0,.975r6783E 0? 
'0".l60l5975E 03 
0'.l32ll626F. 03 
0'.66593965E 02 
0'122078894E 01 

-0;60500175E 02 
.0;i2060474E 33 
iO;i76375ilF 03 
0;i35c4758«i 03 
0'.96663246F. 0? 
0;67i?8470F  02 
0.41738200F  02 
0'.21065956E  02 
0;561409e9F.  01 

•0.63136734E  01 
■ 0'.l4382ei»t 02 
■ 0'.l9239947F. i,2 
.0;21249061E 32 
.0.20634401E 02 
i0.1B0fi73l3E 02 
iO,.l3932439E 0? 
.o;94520S55F 01 
.0.5172881BE 01 
e0.2905l325E nj 
■0,14853200E 01 
0,.47l2l67»E 00 
0'.3n857758F 01 
0.44063043F 01 
0'.41645935E 01 
o;27963634F. 01 
0;77025557F 00 

sO'.lll6S999E 01 
»0,.21954015F Cl 
iO'.2l524707E 01 
aO,.ll449752E 01 
0,.554R9418E 00 
0'.16909690C 01 
0;99090094F 00 

»0.56461975E 00 
a0

-.l27j3930F 01 
iO,,964612»5E CO 
0;99090175F 00 
0.16909699E 01 
0;554e92»3E 00 

-0'.1144«748P 01 
i0'.2l524732F. 01 
iO;2l954028E  01 
*0.11165989E  01 

0'.T7025949E 0« 
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NEAP   HFtn   HAVE 

I 
0,2?5nOBOOF 01 
o[247^oeODE OX 
O.Z^onOROOE 01 
OiZOZ^OOOOE 01 
O.JlSOOBOOi 01 
o.s^onooE oi 
O.jAOPQnoofc 01 
O.J'S^OOOOE 01 
0.4n$aonOOE 01 
O.4^7S0fi0Of 01 
O.A^onOOOOE 01 
O.^'Z^OOOOE 01 
0.49&«O^OOE 01 
O'.Sl^flMOE 01 
0.»4000000E 01 
0;5A2W00E 01 
B.»^9011008 01 
0,»r7^0flOOE 01 
0.6^On090OE 01 
0.6^2sonooE 01 
O.675O0O0OE 01 
0,6«790S00E 01 
0.7?000900E 01 
0.74i^OflOOE 01 
0.7^&igfi00E 01 
0.7«750BOOE 01 
o.etooonooE oi 
0.8^2<»««»E  01 
O.S^nGOOOE 01 
0.877^0900E 01 
0.9n090noOE 01 

IHTEN8) l
Tr PHASE (DG) 

0 ,12HV0DB6E n? o: ;27963623E 01 
0 .X3H03747E ii? o: ;41649935E 01 
0 .1507B271E 02 o: ;44063w69E 01 
0 .163»l83?E Q? o: ;30857753E 01 
0 .166241841 22 o: ;4712X233F 00 
0 .16A13077E 02 -0 ;X4853X6*E 01 
0 .16099J23E 3? -■a' ;250'.X346E Cl 
0 ,17386949E 12 io: ;517?8802E 01 
0 .X6915964E 32 -o: ;945?0372E 01 
0 ,1S405081E 0? ■o: ;i3932439E 02 
o. ,13012202E 02 •o; ,180873X2E 02 
0. .10302654E 0? :oi ,2063440lE 02 
o, ,7730ft5'.lE 01 ;o' ,21249058? 02 
0, ,554970*4E 01 ■0! ;X92J9545E 02 
0 ,3840842BE 01 ■o: ;x4382ex,»E 0? 
o. l26llS426E 01 ■o; 163X36737E 01 
0 .173U249E 01 o: ;»tX4063lk 01 
0 .X13ei765E 01 o: ;2106555»F 02 
0 .75X40547E 00 ol i4X73819<>C 02 
o. ,4'05B903E 00 o: ;67128470E 02 
o. .30463877E 00 o! ;96663245E 02 
0, ,20487262E 00 o; ;X35P4757E 03 
0, ,Xl943e05E on •o; ;X76375XXE 03 
0 15434i938E; ■ 01 .o; ;i2060474E 03 
o. .X9X77XX9E-CI1 io; ,605C!0164E 02 
0. ,539!J5X67E- :02 o: ,22079B27E 01 
0. ,X2512082E. .Ü2 o; .66593578E 02 
0 .245X8096E-n3 0' ;i32ll627E 03 
0 )41665472E. • 04 ^o; lX60l5974E 03 
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APPENDIX C 

SSCP DESCRIPTION AND USAGE 

I. PROGRAM DESCRIPTION 

A. Summary of the SSCP 

: 

ii 
i 

i 
i 
i 
i 

The Step-by-Step Computer Program (SSCP) shares a number 

of attributes with the SSCP(ECS) program described earlier in tnis 

manual.   As an illustration,  three of four satellite routines,  two of four 

utility routines, and all four input/output routines of the SSCP(ECS) 

program are used by both programs.   The three routines which are not 

shared are peculiar to the SSCP(ECS) package and bear no equivalents 

in the SSCP solution.   All three of the primary routines are different, 

as one might suspect from the definition of a primary routine,   though 

their logic structure is strikingly similar. 

The three primary routines used by the SSCP are 

PR23 Main program, defines input,  contains 
overall logic 

PRPSBS Propagates one or more waves through 
free space 

PRPGAI Propagates one or more waves one way 
through a medium 

The three satellite routines shared with SSCP (ECS) are 

GAINA 

MIRROR 

SET MIR 

Returns a set of gain values at a particular 
location in the medium 

Reflects one or more waveforms from a 
particular mirror 

Sets up a mirror vector 
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The two utility routines shared with SSCP(ECS) are 

NORMZD Two-dimensional area conservation 
(renormalization) routine 

RAT3DA Three-dimensional area conservation 
routine 

The input/output routines are exactly the same as in thlb 

SSCP{ECS),  namely 

AREAZ1 Computes and prints the area under a 
curve 

PWROUT Computes and prints the near field power 
and power transmitted for one or more 
waves positioned before the output mirror 

RSTART Restarts a previous run by reading a 
magnetic tape 

ALLOUT The general purpose master subroutine 
for the GPOP routines 

B. Description of Primary Routines 

1. PR23 (Main Program) 

All important arrays are declared in PRZ3 and supplied 

to subprograms through the argument list or by labeled COMMON. 

This feature permits the user to alter the size of certain arrays as 

desired to minimize the storage requirement.   All arrays dimensioned 

in PR23 are related to one or more of four quantities:     (1) the maxi- 

mum number of propagating points in the x-direction,   (2) the maximum 

number of last-pass intensity values stored in the z-direction,   (3) the 

largest number of propagation waves, and (4) the largest number of 

passes that PR23 can handle.   These four values are assigned to 

variables NXDIM,  NZDIM, NWDIM,  and NPDIM,  respectively,  and 

appear in a DATA statement at sequence number 1860.   Table 2 

describes the relationship between each subscript of each array and 

the appropriate quantity involved.    The abbreviations used in the table 

are 
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TABLE 2,     PR23 ARRAY SUBSCRIPT REFERENCES 

■ 

0 

Subscript R.eference 

Array Name Array Type No. 

1 2 3 

T Complex X w m 

U Complex X w - 

V Complex X w - 

XMIH1 Complex X - - 

XMIR2 Complex X - - 

GAIN Complex X w - 

SO Real X z w 
SONEW Real X w - 

SOTOT Real X w - 

XLAMDA Real w - - 

XKZERO Real w - - 

AMPINT Real w - - 

INFOUT Real p - - 

W OMEGA Real w - - 

X Real X - - 

SOASR Real X - - 

OUT1 Real X - - 

OUT2 Real X - - 

OUT3 Real X - - 

OUT4 Real X - 

OUT5 Real X - - 

OUT6 Real x - - 

OUT7 Real X - - 

T1100 
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X s   NXDIM 

Z s   NZDIM 

W s   NWDIM 

P H   NPDIM 

Should the user need to change one or more of the dimensions of PR23, 

he should first identify which arrays are affected (by Table II) and then 

c1    i.ge each array declaration in PRZ3 to reflect the changed dimen- 

sion.    Last,  he should change the appropriate value in the DATA 

statement at sequence number 1860 so that all subprograms will auto- 

matically handle the change. 

Z. Primary Subprogram Descriptions 

Only two subprograms are not shared with the SSCP(ECS), 

these being the primary subroutines responsible for propagation 

through free space and propagation through a medium.   Their logic 

structure, however,  is almost indistinguishable from theirECS coun- 

terparts,  differing mainly in the different equations used in propaga- 

tion.    For this reason,  no further description of these routines will 

follow other than a listing for each. 

C. Input Description 

The SSCP and SSCP(ECS) share exactly the same input method, 

with all but two variables,  NX and XWIDTH,   retaining their values 

independent of the program selected.   The considerations to be made 

when determining values for these two variables are presented in 

Section I-G of the SSCP(ECS) User's Manual. 
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ri. MACHINE UTILIZATION 

The SSCP package is written in FORTRAN IV.   The program 

was originally written for a GE635 computer operating under the 

GECOS III operating system,  though this manual reflects changes 

made allowing the program to run on a CDC 6000 computer operating 

with the SCOPE monitor (Version 3.4),   This requires about 41k 

(decimal) or 1Z7K (octal) words of memory,  of which 

NXDIM[(NZDIM+8)NWDIM+13j+NPDIM+5NWDIM 

resides in dimensioned arrays in the main program.   For the current 

dimensioning parameters 

NXDIM = 301 

NZDIM = 21 

NWDIM = 2 

NPDIM = 101 

the total storage required for dimensioned variable storage is 

21,480 words (decimal) or 52,000 words (octal). 

Processor time depends on too many parameters and option 

settings to be accurately estimated. 
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APPENDIX D 

SAMPLE CASE FOR SSCP(ECS) 

U 

■ "i 

>     w 

The case (named "8.45") described by the input data below 

involves 10 round-trip passes with restart information to be written on 

file code 10 (a control card must appear elsewhere in the deck assign- 

ing file code 10 to a new,  or scratch,  magnetic tape) and normal pro- 

gram output to be directed to file code 6.   The input,  or starting, wave- 

form for this case is not to be taken from a restart tape but is,  instead, 

to be generated by parameters described below.    The number of mesh 

points along the x-axis 'across the face of a mirror) is to be 81,  and 

the minimum width over which these 81 points are to be defined is 

9 cm (see Fig.  4).   There are to be 101 mesh points (100 steps) between 

mirrors,  where the mirrors are 10, 000 cm apart.   The x-value of the 

mirror centerline is to be 0.    The analysis will be two-dimensional 

(ASR  =  0.).   The medium, whose center is located 5000 cm from the 

output mirror, is to be 5000 cm in width, thereby filling half the 

cavity.   Tne gain routine,  to be called at every propagation step in the 

Z-direction, is supplied two parameters — g    and I  , with values 
.4 rr r «o o _4 

3.5x10       and 100. ,   respectively.   One wave of wavelength 3x10      cm 

and uniform initial amplitude  1.0 is to be propagated.   The initial wave 

does not have a gaussian structure.   The output mirror has a diameter 
4 

of 5. 74 cm,   100% reflectivity,  a radius of curvature of -2 x 10    cm, 

an edge taper of 0.45 cm,  no tilt, and no loss in the mirror itself 

(meaningless in this case since the reflectivity was total).    The back 

mirror has a diameter of 11. 1 cm,   100% reflectivity, a radius of 
4 

curvature of 4 x 10    cm,  an edge taper of 0. 6 cm,  and no tilt.   Normal 

output is desired for all 10 passes. 
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Sample Input Deck 

(column Z) 

132 

., 

$CASENO NCASES=1$ 

$INPUT 
CASE^S. 45. NPASS=10, IFILE=6, IRCODE=0, IROUT=10, 
IRTAG=0)NX = 81)XWIDTH=9. , NZ = 101) ZLEN= 10000. , 
XCENTR=0. , ASR^O. , ZMDLOC^SOOO. , ZLENMD = 5000. , 
IGSKIP=l,GZERO=3. 5E-4, XIZERO=100. , NWAVES=1, 
XLAMDA(l)-3. E-4, AMPINT(1)=1. , WOMEGA( 1)=0. , 
DIA1 = 5.74,REFL1=1.0) RCURV l = -2. E4, OMEGAU. 45, 
TILTUO. , TLOSSl^O. , DLA2=11. 1, REFL2=1. 0, RCURV2=4. E4, 
OMEGA2 = . 6,7^X2=0. , INFOUT{ 1) = 10:::1 $ 

The output produced by either the SSCP or SSCP(ECS) for the 

data above consists of three major groups.   The two that are not 

optional are the summation of the data input defining the case and the 

summary information printed during each round-trip propagation.   The 

first includes the following information: 

1. Repetition of the information read 

2. Descriptions of both mirror matrices (intensity 
and phase listings and plots for each) 

3. Description of each input wave (magnitude, 
intensity,  phase,  and normalized area listings 
and plots for each). 

The round-trip summary information is self-explanatory, 

basically monitoring the area of the propagating wave as it proceeds 

through a round-trip pass. 

The third type of output (optional) that can be produced summa- 

rizes the waveform itself at the conclusion of a round-trip pass.   The 

magnitude,  intensity,  normalized magnitude, normalized intensity, 

normalized phase, and normalized area are listed and plotted versus 

their corresponding x-location. 

The following pages represent the output produced by the sam- 

ple data case.   All three types of output are represented. 

. . 
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p.PUT w*VF ObSCRlPTtON 

I t MAÜIIITUDE 
4 •o.jponjoooE 01 0. 
2 'iJ.BTT^onOlfc 01 o.ionococoE 01 
3 i0.8

ti5')5''00fc 01 o.ioooonooL 01 
4 ii3.33249,>99c 01 O.lOOOCÜCOt 01 
i -u.3iono?o')F 01 n.ioüooooot. 01 
6 .r),7i\7*Q()V)f. 0: O.iOOOO'JOlE 01 
; =i)./*5nono'36 01 O.lUÜüOüOOE 01 
e -0.742S!)no')E 01 o.inoooooot Cl 
T • O.'POOOlOTli 01 o-ionoonooE 01 

in iO.tiO^jnooE 01 o.inoonuooE 01 
u -i)'.675oooooE 01 o-ionooooot 01 
i? .0.'>,i25TnofiE 01 0.10000000H 01 
13 -fl.MOOJiOJE 01 o-müoooooE- 01 
1« i-().6n7So()OOF 01 o.innoooooE 01 
H -■j.SfltxiüiooE 01 o.inoocooot 01 
1" '-i).5«2S0O00K 01 O'inoonoooE 01 
17 -.).34on'jooic 01 o.iPnoroooE 01 
l« -o.bi75unoüE 01 0.1000C33:E 01 
iv ^o.4')5fionroF. 01 o.iooüouonfc 01 
20 i0.47290|3llOE 01 O.IOOOOOOOE 01 
21 BI.^OIOIOOE 01 0.100QOOOOE 01 
22 i'J.4?7?Of100E 01 O.lOOOOüOOE 01 
23 = 'j,4Pbnonoot 01 O.lOijOOUOOE 01 
24 -o.seztsonoic 01 O.IOOOOOOOE 01 
2^ ia'^ooofloog 01 o.ioMooaoK 01 
2o -0.3375310QE 01 0.1Q000003E 01 
27 -■).3i5o3nonE 01 0.10000000t 01 
28 =.0'.2<»25D«OUE 01 O.IODOOOOOE 01 
29 sJ.JTOflOatOi 01 0.1000P000E 01 
3f) ii0.247SO'l03C 01 O.innoooooE 01 
31 ^0.2?5n8000e 01 O.IOOOOOOOE 01 
32 ij.202^00006 01 a.io.uoöoit 01 
3.1 ioa^cnjiooE 01 O.lOOOO^OOt 01 
34 -|).l1'7,5onoOE 01 O.lOOOOüOOE 01 
3'S •^.USnjnooE 01 Q.lOOOOOOOt 01 
36 -0.11250000E 01 O.IOOOOOOOE 01 
3/ -O.jncnjOOOE 00 O.IOOOOOOOE 01 
36 sO'.*76flO«OOB 00 O.lOOQOOOOb 01 
ST sfl.4^0nfl900E 00 O.lOOOOOOPt 01 
4,1 -3.,:75n3no3C 00 o.inoooomE 01 
«1 1. O.inouOJüOt 01 
42 J.2?5n3noOfc 00 ü.iooooüonfc 01 
43 0.4"i003000E 00 O.IOOOOOOOE 01 
44 0.675nC900E 00 O.IOOOOOOOE 01 
45 3,9nOOO''Ol)E 00 O.IOOOOOOOE 01 
4«) 0.1l2?3300E 01 0.10000UOOL 01 
4/ ^i^boj^oor 01 O.IOOOOOOOE 01 
48- a.l^TSJflOOg 01 O.IOOOOOOOE 01 
49 'j.lB0n3O0OE 01 0.1ÜOUOOUOE 01 
50 0.2n2«!onOOE 01 O.IOOOOOOOE 01 

INTtNSITt PHASE (DG) 

d,10000000b 
0.10001'OOOK 
o'.ioooüonoF. 
^■.lOOOOOÜOE 
Ü.IOOOOOOOE 
O.IOOOOOOOE 
O'.IDOOOOOOE 
O.IOOOOOOOE 
O.IOOOOOOOE 
O.IOOOOOOOE 
o.ioaooonoE 
o'.iooooonoH 
0,10000000E 
o.ioooocnoF 
OjlOOOOBOO^ 
0,10000000?- 
ciooonooof. 
s.ioooonooF 
O'.lOOOOOOOF 
0,100000001- 
O'.lOOOOOfiOF. 
O'.lOOOOOOOF. 
OilOOOOOOOF. 
o.ioopoooor. 
o.iDooooior. 
O'.lOOOOOOOF 
0.1D0O0P0OF 
I'.IOOOOOOOF. 
J'.IOOOCCOOE 
0.10000000K 
O'.lOOOOOOOF 
o'.ioooonooF 
o.ioaooonoE 
O.IOOOOOOOE 
O'.lOOOOOOOF 
O'.lOOOOOOOE 
oaoocaoooF 
0.1PO0O0OOF 
OilOOOOPOOt 
O.lOOOOÖOOF 
O'.lOOOOOOOE 
OilOOOOOOOF 
O'.lOOOOOOOF. 
O'.lOOOOOOOF 
OilOOOOOOOF 
O'.lOOOOOOOF 
1.10000003E 
O'.lOOOOOOOF 
0.1.0000000F 

01 
01 
01 
0? 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
Cl 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

= 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
0 
0 
0 

sooooooofc 00 
NORM AME* 

O.lOOQCOOOf 01 
n.97468355E 00 
0.94936T0VE 00 
0.924n5ü64C 00 
0.8»«734l7r OP 
0.87341772E 00 
0.84810127F. 00 
0.8227B481E 00 
0.7f746836r. 00 
0.772i5l9üE 00 
0.746ö3544r 00 
0.72151899t 00 
0.696?0253r 00 
0.6'oe8608E 00 
0.64556962F 00 
0.62025317t QO 
0.'594936711 OP 
0.56962029E 00 
0.5M30380F 00 
0.51698734F 00 
0.493670B8F. 00 
0.46835443L 00 
0.443o379flr OP 
0.41772152E 00 
0.39240506C 
0.36706U6ie 
0.34177215F 

00 
00 
00 

0.31645570F. 00 
00 
00 
00 
OP 
00 
on 
00 
OP 
'01 

0.2»ll3f24F 
0.26582278F. 
0.24n50633E 
0.2l5ie9B7r. 
0.ie,>87342F. 
0.16455696F 
0.l392405ir 
0.11392405F 
0.88607595F. . 
0.63291139F.*01 
0.37974684f-.»01 
0.126SB228F.«01 
0.1265B22»F>01 
0.37974684K»01 
0.63291139F-01 
0.8e607595E-01 
0.11392405F: 00 
0.13924051F 00 
0.l6455696fc OP 
0.18987342E 00 
0.215l69e7F. 
0.2405Q6S3F 

00 
00 
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INPU1 MVF   DtSc<':PTIÜ«i 

6] 
52 

5< 

5« 
«.1 
St 

01 
01 
01 
01 
01 
01 

O.Z'SOOOOOF oi 
lJ.2*7S0100t 01 
O.^OOOIOOE 01 
d.zfzsnnooE oi 
O.JlSnoiOOü 

oi3AonotoaF 
Q.3fl2?oa036 
0.4n5non(i06 
i).4?75onooi; 
0.«5010000t 01 
Q.472>;onooE 01 
a.moonoot 01 
Olsl^fflnooE oi 
0;54000000E 01 
O.SAS'OOOOE 01 
o^^soonooE oi 
U,60750000e 01 
J.63ono900E 01 
o.^ii^onooH oi 
').(i7SoonOOE 01 
a.69790000E 01 
3.7?009nOOK 01 
fli74253aO')E 01 
J.765rionO')E 01 
0,7«750100E 01 
a.siononooE oi 
Ofd«49999E 01 
o.as&oofioon oi 
0.877S0fl00E 01 
0.9ronooooE 01 

MAGNITUDE 
O.lOOOOOOOt   01 
o.ionaocooE 01 
0.10000000E 01 
O.IOOOOOOOE oi 
Q.IOOOOOOOE 01 
o.inooooooE oi 
0.10000090E m 
0.1000Q030E 01 
U.lflOOOüOOE   01 
o.inooooooE oi 
o.iooooconE oi 
o.iooonoooE oi 
0.10000000E 01 
O.lQOOOOQOb 01 
O.lOQOOOQnE 01 
0.10QOO0OQE 01 
O.iOOOOQOOE 01 
0.10OÜC0011E 01 
0.1D000001E 01 
0.1000003UE 01 
o.ionuooooE oi 
0.10000000E 01 
o.inooonooE oi 
O.IQOQOOOOE 01 
0.10OUOO0JE 01 
0.10000000E 01 
o.ionoooooE oi 
O.lOüQOOOUF. 
O.lOOOOOOOt 
0.10000000E 01 
0. 

01 
01 

0. 
o; 
0. 
0". 
9'. 
o; 
o; 
0. 

2» 0. 
0. 
o; 
0 
0 
0". 
0 
0, 
a; 
Oi 
0. 

I' 0. 
3". 
0". 
0. 
o; 
o; 

S: 
0*. 
0. 

INTENSITY PHASE (DO 
10000000E 01 0. 
lOOOOOOOfc 01 0. 
10000000E 01 0» 
10000000E 01 0 
1900000QE 0'. 0 
10000000E 01 0 
1O000O00E 01 0 
10000000E 01 0 
inoooooot oi o 
10000000E 01 0 
lOoooeooE oi o 
100000001= 01 0 
10000000E 01 0 
10000000E 01 0 
10000000E 01 0 
10000000E Ul 0 
10000000E 01 0 
10000000F. 01 0 
lOOOOOOOF 01 0 
10000000E 0) 0 
100000Q0E 01 0 
lOOOOCOOfc 01 0 
10000000E 01 0 
100000QOE 01 0 
10003000h 01 0 
10000COOE 01 0 
10000000F 01. 0 
10000000E 01 0 
lOoonoooE or o 
10000009E 01 0 

-o.saoooooot. or 

NORM AKEA 
0.265«2278F. On 
0.29113924F 00 
0.3l645b70E 00 
0.34177215E 00 
0.36708861F 00 
0.3«24C506E Ofl 
0.41772152E 00 
0.443o3798r 00 
0.46a35443F. 00 
o.49367üöer oo 
0.51B98734F 00 
0.5443C380f. 00 
0.56962029E 00 
0.5949367ir 00 
0.62025317F 00 
0.645S6962E 00 
0.67oeBb08r. 00 
0.69620253E 00 
0.72151899F 00 
0.746835441 00 
0.7'2l5l90E 00 
0.7»746e36( OB 
0.H22764B1F 00 
0.8481D127E 00 
0.67341772F 00 
0.89873417t 00 
0.924nE064F 00 
0.94936709h 00 
0.974A8355E OS 
O.IOOOOOOQF 01 
0.1OOO000OF 01 
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nusHED  PASS   MUM«" 

OUTPUT   POWE"  ifTt»  MlPUORi 0.6655160t   02 
POWE»  OlFFE^kMtE« 0.8512518E   02 

. 

STARTING  P*S;>   NMKHS» 1  FOR  C*Si       S.4'j 

AREACSI   AT   START   fiC   PASS 
2D  AREA 0.1^77500E  02 

AFTER   InTERPOl.ATJos 
2D   AREA 0,9112!>OOE  01 

AFTER   OUTPUT   MlRRQR 
20  AREA 0.5T3BmE OX 

AFTER   STEP.BYsSTfcP  PROPAUATlON 
20  AREA 0'.$T36B09E  01 

AFTER  ME01UM 
2D  AREA 0.3?Oe506E  02 

AFTER  STiP.BY-STkP  PROPAGATION 
2D AREA 0'.32D7932E 02 

AFTER  BACK   MlRRnR 
20 AREA a'.3Q14534E 02 

AFTER  STEP.BY-STEP PHOPAGATION 
20 AREA 0.30145*16 02 

AFTER   MEDIUM 
20  AREA 3il^l676BE  03 

AFTER  STEPsBY-STEP PROPAGATION 
2D  AREA 0.1S16770E  03 

POWER 
NEAR  FIELD  POUE»» 0.15i6770E  OJ 
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1 
1 
! 

I 

UE*" FIELD POWER»      O.i'77500E 02 
OUTPUT POWfiR AFTER MIRROR«      0,67500006 01 
POWER DIFFEPEMCE»      O.llOaSOOE 02 

" 

.. 

... 

1 
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ST4KTIIDG   PASS   NiifBgP 2   FUR   CASt        8.43 

*RE*{S)   «T   SfiRT   OF   M5S 

Arn» I'JTFRPUL*TIIN 
2D ARfA       0.1'4497lF 03 

ATT^R OUTPUT MjRRnR 

ArrtH STEP.BY.STLP PKOPAUATIO,. 

20   ARFA 3,3209774F.   03 

AFTtR   STEPi.By.STfcp   P».OPAGATI0rj 
20   ARFA S:32fl9204F   03 

AFTER   BACK   HlPRnt. 
20   ARFA C!2'730?4fc   03 

AFTER   STßP.B'sSTtP   PPOPAGATIou 
2D   ARFA O^vrJOVflb   03 

AFTER   MEOIUK 
20   ARFA CßTosiSOE   03 

AFTER   STEPiBr-STbP   PKOPACATIO'; 
2D   ARFA 0.e'05364i:   03 

FINISHED  PASS  HIIUBER 2 

POWER 
NEAR   FIELD  POwgRi O.S70!)364E   03 
OUTPUT  POWEB   »FTfeR   MlRRDHi 0.3968»80fc   03 
POWER   OlFFEBL'JCf» 0.47363Ü4F   03 
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f        PR 51 J 

read nuiroer 
of cases to 
be analyzed 

c ini tialize 
certain 
arrays 
to zero 

define input 
parameters 
for case 

ALLOUT 
print mirror 
matrices 

input wave{5) 

make round 
trip pass 

(see fig. E2) 

ALLOUT 
print near 

field wave(s) 
values 

write near 
field 

values on 
restart 
tape 

Fig.   El.     PR51   logic  flow  diagram 
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(expansion of PR51 
round trip pass 
block of Figure El) 

P601NT 
reduce wave(s) 
to compact form 
to beijin pass 

reflect 
wavels)  from 

output 
mirror 

eIsewhere 

PWSI S 
propagate to 

mediuii 

back mi rror 

Isewliere 

P50SBS 
propagate to 
back mirror 

0 

? 
reflect 

wave(s) from 
back mirror 

back 
mi rror 

V^ location:1 v' 

1 elsewhe ■e 

P50SBS 
propagate to 

output mirror 

^ 
"■• 

compute 
cavity gain/ 

loss and 
print 

(return to Figure El, 
PR51 logic 

flow diagram) 

Fig. E2.    Logic flow diagram for round trip section of PR51 
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APPENDIX F 

GLOSSARY OF PRIMARY SSCP(ECS) NAMES 

1 ALLOUT 

i: AMPINT 

AREA21 

i ASR 

F CASE 

i *• CASENO 

i CAVITY 

| 
CSCALE 

I DIAl 

DIAZ 

I DXOLD 

I 
I 

GAIN 

GAINA 

GZERO 

| 

IFILE 

INFOUT 

M 

IRC ODE 

. 

Subroutine by which GPOP output is produced 

Array for defining initial amplitude of waves 

Subroutine for computing area of a wave 

Input variable defining pseudo-three-dimensional 
parameter 

Input variable used for titling output 

Namelist block name for describing number of cases to 
be analyzed 

Namelist block name for printing cavity description 

Subroutine for determining printer plot scale 
increments 

Input variable defining diameter of output mirror 

Input variable defining diameter of back mirror 

Array saving all DX values for each step of the last 
half-pass through the medium 

Array of gainand refractive index variations 

Subroutine defining GAIN array for medium propagation 

Input variable initalizing g   for GAINA 

Input variable initializing normal output file code 

Array defining output option for near field printout 

Input variable describing file code from which restart 
information is to be read 
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IROUT 

1RTAG 

LBLPOS 

MEDIUM 

MIRROR 

MIRRRS 

NCASES 

NORM2D 

NPASS 

NWAVES 

NWDIM 

NX 

NXC1 

NXC2 

NXCOUT 

NXDIM 

NZDIM 

ONEOUT 

OUT1-OUT7 

Input variable describing file code to which restart 
information is to be written 

Input variable describing pass number of wave(s) to be 
taken as restart information 

S'ibrouti.ne positioning column heading label for GPOP 

Namelist block name for printing medium description 

Subroutine for reflecting waves from mirror 

Namelist block name for printing mirror descriptions 

Input variable setting number of cases t    be analyzed 

Subroutine for preserving ZD Area 

Input variable setting number of passes for a case 

Input parameters defining the number of propagating 
waves 

Dimensioning parameter for maximum number of waves 
that can be handled by the SSCP(ECS) or SSCP 

Input parameter defining the number of mesh points 
along the x-direction 

Computed parameter defining the number of x-intervals 
across the output mirror at start of pass 

Computed parameter defining the number of x-intervals 
across the back mirror 

Computed parameter defining the number of x-intervals 
across the output mirror at end of pass 

Dimensioning parameter for maximum number of mesh 
points along x that can be handled by the FICP 

Dimensioning parameter for maximum number of last- 
pass intensity stores possible 

Subroutine for defining vector from GPOP options 

Arrays used by GPOP for defining values to be produced 

.; 

I 

11 
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I 
1 
1 

T 
P50GET 

1 
— 

P50INT 

H P50MED 

*• 
P5CSBS 

" 
PGPLT2 

.. 
PR51 

PWROUT 

RAT3DA 

RCURV1 

-■ 

i RCURV2 

p REFL1 
.. 

0 REFL2 

-- RSTART 

,. 

• . RUNOPT 

.. SETMIR 

-. SO 
g 

SONEW 

" SOTOT 

Subroutine for computing set of gain values at a 
z-location 

Subroutine for retrieving a value from the last pans 
intensities matrix (SO) 

Subroutine for reducing the expanded waveform(s) to 
begin p.nother pass 

Subroutine for propagating one way through a medium 

Subroutine for propagating through an empty cavity (no 
medium) region 

Subroutine producing GPOP printer plot 

Main program of SSCP(ECS) 

Subroutine computing near field and output power 

Subroutine for preserving 3D Area 

Input parameter defining the radius of curvature for the 
output mirror 

Input parameter defining the radius of curvature of the 
back mirror 

Input parameter defining the power reflectivity of the 
output mirror 

Input parameter defining the power reflectivity of the 
back mirror 

Subroutine forming an input wave by restarting a previ- 
ous run 

Namelist block name for printing run options 

Subroutine for setting up a mirror vector 

Array storing last-pass intensity values 

Array storing current intensities until they can be stored 

Array storing sum of old and new intensities 
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T Array (dummy) used in propagation routines 

TILT1 Input parameter defining mirror tilt angle of output 
mirror 

TILTZ Input parameter defining mirror tilt angle of back 
mirror 

TLOSS1 Input parameter defining power loss of output mirror 

U Array storing propagating waveforms 

V Array (dummy) used in propagation routines 

VRi Virtual image source radius of curvature for output 
mirror 

VRZ Virtual image source radius of curvature for back 
mirror 

VALUE Subroutine computing one of several values for complex 
numbers 

WAVES Namelist block name for printing propagating wave 
characteristics 

WOMEGA Array defining gaussian w for each input wave 

X Array defining physical position of each field point 

XCENTR Input parameter defining the x-value for the center of 
the propagation array 

XIZERO Input parameter defining I   for GAINA 

XKZ-ERO Array storing K  ,  or Zn/\, for each wave 

XLAMDA Array defining \ for each wave 

XMIR1 Array representing output mirror 

XMIR2 Array representing back mirror 

XWIDTH Input parameter defining minimum spatial extent (in x) 
of the beam 

. , 

. 
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ZLEN Input parameter defining distance between the output and 
back mirrors 

ZLENMD Input parameter defining the length (along z) of the gain 
medium 

ZMDLOC Input variable describing position of medium in cavity 
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