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4. Conferences

Program for the Next Internal

The Program Plan shown in Figure 2-2 and described in Section 6.0 represents
our best estimate of work to be carried out during the next reporting period.
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INTRODUCTION

Objective

The program objective is to reduce the output power level of spurious
noise signals, intermodulation (IM) products and harmonic distortion
generated by deflection modulated electron beam semiconductor (EBS)
amplifiers.

Technical Approach

Figure 1-1 illustrates the configuration of a deflected beam EBS amplifier.
This type of amplifier has been developed by Watkins-Johnson Company
over a period of several years. Measurements of existing EBS ampli-
fiers will be made to determine the typical values of IM products, spuri-
ous noise and harmonic distortion. The existing electron beam profile
will be characterized using a slit beam analyzer. The EBS performance
will be correlated to the measured beam profile using a ixathematical
analysis implemented by a computer program. A second computer pro-
gram will perform an analysis of the expected beam profile generated by
the existing gun geometry and these results will be correlated with the
measured beam profile. Modifications will then be performed on the
electron gun to improve the linearity, IM products and harmonic distor-
tion; and the re-designed gun will be fabricated and tested on the beam
analyzer. Two devices using the re-designed gun will be fabricated,
tested and delivered as part of this contract.
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2.0

PROGRAM SUMMARY

Summary of Work

During the four month period covered by this report, the following was
accomplished:

1. The existing EBS amplifiers having 2 x 6 diode arrays were
completely characterized in terms of linearity and intermodulation
products as a function of device efficiency.

2. The computer aided analysis of the present gun performance was
completed. Several conclusions were drawn from the results, and
areas of potential improvements were identified.

3. Work continued on methods of analyzing actual shape of electron
beams. Calibration of an existing slit diode array was not satis-
factory, so a fabrication of a new slit diode array was begun.
Phosphor screens were used as a secondary method of beamshape
observation.

4. Several guns were checked using the phosphor screen method.
Poor beam shape was observed, and the guns were checked for
dimensional conformation to the present design. Some problems
were identified in this regard, and redesigned tooling and parts
were ordered to correct these problems.

Program Schedule

Figure 2-1 shows the Program Schedule, updated as of April 1979. The
primary cause of slippage has been lack of a suitable method of measur-
ing beam shape. This problem has been solved by the use of phosphor
screens and the fabrication of a new slit diode array.

All other tasks are proceeding on schedule with one exception: because
of results obtained by beam shape analysis performed as part of this
program, emphasis has been shifted away from the development of the
metal-ceramic version of the sheet beam gun and increased emphasis has
been put on fabrication techniques using the present glass envelope con-
figuration. For this reason, the two tasks having to do with develop-
ment of the metal ceramic gun have been deleted from the program.
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3.0

CHARACTERIZATION OF EXISTING DEVICES

Extensive linearity and intermodulation measurements were performed on
a deflected beam amplifier, WJ-3662-1 S/N 9. The device was set up for
saturated output power of 46.0 dBm at maximum efficiency. The balanced
two tone method of measurement was used, and in most cases, the funda-
mental tones and their 3rd, 5th, and 7th intermodulation products were
measured over a 20-33 dB dynamic range. The parameter varied during
these tests was the voltage on anode 3, the next to last anode in the gun
stack. (Anode 4 is held at ground potential.) Figures 3-1 through 3-5
summarize these results, and Figure 3-6 expresses the tradeoff between
linearity and efficiency. The criterion for linearity is the maximum 3rd
order intermodulation product referenced to fundamental saturation level;
note that the case for "best" linearity by this criterion (Ag = 2400) is
not coincident with the case where the fundamental deviates the least
from constant gain (Ag = 3500), nor with the case where single tone
saturated efficiency is maximum (A3 = 3300). The reason for this is
attributed to the sidelobes present in the beam density profile, which has
been observed on phosphor screens. At maximum efficiency, the amplifier
is running in class C, i.e., with a tightly focused beam smaller than the
diode spacing. At other points, class AB predominates, with current
spillover severely reducing efficiency. Since the beam profile as pre-
dicted by computer for class C is not perfectly rectangular, the inter-
modulation products are more severe than for class AB, which in spite
of spillover has a better beamshape within the width of the diode spacing.
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4.0

4.1

MEASUREMENT OF ELECTRON BEAM SHAPE

Slit Diode Array

EBS device linearity is largely dependent upon the profile of the current
density of the sheet electron beam. An accurate means is required to
measure this profile. A special diode target called a "slit beam analyzer"
shown schematically in Figure 4-1 was prepared for this purpose. The
target contains 10 diodes, each having a metalized top surface with a
narrow slit etched through the metalization to the active diode layer. If
an electron beam is swept across this array as illustrated, each diode

will respond only to the portion of the beam striking the narrow slit area.
The diode current from each of the diodes in the array can be monitored
and a profile of the beam density can be thus obtained.

During the first four months of the contract, an existing slit diode array
was assembled to a sheet beam electron gun and was tested.

Because of the inconsistencies of response from diode to diode, it was
suspected that the array itself was not responding uniformly to excita-
tion by the electron beam. It became apparent that a calibration of the
slit beam analyzer array was required before meaningful data could be
obtained.

A gun having a well-defined circular beam of small radius was needed to
calibrate the slit diode array. Such a gun is typically used in a cathode
ray tube (CRT) for information display. The Stewart Division of Watkins-
Johnson Company produces these "pencil beam" guns for CRT use, and
arrangements were made to purchase such a gun from them. A suitable
production type gun was identified and the problems associated with
interfacing the gun to the slit beam analyzer target were solved. In
order to provide sufficient deflection of the electron beam to cover the
entire target, using available sawtooth generators, the deflection coil to
be used must be designed to match the physical dimensions of the gun
and its coil impedance should be roughly the same as the sawtooth gene-
rator output impedance. A suitable coil was designed and procured from
an outside vendor.

When the pencil beam gun was operated with the slit diode array, the
diode current obtained was insufficient to provide a high enough signal-
to-noise ratio. In addition, problems were experienced in obtaining a
reasonable amount of cathode current from the gun.

The gun was removed from the slit diode array and sent back to the
Stewart Division for installation of a new cathode. In conjunction with

-12_
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Figure 4-1. Slit Beam Analyzer Array
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4.2

this, fabrication of a new slit diode array was begun, since several of
the diodes in the slit diode array were not functioning.

The new slit diode array will have wider (0.002 inches) slits to provide
greater response amplitude. Since the optimum beam width is 0.040
inches, resolution will still be far in excess of what is required. The
new slit diode array will be first tested with the pencil beam gun to cali-
brate it, and can then be used to test beam shape on EBS sheet beam
guns.

Phosphor Screen Beam Measurements

Because of the problems experienced with the slit diode array, an alter-
nate method of testing the beam shape was explored. A phosphor screen
similar to that used on a CRT is mounted to the EBS device in place of
the EBS diode array. The beam cross-section is observed when the beam
strikes and illuminates the phosphor. The phosphor is very sensitive to
electron bombardment so that very low beam current is sufficient to
observe the beam shape. However, it is not possible to run high beam
current at normal EBS operating levels, because the phosphor is evapo-
rated at low power levels. This disadvantage was partially alleviated by
pulsing the electron beam at very low duty cycle. In addition, there
seems to be little change in beam shape as the beam current is increased.

The first gun tested was originally used on WJ-3662-1 S/N 16, which

failed at low power levels for unknown reasons. The beam shape shown

on the screen had a much greater intensity at one end than at the other,
and the beam was not straight but exhibited a significant amount of
curvature. Maximum deviation of the beam center from straight line was
approximately 0.04 inch. A photograph of the beam image on the phosphor
screen is shown in Figure 4-2.

The second gun tested produced a beam having better overall shape, but
still with too much curvature and with some increase in intensity and beam
size at the very ends of the beam, shown in Figure 4-3. The third gun
was the worst tested, having a deviation from straight line of approximately
0.05 inches, shown in Figure 4-4.

The first and third electron guns were removed from the phosphor screens
and visually examined. In both guns, misalignment was noted in the plane
of the beam between the cathode and focus electrode assembly and the
anode assembly. The fixturing used to assemble the guns was checked and
the problem was apparent — when the lengthwise dimension of the focus
electrode assembly was increased in early 1978, the fixture had not been
modified to take up the slack. New fixturing to correct the problem was j
ordered.

r—
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Figure 4.2 - Beam shape of gun #42 measured on a phosphor screen
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Figure 4.3 - Beam shape of gun #47 measured on phosphor screen.

Figure 4.4 - Beam shape of gun #49 measured on a phosphor screen.
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The last gun, which had the most pronounced beam curvature, also had
a noticeable warpage in the first anode.

To reduce the "dogbone" effect of higher beam size and intensity near
the ends of the beams, modifications were begun on the gun electrode
designs. The modifications will increase the length of the slot in all the
gun electrodes.

To increase the precision of the anodes themselves, a new method of
fabricating the anodes was developed. Presently, each anode is machined
to the desired dimensions. The new method involves machining each
anode in two parts, placing the parts on a mandrel, and laser welding the
two pieces together. Since the mandrel can be made with very good
accuracy, the internal dimensions of the finished anode should be better
using the new method.

= 18 =
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5.0

COMPUTER AIDED ANALYSIS OF ELECTRON GUN

During the present reporting period, the final computer program was
written to complete the correlation between the rectangular gun geometry
and the Fourier components of the output signal. All of the programs
currently used for gun analysis are listed in Table I. The first three
perform the function of determining beam profile through the acceleration
region, i.e., up to the meanderline. The fourth accounts for beamspread
through the drift region, from the meanderline to the target. Finally,

the last performs a convolution of the beam density profile with diode
shape to determine the output waveform, then does a Fourier transform on
this waveform to determine the spectral components and calculates the tar-
get efficiency for the fundamental.

The design of a new gun structure has typically involved the use of only
the first two programs. Generally, the quality of the beamshape is quite
obvious after the second program is run, and if there are severe prob-
lems with a design, there is no point in carrying out further calculations.
For this reason, Parts (1) and (2) of Table I have been streamlined to run
with one job submission. The remainder of the programs, however, take a
great deal of effort to run, and are used only to check out a design that
has been finalized from (2). A complete listing of all above programs is
given in Appendices I through IV.

e i
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6.0

MODIFICATION TO ELECTRON GUN

Figure 6-1 and 6-2 illustrate the 2-dimensional beam profile resulting
from the present electrode geometry and ideal Pierce geometry, respec-
tively. Figure 6-2 has served as a model for the development of a new
anode geometry, based on the following areas of improvement that have
been identified from Figure 6-1:

1. The effective cathode location is not necessarily at the zero
potential line.

2. The grid is biased negative relative to the cathode, in order to
reduce emission. As mentioned previously, this crowds the
emission density into the center of the cathode.

3. . Potentials farther from the cathode are such that emission at the
cathode can not be reduced without causing the beam area to be
smaller, thereby increasing current density.

Problems (2) and (3) are being addressed by construction of a gridded
anode in front of the cathode, which will take over the function of beam
control and allow the focus anode to be run at or near cathode potential.
Problem (1) is not being pursued at this time because the flexibility of
the new geometry should allow small adjustments to be made on the focus
anode potential, in order to satisfy the Pierce field characteristics.

Note that the intent of the gridded anode is to shield the Pierce field
region from the acceleration region of the gun, to prevent the lensing
effects seen in Figure 6-1. The beam control function is a necessary
side effect of the primary shielding function, and is predicted to require
potentials of 100-200 volts relative to cathode.
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7.0

PROGRAM FOR THE NEXT PERIOD

During the next four month period, effort will be directed at developing
a method of producing election guns with improved cross-sectional pro-
files, by means of increasing the accuracy of the piece parts and the
fixturing used for assembly.

A grid will be added to the first anode and the gridded gun will be con-
structed and tested. The gridded design should provide a more well-
shaped beam because emission can take place over the entire cathode
surface at all levels of cathode current.

Another modification which will be done to the existing gun is to increase
the length of the anodes and focus electrode, leaving the cathode at
0.700 inches. This will improve the beam shape near the ends of the
beam.

The slit diode array having 0.002 inch wide slits will be fabricated and
calibrated, and will then be used to test EBS sheet beam guns. The
results of the beam cross-section analysis will be correlated with mea-
sured intermodulation performance of the same electron gun.
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RECTANGULAR GUN ANALYSIS PACKAGE

JOHN B RETTIG 1731779

MAIN DRIVER ROUTINE, PART I - EQUIPOTENTIAL SOLUTIONS

IMPLICIT REAL*E (A—-H,0-2)

REAL%8 V(41,401)

REAL*8 CUND(9)

REAL*8 X(200),Y(200),UX(200),UY(200)

REAL*8 TITLE(4)

INTEGER ICOND(S)

CUOMMON /A/ V !

CCMMON /87 XMIN,XMAX,DX9,
YMIN,YMAX,DYO,
My NogNXY

COMMON /C/ CONCy ICONDyNCONDyCMIN,CMAX,COFF

CCMMON /D7 XeYaUXaUY
CCMMON /E/ TITLE
DATA BW /.2/

DATA NEQP /31/

DATA YEQP /4.5C-3/

NATA RELERR /1.0-4/

DATA ITER /20/
DATA X19X29Y19Y2 /Ne94eD=340a¢6eD-3/
DATA ENGMLCT /39.37/

READ IN INITIAL INFORMATICN
CALL INIT

READ IN VOLTAGES FRCM PREVIOUS RUN
READ(8) V

READ IN CONCUCTOR CONFIGURATION
CALL MESH

RELAX VOLTAGE MATRIX
ERRMAX=RELERR* (CMAX—CMIN)
CALL RELAX (1, 1yERROR,ERRMAX)
IF (ERRORLLT.ERRMAX) GO TO 4
KSTEP=1
KSTEP=24KSTEP :
[F (MOD(M=1,KSTEP).NE.O) GO TN 2
IF (MOD(N=1,KSTEP).NE.O) GG TO 2

GC 7O 1
KSTEP=KSTEP/2

GUNOO0O10
GUN00020
GUNO0030
GUN00040
GUNO00QO050
GUN0O00& 0
GUNOO0O070
GUNJ0080
GUNJ0090
GUNQOLl0C
GUNOOL10
GUNQO120
GUNOO0139
GUNO0O149
GUNOO150
GUNOO160
GUNOO170
GUNOO18C
GUNOO199
GUNC0200
GUND0213
GUN002290
GUND0230
GUNQ0240
GUNO00259
GUN00260
GUNDOQ2790
GUNQO0280
GUN00290
GUNO00300
GUNOO0310
GUNDJ0320
GUNJ0330
GUNO00340
GUN00350
GUNO00360
GUNO0370
GUNO003890
GUNOD03S59
GUN00400
GUNQO0410
GUNOQ0420
GUNJ0430
GUNQV440
GUNJO0450
GUNO0O0460
GUND0470
GUNQQ480Q
GUN004S0
GUN00500
GUNO005190
GUNDO0520
GUN0DO0530
GUND0540
GUNDO0550
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CALL RELAX (ITER,KSTEP,ERROR,FERRMAX)

IF (ERRORCLT.ERRMAX) GO TO 3 GUNO00570
CALL RELAX (ITER,1,ERROR,CRRMAX) GUNOO0580
C GUNQ0590
c RECORD V MATRIX FOR NEXT USAGE GUNO00600
c _ GUN00610
3 REWIND 8 GUN00620
WRITE(B) V GUNOO0630
4 WRITE(14100) FRROR GUN00640
c GUN00650
( PLOT CONTOURS GUND0660
c _ 5 GUNO0O06T0
CALL CONPLTY (Bw,NEQP) GUNO00680
c GUN00690
c DETCRMINE FQUIPOTENTIAL SURFACE IN VICINITY OF Y=YEQP GUN00700
c GUND0710
VO=PINT(X1leY1+.75%(Y2-Y1))-COFF GUNOO0T20
CALL EQPTL (VO,X1yX2,Y1lyY2) GUND0739
£ GUNQO 740
c WRITE OUT THEN CONVERT TO INCHES GUN00750
C GUN0O0760
WRITE(Ll,101) VO GUNOOTT0
DO 10 I=1,NXY GUNOOT780
WRITE(1,102) X(I),Y(I) g GUN00790
X(I)=X{I)*ENGMET GUN00800
Y{I)=Y(I)®ENGMET GUNO00810
10 CCNTINUE 5 o GUN20820
c GUN00830
c GENFRATE INPUT FILE FOR XMGUN GUN00840
c GUN00850
T WRITE(2,103) TITLE(3),V0,VC GUNOO0B60
X{1)=x(2) GUNQO08TO
Y(1)=.2125 GUN00880
T NCARDS=1+(NXY-1)/17 E GUN0089C
WRITE(2,104) NCARDS,COND(2),COND( 3) GUN00900
DC 20 1I=1,NXY,7 GUNOQO0910
JF=MINO (8 ¢NXY+1-1) GUN00920
KRITE(245105) (YINXY+2=1=J)yX(NXY#+2-1[=J)4Jd=1,JF) GUN0Q930
20  CCNTINUE GUN00940
WRITE(2,106) GUNO00950
STOP GUN00960
100  FCRMAT (///* MAXIMUM CHANGE IN MESH ON LAST ITERATION = *',012.4) GUNO0970
101 FORMAT (///' COORDINATES IN METERS OF EQUIPOTENTIAL LINE ', GUN0Q380
* ' V0 = ' ,D12.4//6X X%, 11Xe'Y /) GUNO0099Q
102 FORMAT (2012.%) GUNO1000
103  FORMAT (AB8y2X42F10.0," <10 6 2 2 100 60 10001001100°%,6X,GUNOLOLD
* 16.%/'4212510004.0115.015 .0115.050 .0115.100 .0L15*) GUN01020
104  FORMAT (*39,9X,124" 29,6X42(*1'F9.0)) ; GUNO01030
105 FCRMAT (8(2F5.4)) GUNO1040
106  FOURMAT ('.0 «200 0 «017 .0149.017 «42911.017" GUNO1050
* /"e41421.081.1041.1254.1041.0807.119 .0807.44391.081" GUNO1060
* /3(0.0%,8X)y"1. <0 -.009875*) GUNO1070
END GUNOQ1080

c

C ........Q...“......;.‘..‘.‘.......................‘.............‘

GUNO00560

INIOOO10
INI0O002D
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SUBRAUTINE INIT

. RECTANGULAR GUN ANALYSIS PACKAGE

JOHN 8 RETTIG

CATA INITIALIZATION

/317179

ROUTINE

IMPLICIT REAL*E (A-H,C-2)
REAL*8 V(414401)
REAL*8 COND(9)

REAL*3 TITLE(4)
INTESGCR ICONDI(S)

INTESER
JATA NCHAR
DATA SPACE
CCAMON /A/
CCMMCN /B/

CAMMON /C/
CCMMCN /E/
DATA CMIND

CATA DECK SETUP ON LOGICAL RECORD 3

CARD

1

2

LAST

READ(3,100)

ESTABLISH OCUNDARIES

XMIN=0.

/1H /
v

NCHAR(S) LINE(120),SPALC
/1H1y1lK291H3¢1H4 9 1H5, LHO9 I1H7,1H8, 1HS/

XMINyXMAX,DX0y
YMINsYMAX,DYO,

My NyNXY

CONC, ICONDyNCOND CMINsCMAX,COFF

TITLE
/1.Ca/

VARIABLE

TITLE(1-2)

TITLE(3-4)

Mg N

2X040Y0

[CCND,COND

FORMAT
2A8
2AH
215
2012.2

I1,3X,
f().O

(TITLE(I)yI=1454)4M,N
PEAD(32,101) OX0,0Y0

XMAX=XMIN+DXO*CFLCAT(M-1)

YMIN=0.

YNAX=YMIN+DYORCFLCAT(N-1)

- S S—————CpepeeiEE R

(ALL UNITS MKS)
DESCRIPTION

IDENTIFICATION

V MESH SIZE
V MCSH INCREMINTS (M)

CONDUCTOR CGNES -
THE CHARACTER USED
TC REPRTSENT POTENTIAL COND
{9 OR LESS MAY 3L SPECIFIED)

ICCND IS
THE MCSH

(ENDO OF RECCRD CARD)

INIOOO30
INIOOO4C
INIOOO50
INIOO060
INIOOO7C
INIOO0080
INIOOO09Q
INIOO100
INIOOQ110
INIOO120
INIQO130
INIOJO140
INIOO150
INIOQ160
INIJO170
INIOOL8O
INIOOL190
INIOO0200
INIQCZ210
[n1a0220
INIDO0230
IN1Q0240
INIOO250
INI0O0260
INIO00ZT0
INIDOO0280
INIQQ299
INIOO0300
INIOO310
INIQ0320
INIOO330
INIOO340
INIQO0350
INIDO360
INIOO370
INIJQ380
IN100390
INIJ0400
INIGO41C
INIQO423
INIQ0430
INIOO440
INIOO4SC
INIOUO460
INIOQ&47Q
INIOO4EZ
INIQ049D
ININ0500
INIOOS10
INIDO52¢0C
INIOOS30
INIOOS540C
INI00550
INI[OOS60Q
INIDOS5T79




; c INIO0580
; c WRITE OUT GEOMETRICAL AND INITIAL CONDITION INFORMATION INI00590
; Rl e o A s INI00600
- WRITE(1,102) (TITLE(I),I=1,4),MsN> INIOO610
g * XMINy XMAX+DXO, IN100620
; Wras . YMIN,YMAX,0Y0 2 o ... IN100630
c INI00640
c READ CCNDUCTOR CODING AND POTENTIALS IN100650
L s R R R R R e _ _ . ___ INI00660
DO 10 I=1,9 INI00670
NCOND=1 INI00680
| . READ(3,103,END=11) ICOND(I),CONODCI) = . ... .INI00690
, 100 CONTINUE INI00700
c INIOO710
11  NCOND=NCOND-1 s . .. . __ _&NIOOT20
c INI00730
c CALCULATE MAX, MIN, AND OFFSET INI0O0T740
c B O e el s s it it paimssiinarnis o SN §
E 1 CMIN=COND(1) INIOO760
CMAX=COND(1) INI0O770
c SR M e . - s I S
DO 20 I=1,NCOND INI00790
IF (CMIN.GT.COND(I)) CMIN=COND(I) INI00800
__ IF (CMAX.LT.CONC(I)) CMAX=COND(I) i A _ . INIOO810
20 = CONTINUE INIC0820
CGFF=CMINO-CMIN INI00830
BT R e R e e R e N AT el L RSP RO, ..., . ...
c : : S e " INI00850
i 100  FORMAT (2A8/2A8/215) INI00860
: 101  FORMAT (3012.4) ' : : INI008T70
J 102  FCRMAT 177/7710X,*TDENT = = "79,2487710Xs*TITLE =~ ',2A87// " INI00880
i * ¢ MESH SIZE IS *,1I3," * %,13,' POINTS'// INT00890
* ¢ XMIN = ',D10.4,10Xy*XMAX = *4010.4,10Xs *XINC = *,D10.4, INI00900
] SO L e oo ik " 777 INT00S10
* ¢ YMIN = %,;D10.4510X,"YMAX = *,D10.4,10X,*YINC = *,D10.4, IN100920
F; * v METERS'//) IN100930
| 1037~ FCORMAT (T1,3X,Fé.07  ~ ~~— 7~~~ PG C © 77 IN100940
o END INI00950
{ & i T . _ I SR o _ o ~ MES00010
,,‘} c 09 000 00 0000 0PGD VGNP VOB 0P P00 B S 00000000 00000 0000V ESCPSIBGPRBSIIGCOIOIOSIOSIOSIES HESOOOZO
§ | c MES00030
' SUBROUT INE MESH e A MES00040
- R ki ; MES00050
' c RECTANGULAR GUN ANALYSIS PACKAGE MES00060
c MES00070
c JOHN B RETTIG 17317719~ L ‘ Ty MES00080
c , MES00090
c THIS ROUTINE SETS UP A BRAND NEW MESH OF CONDUCTORS IN THE MES00100
c POTENT IAL MATRIX V. ADVANTAGE IS TAKEN OF ANY PREVIOUS MES00110
c SOLUTION OF A SIMILAR TYPE BY CHANGING ONLY THOSE MESH MES00120
c VALUES WHERE A NEW CONDUCTOR IS LOCATED. PR MESO0130
¢ 4 - MES00140
IMPLICIT REAL*8 (A-H,0-Z) MES00150
KEAL*8 V(41,401) MES00160

REAL*8 COND(9) AR e P MES00170 ‘




OO aOODn

11

12

13
14
1"
2)
30

100
101

[aEaXa Xzl OO0

INTEGER [COND(S)

INTEGE® NCHAR(S),LINE(L120),SPACT

DATA NCHAR /1FLlslh241F331H4yLHSy 1H6,1HT,1H8y 1HI/
DATA SPACE /1K /

CCMMON /A/ V

CCMMCN /B/ XMINyXMAX,DXQ,

® YMIN,YF¥AX,DYO,
* My Ny NXY

CCMMCN /C/ CDNT, ICONDyNCOND,CMIN,CMAX,LOFF

DATA DECK SETUP ON LOGICAL RECORD 4 (CCNDUCTOR GECMETRY)

CARD VARTABLE FORMAT DESCRIPTICGN
1-N M¥AL CONDUCTOR MESH CCDES
LAST (END OF RECOKD CARD)

READ IN CCNZUCTCR INFURYATION

DC 20 J=1,N

READ(4,100) (LINE(I),I=1,M)

00 10 I=1,M

V(IgJ) = DOMAXL(DABS(VI(I4J))aCMIND)
IF (LINE(I).EQ.SPACE) GO 1O 19
NC 11 K=1,9

KQ0=K

IF (LINE(I)JEQ.NCHAR(KO)) GO TD 12
CCNTINUE

GG TO 30

DC 13 K=14NCCND

K1=K

IF(KO.EQ.ICOND(KL)) GO TO 14
CCNTINUE

5C YC 30

V(IysJ)= =(COND(KL)+COFF)

CCNTINUE

CONTINUE

RETUPN

WRITE(L410L1) Je Iy (LINC(L)oI=141)
sTOP

FCRMAT (129A1)

FCRMAT (////7/7* INPUT MESH CRROR'.LCX,* LINE '41I5,
* 10X, ' CHARACTER ',15//1X,120A1)

END

DR R R BB R I B O B B B BB B NN B I B B B BT B B B A B L B B B AN

SUBROUTINE RELAX (ITER,KSTEPO,ERROR,) ERRMAX)
RECTANGULAR GUN ANALYSIS PACKAGE

JOHN B RETTIC /31779

I-5

MES00180
MESO0190
MESD00200
MESO0210
MESQU220
MES00230
FESD0240
MES00250
MES00260
MESQ0270
MESQ0Z80
MESQO290
¥ESDJ0300
MESNO310
MESON220
MESO0330
MES00340
MESD0350
MESO0360
MESDO0370
MESOO380C
MES00390
FESD0400
MESOO4LO
MESJU420
MESJ0430
MES00440
MESO00450
MESDQ460
MESO0D470
MESO0480
MESOO049C
MESO0500
MESUO051C
MESO0S2C
MESO00530
MESI0540
MES00550
MESJO56C
MESOO0570
MES00580
MESO05G0
MESO060C
MESJ0610
MESN0620
MESOO630
MESQ064C
RELOOCILO
RELOON20
RELJ0030
RELOQ040
RELO00S0
RELQ0N6Q
RELOOO7O
RELOO0J8O

i et i el it
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C
€
C
c
C
C
C
c
C
C
C
C
C
C
c
C
C
C
c
¢
C
€
c
C
c
C
C
C
c
C
C
C
&
C
C
C
C

aon

THIS ROUTINF IMPLEMENTS THE 4-NCDT OISCRETIZED LAPLACIAN
CPERATCOR TO SOLVE LAPLACE'S CQUATION WITHIN A SPECIFIED

M&N MESHe A SUCCECSSIVE CVERRELAXATIUN TECHNIQUE IS

EMPLCYED TC PRCVIDE FAST CONVERGENCEy, ALONG WITH A SCHEME
THAT STARTS WITH A COARSE MEGH AND SUCCESSIVELY WCRKS T0

THE FINE MESH (le.Ee EVIRY SINGLE MESH PUINT). THE LARGEST
CF MESH GRACES EMPLOYCD IS SPECIFIED BY KSTEP, WITH THE
RESTRICTICN THAT KSTEP SE AN INTEGRAL DIVISCGR CF BOTH (M-1)
AND (MN-1). AFTER EACH COARSE RELAXATION IS CCMPLETE, THE
NEXT FINER MESKE IS INTERPUOLATED LINEARLY. THIS INTERPCLATICN
IS PERFORMED USING A FOUR NFAREST NEIGHBOR CALCULATION FIOST
FOR THOSE PCINTS FALLING AT DISTANCT SQRT(2) FRCM TH: COAFSE
MESH, AND THEN FUR THOSE POINTS FALLING AT DISTANCE (+9)
FRUM THE CUARSE MESH.

THT LAST FEa STEPS FCR THE FINEST GRADE MEFESH (KSTEP=1)
RELAXATION ARE GAUSS-SEIDEL (W=.25) IN GRIER TL SMOUTH QUT
THE RNUGH E0GES LEFT OVER fRI'™M THC CVERRELAXATICN.

IF KSTEPO=1, ONLY KSTEP=1 IS USED, AND THE PRCGRAM wiLL
REPLAT UNTIL ERRORCKERRMAX. ITHERWISE, MORt CCARSE MESHES ARF
USCY TO START, WORKING TG THE FINER MESH AND REPEATING THIS

RELOOV90
RELDIOL0D
RELJOLL1O0
RELOOL2U
RELOOL30
RELOOL140
RELOOL50
RELJIOL16D
RELOOLTO
RELJO1I8D
RELOOL9)D
RELN0200
RELOO0O219
RELOO220C
RELO0230
PELNO240
RELQOZ2S0
RELOQJ260
RELOGCZ270Q
RELOO02819

£L00290
RELOO300
RELOC3LC

FIND MESH UNTIL ERRORKCRRMAX. USC CAUTION WHEN CHOUSING ERRMAXRELOUG320

AS A 41%401 MESH TAKTS ABROUT 4-5 MINUTES CN AN I3M 370/143
wlTH ERRMAX SET TO .71 PERCENT OF THC MAXIMUM LESS MINIMUMY
MESH PCTENTIALS.

St CARNAHAN, LUTHER, AND WILKES, APPLIED NUMERICAL
PETHODSy, WILEY,1969, OR FCRSYTHE AND WASOw, FINITE DIFFER-
ENCC METHCDS FCR POE, WILEY, 1960,

[F THE MESH IS WuT FENCLOSED Y CUNDUCTORS, PERICDICITY UF
THE SOLUTICN IS ASSUMED AND TAHL BUUNOARIES ARE FOLDED CVER
(I.C. MIRRCR IMAGE SYMMCTRY [S ASSUMED). IF THIS CANNCY
BE TCLERATEC, BE SURE TO SPECIFY CUNDUCTORS ALL THE aAY
AROUJUND THE MESFH.

IPLICIT REAL*8 (A-H,(C-27)
KFAL®8 V{4l,401)

CCMMCN /a7 ¥

CCMMON /87 XMINy XMAX X0y
» YMINgYNMAX DYy
* Mo N oNXY

MESH CCARSEANESS LOGP

KSTEP=2%KSTEPQ

KSTEP=MAXO(L,KSTEF/2)

CKCFF=KSTCP
T=3.14159/0FLCATIMINOIM/KSTEP ¢N/KSTEP) )
W=0e5/(1.+DSINI(T))

IF (KSTCPOLEQ.1) W=.25
LMAX=ITCER/KSTEP

Lo=1

I-6

REL0O330
RELND34C
RELAOOD3S0
RELOD360
RELCO370
fRELO0389
RELOQ29D
RELUO0400
RELNO410
RELOV429
RELDJ430
RELD044C
RELD0450
RELD0460
RELVO&TO
RELOJ0480
RELO04SO
RELOCS00
RELOJSI1D
RELGO520
RELO0530
RELOOS40
RELOOSSC
RELON560
RELOOSTO
RELUOS80
RELOVOS90
RELO0600
RELOO610
RELOO0G2D
RELJOK3D
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——e e —

-_.Wl% = =

OO0 O o000 aXsEaXgl

ace

ano

N -

[

30

RELAXATICN LOCP

nc 30 L=1,LMAX
LPRCR=0.,

NC 20 I=10,1F,KSTE?
U= +XKOFF
ICN=[-KCFF

I¥F (1.EQeM) IUP=IDN
If (1.5Q.1) ICN=1IUP

DC 1N J=J04JF,,KSTEP
VO=V(I1,J)
IF(VO.LT.0.) GC TC 10
JUP=J¢KUFF

JON=J-KOFF

[F (JeEQeN) JUP=JDN
IF (J.FQal) JON=JUP

VCFF=w*{DABS(V(IDN, J) )=-VO+DABSIVIIUP,4))=VO
+DABSIV (I JON))=VO+IABS(V(I,JUP))I-VO)

VII,J)=VO+VOFF

ERRCR=1DMAXI(LERRCRyDABS(VOFF))

CONTINUT

CONTINUE

wRITE(64200) L oKSTEP,W,ERROR

RCTURN [F CRROR SATISFIED WITH FINFST MESH AND GAUSS-SCIDEL

HAS NRCEN PERFORMED

IF (KSTFP . EQel e ANDeERRORGLTFRRUIAXANDWeFQeo25) RETURN

IF ALMGST COMPLETE, SWITCH TO GAUSS-SEIOEL

IF (EFROReLY < 10+*%ERRMAXeANTKSTEPLEQe1) W=.25

CONTINUFE

CHCCK IF INTERPOLATION NCCESSARY FOR NEXT FINER MLSH
CR IF COMPLETEC

I (KSTEPJ.EQ.1l) RETURN
I (KSTFP.EQe.l) GO TU 1

INTERPOLATE INBETWECN POINTS

KCFF=KSTEP/2
[0=1+K0FF
IF=M=KOFF
JO= L4KOFF
JF=N=KUFF

I-7

RELQ0640
REL00650
RELO0660
RELOO6TO
REL00680
RELOC690
REL0OOT700
RELOQT71C
RELOC72C
REL0OOQOT730
REL00740
RELOOQT50
RELOOT760
RELOOQ770
RELOOT780
RELQOOQ79Q
RELC0800
RELUG310
RELOQA2)
REL0O0S30
RELNOB4D
RELOOB50
RELOCS860
RELOOATO
RELOO380
RELOO890
RELJO900
RELOO91D
RELOQ92C
RELO0930
RELDJ0940C
RELOQ950
RELO096C
RELOO0970
REL0OQ980
RELJ0990
RELO100O0
RELN101C
RELOL102D
RELO1030
RELO1040
RELQL1050
RELCL060
RELO1070
RELO108Q
RELOLO9C
RELOL100
RELOL1L1O
RELUL120
RELOL130
RELOL1140
RELOL1150
RELOL16V
RELOLL170
RELOLLBG

b ki




aoo

69)
T0

§0
210)

290

C

c

NC 50 J=JOyJFKSTEP

JUP=J+KOFF

JON=J-KOFF

0C 40 I=I0,1F,KSTCP

IF (V(I,d}elTo0.) GO TN 40

TUP=[+KOFF

1ON=T-KGFF

VII,J)=.25%(DAESIVIIDN,JOND) #DASS(VIIUPyJDN) )
+DARS(VOINN,JUP ) ) +DABS( VI TUP, JUP) ))

CCNTINUE

CONTINUE

10=1+KCFF

1F=¥-KOFF

Jo=1

JF=

CC 710 J=J0,JF,KSTEP

JUP=J+KCFF

JEN=J-KOFF

If (J.EQeN) JLP=JDN

NC 60 I1=10,1IF,KSTE?

IF(V(I4J)elTeDe) GO TU 60

IUP=1+KCFF

ICN=I-KOFF

VII9Jd) =25 (NABS(VIIDN,J) ) #DARS(V(IUP,J))
+DABSIVIILJON) ) #2ABS(V(I,JUP)))

CCNTINUF

CONTINUE

10=1

1F=M

JO0=1+KCFF

JF=N=-KOFF

2C S0 J=J01JF1KSTFP

JUP=J+K{OFF

JCN=J-KCFF

NC 80 1=1041F,KSTEP

IF(VIIsJ)elT.De) GO TC 8O

IUP=1+KCFF

ICN=[-KCFF

1F (IeEQeM) [UP=[DN

IF (I«E:Qel) ICN=1U"

VII 3J)=o25%(DA2SIVIIDNGJ) ) +DABS(VIUP,J))
+DABS(VII,JDN) ) #DABS(V(I,JUP)))

CUNTINUE

CCNTINUE

6C 10 1

FORMAT ('%%x%x1, 2[1CyFl0e4yFLl0.27)

LAD

C LEE R B B I I I I I I I R B I R B I I I I I BB I R R N )

SUBROUT INE CONPLT (BWy,NEQP)

RELOL1190
RELOL1200
RELOL21C
RELOL1220
RELQO1230
RELCLZ240
RELOLZ50Q
RELOL260
RELOL270
RELJL1280
RELOL1290
RELOL300
RELOL131C
RELO1320
RELO1330
RFLO1340
RELOL35¢C
RELOL1360
RELOL1370
RELOL380
RELOL 390
RELQ1400
RELOL1410
RELO1420
RELDJL1430
RELOL1440
RELOL4SQ
RELIDL46 ]
RELOLl47C
RELQ1480
RELOL4SO
RELOLS0C
RCLOL1S510
RELILS20
RELJLS30
RELO4LS542
RELOL1550
RFLOL1560Q
RELOLSTC
RELOL580
RELOL1590
RELOL1600
RELOLG6LG
RcLOl62C
RELOL1630
RELOLO4C
RELO16S53
RELOL1660Q
RELQOL1670
RELDL16BO
RELOL69C
CONOOQO10
CONJDO2O
CCONO0O30
CONO0O0ND4&Q

e

it o ol i it




C CONDOO0S50
I ¥ RECTANGULAR GUN ANALYSIS PACKAGE CCNQ0060
C CCNOOO70
C JCOHN 8 RETTIG 1731779 CCNQO0O0B80
C CONOOO90
€ CONO0O1090
C THIS ROUTINF GENERATES A CONTOUR EQUIPOTENTIAL PLCT ON THE CONUO110
C LINE PRINTERP, CONDUCTORS, COODEO AS NEGATIVE NUM3ERS IN THE CONOOQ120
3 C MESH, ARF SYMBCLIZED BY DIGITS FROM™ 1-G, ACCORDING TO THE CGONOO130
E | SCHEME SET UP IN THE AKRAYS ICOND AND COND. OPECN SPACES CON0OOQ140
! € ARE REPRESENTECLC DY LETTRZRS ACCORDING YO THE VALUES OF Bw AND CCONO0OLS0
C NEGP « THE PARAMETER NEQP IS THE NUMBER OF DESIRCZ EQUI- CONOO160
] € POTENTIALS (MAXIMUM 481, &HILE B8W IS A BRANNDWIDTH SPECIFIER, CONQO170
3 C THE WAY THC PARAMETER 8BW wIRKS IS BEST ILLUSTRATED BY AN CCNOOLS8O
1 € EXAMPLE. CCONOC190
C CCONQO2Q¢Q
C ASSUME NEQP=4, BW=.10y AND 10 < V < 49 CONQQ210
C CGNDO0220
C A g <L VvV < 1L CCNQ0230
C 3 19 < ¥ < 21 CCNDD0240
C C 29 € ¥ € 31 CONQO25°0
C D 39 € V¥V £ 41 CONOOZ6C
€ CONQQ27¢C
€ HOWEVER, IF BW=.50 WITH ALL ELSFE THE SAME CUNQJ028¢C
G CONNQ29¢C
C A 75 £V <€ 125 CCND2300
C B Ites £ V¥ €& 225 CUNDO310
Cc € 27T+5 < V £ 32.5 CONQO320
C 3 37.5 < V < 42.5 CONQO 330
€ CON00340
C THUS s 8W=0 wiLL PRINT A BLANX PAGE, AND Bwh=1 WILL PRINT A CUND2359
C SCLIC PAGE CF CHARACTERS. CCN)0 360
(7 CGNOO0370
C THFE PARAMITER NEQP MIGHY BE ADJUSTED BRY THE PRCGRAM TQ CONOC380
G GC3TAIN AESTHETIC EQUIPUTENTIAL SPACINGS. CCN0036Q
G CCN20400
IMPLICIT REAL#%#3 (A-H,0-1) CONQO412
REAL%®8 V(41,401) CONJO042C
REAL®Z CCND(9) CONJ043C
INTCEGER ICOND(S) CONOQ440
CCMNMCN /A7 V CONOO4S
CCMMON /87 XMINgXMAX,DXQy CONODO460
* YMINyYNAX,DYD, CONOO4 70 1
* My NyNXY CONJQ48C
CCMMUON /C/ COUNDICOND o NCOND,CMIN,CMAX,COFF CONQQO43C
JATA MAX /120/ CCNQOS5J0 i
INTEGEY NCHAR(S),ACHAR(48) ySPACE JUNIONT,PRT(120) COND0S510
DATA NCHAR /1lHLylF231lE391H4, k5, 1H691HTy 1H8, 1H9/ CGNOO0S2Q i
DATA ACHAR /1HASL1FDB g lKC o LHD g LEE, LHF 4 LHGy LHH, CCNQOQO53¢C 3
& THJI s LEK 3 LHL 9 LEMy LEN, LHP,y [HGy LHR, CUNDQO540 1
» IHSy LT 31U L HVy LEWy LHXy iHY91HZ, CONQOSSQO
* 1BA 1KEBy 1HC o 1HDy LHE 4 1 HF 4 1HGy 1 HM, CON20560
*® IHJ9 1FK g LHLy LEMy 1 ENy LHPy 1HQ ¢ 1HR, CaNQQOS70
* LESylFT 3 LHUy LHV g LFWy LHXy LHYy LHZ/ CONDOS80
DATA SPACE /LIH /4y UNIONT /J1lH%/ CUNDOS5SQ
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29

40

51

b 7

109

101
102

%

VINC=(CMAX-CMIN)/CFLOATINEQP-1)
VLINC=DLOGIO(VINC)
IEXP=IDINT(l.0OLl*VLINC)
IFRCT=IDINT(L.CL*10%%x(VLINC-DFLOATLITXP)))
IF ({FRCT.CQ.T7.URJIFRCT.FQe9) IFRCT=IFRCT+1
VINC=DFLOAT(IFRCT)*10.%%[EXP
INMIN=IDINT(1.0C1%*CMIN/VINC)
IVAX=1+[DINT(.G99%CMAX/VINC)
NEQP=IMAX-IMIN+1

WRITE(1,100)

DOC 10 I=1,NCOND

WRITF(1,101) fCOND(T),CONDLT)
CCNTINYE

WRITE(L1,102) B

DC 20 I=1,NEGP

VCENT=DFLCAT( IMIN+I-1)*VINC
VLO=VCFNT-VIMC*8W/2.

VHI=VCENT +VINC*8n/2.

WRITE(1,103) ACHAR(I),yVLUOsVCENT VHI
CCNTINIIE

WRITE(1,104)

MO=MINJ(MAX,M)

ICFF=0

DC 60  J=14N

DG 59 10=1,M0

I=10+10FF

PRY(IC)=SPACE

VO=V(I,J)

IF (VO.LT.0.) GC T 51
Vi={(VO-COFF)/VINC+BW/2.
IVI=IDINT{VL)
IF(CARSIVLI-DNDFLCAT(IV]1)).GT.2w) GO TG 59
PRY(IO)=ACHAR( IVI-TY1IN+L)

GC 10 59
DC 52 K=1,NCOND
KO=K

IF (-VO.EQ.CUND(KC)+COFF) GO TO 53
CCNTINUE

PRTCIO)=UNTONT

6C TO 59

IVI=ICCNO(KO)
PRT{I0)=NCHAR(IV])

CONTINJE

WRITE(1,106) (PRT(I)yI=1,40)
CCNTINUE

[F (MO+IOFF.GFE.M) RETURN
[CEF=TUFF+MO
MO=MINO(M-IOFF4¥0)
WRITE(1,104)

GC TC 40
FCRMAT (//777 =%x%xx% CCNDUCTOR CUDES %x%xk%xt//
10Xy * CODE VOLTS'/)

FCRMAT (12X4114F12.2)
CCRMAT (/7777 *%¢%xx DCTYCNTIAL CODES *%%%%t/y
l‘X,' w INDCw = ',Ff,.lo//

|
|
|
4

CONQQ6&VO
CCNQOé&1C
CCNQO0620
CON00630
CONDO640D
CUNQQ650
CONDQ06ED
CCNO0670
CCNO0680
CCNC0690
CCNOO700
CCNOOT10
CCNONT720
CON20T730
CIONUQT4Q
CCNOCT750
CUNQOQT60
CONOCTITO
CCNNOQ780
CCNQO0749¢C
CCNOC300
CCNJ0RLD
CGNOQ820
CUNJ0B839
CCNOOB4O
CCNOO035)
CONOOBOOG
CONOOB T
CCNO0a350
CONVO029Q
C3IN00920
CUNJQ910
CCND09290
CCN0OO0Y30
CONOQ940
CCGN00950
CONQOS60
CGNOOGST0
CONOCS8C
CCNJ01330
CCAQ1000
CONO1013Q
CONO1020
CONO1030
CONO 1040
CCNQ105C
CONO1260
CCNQ1070
CCND103Q
CUND109SG
CONOL100
CONO1110
CGNOLl120
CONOL139
CUNOL140
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® L CEDE LCw MECAN HIGH'/)
123 FCRMAT (2XyAle4X,3F12.2)

104 FCRMAT (1HL/LHQ)

105 FCRMAT (1X,12041)

tND

SUBROUTINE EQPTL (VOsX13X2,Y1leY2)
RECTANGULAR GUN ANALYSIS PACKAGE

JOHN B RETTIG 1731/175

THIS PRAOGRAM LCCATES AND PKRUVIDES COOROINATES FCOR THE
CAQUIPOTENTIAL LINS OF VALUF VO, IN THF Vv MESH. A LINEAR
INTERPCLATICN IS PERFORMEO BETWEEN MESH PCINTS. IT IS
ASSUMTD THAT THF VOLTAGE MATRIX V IS STRICTLY MONETUNIC

IN THE Y DIRCCTION, WITHIN A REGION ASCUT THLC EQUIPUTENTIAL
LINE.

IMPLICIT REAL%*2 (A-H,0-Z)
REAL%*8 V(41,401)
REAL*E X(290),Y(200),UX(200),UY(299)
COMMCON 74/ V
CCHAMOM /8B/ XMIN, XMAX,0X0D,
* YMIN,YMAX,DYO,
* My Ny NXY
REAL*8 COND(9)
INTEGER ICOND(S)
CCMNCN /C/ CUONCICONDyNCOND,CMI!,CMAXCUFF
CCMMEN /37 XyY,UX,UY
V1=VO+CCFF
[1=MAXO(L 1+ IO INTCOXLI=XMIN) /DXD) )
I2=MINO( My L+ IDINT((X2-XMIN)/DXD))
JI=MAXD (L 1+ ICINT((VYLI=-YMIN)/DYD))
J2=MINO (N, LEIDINT((Y2-YMIN)/DYD) )
NXY=0
0C 10 I=1l,1/
JON=J1
Jup=42
VEN=DA3SIVII,JBN) )-VL
VUP=0ABS(V(I,JUP) )=V
IF (VON%®VUP) 1,41Cy 10
! JMD=(JON+JUP)/?
VNMD=DABS(V(I,JM0))-V1
IF (JONGEQeJHMD) CC TC 4
[F (VONAYMD) 2,1Cy 3
2 JUP=JMD
VUuP=VMD
GC TC 1
3 JEN=JMD
VON=VMD
Gk LE

CCNOLliZ0
CONOL1160
CONO1170
CONO1180
CONO1190
EQP0O0OO10
£EQPJ0029
EQP0O0OC30
EQPOQ04Q
EQPO00S5SQ
EQP000D60
EuPDOOTC
EQPO0ON80
EQPO0U9D
EQ2J0100
EQPOOLLD
EQPONL20
EQPI0130
EQPO0149
EQPOOL150
EQPCOL60
EQPQOOLTO
EQPI0V18D
EQPQ0190
EQPOC200
EQP0OZ10
EQPOC22C
ECPU0230Q
EQPON240
EQPD0250
QP00269
EGPN02T79
EQPOC2380
EQPO0290
EQP00 300
EQPOQ31C
EQPUN320
EQPO0330
EQPOC340
EQPQO0O35Q
EwPJ0360
EQP3C37C
EQPD038¢0
EQPJ0390
EQPO0400
EQPO0410
EQP00&20
EQPO0430
EQPOQ440
EQPJ0450
EQPQ046D
EQPOQ4T70
EQP00480
EQP0D490
EQPNDOS00
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NXY=NXY 2 ¢

24=0.

IF 1/DNFQaVUP) GO TO 5

DJ=YON/ (VUP-VON)

XINY Y I =XMIN#DFLOCAT(I-1)%0X0

Y INXY  =YMIN#DYC®(DFLOCAT(JMD-1)-2J)
CUNTYINUE

AL TURN

END

FUNCTLUN PINT (X,Y)
RECTANGULAR GUN ANALYSIS PACKAGE

JUHN 3 RETTIG 1731718

PINT INTERPCLATES THE V MATKIX IN BCTWEEN THE MESH POINTS
USING A 4 PCINT LINTAR INTFRPIOLATION. IF ANY BCUNDARY [S

EXCEENDEDy MIRRCR IMAGE SYMMETRY IS ASSUMED A3CLT THAT

BOUNDARY ANT THE INTERPUOLATION PERFORMED AS IF THE POINT

FELL IN THE MESH.

IMPLICIT REAL*8 (A-H,0-2)
REAL*E V(41,401)

CCMMCN /A

CCMMON /87 XMINyXMAX9DX0,y
* YMINyYMAX,DYD,y
* My Ny NXY

XINT=X

YINT=Y

[F (XoLTJXMIN) XINT=2.%XMIN=-X
IF (Y .LTJYMIN) YINT=2.%YMIN-Y
IF (X.GTeXMAX) XINT=2.%XAAX-X
IF (Y.GTLYMAX)  YINT=2.%Y"MAX-Y
LO=DFLOAT (M=1) % (X INT-XMIN) /{ XMAX-XMIN)
YC=DFLOAT(N=1) *¥(YINT-YMIN) /(YMAX-YMIN)
IX=1+IDINT(X0)

IY=1+IDINT(YO)
FX=XO0-DFLOAT(IX-1)
FY=Y0-DFLOAT(IY~-1)
VO=CABS(V(IX,y1Y))
V1=DABS(V(IX+1l,1Y))
V2=D0ABS(VIIX,1Y+1))
V3=0ABS(V(IX+1l,1Y+1))
DVL=VO+(VL1-VO)*FX
DV2=V2+(V3-V2)*FX
PINT=DV1I+(DV2-DV1)%FY

RETURN

END

I-12

EQPOOS510
EQPO0520
EQPO0530C
EQPO0S540
EQPO0550
EQP00560
EQPOOSTC
EQPQO0580
EQP0Q590
PINQOO10
PINQOO20
PINOOO30
PINOOO4Q
PINO0OOSO
PINOOD60
PINOOOT7C
PINQO0O8O
PINT20%Q
PINJ0O10OD
PINOOLLO
PINJJ120
PINJ20120
PINJ014D
PINOO150
FINDOLOGC
PINJOLTO
PINOQ180
PINJOL90
PINJQ200
PINDOO210
PINJ0229
PINJ0230
PINDO240
PINOO25V
PINT026C
PINQU2TQ
PINO0280
PINOCZSIC
PINQOJ300
PINOO310
PINO0320
PINOO330
PINOO 340
PINOQO359
PINOQ036D
PINDO370
PINOO38BO
PINOO390
PINO040OO
PINO0O410
PINUQ420
PINOO430
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RECTANGULAR GUN ANALYSIS PACKAGE

JOHN B RETTIG

MAIN DRIVER ROUTINE,

173171719

PART I1I- TRAJECTCRY CALCULATIONS

IMPLICIT REAL=*E (A-H,0-2)

REAL*¥8 V{(41,401)

REAL*8 COND(9)

REAL*8 X{200),Y(200),UX(200),UY(200)
INTEGER ICCOND(S)

CCMMCN /A/
CCMMCN /B/

COMMON /C/
CCMMCN 7D/
CCMMON /E/
CALL INIT

READ(8B) V

CALL TRAJ

STOP

END

v

XMINg XMAX yDDXOy

YMIN,YMAX,0YO,

My N g NXY

CONLC, ICONDyNCOND,CMIN,CMAX,COFF
XaY UXyUY
TITLEL,TITLE2,TITLE3,TITLES

T O DO SOV OO O PV OO0 S CO0DOCCPDBC O TR CINES 0000 DE OO OSSO0 000 NRES e

%
*

SUBRQOUT INE

INITY

RECTANGULAR GUN ANALYSIS PACKAGE

JCHN 3 RETTIG

1731719

DATA INITIALIZATICN ROUTINE

IMPLICIT REAL*E (A-H,0-7)

REAL*E V(4l,401)

REAL%8 CONO(9)

REAL*3 TITLE(4)

INTEGER TICOND(5)

INTEGER NCHAR(G),LINE(120),SPACE

DATA NCHAR
DATA SPACE
CCLMMCN /A/
CCMMON /8/

/1lE1elH291H3,1H491FSy1H69 1HT91H8,1HY/
/1H /

v

XMINg XMAX,DXQ,

YMINGgYMAX,L0Y0D,

My NyNXY
CCMMON /C/ CUNCy ICONDyNCOND,CMIN,CMAX,COFF
CCMMCN /E/ TITLE
NDATA CMINO /1.C4/
CATA JECK SETUP ON LOGICAL RECGRO 3  (ALL UNITS MKS)

-1

GUNOOO10
GUNQGO20
GUNQQ030
GUN0Q040
GUNOODOSO0
GUNQO0O6C
GUNCQO70
GUNO0O0O0S8C
GUN00D290
GUNDO0100
GUNOOL1N
GUNOOCL20
GUNQQ130
GUNQQ1l4Q
GUNDO150
GUNQO160
GUNQO170
GUNOO180
GUNOO190
GUN00200
GUNOOZ210
GUNGO022C
GUNQO0230
GUNOQQ24Q
GUN00250
CUN0Q260
INIOOOLQ
INIOOOR20
INI0O0030
INID004QO
INIOOCSD
INIOOV6DO
INIDOOQTC
INIOOO8C
INIOD09D
INIOU10O
INIOOLIC
INIOGL120
INIOQ130
ININOL4O
INIOC150
INIDO160
INIOOLT7O
INIQOLSO
INTIOQQL9Q
INIQQ200
INIOO210
INIQOZ22)
INIQO230
INIOC247
INIDOZ25D
INIDO260
INICO270
INIOOQ280
INIQQ29N
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CARD  VARIABLE FORMAT DESCRIPTLON
1 TITLE(L-2) 248 IDENTIF ICATICN
2 TITLE(3-4) 248 TITLE
3 YN 215 V MESH SIZE
4 DXC,DYO 2012.2 V MESH INCREMEATS (M)
5-13 ICCNDSCOND [1s3Xs  CCNDUCTOR CODES - ICGND IS
F6.0  THE CHARACTER USEC IN THE MESH

TO RCPRESENT POTEATIAL COND
(8 CR LESS MAY dE SPECIFIED)

LAST (END OF RECCRD CARD)

READ(3,100) (TITLE(I)yI=144)4MeN
READ(3,101) CXCyDYC

ESTABLISH SCUNDARIES

XMIN=0O,
XMAX=XMIN+DXO%®CFLCAT(M-1)
YMIN=0.
YMAX=YMIN+CYO*CFLCAT(N-1)

WRITE OUT GEGMETRICAL AND INITIAL CCNDITICN INFCRMATION

WRITE(1,102) (TITLE(T) gI=144)9MeNy
* XMINg XMAXyDXCy
* YMINy YMAX,DYQ

RCAJ CCONDUCTOR CUDING AND POTENTIALS

0C 10 1I=1,9

NCCAND=1

READ(3,103,END=11) ICCND(I)oCCNDI(T)
CCNTINUE

NCCAD=NCOND-1
CALCULATC MAXy MIN, AND COFFSET

CMIN=CCND(L)
CMAX=CCND(1)

DC 20 [=1,NCUND

IF (CMINJGTLCONC(I)) CMIN=CONO(I)
IF (CMAXJLTLCCAD(I)) CHMAX=COND(I)
CCNTIN'YE

CCFF=CMINO-CMIN

RETURN

INIOO300
INIOO310
INIO0320
IN100330
INIDO0340
INIOO35C
INIOO360
INI0O370
INIJ0330
INIDJ0390
INID0400
INIQ0410
INIOO42C
INIOO430
INIOQ440
INI0045Q
INIOC46C
INIQQ4TO
INIOD480
INTJ049C .
INIJ0SOC
INIOOS10
INIDOS520
ININ053¢
INIOC540
INIQO550
INIOO500
INT20570
INIQOS3C
IN[OC590
INICOK0D
INIDQ610
INID0620
INIQO63C
INIQJQ64Q
ININQ65C
INID0660
INIDO6TC
INIJ0630
IN[0069Q
INIOO70C ]
INIQOTLC ‘
INIOOT2C %
INIOQT730Q
INIQJO 740
INIOQ150
INIOOT60 |
INIOOT70Q |
INIOOT780 |
INI0O790 i
INIOORBOO
INICCRLO i
INIJ0820
INIO0830

INIOOS840
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C
C
C
C
C
C
C
C
C
C
c
C
C
C
C
c
C
C
c
C
C
C
C
C
C
C
C
C
C
c
C
C
C
C
C
C
C

FCRMAT (2A8/2A8/215)
- FCRMAT (3012.4)
FCRMAT (/777710X,'IJENT 0 ,2A8//10X,*TITLE ',2A8/7/
* MCSH SIZ2F IS *,I3,°* % *,13,% POINTS'//
¢ XMIN = 9,C10.4910Xy ' XMAX = ' 3D10.4910Xy *XINC 15,0104,
* METERSY//
* YMIN = ',D10e4910Xy"YMAX = "3D10e4910Xs'YINC = ",010.%,
' MFTERS'//)
FCRMAT (Ily3XsF&.C)
END

® 0 00 0 00 00O S 0P PO OB OOV VBT VO PN OO DO OOV P OO S OO PeS PSSO SIOTE OGO SCES

SURRCUTINE TRAJY
RCCTANGULAR CUN ANALYSIS PACKAGE

JCHN B RCTTIG 1731719

THIS PRCGRAM FIMNOS THE TRAJECTORY OF A CHARGED PARTICLE IN

THE PRESENCFE CF AN ELECTRIC FIELDO CREATED BY CCNDUCTORS CF
VARIGUS PUTENTIALS. THERMAL EFFECTS, RELATIVITY, AND SPACE
CHARGL CFFCCTS AKF NOT TAKEM INTO ACCOUNT. FIELD GRADIENTS
ARE TAKEN FRCM THE POTENTIAL MATRIX V (ASSUMED TC HAVE ALREAQY
QEEN SCLVED BY SUME MEANS)e THEN, A DISCRETIZED FCURTH

CRIFR DISCRITIZED RUNGF-KUTTA INTEGRATICN SCHEME IS USED TU
PIECC CUYT T+E PATh CF THE PARTICLE THRCUGH THE MATRIX.

I[F DESIRED, PARTICLES XAY PE 20ULNCED OFF CF BGULANDARICS ABQUT
wHICH THE FIELL IS ASSJUMEU TO RE MIRROR IMAGE SYMMETRICAL.

CATA DECK SETUP CN LOGICAL RECCRD 5
CARD VAR AALE -OR“ATY DESCRIPTICN

1 XLeYLyUlyP1L 301ce4y INITIAL PCSITICN AND VELCCITY
Fll.2 FCR PARTICLE 1 - X1 AND Yl IN
METERS, Ul IN METERS/S, Pl IN

DEGREES FRCM +X AXIS

2+ ( SAME FOR PARTICLE 2, £TC)

LAST (END CF RECCRD CARD)

IMPLICIT RFEAL®S (A-Hy0=Z)

FEAL®?2 X(200) Y20 UXI200),LY(20C0)
CCMVYCN B/ XMINgXMAXCXD,y
* YMINGaYNAX,DYO,
* MeNgNXY

CCMVEN /07 CONC o ICOND g ICONE ¢CMIN,CMAX,COFF

I1-3

e T e e—

INIOQO8SC
INIQOB6C
INIOCG70
INIDJO380
INIOORIC
INIOO?00
INIOO910Q
ININQ920
INIOQG30
INIOO0940
INIJ0950
TRAQOO1C
TRA00D20
TRAJVJ30
TRAJ00410
TRAQQJ50
TRAQO260
TRAQC)T0
TRAQ09289
TRAQ0090
TRAQQLO0
TRAQO11C
TRAQO12°C
TRAQO130
TRAQ(CL140
TRAQ01590
TRAQCL6C
TRAQQL17Q
TRAQOL18)
TRAQQ190
TRAQJ203
TRADQZ10
TRAQ0220
TRAQQ230
TRAQ0240
TRAQQ250C
TRAQ0261
TRAQC217C
TRAQQ280
TRAN0290
TRAQQ32C
TRAQQ312
TRAQQ32C
TRAOC330
TRAQQ34¢C
TRAQO0350
TRAND36C
TRAQ0 370
TRAQ(O 380
TRAQD390
TRAO0Q4Q20
TRAOQC41"
TRAJ(Q420
TRAQQ4 3
TRAQC44 )
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19
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CCMMON /37 XgYUX,UY
REAL*8 F(4),2(4)
EQJIVALENCE (X19Z2(1))o(Y192(2))5(UXL9Z(3))y(ULYLy2Z(4))

 INTEGER RUNGE

OATA TMIN /0./
CATA DT /2.0-11/
DATA Pl /3.1415%5265350+0/

TLECTRON CHARPGE/MASS, MKS

JATA E£TA /1.7587G45011/
TMAX=TMIN#2.%¥ (YMAX=YMIN)/DSQRT(2.*ETA*(CMAX-CMIN))

I1=¢

I=1+1L
READ(S 3 100,FND=3C) XleYlUlyeP1l
RO=(PI/13C.)*P1
UX1=Ul*%DCCS(RI)
LYL1=U1%DSIN(RD)
x(l)=x1

Y(l)=Y1
uX{1)=uxl
uy(l)=uvyl

NXY=1

T=IMIK

ccMOuTE STEP
K=RURNGE lG'Z,F.T,DT)
K=1 FLAGS THAT DERIVATIVES AT ANCCOED

IF (KeNFel) GC TG 12

CCMPUTE GRACIFATS IN PUTENTIAL USING CENTRAL DIFFERENCES

VXH=PINT(X1+.5%CXC,Y1)
VXL=PIAT(X]1=aS% X yY1)
JYRE=PINTIX1leYLl#+e5%)YC)
VYL=PINT(X1,Y1=-.5%DYC)

SRADVX=(VXH=-VXL)/CXD
5RADVY=(VYH=VYL)/CY"D

CUMPITE DFRIVATIVES AND CONTINUL RUNGE INTEGRATICN

FOL)=)X/CT=UX
FL2)=0UY/DT=1Y
FO3)=0UX/UT=[TA%GrRATVY
FlAa)=DUY/UT=LTAX5RACVY

FLl)=uxl1
F(?)=uyl
FO3)=ETA*GRADV X
V{4)=FTA®CRADVY

TRAQQG45C
TRA00460
TRAD0470
TRA00480
TRAOD49Q
TRAQUS5033
TRAQ0510
TRANO520
TRAQ0530
TRAD0JS540
TRAD0550
TRAQO056C
TRAQOQOST7C
TRAQO0589
TRA00590
TRAQ0HOC
TRAQO61C
TRAQ0620
TRA20630
TRAJJ¢C4C
TRAJ065D
TRAQ0660
TRAOOATO
TRAQG068C
TRAD069Q
TRAJO0T700C
TRAJQ712
TRAJQ720
TRAQQC730
TRAQQ 740
TRAJ0750
TRAQQ767
TR AQOTIC
TRAQCT780
TRAJQO7GC
TRAQ0300

TRAQQALQ -

TRAJ0820
TRAOQS83C
TRAU0340
TRADO35Q
TRACJ160
TKAQQ372)
TRAJQ38)
TRAJ0A3GQ
TRAQODSQ0
TRAQJG1 O
TRAQQ92?
TRANQ330
TRAJ094 "
TRAQQ3SC
TRANQ 360
TRANQSTC
TRAJOSs D
TRAQD34Q)
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6C TO 11
NXY=NXY +1
BOUNCE OFF CESIRED POUNDARIES

IF (X1.GT.XMIN) CO 7O 13
X1 =2.%XMIN-X1

Jyxlr =-uxl

CONTINUE

IF (Y1l.GT.YMIN) GC TC 14
Y1=2.%¥YMIN-Y1

Jyl=-uUyvl

CONTINUE

IF (X1 «LT.XMAX) GO TO 15
X1l =2.%XMAX-X1

Uxl =-uxl

CCNTINUE

IF {Yl.LT.YMAX) GO TC lo
Y1I=2.%YMAX-Y1

uyl=-uyl

CCNTINUE

RFCORD POSITICNS

X{NXY)=X1
Y(NXY)=Y1
UX(NXY )=UX1
UY(NXY ) =UY1l

CHECK LIMITS

IF (X1eLToXMINGORXLeGTaXMAX CRaY1LT.YMINSCRLYL1L.GTeYMAX
* «ORT.GT.TMAX.GR.NXY.EQ.20C) GO TGO 20
GC 70 11

PRINT AND PLOT INFCORMATICGN

WRITE(L1,101) I

DC 21 K=14NXY
T=TMIN+DFLCAT(K-1)*DT

U=DSQRT (UX(K) #UX(K)+UY(K)*UY(K))
ANG=(1304/PT)*CATAN2(UY(K) 4UX(K))
WRITE(14102) T,X{K)eY(K)yUyANG
CONTINUE

CALL TJPLOT

GC 7C 10

CALL POFF

RETURN

FCRMAT (3D12.44F12.2)

FCRMAT (///77/10Xy" *%xx%%x PARTICLE Y,12,' *%%%%Vv//

* OXp'TUS) g EXg "X(M) ' gBX gt Y(M) Y EXy'U(M/S) " 46Xy "ANGLE ")
FCRMAT (1X9401243,F10.2)

TRAO01000
TRAOLO010
TRAQL1020
TRA01030
TRAQ1040
TRAQ1050
TRAQ1060
TRAQ1070
TRAO01080
TRAD01090
TRAO1100
TRAQLL10
TRAOLL2C
TRAO1130
TRAD1140
TRAQ1150
TRAO1160
TRAQLLT7O
TRAJ1180
TRAQ1190
TRAQ1200
TRAOL210
TRAOL122C
TRAQ1230
TRAQ1240
TRAJ1250
TRAQL1260
TRAQ127C
TRAD1280
TRAQL1290
TRAO13020
TRAOL310
TRAO1320
TRAO1330
TRAO1340
TRAQ1350
TRAQL360
TRAO1379
TRAQ1380
TRAOL399
TRAO1403
TRAO141¢C
TRAQL420
TRAOL1430
TRAJ1440
TRAQL1450
TRAU1460
TRAOJ1470
TRAQ148C
TRAQL1490
TRACL50C
TRAOL1510
TRAQ1520
TRAO1530
TRAOL154C
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FUNCTION RUNGE (N,Y,FyXeH)
RECTANGULAR CUN ANALYSIS PACKAGE

JOHN B RETTIG /731719

FOURTH CRDER RUNGF-KUTTA INTEGRATICN

COPIED FRUM CARNAHAN, LUTHER, & WILKES, *'APPLIEC NUMERICAL

METHONS'y NEW YORK, WILCY, 1969, PP 374-5.

IMPLICIT REAL*¢ (A-HyC-2)
INTEGER RUNGF

REAL*8 PHI(4),SAVEY(4),YIN),F(N)
DATA M/0/

M=M+1
GLC TC (1929394495)M

eeeePASS leeeos
RUNGE=1
RETURN

UC 22 J=1,4N
SAVEY(J)=Y(J)
PRI(J)=F(J)
Y(J)=SAVEY(J)+C.5%H%F(J)
X=X40q.5%H

RUNGE=1

RETURN

...-PASS 3.'..

DC 33 J=1,N
PHITI)=PHI(J)+2.0%r(J)
Y(J)=SAVEY(J)+CS5*H*F(J)
RUNGE=1

RETURN

....PASS 4....

DC 44  J=1,N
PHI(J)=PHI(J)+2.0*F(J)
Y(J)I=SAVEY(J)+F=F(J)
X=X40+5%H

RUNGE=1

RETURN

..OOPASS ‘;O..o

7C 55 J=1yN
Y(J)=SAVEY(J)+(PHI(J)+F(J))*H/6.0

I1-6

TRAQOL1550
RUNOOO10
RUN0OQ020
RUNOOO30
RUN0OOO040
RUNDOOS50
RUNOQO6&C
RUNOOQOT70
RUNO008O
RUNQQ090
RUNOQ1L00
RUNOO110
RUNQO120
RUNQOL13Q
RUNOJO140
RUNOO150
RUNOQ 160
RUNOOLTC
RUNOO180
RUNDOL190
RUNQQ2Q0
RUNOD21C
RUNQ0220
RUN0OO230
RUN0O0240
RUNQO250
RUNJ026C
RUNQQ270
RUNJ0280
RUNO0290
RUNOG300
RUNQOO310
RUNDG320
RUNOO0330
RUNOO0340
RUNJ2C350
RUNOO360
RUNOOQO370
RUNOO380
RUNQO390
RUNJQ400
RUNQOQO410
RUNO0420
RUNJO0430
RUN0Q440
RUNDO4S50
RUNO0Q460
RUNQQ470
RUN0048O
RUN00490
RUNQOS50C
RUNOOS510
RUND0S20
RUNOOS3¢C
RUN0O0S540
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M=)
RUNGE=9
RETURN

END

® O GV D PO PO PC 00000 TP OGO T P CNDE VOO V0O 0T VPP PSP RNNN VOGSO OSR

FUNCTION PINT (X,Y)
RECTANGULAR GUN ANALYSIES PACKAGE

JOHN B RETTICG L/731L/719

PINT INTERPCLATES ThHE V MATRIX IN DETWEEN THE MESH PCINTS
USING A 4 PCINT LINEAR INTERPOLATICN, IF ANY BCUNDARY IS
CXCEEDEDy MIRRLCK IMAGE SYMMETRY IS ASSUMEC ABCLT THAT
BCUMCARY ANC THE INTERPCLATION PERFCRMED AS IF THE PCINT
FELL IN THT MESH.

IMPLICIT REAL*E (A-H,0-2)
REAL*8 V(41,401)

CCMMON /A/ V

CCMMCN /B/ XMIA,XMAX,0X0,
* YMIN,YMAX,CYO,
* My NpNXY

XINT=X

YINT=Y

IF (XeLToXMIN) XINT=Z2.%XMIN-X
IF (YJLTJYMIN)  YINT=2,%YMIN-Y
[F (XeGTaXMAX) XINT=2.%XMAX-X
IF {YeOTYMAX) YINT=2.%YMAX-Y
XO=DFLCAT (M=1) *{XINT=XMIN) /(XMAX=XMIN)
YC=CFLOAT(N=1)®(YINT-YMIN) /{YMAX-YNMIN)
IX=1+IDINT(XD)

IY=1+IDINT(YO)
FX=X0-DFLOAT(IX-1)
FY=Y0-DFLCAT(IY-1)
VC=[DABS(V(IX,1Y))
VI=DASBS(V(IX+1,1Y))
V2=CABSIV{IX,IY+1l))
V3=DA3S{VIIX+1,1IY+1))
DVl=VO+(V1-VO)*FX
OV2=V2+(V3-V2) %FX
PINT=DVL+(NDV2-LVI1)*FY

RETURN

END

@ 0 000 08 0000 0000000 00T P NG VEE V0PN N 00NNt PG REGGSPRTRSISERBI RS ETS

SUBRCUTINE TJPLUT

RECTANGULAR GUN ANALYSIS PACKAGE

RUNOO0S50
RUNOOQOS6C
RUNOOQOSTO
RUNDOOS80
RUNOOS9C
PINOOO1LC
PINQND20
PINOOO30
PINOQO4C
PINQOQOSO
PINQOO6O
PINQOO70
PINOOODS8O
PINQQOSO
PINQQO100Q
PINOOILLOD
PINQOL120O
PINJO139
PINJ0140
PINQQO150
PINDOL1&O
PINOOLTO
PINGO18C
PINOOL1GT
PINOD20)
PINOO210
PINQOQ220
PINDO230
PINJC240
PINDO2S50
PINQU260
PINIJUZTO
PINCOZ80D
PINJ02%0
PINJC300
PINDO310
PINQO32)
PINOO330
PINOQ34C
PINDQ350
PINQO260
PINOO3T7C
PINOC380
PINOO90
PINJOQO40O
PINCO41C
PINOO&20C
PINQO&30D
TJPQ0O12
TJP0QQ0V20C
TJPQON30
TJPO0D40
TJPOOUSO
TJIPO0DGLO
TJ4P30Q70
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JCHN 8 RETTIC 1/721/716

TRAJECTCRY FLCT SCTUP FR THC ZETA PLOTTER

REAL®S V(41,401)
REAL®L X(200),Y(200),UX(22C),UY(200)
REAL®] XMINgXMAX CXJgYMI'ig YAAX,OYO,TMIN,TMAX,OT
CCMPLEX*16 IDENT,TITLF
CCMMON /A7 V
COMMON /37 XMIN,XMAX,DXD,
YMIA,YMAX,OYO,
My Ny NXY
COMMON /07 XoY (LXoUY
CCMMCN /E/ TCENT,TITLE
DATD wIDTK J4./
JATA [FLAG /0/

FIRST TIME TERCUGH?

[F (IFLAS.NE.G) GC TO 50
[FLAG=1

CALL PLCTF (10,2)

CALL FACTCR {2.)

OEr INFE SCALCES

XL=wIDTH

YL=WIDTHXSNGL( (YMAX-YMIN)/ (XMAX=X"IN))
DX=SNCL(XMAX-XMIN)/XL
JY=SNGLIYMAX-YNMIN)/YL

XC=SNGL(XMIN)

YO=SNGL(YMIN)

TITLE

CALL SYMBCL (YL/3eoXL+lapelSy[NFNT40eylb)
CALL SYMBOL (YL/3eyXL+e50y 15, TITLE,Ceyl6)

SCALE ALL FLTURE PLCTTING TS GUN DINMENSICNS
CALL CFFSET (YCyDYyX0,yCX)
CRAW CCNOUCTCRS

BC 20 I=14M

XO=SNGL(DXO)*+-LCAT(I-1)

JTEST=0

DC 10 J=1,4N

IF (Vi1 9J)elTeCaoANDGJTOSTLEQLD) GO TC 11
IF (V(l'J).GT.C..AN!).JTEST.E’).l) GN T€ 12
GC TO 10

JTEST=1

JSTART =y

TJP230080
TJPOO090
TJPOO100
TJPOO110
TJPOO120
TJPOO130C
TJPOO140
TJPOO150
TJPI0160
TJP20170
TJPNOLBO
TJP00190
TJPQQ20C
TJP0I213
TJP0J229
TJP0I23D
TJPQU24C
TJPOGLZS50
TJP00260
TJP0Q27C
TJP0028C
TJP0029¢C
TJPOO300
TJPCO310
TJPI0320
TJPO033¢C
TJP20340
TJP0O0350
TJPJ0369
TJPJo37ce
TJ4P0C380C
TJP0OO390
TJPN04VO
TJPOC4lC
TJP0Q420
TJPO043D
TJP)0440
TJPI0459
TJPOO460
TJPDD4TO
TJPO04BO
TJPI0490
TJP00509
TJPO0OS510
TJPO0520
TJP0OQ530Q
TJP00540
TJP0OO55)
TJPOOS60
TJPOOS70
TJPJ0589
TJPOOS59C
TJPOJO60UN
TJPOO61C
TJPQ0620
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ST

12

3

30
490
S0

GC 1C 10

JTEST=0

JSTGOP=4d-1

IF (JeEQeN) JSTCOP=Y
IFUJSTART.EQ.JSTCP) GO TO 1
YO=SNGL(DYO)*FLGAT(JSTART-1)
CALL PLATX (YO,X0,13)
YO=SNGL(DYO)*FLCAT(JSTCP-1)
CALL PLCTX (YOyeX0912)
CCNTINUE

CONTINUE

DC 40 J=14N
YO=SNGL(DYO)*FLCAT(J-1)
ITEST=0

DC 30 I=1,M

IF (V(1lgJd)elTeCoaoeANDLITEST . E

0

1.0) GO

IF (V(14J)eGTaCeoANDLITESTL.EQWL) GO

IF ([.FQeMaANDL,ITEST.EC.1)
GC 70 30

ITEST=1

ISTART=1

GC TO 30

[TEST=0

ISTCP=1-1

[F (T.EQ.M) ISTCP=I

GC TO 32

IFCISTART.EQ.ISTOP) GC TQ 30

XO=SNGLIDOXO)*FLCAT(ISTART-1)
CALL PLCTX (YO0,X0y13)
XO=SNGL{OXO)*FLCATLISTCP-1)
CALL PLCTX (YO ,X0y12)
CCNTINUE

CCNTINUE

CALL LINC (YyXyNXYy2,0,12)
RETURN

END

IC 31
TC 32

TJPO0630
TJPO0640
TJPO0650
TJPNO&SED
TJPOO06TO
TJPOO680O
TJP0O0690
TJP0OOT700
TJPOQ710
TJPJ30720
TJPGCO730
TJPO0740
TJPO0Q750
TJPD0760
TJP0OQ770
TJP0Q780
TJPOO790
TJP0O0ROO
TJPQO810
TJPJ0820
TJPOU830
TJP00840
TJPJ08S50
TJPOO0OB6O
TJPOO8TO
TJPO0380
YJ4PO0890
TJPQQ900
TJPOOS10
TJP00929
TJPOO93C
TJPU0940
TJPO09SO
TJP0O0960D
TJP0O0970
TJP00980
TJP00990
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Appendix III

BEAMSPREAD
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CONVOLVE
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Appendix IV

KEY PERSONNEL




DOUGLAS B. CLARK, Member of the Technical Staff, Tube Division, Devices
Group. Born December 31, 1946, Oakland, California. Nine years
experience. B.S., Electrical Engineering, University of California

‘ at Berkeley, 1969, Graduate studies in Electrical Engineering at

i Loyola University of Los Angeles.

-y

Mr. Clark is currently a Project Engineer with the Electron
Bombarded Semiconductors Group. He is responsible for design and develop-
ment of state-of-the-art EBS devices.

From February 1974 to May 1977, Mr. Clark was with the Solid
State West Division of Varian Associates in Palo Alto, California. He was
Project Engineer on a variety of development and production projects involving
Gun diode amplifiers, YIG-tuned Gunn Oscillators, and bipolar transistor amplifiers.

From June 1969 to February 1974, Mr. Clark was with the Hughes
Aircraft Company, Electron Dynamics Division, where he was a Member of the
Technical Staff. His responsibilities included that of Project Engineer on state-
of-the-art, dual mode, multi-octave traveling-wave tubes. He also was respon-
sible for production of high pulse power space tubes,

i




JOHN B. RETTIG, Member of the Technical Staff, Tube Division. Born
January 8, 1954, Toledo, Ohio. B.S.E.E., 1977, M.S.E.E.,
1978, Purdue University.

Mr. Rettig is presently working on the development of an EBS space
amplifier for NASA Goddard Research Center that must meet stringent linearity
and efficiency specifications.

Formerly he was a research assistant at Purdue University, engaged
in High Gradient Magnetic Separation studies. This involved experimental quan-
tization of 3-dimensional buildups of small paramagnetic particles on saturated
ferromagnetic wires.

Mr. Rettig is a member of Tau Beta Pi and IEEE.

1979




