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MESSYMESH 
(Program F46) 

TERRY W. EDWARDS 

INTRODUCTDN 

MESSYMESH is a series of programs written for an mM 704 
computer system, consisting ot a 32,768 word memory capacity, at. 
least 4 mM 727 tape units" and an associated mM 1401 computer" 
necessary for output purposes. Although the system is primarily 
written in FORTRAN language, liberal use of SAP machine language 
instructions bas been made, both within Fortran compiled programs and 
subprograms, and also as separate Sap subprograms a.sembled 80 as 
to be comJatable with the Fortran routines. 

MESSYMESH programs compute, print out" and plot eigenfunctiolUl" 
eigenvalues, and several associated quantities for linear accelerator 
cavities" loaded with square or round corner drift tubes, with or without 
axial holes. 
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MESSYMESH SYSTEM 

The MESSYMESH .,.stem COMists of the followinl.ix proarama 
which are stored successiveoly on the M.ESSYMESH F ... 46 PROGRAM TAPE. 

A. Mesh Calculating Proaram. 
B. Plotti11l ProUam. 
C. Mesh Tape Preparation Prop-am. 
D. Mesh Tape Index PrGlI"am. 
E. Mesh Tape Listing Proar&m. 
F. Me.h Tranafer Procram. 

Prop-am A t.. the fundamental prop'&m. Proi!"am. B throup Fare 
supp1emeatary aDd are writtell ill npport of pr0i!"am A. 

The re.ult. of proJr&m A &!"e nored on mapetic tape. which, 
via program A or C, bave been pt'epared with a unique first record. 
Prop-am. B and D through F process these mailletic tape. in various 
way. as iDdicated below in tbia report. 
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EQUATDNS 

A detailed analyaia of the linear accelerator problem, with 
emphasis on the variational principle asaociated with the solution has 
previoWlly been given. 1 Hence only pertinent final formulae employed 
by MESSYMESH Program A are reproduced here. 

Maxwell'. electromagnetic field equationa yield, for azimuthally 
independent modes, a scalar wave equation for the azimuthal component 
of the magnetic field: 

...
) F '~F if.F ~ 
----+-+iF=O --. C,)rz, t' dr- cl~L , 

wbere F =rHtfand where the boundary condition is to be applied on all 
metallic and nodal surfaces as shown in Fia. 1 and where in addition 
F(Oj Z) = o. 
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Fig. 1. One fourth of a meridian plane crosssection of a linear accelerator 
cavity. 

The above differential equation is solved for the geometry shown 
in Fig. 1 by establishing a mesh or grid in the region penetrated by the 

IEdwards, Terry W., "Proton Linear Accelerator CaVity Calculations, " 
MURA Report 622, 1861. 



field. in a way such that a mesh line c..oincidea everywhere with the 
metallic and nodal boundaries. ~_ thiJJ would be very difficult 
to accomp1i8h in the most general case; therefore. the ,eom.tries for 
which MESSYMESH will provide answers are limited to cylindrical 
walled. cavities with azimuthally symmetric drift tubes with or without 
holes and with circularly bounded or square outer corners and hole 
corners. In order to achieve solutioM for these restricted pometries 
overlapping rectangular and circular pctlar meshes are establiahed. such 
that the boundary everywhere does coincide with a mesh line. 

Finite difference approximation to the differential equation 
may be found for the square meah and polar m.eshes. The Liebmann 
four point aI.corism. for the tWIO me.h type. are. respectively: 

..4>, r:-" {t::rt(t~1 .) 'fl '" (' ~) II.' ( Js.) r M c:: .....]}F. j - r'j = 0( f.:j .-Y+ 4~i1"1 1- j;:: -+ F:.j-I I+:JY -+ I'H,; +, i-I,/ ' 

Ft::'8:- ...{1);[~~~-1+ (~~ ~.·[~+~lit.,~ ....~J+ 
.... rI I ~ "',.. :1 l r" {' 1 L'-H•.1}+1i:.-lltf -~t"'+f'''':'~J ·rt,••, a.;- .;lie., lY'~f~)J + 

+~:: [u' ;/k.h~;:')Jl]} · 
Repetitive calculation of improved field values at the mesh points leads 
to an iterative convergence~ provided .(. the over-relaxation factor is 
properly (and perhaps optimally) chosen. 

Simultaneous to the improvement of each of the mesh point field 
values from an initially guessed set of values to the correct eigenfunction., 
a calculation of the eigenvalue must take place. A variational principle 
infiicate. that a lower limU exists for the calculation: 

z. (r,fF>
K c- - :- •<F;r> 

The lower limit of this calculation occurs when F is the eigenfunction of 
the differential equation. In this event K is just the corresponding 
eigenvalue k. (In the presence of non-rectangular boundaries. the variational 
principle is apparently only approx~.mately true. ) 

Calculation of improved eigenvalues can be reduced to finite 
difference approximationa similar to the algorisms given above. For 
the square and polar meshes the e:'Cpressiona becomes. respectively: 
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,
 

Alternate improvement of the field values and calculation of an 
improved eigenvalue is thus the method of solution. Because of the 
existance of the variational principle. a convergent process Is virtually 
assured. 

Employment of overlapping meshes necessitates interpolation of· 
field value•• etc. between meshes. Consistancy with the differential 
equation and the accuracy of the above algori8m8~ etc. requires that 
a field value on one mesh be given in terms of five field values on the 
other overlapping mesh sucb that. for example: 

F:. =- ~, F'; -+ ~ 1=;, +- ~~ Fit> + l,.F;, -+ ~ F;' 
(I },+la .,. ),~'1"~ ~).r - )< l. ) 

where the 2 A'. are determined via a 5th order matrix solution previously 
specified. 

Formulae for the auxiliary quantities calculated by MESSYMESH 
Proll'am A include tbe following. 

w __ )fs ~~JS 
Energy Stored Per Unit Volume: ..V =X Sf rJS 

s 

Power Loat to CaVity Walls: Pw ::- 11" ~s j ':-l.Ji • 

ZIbid•• pp. 21-32. 
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Q Factor:
 

Average Axial Accelerating Field:
 

Shunt Impeda.ace: •
 

Tr8.Jl8it Time Factor:
 

Coupling Coefficient:
 

These quantities are calculated from the final converged fields and.
 
together with the eipnvalue. serve as indicators of the merits of the 
feOmetry for which they have been calculated. 



General Remarks 

The programs on the MESSYMESH F-46 PROGRAM TAPE are
 
similar in several respects: each is prefaced by a MULVCY·
 
loader; each accepts card input data via MURA library

subroutine MiffiCD2; each uses (109ical) tape 7 (and/or

possibly tape 8) as a mesh input/output tape: each expects
 
a unique four-word first record on the mesh input/output

tape(s); each checks for this first record before reading
 
or writing mesh input/output tape{s); and each contains
 
diagnostic statements to instruct the computer operator

when Incompatable situations are encountered.
 

Agenda Formats 

Agenda for the various MESSYMESH programs must be 
specif~d in formats compatable with card reading subroutine 
MURCD2. For this purpose, either standard MURA/FORTRAN or 
MURA/MESSYMESH agendum sheets are satisfactory. A sample 
of the latter is included. 

Detailed exposition of the required input data for the 
various MESSYMESH programs are given below. 

*MULVCY is a slight MURA revision of NULUCY; tape 6 map is
 
written on tape 9, and the ensuing erid of file removed.
 

**MURA report 536, Westlund, G.A. 



ML~/MESSYMESH AGENDUM 

PROGRAM l'l). F46	 SUBMITTER _ 

Instructions: 

l.	 Circle tapes to be mounted, specify program used, and 
circle sense switch settings. 

2.	 Enter addresses and values of desired input parameter6 in 
table. (The format must be compatable with MORA subroutine 
MURCD2) •
 

Tapes: program __
 

O.	 ThJmp/save (erasable tape). 

1.	 MESSYMESH PROGRAM TAPE. 

3. 

7.	 Circle Sense 

8.	 Switches Down 

9. Output tape. 1 234 5 6
 

?pecial Operator Instructions:
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MURA/MESSYMESH .~GENDUM (CONI.)
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Program A - MAIN CALCULATlt~ PROGRAM 

This program is designed to calculate eigenfunctions,
eigenvalues, and auxiliary quantities for linear accelerator 
cavities of the type depicted in Fig~ 1. 

Data Specificatioos 

Adgress ~ gallple 

1 Identification nuaber to be assigned
.esh being calculated. 

to 28519 

2 Mesh number of initial load source: 28428 
)0: 
=0: 

loads from tape 1 or 8. 
loads froa Bessel Function. 

(0: loads previous run frca core. 

3 Profile identification number: 2 
=1: 
=2: 

square corner drift-tube. 
round (circular) corner drift-tube. 

4 Scaled size of g/2. Must be ~2. 11 

5 Scaled size of L/2. Must be ~g/2. * 31 

6 Scaled size of d/2. .Must be ~2.** 14 

1 Scaled size of 0/2. Must be ~d/2 + 2.* 31 

8 Scaled 6ize of Rh • 2 

9 Scaled 6ize of Rhc. 2 

10 Scaled size of Rc • 5 

12 Initial value of alpha, the over-relaxation 1. 75 
parameter. If not specified, program 
assuaes minimum of tape loaded value and 
1. 7. 

13 Normalization value of stored energy. If 9.5-1 
not specified. ~o9ram assumes 
Wo = 9.791 x lO-7/H2 joules/cubic meter. 

*Addresses 5 and 7 .ust not e~ceed 99.
 
**For an unloaded cavity addres$ 6 must be zero.
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Address Data........... ;xaapi! 

14 First convergence criterion (1.e. the 
change in eigenvalue per 1teration.)
If not specified. progra. assuaes 
PC = 10-3. 

5.0-4 

15 Second convergence criterion (i.e. the 
average residual per mesh point.) If 
not specified, program assu.es 
soc = 10- 0. 

1.0-11 

20 De-bug printing from subroutine START. 20 

21 De-bug printing from subroutine EXPAND. 21 

22 De-bug printing from subroutine ITERAT. 22 

23 De-bug printing from subroutine ALG. ~ 

24 De-bug printing fro. subrout1ne ALGe. ~ 

29 New value of alpha entered during 1.0 
calculation tim•. 

30 New second covergence criterion entered 1.0-12 
during calculation time. 

Only data address 1 must be changed each time in a 
succession of calculations. Addresses 2 through 15 will 
reaaln unchanged if not speclfied differently. Addresses 
20 through 24 are set to zero between runs so as to reduce 
the amount of off-line output. Addresses 29 and 30 are 
ineffective at the beginning of a run; they are intended to 
allow aid-run changes via manual control of sense switches 
3 and 5. 

Input data for successive calculations .ust be separated
by one END DATA card; the last calculation of such a succession 
is best followed by at lea6t two END ~TA cards. 

Data addresses 1 through 10 must be integers. Data 
addresses 4 through 10 specify the geoaetry of the linear 
accelerator cavity in non-dimensional terms; thus they are 
siaply a set of integers proportional to the various 
diaensional quantities as illustrated in Fig. 1. 
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Remarks 

1.� Each mesh must be assigned a unique nuaber. The program 
will not write two aeshes with the sa•• nuaber on an 
input/output mesh tape. 

2.� Meshes aay be loaded froa or stored on .esh input/output 
tapes set to (logical) numbers 7 or 8. Tape 7 is always
required. The use of tape 8 is optional; if so used, 
however, tape 7 will be interrogated first both before 
loading and storing .eshes vta tape 8; if tape 7 1s the 
correct one, tape 8 will not be used. 

3.� Mesh input/output tapes .ay not be interchanged during
the tiae calculations are underway since the program
re.embers not only which tape(s) have been employed, but 
also the identification nu.bers of all the .eshes located 
prior to the position of the reading head on the tape(s). 

4.� A aaxiaua number of l~O meshes aay be stored on one 
.agnetic tape. However, the ti.~ required to locate 
those lIleshes rather far down the tape can beco.e 
considerable. A r.c~nded nuaber of ••shes to be 
stored on one tape is 100 or less. 

~.	 If an identification number 1s specified for a .esh 
which cannot be stored on either tape 7 or tape 8, the 
program will instruct the operator a6 reqUired to store 
the .esh on (logical) tape 3. Preparation of this tape
3 in a manner identical with that of Program C is 
possible; attention to this fact can, of course, circumvent 
use of program C. Once this tape is prepared in this 
manner, nUMerous meshes .~y be loaded on to this tape in 
the series of .esh calculations underway. 

6.� The program analyzes the input data to see if it is 
geometrically sensible. If it is not, the run is 
aborted and the next one is atte.pted. 

7.� If 8 run is aborted because of unsensible geometrical
input data or via the all sense switch down feature the 
next run will not be possible if a core load is required.
In this event, the succeeding run will be attempted, etc. 

8.� The aeshes stored on .esh input/output tapes .ust be 
preceeded by a unique four word record, written by
Prograa C and explained below. This record determines 
which (identification numbered) aeshes may be stored on 
the particular tape. 
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9.� The format of each mesh stored on a -.sh input/output 
tape is as follows: 

Record 1:� 28 words containing geo.etrical data and 
output auxiliary quantities. 

Records 2 through 12 + 1: Square ..sh final field values. 
Each record contains J2 + 1 words. Th••esh 
field values are stored coluan-wise beginning 
at the lower left corner (see Fig. 1). 

Next 3 records: Curvilinear drift-tube corner mesh 
final field values l!a'¥Ch exists. Existence 
is indicated in R.co • 

Next 3 records: Curvilinear hole-corner .esh final 
field values if GuSh exists. Existence is 
indicated in ~cor 1. 

10.� An End-of-File gap is always searched for, erased and, 
after writing a .esh on an input/output tape, restored. 
This End-of.File signifies the end of useful inforaation 
on an input/output tape. 

11.� Priaary output of data, both a s~ary of the calculations 
themselves, and final field values and auxiliary quantities,
i6 off-lin. via BCD output tape 9. However, via sense­
switch control, liaited on-line printing is possible. 

12.� Although effici.nt input/output tap. usage de.ands that 
the square mesh field b. stored coluan-wise, ease of 
visual inspection requires that they be printed out in 
row-wise form. 

13.� Use of data addresses 20 through 24 insures voluminous 
off-line output, especially addresses 23 and 24. Hence 
extre•• discretion should be eaployed. It is doubtful 
that an entire .esh calculation, when in this mode of 
operation, is practical; tiae and output tape requir.-ents 
are prohibitive. 

14.� As indicated by data addresses 14 and 15, the calculation 
operates in a two convergence criterion manner, Before 
the first convergence criterion (approximate convergence
of the eigenvalue) is satisfied, both the field and 
eigenvalue are improved during each iteration. After 
the first criterion is satisfi.a, the eigenvalue is 
i.proved only every fifth it.~tion. Upon satisfaction 
of the second convergence criterion (decrease of field­
point RMS residuals to specified value) te~ination of 
the run takes place, the auxiliary quantities are 
calculated, these and the final fields are stoDd on an 
input/output tape and are printed off-line, and control 
1s transf.... so as to begin the next of a series of runs. 
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15.� Sense lights are indicators of where t~e program is in 
its calculations: 

SL1:� Persistently on indicates first convergence� 
criterion has b~er. satisfied.� 

SL2:� Persistent1.y on indicates that the field values 
are being improved. 

SL3:� Persistently on indicates that the eigenvalue is 
being i.proved. 

SL4:� Persistently on indicates normal run termination 
is about to begin. 

16.� The rate of convergence is determined by the quantity
alpha (see data ~ddresses 12 and 29), the over- . 
relaxation parameter. Periodtc calculation of the 
optimu-!maximum value takes place as the iterative process 
proceeds. This parameter is quite critical; if it is too 
large, divergence may occur {the program corrects for this}; 
if it is too small, convergence will be rather slow. 
Judicious care should be used in manipulating this 

parameter� by the operator; it is not recommended. 

Subroutines aod Their Functions 

The hand coded program and subroutines can be divided 
into several catogories on the basis of their purpose. Below 
is a brief indication of their purpose(s). 

MAIN CONTROL PROGRAM: Excercises control over loading, 
initiating. printing, iterating, interpolating,
aborting and saving, normalizing, and outputing 
processes. 

Loading Subroutines 

INPUT :� Reads data cards via MURCD2, searches input
tape(s) for requir&d loading mesh. 

EXPAND:� Modifies mesh dimensions from those of mesh 
loaded from tape to those of run to be 
calculat~d. Interpolates field values 
accordingly. 

Initiating Subroutines 

START:� Converts input data to useable form, controls 
establishment of interpolation coefficients, 
etc. 
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SETSPC: Calculates backward interpolation coefficients. 

SETQ)F: Calcillates forward interpolation coefficients. 

PACK: Packs interpolation coefficients calculated by
SETSPC and SETCOF. 

Printing Subroutines 

ERRPRT: Prints out input data error diagnoses. 

PRTHED: Prints out page heading at beginning of each 
run. 

PRTFLD: Prints out fields when requested via SSW 2 and 
at end of program. 

COLHED: Prints out column heading for PRTLIN. 

parL'lN: Prints out a one line summary of each iteration. 

Iterating Subroutines 

ITERA!: Controls indexing, etc. of iteration processes,
for traversal of both square and curvilinear 
meshes.� 

ALG: Square mesh algoris.s.� 

SPECFL: Calculates special points contribution to� 
eigenvalue calculation.� 

ALGC: Curvilinear mesh algorisms.� 

RFCNS!: Calculates R-I/4R for AlG.� 

FASET: Saves two just previous rows of old field� 
values for calculation of eigenvalue. 

ALFCAL: Calculates the optimum value of alpha the over­
relaxation factor. 

Interpolating Subroutines 

INTERP: Interpolates field values from square mesh 
to outer row and ends of curvilinear meshes. 

BACKIN: Interpolates field values and contributions 
to numerator and denominator of eigenvalue
calculations, from curvilinear meshes to 
square mesh points with incomplete star$. 

UNPACK: Unpacks backward interpolation coefficients 
previously stored by SETSPC.~ld SETCOF. 
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Aborting & Saving Subroutines 

SAVER: Saves •••ory etc. on an erasable tape 0, 
via subroutine SAVEX, if SSW 1 i6 down. 

ABORT: Aborts run and proce.des
SSW's down. 

to ne7t one 1f all 

PROTEC: Protects all other Gense switch t •• ts against
all SSW's down condition. 

No~lizlng Subroutine 

VCALC:� Calculates normalizing volume so th_t the 
field energy per unlt volwae can be initially
and finally adjusted to the value prescribed
by data address 13. 

Output Subroutines 

QCALC:� Calculates and prints the auxill.ry quantities 
at the end of a run or when de.anded via sense 
switch 2. 

EZCALC:� Perforas various axial electric field 
integratlons requested by QCALC. 

TAPEWR:� Stores geo••try, auxiliary field quantitIes,
and fields on input/output tape. 

AllOCAtion of eor. Storag.: eor. Map 

MULUCY loader: ~tal locations 00000-00021.� 
Progra. Storage: Octal locations 00030-41473.� 
C~n storage: Octal locations ....CII-77.f.62.� 
Library subroutine .torag.: Octal locations 77463-77777.� 

Thus the prog;•• requires 1).790 -..ory locations, while 
the c~n storage require. 13,090..-ory locations. The 
rella ining 17.' JIleJIOry locations (octa 1 locations 00000-00027 
and 77.63-77777 are not available) .ay be used in revisions 
and/or extensions of the progra•• 

A core map, produced by MULUG:i, showing the division of 
unique storage a~ng the various subprogra.s follows. 
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r-JAMF VFCT()~ ~NTPY ST~RT Err4D COM~ 

..gg 0_0. () o_.~ __ 
TAPFWR 

.... 00030 ()u.Q~ 4602Q 

OCAlC 
MUPCD2 
(5THI 
AlFCAl 

. _. 5_AYEfL__ 
IF rL ) 
f5PH) 
( I OH) 0 
(LEV) 
PRTLTN 

. . __ . __ ._._.{:Q.Lf1fD.. _. __ 
SORT 
VCAlC 
ABORT 
PRTFlD 
PROTEC 

. ._ _._. _._ '__" L..Q§ .._. _._ 
ITE"RAT 

. 

START 

START 02324 0?~06 04666 46020 
INTERP 

.. _._____ .. __ ...._ ... SEICOf_ .... ... ... 
EXPAND 
ERRPRT 
(FIL) 
(5TH) 
(rOH)O 

..__ ._ _ _. __. . .lL.fYJ._ _ _ __ . 
SETSPC 
SORT 
INPUT 

INPUT 04701 04667 07401 46020 
._ ._..__.....__._. lRTN ~ ..._ ___._. 

(FTLJ 
f SPH, . 
(IOHlO 
(LEV) 
PRTHFD 

.__. _..... ... .._"!..t,!RCf2L.. 

SAVER 074?2 07410 10171 46020 
SAVE 
DUMP 
(SPH~ 

._ LE.lLL._. 
(5TH)� 
( I OH) C� 
(LFV)� 
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PROTFC 10175 10172 10231 

__.. __ ~~Q!n __ .. _. _._ .. 
(SPH) 
(FTl) 
(STH) 
(JOH)O 
(lFV) 

_. . 

PRTHE"O 
(5TH) 
( FIl ) 
(SPH)
( I OH) 0 
l_LEYJ __. .__ 

10447 104~7 11423 46020 

.. __ .. ..... 

ERRPRT 
(SHU 
(FIL) 
(SPH) 

.__ ._.__ j l.OHlQ. 
(LEV) 

__._ . _. 

11434 

_ 

1142~ 12261 46020 

_______._ __ ._. 

PRTFlO 
(FIl) 
(5TH) 

. U OH ) 0 
(LEV) 

12277 12270 12176 46020 

COlHEO 
(SPH) 
(FIL) 

_______________.__.. ..--1..SI1:ll _. ... __ 

13007 

.__ . 0_. _ 

12177 13121 46020 

( YOH) 0 
(LEV) 

-. 

PRTLIN 
(5PH) 

. ._ LElU ._. 

13141 

..... 

13130 

_ 

13333 46020 

(5TH) 
(YOHlO 
(LEV) 
SORT 

_ . 

_~s.u..cO£__. 

(STH) 
(FIL) 
(SPH) 
I IOH) 0 
(LEV) 

... .JS I MEQ 

..... 

. 

13.3.50. 15054 46020 

PACK 
SIN. 
COS4 
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____._.._ .... 

........_ _. 

SETSPC 
(5TH) 

"'__".'__ ( F I l) 
(5PH) 
( I QH) 0 
(LEV) 
XSIMEQ 
C054 

.....5.1NA . 
P~CK 

ATAN 
5QfH 

. 

15073 

..__... __... .... 

., '. _ -. "'- . 

15055 16435 46020 

P~CK 16436 16467 77462 
------------... _- --' 

EXPAND 16500 16470 21271 46020 

. . 

S~l 
(FIL) 
CSTH) 
(IOH'O 

.. __..... _.nuL-_,._.. ,_... 

INTERP 
U,.PACK 

21276 21272 22044 46020 

BACKTN 
________il..N!A.C.L....__. 

22051 ?2045 22473 46020 

UNPACK 22474 22474 22524. 77462 

ITERAT .... 2254, 2252~ 24714 46020 
BACK!" 
ALGC 
y,.TEI'tP 
SPECFl 
F~SET 

AlG 
RFCNST 

"--"-'-­ If It..) 
(5TH) 

.{JOHlO 
(LEVJ 

AlG 247? . 2471'; 25462 46020 
... __... (LJE-llu,l.....'-_ 

( 5TH) 
(JOH) 0 
(LFV) 

SPECFL 25476 2-;463 26534 46020 
..,.. _.._ ..__.... . ... _..1.E1LL. .. ... _ '._. __ 

(5TH) 
(YOHJO 
(LEV) 
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RFCNST 
COS4 
SIN4 

_._ .. , .._ .__._. UNPACK 

Al.GC 26546 4602Q 
(FIL' 
(5TH' 
(IOH'O 
(LEV) ---_..- .. _-_. 
COS4� 
51,."� 

RFCNST 21310 l7~O5 27'~~ 46Q20 

EASE! _ Z1361 1.ll6.L .21431 46020 

21444 214~0 3Q11>.0 ..46020 
UNPACK 

ALFCAL 30165 30161 30250 46020 
SORT 

30265 302'1 46020 ... 
(5TH) 
(ElL) 
fSPH) 
lIOHlO� 
(LEV)� 
EZCAL.C. 
SIN" 

.. COS4 .. 
SORT 

..._---_._----- -~_._._--_._ ..__._-----_.. _._-_._ .. --_... _--_.. _.._---_.._.. 

EZCAlC 32712 32165 33262 46020 
SIr"''' 
COS4 

TAPEWR 33274 36352 46020 
(STH) 
(RTN) 
JFtJ.J 
(SPH)� 

_( IOM)O� 
(LEV)� 

---- ... -_ .... 

MURCD2 36353 36353 36671 77123 

DUMP 36612 ~6672 37140 17462 
SAVE 36703 

. . ATA1! ..lIl.U . __ J]141. _. __ . .p.JZ§.4 77775 

37265 37265 31333 77715 
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SIN4 37335 31334 31441 00000 
(054 37334 

XDET~t.1 

X5TMFQ 
40112 
4011~ 

40340 11171 

(F TII 
.tBDe) .... . __ 

lOBe) 
( IOH)O
( rOH) t 

fRTNI 

._. 
42013 

.. .A.O.!.41L 
40'44 
40343 
40342 

_ 
40141 42152 17S41 

.. .. -.JJU!!L_._.__ ... 
(LEV) 

._. ._1t2.Z1A_. 
421~3 

~l1.5L. .. l!Z21L..... .. _-O..OQ.Qo.. _. ~_. . _ 

(5PH) 42213 42273 42457 77653 

(5TH) 42460 42460 42473 00000 
..-.-._---_._..-._-------_.. _- _--.- _.---'.'---_..- -.. . -- --- ..•. _.. '-'----'-"_ - . 
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Program B - PLOTTIr-l3 pRQGRA~, 

This program is designed to calcul3te and plot, on a 
CALCOMP model #560 30 inch plotter, the meridian plane inter­
cepts of the (linear accelerator cevity) constant valued 
eigenfunction surfaces. 

Data� Specifications. 

Address� Data Exallple 

1 Identification number of first mesh to 28381 
be plotted. 

2 Identification number of last mesh to 28386 
be plotted. If not specified, program 
will plot only one mesh. 

3 Number of constant valued surfac~s to be 15� 
plotted. If not specified, program� 
will plot 12 such surfaces.� 

4 Type of eigenfunction plotted: 2� 
'lor not specified: F field.� 
~2: H field.� 

Ddta addresses 1, 3, and 4 may be altered by the agenda,
if more than one series of plots is contemplated. Data 
address 2 is automatically cleared between series of plots so 
that it is only necessarily specified, if a series of plots 
consists of more than one plot. 

!nput data for successive series of plots must be separated 
by one END DATA card; the data for the last series of plots is 
best followed by three END DATA cards. 

Remarks 

1.� Meshes may be loaded from mesh input/output tapes mounted 
as (logical) tapes 7 and/or 8. Tape 7 is always required. 
The use of tape 8 is optional; if so used, however, tape 7 
will be interrogated first in order to find the appropriate 
mesh to be loaded. 

2.� Mesh input/output tapes may not be interchanged during the 
time calculations are underway since the program remembers 
which tapes have been employed. and the identification 
numbers of all meshes loca~ed prior to the position of the 
reading head on the tape(s). 

3.� Sense Light 1 persistently on indicates that the H. eigen­
function is being processed. 
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4.� Primary output of data, sorted field values, and plotter 
data is via BCD output tape 9. Manual control of Sense 
Switch 3, however, allows the sorted field values to be 
printed online. 

Subroutines and Their Functions 

The h>3nd coded program and subroutines dre listed below 
with a brief indication of their ~urp~se(s). 

PLOT CONTROL PROGRAM: Reads data cards via subroutine 
MURDC2, searches for ~nd loads the required 
loading mesh, and initiates plotting. 

BNPLOT:� Plots the geometrical boundary and a brief 
heading for the mesh bping plotted. 

SEARCH:� Searches for and interpolates to find the 
coordinates of the intersection of the constant 
eigenfunction surface with the meridian plane 
mesh lines. 

EQSORT:� Finds the first point (on boundary) of each 
line of intersection. 

TRACE:� Traces out, i.e. finds all succeeding points on 
each line of intersection. 

EQPLOT:� Writes on BCD out~ut tape 9 the output data 
(sorted & ordered) field values and plotter 
record s. 

PLOTS, SYMOOL, LPLOT, etc,: Constructs plotter records 
as required. 

Allocation of Core Storage i Core Map 

MULUCY loader: Octal locations 00000-00027.� 
Program storage: Octal locations 00030-17232.� 
Common storage: Octal locations 46021-77462.� 
Library subroutine storage: Octal locations 77463-77777.� 

Thus the program requires 7811 memory locations, while the 
common storage requires 13,090 memory locations. The common 
storage of this Program B is arranged identically to that of 
Program A. 

A core map, produced by MULUCY, showing the division of 
unique storage amoung the various subprograms follows. 
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NAME VECTOR E"NTRY START END COMMON� 

000000 00047 OOC30 04153 46020�------ -------S'AVF·--·-·----~---------	 ._------­

._------------­

SEARCH 
B~lOT 
(Snn 
COS4 

_____ ... _._._..... ._2LN4__. .__. . . .__,_. . .. ._. " 
(PTN) 
(FILl 
(SPH' 
( JOH)O 
(LEV) 

_--,-PLOT =..1 _ 
PlOTS 
ZRPfN ._­-_... 
MURC02 

BNPlOT� 04771 0~154 06177 46020 
_. .._.. .._.� ( F t L_L_..... . ~ ._. .__. _ 

(STH' 
(I ()H!Q 
(LEV) 
VPLOT 
SYMBOL 

_.. .... . --=S JN4 
COS4 
PLOT} 
PLOTS 

SEARCH� 0621, 06200 10306 
___...� _.~·c .-._-_ .._-- ._---;5:-::1 N~. 

COS4 
EQSORT 
(STHY 
(FILl 
(SPH' 
(JOH,O 
(LEV) 

EQSORT 10314 10~()7 11374 46020 
fQPLOT 
TRACf 

------_.•._.- ._--_.. 
TRACF� 11400 11~7~ 11636 460?O 

EQPLOT 1l6~1 116'H 12250 46020 
SYMAOl,. 
PLOTl 

______....._ .. ....LSJH) 

(FIL' 
_ (SPHJ_ 

(JOHlO 
fl..fVl. .. 

--_.- ..__.•_-_.---� -------_.._--------_._­
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lRPEN 12 7 66 12251 13045 00000 
., ~.s T9..'? .. __.. '__"' " -1J..1-6.1._. .__.. . _ 
CHGSZ 1231~ 

SIND 12126 
PLOTS 12252 
PlOTl 122~1 

.... .. _..~~.bO T__. .__ ~0 5(L ...l~.9_~~_.. _.__1~ 0_7J;:,..... ....Q.Q~-=-0:-O_ 
PlOTI . 

VPlOT 13376 13073 14203 00000 
HPlOT l3-'05 . 
EXSYM 13251 
SYMBOL 13016 

(YOHlO 
.. st~p 

lPlOT 

MURCD2 14204 14204 14522 777Z~ 

DUlltP 14523 14523 14711 77462 
SAVE 145'4 

SIN4 14773 14772 15077 00000 
C054 14772 

- .....• -....-._._.._-----~---_._---~_.__._----------------­
(Ft L) 16~52 16711 77541 
(80C) 15105 

r--.. (DeC I 15103 
( I OH l 0 15102 

"'."_ .__ _. 
( IOH t r 

._. ._J RT~L 

15101 
. ~__. . 

(RTNI 16]53 16712 .. 1703..1 00000 
(LEV) 16712 

(SPH) 17032 17032 17716 

::-::------------­(5TH) 17217 11217 17232 00000 
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TYPICAL PLOT 

F-46 MESH NO. 2eq19 F FIEL~

--_._-------------\-----_._---_._ .. --------1 
i 

\. I\. 

-4 

I 
I 

" " 
I 

'" ' '"" \\ 
. 

. 

\-LL -J-..--llo----\-----J
!~ I
I 

I 
~~~~~."~' 

--- ----------- -------·-----·----i 
'-----------_.--------------_._----_._, 
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program C - MESH TAPE PREPARATION PROGRAM 

This program is designed to put a unique four word record� 
followed by an end-of-file on F-46 mesh tapes. The format of� 
this record is:� 

WORD 1: Blank. Not Used.� 
WORD 2: Identification Word: BCD for Mess~: 442562627033,� 
WORD 3: Lowest Allowed Mesh Number.� 
WORD 4: Highest Allowed Mesh Number.� 

Data� Specifications 

Address� Da~ Example 

1 (Logical) tape number to be prepared. 8 

2 Identification number of lowest numbered 28800 
mesh allowed to be stored on this 
tape. 

3 Identification number of highest numbered 28899 
mesh allowed to be stored on this tape. 

Each data address is self perpetuating; if a number of 
tapes are to be prepared; each data address must be accordingly 
altered. 

Input data for successive tapes to be prepared must be 
separated by one END DATA card; the data for the las~ tape to 
be prepared is best followed by three END DATA cards. 

Remarks 

1.� After each tape is prepared. a pause (HPR 77777) occurs. 
To go on to the next tape to be prepared. the START 
button must be pushed. 

2.� After the unique first record is put on the tape, an 
end-of-file is also written. When a mesh is written on 
this tape by Program A or F, the end-of-file is erased 
and re-written following the mesh. 

3.� This program will not prepare (anew) a tape that is already 
a MESSYMESH mesh tape. An Dn-line diagnostic will be 
printed accordingly to instruct the operator. 

Allocation of Core Storage 

MULUCY loader: Octal locations 00000-00027.� 
Program Storage: Octal locations 00030-03241.� 
Common Storage: None.� 
Library Subroutine Storage: Octal locations 77463-77777.� 

Thus� the program length is 1674 words. 
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Program D - MESH TAPE IHDEX PRO~116~ 

This program is designed to vieJd (on-lir.e) a summary 
of the contents of d MESSYMESH roesr t.ape, mounted as (logical) 
tape 7. No card input data is required. 

Remarks 

J.� • After each tape is indexed. a pause (HPR 77777) ~ccurs. 
If 3nother tape is to be indexed it should be set to 
(lDgical) tape 7 and the start t~tton must be pushed. 

2.� This program detects errors i~ the format of the meshes 
Dn logical tape 7. An :ndication of these errors is 
printed out. 

Allocation of Core Stora~ 

MULUCY loader: Octal locatiDns OOOOO~00027.
 

Program Storage: Octal locations 00030-03225.� 
Common Storage: None.� 
Library Subroutine Storage: Octal locations 77463-77777.� 

Thus� the program length lS 1662 words. 
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Progrdm c - MCSH TAPE LISTING ?HOGRAM 

This program is designed to print (offline) the eigen­
function, etc. contained in a consecutively numbered sequence 
of meshes from an F-46 mesh tape. 

Data� SEecification 

Address� Data 

1 Identification number of the first mesh 28107 
of a consecutively numbered sequence 
of meshes to be printed. 

2 Identificatic~ numbe~ of the last mesh 28112 
of a consecutively numbered sequence 
of mashes to be printed. 

Each data address is self perpetuating in a series of runs, 
unless changed by the adgenda. 

Input data for successive series of meshes must be 
separated by one END-DATA card; the data for the last series 
of meshes is best followed by three END DATA cards. 

Remarks 

1.� The meshes pri~ted must be stored in successive numerical 
order on a mesh input/output tape. Violation of this 
rule will result in a program stop. 

Allocation of Core Storage 

MULVCY loader: Octal locations 00000-00027.� 
Program Storage: Octal locations 00030-05634.� 
Common Storage: Octal locations 46021-77462.� 
Library SubToutine Storage: Octal locations 77463-77777.� 

Thus the program requires 2949 memory locations, while 
the common storage requires 13~090 memory locations. The 
common storage of this Program E is arranged identically to 
that of Program Ac 
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Program F - MESH TRANSFER PROGRAM 

This program is designed to transfer meshes from one mesh 
input/output tape to another, a ~onsecutiyelY numbered sequence
of meshes with an accompanying c ange of mesh number if desired. 

Data Specifications 

Address Data Example 

1 (Logical) tape number 
to be found. 

on which meshes are 6 

2 (Logical) tape number 
to be transferred. 

to which meshes are 7 

3 Identification number of first of 28603 
consecutively numbered meshes 
transferred. 

to be 

4 Identification number of last of 28607 
consecutively numbered meshes 
transferred. If specifiec as 
one mesh will be transferred. 

to be 
zero, only 

5 New identifi=ation number of first 28181 
transferrpd mesh. 

6 New identification number of last 28185 
transferred mesh. If specified as 
zero, only one mesh will be transferred. 

Each data address is self-perpetuating in a series of transfers, 
unless changed by the agenda. 

Input data for succe3sive series of transfers must be 
separated by one END DATA card; the data for the last series 
of transfers is best followed by three END DATA cards. 

Remarks 

1.� The meshes transferred must be initially stored in 
successive numerical order on a mesh input/output tape. 
If it is desired to transfer meshes not in numerical order, 
a number of series of transfers is necessary, such that 
within each series, numerical order exists. 

2.� The meshes will be assigned sequential numerical ident­
ification numbers and will be stored in the same manner 
on the output mesh tape. 

3.� The output mesh tape must have been previously prepared 
with the specific four-word first record written by 
Program c. 
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Allocation of Core Stgrage 

MULVCY loader: Octal locations 00000-00027.� 
Program Storage: Octal locations 00030-31643.� 
Common Storage: None.� 
Library Subroutine Storage: Octal locations 77463-77777.� 

Thus the program (together with unique storage) is 13,197 
words in length. 
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TAPES 

NO.1: 

NO. 0: 

NO.3: 

NO.7: 

NO.8: 

NO.9: 

MESSYMESH F-46 PRCXJRJ\H rAPE. This tape conta ins the 
six Messymesh oragrams i~ the following order: 

A. Mesh (:;alculatZ,ng Program. 
B. Flott~ng Program.
C. Mesh Tape Prepa~dtion Program.
D. Mesh Tap~ Ind~x Program. 
E. Mesh Tape Listing Pr(')gram. 
F. Mesh Transfer Program. 

After anyone program ~.s loaded into the 104 from 
tape, no further reference is made to this tape. 

Dump/Save ta~e. This tape is referenced only by 
Programs A and B. De~res$ing SSWl permits inter­
ruption and saving of enttre memory onto tape 0. 
Program A will also automatically and per.iodically 
d\qlp the entire memory onto tape O. Programs C, D, 
E and F cannot be saved or dumped. 

Alternate mesh output tape. This tape is referenced 
only by prcgram A and is nct always needed. If this 
tape is required, it may be so indicated on tne 
agenda sheet or by the program itself. If this tape 
is requested by the program itself, instructions for 
the operator will be printed on the on-line printer. 
The correct mesh input/output tape or an erasable 
tape should be mounted. 

Priaary m.esh input/output tape. This tape is required 
by all six progranls. Tht'.'i and all other mesh input/ 
output tapes must con:aln t.he specific four word first 
record: written by elther program A or program C. 

Secondary mesh in~ut!output tape. Optional requirement 
for program A and program B only. This tape is used 
on the event that meshes calculated,loaded, or 
plotted have jdentification numbers different from 
those allowed on tape no. 7. This tape is selected 
only if program A or program B cannot employ tape 
no. 7, i.e. tape no. 7 is always interrogated prior 
to tape no. 8. This tape must also contain a specific 
four word first record. 

OCD output tape. Hequired (.f programs A, B, and E 
only. The off-line printing on this tape may be 
gotten via the 1401 satellite computer, using programs 
X25, X50, etc. 
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SENSE SWITCHES 

The normal ':)ositi::>r. of p.ach sense switch is UP. 

Below are listed the f~nctions of the various sense switches 
when in the down position. 

SSW 1:� Interrupts and ~avescalculation6 of programs A or B 
only on an erasable (logical) tape no. O. 

SSW 2:� Periodically prints on~ine and/or offline (as per SSW 3 
below) values of Q, 2T', etc. from program A only. 

SSW 3:� Controls online printing of calculation sUmIIlaries for 
programs A or E only. This feature should be used 
with discretion, as it may appreciably increase the 
computing time. 

SSW 4:� Suppresses optimazation of alpha, the over-relaxation 
faetor for program A only. 

SSW 5:� Allows new value~ of elp~nnd the second convergence 
criterion to be entered into program A only via the 
card reader. Instructions to the operator will be 
printed on-line. This feature operates only if SSW 3 
is down. 

ssw 6:� Prints (offU ne cnl y) extra and/or intermediate field s 
during calculations of programs A or B only. This 
feature should be used with discretion, since the 
offline output will become quite voluminous. 

ALL Permits abortions of run under calculation (program 
SSW's A only) and cortinuation to the next run. When 
OOWN program A operates 1n this mode~ for all other 

purposes, sense switches 1, 2, 4, 5, and 6 are 
effectively in the up position. 
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OPERATING PROCEDURES 

Anyone of the s;'~x MESSYMESH programs may be loaded tnto 
the 704 froll the MESSYMESH F··';~6 PROGRAM TAPE via .anual 
manipulation of the control swi tche·s and buttons on the 704 
console. Programs A and B may be interrupted, saved on an 
erasable tape, and later resumed if such becoMes necessary 1n 
the course of calculation. 

A detailed description of loading and interruption 
procedures, of sense switch control features, and other 
operating instructions is given in MURA TEQiNICAL OOTE #3Q4. 


