
AD A070 341 WATKINS—JO.*asota Co PALO ALTO CALIF F/S 9~5
LOW NOISE EBS JAIlER. (LI)
.1)11 79 0 B CLARK. a B RETTIG DAABO7—78—C—2955

UNCLASSIFIED WJ—22—4142R2 DELET—T R—78— 2958—2 It

~ in.
II Nfl 

_ _  

N
III! I 

_ _
_ _

_ _ _ _ _ _ _ _ _ _

I~A1j _
ii



I 0 ~~ IIIil~ ~j 2.5

_____ 

L~ IIJ~
32  2.2

______ I-

~

I . I
HIH~HlU ‘ 11111i 4 uo~

M~CHOCOP’1 RESOLUUON TEST CHARI



L~~~~. _ _ _

r t

L E VJ.L~ 
1 .

Res earch and Development Technica l Report
DELET-TR-78- 2 95 8-2

H
LOW NOISE EBS JAMMER

0
Douglas B. Clark , 1~~~~~

’
~ ~$i~John B. Rettig c~ )&~>\~ / /WATKINS-JOHNSON COMPANY

3333 HiUview Avenue
Palo Alto , CA 94304

June 1979

Second Triannual Report for Period 1 Dec 1978 - 31 Mar 1979

I Prepared for :
ELECTRONICS TECHNOLOGY & DEVICES LABORATORY

ERADCOM
US ARMY ELECTRONICS RESEARCH AND DEVELOPMENT COMMAND
FORT MONMOUTH, NEW JERSEY 07703

RISA-Y’M 19~-78



N O T I C E S

f Dlscloim.rs

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or aervic•s
referenced herein.

Disposition

Destroy thi s report when it is no longe r needed. Do not
return it to the originator.

q

HISk-FM-633 7
~.

~~~~
—.- -J—— -

._s__—__-. 
~~~~~~~~~~~~~~~~~~~~~~~~~



LOW NOISE EBS JAMMER

SECOND TRIANNUAL REPORT

1 DECEMBER 1978 THROU GH 31 MARCH 1979

Contract :: : 7 ;::::2958 

~~~~~~~~~2~~~
7 9 f l

Prepared by:

4 Douglas B. Clark
John B. Rettig

For
U.S .  Army Electronics Technology & Devices Laboratory

Electronics Research and Development Command
Fort Monmouth , New Jersey 07703

Watkins-Johnson Company
3333 Hiliview Avenue

Palo Alto , Cali fornia 94304



SIC
~~~~

t T V  %If I CAl% O N oc Twis ~~AGt (Wha. 0.. . E.i....d )

(~~C~) (
~~ 

REPORT DOCUMENTATION PAGE BE?ORE COMPLETiNG FORM

78 2958 2 ~~~

‘

~

‘ r ~ NO I nCCI~~~0~~~~~JA IA LOG :UMSE~~

I t ITLE (aid 3ubIiUI) S TyPE 0 -& p ç-~-

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ /~~Dec ta784 Mar~~~7~~~~~ 
I)

( i Yi — —------ ______________ ~~~~~~~~~ ,4Di~•0*•

~
/J. 22—4 142R2 \

7 A UTMO~~~) •. ~~~~~~ J * CT OP GPA NT NUM SEN( S)

(10 ~~~~~~~~~~~~~~\_Douglas_B.
~

C1ark ~~~ John B.~Rettig J ~~ 
DAAB~ 7-78-C-2958 (

S. PEPFOPMIMG OPOAN IZATIO N NAM E AND AD OPESS 10. •POGPAM ELEMENT , PPOJE CT . A SIC~I A PE A I WOP ~ UNIT NuMI EPS

Watkins-Johnson Company
3333 Hifiview Avenue , Palo Alto , CA 94304

II . CONY POLLING OFFICE NAME AND ADONESS 13. o~ pop1 O A T S

U .S.  Army Electronics R&D Command -May 197-9.-
Fort Monmout h , New Jersey 07703 ii. wuu ecn o~ PAGES

DELET-BS Unclassified
TA. NOMIIOSING AGENCY NAME I AOOPESS(S( dl ifs ,.,, fts. Coiii,&f M4 OWes) IS- CUPI S . (o( Ms r.poM)

1S• DECLA I~~IèAT,ON !DOWNGPAOING
SCI4 EDIJI..!

IS. DISYPISUTION S IArEISENT (of IhSi Rips.’)

Approved for public release ; distribution unlimited.

IT OISTPISUTION STATEMENT (of lAs .S.lrs.t .,l.,. dM Dt ck 30 St dIf l.,.n I lPSs~

H
II SUPPLEMENTAPY NOTES

15. g~~y ~~~~~~~ (CailSriu. a, ,.ow.. old. If ~~e...ay aid I d a i l I l y  by block r’.aib. r)

Electron Beam Semiconductor
EBS Amplifier
Electron Gun
Diode

‘
~~. 

30 A S S T P A CT (CaWSI’us .s.s. .. lIds II ,i.c..a y aid Idsuill& by WocA niaie.o)

The objective of this program 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 . Work
performed during this period included characterization of existing EBS ampli-
fiera , computer aided electron gun analysis , beam shape analysis of operating
electron guns , and design modifications to the existing electron guns .
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Identificat ion of Engineering Personnel

Douglas B. Clark , Project Engineer
John B. Rettig, Member of Technical Staff

Descriptive Background of Key Personnel

Biographical sketches for each of the key personnel are included in the
Appendix.

Publication, Lectures, Reports and Conferences

1. Publications None

2. Lectures None

3. Reports Monthly Status Report s
4 December 1978 through March 1979

4. Conferences Progress on subject contract . Wat kins-Johnson
Company personnel and Mr. Robert M. True of
ERADCOM , Fort Monmouth , N . J .  Held at
Watkins-Johnson Company on 20-22 Marc h 1979.

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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1.0 INTRODUCTION

1.1 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 .

1.2 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 , spun -

- I 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 pro file using a ~.:athematical
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 PROGR AM SUMMARY

2.1 Summary of Work

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

1. The existing EBS amplifiers having 2 x 6 diode arrays were
completely characterized in terms of linearity and intermodulation
product s 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 analy zing 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 thi s regard , and redesi gned tooling and part s
were ordered to correct these problems.

2.2  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-
figurat ion . For this reason , the two tasks having to do with develop-
ment of the metal ceramic gun have been deleted from the program .

— 3 —
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3.0 CHA RACTERIZATION 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 oven a 20-33 dB dynamic ran ge . 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 (A 3 = 3400) is
not coincident with the case where the fundamental deviates t h .  least
from constant gain (A 3 = 3500) , nor with the case where single tone
saturated efficiency is maximum (A 3 = 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 , wi th current
spillover severely reducing efficiency . Since the beam profile as pre-
dicted by computer for class C is not perfectly rect angular , 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 MEASUREMENT OF ELECTRON BEAM SHAPE

4. 1 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— i 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 req uired 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 Wat kins-
Johnson Company prod uces t hese “pencil beam ” guns for CRT use , and
arran gements 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 deflectio n coil to
be used m ust 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 hi gh 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

— 1 2 —
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this , fab rication 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 amp litude . 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.

4.2 Phosphor Screen Beam Measurem~~~~

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 BBS 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 chan ge in beam shape as the beam current is increased .

The first gun tested was ori ginally 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 t han at the other ,

4 and the beam was not straight but exhibited a significant amount of
curvature . Maximum deviation of the beam center from straight line w as
app roximately 0.04 inch. A photograph of the beam image on the phosphor
screen is shown in Fi gure 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
si ze 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
ordered .

— 1 4 —
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Gun 42

Approximate
Centerline

of Tube

Fi gure 4.2 - Beam shape of gun #42 measured on a phosphor screen

Gun 47

E g = O V  E f = 6 V

~~~~~~~~~~~~~ -15 kV

4 Scale 1:1 1 mA

Figure 4 . 3 -  Beam shape of gun #47 measured on phosphor screen .

E K = -15 kV Gun 49

E f = 11 \~
B = - 3 2 V

g

Figure 4 .4  - Beam sli:~pc (~f gun ~ 9 measured on a phosphor screen .
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The last gun , which had the most pronounced beam curvature , also had
a noticeable w arpage 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 lengt h 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.

- 1 6 -
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5.0 COMPU TER 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 fourt h accounts for beamspread
through the drift region , f rom 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 , Par ts (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.

- 4
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6.0 MODIFICATION TO ELECTRON GUN

Fi gure 6-1 and 6-2 illustrate the 2-dimensional beam profil~ 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 far ther  from the cathode are such tha t  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 thi s 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

4 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 volt s relative to cathode .

- 19 -



- . ~~~~~~~
. -

~--~~~~~~~
5-

I 

I

A 0081 .~~
Si
S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- CC

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Th

~~

Th
Th

~~~~

\

1

C)
• Si

‘I

I I
aa43167 - 20 - 

~~~- - —-——- -
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 5- 5-5-



~~‘ T ~~ 

~~~~~~~ 
- -

I Focus Anode
at Zero Volts

H 
- 

r ~~~~~~~

. 4

Figure 6—2. The Pierce Geometry Necessary to Draw a Uniform
Beam Off the Cathode

aa4329’ZA —21—

- .  ~~~~~~~~ __~~~~~
--:— _____________



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 cat hode
surface at all levels of cat hode 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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C GUN000IO
C .. • . . . . . . . . . e~~~e s . . . e . . e• ~~~e • e • • . s e . .• • e e • e e e e e e e e s s e e e e• e • e s e e e• e e  GUN0002&)
C GUN3003O
C GUN0004O
C RECTANGUL A R GUN ANALYSIS PACKAGE GUN0005O
C GUN000b O
C JOHN B RETTIG 1/31/79 GUN0007O
C GUNJOOBO
C - GUN~ O09O
C MA I N DRIVER ROUTINE, PA PT I — EQU IPOTENT IAL SOLUTION S GUNOOIOC
C GUNOOLIO

IMP L IC IT REAL *8 (A—H,O—Z ) GUNDOL2O
KEAL*R V (41,40l) GUNOUL3O
REAL*8 CUNO (91 GUNOOI4’)
REAL*8 x (200),Y(20q),UX (200),UY (200) GUNOOLSO
RFAL*8 TITLE (4) GUMOOI60
INTEGER ICOND (~~) GUN OOI7O
COMMON /4/ V GUNDOL8O
CCMMCN /61 X M I I , ,X M A X , D X O ,  GUNCIOI9-)

V MIN,YMAX,DYO, GUNOO’Oo I

* M ,N ,NXV GUNOO2 IJ
COM MON /C! CCNC,ICUND,NCONO,CMIN,CMAX,COFF GUNOO22O
CCMMON /0/ X,Y,UX,UV GUNDO23O

- - CCMMON / 1 / T I T L E  GUNOO 24O
DA T A  Rw / .2/ G11N00251J
DAT A NEQP /31/ GUMOO26O
U A T A  YEQP / 4 .SC—3/  GU NOO27O

~)ATA RELERR /1.0—4/ 
- - 

GUN OO28 O
DAT A h E R  /20/ GUNOO29O
DATA X 1 , X 2 ,Y 1 , Y 2  / O . , 4 . D— 3 ,0 . ,6 . D — 3 1  GUNOO300
~A T A  ENGM ET /39~~37 / GU NOO3 1O

C GUN~ 032O
C READ IN INIT IAL  INFORMATI O N GUNOO33’)
C GUNO O 34O

CAL L INIT GUNOO 35O
C GUNOO36O
C R E A D  IN V O L T A G E S  F R OM P RE V I OUS RUN GUN 00370
C GUNOO3RO

REA D (A) V GUNOO3S O
‘I C GUNOO 4 00

C READ IN CUNCUCTOR CONFIGURAT ION GUNOO4IO
C GUN OO42O

CALL MESH GUN)043’J
C GUNOO44O
C RFLAX VOLTAGE MAT RIX GtJNJ045O
C S GUNOO4oO

ERRMAX RELERR* (CMAX—CMIN ) GUN!~O470
CALL RELAX (j,l,E,~RQR ,CRR ’~4X) GIJNOO48O 

-

IF (ER ROR.LT.ERRMAX) GO TO 4 G~JN00490
KSTEP= l GUNOO500

I KS Tr P 2* K STEP GUNOO’513 -

I F  (MO)(M—1,KSTEP).NE.O) GO TO 2 GUNOO52O
IF ( MOL) ( N— l , K S TF PI . N E .O )  GO TO 2 - GUNOO53 O
GC 10 1 GUN0O~,40

2 KSTEP KST EP/2  
- GUNDO’5~~O

H I—i
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CALL R ELAX ( IT ER , KSTE P , E RROR , ERR MAX )  GUNOO56O
IF ( E R R O R . L T . E R R M A X )  G&) TO 3 GUNOO5TO
CALL RELAX (ITER,1,ERROR,CRRMA ~~) GtJNOO58O

C GUNOO59O
C RECORD V MATRIX FOR NEXT USAGE GUNOO600
c - GUNOOÔI 0
3 REWIN D a GUNOOb2O

~R IT E ( 8 )  v GUNOOo3O
4 WR IT E ( t , 1 0 0 )  FRROR GUNOO64O

C GUNOO65O
C PLOT CO NTOURS GUN00660
C GUNOO67O

CALL CONPIT (B~,,NEQP) 
- ‘ GUNOO b8O

C GUNOO69O
C DETER M INE EQUIP OTE NTIAL SU RFACE IN V IC IN ITY  OF Y=YEQP GUNOO700
C GUN~)O710

V0=P I NT (X I , Y 1+ .75* (Y 2 -Y 1 ) )— C O F F  GUNOO72O
CAL L E QPTI (VO ,X1 ,X2,Y 1 ,Y2) - 

GUN DOT 3D
C GU NO O 7 4O
C WRITE OUT ThEN CONVERT TO INCHE S GJNOO75O
C GUNOO76O

WR ITFU,1O 1) vo 
- GUN OO7 7 O

DC 10 I=l ,NXY GUNOO18O

- 
WR ITEU ,102 ) X (I),Y (I) GUN00790• 
X (I )=X (1 )*EN GMET 

- GUM0 O~300
Y(I) =Y (I)*ENGM E T GUNOO 8LO

ID CCMT INU E GUNOO 82 O
C 

- - - ‘ ‘ . - GUNOO 83O
C GENERATE INPUT FiLE FOR XM GUN GUNOO 84O
C GUN OO 85O

- J W R i 1~~(2 ,1O 3) TITLE (3) ,V 0 ,VC GUN 00~6O
X (1)=X (2) GUNDO87O
Y (1)= .212 5 GUN00~ 80— -  
N CAR D S= 1 + (NXY—1 )/7 

- - 5 - GUN O O89C
WR ITE (2,104) NCARD S ,COND (2) ,CONO (3) GUNOO900
DC 20 I= 1,NXY ,7 GUNOO 9IO
JF =MI NO (8 ,NXY + 1— I ) ‘ GUN OO 92O
hRIIE (2 ,105) (Y (NXY +2— (--J),X (NXY+ 2— 1—J ),J=1,JF ) GUNOO 93O

20 C C N T I N U E  GU N OO 94O
WR ITF (2,106 ) GUNOO 95O
STOP GUNOO96O

100 FOR MAT (I/I’ MAXIMUM CHANGE IN MESH (IN LAST ITERATION ‘,012.4) GUN OO97O
101 FORMAT (I/I’ COORDI NATES IN METERS 01- EQUIPOTENT IAL LINE ‘ , GUNOO9 8O

* ‘ VU = ‘,D12.4// 6X, ’X’,11X, ’Y’/) GUNOO99O
102 FO RMAT (2012.4) GUNOL000
103 FORMAT (48,2X ,2F10.0, ’ .10 6 2 2 100 60 13001001100 ’,6X ,GUNO IOIO

* ‘6.’/’.21251 000..0115.015 .0115.05 0 .0115.100 .0115’) GUNOIO 2 O
104 FO RMAT (‘3’ ,9X ,I2, ’ 2’,6X,2 (’I’F9.0) ) GUNOI 030
1C~ FCR MAT (8(2F5.4)) GUNOIO 4U ’
10f.~ FO RMAT (‘.0 .200 .0 .017 .0149.017 .42911.017’ GUNOIO 5O

* /‘.41421.081.1041.1254.104 1 .OROT.119 •o~o7.4-43q1.o81’ GUNOIO 6O
* /31’ .0’,8Xh’1 . .Ô — .009815’) GUNO1O 7O

EN D GUN OIO 8O
C I N I 000IO
C ......... •............... .•..•... ...... ........... ... •• ....•..... IMIOO’)20
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C INIOO’J30
• SUORcPJ TLNE INLT 1N100340

C INI0005O
C RECTANGULAR GUN ANALYSIS PA CKAGE INI0006O
C INI0007C
C JOHN 13 RETT IG 1/31/79 1N1001380
c 1N100090
C I N I O O IOO
C CA TA INITIALIZAT ION RflJTINF INIOO1IO

IN 100120
I” PLIC IT REAL*~ (A—H,C—l ) 1N100130
(~EAL*8 V(41,401) !NIJO14O

S 
~~AL*8 COND (9) INIOOI5 O
11141*3 TITLE (4) INIOOL6C)
INTE C R ICONOM) INL)0170
I N T E G E ~ NC.HAic(S),IINFt12O),SPALE INIOOLMO
)ATA NCHAp~ /1H1,1I ”,IH3,1H’s, 1H~~,IH6, 1H7,1H8,1H9/ 1N100190

O A T A  SPACE RH / P4100200
CCIMON /A/ V P4100210
CC MMCN /B/ XMP~,XMAX ,0X0 , INIOO?2 I]

* YMIr ~,YPAX ,DYO , P4100230
* M,N,NXY P100240
C(’.MMON id CON1,ICflNr),NCflNr~,CMIN, CMAX ,COF F INIOO?5()
CC’IMCN /E! TITI FT 1N100260
IATA CMINO /1.C4/ - INl00~.7O

C 1 N 1 3 0 2 8 . )
C CA TA DECK SETUP ON LOGICAL RECORO 3 (ALL UNITS MKS~ INI002~)1
C 1N100300
C CA Ri) VA R IABLE FORMAT DESCRI~’TION 1N100310
C 1N100320
C 1 T ITLE (1—2) 248 IDENTIFICATION 1N100130
C 1N100J40

- I C 2 TITLE (3— 4 ) 2A8 TITLE INI0O3~ O
— 

C P9100360
C 3 M ,N 215 V MESH SIZE 1N100370
C I M I O O 3aO
C 4 DXt),DYO 2012.2 V ~‘ S’1 INCREME NTS (M) P4100390
C IN I)0400
C 5-13 ICCN D ,COND I l,3X , CONDUCTOR CC!)FS — ICON) IS INIOO4IC
C f~6.O THE CHA R A CTER USED IN THE MES H 1N100420
C TC RE P R SE~1T POTENTIAL CONI) P4100430
C (9 OP L~~SS MAY OC SPECIFIE3I 1N100440
C 1N10045C
C LAS T (EN.) OF RECORD CARD ) 1N100460
C 1N100470
C INI0048’~

r~EAD (3,10O) (TITLE (I),l=1,4), M ,N INIOO 49T)
rEA D( :~,1J1) CX U,D Y O 1N100500 —

C . INIOOSLU
C ESTABL IS H IWUN DA R IES IN 1O052~’
C INI0053 (~

XMIN=0. P4100540
X MA X~ X ’lhN+ DXO *CFLCAT (M— 1) P9100550

P4100560
YP’AX=Y’-~I9+DYO’~CFLCA T (N—LJ P9100571

H 1—3
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C 1N100580
C WRITE OUT GEOMETRICAL AND INITIAL COMD ’IT1ON INFORMATION 1N100590
C — - -  - - - -  S - -S INIOO600

WR ITE (1,102) (TI1LE (I),Ia1,4),M ,N , 1N100610
* XM IN,XMAX,DXO, 1N100620

- * - --S - -  YM IN ,YNAX tDYQ - •  ~~~~ . ~~~•_ ~~~~~~ -. 5 - .  - .•  1N100630
C 1N100640

• C READ CCNDUCTOR COD ING AND POTENTIAL S 1N100650
• C — - - 

INIOO66O
DO 10 1=1,9 1N100670
NCONO= I 1N100680

- 
R D ( 3,103,END ILJ ICOND (I),COND (IJ 

— - - 5 1N100690
10 

- CONTINUE - 5-  - - - IN IOO7 00
C 1N100710
11 NCOND= NCOND— 1 INIOOT2O

C 
- 

1N 100730
C CALCULATE MAX , M IN, AND OFFSE T 1N 100740
C IN100TSO

CM IN=C OND (1) 
-- 

INIOOT 6O
CMAX =COND (1I P4100770

C IN IOO7BO
00 20 I=1,NCOND 

-- S 

1NI00790
IF tCM IP4.GT .COP4D (I)) CM IN=CONO (I) 1N100800
IF (CMA X.IT.CONC (I)) CM4X=CONO (I) 

- 
1P4100810

20 CONTINUE P4100820
CCFFzCMINO .-CMIN 1N100830
RETURN P4100840

C 1N100850
too FORMAT (2A812A81215) 1N10086 0
101. FORMAT (3012.4 1 1N100870
102 FC*44AT 11//TT1OX,’1DENT 

-. 

~~2As71 1t1~,’TIrL
} ’  ‘ ‘,2A8/II 

- 1N100880
* ‘ MESH SIZE IS ‘,13, ’ * ‘,13, ’ POINTS’// 1N100890

* • XM IN = •,D1 0.4,LOX ,’X MAX = ‘,D10.4,IOX , ’XINC = ‘,D1O.4, INIOO900

~~~~~
t
~~METERS’ /T ‘ - - - - - TNroo9Io

* I YMIN ‘,D1O.4,10X, ’YMAX ‘,D 10.4,IOX ,’YINC = ‘,D1O.4, 1N100920
* ‘ METERS ’// I P4100930

1O3~~ 
- 
FCaJ4AT

’ (T1,)~~Y6.C1 - - -  -• - •  -- 

1NI009~0
END P4100950

C MES 0001 O
C .. .. . ...... ... . •.. ..... ... ...... .. .. . . .. .. .. . ... . .•. . ... ..... .. .. ME S0002 0
C MES0003O

SUBR OUT INE MESH MES0004O
c 

- - - - - -— -• - 

MES0005O
C RECTAN GU LAR GUN A N A L Y SIS  P A C K A G E  MES0006O

c MES000TO
C JOHN B R~TT1C 1/31119

5- - • - • - -  - 

ME S0008O
c S MES0009O
C THIS ROUTINE SETS UP A BRAND NEW MESH OF CONDUCTORS IN THE ME SOO 100
C POT ENT IAC M *YR IX V. DVAN ~ AGE 1S TAKEN OF ANY PREVIOUS MESOO1LO
C SOLUTION OF A SIMI LAR TYPE BY CHANGING ONLY THCSE MESH MESOOI2O
C VALUES W HERE A NEW CONDUCTOR IS LOCATED. $ESOOL3O

- - -  - - - - ME SOOI 4O
I MPLICIT REAL*8 (A—H ,O—Z ) ME SOOI5O
RE AL*R V (41,401) MESOOI 6O
RFAL *8 ~~ 4b(~T 

-- -• - -  - -- 
MESOOI7O
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INTEGE R (COND (9) P4ESOOI8O
1P1TE~ F .~ NCHAR (c),LINE (120),SPAC P’ES00190
D A T A  NCH.~R /lhL,IP2,II3,1I-44,1h5,1H6,1H7 ,1H8,1H9/ ~ES0020O
J A TA SPAC E RH / WE SOO 2 IO
CCMM(1N / A /  V MESOO22O
CCMMCN hi! XM IN,XMAX ,DXO , t4ES00230

* Y1’IP ,YPAX ,OYO, PE500240
* M,N ,NXY MESOO25G
CCMMCN id CONC ,ICO ,NCONfl,L4 1”l,CMA X ,COF F ‘ESOO/60

C ~ESJ0270S C DAT A OECK SETUP ON LOGICAL RECORD 4 (CCNOUCTOR GECME T~ Y) M1S0028)
C 1ES0U290
C CA RL) VA RIA B LE FORM AT DE SCRIPT ION 1(S)033()
C PITSOJ i lO
C i—r ~ M *A1 CtJNLJ LJCTO R MES~I CCD E S PES0D~~20
C M[S00330
C LA ST (EN ;) OF R 1COk~) C A R D )  ~i-S00340
C PES OO3 5O
C ~‘ES 003tit)
C. P F A O iN  CCN~’UCT 0R 1N FU R -~’ATI1JN PESOO37O
c P[SOO 3RO

00 20 J=1 ,N PF SOOJ9U
S P5 f 4 0 ( 4 ,1I)0) (L I N E (I J , l = 1 , M) PESOO400

OC 10 1=1,M 1ES00410
V (I,J) uMAx I(cABS (V ( 1,J)),r”I~~~) P[SJ042 )
IF (LINtT (I).fl.SPACE ) GO TC I) ~ESJ0430
DC 11 K=1 ,9 PESOO44O
KO=K ~ES00450
IF ( L I NE( 1) .E .~ .NC HA- ~ ( K0 ) )  30 10 12

11 C O N T I N U E  ~ES0 )47J
GI TO 50 frESOO48O

1? OC 13 K=1,NCOND ?dESOO49C
PFSO0~YJ)

IF(X0 .EQ .ICONO (K1)) GO 10 14 ~ iSU05lC
13 C CNT IN I JE PESOO S2O

GO IC 30 PESOO53O
14 V (1,J)= — (COND(K1)+COFF) MES0O~ 43
11 CCNT IN IJ E PE SOO 5O
?)  CCNT 1NU E P IS DO5bC

S PrTUPN PESJOS7O
3-1 ~~ITE ( 1,101) J,I, (L1Ni (I ),I~~1,’4) MESOOSRO

STf l P  PES DO5~~~
C 1’ ESJOtOC
100 FC R M .AT (12041) PFSJOoIO
101 fORMAT (i//if’ INPUT MESH E~~h-~fl~~’ , 1C X , ’ LINE ‘,!5, MFS’) 0~~20

* lOX ,’ CHAI -~CTE ~ ‘,I~~//1X ,1204I) P1500630
Lr ~’) ~FS0064C

C P1100010

C • .e . . • . . . . . • . e • • e . . s . e s • e s e s e • e e • . •* e e• •S • • • •e • e •• e e• • •e • e • •e • S s•  REL0002J
C RFL-00330 -

S U B R O U T I N E  R E L A X  ( I T F P , K S T E P 0 , E~~ROP , E R R M 4 X )  RE100040
C REL0005O
C REC TANG UI A4 GUN A N A L Y S I S  PA CKA GE RELOO-16 0
c REL030TO
C JOHN ‘~ RET TIG 1/31/ig RELOOJPO
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C RE100U93
C RF1)0100
C THIS eWUTINI IMRLEMFNIS THE 4~ NC~YT JISCRETILEE ) LAPLAC I4N REL )0110
C O PERATOR TO SOLV E L A PLACE’S C I.)IJATI ON W I T H I N  A SPECIFI ED REL )U12u
C M*N MESH. A SUCC E SSIVE CVER~’EL 4XA T IUN TECHN I~~LE IS RE LO OL 3O
C L Mp LryED TO ~RCV IOE FAST CONVERGENCE, ALONG WITH A SCHEME R (L00140
C THAI STA RTS ~ tTH A COARSE MEGH AND S0CCESSIVE1~ ~C11KS TI) REL OOL SO
C T.-IF F I ’ ~t ‘•

~~ SN (I.E. EVC~ Y SINGLE ME SH PUIN1). THE LAR GES T RELJOIoO
C CF M E SH GF~A L~ S E M~ L0Y[D IS SPECIFIED BY KST [P , ~ITH THE RELOOI70
C RIS TR I C T I O N  T H A T  K STE P UT ~N INTE GRAL D I V I S O R CF ~30TF4 P4—I) REL )OIR~C AND (N—I). AFTER EACH COARSE RELAXATION IS COM PLETE , THE RELOOI 91
C NEXT FINEr-~ MESI- IS INTERPo LATED LINEARLY . THIS INTLRPCLA T ICN REL’)0200
C IS ~

) F R FO R’ .~LJ USING ~ FOUR NF~ REST NEIGHBUR CA LCUL 4TIO~ 1 t m I  P11)021
C FOR T ~OSE PCINTS FAL LING AT ~L S T A N C S~ RT (2) FROM THii CDA~ SE RtL0J?2 .~
C MES H, AN .) TI-EN FUR THOSE RYi L~~T S EALL INS AT 31SIANC~ (.~

,) P t L JI)fl)
C FRC.~’ THE C C A R S E  MESH. P~ L)0 24-)
C T~l~ LA ST FE~ SII-~~S FCR THE FINEST GRAD E MESH (XSTEP=1) Rf-L0025I’
C ‘

~F L A X A T I C N  ARE GA USS— SEIOE L (W= .25) IN ORDER IC SMOOTH OUT REL002~~QC TH r i’1~~~H F~~~ES LEFT OVER ~~~~ THE EV [RR E LAXA T ILN . RFLDC27J
C R 1L30281
C IF KS T [ P0 ~~~, ONL Y KST ~~P= 1 ~S •JSE !) , AND TH E PRIGRA P W ILL P1130291
C ~E PLAT UNTIL F.RR0~ <ERRI AX . ~THERWI SE , MORt CCAR SF ‘-~~SHfS ARE R~ LJO3OO
C USY1 TO ST’4~ T , WORK P43 TO THE F INER ‘ViE SH 4N1) RE PEAT LNG TH I S RRLO C ~~~
C F1N MESH UNTIL ERR O11<1 r~RMA X. USE CAUTION WHEN CHJtJ~~1NG iRRM4XPEL).~ i2J 

-

C AS ~ •4 1*’I01 MESH TAKES AH~ IUT 4—5 MIN JTE S EN AN I IM 370 /14 PELI~-J33~
C ~1T~i ~R PMA X SET 10 .11 ?FRCI4T CF THE MAXIMUM LESS M 1NI MU ~ RCLI)340
C PUSH POTEN TIALS.
C RE LO •lib )
C St r- CAR NAHA N , LUTHER , AND wI L cE S , APPLIED N U M I r I CA L  RELC’0310

4 C MF Ti-i’ )S , ~ I L F Y ,1~ 69 , OR FORSYTHE AND ~dA SO~~, FI PII ~ DI FIEP— ~EL 00i~~0C E N C~ UET HC~~S FOR POE, ~ krY , io~ o.
C P~~LJ040T ~
C IF TH~ MESH IS - -~ eT FNCL Sf ) v CUNDUIT URS, PEE IC~) 1 C i T Y  ~,F P1110410
C TH E ~ 1LuT Z E N  Is ~5Sj~H:; ~ fl ro~ bL UP.JJAP4I L- S A I S E  FflL )1 ) CV~ R R~~L0J42’1
C ( I  .~ • W I R R C 2  IMt.~~[ SY M M C T ~~Y I ~; A 5 S~J~ {H~I. IF T H! CA ~~NnT ~1L )0430
C tiE T C L E R # T h~~, Ni SIJ~~ T O SPF! IFY CUN. )UC’IOES ALL 1I-~ ~,AY R E1)TJ4 ’.C

Ai~f l JN ’ )  TH E T M E S I - .  REL,1045 0
c P EE )0460

I~~~L 1 C I T  R E A L * 8  ( A — H , C — i )  RELJO47O
EFAI* R  V ( 4 1 , 4 0 1 )  PELOO 4 8 ’ .)
CC’4$L N /4/ V RE100490
(T CV M:~ / 11/ ~~~~~~~~~~~~~ P [ L O O S O O

* Y~~!\,Y~ A Y ,’Y), PEL)D’I’)
* t~,NXY REL005I~JS 

C PELDO53O
C “FSH COARS ENE SS L~ G° P~~~)Ø5~~J
C RFL005~~(’

KSTEP=~~*~(STEPO - Rr L O O 5 t o
I r STEP M AX O(1, KSIER/ ? ) P1100570

cCFF =K TI T 1P
3.l41 )/oF1r~ T (M I\l )I M/KSTu~~,N/KSTEP) I Rt Loos~~o

~=0.5/(1..E)SIN (T)) RELOO6O.) - 
-

I F (KSTCPO .EC.1) W= .25 PFLOO6I )
I’~AX IT ~~~/ K S T E P  PELOOu2 )
L I ’~~1 RE1JD~~3)
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I f = W  REL OO64O
J 0=t REL00650
JF= N REL~IOb6O

C PE100670
C RELAXATION LOOP RELOO68O
C RELOC69O

S
~~ L fl L=L,LM A X RELOO700
I~~RC R= O.  R EL OOT 1O
OC 23 !=I0 ,I F, KSTEP RE100720
IU~~~I’Kt]FF RELOO73O
ION= I—KC F F RE100740
II (t .F ~~.M) IUP=IPN RELOOT5O
I F (I. r

~~.l) 1 N= IJP RF100760
t)C [‘)  J-=J0,J F ,K STI P P EL OO77 O
VJ=V( I ,J) PELOO7BO
Ir (v l.Lr .o.) GE TC 10 P1100790
JU:~=J ’KEF F RELOO800
.JCN=J— KO FF RELOOd1O
IF (J.E 2 .N ) JU P— J )N REL OO ”2 )
IF (J.r ’ .I ) J N=JLJ P RE100830
V~~~f=~~*(J4fiS (V( IDN,J))—V )I)4ES (VUUP ,J ))—V0 RF1O084~

* +DABS (v (j,J .)N ))—V0+ )A--4S (V (I,JUP))—V 0) RELOOR5O
vfl,J )=VO+VQFF RELOO86 ()
FRRC R=~~ ’A X I ( C R R C P , D 4 t 1 S (V f l F F ) )  RELOO P7O

f - ) CINTINjE RCLOOM 8O
2 )  C(’~T I N J E  RELOOB9O

nP!TO( (’,2003 1,KSTFP ,W ,ERkOk RELJ3900
C P E L O O 91I
C RET URN IF CRRCR SATISFIE D wIrH FINEST MESH AND GAUSS—SEIDEL RELOO92C
C HAS 1~~EN PERFORMED PELOO93O
C PE100940

IF (KS! F~~.E~j.I.ANo . oP .Lr . F E ~~. 1~~x . A ~’rn.w .f-Q. .25) RETJR N RE100950
C R E L O O Y 6 O
C IF ALMOST COMPLETE, SWITC H TO GAUSS—SFI DEL PELOO97O
C REL00980

IF (E~-RO R.1T.10.*E RRMAX.AN3.,cSTEP.EQ.1) W= .25 P1100990
C R€L01000
3’) CONTIN U E RFLOIOIO

C REL-31-D2D
C CHECK IF INTERPOLATION NECESSAR Y FOR NEXT FINER MESH RELOIO3O
C C-~ (F COMPLETE C RELO1~ 4J
C P110 1050

iF (KSTEPD .EQ.1) RETURN P0LOIOb ()
IC (KSTIP.F Q .1) GO TO I RELOIO 7O

C PELOLO8O
C INT~~RPCL4Tr INeET WEEN POINTS RE101O9I~
C RELOIIDJ

KC FF=KST€ P /2 R E L O I L 1O
10 1+K (FF RELuII2O
11 W_ I\CF1 PEIOII3O
J0=1.Ki Fr RELOII4O
J1=h—K i1F REL OLL5 O

~E 1D1 16O
C P1101170
C RELOIL8O

‘—7
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DC ~-J J=J0,JF , K S T E~ REL01190
JU~ =J+KCFF P1101200
JDN= J—KO FF P1101210
UC 40 I=I0,!F ,KSTEP P1101220
IF (V (I,J).L T.fl.) GO TI) 40 RELOJ230
ZUP~ I+KOFF RE101240
I C N ~~I—K UFF RELOLthO
V (I,J )r .~!5*(L )4LS (V(IDN,J’)N))+DA~~S (V ((UP,JDN)) R1L01260

* +r~~~S (v ((oN,J 1JP))+CA (iS (v (IUP ,JUP))) RELOL2TO
4) CC~ITIN UE RELOI28O
5-) CINT INJE R1L01290 -

IO= I +KCFF P1101300
Ir=~~— K~:FF RELOI3 IC
JC=1 RELOI32O
JF~~N PELOIJ3O

C RFLOI 34t)
C P1101350
C P1101360

~TC 11 J=J0 ,JF ,KSTEP RE101370
JUP~~J+KCFF PEL O1 -~H()
J I ;N~~J— KuF F R E L U I J 9 O

~~ ~~~~~~~~ J ’N=JUP PE LOA4 00
ir (J.FT~.N ) JL?=JUN RFL-T31 410
‘IC o0 E=IO,I r ,KSTF~ - PEL’)1423
I ( V (I,J).LT.).) GO IG 60 RELJ1430 I
~UP~~I+ KC F F REL01443
I’T~r:~~1—x C F F REL0L4S J
v (I,J I= .~~5a (nA E ~S (V (IDN,J ))+OAr~S (V (1Up,J))

* +DAe5 (V (~~,JON ))fjAI~5 (v (I,Jup ))) P1L01470
( ,)  CCNTINUI PELOI 4HO

4 7” C C N T I N J  RE LOI4 C (i —

iO= 1 PFL’ ) 1~~0O
IF=M P1101510
.J~ =1+KOFF RELJ1~ 2a
JF=N—K ~~FF R E L J 1 S3 O
)C ~O J=J0,JF,KSTIP PEL0i54~
JUP~~J-’ i~C1F R E LO I 5 5 J
J~~N=J—K C F F RFIOI’ibJ
~C 80 P~I0 ,IF,KSTEP RE 1~~157C
I F (V (I,JI .LT.J.) CC IC do P~ LOI5HO
IU P=1+KO I- F RELOL59O

P1101600
1 ((.L;..’) IuP=ZDN PELOIoIG
IF (I. r~~.1 ) ZCN= IU ’ PcIOI62C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P [L01633
* +~~A eS (v(I,JDN)).34ns(v(I,Ju?))) REL01o4’~

E-~ CCNTI~~)O P111165]
C C N T I N L J E  S RELOIb6O

~~ TO 1 REL OI6TC )
1’~ M A t  ( ‘***‘ ,211C, f- 1O.4,F10.2) REllIt 80

PELO I t9’
C CON000IC
C
C C O N Q O ) 4 0

)1H~~- J T  T~~~! CC ’~PLT ( Pw , N 1 . P CJ NOO )40

1—8
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c CON0005O
C R[CT - %N GULA R GUN A N A LY S I S  PACKAGE CCN3006 O
C CCN0007O
C JOHN tI P11110 1/31/79 CCN0008O
C CON0009O

S 

c CON OOIOI
C THIS ROUTIN~ GENERATES A COrJTOUR EQUIPOTCNTIAL PLCT ON THE CCJ N~i011()
C L INE PRINT EP . CONDUCT O RS,  COO EJ AS NEG.~T IVE  NUMr~ERS IN THE CONOOI2O
C MEs H, 4 RF SY~’8CLI1ED BY D I G I T S  FROM 1—S , ACCOR DI NG TO THE CO NOO ISO
C SCH EME SET UP IN TH E A R R A Y S  ICUND AND COND. OPEN SPAC ES CDNOOL4O
C AR E ~E P R E S C N T EC  DY LETT ER S AC C O R3I NG TO THE VAL UE S OF Ow AND CONOOISO
C NEUP . TH E P A R A M E T E R  NE~~P IS THE NUMBER OF DES 1RC~ E~~UI— CCN OO L6O
C PO T E N T I A L S  ( M 4 X [ M U 4 4 8 ) , WR E IR  8W [S  A ~A N ’ )w I D T H  SPECI~~IEP . CONO OIIO
C THE W A Y THE P A R A ~~E T E ~ OW ~~ RKS IS ~ CST ILLUSTRATE D BY AN CC NOOI8 O - -

C EXAM PLE. CONOOI 9O
C CCNO O200
C ASSUME NE-~P=4 , BW = .10, ‘~ND 10 < V < 4- i CONOO 2 LO
C CONO0 2T~0
C A <

~ < V < 11 C0N00230
C .9 19 < V < 21 CCNOO24O

C 29 < V < ii CON O O25f l
C 3~ < V < 41 C0N00260
C C ONOO 27C
C HOWEV E R , IF Ow= .50 hIT ~ -~i1 ELS0 THE SAME Cw430280
C CCN O O2 9O
C A 1• 5 < V < 12. 5 COND)300

S 

C .9 17.5 < V < ?? .5  CuNO03IO
C C 27 .5  < V < 32.~ C0N0332’)
C ) 37.5 < V < 42.~ CONOO 5 33
C C0N00340
C THUS, i~W=0 ~ IL1 ‘RINT A BLANK PAGE,  AND Bw = [  KILL P R INT  A C~JN O03 5J
C Sd I C PAGE CF CHARA CTERS. CCN-)0360
C CONOO 370
C THF P&R4M[T~ R NFT ’)P MIGHT B~ )JUSTE ’) ~ Y THE P R C G R A M  TO C0N00380
C C 3 T A I ~ A E S T H E T I C  EQU IPuTE NT IA L  S PA C I N G S .  CC NOO3’ 3
C CC NDO4 00

IMPLIC IT REAL *~ (A— H ,O--Z ) CONOO4IJ
- - ~~ AL*.9 V(41,4C1) C0N00420

) r 4 (~~~) C G N T ) ( Y )  CIJNJOt3C
INT GER !CCNO(~~) 10N00440

- . C CMVC N /4/ V CON0045~’
CC~~MtJ N /8/ X-MIN ,XMAX ,DXO , CCMOD 46O

H * Y~~IN ,Y~~.Ax,CY], CCN00’~7~
* M ,N,N X Y  C0 N1048C

CC’MM ( N id CEv: ,ICft-fl,NCfl ND ,Cr’ IN, C MA X ,CnF F CONOO490
S~AT A MAX /120/ CCNOO500
I~ TEGE ) NCHA - 0),A C H A R ( 4 9 ) , S 7 ~~C E , kJN1DN T , P R T (  120) CG NOD 5 IO
) A T A  NCHAR / LHI,1 t -?,1 I -’3 ,1H4, I I-5 , IH6 ,IH7 ,1H8,[H9/  CGN00520

D A T A  A C H~~R /1H~~,1)-[~,1HC,IHO ,II- E ,iHI- ,1,-~&,1HH , C0N00 30
* t HJ ,[ I- K , 1 L,1I~-~,1FN,~~HP ,1H~~,1HR , CUNOO5’.O
* 1HS,1I-T,1F’J,1~~V, 1bW,1H X ,iHY,lHZ, CONOO5 SO
* 1I-~~,1)-f),1I-C,Ihl ),1HE,1HF ,1HG,1HH , CON’)O5~~O
* 1HJ,jHK ,IE1,1I-~~,[I-N, [Hp ,1H-~ ,1HR, CONOOS7O
* 1t~S,1I-T ,1I- 1L ,1HV, 1I~ I,1 IjX,1Hy,1HZ/ CONOOS8O

C’ . \T A  SC’ AC. F /11 1 I ,  UNION T /184/  CUN0059~
)
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V L N C = (C~ A X — C M I ~~)/~~ L OA T (N E~- P — 1 )  CON OO6 J 0
V L I N C = . ) L O G 1 O ( V I N C )  CCN)06 1C
IFXP-=I D [NT (1 .D1*VLLNC ) CCNOOb2’i
IiaCT~~r -) TNT (1 .C1*iu. 4*(vL I \C—;I,Lo8T (ICXpH ) C0N00630
IF ( [ 1 P c T. E Q . 1 .Y R . I F R c T . E~~.q) IFF.CT=IFRCT+ l  CONOOo4O
v [NC=DbLuAT(I1 :pCT)4~1g.**lrxp CUN QO65O
I’1N-= 1~~1N T (1 .OC 1*CM IN /VlNC ) CON)06(~0
I X= 1+IJIN T (.~~9~~*C’4A X /V INC I CCNOOo7O
N E D P = I M t * X — I M ! N + 1  CCN006L~0
riP IT C ( 1 , L 0 0 )  CCNi~0690
)C 10 7 1,NCON[) CC NOO700

S 5~R IT ’ ( 1 , 1 O 1)  IC f l N D ( t ) ,C O N~~( 1 )  C C N ) 07 1 0
1’) C C N T I N ’ J E  CC\001 2 0

h R I T E ( l , 1 0 2 )  ~~ , CCN~~O T 3 0
DC 2’) I= 1, N EiS P  C~~Nj U  740
V CC NT ~~f l F L C A T ( [ M l N + I_ 1 ) * V I N C  C L N O C 7 S O
VL U V C F \T —V I~ C * .9W /2 • C(J N~~0 15)
V H I =V C F N T f V I N C *~~~/?. CU N OC ( 7 0

~ R lT 1 R ,) ) 3 )  A C ) P ( I ) , Vt d ,~~ iE N T ,V H I  CCN 1)07c~U
?.) L C N T I N 0  CI N.10i~~C

~PITE ( 1,104)
£CNJUP I~O

[ C i F = O  CLJN0C ~ 2 )
4’) flC 60 J= 1,N Cu 0t~3’)

1f 5 5 5) I3 1, MO CL’’~J3-~ s J
I=10+~~~ F E  CCN OO35 )
P R T t I C 1 - = ~~PA CE CONooFio~D
V O = V ( L , J )  C O N O 0 8 T ~
11 (V O . L1.0 . .) GO TO 51
V~~= ( V ’ ) — C ; F F I / V I N C + B ,~/2 .  coNoo~~~o
IV 1= I~~I N 1(V 1)  C) NI0’ )33
IF ; V 1_ Iw L C A T I ~~11I.G T .’~~ ) :) To 5’~ CUNi0’~ 1r)
P R T ( 1 T ) ) = A C H A R ( l V 1 — ! i I N + ~~) CC~~0O92 0

• GE TI’) 5’) CCN’)0~ 305) DC 52 ~=1,NC~T N D CCNOOY 4O
K0=~c COf ~.O0 950
I~ (— V D . E ~~.C LJ NC ( K(~)+ COF F)  ~~t Ti 53 CcNOoc~~)

52 LC NT I~ J J C CC ;\ )3970

~E r ( r o ) =~J NruN T CON~~O 98G
‘ C  T O 5 )  C C N J O H 3

53 IV 1= I C O N D ( K 0 )  CC~~’)1~)UJ
P P T L T O ) = N C H A R (  lvi ) CONOI IIG

~~ CINI I N J E  CONO1 ~)2 0
.~~ ITE (t,105) (PRT ([) ,I=1 ,~~0) CONOI’)30

6)  CCN T IN U FT C~ N0I )4 O
IF ( ‘~j I~ + l f l FF.GF .M ) RETURN CCN DIJ5 C
ICf - F= IUiF#M 0 CUNOI JoO

S CC’~0107()

~RITE (1,1-14 ) CCN )II.)30
31 TO /i cuN)Ic)qC

LO~ F CRMA T (i/I/I’ ***** C C - ~IsJ CT r ~ C O D ES  ~****‘/ i CC NJ I I - S ) O
* I )X ,’ C(.DE V i S L T S ’ / )  C J N O I I I O

1)1 ~CRMAT (12X,I1,F12.2 ) CCN )112- )
L0~ 0 R”AT (/1/1/’ ***** ~ CT 1 N T 1 .~L CODES ***$*I// CON- .)114- )

* 1 ~X,  ‘ ~ 1N0tT~. = ‘ ,~ ~ •4 //  CCNII 143

L 1—10
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* ‘ CO D E L1’~ - I r A N  ~~~~~~~~~~~~~~ CCN01i~~!1)1 FCF MAT(2)(,A1, ’tX ,3f12.2) CONOI16C

~.04 ECR frA T (1H1/1Hc ) CCNOLI 7U
105 FCRMA T LI X, 12 3.A 1 ) CONOII 8J

END CG NJL1 9 O
C EQ P000IO
C  ... . ... .... .... • EQP0002 )
C EQP0003O

SU~3 E -~1J T 1 N E  [.PTL (V 0,X1 ,X2 ,Y1 , Y2) E~~P00040
10P00050

C P ECTANGULAR GUI~ A NA L YSIS PACKA GE EQP00060
C E~.~P0OO7C
C JO HN ‘) R r T T I G  I/3 1 /1~ E~~P00IS0 -:

C EQP00395)
C E~~°JJ1 00
C THIS PPOGR A ’~ L C C A T [ S  A ND P R O V I O E S  CO ORD INATE S F (R TrIE E Q P O O I I D
C E.~U 1PO TENT IAL L INC OF V 4 LU~ I), I-N T~-i~ V MESH . 4 L I N E A R  E~~~&)Ot20
C !NTF-R PCLA TICN IS PEPFOH .’IEJ 4i [T I~EEN ~‘rSH ~CINTS . IT IS CQPOOIS ’)
C Ass jM ) THAT Tl-~ VOLTY;r t~AT RIX V IS SI~Ut~TLY MEN OTUNIL E~~PI~O i4j
C IN THE V III- I T E T I O N ,  w I T H I ’~ ~ ~ EGI( IN A3C UT THE E~~u 1 P ur r \ r 1 A L  E~~P Q 0 t 5 O
C LINE . 1~~P0016O
C F~~P00 170

I~ U > L I C T T  R 1 A L* 3  ( A — H ,O— 1)
REAL* 8  V (4 1 , 4~~1) - E~~P00 1’ O
kF4L* ~3 X ( 2 ’ ) 0 ) ,Y ( 2 0 . f l , U X ( 2 0 0 ) , U Y( 2 ) - ’ )) F;~~oc ,’OQ

• COM~~CM /N / V E~~PO0~!10
CC~~~fl’! /8/ XM IN ,XM A X ,.)X’), E~~POC~~2c —

* Y M I N ,YM AX,DY J, E~~2J 3?3U

* M,N ,NXY EQ00024t)
R EA L* 8  C f l N D (9 )  FQ PDO2 5 I)
INTE Gi~ IC f l N O ( S )  E~~P00260
CC

~
A
~~

CN /C /  CJNI ’, ICONO ,NCUN’) , C M I J ,C M A X , C U F F  E~~~O 02 7 )
C C ” ~~CN 13/ X , Y , U X ,UY E~~’O0S?d0
/ 1 V I * C O 1 F  EQPOO 2 9 ’ )
I i=P4XC) (1, 1+1 i INT ( ( X I—XM I~ ) /)X )) ) E~~Pi3 ~03
I2 frI~ O (’l,1tIGLNT(( X2_XM IN )/’)X ’))) EQPOO 31O

• J 1=MAX ’(I,l+IGI\T ((YI—YM I\ )/OYJ)) E’) P4 )03?0
E QP0O~~3~• NX ~ =0 ~~0~~34.)

DC 10 1=11,1 ) EQPOOIS()
JON=J 1 E~~P0 O 36 O

S 
JUP =J? EQ P3 0 3 7 0
V CN = A - ’ ) r .I V ( I , J C N ) ) — V I  E~~~’)O3 Ia
V tY’ = .)A~~S ( V ( I , J L P ) ) — V 1  EQ POO 39 ( )

4 Ir (VON*VUP) I,1C, 1~ EI~P004OO
JM ) (J’N+JUp )/2 E~~P0O4 1J
V M 0 = 5)A i

~S ( V ( I , J 4 C ) ) — V 1  1CP00420
IF (J D N.EQ . J8 0 )  CO Ti 4 - EQ PO O 43 O
ir (V ~-N ~ V M ’)) 2 , IC , 3  EQPO(”~4O

2 .JUP=J’~l) E.P30450
VIJ P~~VM) E~~P0046’)
Gd TO 1 1QP00470

S JL ’N=J’~fl F~~°00~.8C
V ’)~~=V Mf l  E~~P00490
-;c TO I E Q P) O 5 0 0

I—l i
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4 r x y ~~N x I~~ t E(~PQ051C)
EQPO OS2O

IF I ~N.FC .VUi’) C-C) TO 5 F~JPOC530
- ‘)J=~~ ) N / (V1J P- - V 0N )  EQPOOS4O

5 X I . N> ,i X4IN #DFLCA TIl_ 1 )*DX~) EQPOOSSO
~r (NXy =YMINfflYC* (DFLO4T(J4:)_ .1)_ )J) EQf’00560

I’) C NTI -J 1 EQPOO57C
- i f IUR . EQ230580
Th ) EQPOO500

PIN000IO
¶ C •.......ee. ...•e.....e... •.... •...•. •. PIN0002t)

C P[N00030
lU- N EI L - I N PINT (X,Y) PIN0004O

C PIN 0005()
C R E C T A N G U LA R  GUN ~“ 4 A 1 V S I S  ‘~4CK 4 G E P INOO ) o O
c PINODJ7C
C JOHN I RETTIG 1/31/ic PINOOJ8O
c PLN0009O
C PIN-]0100
C PINT INT FRPCLAT L S THE: V MA TK IX IN rLTWEEN THE MESH PEINTS P I N O J L L O
C US IN -; A 4 PCINT LI t~OAk IN T F R P] LA T IO N .  IF ANY BCUN2~~~Y IS PIN)3120
C EX C~~E’)ED, ~ IERC P IM- ~GE S Y M ~~FT RV IS ASS UMED A 3 C L T  T H A T  P1N-’ )0 133
C BOUN~~~RY A NE T F F INT E- RPC LATT ON PERFO RME’)  AS IF IHE POINT PIN’)0143
C FF11 (N THE MESH. PIN JOI5O

5 C FIN )0k60
IM 7 LIC IT RLAI *P (A—H ,O—i ) PIN-)0170
EEA L*P V (41,401) PLN03I~30CC MMON 1A/ V PIN)0190
CCMMON /8/ XMIN ,XMAX, DXO , PIN)02’J O

* Y’~1N,YMAX,0Y’), P1N00210
* M ,N , NXV P I NOO 2 2O

x I N T = %  P I N 3 0 2 j OF YINT=Y
IF (X .LT.XM(N ) XINT=2 .*XM IN— X PINOO2S..)
IF (Y .LT.YMIN) V INT~=2.*YMIN— Y P(N’)02o0
IF (x.Gr.xMAx ) X I NT=2.*Xr4A X— X PINOth~70
IF (Y.GT .Y44X ) YINT=2.*Y”’sX— V PINJO28O
<f l = rW 1 r4 T ( ’~— 1 ) * ( x I N T — X M I N ) / ( x M 4 X — x M I N )  PINO(’~~9C
Yc=rFL (JaT (N— 1)* (YINT— yM1N)/( y ~’A X— vMIN ) P1N0030-3
tX= 1~~IDINT (XO ) piNoo3lo

:~ IY= 1~~IDINTtYO ) PINOOj?0
FX=XO— DFLIJAT (IX— 1) P1N00330
rv=Yl~ urLQ AT C IY— 1. ) PINOO 54 0
VO=CAB S (V (IX,IY )) PINOU3S ’)
V1=D~ i1S (V (IX +1 ,tY )) P1N0036 0
V2~ ’)4’ (V(IX ,IV+1)) PIN5)0370
V 3= DA R S (V (IX *t, IY+ 1 )J - PINOO38O
)V 1=V0+ (V L—V 0 )*FX PINOO39O
i5 )V2= V 24(13—V 2 )-*FX PINOO400
P I N T = D V 1 + ( D V I — ~~V l ) * F V  PINJO’.10
RETURN PINU04~~0

PINOO43’)
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C GUN0001O
C .e... .......... ... .. . . . . . . . • . • •~~~ e~~~ • • •e • • •e e• •  .. . .. . .•.... .. . . . . . .  GUN000.20
C CUNJO O3 O
C RECTANGULA R GUN ANALYSIS PACKAGE GUN0004O -~
C GUN0005O
C JOHN 8 RETTI C 1/31/79 GUN0006O
C GUN0007O
C MAIM DRIVER ROUTINE , PART Ill— TRAJECTORY CALCULAT IONS GUN0008C
C GUNOO)90

IMPLICIT PEAI*E (A—H, U—Z ) GUNO OI0O
REAL *8 V (41,401) GUNOOIIO
RE AI*8 CCND (9) G (JNOOI2O
REAL*8 XC200),Y (200),UX(200),UY (200) GUNOOI3O H

¶ INTEGER ICCND (c) GUNOOL4O
CC MMfJ N /A/ V GUNOO15O
CCM MIJN /8/ XM IN,XMAX, DXO , 

- 
GUN OOI6O

* VM IN ,YMAX ,DYO, GU NOO 17O
* M, N ,NXY GUNOOI 8O

CO MMON id CGME,ICOND,NCOND,CMIN ,CMAX ,COF F GUN OOI9Q
CCMMCN /0/ X,V,(JX,UY GUNOO200
CCM MON /E/ TITLEI,TITL [2,TITLF3,TLTLE4 GUNOO2IQ
CALL [ N IT  GUNOO22C
REA D (8J v GUNOO23O
CALL T R A J  GU NOO24 O
STOP GUNOO2SO
END CU NOO26 O

C INIOO’J1Q
C •. ... ... ..... . .. .. . .... .. . .... .. . ... . .. . . . . . . . e.. e . ......... . . ...  1N100020
C INI00030

SU B R O U T I N E  INtl INI00040
C INIOOC5O
C RECTANGULAR GUN ANALYS IS PACKAGE 1N100060
C 1M100070
C JC HN 3 RETTIG 1/31/79 INI0008U
C 1N100090
C INIOU100
C D A T A  IN IT (AL IZ~ T I fJ N RO U T I N E  I N I O O I I C
C 1N100120

IM PLICIT REA1*~ (A—H ,O—Z) 1N1 0313()
RE AL*b Vt41,411) INI’)0[40
RCAL*8 CON O (’~) INIJO ISO

5 
5 RF4L * O TITLE (4) INIO O1bO

INTEGER ICUN [)(S) INIOOIJO
INTECE i NCHAP(c),LINE (12o),SPAcE 1N1001i40
DA T A  MUHAPS /II-1,11i2,183,1114,If-5,1H6,IHI,1F48,1H9/ INI001~J0
DATA SPAC E /18 / INIOO2Dfl

-
• CCMMGN /4/ V 1N100210

C C M M O N  / 1/ XMU ,XMAX,DXQ , P 1 ( 0 0 2 2 -)
* YMIN ,YM4X,CYO , INIOOZ3O
* M ,N ,NX V INI0C24~

CCMMO N /C/ CUNC,ICONO ,NCON1 ,CId IN,CMAX,COF F P1100253
CCMMCN /1/ T ITtE P1100260
r)AT A CM [N0 /1.14/ P1(00270

H C 1N100280
C CA T A DECK SETUP ON L O G i C A L  RL CGRL) 3 (ALL UNITS MRS ) LNII)02q0



- S-r-- ~~-~~~~~~~~~~~~~~~ -- ~~

•
-

5 

C - I N I OOJ O O
C CAR’) VA~~IAB L F FORMAT DESCRIPTION 1M100310
C 1N100320
C 1 TITLE (1—2 ) 248 IDENTI FICA TLCN 1N100330
C It~I I00340
C 2 TITLE (3—4) 248 TITLE 1N10035C -

•

C INIDOJoC
C 3 “,N 215 V MESH SL~~E P1(00370
C INT)039O
C 4 DXC,DY’) 2012.2 V MESH INCREMENTS (MI IN!)0390
C 1N100400
C 5—13 IC CNO ,C f J NO I1,3X ,  CCNOIJCTOR CODES — ICON!) IS 1M100410
C F6. O TFIE CHARACTER ‘JSEC IN THE M ES H 1N10042C
C TO R EPR E S E N T  P O T E N T I A L CON D P1100430
C (9 CR LESS MAY tIE S’~EC [FIED) 1N100440
C INI!)0450
C LAST (END OF RECCKD CARD ) INIOC46 C
C INt00470
C INIOO4EC

R E A U ( 3 , 1 ) - ) ) (TLF LE (I ),I= 1 , 4),M,N (N(.)U’.’)C
PEA)(~~,IOI ) CXC,OYC INIiO5’)C

C INIOJ5IO
C CSTAEI L ISH i3CUNCAR IES 1N1J052’)
C EN IOO 3I

‘<‘~
I N=fl .

XMA X =X ” IN+D X~ *CFLCAT (M—1 ) IN IQOiSO
YM TN = O . INI005&~0
YWAX=YM Pi+OYO*CFICAT (N— 1) INE)0570

C
C .~P I T E  OUT GEO M E T R I C A L  ANI INITIAL CCNDITICN INICRMA TION P1100590
C INIOOsO’)

• ,,RIT [(1,132) (TITLC (1),1=1,4), M,N, IN [30610

* XI!IN, 1AX ,’)X~~, IN IJ O62.J
* Y~~IN,YMAX ,D~y’) 1N10063C

C INIDOo 4J
C RIA ’)  CC N DIJCT OP CO DING AND P O T E N T I A L S  INI!)065G
C INI~J066C

OC 15 ) 1=1, 9 INI)Jt)7C
NCCNI= I INIJOSUO

~FA1 )(3, IJ3,EN i~=11 ) ICCNO ( I ),CCN )( I) INIOO ~,
1) CCNT INUF INI~J13 1OC

c IN IOOTI C
• 1.1 NCCN’) = ’~CflNO— 1 IN IUOT2C

C P11)0733
C C A L I J IA T E  ~4X, MIN, AND OFFSET 1N100740
C IN IJG?50

C M I N = C L N ) ( 1 )  P1100760
CMAX=C (;NO (1) P1100170

C 1N100780
DC 20 I=1,NC..Jt~’) 1N100790
IF (CMLN.GT.C”fC (I)) CMIN =CONU (I) (11100800
IF (L r1~~X.LT.CCND (1H C4AX=CCP1) (t ) IN TO O RLO

23 CCNTIN’JE 1N100820
C.C Ff=CV INO_ CM IN P1100830
f lET ’J RN P1100940
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C 
- 

INI00~~5~100 rCR”~ r (2 Ai3/2A8/215) (N10086(’
101 FCRMA T (3012.4) INIOCd7U
102 

- F C R M A T  (//1//IOX, ’IJENT 
- -  

‘ ,2A 8 / / I OX , ’ T ITL E ‘ ,2 A 8 / / /  INIJO3BJ
* • M~~~H S(~~f jS •,13,’ * 1 ,13, 1 POINTS’// INlOO Rgi
* ‘ XM IN = ‘,C10.4,IOX ,’XMAX ‘,D1O.4,1OX, ’XINC = ‘,D10.4, INIOO-)0 )

- 
* ‘ M F T F ~~S’// 111100910
* ‘ YM IN  = ‘,DLtJ .4,IOX ,’YMA X = ‘ ,0 1 O . 4 , 1C X , ’Y INC = ‘,DI0.4, 111(00920
* ‘ MFTE PS //I 111100930

133 FC~~MA T (11,3X,F 6.C) 1NI00~f40(N t) 1N110950
C TRAOOJIC
C ........... ...... ............ .... ... •............................. TRAOO’)23

• C T R A D J 33O
SUP .~ C UT I N F  T I i AJ  TRA0034)

C 
- - 

TR AOO J5 O
C R ECTANGULA R GUN ANA LYSIS PACKAGE TRA0006O
c TRAOO )70

• C JOHN R R ITT IG i/il/i’; TRA00085)
c TRA 000 9 )
C T R A O O I D O
C THIS PRCG PAM FI” i-)S THE TR AJECT ORY OF A CHAI~GED PARTICLE IN TRAOO IIO
C THE P~ ESENCF CF AN ELECT RIC F IEL~ CREATED av CENDUCTORS OF TRAOO12C
C V A R I O U S  POTENTIALS. TH E~~1~ L EFFECTS, REL AT IV ID, AND SPACE TRAOOI 3O
C CHA GL EFE CTS ARE NOT TAKE N INTO ACCOUNT. FIELD GRADIE N TS TRA JCI4O
C ARE T A K EN FRC~ rl~i: PCTFNT (~~L ‘iAT~~IX V (ASSUMED TO HA~ F ALREAL )Y TRA 30150
C ~E E N SOL V E D  R Y SO- M E- ME ~NS 1 . T HEN , DI SCRE TI ZEC FCURTH TRAOC 1ÔC

• 
S C CP~~FP OI SCRFT IZED RoNG I—K UTTA INTEG RA TICN SCHEME IS USED TO TRADOIIO

C P I E C E  CiT TE- E PA TH CF THE PARTICL E THRCUGH THE MA TRIX. TRAOOI8)
C TRAOOI9O
C IF oLs I P t D ,  PA ~~T I C L F S  ~-~~Y RE ‘S O L N C E ’ J  O F F  CF ( 3GLND A r ~~ CS A B O U T  TRA3J2S)S)
C WH L ‘ S H T HE - F ILLE IS ~~~~~~~~ TO RE M IR~ UR ~ W \  ;e S Y M ” E T S I I C A L .  T R A O O 2 I 5 )
c T RA O O 2 2 )  -

C TRA OO 23 O
C - 1R400240
C CAT -A CEC N SETU P GN L O G I C A L  ~ECC R3 5 T R A O O 2 S O
C TR AO O ? o -J
C C A R l  V I A ~~LE F0P ’A T DESCRIPTI ON TRAOC 2Ir’
C T R A O J 2 C O
C I X 1,Y1,01 , c’I 3~~1~?.4 , IN I T I A L  P C S I I L C N  AN D V E L C C I T Y  T RA OO29O
C 112. 2 FC~ P A R T I CLE 1 — Xl  AN ’ ) Y E IN T R A O O 3 D G
C ME TERS,  Ut IN M E T E R S / S ,  P1 IN TRA 3 03 1 S J

C DE RE ES FRC” IX  A X I S  T R A O O 3 2 C
C T R A O G J 3 O
C 2+ (SA’~ FUR PI~’~T ICL F 2, LId) TRAOO 34C
c TRAOO 3SG
C L A S T  ( F 4 0  Cf R E C C I~I’) C A R D )  T RA ’ ) 0 3 b~

- 
- c TRA3O37U

C I R AO C J
I M ’ L I I I T  ~ r ’ t L * S  ( — ~~,~~—fl  Tj~A 004sJ

~EAL * P x~( 2 I ) ) ) , Y ( 2 5 )~~), t.X (2 )I) ,Ly ( ) ()”) T R A O O 4CO
-: L rMu 1N I ’/ ~~~~~~~~~~~~~~~ T R A J C 41~

* Y M I N , Y X ,~~Y~~, T R A 3 C~s2 0
* M,N ,Nx ~ IRAOO ’s 3

CC~~~~ ’I /1/ 1 N i , liS~ 
N ),1t I~~~~,(~~ I~~,CMA X ,Ct1FF TRADC ’.4
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C C M P~ON /3/ X , Y , L k , U Y  TR A OO 4 5C

~ F4 L * R  F ( 4 ) , Z ( 4 )  1RA0046 0
- -  

EL J IVAL F NCE (XL,L (1)),(Y1,/ (2)),(UX1,Z(3)),(UYL,L (4)) TRA-’)0470
INTEGEP RUNGE TPAOO48O

I
~
T A TM IN /0./ TRAOO49O

S 

- 
r A T A  01 /2.0— 11/  1RA00503 I -

DAT A P1 /3.141~~~2o535D.O/ Tp~A 0Q510C T R A O O 5 2 G
C FIrUT-ON CHA p GE /~~A S -~, MK S T R A O O 5 3O
C 1R40354’)

341-A E T A  /j .7 5 9794 5 Jl1/  1RA00550

TMAX =T~1IN+2 .* (YM4x—Y M!N)/’)S~~kT(2.*rTA* (CM A X— CMfN )) TRAOO56C f .
C 1R400570

( — 3  1~l40 O 5?~0
1-1 1= 1+1 TRA O O S9O

/tr (c ,1)j,FN0 30) X [,Y1 ,Ul, PI TRAO0t~30
R’)= ( P I / 1 30 . ) * P I  TR AO O6I C
UX I 3 1 * C C O S ( P J )  TRA OJ 62 O

1- U1*DSIN (!3) IRA’)0630
• 

- 
X ( 1 ) = X I  IRAJ ) L’4C
Y (1I=YI TRA JObS3
UX ( 1 ) - = IJX1 1RA00660
UY (1)=JYI TRAOO6TO
NXY = 1 TRAJOb8C
T =T~~1~

, T R-4006 93
C TRAjO lDO
C Ci~~~UTE STI’ TRA ’)Q7 [J
C TRAJO7 ?C

1~1 ~
(=P1JN (4 ,Z , F- ,I ,C T )  T~~A0073 0

S 

C TR A OfJ 74 O
C K= 1 FL~~ ;s TI- AT )F R I VA T I V E S  A~~F NC E r f r  IRA3075)
C TRAO 076~C A l  ( K . N F . 1 i  GC Ii: 12 U-’AJO7l0
C TRAUG78O
C CC~~’UT i ~~~~~~~~~~ IN P O T E N 5 TI

~~L US ING CE NTr ~AL I)IFFEt~ENCES TRA)0790
I C TRAOO3DO 

I

VX H =? 1~ . T ( X 1 + .5* CX C ,Y 1 I T R A O O R I O  IP 
- V X L ~~~i \ T ( X 1—.S * 2 X C , Y 1 )  T R A O O ’ 3 2 - )

IYI- = P I \ T ( X 1 , Y 1 + .5$ ) Y C )  F iADC33C
- S JY L~~~I N 1 ( X 1 , Y l _ .5 * !) Y E )  T R A U 0 34 (~

C TRA0J-~53
S 4RAL5 )V X -(VXH VXU / (XJ TPS A ~~ 3 S ~~~~

~ R40vY= (VY 4—VYL )/CV 1 T~~1I0JI3T)
C TR4 )C-I~l)

c - ;~~o iTO U~~R 1V S~T IV 1S A N’ C5 1NT INUr~ FUNGI INT F G RA T  (C~ TRA30~~SJ
C IRAOO 900
C — F ( 1 ) = ) X / T T~~tj X TRA 3D9 1~
C — F ( 2 ) = Y / 1 T = - JY T RA O O Y 2 0
C — F ( J ) = 0 U x / ~~T~~[T sG~~A f l v v  T RA I J 9 J J
C — I-(- ~ )=;)-JY/~- T= LT ~~*;~~nrvy TRA33~ 4’~
C T R A J 0 -~5C

F(1)~~JX1 TPA ICTh3
TPA00~~?E

I-(3) [-T *~~~AI )Vx

11- 4 
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C TRAO1000
CC TO 11 T R A O IO I O

c - T RAOIO20
12 NXY=NXY+ l TRAOIO3 O

S C TRAOIO4O
C BOUNCE OFF CES IRED POUNDAR IES TRAO1O5O
C T~ A01060 —

IF (X1 .GT.XMIN ) GO TO 1.3 TRA O1O1O
Xl =2.-*XM IN—X 1 TRAOIO8O
UX I =— t JX I TRAOIO 9O

13 C ON T I N U E  T R A O I I 0O
C IF (Y1 .GT.YMIN) CC TC 14 TRAOILI0
C Y1= 2.*YMLN—Y 1 TRA OIL 2O
C UY1=— UY 1 1R401130
C14 CONTINUE TRA OI14O
C IF (XI .IT.XMAX) GO TO 15 TRAOII5O
C XI =2 .*X MA X—X 1 T R A O I L 6 O
C UXI =—UX I T~ A 0LI70
CI S CCN T INUE
C IF ( Y 1 . L T . Y MA X )  CO TO 1~ 1R401190
C Y1= 2.*YMAX—Y l TRAOI 2JO
C UY I=—tJYI TRAO L2IO
C16 C ON T I N U E  TR401220

C IRAQ 1230

C ~FC0PSJ POSITIONS TRAOI24O
C T RA ’ ) 1250

X (NXV )=X 1 TRA OI2oO
Y (NXY )-=YL TR A0127C
UX(tIXY )=UX I TSA’)1280
U Y ( N X Y ) =tJY l (P40 1290

C T R4 0 13 0 -5 )
C CHECK L IMITS 1R401310
C T RA 11323

IF (X1.LT.XMIN.OR .X1.GT.XMAX.CR.Y1 .LT.YMIN.CR .’Yl .GT .YMAX TRAO I33O
* .O R . T .G T .T M A X . O R . NX Y . E Q . 2 0 0 )  GO TO 20 TRAOI34C

CC TO 11 TRAU13SO
C TR’~01360
C PRINT AND PLOT INrc ’RMATIGN 1R401 3 7-)
C TPAOI38O
23 ~1P (1F (1,l01) I TR4O13~~O

DC 21. K=1,NXY TRA014O-~
- - T~~TMIN+DFLOAT (K—1 )*DT IRADI4IC

U~=DS-~R T ( U X ( X ) * U X ( K I + U Y ( K ) * U Y ( K ) )  T RAO I42 i )
A NG = ( 1 3 0 . / P I ) * C A T A N 2 ( U Y ( K ) , UX ( K 1 )  T R 4 0 1 4 3 )
W R I T E ( 1 , 1 0 2) T , X L K ) , I ( K ) , tJ,~~NG TR A J I 44J

21 CONTIN UE 1R401450
‘

5 C A LL TJPLQ T Ti’ A01460
IC TO II) S TRA DI4TO

3’) CALL POlE TR401 4 8C
I~ETURN TRAOI4’,0

C TRAOI5OC
100 FCR’~AT 13012.4,112.2) TRAOI 5IO
101 ICRMAT (i//i/ lOX , ’ ***** PARTICLE ‘,12, ****~ ‘I/ TRA O 152U

* UX , ’T(S)’,€X, ’X(”)’,8X,’Y(1)’,€X , ’U(M/S)’,6X,’A NGLE’) TRAOI53O
102 FCR”~ T (1X,4C12.3,F10.2) TRAOI5 4c
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END TRA OI 55O
c RUN 000LO
C .. ........ ....... .... .... .... ..... .. .• ..... ... .. ...... ... .. .. .... RUN0002O
C RUN0003O

FUNCTI ON RJNGE (N,Y ,F,X,H) RUN0004O
C RUN0005O
C RECTANGULA R CON ANALYSIS PACKAGE RUN0006O
C RUN000TO
C JOHN B RETTI C 1/31/19 RUN0008O

• c RUN0009O
C R U N O O L O C
C FOURTH ORDER RUNGE—KUTTA INTEGR ATION RUNOOIIO
C R U N O O L 2 O
C COPI E R FR OM CARNA l- IA N , LUTHF~ , & WILKE S, ‘APPL IED NUMERICAL RUNOOI3O
C MI THC~ S’ , NEW YORK, W I L E Y ,  1969, pp 374—5• RUNOOI4O
C P01100150

I’~”L 1CIT RFAL *~ (— H,C—Z) RUNOOI (J0
iNTEGER P~U NGF R U N O O L 7 C  S

.UiAL*8 PIlI (4),S.AVFY(4),Y (N),F (N) RUNOO18O
)A T SA M/0/ P01100190

C P01100200
M M +I P01100210
GO TO (1,2,3,4,5),M P01100220

C RU1100230
C ... .PA S S 1.... PL1N00240

1 RLNGC~~1 R U N O O 2 5 J
-~ETURN RU1100260

C RUN OO2 1O
C ....PASS 2.... RUNO Q2SO

2 UC 2 J=I,N RUNOO29O
SAVIfY (J )=Y (J ) RUNOO300
PHI IJ ) = F ( J )  RUNOOJ IO

22 Y (J)=SAVEY (J)4-C.5*H*F (J) RUNOO32O
X=X+ f l . 5* H  R UN OOJ 3 O
~ uNGE=1 P01100340
RETURN P01100350

c RU1100360
C ....PASS 3.... P01100370

3 DC 3~ J= 1,N RUNOOI 8O
‘HI (J)=PHI (J)+2.0*r (J) RUNOO39O 

-

33 Y ( J ) = S A V E Y ( J ) + C . 5 * H * F ( J )  RUN-304iJ0
RUNCE= l P01100410

H RETURN P01100420
C P01100430
C .... PASS 4.... RU1100440

4 DC 44 J=l,N P01100450
H Pl-~1 (J)=P HI (J)+2.O*F (J) RUNOO46O S

44 Y(J )=S A VEY(J )+ I- *F (J ) P01100470
X=X +0.5 *H RLJ1100480
RUNGE= 1 P01100490
RITU RN RUNOO5OC

C P01100510
C ....PASS 5.... RU1100520

S 11 55 J=L,N RU1100530
5’) Y (J)=SAVLY (J). (PHI(J)+F (J))*H/6.0 RUNOOS4O
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M=0 RU11005~~O
RUNGE=0 RUNOO5oC
RETURN P01100570

C 
• 

RUNOOS8O
END KU N OO5 9C

c P11100010
C .. ... ...... ... ... . ..... .. .... . ... .... . .. ..... ....... . .......... .. P11100020
C P11100030

FUNCTION PINT (X ,Y )  PIN3004O
C P11100050
C g r C T A N G U L A ~ GUN A N A L Y S I S  P A C K A G E  P11100060
c PIN0007O
C J N411 t3 PETT IG 1/31/79 P11100)80

P11100090
• C P11100100

C PINT I N T E R P C L A T E ’  T h E  V ~4 T R L X  IN E T W I E N  THE MESH °C INT S P11100110
C USING A 4 ? C I N T  L L ~~FAI\ I N T E R P O L A T I O N .  Ii A NY RE U NO ARY IS P11100 120
c EXCEEDED, P1~~RCk 1MAGF )v~~~rT~~v IS AS S L U E C AI3 C UT THAT P11130130
C PGJ NCA RY A IJE TI- C INT FRP ” LS~TIO’1 PERFCR ~4 FD A S IF THE - P C L N T  P11110140

• C FELL IN TH~T MESH. P11100 15 )
c PIN00I~~0

IV ) L IC I T  PEA L* 1~ ( A — H , C - — L 1  P1N’)017G
R E ~~L*~3 V(41,4)I) PtNC ~J l 8C
COMMON /41 V
C O M M O N  / F~/ X M I N , X M 4 X ,O X C , P 1 110 02 ) 3

$ YM1r , Y M A X , L ’ Y O ,  P I N0 O2 1~
* M,N ,NXY P 1 N 3 32 2 3
X (N T=X

S YINT=Y PIN)0240
IF (X.LT.XMIN ) XINT=2.*X MIN — X PLN ))75 .)
IF (Y.LT.YMI N ) YTNT=2 .*Y M!N—Y
IF ( X . G T . X M A X )  X I NT = 2 . * X M.~X — X  PIN ~~JL7J4 IF (Y.~~T.YMAX ) YINT=2. *YMAX— Y PINCO ~H~

)
X 0=OFLCAT (M~~l)* (xl N T_XM 1N )/ (XN4X_ XMIN ) P INJC ~2’~0
YC=D FLO-IT(N— 1 )* (VIN I— YM IN) / (YMAX—Y ”IN )
I X= 1+ ID It-I T (X 0 )  Pt N 0 3  I ~

- !  TY= 1 +IOINT (Y0 ) ~I\OO 32)FX- = X 0 — D F L G A T ( I X — 1 )  PIN103n
Fy = Y 0 — I ) F L C A T ( I ’v — l )  P IN~ 034~V 0=CA~~S (V (IX ,IY)) PIN 10350
V1=0A’3S (V (IX+1,IY )) PINJO~ 6J S

V2 = C A B S ( V ( I X , I Y + 1 ) I  P111 -1 03 7~
V3~ t~A~~5(V (IX +l ,1Y+1 )) PINJCi8U
0’~1= V 0 + ( V I — V 0 ) * F X  PINO (h90
0v2 =V2 - i ( V 3 — V 2 ) - * F X  P11100430
PINT= OV I+ (IJV P—CV II*FY P11100-sic
RETURN PIN0042~E N D - P11100430

C TJ000CILO
S

I~ 
C .. ............... . .... ........ ... .... . .. ..... ... ...... ......... .. TJP0002C
C IJ P0303O

SUB RO U T I N E  T J P L U T  T J P0004O
c TJP00O~ 0
C R F C T~ NGUL4R GUN ANA LYSIS PACKA GE IJP000oO
C TJP0007O
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C JCHN t~ R E T T I G  1/31/F’;  TJP0OO~~O
C TJP0009O
C TJPOOIOO
C T P A J E C T C R Y  PLOT S LE TUP I-~~R THE Z E T 4  P L O T T E R  TJ POOI IJ
C TJP00120

R EA L * ’ ~ V ( 4 l , - ~ ’ 1 )  T J P O O I 3 O
~EAL*L X (200),~~(20)),~JX (?•)C) ,UY (~~0C ) TJPOO14O
R~~AL*~ X-1IN ,X x ,t~xi,r1I’:, V ~4X, )YO ,TM I N ,TMAX,[)1 TJPOOI5O S

C C M P I S LX * 16  IDf NT ,T I T L F  T J P J O I6 O
CC’~~CN /4/ v TJP~J0170
rCM M~Y~ /‘3/ XMIN ,XMA X ,i)XJ, TJP 00L~40

* Y M ! N , Y M A X , 3 V 0 ,  TJ P-) 019 0
* ~1,N ,\ X Y  TJPOO.’IC
CCt-~~C-”~ /3/ X,Y,LX,JY TJ~ 0J21-J
~ CMM (~~ / r/  1~~L~~T , T 1 r Lr  T J P O J ? 2 )
• ) A T A  ~. I DT h  /4 ./  TJ~’O323 )
) A T A  L’~L4 G  /0 /  T J POLJ 24C

S C TJPO O2 5 C )
C f I R S T  T I n E TH~CUG h? T J~~00 2o0
C T JPJQ 27C

II ( I~~LA - ~.N E .O )  GO TO 5•) TJP002I3~
IFLA ~~=1 TJ~~30 2 0CI - C A L L  PLLJIF ( 13 , 2 )  TJP OO 3J I )
C A L L  lA C i E R  (2 . )  T J P0 - ~ 31J

C TJ~
)- ) 0 3 20

C DEE- INE SCA LES TJ PJO J3C
C T J PI O I4 O

XL~~~ I0T I-  T J PO O J 5 O
Y L = W I ) T H~~S N G L ( ( Y M i X _ Y t A I N ) / ( X M 4 X _ X M 1 N ) )  TJ~~’)03~~3
DX=SNC I (XMAX —XMI N)/XL TJP3O~~7C)Y=S -’sGL (YMAX— Y~~IN )/YL lJPOOl8t )
X 0 = S N , L ( X M I N I  TJ PO- 1390
y)=S\;1 (YMIN) TJPOO4O-)

TITL E TJ P0O~ 2O
C T J PO O 6 3 J

H CA LL SY~~~CL (YL/3.,XL+I.,.L ~~,ITNT,0.,1~i ) TJP)O~,4C
C A L L  SV” .IGL (Yi/3.,XL+ .5),.1 5,TITLC, ’.,16) TJP)C45’

C T J PO O 9 b U  J
C S C A L E  ALL FLTURI “ L O T T I N G  T~J GUN D I M I NS IC NS  TJ P~~-)4 70
C 1JP00413 $

(S AIL OFFSET (YC, [YY,X0 ,CX ) TJP)O’ 93
c
C CR~~I CC 11QUCTt~RS T J PJOS1O SI
C TJP30520

00 20 1= l ,M TJP00~~3J
X3=SNGL ()X0) *l-1C4T (I—~~) TJPOO’)40
JT EST= 0  - 

T J P J O 5 5 . )
DC 10 J 1,N TJP OO 56 O
I F (V (I,J).LT.C..A’,H,JTIST.[~~.-)) GO T~ LI  T J P- 3 0 5 1 0
IF ( V ( 1 ,J ) . GT . c . .4 N o . J T I : S T . E3 . L)  GD TO 12 TJ P03~~~

)
IF (J .FQ.N.ANO .J I~~ST . r ~~.t )  - C  TO 1 T J P O O 5 9 O
IC TO 10 TJ P036U - ~

ii J T E S T = 1  TJ 7 0 06 1C
JSTA RT =J TJ °OJ (’20

11— 8

I -

- -~~ -~ -



GO TO 1(1 TJPOO63O
12 JTEST=O TJPOO64O

JSTC P=J— 1 TJPOOo5O
IF (J. l ..N) J~~TGP=J TJPOO66O
I F ( J S T 4 RT . E Q . J S T C P )  CC TO 10 TJPOO67 O
YO=SNGL ([)’10)*P-LUAT (JSTART~~I) TJP00680
CA LL PLCTX (Y0,X0,13) TJPOOb9O
Y 0 = S N I L ( ) Y 0 ) * F L C A T ( J S T C P — 1 )  TJPO O7 00
CALl . PLCTX (Y0,X0,12) TJPOO71U

1~ ‘ CCN T IN LJ E TJPJO72 O
2)  C C NT I N ’JE TJP G O73O

c IJPOO7 4O
)C 40 J L,M TJP OO 7 5O

S Y0=SN~ L (0Y0 )*fLCA T(J—1) TJP)O160
IT E S T = O  TJP OO77O
DC 3D 1=i, M TJPOO78O
iF (V(t,J).LT.C..AN1.ITFST.E ~~.0) GO TO 31 1JP00790
IF (VU,J).GT. C..ANO .ITFST.E0.j) GO IC 32 TJ POO800

• IF (I.F~~.M .4ND. ITE ST.EC .1) CC TO 32 TJP00~~10CC TO 30 TJP -3082 0
11 IT E ST = 1  TJP-3th~3O

I S T A R T = I  TJ °0084)
GC TO 30 TJP0OBSI)

3 ’  I T F S T = 0  TJP O O86 O
1 S T C P = T — 1  TJP0O~370
IF (I.I:~~.M) IS T C P= I 1JP00380
IF( IST ~~RT . EQ . V T O P )  CC TO 3~ TJP0009O
X Q = S N G L f O X O ) * F L ( , A T (  ;sr~~~r—n TJ POO900
C A L L  P L C T X  (Y 0 , X 0 , 1 3 )  TJP30910
X 0 = S N G L ( O X O J * F L L A T ( I S T C P — 1 )  TJP OO 92 O
CALL  P L C FX  (Y 0 , X O ,12) 1JP0093C

33 CC11 TIN IJC TJPJO¼ ,40

I: ~~ CCr~T 1N1JE T JPQO9S O
- S 

‘~~) C A L L  LINE IY, X , NX Y , 2 ,0 , 12 )  TJPoo~~oo
RETURN TJPOO97O

c 1JP00980
EN~

) TJPOO99O
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DOUG LA S 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
Loyola University of Los Angeles. —

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 Varlan Associates In Palo Alto , Calif ornia. He was
Project Engineer on a variety of developm ent and production projects involving
Gun diod e amplifiers , YTG—tune d Gunn Oscillators , and bipolar transistor ampli fiers .

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—octav e traveling-wave tubes. He also was respon-
sible for production of high pulse power space tubes.
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JOHN B. RETTIG , Member of the Techni cal 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-
tizatlon of 3-dimensional buildups of small paramagnetic particles on saturated
ferromagnetic wires.

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