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FORMESH PROGRAM 

(Program 26) 

The following notes concerning the IBM FORMESH p~ogram 

constitute an intarim description of the meanS whereby 

the program is used. Details concerning the means where­

by the programming was accomplished are not included •.......� 

Questions concerning programming and the mechanics 

of processing ag~nda, as well as subtile Questions ~on­

ce~n1n9 use of the program, should be referred to 

Dr. J. N. Snyder, to whom we are indebted for bringing 

FORMESH into operation. 

J� 



FORMESH PROGRAM (Program #26) 

1. Purpose: 

The FORMESH program is for the purpose of solving the 

differential equati.ons for the trojectory of a partlc:le in an 

FFAG accelerator, employing fields stored on a two-di.tnenslonal 

meshoThe stored. field components would normally be provided 

by a run made with the FOROCYL program (suod videLand a two­

. dimensional mesh suffices by virtue of the assumed sealing 

property of the accelerator (cf. MURA-LJL-8, Revised, dtd. 21 

February 1956). 

The present program differs from that usedw1th·the ILLIAC 

in that (1) scaled field-components, rather than ~/~ are 

now stored, an~ (ii) the dynamics pro~lem is now formulated 

directly in terms of the variables x, ¥, &6 rather than by 

," usa of the less-familiar quantities S, T. &e The variables0 

x, y. e are interpretable in terms of cylindrical coordinates 

r, z, tP (~i)(~r~ecl» as x =:~" Y =/tJ · {} =tJ-t¥~ 
with the reference radius such that e~ N", J >"'v. r. :: -10(I"[,II/l;p ~ pi!,.:: t". f·17" 

j:;.() 
2. The Equations which are solved: 



The normalized field-components are- stored--on"a n'et'in' J ' "1 
space, where.3 ;; .2i1 [-:!-fju) -Al~ 7~ ;Ii:- -I(!q)'2-/-/V -:0.. \.I~X) 
The field-values, ~~ , ..i, ,&.A,(J' which are required at each 

stage of the integration process are obtained from the stored 

values by inte~polationo At present linear interpolation is 
,used, save that within the first mesh above the median plane (,:') 

Quadratic interpolation in 17 is used for the even function 
~I 

.tJ · 
3. The agenda: 

The standard form for a FORMESH agendum (sample atta,hed) 

requires little explanation. The identification n~mber of the 

FOROCYL program from which the fields are obtained 1s specified 

in the box provided at the top of the sheet. 

I.D. : An integer denoting the run number; 
'. 

The number:of Flunge-Kutta steps to be made 
for completion of the problem; 

The number of R-K steps per print-out; 

The number of R-K steps per sector [i.e.,
in the interval 48 = 27t IN]; * 

m: When N =0 the R-K interval h must be -specified
by the aid of the integer m, where-m is the 
largest integer (not great€r than 8) such that 
2mh L.. 1; 

The initial setting of the print counter; 

Initial values of the variables (if a 
systematic series of related runs is involved, 
staple together the main and subsequent
agenda sheets which describe the runs to 

J� be made);� 
YoNO)
~2U)() 
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Overflow' 11rnitfox- IXJ (6 05);
1 _ 1 ,b 
04 f x .... b4 ry ; Scaled overflow limit for the max� max.'� conjugate momenta. (it is advisable 

to specify this quantity sufficiently
low that no division hang-ups result 
from the denominator y / _ A.:l - 10'" 

and probably =- ~ max sho~ld n~ 
64 

exceed 0009 or .01 in virtually all 
cases); 

When N =0, this quantity is used to express th& 
R-~ interval h (scaled up by 2m). 

The overflow limit for /y/ is normally given by the height of 
the mesh; at address 7626, however, an entry &-phony (an integer 
::: (,-PRPIIF) may be made, such that an overflow in y is considered 
to have taken place if /~/ ~ (4- -;r -- J) .~.

P4

*A necessary inequality, which may raise the permissible lower 
limit for N if 'IRK is unfortunatelY chosen (when ~# 0). . 
is L7r ~ £1, where M is def1ned by ~ ~ ~ .. ~ I, 

N 1l1fJ{ ~ /I( 

4. Optional Emb~llishments; 

. The ··Search" feature may be elected, to terminate a series 
of runs after the first run which does not overflow in Ne steps,
by checking the appropriate boxo 

If desired, so-called invariants may be computed and 
printed at NQ = 0 (mod. 2~) and~ using seperately-specified
coefficients, elsewhere. 

The "invariants" are given as the square root of quadratic 
forms Kx == J1<~)( tAo -x/f- + /7x--;;;=-;';-)(tx. --~~) + Jx (f~ ~ :6xf)2..' 

cg .. MURA-206: !) =I> {J - :;f)2- -I- '?rJ (:1-Jf)f/; - /Jf) + :5J (~- II)2J" 

To obtain these quantities the following fractional (decimal)
data are specified on a FORMESH INVARIANTS agendum sheet 
attached to the standard agendum: 

Ix //0� 

J:; //0� 

~)< 110 

?J~/IO 

!!;</IO� 
J.:Ilo� 
xF-� !I:f IX:f 1fT 

for use at NQ =0 {mod, 210, followed by a second set of such 
quantities (designated by primes) for use at other values of Q. 
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.
5, Fo")at of Output: ) ) 

. . 
Integer or 
Fraction 
Designation 

I o Program 26 Program 26 Program 26 Program 26 Program 26 

I 00013 ID of Forocyl Mesh� 
I o a b� 
F o h l� 
F o 10-4 0/w) 10-4 k' 10-4 N� 

The foregoing information appears only at the start of a series of FORMESH runs with the same FOROCYL deck. 

F I.D,No.� 
F Print No. P ::z: y N& 12i(mod.I)�Px lt� 
F Overflow Designation� 

(if overflow occurs)*� 

lie 1: • x I ::> xmax 
2: Iyl ? "max 
3: JPx/ ~  Pmax 
4: IPyl -"Pmax 
5: p2 + ~ ? 1.x y 

x and y Invariants, if called for, appear in the Px and P columns, respectively, above the line which gives the values y
from which they are computed. The invariants are not, however, computed for the initial conditions. 

-4­



FORMESH AGENDUM (PROGRAMME 26)� 

Parameter Address Value� Remarks 
t1. D. 7597 ,)" Ne 7598 

"Nn 7599 
nRK 7600 Integers 
n1 7687 Needed only if N == 0 
(Cn)n 7588 (0) 

h 7626� , /~OH\.JN y -7591� ,) ~ 
fI'-'~~

pYo 7592� ,. '. 
~*"., 

Xo 7593 
Yo 7594 Fractions 

(we/;."iT" )0 7580 (0)� 
x�max 7595 (l/2)� 

Bc.~=Py,,",,-AAI. 7596 (1 x Z-o) (SCALE BY Z-b)� 
;_ Zmh 76Z4 Needed only if N ~ 0� 
HUMAN ID 7601� Not for MUMBLEBUMPS '\V 

n SEARCH" (Stop after first run that is stable through N steps) SS6 Upe� 
Is tbis the first of a series of runs?� 

Is� this a subsequent run in a series, referring to previous agenda? 

NOTES: 

1.� To omit any of the above parameters, simply leave its line blank. 

2.� The values given above in the remarks column are those which are entered if nothing 
is specified for them. Consequently, parameters having those values need not be 
entered by the data card", However, if some other value is desired, merely indicate 
it in its place. 

3.� A parameter once changed remains so in a series of runs, except that (Cp)o and 
(N l5 121T')o if set different from 0 must be so reset on each such run. 

4.� To submit a series of problems which differ only slightly, indicate "series" in t~e 
above box, and fill out one of these sheets for each separate problem. In this case 
it is not necessary to enter values other than those which differ from the preceding 
problem. Please staple the whole series securely together to form one entity. 

5.� Ii a series forms a "search" in the sense that the series is to be stopped after the 
first run ~hich is stable through Ne steps, please check the box above, otherwise 
write nothlng. 

r 6. A box is provided for the mesh number. 



·.� 

N~ 2!!. ~ £f Q!.! ic? permit change .2f. ~ , ls,J ~ !:! l!l computing 

t~elds ~ Forocrl eotentials: 

Construct new agendum as follows: 

1.� Mark both L &F done (L mark =-10000001l.! mark =-lOOOOO~ 

2.� Set a ,b equal to the values of a, b for the old run in m m 
the phase in which the old problem was operating when it was 
terminated. LThus am' bm are as on the old agendum unless 
the old problem had entered the final phase (whether it made 
no iterations, some iterations, or completed the final 
phase) in which case am' bm are set equal to the old values 
of aF,br~ If F had been marked done, however, the old values 
of am' b~ are used~ 

3.� Use a new 10 Do numbero 

4.� Enter the new values of 1, k', &N (scaled by 10-4 ). 
w 

5.� Other entries bearing subscripts L or F may be omitted, but 
it is considered best i.o keep i..,.., , J JV1 ' € M as before 
and to set f p ~ p :;: {j- I't1. 6""8 p" p: may be set as0 

desired, provided it is compatible with the values of ~ which 
are available and with the number of field-components which 
can be obtained. SimilarIY(Ji,et'''''''I" /e..1- may be set as desired 
to analyze the fields on any level at which they will be 
available. 

The� Snyder story, as told to 

L. J. Laslett 



FOROCYL AGENDUM (PROGRAM 13) 

PARA­�
METER ADDRESS VALUE REMARKS� 
L D. No 3117 I� 

8118 I 
8119 
8120 
8121 d.f mesh collapsed, must be odd 
8122 
8123 
8124 

25 
8~26 Integers 

8127 
8128 
8129 

J F,~. .. f\ .....I - R 8130,� l 

iL� Mark 8145 
M� Mark 8146 

iF� Mark 8147I 
.~ 

! .
1� A­

I 
~ x 10-4- 8135� 
k'x10-4 8136� I 
N� x 10-9- 8137 , I 

E.., 8138 Fractionsi 
I 

,�

1
EM 8139� 
~J:'" 8140 I� 
r 8141 I� 

BfA 8142� 

Sense Switch Settings 
!Check Point Method ISS2 Up I

i 
1 

iResidual Method J SS2 Down I 
Collapse Mesh (Cutoff if Up) i SS3 Down' , 

J 

P.mch Fields ISS4 Down j 
Print Fields I SS5 Down I 
,P.mch and Print Potentials ISS6 DJwn I 

NOTE: 

1.� To omit any value, merely leave its Hne blank. 

2.� Please enter potentials and currents and their co-ordinates on standard dati. sheets. 
(See sample copy on reverse.) NO comnents should appear on these sheets! 

3.� To mark Laplace, Main, or Final done, enter the value -1000000 in the proper boxo 
Main cannot be om:+ted if Final is to be done. 

I"'" 
4.� B2 sure to indicate posItions of sense switches 2, 3, 4, 5, and C by a check in the 

appropriate box. 

5.� DOES THIS AGENDUM EMPLOY DATA CARDS FROM OTHER AGENDA? If so, 
check box vividly and attach a separate sheet describing changes 0 
in� detail. 



r 

• 
'4 alibJc.E tt" t.,. f 1'1 0"" F'IJ". C '(L .n.. ~&c. \C. N c.) ""~8 ft.('-__1 

{i'OR..QCYL AGENDUM (PROGRAM 13) Page 1. 

"-'PARA­�
METER ,APDRESS • l\LUE� REMARKS 
1. D. No T 

h I 8125 iJV(jT N6& f>~!/) I . I 

1 M i 8126 OL.p vAb-ul! I Integers 
jM 8127 _~~f) &.~{l L~"~ ! 
If j 81.28 i AJor A/E~/jtE!) I I 
Jr=- 81'29 l;!()"r .,t),)E;g bE r;j I 

8130 'Q.&.. -JA A ..~ JI "J. ~~J Ji1.' .Jl.. J.'� ,
I

i 

J FOURI ER� .. -­
L Mark 8145 - I Ob~ 00.� 

M Mark 8146 OfV'IT� 
F Mark 814'7 -/000 C~O
 

.1' x 10-J+ 8IgS c~~ 
k' x 10-q. 8136 ~. i'1.o� 

_ Il "" ...�N� x 10-tt 813'7 -~	 ,,­
8138 Nor� Fractions 

-
E.l AJEIi~6~
 

€M 8139 '01.-» .,IAI..6J~ ~
 

!i=" 8140 pOT !VE';!)~!
 

r 8141 D ... ~ e/A 4-PJIE� 

BIA 8142 IthT .A/~Ef) €b� 1 
nse switchSettings 

Check Point Method 852 Up ~CI·Uk i'n;

:Residual Method SS2 Down 
.... 

Collapse Mesh (Cutoff if Up) SS3 Down ~Dt>~roc 
P.,mch Fields SS4 Down ) fft! .JJ.J 

Print Fields SS5 Down ~ ,.,jJ ,fiJ... .. ... .J.­P.mch and Print Potentials SS6 D::>wn ~ ~ 

NOTE: 

1. To omit any value, merely leave its line blank. 

2.� Please enter potentials and currents and their co-ordinates on standard data sheets. 
(See sample copy on reverse.) NO comnl~nts should appear on these sheets! 

~. ~o mou-k Laplace. Main, or Final done, enter the value =1000000 in the proper box. 
".in cannot b~ omitted if Final is to be done. 

4" .....~ sure to indicate positions of sense switches 2, 3, 4. 5, and 6 by a check in the� 
:;propriate bo;z:.� 

5,� DOES THIS AGENDUM EMPLOY DATA CARDS FROM OTHER AGENDA? If so, 
check box viviclly and attach a separate sheet describing changes r::::J._u 1)\ ... 

in detail.. lCN~ ¥,NlqL~?' 



SAMPLE FOROCYL DATA SHEET� 

Ito NUMBER 00 

N i VALUE I BV lee i j I . 
!

, 
1 !.04 ,�

j 
v', 

,�
I 0 16 Ii�
i! 

I�
; 

1 1·049� f 

i�
\ V' I ;.1 , 

I 

, 1 , 
! 16 I \, 

! I I 
72 

! 
0� i

I I 

/
!� I ~ ; 

0 1 
~ 

~ 
I

! 
1 1 

\ i 

!f 
I� 2 I, 1 
I� l 
I� · , 
i� · ,� , · , I 

'--+-'-------'__I' 71 1 ~j� .~.---t--, 
100923765 /1

ff
I� ,143 2

ji 
100923765� ,v~ iH 1 

t44 I
, 3;

" 

00745621 
vi ! 

I ,; 
1 

~ 
;( 21 5 

i t 



October 22. 1958 

MEMO: To Computer Users 

RE: FORMESH P-JUMPS 

FROM: Robert Morse 

This program represents a slight addition to the standard FORMESH 
program in that it allows the user to effect discontinuous changes in the 
value of px at arbitrary points during the course of a run. 

The program will accept from 1 to 100 integers Ni which represent 
the number of Runge- Kutta steps between two successive insertions of a 
change in px' It will also accept from 1 to 100 fractions .(). Pxi' which 
represent the changes in Px (positive or negative) which it is desired to 
produce. The change in momentum will be entered after a printing step, 
assuming that one has been scheduled for the particular iteration in 
question. 

Whether or not the full quota of 100 Ni' bPXi pairs is used. it is 
necessary to inform the program of the number used by inserting Ni + 1 =O. 
If this is done. all following values of N, and all values of bpx from 
6 Pxi + 1 onward, will be ignored. Even if all 100 pairs are used, it is 
still necessary to enter N101 = 0, 

All values of Nand 6 Px, including zero values, are held from run 
to run, unless changed by the user. 

This program requires a smaller mesh than FORMESH. In particular, 

3 ab L 7162 

Agendum preparation: Use a standard FORMESH agendum sheet. 
Vividly inscribe on the top: "USE P-JUMPS OVERWRITE. I' Write "(over)" 
on the bottom and put the new data on the reverse side. The values for N 
should be written under the heading "Add to integers, " and should have the 
addresses 7286, 7287, '0'" The values for ~ Px should have the heading 
"Add to fractions, II and should be entered with addresses 7186. 7187, ... J • 


