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Chapter 1 Introduction 1.1 Overview of the Programs

1.1 Overview of the POISSON/SUPERFISH Programs

The POISSON/SUPERFISH Group Codes are a set of programs written by Ronald Holsinger,
with theoretical assistance from Klaus Halbach, to solve two distinct problems—the calculation
of magnetostatic and electrostatic fields, and the computation cf the resonant frequencies and
fields in radio-frequency cavities—in a two-dimensional Cartesian or three-dimensional cylindrical
geometry. Theae codes are widely used for the design of magnets and radio frequency cavities.

These codes are grouped together since they utilize common programs as well as common sub-
routines. The initial setup of either a magnet or a cavity problem uses two common programs,
AUTOMESH and LATTICE, to generate the mesh for the given input geometry. The program
TEKPLOT provides graphical output for either of the two problems.

When the mesh has been generated and the appropriate materials and boundary conditions have
been s} ecified, the finite difference equations are set up and solved by one of the equation-solving
programs. For magnet problems, these programs are TANDIRA, POISSON and/or MIRT; for
cavity problems, the programs are SUPERFISH and SFO1.

The programs POISSON and PANDIRA solve elcctrostatic and magnetostatic problems. PAIIDIRA
also solves permanent magnet problems. The program POISSON solves the discretized problem

by the traditional “successive point over-relaxation” (SPOR) method which is very efficient for
problems that converge rajidly with this method. However, it is well known tl.at many intcrest-

ing problems converge slowly or not at all with SPOR. In those cases, the program PANDIRA
should be used.

The program PANDIRA solves by a “direct” muthod and iteration is required only for nonlinear
problems. The fact that the mesh is topologically regular means that the «»efficient matrix of
the finite difference equations has an identical structure for any problem. Iiccause this structure
is always the same, a very efficient sparse matrix method is used to solve thesn systems, which
typically contain many thousands of equations.

The program SUPERFISH usea this direct golution method for the eigenvalue problem to deter-
mine tho resonant frequencies in standing-wave radio-frequency cavities.

A list of all the programs and their fun:tions in the POISSON/SUPERFISH Group Codes in
given in Sec. 1.5. The individual programs are described in detail under their chapter listing.

12



Chapter 1 Introduction 1.2 Structure of the Manual

1.2 Structure of the Manual

Since this manual is 8 user’s guide for the POISSON/SUPERFISH programs, the material cov-
ered is primarily information that is relevant for the execution of the programs. The user is ad-
vised to consult the POISSON/SUPERFISH Reference Manual for information on the theoretical
derivations, numerical methods, and an in-depth explanation of the programs.

All the chapters and sections of this manual are largely self-contained; any outside information
that is required is clearly indicatec by a reference to the necessary section. The user does not
have to read the complcte chapter; the sections could be skimmed and the subsections that are
relevant to the problem should be read.

Chapter 1, the introduction, provides an overview of what the programs do and how they in-
teract and work together. Each of the following chapters describes one¢ of the programs in the
group. These chapters are structured in the same manner: they begin with a general introduc-
tion followed by sections. Each section gives a general overview of the topic, with detailed infor-
mation discussed in the subsections that follow.

We suggest that a new user begin by reading Chapter 1, following the step-by-step instru-tions
for the execution of the example in Sec. 1.3 or Sec. 1.4. Then, for each chapter, the user should
read both the introduction and the input section, then skip to the examples at the end of the
chapter. At that point, the user may refer to sections which are of interest or pertinent to the
problem.

Additional examples are given in Chapter 10. The examples there utilize different options to ii-
lustrate the great variety of problems that can be solved by these programs.

1.3 POISSON Example—H-Shaped Dipole Magnet

In this section, we use a sunple examble to illustrate the use of the POISSON Group Codes in
the solution of a magnet problem. We are intorested in celculating the magnetic ield distribu-
tion of a long dipole magnet as used in circular particle accelerators. Because the dipole is long,
the calculation of the field far from the ends of the magnet i essentially a two dimensional prob-
lem and thus solvable with the POISSON programa. Figure 1 1 shown the vertical croas scction
picture of this H-shaped magnet.

A step-by-step solution of the H-magnet problem is outlined in the subsections below. In order
to avoid the use of unfamiliar POISSON terminology at this stage, only brief explanations of tho
procedures are given. A complete detailed description of the 1l-magnet problem is given in aubse-
quent chaptere.
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Chapter 1 Introduction 1.3 POISSON Example

Iron !
Coil [ J Coil
Coll ( ] Coil

Iron

Fig. 1-1: A virtlcal cross seztion of an H-shaped dipole magnet showing iron, coil, and air regions.

The terminal output for the execution of the programs on a CRAY computer is also listed. The
user only types the underlined quantities; the other text is generated by the executable program.

1.3.1 Executing AUTOMESH

The execution of AUTOMTSH requires an input file in the format shown below. A successful
AUTOMESH run generates an output file, TAPE73, which is the input file for LATTICE.

Because of symmetry options available in the POISSON programs, we only need to input the
upner right-hand quadrant of Fig. 1-1. Below is a listing of this input file, HMAG, correspond-
ing to the gecometric configuration on the right. A complete, line-by-line, description of HIMAG
is given in Sec. 2.5, Hore we indicate that the input file uses two Fortran NAMELIST entries:
$REG-used to input region parameters and $PO- used to input the physical contdinates of the
region.
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Chapter 1 Introduction 1.3 POISSON Example

HMAG, Input File for AUTOMESH:

h-magnet test, uniform mesh 4/23/86

$reg nreg=3,dx=.45,xmax=22. ,ymax=13. ,npoint=5¢
$po x= 0.0, y= 0.08
$po x=22.0, y= 0.08
$po x=22.0, y=13.08
$po x= 0.0, y=13.08
$po x= 0.0, y= 0.08
$reg mat=2,npoint=10% Reglon 2
$po x= 0.0, y= 2.08 irou
8po x= 5.1, y= 2.08
$po x= 6.5, y= 2.48 y(cmn) (5.5, 6) (15., 8)
$po x= 5.5, y= 6.08 t S
8po x=15.0, y= 6.08
$po x=16.0, y= 0.0%
$po x=22.0, y= 0.08
$po x=22.0, y=13.08 (0., 2.)%] Region 3
$po x= 0.0, y=13.08 Regica 1 Alr coil
$po x= 0.0, y= 2.08
$reg m =1, npoint=6,
cur=-26466.791%

$po x= 6.0, y= 0.08
8po x=14.6, y= 0.08
$po x=14.5, y= 6.58
$po x= 6.0, y= 5.58
$po x= 6.0, y= 0.08

(0."13) (22., 13.)

| 4 A J
(6., 5.5) (14.5, 6.5)

& A ' ¥ 3 &
(0.,0.) (6.,0.) x(am) (14.5,0.)(15.0.) (22..0.)

Following the listing of HMAG is the execution listing of AUTOMESH using this file.

automesh

Ttype input file name
? hmag
regionno 1
ok
reglonno 2
ok
regionnv. 3
ok
step
automesh ctss time .380 wseconds
cpu= .120 i/0~ 218 mem= 0.41

all done
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Chapter 1 Introductior 1.3 POISSON Example

1.3.2 Executing LATTICE

The execution of LATTICE with the input file, TAPE73, is shown below. There are no changes
to the default values (this is designated by typing g).

lattice

7type input file name

? tape?d

beginning of lattice execution

dump O will be set up for poissen
h-magnet test, uniform mesh 4/23/85
7type input values for con(?)

Ts

elapsed time = 0.4 sec.

Oiteration converged

elapsed time = 0.7 sec.

generation completed

dump number O has been writter on tapedt.

stop

lastice ctss time 1.006 seconds
cpu= .600 i/o=  .335 mem= 0.70
all done

1.3.3 Executing TEKPLOT after LATTICE

After execution of LATTICE, we execute TEKPLOT to verify that cur input and the generated
mesh ia correct. We make two passes through TEKPLOT: the first go plots on the screen the
input geometry as shown in Fig. 1-2; the second go plots the mesh with the geometry as shown
in Fig. 1-3. To exit from TEKPLOT, we need to type -1 s as given below.

iskplot

7type input data- npum, itri, nphi, inap, neswxy,

)

input data

num= 0 itri~ O nphi= 0 inap= 0 nswxy= 0

plotting prob. name = h-magnnt teet, uniform mesh 4/23/86 cycle = 0
Ttype input data- xmin, xmax, ymin, ymax,

Te

input data

xmin= 0,000 xmax= 22.000 ymin= 0.000 ymax= 13.000

Ttype gn or no

7 g2

1-6



Chapter 1 Introduction 1.3 POISSON Example

A carriage return (CR) after go clears the screen and plots Fig. 1-2. A second CR clears the plot
off the screen and continues execution.

type input data- pum, itri, nphi, inap, nswxy.

T01s

input data

pum= 0 itri=1 nphi=O0 inap=0 newxy= O

plotting prob. name = h-magnet test, uniform mesh 4/23/86 cycle = 0
type input data- xmin, xmax, ymin, ymax

74

input data

xmin= 0.0000 xmax= 22.000 ymin= 0.0000 ymax= 13.000

? type go or no

? g2

A CR after go clears the screen and plots Fig. 1-3. A second CR clears the screen again and
continues with execution. A negative value for the variable NUM terminates execution.

‘?type input data- num, itri, nphi, ipap. nswxy,
= |
cpu= .031 1/0=  .631 mem= .063

all dene
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.. 1 %X I N ] aaine 9

Fig. 1-2: Plot from TEKPLOT of the magnet geometry. This is a verification of the input data te
AUTOMESH for the problem “h-magnet test, uniform mesh 4/23/85."

AVAYAYAVAYAYAPAVAYAYAYAYAYAYAYAYAVAVAVA Y,
£Va%a". aY,

AN NININA N
':"'"

P -agugs GN0, WMite emlh IV wsle® 0

Fig. 1--3: Plot from TEKPLOT of the mesh generated by LATTICE for the problem “h-magnet test,
uniform mesh 4/23/85."
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1.3.4 Executing POISGON

Since the mesh plot output from TEKPLOT looks good, we proceed to execute POISSON. We
choose, by typing tty, to input data from the terminal. We then enter:

0 - toread dump 0 on TAPE35 generated by LATTICE
604466 - tochange two of the CON array variables, CON(6) and CON(486),
specifying use of u = finite with use of internal B? vs, 4 and
specifying a symmetrical H-magnet, respectively.
-1 -~ o terminate POISSON as shown below.

type "tty" or input file name

T Lty

?type input value for dump num

70

beginning of poisson execution from dump number 0
prob. name = h-magnet test, uniform mesh 4/23/85
7type input values for con(?)

*»60*466 8
elapsed time = 1.0 sec

0 cycle amin amax residual-air eta-air rhoair xjfact

grax residual-iron eta-iron rhofe
o 0 0.0000e+00 0.00000+00 1.0000e+00 1.0000 1.0000 1.000

4.0000e-03 1.0000e+00 1.0000 1.0000
0 b0 rhoalr optimized 0.9903 1.9668 lambda = 9.9976e-01
0 5O ~4.7206e+04 0.0000e+00 5.7349e-02 0.9903 1.9658 1.0000

3.9026e-03 3.4407e-02 1.0039 1.0000
0 100 rhoair optimized 0.9717 1.9578 lambda = 9.9978e-01
0 100 -1.0012e¢+06 0.0000e+00 2.5360e-02 0.9717 1.9678 1.0000

2.0634e-02 2.0906e-02 0.9834 1.0000
0 200 rhoair optimized 0.8960 1.9478 lambda = 1.0003e+00
0 200 -1.1968e+06 0.00008+00 1.8887e-04 0.8960 1.9478 1.0000

4.63620-02 7.9336e-05 0.8900 1.0000
0 370 =1.1939e+056 0.0000e+00 3.7301e-07 0.9367 1.9478 1.0000

4.6392¢-02 1.6136e-07 0.9328 1.0006

solution converged in 370 iterationse
elapsed time = 3.8 sec.

Jdump number 1 has been written on tape3b
Ttype input value for dump num

T

stop

poisson ctes time 4.427 seconds

cpu= 2.831 1i/o~ 1/081 mem= .514

all done

1-9



Chapter 1 Introduction 1.3 POISSON Example

In addition to the output of a binary file, dump 1 of TAPE35, PCISSON generates an ASCII
output file, OUTPOI. All of the group codes produce a similar output file; the namne is formed by
“OUT” followed by the first three letters of the program generatizg the file. That is, AUTOMESH
generates OUTAUT, LATTICE generates OUTLAT, etc.

The file OUTPOI contaias a summary of input duta, a listing of iteration variables as printed
at the terminal, and a table listing the calculated field components and their gradients on axis
(y=0) for noniron regions only. This table, lines 188--228 of OUTPOI, is shown in Fig. 1-4.
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sulution converged in 370 iterations
elapsed time =
dump number 1 has been written on tapeds.

least squares edit of problem , cycle

'h' mag symmetry typc

stored energy =

xjfact= 1.000000

[ - T TR B - N R N7 I S i o

[2 L S R A I N N I S N S O S o R R R
& L W = O O S N O O s L W~ O O &9 0 O s L0 W - D

a(vector)

0.600000¢ 400
-€.829781¢+03
-1,3656822¢+04
=3.0483068e+04
=2.730348e 404
~3.411342¢+04
~4.090583¢e+04
-4.7660607e+04
-5.437198e+04
«6.007737e+04
«6.74120ie+404
-7.35833ie+04
-7.938901¢+04
-8.057337e+04
-0.114731¢ +04
«9.518656¢+04
-9.8731101e+04
«1.017932¢+06
«1.044947¢+05
-1.068700¢+06
-1.080033e+ 08
-1.1080569¢ + 06
=1.124277¢+06
=1.138487¢+056
-1.1508580e 400
«1.161406e 406
~1.170530e 406
=1,178000e 405
~1,1839000e 408
-1.1838582¢ 405
=1.191702e 400
«1,103473e+408
-1.193880e +08
1936760408

>

4.2 sec.

x
0.00000
0.44898
0.89798
1.34694
1.79892
2.24490
2.60388
3.14286
3.50184
4.040832
4.48980
4.03878
5.38776
6.00000
6.44737
0.80474
7.34311
T.78047
8.23684
8.684721
0.13158
0.57806
10.05032
10.47308
10.92108
11.36842
11.81879
12.20316
12.71083
13.15789
13.600626
14.05263
14.60000
156.00000

370

4
0.00000
0.00000
0.00000
0.06000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

1.4249¢+03 joules / meter or radian

bx(gauss) by(zauss)

0.000
0.000
0.000
0.000
0.000
0.0co
0.00n
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

153132.280
15210.825
15206.195
15197.086
15180.665
151581.761
15100.434
18008.404
14843.504
14854.675
14077.744
13369.124
12435.718
10893.018
9613.008
8416.533
7384.6832
6430.740
5655.307
4978.823
4387.5932
3804.280
3393.820
2004.560
2567.3460
2106.081
1842.181
15604.2580
1177.824
860,007
548.874
243.2480
-89.749
-60.019

bt(gauss)
15212.250
15210.825
15206.196
15197.066
15180.605
15151.761
16100.4u4
15008.404
14843.504
14554.875
14077.744
13369.124
12435.718
10893.018
9613.008
8416.833
7384.5832
6439.740
8655.367
4978.823
4387.593
3864.280
3303.830
2904.5650
25067.340
2108.081
1842.181
1504.206
1177.824
860.007
548.874
243.240
80.7490
60.019

1.3 POISSON Example

dby/dy
(gauss/cm)
0.0000e+00
0.0007e+00
0.0000e+00
0.0000¢+00
0.0000e+00
0.0000e--00
0.0000e+00
0.0000e+00
0.0000¢4-00
0.0000e+00
0.0000e+00
0.0000e+-00
0.0000e+00
€.0000e+00
0.0000e+400
0.0000e+00
0.00C0e+00
0.0000e+00
0.0000e+00
0.0000e+400
0.0000¢+00
0.0000e+00
0.0000e+00
0.0000e+N0
0.0000e 4+ 00
0.0000e 400
0.0000e+00
0.0000¢ 400
0.0000e 400
0.0000e+00
0,0000e 400
0.0000¢ 4 00
0.0000e 400
0.0000e + 00

dby/dx

(gauss/cm)

0.0000e+00
-6.4635¢+00
=1.4658e+01
«2.7097e+01
«4.7887e401
«8,4536e+01
-1.5084¢+02
+2.7096e+032
«4,82367¢ {02
-8.2900¢+03
-1,31690e+03
-1.8877e+403
-3.1782¢+03
-2.8888¢+03
~2.8434e+03
«2.5€22¢403
«2,2160¢+403
«1.8067e+0C3
+1.6278e+03
«1.4113¢+03
«1.2403e+403
«1,10658e+403
«1,0022¢403
«9.2000e +03
-8.5778e+03
«8.0808¢+02
-7.7002¢+ 02
«T.4130¢+032
-7.1882¢+402
«7.0102e402
-0.8034e+403
-0.T884e+402
-0.6700¢.4+02

0.0000¢ 4+ 00

aflt
5.3e.04
«3.3¢-03
3.7e.03
5.5e-03
6.5¢-03
7.8e.03
9.3¢-03
1.1e-02
2.4e-02
1.1e-01
5.1e-01
1.8¢+00
«7.6e+0C
6.Te+00
1.8e+01
5.1e+00
1.9¢+00
9.3e-01
5.0e-01
2.8¢-01
1.6e-01
9.6¢-02
5.0e-02
3.0e-02
1.3¢-02
0.0¢-04
+0.5¢-03
-2.0e-03
«3.4¢.02
«5.7¢.02
-0.Te-03
«3.4e.01
«1.0e400
«1.0e400

Fig. 1-4: A section from the fille OUTPOI generated by POISSON for the H-shaped magnet problem

4/33/85, cycle = 370,
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1.3.5 Executing TEKPLOT after POISSON

After a successful execution of POISSON, we execute TEKPLOT again. This time we designate
dump 1 of TAPE73 and 20 field lines to generate Fig. 1-5.

iekplot

7type input data- num, itri, nphi, inap, nswxy,
710208

input duta

num= 1  itri= O nphi=20 ipap« O nswxy=0
plotting prob. name = h-magnet test, uniform mesh 4/23/86 cycle = 370
7type input data- xmin, xmax, ymin, ymax,

Te

input data

xmin= 0.000 xmax= 22.000 ymin= 0.000 ymax= 13.00¢
?type go or ro

? g

A CR after go clears the screen and plots Fig. 1-5. A second CR clears the screen and produces
the prompt line. A negative value for the variable NUM terminates execution.

Ttype input data- num, itri, nphi, inap, nswxy,
T -lse

tekplot ctes time .561 seconds

cpu~ .037 1/n= .430 mem= ,044

all done
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A

"o umpd k. whifere angd VD e s IR

Fig. 1-6: Plot from TEKPLOT of the magnetic field lines generated by POISSON for the problem
“h-magnet test, uniform mesh 4/23/86".

1.4 SUPERFISH Example—Modified Pillt:ox Cavity

In this section, we use a sirmple example to illuswrate the use of the SUPERFISH Codes to find
the lowest frequ=ncy in a cavity. The atructuire that we consider is a pillbox cavity with beam
pipes entering and exiting the sides, as shown in Fig. !-6.

A step-by-step solution of this problem is outlined in the subsections below. In order to avoid
the use of undefined SUPERFISH terminology at this atage, only brief explanations of the pro-
cedurea are given. A complete detailed description of a SUPERFISH problein is given in subse-
quent. chapters,

The terminal output for the execution of the programs on a CRAY computer is also listed. The
user only types the underlined quantities; the other text. is gencrated by the executable program.

1.4.1 Executing AUTOMESH

The execution of AUTOMESH requires an input file in the format shown below, A successful
AUTOMESH run generates an output file, ‘'APE73, which ia the input file for LATTICE.

Taking into account the syminetry of the problem, we need only input a quarter of the geornetry

in cylindrical coordinates- -the default coordinate systemn for SUPERFISH. Below is a listing of
this input file, MODPIL, correaponding to the geometric configuration on the right. The picture

1-13



Chapter 1 Introduction 1.4 SUPERFISH Example

Fig. 1-6: Modifled pillbox cavity.

of the full cavity as given in Fig. 1-8, can be visualized by first reflecting the figure through the
r-axis and then rotating it around the z-axis.

MODPIL, Input File for AUTOMESII:
(0.0, 6.0)

1 modified pillbox cavity 9/16/86 M 4(2.6, 5.0)

$reg nreg=1,dx=.25,xmax=7.5,

ymax=5.0,npoint=7 ,ndrive=14

$po x= 0.0, y= 0.08

$po x= 0.0, y= 5.08

$pc x= 2.6, y= 65.08

$po x= 2.5, y= 2.08

$pox=T7.5, y= 2.08 r (em) (7.6, 2.0)
¥po x= 7.5, y= 0.08 v
$po x» 0.0, y= 0.08 (2.5.2.0) » 1
$reg npoint~1§
$po x~ 0.0, y= 5.08 Ragion 1 Air

(7.6, 0.0)

v
(0.0, 0.0) 7 (cm)
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A detailed description of an input file to AUTOMESH is given in Chapter 2. Here we indicate
that the input file uses two Fortran NAMELIST entries: REG - used to input region parame-
ters, and PO - used to input the physical coordinates of the region. NAMELIST input starts in
column 2.

Specifically, MODPIL has a title line with entry starting in column 1 indicating a SUPERFISH
run, a first REG entry for an air region followed by PO entries specifying the coordinates of this
region with all (x, y) entries corresponding to (z, r) entries, and a second REG entry followed by
one PO entry indicating a drive point region.

The execution listing of AUTOMESH using the input file MODPIL is given below.

autonesh

?type input file name
? modpil

region no. 1
logical bvundary segment end points

iseg kb 1b kd 14 ke le
1 1 1 o 1 1 24
2 I 24 1 (¢] 11 24
3 11 24 o -1 11 10
4 11 10 1 o] 31 10
6 31 10 o -1 31 1
(] 31 1 -1 o 1 1

region no. 2

ok

stop

automesh ctaes time . 343 seconds

cpu= .09 i/o0= .228 mem= 0.67
all done

1.4.2 Executing LATTICE

The execution of LATTICE using the input fila, TATE73, is shown below. All the default val-
uos including the boundary conditions, which specify perfectly conducting metal for npper- and
right-hand boundaries and axis of symmetry for bottom - and left-hand boundaries, are correct
for our problem. Therefore, we type g (meaning skip) to designate no changes in the input.
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lattice

7type input file pame

7 tape73

beginning of lattice execution
dump O will be set up for superfis
imodified pillbox cavity 9/16/86
?type input values for con(?)

78

elapsed time = 0.3 sec.

0 iteration converged

elapsed time = 0.3 sec.

generation completed

dump number O has been written on tape3b.

stop

lattice ctss time .532 seconds
cpu= .137 i/o=  .308 mem= 0.087
all done

1.4.3 Executing TEKPLOT after LATTICE

After execution of LATTICE, we executs TEKFLOT to verify that our input and the generated
mesh is correct. We make two passes through TEKPLOT: the first go plots on the screen the

input geometry as shown in Fig. 1-7; the secnrnd go plots the mesh with the gecometry as shown
in Fig. 1-8,

tekplot

?type input data- num, itri, nphi, inap, nswxy,

Ta

input data

num= 0 itri=0 nphi= 0 inap= 0 nswxy= O
plotting prob. name = modified pillbox cavity 9/16/86
cycle = 0

Ttype input data- xmin, xmax, ymin, ymax,

Tsa

input data

xmin= 0.000 xmax= 7.500 ymin= 0.000 ymax= 65.000
Ttype go or no

7 ge

A carringe return (CR) after gg clears the acroen and plots Fig. 1 7. The second CR clears the
screen and generates ihe prompt line:

type input data- num, itri, nphi, inap, newxy,
LW |
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input data
num=0 itri=1 nphi= 0 inap=0 nswxy=0
plotting prob. name = modified pillbox cavity 9/16/86

cycle =0
type input data- xmin, xmax, ymin, ymax,
Te
input data

xmin= 0.000 xmax=7.600 ymin=0.000 ymax=5.000
? type go or no

? &

A CR after gg clears the screen and plots Fig. 1-8. A second CR clears the screen and generates
the prompt line. A negative value for the variable NUM terminates execution.

7type input data- num, itri, nphi, inap, nawxy,

RV |

tekplot ctss time 1.186 seconds

cpu= 106 i/o=  .989 mem= .093
all done
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pre’). ~sodified pillbon cavity ViG/88

freq =

Fig. 1-7: Plot from TEKPLOT of the cavity geometry. This is a verification of the input data for the
problem “modified plllbox cavity 9/16/86."

)

prob. = and(f 1o pliibos cavity 071088

cavity 9/16/86."

lp- -
Fig. 1-8: Plot from TEKPIOT of the mesh generated by LATTICE for the problem *modified plllbox

18
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1.4.4 Executing SUPERFISH

Since the mesh plot output from TEKPLOT lcoks good, we proceed to execute SUPERFISH
(named FISH). We choose, by typing tty, to input data from the ‘erminal. We then enter:
0 - ‘toread dump O on TAPE35 generated by LATTICE
+652300. 8~ to input into CON(65) the starting value for the frequency.
(Any lower value would do, except the run needs more iterations to
converge.)
-1 - toendthe r.

In the output reproduced below, tiie results of the second iteration cycle have been omitted for
the sake of brevity.

iish
Ttype "tty" or input file name
ity

?type input value for dump num

To

beginning of superfish execution from dump number O
prob. name = modified pillbox cavity 9/16/88

?type input values for con(?)

OQE ":!!!!:_ l
elapsed time = 0.6 sec.
cycle hmin hmax residual

0 0.0000s+00 0.0000e+70 1.000e+00

kee2 = 2,.3237e-01
freq = 2.3000¢+03
solution time = 4.6519 mec.
1 0.0000e+00 9.6312e¢-01 1.000e+00
kfix = 1 1fix = 24 deltal = 7.7380e-02 di(k+**2)= 1.93050-02

_________________________________________________________________

the following improvement
using slope = -1 formula with rlx =0 500

del k**2 = 90.6623¢-03 k**2 = 2,4202¢-01
fraq = 2.3473e+03
solution time ~ 3.825 sec.
3 0.0000e+00 1.1131¢+00 1.000e+00
kfix= 1 1fix=24 deltai = -4 .2998e-05 ¢l(k#*2)= 7.4418e-06

deltal(k++2) di(ke»2)
1at deriv, ~5.3643¢+00 -1.08159+00
and deriv, -2.7848e¢01 6.2188¢+00
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the following improvement
using three point parabola formula

del k**2 = -7.4290e-06 k**2 = 2,48432-01
freq = 2.3782e+03
solation converged in 3 iterations
elapsed time = 12.9 sec.
dump number 1 bas been written.
Ttype input value for dump num

7

stop

fish ctss time 14.443 seconds

cpu= . 850 i/0= 8.7566 menm= 4.836
all done

In addition to the output of a binary file, dump 1 of TAPE35, SUPERFISH generates an ASCII
output file, OUTFIS. All the group codes produce a similar output file; the name is formed by
“OUT” followed by the first three letters of the program generating the file. That is, AUTOMESH
generates OUTAUT, LATTICE generates OUTLAT, etc. Any cf these ASCII files may Le printed
or examined with an editor.

Using dump 1 of TAPE35, the program SFO1 can be executed to calculate auxiliary quantities.
Chapter 7 gives details.

1.4.5 Executing TEKPLOT after SUPERFISH

After a successful execution of SUPERFISH, we execute TEKPLOT again. This time we desig-
nate dump 1 of TAPE35 as the input file and request 30 field lines, as shown below, to generate
Fig. 1-9. From the field pattern shown in the figure, it is seen that we have calculated the d-
sired TMy,y mode.

sekplot

7type input data- num, itri, nphi, inap, nswxy,

7103089

input data

num= 1 itri~ O nphi= 30 inap= O nawxy= 0

plotting prob. name = modified pillbox cavity 6/16/86 cycle=3

Ttype input data xmin, xmax, ymin, ymax,

Ta

input data

xmin= 0,000 xmax~ 7.500 ymin= 0.000 ymax= 6.000

Ttype go or no

L L]

A CR after go cloars the screen and plots Fig. 1-9. A second CR clears the screen und generates
the prompt line. A negative value for the variable NUM terminates execution.
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7type input data- nua, itri, nphi, inap, newxy,
T -le

tekplot ctus time 1.093 seconds

cpu= .209 i/o= .B07 mem= .077

all done

prob. = aodified plilbon cavity 0/10/08 froq » 207%. 104

Fig. 1-9: Plot from TEKPLOT of electric field lines (rHy := const) for TM,,, mode.
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1.5 List of the Programs and Their Functions

1. AUTOMESH - prepares the input for LATTICE from geometrical data describing the prob-
lem; that is, it assigns mesh points and generates (x, y) coordinate data for straight lines,
arcs of circles, and segments of hyperp»las.

2. LATTICE - generates an irregular triangular mesh (physical mesh) from input data listing
the mesh points and the physical coordinates describing the problem, calculates the “point
current” term at each mesh point in regions with distributed current density, and sets up
mesh point relaxation order. [LATTICE writes the information needed to solve the problem
using the codes POISSON, PANDIRA, MIRT or SUPERFISH.

3. POISSON - solves, by “successive point over-relaxation,” Poisson’s (or Laplace’s) equation
for the vector (scalar) potential with nonlinear isotropic iron (dielectric) and electric current
(charge) distributions for two-dimensional Cartesian or three-dimensional cylindrical sym-
metry. It calculates the derivatives of the potential, namely, the fields and their gradients,
calculates the stored energy, and performs harmonic (rmultipole) analysis of the potential.

d¢. PANDIRA - Is similar to POISSON except it solves the system equations by a “direct” meihod,
i.e., a direct solution of the block tridiagonal system of difference equations. PANDIRA al-
lows anisotropic materials and B(H) in the second quadrant (negative u). With this pro-
gram, permanent magnet and residual field problems may be solved.

5. TEKPLOT - Plots the physical geometry and meshes generated by LATTICE, and equipo-
tential (or field lines) from the output of POISSON, PANDIRA, MIRT, (or SUPERFISH).

6. FORCE - calculates forces and torques on coils and iron regions from POISSON or PANDIRA
solutions for the potential.

7. MIRT - optimizes magnet profiles, coil shapes, and current densities based on a field specifi-
cation defined by the user.

8. SUPERFISH - solves for the TM and TE resonant frequencies and field distributions in an
rf cavity with two-dimensional cartesian or three-dimensional cylindrical symmetry. Only the
azimuthally symmetric modes are found for cylindrically symmetric cavitics. The modes are
found one at a time., SUPERFISH also solves for cutoff frequencies and mode patterns of TE
and TM waveguide modes.

9. SFO1 - calculates auxiliary quantities useful in the design of cavities from the output of SU-
PERFISH. These quantities include stored energy, power dissipation on the walls und tube
stems, transit time factors, shunt resistance, the quality factor Q, and the maximum ele:tric
field on the boundary.
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1.6 Physical Units Used in the Programs

1.6.1 Units in AUTOMESH, LATTICE, POISSON, PANDIRA, and MIRT

charge - coulomb
current — amperes
derivatives of B - gaw.ss/cm
electric field E - volts/em
field H - oersted
force - amp-—cm-gauss = 10~ ® newtons
induction B ~ gauss
4o - .4x gauss-cm/amp
length — centimeters or user-defined
by CONV in TABLE 2-1 or by CON(9) in TABLE 3-1
scalar potential V.~ volts
stored energy - Joules/meter (Cartesian)

- Joules/radian (cylindrical)
vector potential A -~ gauss-cm

1.6.2 Constants and Units in SUPERFISH

electric field ~  volts/meter and mega-volt/meter normalized so that:
Jf E, dz/ L= 1 mega-volt/meter
where: E, = electric field on axis

L = length of cavity
frequency - megahertz

magnetic field, Ho amp/meter
1.7.10~° ohm-cm

2.997925 - 10'° cm/sec

resistivity of Cu

velocity of light, ¢
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- ;' o i
@:’ AUTOMESH —{LATTICE r————-) TEKPLOT
mesh and geometry plots
POISSON PANDIRA SUPERFISH
FORCE MIRT SIFO1
TEKPLOT

field, mesh, and
geometry plots

Fig. 1-10: Execution Order of the POISSON/SUPERFISH Programs
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2.1 The Job AUTOMESH Performs

AUTOMESH and LATTICE are the mesh generating programs in the POISSON/SUPERFISH
Group Codes and are executed prior to any of the other programs. AUTOMESH generates

the input to LATTICE, reducing and simplifying the user’s work. Basically, the input to
AUTOMESH specifies the:

e problem title

¢ mesh size and description of the regions that define the problem

o lists of coordinates defining the boundary of each region and the type
of line that connects each pair of coordinates to the prior pair.

AUTOMESH locates the path in the mesh geometry that most accurately describes tke
given boundary. This is the data, required by LATTICE, which AUTOMESH writes to the
output file TAPE73.

2.2 Input to AUTOMESH

Most of the input data to AUTOMESH is read by the Fortran NAMELIST routine. For a
full description of this routine, consult a Fortran manual.

NAMELIST, as used in AUTOMESH, is entered in the following format:

1. A blank in column 1.

2. A $ to delineate the baginning of the NAMELIST entry.

3. A name for this NAMELIST ent1y, either RCG or PO.

4. A list, in any order, of the group variables equated to input constants
and separated by commas.

5. A $ to delineate the ending of the NAMELIST entry.

An example of a REG NAMELIST entry, beginning in column 2:

$ REG NREG = 2, DX = .6, XMAX = 20,
YMAX = 30, NPOINT =5 §

The input to AUTOMESH consists of 3 data groups described in Sections:

2.2.1 Title Identification
2.2.2 REG NAMELIST (describes the regions)
2.2.3 PO NAMELIST (describes points in the region)

Data groups 2.2.2 and 2.2.3 are repeated for each region.

AU'TOMESH assigns meaningful default values to all possible variablea. Some of these
default values are conatant while othera are cornputed by AUTOMESI from tho given input
data. These latter variables are designated by “AUTOMES*I" in the dofault column of Table 2-1.
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There are variables which are unique to the particular problem and must be supplied by the
user. The description of these variables is preceded by “[0” and “none” and appears in the
default value columns of Table 2-1 and Table 2-2. The novice user may ignore all but “00”
input variables.

2.2.1 Title Identification
The title is the first line of input to AUTOMESH. Column 1 specifies the type of problem:

¢ Blank in column 1 :  POISSON/PANDIRA/MIRT problem
¢ Non-blank in column 1 : SUPERFISH problem

Columnns 2 through 80 can have any alphanumeric characters. Starting in column 2,
AUTOMESH reads by “A FORMAT" 8 computer words (columns 2-85 for a CRAY
computer; columns 2-33 for a VAX computer) and uses this information only for title
identification in the printed output.

2.2.2 REG NAMELIST

There are twenty-nine region entry values associated with this REG NAMELIST. Some
variables are only applicable to the POISSON/PANDIRA /MIRT programs. The user only
enters variables that are meaningful to his problem and allows the others to default.

r'I“htwe are some variables that can only be entered in the first REG NAMELIST input and
not changed in subsequent REG NAMELISTSs or regions. These variables are designated by
¢ before the variable name in Table 2—.1’._'

Table 2-1 lists in alphabetical order all the variables in REG, the default values, and a brief
description of their function.
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CONV

CUR

DEN

DY

IBOUND

IPRINT

Table 2-1 REG NAMELIST

TABLE 2-1

REG NAMELIST VARIABLES

Default Description

1.0

0.0

1.0

0.0

Conversion factor for coordinate units.
CONV = (number of centimeters) per (unit), e.g.:
CONV = 1.0 - Centimeters.

= 0.1 - Millimeters.

= 2.54 - Inches.

Magnet problems - the total current (amperes) in
the region.
Electrostatic problems - the fixed potential value (volts)

on the boundary of the region.
SUPERFISH ~ for drive point regions.

The current density in the region.
Magnet problems - amps/length? for area region.
- amps/length for line region
Electrostatic problems
~ coulombs/length? for area region.
- coulombs/length for line region.

The mesh increment in the horizontal direction.

The mesh increment in the vertical direction.

For ITRI = 0 or ITRI = 1. (ITRI described below)
For ITRI = 2.

The region's special boundary indicator (see Section 2.2.8).

SUPERFISH problems - for all but drive point regions.
SUPERFISH problems - for drive point region.
POISSON/PANDIRA /MIRT - for first region.
POISSON/PANDIRA /MIRT - for all succeeding regions.

Special diagnostic printout.

IPRINT == 0 - no diagnostic printout.

IPRINT # O - mesh coordinates printout.

IPRINT = 1 - special diagnostic printout in the
“path-finding” subroutine, LOGIC.
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YVariable Default Description

IREG The region number for this region.
1 The first REG iaput data,
+1 Incremented by 1 in each succeeding region.
¢ ITRI 0 The type of triangles for LATTICE to use in the mesh

generation routine.

ITRI = 0 - equal weight, equilateral t iangles.
ITRI = 1 - equilateral triangles.

ITRI := 2 - right triangles.

¢ KMAX AUTOMESH The total number of mesh points in the horizontal
direction from XMIN to XMAX.

¢ KREGI 0 The total number of mesh points from XMIN to XREG1.
If KREG1 is given, XREG1 must be given also. Used
for first mesh size change in the horizontal direction.
(See Section 2.2.4).

¢ KREG2 KREGI1 The total number of mesh points from XMIN to XREG?2.
KREG2 must be > KREG1. If KREG2 is given, XREG2
must be given. Used for the second mesh size change
in horizontal direction. (See Section 2.2.4).

¢ LINX 0 A special indicator for vertical line regions.
LINX = 0 - Line regions are added at mesh size change
(XREG1, XREG2.)
LINX =1 - No line regions are addod at mesh size
change (XREG1, XREG2).

¢ LINY 0 A special indicator for horizontal line regionas.
LINY == 0 - Line regions arec added at mesh size chango
(YREG1,YREG2).
LINY =:1 - No line regions are added at mesh sise
change (YREG1, YREG2).

¢ LMAX AUTOMESH The total number of mesh points from YMIN to YMAX.
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Yariable Default Description

¢ LREGI1 0 The total number of mesh points from YMIN to YREGI.
If LREG1 is given, YREG1 must also be given. Used for
first mesh size change in the vertical direction.
(See Section 2.2.4).

¢ LREG2 LREG1 The total number of mesh points from YMIN to YREG2.
LREG2 must be > LREG1. If LREG2 is given, YREG2
must be given also. Used for second mesh size change in
the vertical direction. (See Section 2.2.4).

MAT 1 The material code for the region.

MAT = 0 - All points inside the region are omitted from
the problem. Points on the boundary are set
according to IBOUND.

MAT =1 - Air or coil (km =k, =1).

= 2 - Iron/dielectric properties fromn user-defined
function or iron with internal pernieability table.

= 8 - Iron/dielectric properties from user-defined
function or input table 1.

= 4 - Iron/dielectric properties from user-defined
function or input table 2.

= 5 - Iron/dielectric properties from user-defined
function or input table 3.

== 6 - Permanent magnet material with straight
line B(H) functions, PANDIRA only.

=11
¢ NCFLL 1 The number of cell cavities in SUPERFISH.

¢ NDRIVE 0 The indicator for drive point region in SUPERFISH.
NDRIVE = 0 - AUTOMESH assigns a drive point region.
:= 1 = Drive point region input. A region with
only one coordinate set (NPOINT == 1).
AUTOMESH sets CUR = 1.0 and
IBOUND :: -1 for this region.

() NPOINT None The number of coordinate sets specifying the boundary
points of the region.
NPOINT =: number of PO entries following this REG entry.

liJ
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oo

oo

N o

Yariable Default
NREG None
XMAX None
XMIN 0.0
XREG1 XMAX
XREG2 XMAX
YMAX None
YMIN 0.0

Table 2-1 REG NAMELIST

Description

The total number of regions for the problem.
NREG = total number of REG entries.

The maximum horizontal dimension of the problem.

XMAX must be > than any horizontal boundary coordinates
entered with a PO NAMELIST. In Cartesian coordinates, XMAX
may have a negative value.

The minimum horizontal dimeneion of the problein.

XMIN must be < than any horizontal bounde.zy coordinates
entered with a PO NAMELIST. In Cartesian coordinates, XMIN
may have a negative value.

For POISSON/PANDIRA/MIRT, if XMIN # 0, see Table 5-1.4,
CON(38).

The location of the first mesh size change in the horizontal

direction.

KREG1 = 0 mesh size to the right of XREG1 will be
approximately double.

KREG1 # 0 XREGI1 must be given. Mesh size to the
right will be computed as described in
Section 2.2.4.

The locat.on of the second mesh size change in the horizontal
direction.
KREG2 == 0 mesh size to the right will double.
KREG2 # 0 XREG?2 must be given. Mesh si%e to the
right will be computed as described in
Section 2.2.4.

The maximum vertical dimension of the problen.

YMAX must be > than any vertical boundary coordinates
entered with PO NAMELIST. In Cartesian coordinates, YMAX
may have a negative value,

The minimum vertical dimension of the problem

YMIN nust be < than any vertical boundary coordinates
ontered with PO NAMELIST. In Cartesian coordinates, YMIN
may have a negative value.

For POISSON/PANDIRA/MIRT, if YMIN # 0, se. ‘1able 65 1.4,
CON(39).
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Yariable Default Description

¢® YREG1 YMAX The location of the first mesh sise change in the vertical
direction.
LREG1 = 0 mesh size above YREG1 will approximately
double.
LREG1 #0 YREGI1 must be givan. Merh size above
YREG1 will be computed as described in
Section 2.2.4.

O YREG2 YMAX The location of the second mesb size in the vertical direction.
LREG2 = 0 raesh size above YREG2 will be double.
LREG2 # 0 YREG2 must be given. Mesh size above
YREG?2 will be computed as described in
Section 2.2.4.

where:
O Quantities the user must enter.

¢ Quantities that can only be entered in the first REG input and
cannot be changed in subsequent REG input.
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2.2.3 PO NAMELIST

The variables for the PO NAMELIST entry specify the boundary points of the present
region. The first PO data set specifies the initial point. Each succeeding set specifies a new
boundary point and the type of curve to be drawn from the previous point. The last PO
entry must describe the initial point in order to have a closed region. The number of PO
entries rnust equal NPOINT, a REG NAMELIST variable.

The boundary points of the first region must encompass the complete geometry of the
problem. Subsequent regions define sections of this geometry. The properties of each new
region override the previously defined properties.

AUTOMESH can draw three different curves—straight line, circular arc, and hyperbolic
segment—between any two points. The points of a straight line or cizcular arc may be given
in either Cartesian coordinates, (X', Y') polar coordinates, (R’, ¢').

The prime coordinates correspond to the coordinate axis (X', Y'), which has been
displaced by (X0, Y0) from the “standard” coordinate axis (X, Y), see Fig. 2-1 and
Fig. 2-2 for an example.

That is:
X'=X-Xo0 R=vX14+yn
yv
-1
Y’=Y —YO 0'=tm 7

If (X0, Y0) = (0., 0.), then (X', Y',) = (X, Y)

When values are assigned to X0 and YO in a PO NAMELIST statement, accompanying
valuee of X and Y or R and @ are taken to be relative to this shifted origin.

Circular Arcs
Circular arcs are defined by
(X -x0+(Y-Y0)? = R? = X?4+y"

where (X0,Y0) is the center and R’ is the radius of the circle.

The two connecting pointa given on the $PO entry must satisfy this equation to a relative
error of 1073,
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Hyperbolic Segments

AUTOMESH defines hyperbolic branches only in the first quadrant and symmetric about
the line Y = X in the (X,Y) coordinate system. The hyperbolic curve is drawn from the
previous point to the present point and both points must satisfy, to a relative error of 1073,

the 2quation
2+ XY = R?
where R is the minimum distance from the origin, (0,0), to the hyperbolic branch.

A PO entry for a hyperbolic segment can only define the Cartesian coordinate (X,Y) and
must specify the value for R.

Hyperbolic arcs sre largely used in defining quadrupole magnets.

Cylindrical Coordinates

Cylindrical coordinates (r, z) are entered as the X,Y variables in the NAMELIST group,
where:

¢ (£ — X, r = Y) for SUPERFISH problem
e (r— X, z—Y) for POISSON/PANDIRA/MIRT problem

All cylindrical coordinates must have positive values.

Table 2-2 lists the eight : O NAMELIST entries.

2-1C
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Table 2-2 PO NAMELIST

TABLE 2-2
PO NAMFELIST VARIABLES

New 0
NT 1
g R None

0 THETA None

Used to force separation between regions.

NEW = 0 - The points on the path of this segment may
coincide with points on the path of any previous
region.

NEW = 1 - The points on the path of this segment are NOT
allowed to coincide with points on the path of
any previous region.

NEW = —1 - The points on the path of this segment are NOT
allowed to coincide with points on the path of
any previous region, EXCEPT for the starting
and end points.

The type of curve to be drawn from previous point to this point.

NT =1 - A straight line.

NT = 2 - An arc of a circle with a center at (X0,Y0), radius of R,
and defined by: X'? + Y2 = R'3,

NT = 3 - A hyperbolic curve in the first quadrant, symmetric
about the line Y = X and defined by 2+ X »Y = R.

NT = 1 - R' - The radial polar coordinate.

NT = 2 - R' - The radius of circle with center at (X0,Y0)
(polar coordinates).

NT = 3 - R - The minimum distance from the origin to the
hyperbolic branch in the first quadrant
(Cartesian coordinates). R MUST be entered.

NT = 1 -~ The ¢ value of the polar coordinates given in

NT = 2 degrees and relative to the X-axis in a counter-
clockwise direction.

NT = 3 - Not used.
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o X None The input coordinates. Cartesian coordinates may have positive
oY or negative values. In cylindrical coordinates, both r and z must
be > 0.
NT = 1 - The X', Y’ values of the Cartesian coordinate system,
(x', Y')

NT =2 or r,z values for cylindrical coordinates. When (X0,Y0) # 0,
X, Y are defined RELATIVE to the shifted origin.

NT = 3 - The X,Y values of the Cartesian coordinate system, (X,Y).
R must also be entered.

Xo None  NT = 1 - The displacement of the (X', Y') axes.
Y0 NT == 2 - Center of circle.
NT = 3 ~ Not used.
where:
(0 - Quantities the user must enter for:

NT =1, (X', Y')or (R, THETA').
NT =2, (X', Y')or (R, THETA').
NT =3, (X, Y)andR.
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The following two examples illustrate alternate ways of specifying region points.

Y Y
/ A
5 4

f#=53.1307

0 1

Fig. 2-1. AUTOMESH coordinate system for straight lines and circular arc curves.
Example A - $ PO entry for P, to P,

EXAMPLE A

The two points, P, (5.,0.) and P; (3., 4.) of (X,Y) coordinates of Fig. 2-1 may be entered
in ANY of the following PO specifications:

For initial point F4(5.,0.) :

$PO X ~5,Y =08

$PO X =3,Y =-1,X0=2,Y0=18

$POR - 5., THETA 08

$PO R 3.1623, THETA . -18 4347, X0 ~ 2., YO - 1.8

To point P (3.4.):

$POX 3.,Y 4,NT n$
$POX 1,Y 3,X0-2,Y0~ 1, NT =n$
$POR -5, THETA - 53.1301, NT = n$

where: NT -~ n, n -~ 1 satraight line curve from P} to P, (default value).
n - 2 circular arc with canter at (X0, YO0) and radius R
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Y Y

A A PA(X.Y:S-.G-)
6 5
5 4
4 3

3 2

2 1

Y

0 #u26.5813° > X
0 1 2 3 4 5 6

Fig. 2--2. AUTOMESH coordinate systeimn for hyperbolic curves.
Example B - § PO entry for Py to P,

In Fig. 2--1, any initial point, I (6., 3.), of a hyperbolic segment can be entered in any of
the following PO specificationa:

$rox 6,Y 38

$POX 4,Y - 2,X0 2,Y0 -1. 8

$POR 6.7082, THETA 206.5651 $

$PO R - 44721, THETA 205651, X0 - 2,Y0 - 1. %

The end point, P¢ (3.,6.), of the hyperbolic ssgment can only bo entored as:

$POX 3,Y O6,R 6, NT 38
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2.2.4 Mesh Size Options

AUTOMESH sets the groundwork for LATTICE to generate a triangular mesh of uniform
size, varied size, or a combination of uniform and varied mesh sizes.

The user selects the mesh type that is appropriate to the geometry of the problem, keeping
in mind that AUTOMESH assigns a new mesh point to two given points, say X; and Xj,
only if the distance between them is greater than one-half f the increment DX. That is:

If | X2 — Xi| > DX/2., then X, and X; are assigned a different mesh point.

For example,

Given coordinates (2., 4.), (2.3, 4.4), and DX = .5, DY = 1,,

X, and X3 will have different mesh points, since | X3 - X;| = 3 > .5/2.
Y, and Y; will have the same mesh point, since |Y;-Y; | = 4 < 1.,/2.

The types of mesh sizes and their correspnnding variables that are entered on the first REG
input are described below.
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Uniform Mesh (Default)

Used:

Input:
Mesh:

Example:

for simple geometries that do not exceed the maximum number of mesh points
defined by the program.
Total number of mesh points = (KMAX + 2) » (LMAX + 2).

user must enter DX; DY entry is optional as it has a default value.

will generate a uniform triangular mesh of length DX and height DY.

$ REG DX = .5, DY = .5, XMAX = 20.,, YMAX =10, ... §
generates uniform triangular mesh of length and height = .5,
see Fig. 2-3(a).

Doubli.g Mesh

Used:

Input:

Mesh:

Example

if a fine mesh is desired near the origin and a coarser mesh further away will
suffice.

user must enter DX.

Enter one or a combination of XREG1, XREG2, YREGI, YREG?2 as long as
XREG2 > XREGI1 and YREG?2 > YREGI.

Width of triangular mesh is approximately doubled at XREG1 and again at
XREG2. If LINX = 0 (default), vertical line regions arc added at XREG1
and XREG2.

Height of triangular mesh 1s approximately double above YREGI1 and again
above YREG2. If LINY = 0O (default), horizontal line regions are added at
YREG1 and YREG2.

$REG DX = .5, DY -~ .5, XMAX = 20, YMAX :- 10, XREG1 - 8§,
XKREG2=12,YREG1=7,... 8§

generates triangular mesh of size:

width = DX =05 for 00 < X < 8O0
= 2DX 10 for 80 < X < 120
= 4.DX 20 for 120 <« X < 200
= DYy 06 for 00 < Y « 70
height -- 2°*DY - 10 for 70 < Y < 100

Vertical line regiona added at X - 80 and X - 120, honizontal hine regionn
added at Y 70, nee Fig 3 2(b) for an example
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Variable Mesh
Used: to explicitly define, up to a maximum of three different width and height
mesh sizes.
Input: enter any set or combination of sets:
(KREG1, XREG1), (KREG2, XREG2), (KMAX, XMAX), (LREG1, YREG1),
LREG2, YREG2), (LMAX, YMAX).
Mesh: generates triangular mesh with

. XREG1 - XMIN
= <
width KRECI -1 XMIN < X < XREGI

XREG2 — XREG1
== < 3
KREG2 - KREC1 XREG1 < X < XREG2

XMAX - XREG2
ey < ) <
KMAX — KREG? XREG2 < X < XMAX

height = similar as above but corresponding values (LREG1, YREG1),
(LREG2, YREG2), (LMAX, YMAX) are used.
If LINX = 0 (default), vertical line regions are added at XREG1 and XREG2.

If LINY = 0 (defauit), horizontal line regions are added at YREG1 and
YREG2.

Example: $REG DX = .5, DY = .6, XMAX = 20.,, YMAX = 10., XREG1 :- 8,

XREG2 = 12., YREG1 == 7., KREG1 = 17, KREG2 == 20, KMAX = 37, ..§

generates triangular mesh of

width = DX = By80 = 05, 00 < X < B0
o Q-0 - 0333, .. 80 < X « 120

ng-pe - 10 120 < X < 200

height - DY - 0.5 00 < Y « 10
24 DY S 10 0 < ¥V < 100

vartical line ragions added at X - 8.0 and X - 12.0;
horigontal line region added at Y — 7.0.

This example is & combination of explicitly defined menh longth and of
doubling mesh width, nee Fig. 2 3(c).
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10,

0. 0.
X
(x) $REG DX = .5, DY = .5, XMAX = 20., YMAX = 10,, .3

10
7.
Y
o. . 12. 20.
8. 4
(b) $REG DX = .5, DY == .8, XMAX = 20., YMAX = 10., XREGI = 8., XREG3 = 12, YREG! --
10.
Y
*a
T : 12, 20.
0 X

(¢) $REQ DX ~ .8, DY -« B, XMAX - 20, YMAX - 10, XREG1 -- 8, XRKQ32 - 12,,
YREGI - 7., KREG1 - 17, KREG2 - 29, KMAX - 37,..8

Fig. 2 3. Variable menh correnponding to REG data in AUTOMESI,
2-18
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32.2.5 Boundary Condition Options

AUTOMESH automatically assigns indicators for the boundary conditions to the upper,
lower, right, and left boundaries, defining the rectangular region of the problem, as follows:

SUPERFISH POISSON/PANDIRA /MIRT

upper boundary: 1 0

lower boundary: 0 1

right boundary: 1 0

left boundary : 1 0

where:

0 - Indicates Dirichlet boundary conditions, which means electric (for SUPERFISH TM
modes) or magnetic (for POISSON/PANDIRA/MIRT) field lines are PARALLEL
to the boundary line.

1 - Indicates Neumann boundary conditions, which means electric (for SUPERFISH

TM modes) or magnetic (for POISSON/PANDIRA/MIRT) field lines are PERPEN-
DICULAR to the bdundary line.

If the above boundaries are inappropriate to the problem, the user is given the option to
change them in LATTICE when the code asks for CON changes.

In addition to the above boundary options, AUTOMESH has a special boundary indicator,
IBOUND, which may be entered or defaulted in REG NAMELIST.

This parameter is used for three purposes:

1.

To indicate the boundary conditions on a boundary which does not coincide with
the extreme rectangular boundary of the problem. The boundary of this area or
line region is set accordingly:

IBOUND = 0 - Dirichlet boundary (defined above)
= ] -~ Neumnann boundary (defined above)

To indicate special fixed potential, IBOUND = -1

The special ixed potential value is input as the CUR variable in the REG NAMELIS'T.
This in the mechanism for setting up electrostatic (scalar potential) problema.

Scalar potential problems are indicated by setting XJFACT -~ CON(66) - 0.0

(See Chapter 5, Table 5 1.5)

To indicate a drive point region in SUPERFISH, IBOUND - -1
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2.3 Outpit from AUTOMESH

Automesh generates two output files - TAPE73 and OUTAUT - and, if run interactively,
prints output messages at the terminal.

In o successful run, AUTOMESH outputs:
1. To OUTAUT file and to the terminal—

® nO error messages
e the message: REGION (--)/0K for each region, where (--) is the region
number supplied by the program.

2. To TAPET73 file — the complete input data to LATTICE.

In this case, the user does not have to bu concerned any further with the contents of the
output files.

However, if the user has been unsuccessful in correcting the listed errors of an aborted run,
some insight might be gained by examining these two ASCII files. These files can be ex-
amined with any editor.
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2.4 Diagnostic and Error MESSAGES

The error messages from AUTOMESH briefly define the problem and give a possible’
solution. An explanation of the common messages from AUTOMESH are listed below.

1. MESH SIZE CHANGE -— usually the mesh is too coarse; user should rerun the problem
with a finer mesh; sometimes a slight mesh size change will suffice.

2. (X1,Y1)/(Rt, THETA1) — the Cartesian/polar coordinates of the previous point (from).
(X2,Y2)/(R2, THETA2) — the Cartesian/polar coordinates of the present point (to).

3. R — printed as the value of a variable, means that this variable has been set out of range
and not supplied by the user.

4. REGION (--)/0.K. — AUTOMESH has successfully found paths for all boundary
points in this, (--), region; if errors occur in one region, AUTOMESH proceeds to the
next.

(--) meana computer prints out the value.

The fivst line of all AUTOMESH error messages and explanations are listed in sections
24.1,24.2, and 24.3.

2.4.1 Error Messages
Messages Coutaining “ERROR”

1. =-- ERROR --- DATA FOR THIS CIRCLE FROM (X1,Y1)/ (R1, THETA1) TO
(X2,Y2)/R2, THETA2) IS INCONSISTENT.. .
Eitker one or both coordinates are not given or the two points with center at
(X0,Y0) do not lie on the same circle to a relative accuracy of 1073, Correct the
input data for the listed coordinates. The user should check that the coordinates
are given RELATIVE to (X0, Y0). Message from subroutine DATUPS,

2., --- ERROR --- DATA FOR THIS LINE ARE INSUFFICIENT .. .
Either one or both coordinatea are not given. Correct the input data for the
listed coordinates. Message from subroutine DATUPS,

3. ~--- ERRCR --- DATA FOR THIS HYPERBOLA FROM (X1,Y1) TO (X2,Y2) IS
INCONSISTENT
Either one or both coordinates are not given, R is not given, or the two pointa do
not lie on the same hyperbolic branch to a relative accuracy of 10 ¥ Correct
inpnt. Message frorm subroutine DATUPS,

2 21
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4.

ERROR --- X/Y IS OUT XMIN, XMAX/YMIN, YMAX LIMITS ...

The X or Y point printed is less or greater than the given minimum or max-
imum value for X/Y in the first REG input line. Correct input. Message from
DATUPS.

ERROR --- (KMAX + 2) * (LMAX + 2) = (--) IS GREATER THAN PROGRAM
DIMENSIONS OF (--) ...

The total number of mesh points have exceeded the¢ maximum value dimen-

sioned. Cut mesh size or increase parameter MXDIM and recompile as directed.

Message from subroutine SETXY.

ERROR --- TROUBLE IN FINDING THE PATH OF A POINT ...

AUTOMESH encountered trouble in both “forward” and or “backward” pass
in subroutine LOGIC. To correct, decrease mesh size ncar the point and try
again. Message from main program.

2.4.2 Trouble Messages
Messages Containing “TROUBLE”

1.

--- TROUBLE ~-- DIMENSIONS FOR THE NSEG ARRAYS8, EXCEEDED NSG OF (--) . ..

Ja.

AUTOMESH has exceeded the maximum number of boundary segments dimen-
sioned in the program. Increase parameter NSG aad recompile as diracted.
Used in SUPERFISH problems. Message from subroutine FISHEG.

TROUBLE --- NPOINT = (--), EXCEEDS DIMENRION OF (--)

The number of PO entries for this region has exceeded the maximi:rn number
dimensiond. To correct, incrsase parameter NPTX and recompile as directed.
Message from main program or subroutine INSERT.

TROUBLE --- THE PROGRAM FOUND THE BAME (K,L) COORDINATES FOR THE
FIRST AND LAST POINT OF THIS CURVE ...

Ths program has assigned the same mesh point in eithar vertical or horizontal

direction for (X;, Y1) and (X3, Y3). This usually mcana mesh size is not fie

enough. (See Section 2.2.4.)

Message in printed from subroutine LOGIC. The last I'  of the message prints
“FORWARD PASS"” or “BACKWORD PASS.”" AUTOMriSH executes subrou-
tine LOGIC twice-first in a “forward” search, end a second pass in a “backward"”
search-~to find the path of the current segment. Then the program chooses

the path with the smaller number of segments with no errors. A fatal error
occurs if BOTH directions encounter “TROUBLE.” To correct, decrease mesh
size neer this point and rerun.
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10.

--- TROUBLE --- PROGRAM DIMENSIONS 1000 FOR THE KL ARRAYS ARE
INSUFFICIENT
The program has difficulty in finding the path for this segment and thus has
exceeded the dimension allocated for storage of the path array. See 3a. above.

--- TROUBLE --- LOGICAL PATH IS TRAPPED AT K = (--), L = (--)
The program cannot find the path for this current segment. See 3a above.

=== TROUBLE --- CANNOT FIND A FIXED H-PHI POINT
The program has problems assigning the default drive point at the upper left-
hand corner of the cavity. To correct, input own drive puint region by setting
NDRIVE = 1 in the first REG entry and then input a region with one point—
the drive point, (see the example in Sec. 1.3.1)

~=- TROUBLE --- TOO MANY END POINTR FOUND FOR THE LINE
The program has trouble adding a vertical/horizontal line region.

7a. AUTOMESH could encounter a number of problems in subroutines XLINER/
YLINER while attempting to add vertical/horizontal line regions. To correct,
change mesh size or set LINX/LINY = 1 in the first REG entry. (This latter
option deletes the addition of all vertical/horizontal line regions at horizontal/
vertical mesh change locations.)

-=-~ TROUBLE --- NO END POINTS FOUND FOR LINE
The program has trouble finding a mesh point for the end point cf the added
line region. See 7a. above.

-~=- TROUBLE --- ONLY ONE END POINT FOR THE LINE
The program has trouhle finding an end point for this added line region. Sce 7a.
above.

=-- TROUBLE --- A POINT WITH (K = KREG) HA8 X NOT = TO XREG
==~ TROUBLE --- A POINT WITH (L = LREG) HAB Y NOT = TO YREG
The program has difficulty adding a vertical/horizontal line region. See 7a. above.

3.4.3 Additional Diagnostic Moessages

1.

DIMENSION OF 2000 FOR KR, LR .. .
The program has run into difficulty and has exceednd tho maximum number of

points dimensioned for a region. Change mesh size and try again. Message from
subroutine LOGSEG.

DIMENBION OF 3000 INSUFFiCIENT FOR KG, LG .. .
The program has run into difficulty and has exceeded the total number of points

dimensioned for all regions. Change mesh size and try again. Message from sub-
routine SAVAGE.
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2.5 Examples of AUTOMESH Runs

Sections 2.5.1 and 2.5.2 list two input files, HMAG and DTL, a POISSON and a
SUPERFISH input respectively. These files utilize a number of various options available in
the AUTOMESH input format.

The line numbers listed on the left are not part of the input files, but are used as pointers

for the explanation that follows. The terminal output of the execution of AUTOMESH on a
CRAY computer is also given. (The input file for 8 VAX/VMS computer is identical except
all input is upper case.)

2.5.1 AUTOMESH Run — H-Shaped Dipole Magnet

The file HMAG describes the cross section of one-fourth of an H-shaped dipole magnet, the
upper-right quadrant.

Line

No,

O QNGNS WY -

h-nagnet test, uniform mesh 4/23/86

$xeg nreg=3,dx=.45, xmax=22.,ymax=13. ,npoints 568
$po x= 0.0, y= 0.08
$po x=22.0, y» 0.08
$po x=22.0, y=13.08
$po x= 0.0, y=13.08
$po x= 0.0, y= 0.08
$reg mat=2,npoint=104
$po x= 0.0, y= 2.08

y (cm)

ﬂ-—’

$po x= 6.1, y= 2.08
$po x= 5.5, y= 2.4¢ 6, 17
$po x= 5.6, y= 6.08
$po x=15.0, y= 6.08 Region 2 Iron
$po x=16.0, y= 0.08
$po x=24.0, y= 0.08
$po x=22.0, y=13.08 13 '3
$po x= 0.0, y=13.08
$po x= 0.0, y= 2.0
$reg mat=i,npoint=6, 237
cur=-26465.791¢ 11 24

$po x= 6.0, y= 0.8 9, 18

$po x=14.5, y= 0.08 10 Region 3 Coil

#po x=14.6, y= 5.5¢ 14
$po x= 6.0, y= 5.6¢ Region 1 Air | 21, 26 22\

OO0 O0OO0OOMN O,

16

2l

$po x= 8.0, y= 0.08 hy

LLines 3, 7

2-24
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Line
No,
Line 1: Title line, which starts in column 2 (POISSON/PANDIRA/MIRT Problem).
2: First REG entry: nreg = 3 - number of regions.
dx = 45 -~ horizontal mesh size,
xmax, ymax = 22.,,13. - problem’s maximum dimensions.
npoint = 5 -~ number of PO entries that follow.

3-6: Coordinates of points that define the region 1.
7: Same coordinates as line 3 to form a closed region.

8: REG entry for region 2: mat = 2 - implies that the material is iron.
9-18: Coordinates of points that define region 2.
19-20: REG entry for region 3: mat = 1

cur = -25455.791 - total number of amps. (The sign
specifies direction of the current;
negative “into the plane of the
paper”). These two entries imply
this is a coil region.
21-25: Coordinates of points that define region 3.

Below is a listing of the interactive execution of AUTOMESH on a CRAY computer with
input file HMAG. (User only types underlined quantities.)

7type input file nane
7 hmag

region no. 1
ok

region no. 2
ok

region no. 3

ok

stop

automesh ctss time .639 seconds
cpu= 110 1/0= .366 mea= .064

all done
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2.5.2 AUTOMESH Run — Drift-Tube Linac Cell

2.5.2 AUTOMESH Run — Drift-Tube Linac Cell

SUPERFISH EXAMPLE: The file DTL describes the cross section of one-fourth of a
drift-tube linac cell. (The numbered points on the graph correspond to the input file lines.)

r (cm)
Line {
No. I\ I/
6 7 ?
1 1lsuperfish dtl test problem : ' '
2 $reg nreg=1,dx=0.26,xmax=4.2843, ; ; '
3  ymax=21.1008,yregi=5.,yrey2=7., '
4 npoint=118 A
6 $po x=0.0 . y= 0.0 $
6 8$po x=0.0 , y=21.1008 ¢
7 $po x=4.2843 , y=21.1008 § i
O 8$po x=1.60464 , y= 4.03026 §
10 $po nt=2, r=0.6 , theta=176.6, 9
11 x0=1.,60464 , yO= 3.63026 § { \\' “““““““
12 $po x=0.03936 , y= 0.84484 § " Point A
13 $po nt=2, r=0.326, theta=170.0,
14 x0=1.26376 , yo= 0.82v § 10, 11
16 $po x=4.2843 , y= 0.6 $ 4.03026
16 $po x=4.2843 , y= 0.0 $
17 $po x=0.0 . y= 0.0 $
_ePoint B 1‘5
127 W
gze X3, 14 Ji'"__t'z (cm)- 4 m
Lines 5, 17 16
1: This is the title line with a non-blank in column one.
2-4: First REG entry: nreg = 1 - number of regions
dx = .25 - horizontal mesh size
xmax, ymax = 4.2843, 21.1008 - problem’s maximum dimensions
yregl, yreg2 = 5., 7. - location at which mesh size doubles
npoint = 11 - number of PO entries that follow.
5-9: Lists the coordinates, (x corresponds to z; y to r), connected by straight lines.
10-11: Specifies a circular arc with center at Point A (1.60454, 3.53026) and radiua (.%).
This arc is drawn from the point described by line © to the point described by
lines 10, 11 (176.5 counterclockwise) and is in polar form.
12:  Straight line from the point described by lines 10, 11 to the point described by
line 12.
13--14: A circular arc, siniilar to lines 10-11, with center at Point B.
15-16: Same as lines 5-9.
17:  Lisus the last coordinate, same as first, to closa the region.
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Below is a listing of the interactive execution of AUTOMESH on a CRAY computer (user
only types underlined quantities).

Ttype input file name
7 dtl

region no. 1
logical boundary segment end points

iseg kb 1b kda 1d ke le
1 1 1 0 1 24
2 1 24 0 1 20
3 1 29 0 1 1 47
4 1 47 1 0 18 47
b 18 47 o -1 18 29
6 18 29 0 -1 18 24
7 18 24 o -1 18 20
8 18 20 -1 (o] 7 10
9 7 10 -1 0 6 17
10 b 17 1 -1 4 b
11 4 6 1 -1 e 3
12 6 3 1 0 18 3
13 18 3 o -1 18 1
14 18 1 -1 0 i 1
stop
automesh ctss time .620 seconds
cpu= .083 1/o~ .443  nmenm= . 004
all done
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8.1 The Job Lattice Performs

In general, LATTICE reads in input data, as it is created by AUTOMESH, completes the
mesh generation process, as well as computes and writes a binary file of all information
needed for the execution of one of the “equation solving” programs (i.¢., POISSON,
PANDIRA, MIRT, or SUPERFISH.)

Specifically, LATTICE performs the following tasks:

1. Reads in the properties describing the specific problem, the physical boundary
coordinates specifying the geometry, and the corresponding mesh point number-
ing of the coordinates, for the generation of a regular triangular mesh.

See Fig. 3-1(a).

2. Sets up mesh point relaxation order.

3. Distorts the sides of the triangles in the regular triangular mesh by iterating
and “relaxing” until the sides of the triangles coincide with the given physical
boundaries. See Fig. 3-1(b).

4. Assigne mesh point numbers to all interior coordinates.
5. Identifies and sets up all boundary points for the input boundary conditions.

6. Calculates point current terma in regions with distributed current density.

7. Writes dump O to a binary file, TAPE35, which contains all the information
needed for vhe execution of any of the programs: POISSON, PANDIRA, MIRT,
SUPERFISH, and TEKPLOT.

3.2 The Input to LATTICE

All POISSON programs, except AUTOMESH, utilise an internal, format-free input sub-
routine, FREE, to enter input. The FREE format uses special characters to shorten input
and save array space. A FREE entry requires all floating point numbers to have a decimal
point. Secticn 3.2.2 outlines in detail all the features of this free-format input and gives an
example illustrating these features. However, the beginner or casual uner does not need to
know all these options since this manual will give and explain the individual format entry
needed for the apecific input.

It is assumed that the input to LATTICE is TAPE73, which haa beon generated by
AUTOMESH. Thorafore, the user normally need not be concerned about the contents or
format of the input file. He only needn to axamine Section 3.2.1 which describes the various
options and changes that can be input to LATTICE through the CON array.
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However, in case error messages are received in the execution of either AUTOMESH or
LATTICE, it is helpful to examine TAPET73. Section 3.2.3 briefly explains the contents and
format of TAPET73.

A user, who wishes (or is forced) to generate his own input to LATTICE because of mesh
point limitations, should consult the POISSON/SUPERFISH Reference Manual in
Section B.3.2., POISSON/PANDIRA Inputs to LATTICE or Section C.3.2, SUPERFISH
Inputs to LATTICE.

3.2.1 The CON Array Variables for LATTICE

The main avenue of communication the user has with all the POISSON/SUPERFISH
programs, except AUTOMESH, is through the CON array. The CON array is a one
dimensional array of 125 elements specifying various parameters and options. Since some of
the variables have different meanings for the POISSON/ PANDIRA/ MIRT codes and
SUPERFISH code, the CON elements with the appropriate variables are listed both in
Chapter 5—POISSON/ PANDIRA and in Chapter 6—SUPERFISH.

Please note, there are a number of elements in the CON array that must be changed in
I,ATTICE if they are to have any effect on the problem These specific elementa with a
brief description of their function are listed in Table 3-1
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©

(ONONONO,

CON (2)

CON (9)

CON(21)
(22)
(23)
(24)

CON(32)

CON(38)

NREG

CONV

NBSUP
NBSLO
NBSRT
NBSLF

IPRINT

NSG

Automesh Lattice

Number Name Default  Default

Computed

1.0

None

Computed

Table 3-1 CON Variables

TABLE 3-1
CON VARIABLES FOR LATTICE

None

1.0

OO w=O

0

3-4

Descrigtion

Total number of regions for the problem
1 < NREG < 31.

Conversion factor for coordinate units.

CONV = (no. of centimeters) per (unit), e.g .

CONV =10 - Centimeters.
= 0.1 - Millimeters.
= 2.54 - Inches.

Indicator for boundary conditions on the
UPper, LOwer, RighT and LeFt boundaries
of the rectangular region defining the
boundary.

The two AUTOMESH default values
correspond to SUPERFISH or POISSON/
PANDIRA /MIRT problems.

0 - Indicates Dirichlet boundary conditions,
which means electric (for SUPERFISH
TM modes) or magnetic (for POISSON/
PANDPIRA/MIRT) field lines are
PARALLEL to the boundary line

1 - Indicates Neumann boundary conditions,
which means electric (for SUPERFISH
TM modes) or magnetic (for POISSON/
PANDIRA/MIRT) field lines are PER-
PENDICULAR to the boundary line

Print options in LATTICE

IPRINT = -1 - Prints X, Y coordinates nf
meah points

IPRINT - 0 no prnt of meah pointe

The number of hboundary aegimments for

SUPERFISH
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Automesh Lattice

Number  Name Default  Default Description

CON(37) MAP None 1 For POISSON/MIRT:
A parameter in the conformal transformation

w = s+« MAP/(MAP * RZERO «+ (MAP - 1)).

where: RZERO = CON(125).

MAP # 1 - the current density is adjusted
to conform to the transformed
geometry in all closed regions.

MAP =1 - no current density adjustment.

Note: if do not want any current density
adjustment (user has input the correct
density for the transformational geome-
try), MAP should not be input until
execution of POISSON/PANDIRA.

NCELL 1 1 For SUPERFISH:
The number of celis in multicell problems.
Not needed until execution of SFOI1, but in
AUTOMESH it defaults to 1.

CON(70) ICAL None 0 Indicator for type of formula to use for calcu-
lating current density.
ICAL = 0 - Use normal area formula.
ICAL = 1 - Use angle formula for calculating
the current associated with a
point or when accurate fields near
coil boundarics are needed.

CON(79) RHOXY None 1.6 The starting over-relaxation factor for the
irregular mesh generation.

® CON(R1) NOTE None 1 An indicator for determining the order ir

which points are relaxed.

NOTE = 0 - the order is air pointa, inter{ace
pointa, then iron pointa.
MUST be used for PANDIRA.
(See PANDIRA examples, Secs.
104 - 108.)

NOTE == 1 - the order is (air + interface)
pointa, then iron points,

(For SUPERFISH CON(81) = RSTEM and

need not be entered until running SFO1.)

Default is 1.0,
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Automesh Lattice

Number Name ~ Default Default Description

CON(84) EPSO None 10F - 5 The convergence criterion for mesh generat.on.
If program has trouble converging, iricreasing
EPSO might help

CON(128) TNEGC None 0.0 A parameter used in conformal transformation.
Input the total negative current in original
geometry. LATTICE stores the negative
transformed currents.

CON(124) TPOSC None 0.0 A parameter used in conformal transformation.
Input the total positive current in original
geometry. LATTICE stores the positive
transformed currents.

CON(125) RZERO None 1.0 The scaling factor of the conformal transfor-
mation.

w =z + MAP/(MAP » RZERO #+ (MAP-1))

where: (MAP = CON(37)) and normally,
RZERO = aperture radius.

where:

® -— quantities which are most frequently input
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In addition to the CON elements listed in Table 3-1, a user may at this time opt to change
the default values of any of the other CON elements listed in Chapters 5 and 6. Even
though these changes will have no effect in LATTICE, the changes will be carried through
to dump O on the output file, TAPE35, and be availabls to the other programs when needed.

The changes in the CON array are entered in the special free-format input as described in
Section 3.2.2. The following example illustrates the various options.

Example 0 2.54+466+21 1110 s

inputs: CON(9) = 2.54
CON(21) =1
CON(22) =1
CON(23) =1
CON(24) = 0
CON(46) = 8
explanation: * -— occurs before the first numbers of element for which subsequent
values will be input. Spaces (or commas) are the delimiters between
all input values and star elements. When several elements in a
row are to be changed, only the initial element need be indicated
by a “s,” as done abcve for 21,
8 -— designates the end of CON array changes. Since the above input

line will be read into CON array which has 125 elements, if an g,
meaning skip the rest, is not given, the program will inquire “?”
for more input uutil an “s”is given.

3.2.2 Format-Free Input Routine

The POISSON group programs use the format-fres input routine, FREE, which has one of
the following calling sequences:

CALL FREE (1, RAY1, N1)
CALL FREE (2, RAY1, N1, RAY2, N2)
CALL ¥REE (3, RAY1, N1, RAY2, N2, RAY3, N3)

where RAY1, RAY2, and RAYYS are the array (and/or variable) names into which N1, N2,
and N3 valuen, reapectively, are to be input.

The apecial characters and their functions used in FREE are listad below.
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sharacter function

+ Indicates the sign of the number (mantissa or exponents). The “+” sign is
- optional before the mantissa but needed for the exponent.

The decimal point is REQUIRED for all floating point numbers. Floating
point numbers may be entered in either fixed format (i.e., xx.xxx) or
scientific format (i.e., x.xxxxe+xx)

E The signed integer number following the letter “E” gives the power of ten
to which the previous floating point number is raised. No blank before
or after the “E” is allowed. The sign (“+” or “—") of the exponent must
follow the “L2".

| Store the number following “I” into the array location CON(I). Successive
input numbers will be stored into array locations: CON(I), CON(I+1),
COM(I+2), etc.

RN Store the last input number, “N” times into the array locations: CON(I),
CON(I+1), CON(I+2). . . . through (I+N). A blank separating the
previous input number and the “R” is optional.

S Skip the rest of the N1, N2, or N3 values requested in the call and go on
to the next array or return if the current arrey is the last array in the
argument list.

C Skip the reat of the N1, N2, or N3 values requested in the call, set N1,
N2, or N3 equal to the number of values input into the current array and
g0 on to the next array or return.

Blank Blank and comma are the only other .ion-numeric characters allowed in
, the input field, and one of these characters must be used to separate
input values.

Comments may follow the last “S,” “C,” or requirad number of data on any input line.
The example below ilustrates all the above features. A and B are dimensionad arrays, and
K is & single variable.

Calling sequence: N=100
CALL FREE(S,A,6,B,N,K,1)

wnput line: -3,4. +5.3E-2 R2 8 »20 .1R10 C 13 THI8 I8 AN EXAMPLE
In memory: A(1) = -3

A(2) = 4.0

A(3) = 0.063

A(4) = 0.063

A(8) = unchanged

B(1) thru B(10) = unchanged
B(20) thru B(29) = 0.1

N= 10

K= 13
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3.2.3 TAPE73 — Input to LATTICE

TAPE7?3, which is generated in AUTOMESH and written with the special free format, is
described in the preceding section, Sec. 3.2.2. Normally the user need not know the contents
or format of TAPE73. However, if the user is unsuccessfu! in correcting the listed errors in
either AUTOMESH or LATTICE, he might gain some insight by examing TAPET73.

Below are listings, followed by explanations, of the two TAPE73 files generated by
AUTOMESH in section 2.5.1., using the two input files HMAG and DTL.

The line numbers listed on the left are not part of TAPE73, but ure used as pointers for
explanations that follow.

TAPE73 created by input file HMAG

Line Line

No, No,

1 h-magnet test, uniform mesh 4/23/86

2+2 3+21 0100 *9 1.0000 skip 30 50 34 22.000C 13.0000
3 1 i 0.0000 0.0000 0 0 regior 40 1 34 0.0000 13.0000
4 1 1 0.0000 0.0000 41 1 6 0.0000 2.0000 coun
8 50 1 22.0000 0.0%00 42 3 1 -26455.7910 0.0000 0 1 region
6 60 34 22.0000 13.0000 43 14 1  6.0000 0.0000
7 1 34 0.0000 15.0000 44 33 1 14.8000 ©.0000
8 i 1 0.0000 0.0000 coun 456 34 2 14.5000 0.3029
9 2 2 0.0000 0.0000 01 region 46 33 3 14.8000 0.7887
10 1 8 0.0000 2.0000 47 34 4 14.6000 1.1786
11 13 6 65.1000 2.0000 48 33 B 14.8000 1.8714
12 13 7 §6.5000 2.4000 49 34 ©6 14 .8000 1.0643
13 14 8 B5.8000 2.8000 50 33 7 14.8000 2.3871%
14 13 o B5.8000 3.2000 B 34 8 14.8000 2.7600
16 14 10 5.8000 3.6000 62 33 0O 14.8000 3.1429
6 13 11 6.6000 4.0000 63 34 10 {4.5000 3.83587
17 14 12 5.5000 4.4000 B4 33 11 {4.5000 3.928¢
18 13 13 B5.6000 4.8000 36 34 12 14.8000 4.03214
10 14 14 B8.6000 6.2000 56 33 13 14.8000 4 .74
20 13 18 5.5000 6.6000 87 34 14 14.8000 6.1071
a1 14 16 5.8000 6.0000 68 33 18 14.8000 6 .6000
22 38 16 18.0000 6.0000 B9 14 18 66,0000 8.8000
29 3¢ 16 15.0000 6.6000 60 16 14 6.0000 6.1071
24 3 14 18,0000 8.3000 61 14 13 6.0000 4.7143
26 34 13 18.0000 4.8000 62 16 12 6.0000 4 3214
6 38 12 18.0000 4.4000 63 14 {1 6.0000 3.9280
27 34 11 18 0000 4.0000 64 16 10 6.0000 3.8387
20 38 10 18.0000 3.6000 66 14 0O 6.0000 3.1420
M M 9 18.0000 3 2000 66 18 8 6.0000 12.7600
30 38 8 {5.0000 2.8000 67 14 7 6.0000 23871
h IR 7 | 7 16.0000 2.4000 68 18 6 6.0000 1.0043
32 3% 6 18.0000 2 0000 60 14 8 6.0000 1.8714
3 M 5 18.0000 1.6000 70 16 4 6.0000 1.1780
34 38 4 18.0000 1.2000 71 14 3 6.0000 0.7887
M M 3 18 0000 0. 8000 72 18 2 6.0000 0.3020
36 a8 2 18.0000 0O 4000 73 14 { 6 0000 0.0000 coun
37 M 1 16 0000 0 0000

38 b0 1 22.0000 0. 0000

39
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No. 1: Title line, with blank in column 1 for POISSON/PANDIRA/MIRT problem.
2: CON variables that have been set by AUTOMESH.
{See Table 3-1 CON Variables for LATTICE for more detail.)

CON(2) = 3 - NREG - total number of regions.

CON(21) = 0 - Boundary conditions set up for upper, lower,
CON(22) = 1 right and left boundaries, respectively, of the
CON(23) = O rectangular region of the problem.

CON(24) = 0

CON(9) = 1.000 - CONV - coordinates are in centimeters.

skip — The “s” designates end of CON entries; any

comments may follow “s”.
3: This is the region entry line. LATTICE expects six entries. The variable
names are identical to REG NAMELIST variables, so refer to Table 2-1
REG NAMELIST VARIABLES for more detail.

IREG = 1 - The region number.

MAT = 1 - The material number for this region.
MAT = 1 - air region, when CUR = 0.

CUR = 0.0000 - The total current, if a coil region.

DEN = 0.0000 - The current density, if a coil region.

ITRI = 0 -- The type of triangle for the mesh.
ITRI = 0 - equal weight, isoceles triangle.

IBOUND = 0 - The special region boundary indicator.
IBOUND = 0 - Dirichlet boundary for this
region.

region ~ A comment. No “s” is required since the

maximum number, (6), of entries is giv- .
4-7: Each line lists the horizontal and vertical mesh numbers and the corresponding
coordinates. (f.c., line 5: horizontal mesh number = 50 for horizontal coordi-
nate = 22. cm., vertical mesh number = 1 for vertical coordinate = 0. cm.)

8: Mesh pointr and coordinates identical to line 4, to form a closed region.

coun ~ The “c” designates both end of entries and to
count and store number of boundary point entries
for thia region.

9. Second region line entry.

IREG = 2 - Region number 2.
MAT = 2 - Iron region.
IBOUND = 1 -~ Neumann boundary for this region.

3-10
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Line
No. 10-41:

42:

43-73:

Lists mesh point numbers and their corresponding coordinates for region 2
as described in lines 4-8.
Third region line entry.

IREG = 3 - Region number 3.
MAT =1 - Coil Region since CUR # 0.
CUR = -—25455.7910 - The total current in amps. The sign indi-

cates the direction of the current vector:

+ ‘“into the plane of the paper”;

~ ‘“out of the plane of the paper”.
Lists mesh point numbers and their corresponding coordinates for region 3
as described in lines 4-8.
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DTL TAPE73
Line Line
No, No,

1 isuperfish dtl test problem 26 18 1 4.2843 0.0000
22 4211011+ 1,0000 27 1 1 0.0000 0.0000
3 +36 14 *37 1 skip 28 2 1 0.0000 0.0000 0 1 region
4 1 i 0.0000 0.0000 0 1 region 29 1 24 0.0000 5.0000

6 1 1 0.0000 0.0000 30 18 24 4.2843 5.0000 coun
6 1 24 0.0000 5.0000 31 3 1 0.0000 0.0000 0 1 region
7 1 29 0.0000 7.0000 32 1 29 0.0000 7.0000

8 1 47 0.0000 21.1000 33 18 29 4.2843 7.0000 coun
) 18 47 4.2843 21.1000 34 4 1 1.0000 0.0000 O -1 region
10 18 29 4.2843 T7.0000 36 18 47 4.2843 21.1000 coun
11 18 24 4.2843 5.0000 36 14001 1 0 1 1 24
12 18 20 4.2843 4.0302 37 1 24 0 1 1 29
13 8 20 1.8482 4.0302 38 1 29 0 1 1 47
14 T 19 1.6046 4.0302 39 1 47 i 0 18 47
18 ¢ 190 1.3634 3.0683 40 18 47 o -1 18 29
16 6 18 1.1821 3.7977 41 18 20 o -1 18 24
17 &5 17 1.1066 3.5608 42 18 24 o -t 18 20
18 6 ! 1.0016 3.3344 43 18 20 -1 0 7 19
19 6 16 1.0778 3.1081 44 7T 19 -1 0 6 17
20 ] é 0.9532 1.0712 45 6 17 1 -1 4 6
21 4 [ 0.9304 0.8448 46 4 b 1 -1 ¢ 3
22 6 4 0.9769 0.6741 47 (] 3 1 0 18 3
23 6 3 1.0066 0.5469 48 18 3 o -1 18 1
24 6 3 1.2637 0.5000 49 18 1 -1 0 b 1
a6 18 3 4.2843 0.5000

Line

No, 1: Title line with non-blank character in column 1.

2: Comparadble to the HMAG file described previously.
3:  Additional CON variables for SUPERFISH problem.

28-33:

34:

35:

CON(36) NSG = 14 - The number of boundary segmeats whose
parameters are listed in lines 36--49.
CON(37) NCELL =1 - The number of cells.
Comparable to the HMAG file, line 3, described previoualy.
Each line liste the horizontal and vertical mesh numbers and the corres-
ponding coordir.ates as described in HMAG, line 4-7.
Addition of two line regions at location where vertical meosh size doubles,
followed by their coordinates.
Drive point region - IBOUND == -1,
Drive point coordinates (upper right hand corner, default)

3-12
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Line
No, 36: First number is NSG #100 = 14 * 100 = 1400.
The rest of this line and the following 13 lines (a table of NSG values) give:

1 1 0 1 1 24
1 24 o 1t 1 2
20 0 1 1 47

18 1 1

0
LI B A
t 1 [K L ENDING POINT OF SEGMENT ]

1
o1
t 1
t 1 T 1
t 1 [AK AL FARCM STARTING TO 2ND POINT ]
t 1

L

(K STARTING POINT OF SEGMENT ]

where: K, L are horizontal, vertical mesh point numbering.
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3.3 Output from LATTICE

LATTICE generates two output files — TAPE35, dump 0 and OUTLAT — and, if run
interactively, prints output messages at the terminal.

In a suczessful run, LATTICE outputs:

1. To OUTLAT file and to the terminal:

¢ 1O error messages

e the messages: iteration converged
elapsed time = (--) sec.
generation completed
dump number O has been writter on tape3b

2. To dump 0 on TAPE35:

e binary information needed for the execution of any of the programs ~
POISSON, PANDIRA, MIRT, SUPERFISH, and/or TEXPLOT.

In this case, the user need not be concerned any further with the contents of the output files.

However, the user may print or examine the ASCII file, OUTLAT, with any editor, but
not the binary file, TAPE35. Most of the relevant information listed in OUTLAT is self-
explanatory, including error and diagnostic messages. The last part of OUTLAT lists the
complete CON array variable names and values. Those elements that have been changed
in the input to LATTICE are flagged by “CON” preceding the element number. For more
information of the contents of files OUTLAT and TAPE35, dump O consult POISSON/
SUPERFISH Reference Manual.

3.4 Diagnostic and Error Messages

LATTICE lists all of diagnostic and error measagea to the output file, OUTLAT, and aome
to the terminal if run is interactive. An explanation of the common terminology used in
these messages is listed below.

1. K, L The mesh point numbering for the horizontal and ver ical
coordinates.

2. X, ¥ The horizontal, vertical coordinates, respectively.

3. 1.PRIME, LFRIME The mesh point numbering for the second of the two coor-
dinates.

4. (--) Means the computer prints out the value.
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3.4.1

Messages Containing “DATA ERROR”

These messages are issued whenever LATTICE encounters any errors in reading the input
file. Mostly, such errors occur when a user creates his own input file for LATTICE. If the
input file for LATTICE has been generated by a successful AUTOMESH run, it is unlikely
there viould be any errors. In any case, the errors issued are self-explanatory. The user need
only correct the identified error in the output file and rerun,

LATTICE checks for two types of errors — format and content — and takes different
action, accordingly. These two types are described below.

1.

--- INPUT DATA ERROR ---

These types of error messages are printed from the subroutine FREE whenever
the input data is not in the special free-format entry. These messages, which are
listed both in the file OUTLAT and printed at the terminal, are self-explanatory.
The input line that is in error is also listed. If the run is interactive, the user is
given an opportunity to re-enter the line in error. If the run is non-interactive,
LATTICE aborts immediately; the user should correct the specific error in the
input file and rerun the program.

DATA ERROR ---

Thesc error messages are written to the file, OUTLAT, from subroutine REREG
whenever the routine encounters orrors while checking the contents of each input
line. The complete input file is processed and, if any error message has been
written to OUTLAT, LATTICE will print the following message at the terminal
and to OUTLAT before aborting:

the errors in the input file that are listed above
in output file, out)at, have caused thia run to be
aborted. examine outlat, correct errors in input
file and rerun or if dimensional problem, recompile.

The user should examine all these aclf-explanatory error messages in OUTLAT
and make the recommended chianges.
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3.4.2 Messages Containing “ERROR EXIT”

1. ~--- FRROR EXIT --- TWGC MESH DATA POINTS WITH A DIFFERENT K, L HAVE THE
SAME X, Y COORDINATES
Followed by the printout of two coordinates which have same value but different
mesh point numbering.

1a. LATTICE writes these messages to the file OUTLAT if these errors are encoun-
tered while the program is calculating the current density in the subroutine
GENOR and function ANGLF. The complete current region mesh points are
processed before LATTICE prints to OUTLAT and to the terminal the message
below and then terminates.

errors listed above in output file, outlat, have
caused this run to abort. errors probably due to
mesh problems. reduce mesh size and rerun.

2. . --- ERROR EXIT --- IN SBUB. ANGLE COST = (--) AT KO = (--) LO = (--)
The program has found a cosine value greater than 1.0 at mesh point numbering
(KO, LO). See 1a. above.

3. ~-- ERROR EXIT ~--- NWMAX EXCEEDS PROGRAM DIMENSIONS UF (--) ...
Prints to OUTLAT and the terminal from subroutine PRELIM and aborts imme-
diately; make the recommendod changes and recompile.

3.4.3 Maessages Containing “TROUDLE” and “WARNING”

{. ~«-- TROUBLE ---DIMENSIONS FOR NO. OF SE£(MENTS EXCEEDED N8G OF (~-) ...
Prints to OUTLAT and terminal and immedinately aborts. Message from main
program,; follow instructions and recompile.

2. =--- WARNING ---THE MESH HAS NEGATIVE AND/OR ZERO ARFA TRIANGLES
LATTICE writes to the file OUTLAT a message whew.ver it encountars a negative
or zero area in subroutine FILPOT, followed by the three coordinates that make
up this triangle. The program proceases the triangles of all regions before printing
above message to OUTLAT and terminating. Message from main program; follow
instructions.

3. ~--- WARNING ---THE NUMBF'" OF INTERIOR POINTS=0 ..,
Mesnage from subroutine SETTLE is self-explanatory.
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8.4.4 Miscellaneous Messages

1. THE ABOVE REGION IS NOT CLOSED.
This message is output to OUTLAT from subroutine REREG and is only a warning.
User should check that the same values for the first and last coordinates for this
region are specified if a closed region with interior points is desired.

2. ITERATION TERMINATED---MAXIMUM NUMBER OF CYCLES.
This message is output to OUTLAT from subroutine SETTLE and is only a warning.
The mesh generation did not converge to the required accuracy after 100 iteralion
cycles. Run is continued with present mesh. User could try running the problem with
this mesh or cut mesh size and rerun.
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3.5 Examples of LATTICE Runs

Sections 2.5.1 and 3.5.2 list the execution of LATTICE on the CRAY computer using the
TAPE73 files generated by AUTOMESH from the HMAG and DTL input files, respec-
tively. In both problems, since no CON variables need to be changed, an g is typed when
LATTICE inquires for CON input.

3.5.1 LATTICE Run — H-Shaped Dipole Magnet

Using the TAPE73 that AUTOMESH generated for HMAG, the user types only the
underlined quantities.

dattice
?type input file name
tape73

beginning of lattice execution
dump 0 will be set up for poisson
h-magnet test, uniform mesh 4/23/86

?7type input values for con(?)
T 8

elapsed time = 0.6 sec.

Oiteration converged

elapsed time = 0.8 aec.

generation completed

dunp numbexr O has been written on tape35.

stop

lattice ctss time 1.084 neconds
cpu= 604 1/o0 420 mem= 002
all done

At this point, the user can instruct TEKPLOT (instructions in Chapter 4) to create a
graph of LATTICEs gonerated mesh as shown in Fig. 8 -1(b).
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(a) Initial LATTICE regular triangular mesh.
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(b)  Final LATTICE “relaxed” irregular triangular mesh to coincide with the physical
boundaries.

Fig. 8-1: Triangular mesh configuration in LATTICE for the H-shaped magnat.
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3.5.2 SUPERFISH Run — Drift-Tube Linac Cavity

Using the TAPE73 that AUTOMESH generated for the DTL input file, the user types only

the underlined quantities to execute LATTICE.

lattice
7type input file name

? tago?S

beginning of lattice execution
dump O will be set up for superfis
l1superfish dtl test problem
7type input values for con(?)
7T a
elapsed time = 0.6 sec.
Oiteration converged
elapsed time = 0.5 sec.
generation completed
dump number O has been written on tape3b

stop

luttice ctes time .764 seconds

cpu= . 204 i/o .401 menm= .060
all done

o

>
>
l

.
.

pred. teupsrfioh (S| teet prediee /req o 0. 000

Fig. 8 2: Merah generated by LATTICE

for orift-tube linac cavity,

At completion of LATTICE, the program TEKPLOT (see Chaprer 4) croates the graph

shown on the right, Fig. 3-2,
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4.1 The Job TEKPLOT Performs

TEKPLOT is an interactive program which provides a graphical display of the data gen-
erated by most of the programs in the POISSON/SUPERFISH Group Programs. It will
plot the:

e physical boundaries and mesh resulting from a LATTICE run
e equipotential lines resulting from a POISSON/PANDIRA/MIRT run
o field lines resulting from a SUPERFISH/SFO1 run.

TEKPLOT requires access to the graphics package PLCT10. If PLOT10 is not available on
your system, the 9 calls to this package that are described in the baginning of the source
file TEKSO will have to be replaced by calls te an available package.

4.2 The Input to TEKPLOT

The input to TEKPLOT is read using the format-free input routine described in Chapter 3
on LATTICE, in Section 3.2.2. The user is nov required to read this section; the input to
TEKPLOT is fully explained in this section.

Table 4-1 contains a list of all variables used in TEKPLOT for which the user can supply a
value. These varinbles, along with their default values and a brief description, are listed in
alphabstical order.

If all the default values in Table 4--1 are sufficient for your purposes, they do not need to be
entored. Instead, onter g to signal that the default values are acceptable and you want to
proceed with execution. However, if you want to change the value of a variable, all preced-
ing valuos must be entered as well, even if they are default values, and separated by spaces.
Aun g may then be entered.

Values for floating point variables must contain a decimal point.
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Chapter 4 TEKPLOT 4.2 The Input to TEKPLOT

The interactive program TEKPLOT may be viewed as a large loop that creates a desired
plot. This loop is execute< until a negative value is given to the variable NUM. NUM
represents the Dump Number on TAPE35 containing the data to be used in creating the

plot.

This loop includes 4 prompts: 3 regular and routine, 1 optional:

Prompt 1:

Prompt 2:

Optional
Prompt:

Prompt 3:

?type input data- num, itri, nphi, inap, aswxy

?

solicits information concerning the big picture for the current plot.
For example, this is where the value for the dump number, the exit
from TEKPLOT, the inclusion of the mesh, the receipt of the optional
prompt, and the orientation of the X and Y axes are determined.

7type input data- xmin, xmax, ymin, ymax
?

gives the user an opportunity to choose which section of thke larger
picture will be plotted. The smaller the section, the more the detail.

?type input data- amin, amax
?

allows the user to choose the minimurn and maximum values

of the equipotential/field lines. To receive this prompt, the variable
INAP in Prompt 1 must be set.

?type go or no

?

provides the user with the opportunity to correct the given input

for the current plot. A1 ly of go will clear the screen aud create
the plot, a reply of ng will return the user to Prompt 1 to repeat

the input process.
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TABLE 4-1
REG VARIABLES FOR TEKPLOT
Variable Default  Description
AMIN 0 The minimum value for the equipctential /field lines to be plotted.
AMAX 0 The maximum value for the equipotential /field lines to be plotted.
INAP 0 This flag indicates whether the additi.nal prompt is desired to

cet the minimum (AMIN) and maximum (AMAX) values for the
equipotential/field lines to be plotted. This indicates that the
user is interested in a particular range.

INAP = 1 - read in user-defined values for AMIN and AMAX.
INAP = 0 - accept default values for AMIN and AMAX.
Values plotted are: (AMIN + DELTA) to
(AMAX ~ DELTA) in steps of DELTA
where DELTA = (AMAX - AMIN)/(NPHI + 1).

ITRI 0 This flag indicates whether the triangular mesh is plotted.
ITRI = 0 - triangular mesh is not plotted.
ITRI = 1 - triangular mesh is plotted.

NPHI 0 The value of this variable specifies the number of equipotential
lines plotted. The program does not plot the minimum or max-
imum potential values, one of which is usually a point. For most
problems, a good number for NPHI is betwgen 20 and 30.

POISSON/PANDIRA/MIRT - equipotential lines are 2-dimen-
sional field lines or flux surfaces.

SUPERFISH - rHgy = constant lines which are
proportional to electric field lines.

NSWXY 0 This flag indicates whether an interchange of the x and y axes
on the plot is desired.
NSWXY - 0 - no interchange.
NSWXY :- 1 - interchange.

NUM 0 This variable indicates the location (dump number on TAPE35),
of the data to be used in creating the plot.

XMAX XMAX  The values for these variables specify the limits for each plot,

XMIN XMIN which may be any part of the problcn. Setting these limita in
YMAX YMAX  TEKPLOT doea not affect the problem definition UIT these
YMIN YMIN values are allowed to default, the entire problem area will be plotted,
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4.3 The Output from TEKPLOT

In addition to the generation of plota sent to the user’s terminal, TEKPLOT creates a file
called OUTTEK. This file is only created if fieid lines have been drawn and contains a list
of the plotted potential values. This file is for the user’s information and is rarely used.

4.4 Error Message

There is only one error message for TEKPLOT. It is sent to the terminal with the current
line of data from the subroutine FREE whenever the input data is not in the special
free-format:

--- INPUT DATA ERROR ---

Following this notice, the user is provided with information detailing the nature of the
error. The user is then provided with the opportunity to re-enter the line.

RETYPE LINE
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4.5 Examples of TEKPLOT Runs

Sections 4.5.1 and 4.5.2 describe the execution of TEKPLOT on a CRAY computer using
the file TAPE35 generated by POISSON Group Programs from the original input files to
AUTOMESH, namely HMAG and DTL.

4.5.1 TEKPLOT Run — H-Shaped Dipole Magnet

After AUTOMESH and LATTICE have been run, the user may check the problem
geometry and the appearance of the triangular mesh.

tekplot
?type input data- num, itri, pohi, inap, nswxy,
L

input data
num= O itrie= 0 nphi= 0 inap= 0 nswxy= O
plotting prob. name = h-magnet test, uniform mesh 4/23/86 cycle = 0
?type input data- xmin, xmax, ymin, ymax,
7 1
input data

xmin= 0.0000 xmax= 22.000 ymin= 0.0000 ymax= 13.000
?type go or no

T g

To check the problem geometry, values for all the variables are allowed to default. A
carriage return after go will clear the screen and produce Fig. 4-1.

TEKPLOT will only plot CLOSED regions. If the regicn is not plotted, check the input file
to AUTOMESH to assure a closed region (first and last point of the region must be the
same).

When the user is ready to continue, a carriage return will clear the screen and TEKPLOT
will continue with execution.

To produce a graph of the triangular mesh, the following is entered:

Ttype input data- num, itri, nphi, insp, nswxy,
T Qls

input data
num= 0 ditri= 1| nphi= 0 inap~ 0 nswxy~ O

plotting prob. name = h-magnet test, uniform mesh 4/23/85 cycle = 0
type input data- xmin, xmax, ymin, ymax

a
input data

xmin= 0.0000 xmax= 22.000 ymin= 0.0000 ymax= 13.000

Ttype go or no
L 1

Although the defsult value for NUM is 0, the variable I'"RI must be set, therefore both
values are entered and all other values are allowed to default by entering the g. A carriage
return aftor go will clear the screen and produce Fig. 4 2.
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Fig. 4-1: Geometry outline for the H-shaped dipole magnet.
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Fig. 4 2: Menrh for the H-shaped dipole inagnet.
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When the user is ready to continue, a carriage return will clear the screen and TEKPLOT
will continue with execution To exit ''EXPLOT, a negative value is assigned to the
variable NUM and a is entered to avoid further entries.

7type input data- num, itri, nphi, inap, nswxy,

? -1!
tekplot ctss time .766 second:
cpu= .031 i/o= .681 mem= .0B63
all done

After the execution of POISSON, the user can plot the field lines.

tekplot

7type input deta- num, itri, nphi, inap, nswxy,

7T 102089

input data

pum= 1 itri= 0 nphi= 20 ipap= O nswxy= 0
plotting prob. name = h-magnet test, uniform mesh 4/23/86 cycle= 370
?7vype input data data- xmin, xmax, ymin, ymax,

S )

input data

xmin= 0.000 xmax= 22.000 ymin= 0.000 ymax= 13.000
?iype go or no

LA
After POISSON has been run, only dump numbers 1 or greater are of interest. The
triangular mesh is not desired and, for this example, we chose to look at 20 field lines.

A carriage return after go will clear the screen and produce Fig. 4-3.

When the user is ready to continue, a carriage return will clear the screen and TEKPLOT
will continue with execution. To exit TEKPLOT, a negative value is assigned to the
variable NUM and g is entered to avoid further entries.

?type input dste- uus, itri, ophi, inap, newxy,
? -

tekplot ctss time .561 seconds
cpu= 037 1i/o= .480 mem= .044
all done
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4.5.2 TEKPLOT Run — Drift-Tube Linac Ceil

After AUTOMESH and LATTICE have been run, the user may sheck the problem
geometry and the appearance of the trianguler mesh.

To check the problem geometry, values for all the variables are allowed to default. A
carriage return after go will clear the screen and produce Figure i—4.

tekplot
Ttype input data- num, itri, nphi, inap, nswxy,
?
(O }
input data
num= 0 4tri= 0 nphi= 0 inap= 0 neswxy= 0
plotting prob. name = superfish dtl test problem cycle = 0O
?type input data- xmin, xmax, ymin, ymax
]

xmin= 0.0000 xmax= 4.284 ymin= 0.0000 ymax= 21.101
?type go or no

L

TEKPLOT will ouly plot CLOSED regions. If the region is not plotted, check the input file
to AUTOMESH to assure a closcd region (first and last point must be the same).

When the user is ready to continue, a carriage return will clear the screen and TEKPLOT
will continue with execution.

To produce a graph of the triangular mesh, the following is entered:

Ttype input data- num itri, nphi, inap, newxy,
T Q1
input data
num O itri= 1 nphi= O inap= O newxy= 0
plotting prob. name = superfish dtl test problem cycle = 0
Ttype input data data- xmin, xmax, ymin, ymax,
[ ]
input data
xmin= 0.000 xmax= 4.284 ymin= 0.000 ymax= 21.10%
Ttype go ox no

L

Although the default value for NUM is 0, the variable ITRI must be set; therefore both
valuee are entered and all other valuea are allowed to default by entering the g.

A carriage return after go will clea the screen and produce Fig. 4 5.

When the user i3 ready to continue, a carriage return will clear the screen and TEKPLOT
will continue with execution. To exit TEKPLOT, a negative value is asaigned to the
variable NUM and g is entered to avoid further entries.
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Fig. 4 8:
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7type input data- num, itri, nphi, inap, nswxy,

? -1
tekplot ctss time 1.575 seconds
cpu= .128 /o= 1.327 mem= .120
all done

After the execution of SUPERFISH, the usc can plot the electric field lines (r Hg = const.).

After SUPERFISH has been run, only dump numbers 1 or greater are of interest. The
triangular mesh is not desired and, for this example, we chose to look at 20 equipotential
lines.

togglot

7type input data- num, itri, nphi, inap, newxy,
102038

input data
num= § itri= 0 nphi= 20 inap= O nswxy= O
plotting prob. name = superfisa dtl test problem cyrla = 3
Ttype input data- xmin, xmax, ymin, ymax,
a
input data

xmin= 0.0000 xmax= 4.284 ymin= 0.0000 ymax= 21.101
?type go or no

T go
A carriage return after go will clear the screen and produce Fig. 4-8.

When the uscr is ready to continue, a carringe return will clear the screen and TEKPLOT
will continue with execution. To exit TEKPLOT, a negative value is assigned to the
variable NUM and g is entered to evoid further entries.

Ttype input data~ num, itri, nphi, inap, nswxy,

LD N |

tekplot ctas time 1.260 seconds
cpu= .298 1/0= .840 mem= . 112
all done
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5

Fir Electric field lines (r//, := const.) for the drift-tube linac cell.
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5.1 The Job POISSON/PANDIRA Perform

POISSON and PANDIRA are two independent programs which solve the Poisson equation for
magnetostatic (electrostatic) problems with nonlinear isotropic iron (dielectric) and electric cur-
rent (charge) distributions for two dimensional Cartesian or three-dimensional cylindrical geom-
etry. POISSON utilizes the successive pcint over-relaxation method for the solution of the equa-
tions while PANDIRA directly solves the block tridiagonal system of difference equations. After
solving the equations, both programs compute the derivatives of the potential to obtain the fields
and their gradients and calculate the stored energy.

In addition, these prograins have the option to:

e solve fixed potential problems.

e use infinite or a fixed constant permeability /permittivity value.

e read up to three different permeability tables or use internal table (very low carbon steel).
¢ perform harmonic analysis of the potential.

¢ do conformal mapping (POISSON only).

¢ solve permanent magnet problems (PANDIRA only).

« use anisotropic mawrials (PANDIRA only) for solution of residual field problems.

In general, either POISSON or PANDIRA may be used to calculate any of the above quantities,
except those specifically identified. If either POISSON or PANDIRA has trouble converging, we
recommend using the other program.

The input, output and execution of POISSON and PANDIRA are nearly identical, Thus they will
be discussed together in this chapter and any differences will be clearly identified.

5.2 Terminology Used in POISSON/PANDIRA

“word1”(“word2”) -~ when describing magnestostatic and electrostatic quantities,
“word1” refers to a magnetostatic quantity; “word2” in
parentheses refers to an electrostatic quantity.

air region - a region in which the rolative permeability (permittivity) == 1.0
iron(diclectric) region - a region in which the rulative permeability (permittivity)
is & coustant ¥ 1.0 defined by a linear function or given by
a nonlinear table.
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5.3 Standard Input to POISSON/PANDIRA

All input, both standard and optional, to POISSON and PANDIRA are read in by the internal
format-free subroutine, FREE. A FREE eniry assumes, according to Fortran conventions, that
variables beginning with I, J, K, L, M, and N are integers and all others are floating point vari-
ables; all floating point numbers must be entered with a decimal point. Each particular POIS-
SON/PANDIRA entry will be given and its format explained below, but if more information is
desired for FREE, refer to Sec. 3.2.2. Data may be entered either from an input file by specifying
the name of the file or directly from the terminal by typing “tty.”

Standard input refers to input data that is required (vs. optional input) for the execution of the
programs. This standard input consists of two groups of input data-the NUM input and the CON
array input.

5.3.1 NUM Input

NUM is an integer value specifying the dump number of TAPE 35 that the executing program
reads and processes if NUM > 0, or terminates if NUM < 0. This is the first and last line entry
for all the POISSON Group Codes, except AUTOMESH and LATTICE.

LATTICE generates dump 0 after a succesaful run. POISSON/PANDIRA begin execution with
the reading in of NUM (NUM = 0, for start of new problem) and at completion generate a new
file with dump number incrnmented by one (i.e., NUM + 1 — NUM). This feature allows a user to
continuc a run that has not, converged or to calculate and >rint out auxiliary quantities that had
not been done in the previous run.

In summary:

NUM =0 - start of a new POISSON/PANDIRA run.
NUM > 0 -~ continue from previous POISSON/PANDIRA run,
NUM < 0 - terminate execution of POISSON/PANDIRA run.

Since only one value, NUM, in expected for this entry, no “s” is needed to indicate end of this in-
put.

5.3.2 CON Array Input

The CON array—a one dimensional array of 125 elements apecifying varions paramoters and options

is the aame CON array discussed in LATTICE, Scc. 3.2.1. The CON input values to POISSON/PANDIRA
can change pravioasly defined CON values, which were road from TAPE 36 dump (> 0), or spec-

ify values which are used only in POISSON/PANDIRA runs and were not input in LAT'TICIE or a
previous POISSON/PANDIRA run. Unleas all 126 entries are given, this entry, which may conaist
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of more than one line, must end with an “s.” (An example of a CON array entry is given at the
end of Sec. 3.2.1.)

A complete list of the CON array for POISSON/PANDIRA programs is given in Table 5-1. The
CON elements are grouped according to function to facilitate in identifying all variables that per-
form a given function. To make the group complete, the CON variables, which must be innut to

LATTICE if they are to have any effect, are also included, but are identified with “LATT .CE in-
put only.”

A complete numerical and an alphabetical list of all 125 elements for POISSON/PANDIRA/MIRT
variables are given in Appendix C.

5-4
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JABLE 5-1
ON VARIAB POISS IR

© - denotes quantities most frequently input

Number Name Default Description
5-1.1 Basic Problem Parameters

CON(2) NREG LATTICE input only.
© CON(6) MODE -2 The permeability code in iron.

MODE = -2 - u-infinite in iron.
= -1 - p-finite, constant and defined by CON(10)
= FIXGAM, (v = 1.0/p).
= 0- Option a function of REG NAMELIST

parameter MAT. (See Table 2-1.)

MAT = 2 - u-finite and defined by internal
table (very low-carbon steel) or
user-defined constant permeability/
permittivity or
user-defined stacking (fill) factor

3 < MAT < 5 - u-finite and defined by

tablel - tabled. or
user-dcfined constant permeability/
permittivity or

user-defined stacking (fill) factor.
6 < MAT < 11 - permanent magnet material
with a user-defined B(H) function.

CON(7) STACK 1.0 Stacking or fill factor for iron regions using MAT =2
(See above CON(8).)

CON(9) CONV 1.0 LATTICE input only.

CON(10) FIXGAM .004 The value of v (= 1.0/u) used in a u-finite but constant solu-
tion. [CON(6) == MODE = -1} (Sec example, Sec. 10.7.)
Also used to initialize v for u-finite and variable [CON(8) -

MODE : 0],

CON (18) NPERM 0 The nuinbar of permeability functions to be read in as data,
NPERM # 0 must set CON(6) -- MODE =: 0 and the
first optional input data listing the perme-
ability /permittivity functions and/or
tables must foliow the CON array entry
(wee Sec. 65.4.1).

5-6
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Number Name Default Description

® CON(19) ICYLIN 0 Coordinate system indicator
ICYLIN = 0 - Cartesian (x,y) coordinates
= 1 - cylindrical (r, z) coordinates
(horizontal — x — r)
(vertical -+ y — z)

$-1.2 Boundary Conditions
CON(20) INPUTA 0 The number of special fixed potential values to be read in
as data by POISSON/PANDIRA.
INPUTA > 0 - second optional input data listing mesh
points and fixed potential values must be
given (see Sec. 5.4.2).
CON(21) NBSUP 0 LATTICE input only.
CON(22) NBSLO 1 LATTICE input only.
CON(23) NBSRT 0 LATTICE input only.
CON{24) NBSLF 0 LATTICE input only.
CON(50) IHDL 100000 The nurnber of cycles between making a quasi-integral
H - dl calculation around the Dirichlet boundary during
POISSON iteration. Decreasing IHDL sometimes speeds
the convergence, particularly for nonsynunetric “H” nag-
nets.
£-1.3 Limits, Printed Qutput and TAPE35 Durap Opiions
CON(30) MAXCY Maximum numoer of iteration cycles.
100000 POISSON. (If not converging, decrease MAXCY and
rerun to get a dump).
20 FANDIRA. (If terminates before convergence, increase
MAXCY and continue from current dump).
® CON(31) IPRFQ 0 An indicator for the ¢y cle iteration print froquency for

POISSON only.

IPRFQ = 0 - POISSON determines frequency print,
IPRFQ > 0 - Printa evory IPRFQ cyclen,

IPFRQ must be a multiple of IVF * . CON(BT).

5-6
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Number Narme Default Description

® CON(32) IPRINT 0 An indicator for additional printout
IPRINT = -1- LATTICE input only.
= 0 — nn additional printout.

1 - print the vector potential array.

= 2 - print the |B| in iron regions.

= 4 - print the B,, B, in iron regions

= sum — a combination of any of the above three
cptions (i.e. IPRINT=7=1+2+4
will give all three options).

CON(34) INACT -1 An ind:icator used in interactive POISSON/PANDIRA
run to allow user interaction.
INACT = -1 - no interaction.
= 1 - program stops at each iteration cycle,
queries the user and proceeds according to
typed value:
GO - continues to next iteration.
IN - inquires for new CON values
before proceeding to next iteration.
NO -- run terminates and results are
written on TAPE35 and on
OUTPOI/OUTPAN.

CON(35) NODMP 0 An indicator to write TAPE35 dump at completion of
POISSON/PANDIRA run.
NODMP = 1 -- do not write dump.
= 0 -~ write dump.

57
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Number Name Default Description
tions (Field G
CON(38) XORG 0.0 The real part of z, used to specify the origin in the

polynomial expansion for vector potential.

A(x,y) = Re[Y cn(z — z,)"], the derivatives of which
give the field and gradient.

XORG = 0.0 for cylindrical coordinates.

NOTE: For programs PRIOR to 11/10/86 if XMIN # 0.,
user MUST set XORG = XMIN for correct
field calculation. XMIN is a REG NAMELIST
parameter, (Sec. 2.2.2), and not the XMIN
of CON(54).

CON(39) YORG 0.0 The imaginary part of 2, described in CON(38).

NOTE: For programs PRIOR to 11/10/86 if YMIN # 0.,
user MUST set YORG = YMIN for correct
field calculation. YMIN is a REG NAMELIST
parameter, (Sec. 2.2.2), and not the YMIN

of CON(55).
CON(42) KMIN 1 The mesh point limits of the region in which the fields
CON(43) KTOP KMAX and gradients are to be calculated und written on file
CON(44) LMIN 1 OUTPOI/OUTPAN for noniron regions only.
CON(45) LTOP 1 [Use CON(32) for IRON regions).

Default value writes ficlds and gradients at all mesh
points on horizontal axis (L, = 1). To get values for all
geometry set LTOP to value of LMAX [KMAX, LMAX
values listed as CON(3), CON(4) in files OUTLAT and
OUTPOI/OUTPAN.] See example, Sec. 10.2.

5-8
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Number Name  Defanlt Description

©® CON(46) ITYPE 2 A code specifying the problem symmetry.

For Cartesian symmetry:

ITYPE = 1 — no symmetry.

ITYPE = 2 - midplane symmetry.

ITYPE = 3 - elliptic aperture quadrupole.
ITYPE = 4 - symmetric quadrupole.

ITYPE = 5 - skew elliptic aperture quadrupole.
ITYPE = 6 — symmetric “H” magnet or elliptical
aperture sextupole.

ITYPE = 7 — symmetric sextupole.

ITYPE = 8 - elliptic aperture octupole.

ITYPE = 9 — symmetric octupole.

For all of the above symmetry codes, except ITYPE = 1
or == 5, field lines are perpendicular to the x-axis.

For ITYPE = 5, the x-axis is a field line.

For cylindrical symmetry:
ITYPE = 1 - no symmetry.
ITYPE = 2 - midplane symmetry.
vector problems—field lines perpendicular
to r-axis.
scalar problems-—potential(v) lines ; -pen-
dicular to r-axis.
ITYPE == 3 - midplane symmetry for scalar probler only.
r-axis is a v=constant line.
NOTE: Ifin doubt to the type of symmetry, use
ITYPE = 1 or = 2 and set boundary conditions
by CON(21)-CON(24), (sce Sec. 2.2.5 and Table
3-1). For further detail on problem symmetry,
consult POISSON/PANDIRA Reference Manual,
(Sec. B.5.3.2).

CON(47) W2ND  0.125 The weight factor for the second nearest neighbors used

in determining the ¢, in the polynomial expansion for the
vector potential A(x,y) - Re[) o, (z - 2.)").

b-9
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Number

Name

Default

5.3 Standard Input

Description

CON(48)

CON(54)
CON(55)
CON(56)
COM(57)

5-1.5 Current Adjustment

CON(3)

CON(40)
CON(41)

® CON(66)

CON(87)

ISECND

XMIN
XMAX
YMIN
YMAX

BDES

KBZERO
LBZERO

XJFACT

XJTOL

0.0
0.0
0.0
0.0

1.0E+18

1.0

1.0E-4

Indicator for use of first or second neighbors in determin-
ing the ¢, above
ISECND = 1 - first ani second
= 0 - first neighbors only. (Use this option if a
problem has trouble converging.)

The vertical and horizontal limits of the region in which
the fields and the gradients are calculated for the com-
puted values of (x,y) or (r,z), (not necessarily on a mesh
point) and written on file OUTPOI or OUTPAN for
noniron regions only. The coordinates are computed by
starting from XMIN, YMIN and incrementing by

DX, DY where:

DX = (XMAX-XMIN)/(KTOP-1) [KTOP=CON(43)]
DY = (YMAX-YMIN)/(LTOP-1) [LTOP=CON(45)]
up to XMAX, YMAX (see example, Sec. 10.2).

The value of the field, |B| = BDES at mesh location
[KBZERO = CON(40), LBZERO = CON(41)}.

If BDES # 1.0E-+15, the current factor, XJFACT =
CON(66) will be adjusted so that |B| = BDES
within a tolerance XJTOL = CON(67) (see example,
Sec. 10.2).

The vertical and horizontal mesh coordinates specifying
the locavion of BDES [CON(8)] for adjusting the
current factor.

The factor by which ali currents and current densitica
(except current filementa) will be scaled.

If BDES := CON(8) is input, then current will be
adjusted as described above (see example, Sec. 10.2).
XJFACT = 0. - ancalar potential problem (no current).
(See example, Sec. 10.8.)

The tolerance on the detormination of XJFACT -
CON(66) for BDES - CON(8),
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Number Name Default Description
$-1.6 Current Options
CON(49) NFIL 0 The number of current filaments to be read in as

data by POISSON/PANDIRA.

NFIL > 0 - third optional input data listing mesh
points and current filaments must be
given (see Sec. 5.4.3).

CON(70) ICAL 0 LATTICE input only.
® CON(101) IPERM 0 Indicator for permanent magnet problem in
PAMDIRA only.

IPERM = 0 - not permanent magnet problem.
IPERM = 1 - a permanent magnet problemn. The
vector potential is initialized by either
a current region or by current filaments
([CON(49)] which the user MUST
input. (See PANDIRA examples,
Secs. 10.5 and 10.6.)

$-1.7 Over Relaxation Factors

CON(74) RHOPTI1 1.9 See CON(76) = RHOAIR.

CON(75) RHOAIR 19 The over-relaxation factor in POISSON for air and
interface points and for iron points with a constant,
but finite permeability.

RHOAIR = RHOPT1 - optimizes RHOAIR during
iteration.

RHOAIR # REOPT1 - RHOAIR not optimizes;
uses value assigned.

CON(77) RHOFE 1.0 The over-relaxation factor in POISSON for iron
points with a finite variable perineability.

CON(78) RHOGAM C.08 The under-relaxation factor in POISSON for 4
(:= 1./permeability) for finite variable permeability.

CON(79) RHOXY 1.6 LATTICE input only.

CON(80) ISKIP 1 The numbor of cycles botween rocalculating the 4

during a finite variable permenbility solution.

5 11
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Number Name Default

5.3 Standard Input

Description

® CON(81) NOTE 1

5-1.8 Cony Criteri

CON(84) EPSO 1.0E-5

CON(85) EPSILA 5.0E-7

CON(86) EPSILI  5.0B-7

CON(87) IVERG 10

5-1.9 Harmonic Analyses Parameters

CON(110) NTERM 0

LATTICE input only.
For PANDIRA, NOTE must be set to 0 in LATTICE.

LATTICE input only.

The convergence criterion for the potential solution of
air and interface points and for iron points with a
finite, but constant permeability.

The convergence criterion for the pctential solution of
iron points with finite variable permeability.
NOTE: For problem to converge, both values printed
under columns:

“residual-air” “residual-iron”
in file OUTPOI and the terminal 1aust be less
than EPSILA and EPSILI respectively. If
printed values are near EPSILA/EPSILI and
solution is not converging, increasing EPSILA/
EPSILI will force program to converge, with
less accuracy.

The number of cycles between convergence test. The
default value of 10 should not be altered if the option
to optimize the over-relaxation factor CON(.5) =
RHOAIR is used.

The number of coeflicients to be obtained in the har-
monic analyses of the potential, 0 < NTERM < 14,
See hartmonic analysis examples in Secs. 10.3 and 10.v.
(For complete discussion of harmonic analyses, refer

to POISSON/SUPERFISH Reference Manual.)
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Number Name Default

5.3 Standard Input

Description

CON(111) NPTC 0

CON(112) RINT

CON(113) ANGLE

CON(114) RNORM

CON(115) ANGLZ

The number of equidistant points on the arc of a circle
with its center at the origin, at which points the vecior
potential is to be interpolated. Fourier analysis of the
vector potential at these points yields the harmonic co-
efficients. NPTC should be approximately equal to the
number of mesh points adjacent to the arc.

0 < NPTC < 101.

The radius of the arc of a circle at which the vector
potential is to be calculated for harmonic analysis.
RINT should be less than the radius to nearest sing-
ularity (pole or coil) by at least one mesh space.

The final angle, in degrees, that defines tiie arc of the
circle with radius RINT = CON(112).

The aperture radius or other normalization radius used
in the harmonic analysis.

The initial angle, in degrees, that defines the arc of the
circle with radius RINT = CON(112). Both ANGLE and
ANGLZ are measured from the x-axie

21,10 Conformal Transformation Factors

CON(37) MAP 1

CON(123) TNEGC 0.0
CON(124) TPOSC 0.0

CON(125) RZERO 1.0

For POISSON:

A parameter in the conformal transformation

w = 5 » tMAP/[MAP¢«RZERO«+(MAP-1)]

where: RZERO = CON(125)

MAP =1 - po conformal transformation

MAP # 1 - conformal transformation with no current
density adjustment if MAP = 1 in
LATTICE [see CON(37) in Table 3-1].

LATTICE input only.
LATTICE input only.

LATTICE input only.
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5.3.3 Example of Minimum Input

The minimum data required for the execution of a POISSON/PANDIRA run consists of either a
file or a terminal entry with the following three lines:

0
8
-1
where:
0= NUM - reads dump O of TAPE35.
8 — no changes in the CON array.
(If any CON variables need to be input, they are entered here.)
—1= NUM - terminates run after convergence.

5.4 Optional Input

There are three sets of optional input data to the POISSON/PANDIRA programs. The particu-
lar optional input is designated by a CON array variable and follows the CON array entry in the
following order:

1. Permeability /permittivity function input if CON(18) # 0.

2. Fixed potential input if CON(20) > 0.

3. Current filament input if CON(49) > 0.

These inputs are discussed in detail in the sections below.
5.4.1 Permeabi!ity /Permittivity Function Input

The first optional data are designated by NPIERM == CON(18) # 0 and allow the permeability
functions in the iron regions to be defined in several different ways and/or to input constant per-
mittivity values. This input also permits, in PANDIRA only, the specification of anisotropic ma-
terials and the definiiion of a straight line B(H) for permanent magnet problems. These various
fcatiires are described in dotail.

A. Theinlernal table may be used with up to a maximum of four different stacking factors,
to define four different regions. Also, this option defines up to four different
v (= 1.0/(relative u)) for problems that use u-finite-but-constant values or up to four dif-
ferent permittivity (epsilon - relative) for dielectric materials. These features are oxar-
cisou by:

1. Setting the two variables in CON array:

CON(18) .= NPERM = - no. of stacking factors or
- no. of fixed 4 or ¢ values to be read in
CON(8) := MODE - 0.

n-14
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2. Entering INPERM| lines specifying the values for the three variables:
MATER STACK FXGAM,

where:
MATER - The material code to which the input permeability function ap-
plies (MATER = MAT variable in REG NAMELIST—TABLE
2-1). 2 < MATER < 5.
STACK - Stacking (fill) factor fur this material.
FXGAM - Fixed v for u-finite but constant value or iixed ¢ for dielectric
material.

This is FREE routine input entry so uses blank or commas as delimiters and an “s” if less
than three values are entered.

EXAMPLE A—Stacking and v Input
Line
No
1 18 -2 +60...8
2 3 088
3 b 1.0 .004

where:

Line 1: CON(6) = MODE = 0

CON(18) = NPERM = -2 - indicating | -2| = 2 stacking and/or
fixed v/epsilon will be input.

Line 2: specifies that regions with material code 3 will use the internal
permeability table with a stacking factor of 0.8. (Note an “s” is
used to indicate end of line entry since the third input value is not
given.)

Line 3: specifies that regions with material code 5 will use a fixed gamma

I

value = .004 for their permeability /permittivity function.

B. POISSON/PANDIRA allow up to three different permeability tables to be read in for use
with different iron regions. (For examples, see Secs. 1C.3, 10.4, 10.10, 10.11.) In addition,
PANDIRA pormits specification of anisotropic materials. 1o exercise these options:

1. Set the two variables in the CON array:

CON(18) -- NPERM - no. of input permeability tables (1 < NPERM < 3)
~ON(8) == MODE ~ must bn set to zero.

2. Enter values for the three variables:

MATER STACK MTYPE
where:
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MATER - The material code to which the input permeability tables
apply (MATER = MAT variable in REG NAMELIST—
TABLE 2-1). 3 < MATER < 5.
STACK - The stacking (fill) factor for this material.
MTYPE - The type of input table values.
MTYPE = +1 - input table values are (B,7).
= +2 - input table values are (B,u).
= 43 - input table values are (B,H).

MTYPE > 0 - SKIP to data group 4.
MTYPE < 0 - anisotropic material, input
data group 3.

3. Input values into the five variableas which define the anisotropic properties:
ANISO GAMPER XOA YOA PHAXIS,
where:
ANISO — The direction angle (in degrees) of the “easy axis” relative to the
horizontal axis in the counterclockwise direction (default = 0.0).
GAMPER - The v(= 1.0/u) perpendicular to the “easy axis” (default = 1.0).
XOA - These three variables are used when the “easy axis” cannot
XOB be defined by ANISO. (XOA, XOB) is the center of a circular
PHAXIS arc and PHAXIS is the angle between the radius vector and “easy
axis.” (For more detail consult Reference Manual.) (Default XOA
= XOB = .90; PHAXIS = 1111.0.)

4. Input table values, a maximum of 50 entries per table, which define the permeabil-
ity function for regions with this material code (MATER). These values are entered
a pair per line, according to MTYPE specification, with a “c” (a FREE symbol to
designate a last entry and to “count” the number of entries) following the last pair.

In order to ensure convergence, the input values should generate a sinooth function
of 7(B).

Entries 2-5 are repeated INPERM| times.

Below is an example of input permeability tables. The lines listed on the left are not
part of the example, but are used as pointera for the explanations that follow.

Line
No
1 “18 2 60... 8
2 3 096 1
3 0.0 0 .000260
4

9.0E+3 0.000260

5-16
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[ 7 .BE+4 0.714268 ¢
() 4 1.0 2
7 0.0 1236.0
8 2 .4E+3 1232.0
2 .26E+4 11 .3 ¢
where:

Line 1: NPERM = CON(18) = 2 - two tables to read in.
MODE = CON(6) = 0

8= - end of CON array entry.

Line 2: MATER = 3 - the material code to which the
first read in permeability table
applies,

STACK = 0.95 - stacking factor for the first read
' in table.

MTYPE = 1 - table will be given as (B, ).
Line 3-5: lists the (B, v) values, B in gauss. The “c” designates last entry of
this table.
Line 86: MATER = 4 - the material code to which 2nd input
permeability table applies.
STACK = 1.0 - no stacking.
MTYPE = 2 - 2nd table will be given as (B, u).
Line 7- on: Similar to lines 3-8, except now input (B, u) pairs.

C. PANDIRA permits the specification of anisotropic materials and the definition of a straight
line B(H) input for solution of permanent magnet problems. (For examples, see Secs. 10.5
and 10.6.) To exercise this option:

1. Set the thres veriables in the CON array:
CON(18) = NPERM - no. of straight line B(H) input. (0 < NPERM < 6).
CON(8) = MODE =0
CON(101) = IPERM = 1 - indicator for permanent magnet problems.

(Note: CON(81) = 0 in LATTICE for PANDIRA run).

2. Enter values for the three variables:
MATER STACK MTYPE
where:
MATER - The material code to which the input straight line B(H) (MATER
= MAT variable in REG NAMELIST—TABLE 2 -1). 6 < MATER

< 11,
STACK - The stacking (fill) factor for this material.
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MTYPE - Indicator for permanent magnet. It MUST be negative (numerical
value irsignificant).

3. Input values into the five variables which define the anisotropic properties:
ANISO GAMPER XOA YOA PHAXIS,
where:
ANISO - The direction angle (in degreee) of the “easy axis” reletive to the
horizontal axis in the counterclockwise direction (default = 0.0).
GAMPER - The v(= 1.0/u) perpendicular to the “easy axis” (default = 1.0).
XOA - These three variables are used when the “easy axis” cannot be
XOB defined by ANISO. (XOA, XOB) is the center of a circular arc and
PHAXIS PHAXIS is the angle between the radius vector and “easy axis”
(For more detail consult Reference Manual.) (default XOB =
XOB = 0.90; PHAXIS = 1111.0).

4. Input values into the two variables which define straight line B(H) function for this
material
HCEPT BCEPT
where:
HCEPT - the H-axis intercept in the second quadrant given in oersted; HCEPT

is a negative number with the value of “H-coercive.”
BCEPT - the B-axis intercept is gauss; BCEPT is the “residual induction.”

EXAMPLE C—Termanent Magnet Input
Line
No.
1 *18 2 +6 0 »101 1 ... &
2 6 1.0 -1
3 90. 1.0 [
4 -9000. 9000.
b 8 1.0 -1
6 136. 1.0 [
7 -9000. ©000.
where:
Line 1: NPERM = CON(18) = 2 - two permeability functions to read in.
MODE =  CON(8) = 0
IPERM = CON({101) = 1 - permanent magnet.
8= - end of CON array.
Line 2: MATER = 8 - the material code to which the firat
read in permeability function applies.
Since 8 < MATER < 11, designatcs
permanent magnetic rmaterial.
STACK = 1.0 - no stacking factor.
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An example of this option:

*203 ... 8

[permeability function input, if CON{18) = NPERM # 0, follows]
1 3 1.0E+b

1 9 2.0E+5
4 2 1 .BE+b

where:

CON(20) = INPUTA = 3 - three fixed potential values are input.
8 — designates end of CON array entry.

The list of mesh points (K, L) and their fixed potential values follow after CON array or if
NPERM # 0, after permeability function entries.

5.4.3 Current Filament Input

Current filaments may be input to POISSON/PANDIRA by setting the CON array variable NFIL
= CON(49) = no. of current filaments. This is the last optional input and precedes the second

NUM entry line. (See Sec. 5.3.1.) A list of NFIL lines for the following three variables per line is
entered:

K L CFIL

where:

K, L - are the mesh numbers for the horizontal (K) and vertical (L) coordinates.
CFIL - the current in amperes at the (K,L) mesh coordinate.

If the (K,L) for the particular (X,Y) are unknown, executing LATTICE with CON(32) = IPRINT
= —1, will list in output file, OUTLAT, the complete list of the coordinates with their correspond-
ing (K,L) mesh.

An example of this option:

*49 2 ... »

Ipermeability function input, if CON(18) = NPERM # 0 and/or fixed
potential input, if CON(20) == INPUTA # 0]

10 25 100.0

16 18 -100.0

where:

CON(49) = NFIL = 2 - two current filaments are input
8 — designates end of CON array entry.
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The list of mesh points (K,L) and the current, in amperes, are the last entries to POIS-
SON/PANDIRA just prior to the second NUM line entry (Sec. 5.3.1).

5.5 PANDIRA Input Sunmimary

As has been pointed out, PANDIRA input is similar io POISSON except for a few changes which
are summarized below.

A. PANDIRA runs for all types of POISSON problems, the user needs only to set in:

LATTICE - CON(81) = C

B. PANDIRA runs for permanent magnet problems, the user needs to set in:

1. AUTOMESH - a current line region. The location of line and the value of current are
immaterial.

2. LATTICE - CON(81) =0
3. PANDIRA -

CON array variables:
CON( 6) = 0 — mrust be set to zero.
CON(101) = 1 - indicator for permanent magnet problem.
CON( 18) = no. of straight line B(H) input

Followed by B(H) parameters that ave defined in Sec. 5.4.1-C.

For example of PANDIRA permanent magnet runs, see Secs. 10.5 and 10.6.
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5.6 Output from POISSON/PANDIRA

POISSON/PANDIRA generate two types of output files—TAPE 35 with dump numbers > 0, and
OUTPOI (from POISSON)/OUTPAN (from PANDIRA). In addition, if run interactively, the
programs print out messages and iteration cycle data at the terminal.

In a successful run POISSON/PANDIRA output:
1. To OUTPOI/OUTPAN and to the terminal—

¢ 1no error messages

e the message:
solution converged in (--) iterations
elapsed time = (--) sec.
dump number 1 has been wriiten on tape3b.

2. To TAFPES35, dump no. (no. > 1) binary information that is needed to execute TEKPLOT
to plot flux lincs or to continue a PUISSON/PANDIRA run. (Note: even though POISSON
and PANDIRA geneiate files of the same names, these files cannot be used interchangeably
by the other program).

OUTPOI/OUTPAN are ASCII files and may be printed or examined with any editor. Most of
the information listed in these files, including the error mesages, if any, are self-explanatory. Both
OUTPOI and OUTPAN have similar default output listings which contain:

o a complete list of the CON array variable names &nd values. Those elements that
have been changed in input to either LATTICE or POISSON/PANDIRA are flagged
by “CON” preceding the element number.

o a list of all permeability tables, including the internal table if it is used or not, stack-
ing factors, and/or other permeability /permittivity functions that were input.

» tho iteration cycle data as printed cn the terminal.

o a table listing (see Fig. 5-1 or Fig. 5-2) for mesh points on axis (1::1) for noniron
regions:
k, ] - mesh puint coordinates
a(vector) - vector potentiala
x,y - the physical coordinates (in user input units)

bx, by - field components, B,, B
bt - total field = |B| = /B3 + B}
dby/dy, dby/dx - the field gradients, 8B, /3y, 8B, /8=

afit - the difference of the solved vector potential,
s(vector) -columny, and the vector potential
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computed from the least square fit polynomial
that is used to obtain the field components, B,
and B, and the gradients, 8B, /dy and 3B, /dx.
afit values show the accuracy of the fit which
theoretically should be =0.

The user has options, through the CON array, to specify additional output to OUTPOI/OUTPAN.
(See example in Chapter 10.)

5.7 Error Messages in POISSON/PANDIRA

POISSON/PANDIRA list all their error messages, with recommended correctional instructions,

to the output file OUTPOI/OUTPAN and some to the terminal, if the run is interactive. The ma-
jority of these error mcssages are identical to both programs since these programs use some of the
same or similar subroutines. These messages are listed below with the notation “word 1” /“word 2"
where “word 1” refers to POISSON and “word 2" refers to PANDIRA.

5.7.1 Messagc Containing “Input Data Error”

1. =-=- INPUT DATA ERROR ---
These types of error messages are printed from the subroutine FREE whenever the in-
put data is not in the special free-format entry. These messages which are listed both in
the file, OUTPOI/OUTPAN, and printed at the terminal are self-explanatory. A print of
the input line that is in error is also listed. If run is interactive, FREE prints “retype line”
and gives the user .he opportunity to enter the line that was in error. If noninteractive,
POISSON/PANDIRA immediately abort. The user should correct the specific error in
the input file and rerun.

6.7.2 Maessage Starting with “Error Exit”

1. =~~~ ERROR EXIT--- (KNAX + 2) # (LNAX + 2) = (--) 18 GREATER THAN PROGRAM DIMEN-
BIONS OF (--) ...
The total number of mesh points have oxceeded the maximum value dimensioned. Cut

mesh size or increase parameter MXDIM and recompile as directed. Mossage from sub.
routine RDUMP/PDUMP.

2. --- ERROR EXIT--- NWNAX EXCEEDS PROGRAN DIMENRION OF (--) ...
NWMAX has exceoded MAXDIM/2. Cut mesh size or increase parameter MXDIM and
recompile aa directed. Message from subroutine RDUMP /PDUMP,

3. --- ERROR EXIT--- THE MEBH HA8 NEGATIVE AND/OR ZERO AREA TRIANGLE ...
This error mossage waa isued in LATTICE also. Follow recommended procedure. Mea-
sage from subroutine RDUMP/PDUMP.

4. --- ERROR EXIT--- MATERIAL CODE .QT.5...
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The user has erroneously input stacking factor NPERM = CON(18) = neg. value] with
material code greater than six. Check Sec. 5.4.1 for limitations on MATER. Message
from subroutine TABLE/PTABLE.

5.7.3 Message Ending with “Error Exit”

All these messages come from the common subroutine TABIN.

1. NAME OF MATERIAL IS LESS THAN OR EQUAL TO 1, OR GREATER THAN 11 ... --- ERROR EXIT ---
The material code, MATER must be input as 2 < MATER < 11. Check Sec. 5.4.1.

2. THE NUMBER OF INPUT TABLES I8 GREATER THAN FOUR --- ERROR EXIT ---
In addition to the internal table, three or more tables may be input for a total maximum
of four tables. User has tried to input more than three.

3. GAMMA =H/B, ANDB=0.0... --- ERROR EXIT ---
The user has input an H vs. B table with a B value of 0.0. Correct element of the given
table and rerun.

4. YOU HAVE EXCEEDED THE MAXIMUM DIMENSIONS ALLOWED FOR THE GAMMA V8 B TABLES
---ERROR EXIT---
The user has exceeded the maximum of 50 entries per table for the given table. Elimi-
nate one or more of the entries for the table and rerun.

5.7.4 Message with “Data Error”

1. ~--- DATA ERROR --- ITYPE = CON(46) = (--) CANNOT BE ZERO OR NEG ...
Follow recommended procedure. (See Table 5-1.)

5.8 Error Messages in PANDIRA Only

In addition to the common error messages in both POISSON and PANDIRA, given in Sec. 5.6,
PANDIRA has the following additional error messages.

5.8.1 Maessages Starting with “Error Exit”

1. ~-- ERROR EXIT -~~- NOTE = CON(81) =1
PANDIRA requires CON(81) to be sot to 0 in LATTICE. Rerun LATTICE with this
correction. Message from main program.

2. --- ERROR EXIT --- NO. INTERPACE CURRENT POINT8 .G[. DIMENSIONED ARRAY OF (--) ..,
Present dimension == 400. Increase parameter velue INMX in PANDIRA only and re-
compile. Error message from subroutine RIHANDS.
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3. --- ERROR EXIT --- BUM OF INTER. AND IRUN A'B I8 ZERO
The program has found that the sum of the vector potentials for the interfacs and iron
points is zero for this iteration. This will result in division by zero, so the run is aborted.
Error message from subroutine RHANDS. To correct: try cutting mesh size, check that
the iron region is a closed region in input file to AUTOMESH or if running permanent

magnet problem check that have included a current line region (see cxample 10.5 and
10.8).

4. ~--- ERROR EXIT --- NAMAX EXCEEDS PROGRAN DIMENSIONS OF (--) ...
NAMAX has exceeded MAXDIM/2. Cut down on the number of mesh points or increase
parameter MXDIM and recompile as directed. Measage from subroutine SWIND.

5. ~--- ERROR EXIT --- NROW = NINO (KMAX,LMAX) = (--} EXCEEDS MATRIX DIMENSIONS OF (--)
The storage needed for the matrix inversion has exceeded the dimensioned arrays. Cut
down the mesh points or increase parameter IMX and recompile POILIB and PANDIRA
as directed. Message from subroutine TRIBES.

5.9 Exampleof POISSON/PANDIRA Runs

Sections 5.9.1 and 5.9.2 list the execution of POISSON and PANDIRA on the CRAY computer
for the H-shaped Dipole Magnet. The solution output of OUTPOI/OUTPAN giving the table
listing of the calculated field components and their gradientr on axis are shown in Fig. 5-1 for
POISSON run and in Fig. 5-2 for PANDIRA. As can be seen from these two figures, there is ex-
cellent agreement of the vector potentials [A(vector)| and the B ficlds in the region of interost—-
near the origin—betweon these runs.

The vser only typos the underlined quantities for the execution of the programs as given below.

5.0.1 Executing POISSON Run---H-Shaped Dipole Magnet

We uso the LATTICE generated dump 0 of TAPE3 and only the “standard” input to execute
POISSON. We choose, by typing tty, to input data from the terminal. We then enter:

0 - toread dump number (NUM) =: 0 on TAPE36 generated by LATTICE
+60¢466 - tochango two of the CON array variables, CON(8) and CON(46),
specifying use of u - finite with use of internal #? vs. v and
specifying a symme.rical Hl-magnet, reapectively.

~1 = roads NUM < 0 to terminate run.
poinson
Teype ‘‘tty’’ or input file name
T Lty
Ttype input value for dump num

7Q
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beginning of poisson execution from dump number O
prob. name = h-magnet test, uniform mesh 4/23/85
7type input values for con(?)

elapased time = 1.0 sec

0 cycle amin amax residual-air eta-air rhoair xjfact
gmax residual-iron eta-irom rhofe
0 0 0.0000e+00 0.0000e+00 1.0000e+00 1.0000 1,0000 1.000
4.0000¢-03 1.0000e4+00 1.0C00 1.0000
0 50 rhoair optimized 0.9903 1.0658 lambda = 0.9976e-01

(o] 50 -4.7206e+04 0.0000e+00 5.7349¢-02 0.9903 1.9558 1.0000

3.0026e-03 3.4407e#-02 1.003® 1.0000
o] 100 rhoair optimized 0.9717 1.0578 lambda = 9.9978e-01
o 100 -1.0012¢+06 0.0000e+00 2.65360e-02 0.9717 1.95678 1.0000

2.0634¢-02 2.09080-02 0.9834 1,0000
0 200 rhoair optimized 0.89060 1,9478 lambda = 1.0003¢+00
0 200 ~-1.1068e+06 0.0000e+00 1.8887e¢-04 0.8060 1.9478 1.0000

4.63562e-02 7.0336e-06 0.8900 1,0000
0 370 -1.1030e+05 0.0000e+00 3.7301e¢-07 0.9367 1.9478 1.0000

4.6392¢-02 1.6135¢-07 (0.9328 1.0000

solution converged in 370 iterations
elapsed time = 3.8 sec.

dump number 1 Las been written on tapedb
7type input value for dump num

stop

poisson ctus time 4.427 seconds

cpu= 2,831 1i/o=1/081 mem= .514

all done

5.0.2 PANDIRA Run--H-shaped Dipoule Magnaot

PANDIRA run must have CON(81) == NOTE = 0. Since this CON variably is one that must be
changed in LATTICE, we rerun LATTICE, and input this value as shown.

Aattice
Ttype input file name
Tiape7d

beginning of lattice execution

dump O will be set up for poisaon
h-magnet test, uniform mesh 4/23/86
Ttype input value for con(?)

T 8102
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elapsed time = 0.5 sec.

Oiterstion converged

elapsed time = 0.7 sec.

generation completed

dump number O has been wvritten on tape3b.

stop

lattice ctes time 1.029 saconds
cpu= 603 1i/o= .341 nmem= .094
all done

5.9 Example of POISSON/PANDIRA Runs

To execute PANDIRA, we use the same input as in POISSON and again we choose, by typing tty,
to input data from the tarminal. We then enter:

6

0 - toread dump number (NUM) = 0 cn TAPE35 generated by LATTICE.

0+466 - to change two of the CON array variables, CON(6) and CON(46),
specifyir.g use of 4 = finite with use of internal B? vs. 4 and
specifying e symmetrical H-magnet, respectively.

-1 - reads NUM < O to terminate run.

Randira

Ttype ‘‘tty'’ or Anput file nane

13

Ttype input value for dump num

7Q

beginning of pandira exacution from dump aumber 0
prob. aame = h-magnet tert uniform mesh 4/23/86

Ttype input values for cun(?)
2004008

elapeed time = 1.0 wec.
cycle amin amax residual
bmax residusl-fe eta-fe
0 0.0000e+00 0.0000e+00
0.00000+00 1.0000e+00 11,0000
solutior. time = 2.1 nec.
1 -1.1872¢-05 0.0000e+00
5.1037¢404 2.777¢-02 1.0000
solution time = 4.1 sec.
2 -1.220Ce+06 0.0000e+00
2.7044e+04  2.490e-02 0.0107
soluticn time = 2.0 sec,
3 -1.7083¢+06 0.00000¢+u0
2.4503e+04 1.801e-02 0.7101
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solution time =

4 -1.1068¢+05

solution time =
6 -1.1043¢+08

solution time =

8 -1.1030e+05

solution time =

7 -1.1939¢+056

solution time =

8 -1.1039e+05

molutiop time =

9 -1.1030e+05b

scluticn converged in

2.0 sec.
0.0000e+00
2.2386e+0C4
2.1 sec.

0.6300e+00
2.2261e+04

2.0 s2c,
0.0000e+00
2.22430+04
2.0 sec.
0.0000e+00
2.22440+04
2.0 sec.
0.0000e+00
2.22440+04
2.0 gec,

0.0000e+00
2.22440+04

elapsed time = 21.0 sec.

Q fterations

dump number 1 has been written cn tapedb.

?type input valus for dump num

?:-1

stop

pandira ctam time 22.518

cpu= 6.164 1/0= 12.060
all done

5.9 Example of POISSON/PANDIRA Runs

7.631¢-03 0.4207
2.345¢-03 0.3068
£.23Ge-04 0.2232
3.234¢-06 0.0618
3.381e-06 0.1045
2.773¢-10 0.0001
seconds
mem= 4.399
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solution converged in 370 iterations
elapsed time = 4.2 sec.

dump number 1 has been written on tapeds.
ileast squares edit of problem , cycle 370

'h’ mag symmetry type

stored energy = 1.4219e+03 joules / meter o adian

xjfact= 1.000000 bx by bt dby/dy dby/dx

k1 a(vector) x y (gauss) (gauss) (gouss) (gauss/cm) (gauss/cm) afit

1 1 0.000000e+00 0.00000 0.00000 0.000 16212.250 15212.250 0.0000e+00 0.0000e+00 b&.3e-04
2 1 -6.829781e+03 0.44898 0.00000 0.000 15210.825 16210.826 0.00006+00 -8,48360+00 -3..)a-03
3 1 -1.3665822¢+04 0.89796 0.00000 0.000 15206,1956 16206.195 0.00000+00 -1.4668e+01 3.7e-0J
4 1 -2.0483060+04 1.34694 0.00000 0.000 15197.056 15197 .068 0.00008+00 -2.7097e+01 b5.5e-03
5 1 -2.730348e+04 1.79592 0.00000 0.000 16180.665 151B0.886 0.00006+00 -4.70887e+01 6.5e-03
6 ! ~3.41134264404 2.24490 0.00000 0.000 15161.761 15151.761 0.00006+00 -8.4538e+/.1 7.8e-03
T 1 -4.080583e+C4 2.60388 0.00000 0.000 15100.434 16100.434 0.00009+00 --1.5084e+02 9.2e-03
8 1 -4.7660697e+04 3.14286 0.00000 0.000 !5008.404 16008.404 0.00N0e+00 -2.7006e402 1{.13-02
8 1 -5.437198e+)4 3.59184 0.00000 0.000 14843.504 14843.504 0.0000e+00 -4.8267n+02 2.40-02
10 i -6.097737e+04 4.04002 0.02000 0.000 t1554.67% 14654.87F 0.0000a+00 -R,2000e+02 1. 10-01
11 1 -8.741201e+04 4.48980 0.00000 0.000 14077.744 t4677.744 0.00006+00 -1.3188ae+03 6.1e--01
12 1 -7.3682210404 4.83878 0.00000 0.000 133G69.124 13360.124 0.0000e4C0 -1.05776+03 1.B8a+00
13 1 -7.9389016+04 5.38776 0.00000 0.000 12435.718 124356.718 0.0000a+00 -2.1702e+03 -7.6a+00
14 1 -8.657337e+04 6.00000 0.00000 0.000 1089Y3.018 10893.0i0 C.0020e+00 -2, 08560403 6.7e+00
16 1 -9.114731e+04 6.44737 0.00000 0.000 9613,.098 9613.098 0.00000+00 ~2.H4340+03 1| .6a-01
16 | -9.51868L6a+04 6 .HO474 0.00000 0.090 B8416.533 BA16.533 0.0N000+00 -2.66224+03 &, 1a+00
17 1 -0.8711010404 7.34211 0,00000 0.000 73G4.6L2 7164.K62 0.00000+00 -2.21696+03 1.0ai00
18 1 -1.01783.2040% 7.768947 0.00000 0.C00 G44P.740 6430.740 0.0000a+00 -1 .896T0+03 .30 0!
18 | -1.044947e+06 8.23684 0.00000 0.000 4656, 367 b66b6L.3IGT7 0.00006400 -1 .6278e403 . 0e- G\
20 1 1.0687008+406 8.60421 0.00000 0.000 4978.%23 497€.523 O 0000a+00 -1.41130+03 2. .Pa O}
21 1 -1.089623e+06 9.131563 0.00000 0.000 43B7.692 A4387.502 0.000001C0 1.2403a103 |.08 Of
72 1 -1.108069a4+96 0.57895 0.00000 0.000 3IHA4, 200 3HB4.2H0 0.000Ne+00 -1.10654+03 9 Gn 02
23 1 -1.1242774+06 10.02632 0.00000 0.000 3303 420 3393.820 0.0000¢100 -1.0022e+03 L tGa-02
24 1 -1.13B487e+06 10 47368 0.00000 0.000 2906“ 550 2964.550 0.00000100 -9.20966+02 3.0a 02
2 1 -1.160B60w+06 1).92106 0.00000 0.000 26G7.246 2067 346 0.0 w000 B, K77Ba+02 1.3n 02
20 1 - 1.161496e+t05 11, 36842 0.00000 0,000 210,001 2100 081 0,0000a+00 0. 086Ha 0O 0.06n 04
27 1 -1.1705620@40b6 11.B1L7H 0.00000 0 000 (B4 tH]  1RA2 BT 000000100 -7 70626402 O . Lha G
26 1 - 1 178000n 06 12.20316 0.00000 0.000 {604.266 1LOA. ZEL 0000000 7 ,412060102 2 Oy 07
20 1 - LIBAN9BA O 12 71053 000000 0,000 177,024 1177 . HIA 0.0000a0100 7 1882002 3 . 4a )
30 1 1.18BbL2a 0L 1. 1LIRY 0,.00000 0,000 ugo on? HHO. 097 0.006G00400 7 01940102 L. 7a 02
d1 1 1.191702at0h6 13 G0K26 0.00000 0.000  bHAB.B7A4  bAH B74 0.0000a100 6.804n10Y 0. 7Ta 02
A2 1 1.193473n405 14, 00283 000000 (. 000 240040 240 246 0,00000000 6. THLAAI0Y D de O]
311 1. 103HH0a 0L 1460000 0.00000 0. 000 ha. 749 L. TAD O 0000a. 00 (1.07009a1072 1 hni 00
4 1 1. n3L7baerob {h, 00000 0,00000 0 000 00,019 60.01P 0.,0000a1G0  0.00000100  1.0a100

Fig. B 1t A section of output from the fila OUTPOI for the H-shaped magnet problem of
4/28/88, cycle == 870,
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least squares edit of problem , cycle 9

'h! mag eymmetry type

stored unergy = 1.4249e+03 joules / meter or radian
xjfact= 1.000000 bx by bt dby/dy dby/dx
k a(vector) X y (gauss) (gauns) (gauss) (gauss/cm) (gauss/cm) afit
1 0.000000a+00 0.00000 0.00000 0.000 156212.137 15212.137 0.00008+00 0.00000+00 4.6e-04
2 -6.729730e+403 0.44890 0.00000 0.000 15210.712 156210.712 0.90200+00 -8.4663a+00 -2.6e-03
3 -1.365812e+04 0.39796 0.00000 0.000 15206.0R3 13206.083 0.0000e+NC -1.4662e+01 4.9e-03
4 -2.048350e+04 1.34694 0.00000 0.000 15196.946 15196.946 0.00006+00 -2.71050+01 7.1e-03
5 2.730328e404 1.79592 0.00000 0.000 16180.557 16100.667 0.0000e0+00 -4.7897e+01 B8.5e-03
6 ~3.41'317e+041 2.24490 0.00000 0.000 15151.664 16151.654 0.00000+00 -8.4547e+01 1.0e-02
7 -4.,090553a404 2.6938A 0.00000 0.000 15100.328 15100.328 0.00C)e+00 -1.5085e+02 1.2e-02
8 -4.76G66683a+04 3.14286 0.00000 0.000 15008.300 16008.300 0.0000u+00 -2.7097e+02 1.4e-02
9 ‘5.4371590+04 3.50184 0.00000 0.000 14843.4056 14843.405 0.0000e+00 -4.A250e+02 2.7e-02
10 -6.0076930404 41.04082 0.00000 0.000 14554.683 14564.583 0.0000e+00 -8.2000e+02 1.le-01
11 -6.7412942+04 4.48980 0.00000 0.000 14077.683 14077 .663 0.000N8+0G -1.3109e+03 b6.2e-01
12 ~7.368170a0:04 1.93878 0.00000 0,000 11367 .065 13367.056 0.0000e+00 -!.86660+03 {.7e+00
13 7.9380470+04  5.38776 0.00000 0.000 12443.430 12443.430 0.0000a+400 -2.2157e403 -7.48400
0.000 10907 .134 10007.134 0.0000a+00 -2.5916e+03 -3.6a+01
1h 9.111671»+04  6.44737 0.00000 0
16 9.5105950¢04  6.H9174 0.00000 0.C00 B444.068 B8444.068 0.00000+00 -2,2760e+03 ~3.6a+0}

17
14
19
20
7
22

-9 87112804 7.34211 0.00000 0.000 7374.312 7374.312 0.0000e+00 -1.90B80e+03 -3.Ba+G|
.00006+00 -1.67766+03 -4.0e+01
.0000e+00 -1.303499¢03 -4.0a+01
.0000m+00 -1,08370403 -4 0e+0}
.0000a+00 -9.1080e+02 -4.16+01

.00000+00 -7.76298+02 -4, 16401

LO1TV26n405  7.78917 0.00000 0,000 6ABGL . 3bt  6456.3b1
0449400105 11,2864 000000 0.000 5066.198 60G68.198
CORRGHAN 0L BL.GB421 000000 0,000 4980.374 4019.374
LOHAG 6 0L A 1M5H 0.00000 0,000 4496.PRL 4396.981
LJonoB2e+ 0 9.L7H095 G.000DG  0.000 AAT2.570 3872.570

a3 1242700105 1002612 000000 0,000 3404 .283 3401.283 0.0000a4+400 -6.8906e+02 -4.1e40}
K] 1384790408 10473608 0.00000 0,000 2971.404 2071.404 0.0000e+00 -5.8774a+02 -4.184+0]|
2h L 150H43a4 0L 1002105 0.00000 0.000 26073.778 2673.778 0.0000a+00 -5.2380e402 -4.1a+0]
26 .00006+00 ~4.7280e402 -4.1e+01

27

Al
20

AT05120000 11.H1579 0.00000 0.000 1H48.286 1848, 284
ATTO020400 12.26314 000000 0.000  {h10.492 1610.492 0.0000a+00 -4.04976402 -4.1n+0!
AR 06 1271053 0,.00000 0,000 1184.500 1184.500 0,00000:00 -3.81280+02 -4.1n101
. AHEHAAN 00 13 1L7RD 000000 0. 000 Aa7 . RYTY AAT . 827 0.00000100 - X G20Rn102 4. 1ni01
16040005 13.00524 0,.00000 0, 000 hh 6.6 BLN.GAH 0.00000000 4. 43750102 4 0ni10]
193404 Oh 14,0H2653 0,.00000 0,000 RUTINL 11T 266 U968 0.00000000 2, 900401020 -3 900}
LAHIe e 0h 14, L0000 0.00000 1,000 Aq .20 34.28b6 0.00004100 | . BH71nt02 2.0040)
CJ9LG7e 004 15H.00000 O, 00000 0,000 39,144 39444 0.00000100 2. 10108001 2, 10100

0
0
0
0
0
0
0
0
0
0
0
0
0
000  A641.106 9041.106 0.00009+00 ~2.4917e403 -2.50+01
0
0
0
0
0
0
0
0
0
0
0
0.00000:00 -4,35200+02 -4.1a+01
0
0

A0
A1
a2
KR

fa
1
1
1
|
1
1
1
1
1
1
1
1
1
|
14 1 8,6572H0a M G.00000 O.00000
1
1
1
1
1
1
1
1
1
1
1
1
|
1
|
|
1
1
|
REBN |

1
|
1
|
1
|
{
1
1.1614A088a40b 11.36842 0.00000 0.000 2201 243 2201.283
1
|
1
i
1
|
]
1

Fig. 8--2

A rectlon of output from the fila OUTPAN for the H-shaped magnet problein of
4/23/88, cycle = 0,
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Chapter 5 POISSON/PANDIRA 5.9 Example of POISSON/PANDIRA Runs

5.9.3 Executing TEXPLOT after POISSON/PANDIRA

After a successful execution of POISSON/PANDIRA, we execute TEKPLOT again. This time
we designate dump 1 of TAPE35 and 20 field lines, as shown below, to generate Fig. 5-3. (Either
POISSON or PANDIRA run produces identical plots.)

tekplot

?type input datia- num, itri, nphi, inap, nawxy,
M08

input data

pum=1 itri=O0 nphi=20 inap= 0 nawxy=0
plotting prob. name = h-magnet test, uniform mesh 4/23/85 cycle = 370
Ttype lnput data- xmin, xmex, ymin, ymax,

e

input data

xmin= 0.000 xmax= 22.000 ymin= 0.000 ymax= 13.000
Ttype go or no

L (]

A CR after go clears the screen and plots Fig. 5-3. A second CR clears the screen and produces
the prompt line,

7type input data- num, itri, nphi, inap, nswxy,
[ W}

tekplot ctsm time .bd1 seccads

cpu= .037 1/0** . 480 mem~ .044

all dove
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Chapter 5 POISSON/PANDIRA 5.9 Example of POISSON/PANDIRA Runs

I
JJJJ

% 0

IR

PrOb. ehei net eet, unifers aeeh 4/29/88 wtio v 379

Fig. 5-3: Plot from TEXPLOT of the magnatic ficld lines generated by POISSON/PANDIRA
for the problemn “h-magnet test, uniform mesh 4/23/85”.
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CHAPTER 10 Examples 10.1 Introduction

10.1 Introduction

The examples in this chapter utilize various options that are available in the POISSON/
PANDIRA programs. The input to all problems are defined by both a COSMOS file for the
Cray and a parallel command procedure for the VAX. Assuming that the programs specified

in the procedural files are in the user’s directory (if not, see Appendix A), the user should
enter

for CRAY:
cosmos i=filename where: filename - the name of COSMOS file
for VAX:
CFILENAME where: FILENAME - the name of VAX command file

in Section 10.2, we give a line-by-line description of all files used. In subsequent sections, we
will only comment on the specific options used. The numbers in the figures correspond to
selected line numbers of the input file.

The examples used are actual work problems that have either originated here at LANL or
were sent to us for solution by outside users.

All entries must be in lower case for CRAY and upper case for VAX.

All the field line plots are generated by executing TEKPLOT using dump 1 of TAPE35 and
20 field lines exactly as done in Sec. 4.5 - Examples of TEKPLOT Runa.
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CHAPTER 10 Examples

10.2 POISSON -- H-Magnet

10.2 POISSON -- H-Magnet with Options

The H-shuaped magnet as described in Sec. 1.3 is executed with the following options:

e calculates fields and gradients in a region on mesh points

e continues from previous POISSON dump number

o adjusts current to produce a given field

e calculates fields and gradients in a region on specifed increments of X and Y

e calculates the field components and the total fields in iron

Given the input file, HMAG, to AUTOMESIH, and the COSMOS/VAX file CHMAG which

specifies the above options, the user types

cosmos i=chmag

for CRAY

9CHMAG

For completeness we include the HMAG file and the H-megnet geometry as given in Sec. 2.5.1.

The file HMAG describes the cross section of one-fourth of an H-shaped dipole magnet, the

for VAX

upper-right quadrant.

Line
No.

T SN T WD

s pd wa s
&N - O

1%
16
17
18
19
20
a1
22
43
24
26

HMAG

h-magnet Lest, uniform mesh 4/23/86

$reg nreg=3,

$po
$po
$ne
$po
$po

$po
$po
$po
$po
tpo
$po
$po
$po
$po
$po

x= 0.0
x~22.0
x=22.0
x= 0.0
x~ 0.0

x= b.
x= b,
x= 5.
x=1b
x~1b
x=24.
x=22.
x= 0.
x= 0.

Sreg mate~l
cur~-20L45b6

8po
$po
$po
$po
$po

x~ 6.0,
x=14.6,
x=14 4,
x~ 8.0,
x~ 6.0,

OO0 COOoDOoCoOm o -

, y= 0.0$
, y» 0.08
, v=13.08%
. y=13 0% 6,17

, y= 0.0% e
$reg nat=2,npoint=10$
x= 0.0,

y= 2.0%
y~ 2.08
y= 2.4%
y- 6.08
y= 6 08
y= 008 Y 12
y= 0.0%
y+«13.0%
y=13.09
. y= 2.0% LN
.npoint=o, 10

7918 ol - N
y: 0.8 Reg. 1-Alr
y= 0.0%
y~ 5.b8 3
y- b.68

y= 0.0%

103

dx=.45,xmax=22. ,ymax=13. ,npoint~5%

5,16

Reg. 2
iron
24 2
Reg. 3 Coll

T

3]

22

14




CHAPTER 10 Examples 10.2 POISSON -- H-Magnet

Line 1: Title line, which starts in column 2 (POISSON/PANDIRA/MIRT Problem).

2: First REG entry: nreg = 3 - number of regions.
dx = 45 - horizontal mesh size.
xmex, ymax = 22.,13. - problem’s maximum dimensions.
npoint = 5 - number of PO entries that follow.

3-6: Coordinates of points that define the region 1.
7: Same coordinates as line 3 to form a closed region.

8: REG entry for region 2: mat = 2 - implies that the meterial is iron.
9-18: Coordinates of points that define region 2.
19-20: REQG entry for region 3: mat = 1

cur = -25455.791 - total number of amps. (The sign
specifies direction of the -urrent;
negative “out of the plane of the
paper”). These two entries imply

this is a coil region.
21-25: Coordinates of points that define region 3.

The procodural file, CHMAG, with explanation is given helow.

Line No. COSMOS File, chrnap VAX File, CHMAG.COM

1 »aut.omesh SRUN AUTOMESH
2 hmag HMAG
J wlattice SRUN LATTICE
4 tape73 TAPET3
5 3 8
6 spoiason SRUN POISSON
7 Lty TTY
8 0 0
] «660+4866+43413 = “W6(O+466+43 413 B
10 1 1
11 8 16000, 4032 s »8 16000. «403 2 8
12 1 1
13 +43 6 1 6 «55 2.5 »57 5. +326 » v43 8 1 6 «55 2.b #5675, #3206 8
14 | -1
15 ./ $EXIT

whero:

Linel 2: eoxecuten AUTOMESH with the input file HMAG.

3 5: executon LATTICE with T'APET3 that was generated by AUTOMESH, and no
changes in the CON array (designated by “a”). .

6:  oxecuten POISSON.
Linoe 7: ‘I'T'Y must begin in column 1. 'I'T'Y designaton that data for POISSON follows,

Line 8. the O indicates that POISSON will read in binary data from dump 0 on TAPE35
that was produced by LATTICE,

104



CHAPTER 10 Examples 10.2 POISSON -- H-Magnet

Line 9: CON array entries. Note that for a COSMOS file, this must NOT begin in
column 1.
CON ( 8) = 0 - use internal permeability table for MAT = 2.
CON (46) = 6 - symmetric H-magnet.
CON (43) = 4 - calculates fields and auxiliary data in a rectangular non-iron
CON (44) = 1 region on mesh coordinates (K, L) where K and L are the
CON (45) = 3  vertical and horizontal mesh points with K from 1 (the

default value for CON(42)) to 4 and L from 1 to 3.

8 - designates the end of CON array entries.

Completion of this run generates, in the output file OUTPOI, the values
specified above as shown in Fig. 10.2-1.

Line 10: tha 1 indicates that POISSON will read in dump 1 which was written after
the completion of the above run, to continue with new CON parameter
changes that follow.

Line 11: CON array entry specifying current adjustment.
CON ( 8) = 18000. - The current factor XJFACT is to be adjusted to

CON (40) = 3 produce a field of 16000 gauss at mesh point (3, 2)
CON (41) == 2
[ - designates the nnd of CON array entries.

Completion of this run generatea the output in OUTPOI shown in Fig. 10.2-2,
vhere | B| == bt = 156999.267 at mesh coordinate (3, 2) and XJFACT ==
1.079816. The input current is multiplied by this factor to produce the
required current:

New Current =: ~25455.791 » 1 079816 =: -27487.570 amps.

Line 12: the 1 indicates that POISSON will read in dump 1 again since we wish to
go back to previous run (other than continue from above run which wrote

dump 2).
Line 13: CON array entry.

CON (43) == 8 - caiculates the mame quantitics as described in fane 0
CON (44) - 1 oxcept it in calculated in a rectangular region of (X, Y)
CON(45) 6 coordinates where X goen from 0.0 to 2.5 and Y goea
CON (56) -~ 2.5  from 0.0 to 5.0 in increments of;
CON (57) ~ 5.0

b . b0 0.

ax R0 Ay R0 g
¢ -1 6 1

ax ncen in Fig. 10.2 3, the fields are printed only in
non-iron regiona. Fven though it was apecified that Y
would have values up to 5.0, the printout only goes
up to 2.0 since an iron region starta at Y : 2.0,
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CHAPTER 10 Exanples 10.2 POISSON -- H-Magnet

CON (32) =6 - calculates and prints B,, B,, and |B| in iron region

Figure 10.2-4 shows the firat part of the output for | B|.
Two values of the fields are printed at each mesh point,
one using upper (u) and one ths lower (1) triangle in
computing the field at that point. Taking an average
of the two is a good approximation of the field at any
given point (for more detail, see the Reference Manual)

s - designates the end of CON array entries.
Line 14 -1 - designates the end of the POISSON execution.
Line 15: «/ - end of COSMOS file.

SEXIT - end of VAX command file
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CHAPTER 10 Examples 10.2 POISSON -- lI-Magnet

least squares edit of problem , cycle 370

'h* mag symmetry type
stored energy = 1.4240e+03 joules / dater or radian

xjfact= 1 000000 bx by bt dby/dy dby/dx

k1l a(vector) x y (gauss) (gauss) (gauss) (gauss/cm) (gauss/cm) afit
11 0 000000e-00 O 00000 O 00000 O 000 15212 260 16212 260 O 0000e+00 O 0000e+00 5 3e-04
21 -6 820781e+03 0O 44898 0 00000 0.000 1521N 826 15210 826 O 0000e+00 -8 40636e+00 -3 3e-03
31 -1 365822e¢+04 O 80706 O 00000 O 000 1520u 106 15208 106 O 0000e+00 -1 4658e+01 3 7¢-03
4 1 -2 043365e+04 1 24604 0 00000 O 000 16197 056G 16197 068 O 0000e-00 -2 7007e+0! 6 6a-03
12 0 000000e+00 O 00000 O 30304 O 000 16213 302 16213 302 & 2684e+00 O 0000e+00 2 Ge-04
2 2 -4 181175e+03 O 27484 O 305633 -1 471 15212 832 16212 832 5 5230e-00 -3 4631e+00 -1 7¢-03
32 -1 000108e+04 O 70286 O 30718 -4 124 16210 001 15210 092 7 0908e-00 -9 6364e~00 6 7e-03
4 2 -1 7462600+04 1 14807 O 30846 -8 008 16203 981 16203 983 1 0745e+01 -1 85648e-01 3 7e-03
1 8 0 000000e-00 O 00000 O 78788 0 000 15216 242 16216 242 9 4312¢+-00 O 0000e~00 4 B8e-04
23 -7 G654139+03 0 49720 O 79200 -4 960 15216 194 15215 1056 1 0086e+01 -4 4442e+00 -1 2e-02
3 3 -1 44565626e+04 0 V5007 O 790628 -10 861 16212 132 16212 136 1 6662e-01 -0 46049+00 -4 1a-03
4 3 -2 1230619+04 t 30610 O 79811 -19 620 16206 481 15206 404 2 4065e-01 -1 8487e-01 -1 1e-03

Figure 10.2-1: H-magnet output in air region on mesh coordinates (K, L).
No current adjustment.

1least squares edit of problem , cycle 1180

‘h' mag eymmetry type
stored energy = 1 6148e<03 joules / meter or radisn

xjfact= 1 079818 bx by bt dby/dy aby/dx

x1 a(vector) x y (gauss) (gausa) (gsusa) (gaums/cm) (gauss/cm) afit

1 1 0 000000a+00 0 00000 O 00000 O 000 16002 182 16002 182 O 0000e+00 O 0000e+00 6 20-041
21 -7 184376e-03 0 44808 0 00000 O 000 16000 2680 16000 280 O 0000e-00 -8B 65605e-00 -4 2e-03
3 1 -1 436608¢-04 O 807906 O 00000 O 000 15004 221 16004 221 O 0000s+00 -1 9022¢-01 4 De-03
4 1 -2 163569e+04 1 34694 O 00000 O 0OO 15083 641 15082 611 O 0000e+CO -3 4173e-01 6 06e-03
1 2 0 000000e-00 O 00000 0O 30304 0 000 16003 60O 16003 690 7 0602¢+00 O 000000 3 le-Gi
2 2 -4 308362e+03 0 27484 O 30533 -1 008 16002 062 16002 9B3 7 35634e+00 -4 6044e+00 | De-03
3 2 -1 12471004 0 70286 O 80718 -5 338 16000 260 16000 267 9 0AD0e-00 -1 2887¢+01 0O 3e-03
4 2 -1 83687be=04 1 14807 C( 300846 -10 240 16901 220 16091 224 1 3123e+01 -2 4114e+01 1 Be-G3
1 3 0 CO0000e=-00 O 00000 O 78768 0 000 16007 B71 16007 b71 1 2808e+01 O 0000e+00 6 2a-0.
2 3 -7 OBR7Q4e+<N3 0 49720 © 79200 -6 723 16008 037 160068 0390 1 3642e-01 -6 474300 -1 Be-02
3 3 -1 5206881e-04 O 08007 O 70828 -14 374 16001 €28 16001 634 1 0602e+01 -1 J444e+01 -6 00 -0
4 3 2 233363e-04 1 30610 0 70811 25 103 1565003 730 16003 750 2 0771e+01 -2 2630e+01 -1 be O

Figure 10.2 2: H-magnet output in alr reglon on mesh coordinates (K, L).
Current adjustment at given mesh point (3, 2).
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CHAPTER 10 Examples 10.2 POISSON -- H-Magnet

least squares edit of problem , cycle 380

'h’ mag symmetry type
stored energy = 1.4240e+03 joules / meter or radian

xjfact= 1.000000 bx by bt dby/dy dby/dx

X 1 a(vector) x y (gauss) (gauss) (gauss) (gauss/cm) (gauss/cm) afit
11 -4.027671e-04 0.00000 0.00000 0.000 156212.225 16212.226 0.0000e+00 0.0000e+00 4 .00-04
2 1 -7.605820e+03 0.60000 0.00000 0.000 16210.461 156210.451 0.0000e+00 -7.2718e+00 7.8e+02
3 1 -1.620077e+04 1.00000 0.00000 ©.000 16204 .668 16204 .668 O,0N00e+00 -1.7003e+01 1§ .64+03
4 1 -2.280036e+04 1.80000 0.00000 0.000 16162.461 16102.461 0.0000e+00 -3.2067¢+01 2.3¢+03
65 1 ~3.040046e+04 2.00000 C.00000 0.000 165169.600 16160.500 0.00000+00 -8,10440+401 3.1e+03
7 1 -3.707664e+04 2.50000 0.00000 ©.000 15126.270 16126.270 0.0000e+00 ~1.1731e+02 -2 .9e+03
1 4 1.318073e-06 0.00000 1.00C00 0.000 15218.301 156218.301 1.0046e+01 0.0000e+00 -1.30-06
2 3 -7.600068e+03 0.50000 1.00000 -5.777 15217.623 16217.624 1.2700e+01i -3.0010e+00 4 .4e+01
3 3 -1.621736e+404 1.00000 1.00000 ~13.376 16215.1680 186215.106 1.8565e+01 -6 .7708e+00 7.6#+02
4 3 -2.282300¢+04 1.50000 1.00000 -26.413 15210.618 16210.630 3.1131e+01 -1.1766e+01 1.06e+03
6 4 -3.042748e+C4 2.00000 1.00000 -40.687 15203.106 16203.177 ©5.06637e+01 -1.8742¢+01 -1.2e+03
7 4 -3.802030e+04 2.50000 1.00000 -86.474 15101.268 16101 .616 1.09240+02 -2,9722e¢+01 -2.8e+02
1 6 5.427195e-02 0.00000 2.00000 0.000 315230.848 15230.848 1.3003e+01 0.0000e+00 -5.40-02
2 6 -7.615107¢+03 0.50000 2.00000 -5.130 15230.856 156230.666 1.1230e+0! 8.0043e+00 1.1e+03
3 6 -1.6231234+04 1.00000 2.00000 ~11.800 16234 .000 15234.0058 1.5760e+01 B8 6130e+00 2.30403
5 6 -2.284061e+04 1.50000 2.00000 -21.200 15240.176 16240.101 2.2881e+01 1.5340e+01 -3.00+03
8 6 -3.047228¢+04 2.00000 2.00000 -34.024 16251 .004 15281 .042 2.7003e+01 3.2344¢+01 -1.9e4+03
7 6 -3.810420e+04 2.50000 2.00000 -860.200 16278.913 15278.006 3.4303e+01 7.9167a+01 -7 .69+02

Figure 10.2-3: H-magnet output in alr ragion on coordinates (X, Y).

fthe following is & .ap of /b/(kg) upper ---cycle 380
/v/(kg) lower

o 1
| S

1 2 3 4 b (L} 7 . 19 20

34 u
1 000 2.36 4.30 6.12 7.86 049 10.86 12.04 . . . 16.88 16.08
33 u 237 302 658 T7.26 6.87 10.30 11.82 12.p2 . . . 18.902 16.08
1 204 8.63 537 7.1 8681 10.23 {147 12.861 . . . 16.01 16 O4
32 u 3.17 308 B3 6.86 N 43 077 11.02 12.07 . . . 16 86 1B.00
1 3.17 386 65.21 6.7/ 8B.38 0.76 10.00 12 12 . . . 156.84 {15 .07
31 u 408 B.7¢ 6.97 8.3 .63 10.68 11.72 12.87 . 16.91 16.04
| 4.0 5.72 603 6.3 0.84 10,68 11.76 1263 . . . 16.90 16.03
30 u 6.42 6.77 7T.59 8.68 ©0.62 10853 11.81 12.28 . . . 16.04 1B Q7
1 6.42 a.77 7.50 866 0.68 1052 11.54 12,30 . 15.82 16 04
20 u B.10 B8.66 V.35 1000 10.70 11.80 12,17 12,79 . . . 15.00 16.03
1 8.190 8.62 023 0.9 10,668 11 61 12,28 1200 . . . (& 688 16.02
28 u Q.77 @02 10.286 10.67 11.190 1176 12,26 12.7% . 16.82 18 .08
1 977 9.8a 1017 10.58 {i.10 11.60 2.22 12.78 . . . \h 80 16 W4

Figure 10.2 4: H-magnot output of |B| in fron for coordinaten (K, L).
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CHAPTER 10 Examplea 10.2 POISSON -- H-Magnet

rob. *h-aageet teNi, stifera ased /23708 wele = o9

Figure 10.2-5: Fleld lues TEKPLOT for the H-shaped dipolea magnet.
No Current adjustment.
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CHAPTER 10 Examples

10.3 POISSON -- Quad

10.3 POISSON -- Quadrupole Magnet with a Hyperbolic
Pole Tip

The magnetic fields and their gradients are calculated for a quadrupole magnet utilizing the

following options:

Taking into account the symmetry of a quadrupole we need only calculate one-eighth of the

quadrupole symmetry

e REG parameters: NT = 3, NEW and IBOUND
e input of a permeability table

output fields on specified linen

magnet. Below is the AUTOMESH input file, QUAD, corresponding to the geometrical
configuration on the right.

D NN & WK

B A e Pt pd s s h e S e
—0 O BdINOO L WWr- OO

22
23
24
26
a6
ar

QUAD

quad with hyperbolic curve, input table ©/12/86
$reg nreg~4,dx=0.35,dy=0.36,xmax=33.5, ymax=33.5,

$po
$po
$po
$po
$po

npoint=64

x= 0.000,
x=17.444,
x=33.080,
x=33.060,
x= 0.000,

y= 0.000 §
y= 0.000 §
y= 0.000 §
y=33.080 §
y= 0.000 §

$rog mat=3, npo!ut=p$

$po
$po
$po
$po
$po
$po
$po
$po
$po

x= b.
nt=3,
x=14.214,
x=22.470,
x=26.700,
x=256.700,
x=33.080,
x=33.080,
x= 5.837,

837,

y= 6.837 ¢

x=13.507, y= 2

y= 3.230 ¢
y=11.486 §
y= 8.256 ¢
y= 0.000 §
y= 0.000 §
y=33.080 ¢
y= 6.837 ¢

$reg mat=1, cur-11416.4,

$po
$po
$po
6po
$po

x=14.214,
x~17.444,
x=26.700,
x=22.470,
x=14.214,

y= 3.230 ¢

7,17,27

.623, r=8.2558

Reg.4-Line Reg. -~-\

npoint~6§

y= 0.000, nev=-18§

y= 8.266 §
y=11.486 ¢
y= 3.230 ¢

$reg npoint=2, ibound=0§
$po x+ 0.000, y= 0.000 §
$po x=33.090, y=33.080 §

4,

10

Reg. 1—-Alr

Reg. 2 iron

13,23

14,22
Reg. 3

12,20 Coll

11..\
21

[ NS,

20

10--10
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where:

Line 9: MAT =3
Linell: NT =3
Line 21: NEW = -1

Line 25-27:

10.3 POISSON -- Quad

- the material code for region 2 will be a user-defined

permeability /permittivity function. In this case it will be
an input permeability table.

- designates that the hyperbola 2+ X «Y = R? = 8.2557

will be drawn from previous point (5.837, 5.837) to this
point (13.507, 2.523).

- was added after a first run produced a gliich on the boundary

line from (14.214, 3.230) to (17.444, 0.0) by picking u,. a
mesh point from the horizontal boundary of region 1.

By setting NEW = -1, it ensures that pointa on the boun-
dary do not coincide with any points on previously defined
boundary region except for starting and end points.

Region 4 is used to define the boundary condition on the 45°
boundary from (0.0, 0.0) to (33.08, 33.08) as Dirichlet boundary
(magnetic field lines are parallel). In a non-rectangular region.
one must use IBOUND to define boundary conditions. (See
Sec. 2.2.5 - Boundary Condition Options.)

The procedural file, CQUAD, designates that POISSON will bo executed with input from
PQUAD. Given the files, QUAD, CQUAD and PQUAD, the user types:

cosmos 1 = cquad

QCQUAD

E

COSMOS File, cquad

for CRAY

for VAX

VAX Filo, CQUAD.COM

*agutomen)
quad
slattice
tape7l

]
*poisson
pquad

o/

ax -3 D CY & LD N

SRUN AUTOMESH
QUAD

$RUN LATTICE

TAPET3

£

S$RUN PDISSON

PQUAD

SEXIT

10 11
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PQUAD FILE

10.3 POISSON -- Quad

Line Line
No, No,
1 0 24 0.1626200e+06 0.0014423770
2 +181 60 #4686 4 s 26 0.1542300e+06 0.0014912019
3 3101 26 0.1560400e¢+06 0.0015380361
4 0.0000000e+00 0.0017613136 27  0.1670600e+06 0.00156918407
b 0.1142000e+04 0.00176513136 28  0.1618000e+06 0.0018642656
6 0.2063000e+04 0.0010159604 2V 0.1684000e+06 ©0.0023752069
7 0.56114000e+04 0.0007221680 30 0.1716000¢+06 ©0.0029164519
8 0.8476000e+04 0.0007C78644 31 0.1736000e+08 0 .0034566194
9 0.9667000e+04 0.0007241130 32 0.1762000e+06 ©O.00368720837
10 0.1067800e+06 0.0007662680 33 0.178L000e+06 0.0044882167
11 0.1131000e+06 0.0007961022 34 0.18200006+06 0.0054946066
12 0.1194000e+056 0.00083756209 36 0.1806000e+06 0.0079176564
13 0.1245100e+406 0.0008834703 36 0.1960000e+06 0.0102664103
14 0.1201200e+056 0 .000902903680 37 0.20200000+06 ©.0148588410
16 0.1331300e+06 0.0000764671 38 0.2066000e+06 0.0103798450
16 0.13656400e+06 0.00102353266 30 0.2006000+06 ©.02380663484
17  0.13036004+06 0.0010764263 40 0.2160000e+06 ©.0370370370
18 0.1421600e+06 0.0011264924 41 0.2190000e+06 O 0456621006
10 0.1444700e+06 0.0011°767476 42 0 2300000¢+06 0 .0B8O666217 count
20 0.1461800e+06 0.0012313603 43 1
21 0.1478000e+06 0 .0012846866 44 +18 0 ¢30 0 +42 19 19 1 68
22 0.1502000e+06 0.0013316679 46 +110 10 10 §. 1. s
23 0.1613100e+0b 0.0013879261 446 -1
where:
Line 1: 0 - to read dump number (NUM) = 0 on TAPE35 generated by
LATTICE. This is the first required POISSCM entry.
Line 2 CON array is t.he secoud required POISSON catry where:
CON(18) == - one permeability table to L~ read in.
CON( 6) = - must be set to zero if CON(18) £ 0.
CON(46) - 4 - wymmetrical quadrupole.
) - demgnates end of CON array entries.
Line 3. CON(18) £ 00 - indicates optional input:
3 - material code for which input permeabilty applies.
1.0 stacking factor,
1 ~input table given aa (1}, 7).

(l Rl

Lines 4 42:  the values of (M, 4) with last value having a

table. (See Sec. 54.1 B for inore detnil))

" (count) to indicate end of

Line 43 1 POISSON will read in dump 1, which was written after com-
pletion of the above run, to continue with new CON entries

that follow,

10 12



CHAPTER 10 Examples 10.3 POISSON -- Quad

Line 44: CON array entries:

CON(18) =0 ~ no new table to read in. (The read in table from
previous run is in.)

CON(30) =0 - no further iteration (since problem converged in
previous run).

CON(42) =19 — calculates fields and auxiliary data on all non-iron

CON(43) =19 points of the vertical line from mesh coordinates

CON(44) = 1 (19, 1) to (19, 88). These are listed in Fig. 10.3-2,

CON(45) = 68 up tol = 13. T the OUTPO! file the fields are given

only up to 1 = 17 since iron region begins after that.

Line 45: CON(110) = 10 harmonic analysis parameters as described in Table 5-1.9.
(111) =10 here we request:

(112) = 1, 10 coefficients and 10 points on the arc of circle starting
(113) = 90. at 0°, (Default CON(115)), up to 90° with radius = 1.0
(114) = 1. (CON(112)).

1. - CON(114) - normalization radius.

Line 46:

!
[

~ designates the end of POISSON execution.

Fig. 10.3-1 lists the output harmonic values from the file OUTPOI. As seen, the coefficicnts
begin at n = 2 and go up in steps of 4. The missing coefficients are zero due to the
quadrupole symmetry. For complete detail on harmonic analysis see Reference Manual
Section B.13.3.

10-13
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harmonic analysis
integration radius = 1.00000
table for interpolated points

n angle x coord y coord kf 1f vec .pot.
1 0.0000 1.0000 0.0000 4 1 2.080044+02
2 10.0000 0.9848 0.1736 4 1 1.95670e+02
3  20.0000 0.9397 0.3420 4 2 1.60487a+02
4 30.0000 0.8680 ¢.6000 4 2 1.042680+02
B 40.0000 0.7660 0.6428 3 3 3.58140e+C1
6 50.0000 0.8428 0.7660 3 3 -3.56004e+01
7 60.0000 0.5000 0.8680 3 3  -1.02283e+02
8 70.0000 0.3420 0.9397 3 3 -1.57878e+02
9 80.0000 0.1736 0.9848 3 2 -1.9563b6e+02
10 90.0000 0.0000 1.0000 3 2  ~2.08043¢+02

1table for vector potential coefficients
Onormalization radius =~ 1.00000
a(x,y) = re( sum (an + 1 bn) * (z/r)*+n )
n an bn abs{cn)
2 2.07766+02 0.00000+00 2.0776e+02
(] 7.06868~01 0.0000e+00 7.0686e-01

10 7.60€8a-02 0.0000e+00 7.6068e-02
14 2.6021e-02 0.0000e+00 2.6031e-02
18 -1.0182¢-01 0.0000a+00 1.0182¢-014

22 2.6021e-02 0.0000e+00 2.6021-02

a6 7.6008e-02 0.0000e+00 7.6088¢-02

30 7.06886e-01 0.0000e+00 7.0686e-01

34 2.0776e+02 0.00009+00 2.077de+02

38 2.0776e+02 0.0000e+00 2.0776¢+02

table for fieid coefficients
normalization radius = 1.00000
(bx - 1 by) = 1 ¢+ eun n+(an + 1 dn)/r + (2/r)+*(n-1)

n n{en)/x n(bn)/r sbs(n(cn)/r)

2 4 .16562e+02 0.0000e4+00 4.1552e+02

] 4 2411e+00 0. 00002+00 4.24110+00
10 7.6080e--01 0. 0000e+00 7.6000e-01
14 3.6420e-01 0. 00008+00 3.0429«-01
18 -1.8328e+00 ) 000Qe+00 1.83284+00
22 5.72406e-014 0O 00N0e+00 5.7240e-01
a6 {.D7784+00 0.0000w+00 1.9778e+00
a0 2.1300e¢0! 0. 000000 2.1206e+01
34 7.0030e+03 0. 0000« +00 7.08304¢03
38 7.8940a103 0. 00006 +00 7 B049e+03

Figure 10.3- 1: Harmonlc analysis Mating of OUTPOI for the quadrupole magnet
problem.
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CHAPTER 10 Exampies 10.3 POISSON -- Quad

least squares odit of problem , cycle 1750

aymm qua symmetry type
atored energy = 3.2644e+02 joules / meter or radimn

xjfact= 1.000000

k 1 alvector) x y bx(gauss) by(gause) bt (gauns) dby/dy(gauns/cm) dby/dz(guuss/cm) afit
19 1 8.189508e+03 6.27984 0.00000 0.000 -2607.309 2607.309 0,0000e+00 ~4.140640+0% 1,7e-02
19 2 T7.727194e+03 8.11021 9.35388 -146.826 -2637.033 12641.278 =-1.T0R0a-01 -4.14730+02 7 .6e-04
19 3 8.113152++H2 6.28040 0.T7OTA7T =293 .610 -2011.846 2628.285 -4.4300e-01 =4.1464¢+02 1.0e-04
19 4 7.8643831e+03 6.118981 1.08187 -440.442 -2541.312 2679.187 -6.2181e-0} ~4.14810+01 1.1e-03
19 5 7.819619¢+03 8.30118 1.41683 -EB87.140 -2616.723 2081.786 -6 .8666s-D1 =4.14930+02 1.Te-03
19 6 T7.1653326+403 6.:2984 1 TVCM2 -734.263 -2546.0863 2049.622 -6.4311e-01 -4 15109402 2.65e-03
18 7 7.339203e+03 6.31247 12.12403 -881.117 -2021.906 2768.000 -8.76883e-01 -4.15260+02 3.80-03
19 8 6 .5660827e¢+03 M, 14018 3.47815 -1028.297 -2660.6587 2750.071 -5.7370e-01 -4.1630e+02 C.1e-03
19 9 6.842720e+03 6.32467 2.83200 -1176.431 -2627.381 2878.328 -4.5120e-01 ~4.1606e+02 7.40-03
19 10 5.761486e+03 68.15112 3,108611 ~-1322.336 -2666.474 2B77.328 -3.9673e-01 -4.151B9+02 1.0e-02
19 11 5.T41556e+03 6.33831 3.64110 -1469.678 -2633.226 3015.598 -3.1688AM6-02 -4.1495e+02 1.6e-02
19 12 4.7A2763e+03 6.16273 3.88237 -1615.389 -2560.518 3027 .486 -2.6134¢-01 ~4.1421e402 2.Te-02
19 13 4.0642707e+03 6,36446 4.24741 -1762.460 -2639.781 3174.074 J.652Be-01 -4.13450+02 9.1e-02

Figure 10.3-2: A section of listing of QUTIO1 for the quadrupole magnet prols-
lean.

au

pred. vquad vith hyperdalic cure0 | AL tadlie 0/12/08 (ycle = 1800

Figure 10.3 3: Field lines TEKPLOT for the quadvapole snngnet.
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10.4 PANDIRA -- Quadrupole Magnet with Hyperbolic
Pole Tip
This is the same problem as 10.3, but now we use PANDIRA to solve for the magnetic

fields and auxiliary quantities. The files QUAD and FQUAD are identical. The procedural
file, CQUAD?2, differs only in line 5 as listed below.

Line No, COSMOS File, cquad2 VAX File, CQUAD2.COM
1 *automesh $RUN AUTOMESH
2 quad QUAD
3 *lattice SRUN LATTICE
4 tape73 TAPE73
b *81 O 8 *81 0 &
<] *pandira $RUN PANDIRA
7 pquad PQUAD
8 ./ SEXIT

For PANDIRA run CON(81) = 0. Please note that in the COSMOS file “«” must not be in
column 1 since a “+” in column 1 designates an executable file to COSMOS. Given the files
QUAD, PQUAD and CQUAD?2, the user types:

cosmos 1 * cquad2 for CRAY
QCQUAD2 for VAX

PANDIRA produces almost identical results. This is seen by comparing listings of
Fig. 10.4 1 ¢f PANDIRA to Fig. 10.3-2 of POISSON.

lesat aquares edit of problem , cycle []

symn qua symmetry type
atored energy * 3.26460¢02 joules / meter or radisn

xjfact~ 1,000000 bx by bt dby/dy dby/dx

kK 1 a(vector) x y (gaoes) (gauss) (gawsa) (ganen/cm) (ganse/cm)  afit

1¢ 1 8.100160e+03 48.27084 0, 00000 0.000 -2607 B14 2007 B1d 0.00000400 -4.14670402 1. 7a-012
10 2 7.727806e¢0J) @ 11021 0 .3658 -146 B37 -2637.233 2541 .478 -1.T11d4e-01 -4 1476402 7 .7e-04
19 3 8 113706e+03 6 10040 0 .T0787 -293 B3 -2012.061 2078 402 -4 .4378e-01 -4 140T7e<02 1 B8e-04
19 4 7.6446300¢0) 6.11091 1 06197 -440.476 -2641.613 207V 400 -5.2788e-01 -4.1405e¢02 1. fe-0)
19 & 7. 330240e+03 6 30118 1 41583 -B8Y 184 -2616.030 2681 007 -6 8818001 -4 14060¢02 1 Te-03
19 &  7.183803¢403 6.12084 1 .77002 -734.309 -2646 06 20640 831 -0 4479e-01 -4.16130402 12 Ge-03
10 7 7.330877e¢0) 0.31247 2 1203 -88).184 -2622.113 12760 218 -6.7004e-01 -4 16200007 23 6e-02
{0 & O 5661(0e*03 6 .14018 2 478156 -1028.376 -2560.790 2760 289 L TE70e-01 -4.1631e902 & 103
19 9 0.043261e03 6 .)2467 2 083260 -1175.621 -2627.692 12878 657 1.63600-01 -4.1600+02 7 4e-02
10 10 0.761047¢+03 6 156112 3 18611 -1323.. -3656. 670 2877 568 -1 .0880e:01 -4 1A229¢02 1 Ne-02
10 11 B Td2010e°03 6 .3383% 3 64110 -1460.792 -2633 438 D016 838 -3.3716e-02 -4 1408002 | be-02
10 12 4 T441460°0) @0.10273 3 60237 -1616.516 -2660.726 3017 7390 2 6610s-01 -4 .14249+02 12 Te-02
10 13 4.043083e°03 6 38446 4 24741 1762 6007 -2030 006 N1T7L 320 3.64730-01 -4.13486902 O 1a 02

Figiwe 1044 10 A section of listing of OUTPAN for the quadvapole iagnet prob-
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10.5 PANDIRA -- Ring

10.5 PAIIDIRA -- A Ring Dipole Permanent Magnet

Figtre 10.5-1 shows a vertical cross sec-
tion of a ring dipole magnet composed of
eight identical permanent magnet (PM)
slabs. We wish to calculate the fields at
the center which according to experimen-
tal measurements should be ~ 10 kganuss.

Taking advantage of the symmetry, we
only need to compute one-quarter of the
magnet,

Figure 10.5-1: Vertical cross section of
the ring dipole permsanent magnet.

Below is the AUTONESIH input file DIPM, and the geometric configuration which

corvesponds 1o the upper right-hand quadrant of Fig. 10.5- 1.

DIPM

1 10 kg ring dipole permanet magnet 9/5/86
2 Sreg nreg25,dx~.1,dy~.1,xmax=12 9,ymax=12.0,npoint=5,
k| xregl=7.3,yregi~7.38

4 90 x=06.00 , y=0.00 8 7

b $pu x-J2.00 , y=0.009

6 Spo x=12 00 , y=12.00 §

T Spo x= 0.00 , yn12.00 9 :

8 ®po x~0.00 , y=0.0029 '

9 Sreg mat-6,npoint=6 8

10 $po x= 2.6000 , yr~ 0 00 ¢ 20
11 ®po x» 7.3000 , y~ 0,00 § 21

1z 8po x= 7.3000 , y= 1.8286 §

13 $po x~ 4.5000 , y~ 1.8285 ®

14 ®po x» 2.5000 , y~ 1,00 6

15 $po x+ 2.5000 , yn 0.00 @

16 Sreg mat=?,npoint=6 §

17 $po x= 0.00 , y= 2.5000 §

10 Spo x= 1.00  , y= 2.6000 §

19 Opo x= 1.8286 ,y» 4 6000 §
20 $pu x= | .828% ,y= 7.3000 8

21 8po x~ 0 00 , y- 7.3000 $

22 8po v- D.00 , y- 2.5000 §

20 Sreg mat-8,npoint~7 § 17 |

24 $po x~ 2.6000 , y» 1,00 @&

b ®po x~ 4.5000 , y= 1.028b ¢

26 8po x= 6.47  , y= 1. 82 @

27 fpo x- 1.82 , y~ G. 4T @
28 Spo xv 1.0286 , y~ 9.8 L
29 $po x- 1.00 . ¥Y™ 2.5000 ¢

Reg. 1 Air

" o e S

30 $po at 2.K000 , y- 1,00 @ 4
M Greg mat-, cur=20 ,npoint«2 §

32 8po x~ 1.%000 , y+* 1.00 @

31 fpo x= 4.5000 , y~ | A2HKD

17
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Line 3:

Lines 9, 16, 23:

Lines 31-33:

XREG1 =173
YREG1 =173
MAT > §

10.5 PANDIRA -- Ring

~ the mesh size will double in the x direction
starting after x = 7.3 and in the y direction
after y = 7.3 (see Fig. 10.5-3).

- defines these regions as permanent magnetic
material with the permeability functiona input by
a straight line B(H).

- added region defining a current line region that
MUST be given to initialize PANDIRA. The value
of current (CUR) and the location of current line
region are immaterial.

The procedural file, CDIPM, and the input file, PDIPM, for PANDIRA are listed below.
Given these three files - DIPM, CDIPM and PDIPM the user types:

Line .vo,

cosmos 1 = CQEB!

QCDIPM

COSMOS file, cdipm

dipm

pdipm
./

O ~ 0 0 & W -

where:

Line b:

*automesh

“lattice

tape73

81 0 101 1 8
*pandira

CON( 81)=0

CON(101) = 1

PDIPM

0 dump
+i18 3 ¢80

G N2 T dE N -

12

61
90
‘10800
Ty
-90
-10800 .
81
10 180.
i1 -10000.

-1

1068
11600,
-1

{1 0w
11600
-1
1.0
11600.

for CRAY
for VAX

VAX file, CDIPM.COM

$RUN AUTOMESH
DIPM

SRUN LATTICE
TAPE73

*81 0 »101 1 §
SRUN PANDIRA
PDIPN

$EXIT

- for PANDIRA runa this MUST be set to zer in LATTICTE.
- permanent magnet problem,

10 18
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Line 22 CON(18) =3 - no. of straight line B(H) inputs.
CON(6) =0 - musat be set to zero if CON(18) # 0.

Line 3: CON(18) # 0 - indicates optional input:

) - material code for which this input B(H) applies.
1. - stacking factor.
-1 - must be a negative no. (value imniaterial).

Line 4: 90. - the direction angle (in deg.) of the “easy axis”

relative to the horizontal axis in the counter-
clockwise direction.

10 - the v(= 1/u) value perpendicular to the “easy axis”.
- ski t of entries.
s skip reat of entries 15000
Line 5. -10800. 11600. - the H-axis and B-axis intercept
shown on the right. o

- 10000
// (o)
N
Q
- 5000 &
o
N4

(-10800,0)
-15000  --1C000 --5060 0
H(oersted)

Line 6-12: same as 3-5, except for matcrial code 7 “easy axis", --90° (downward),
and for material code 8, 180° (to the left).

(Seo Sec. 5.4.1-C - Permenbility /Permittivity Function Input for more detail.)

Fig. 10.5-2 ahows pnrts of the output from file OUTPAN that PANDIRA generates. First
part lista the Input B(II) curves (note that values noi input such as ¢, have default values).
‘The second part liats the flelds on axis. As can be seeu the value of || — bt - 10.010879
kgauas at origin which is close o the measured fleld.
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material no.
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material no.

CHAPTER 10 Examples

aniso = 90.000

hcept = -0.108e+06

aniso = 270.000

hcept = -0.1086+05

aniso = 180.000

hcept = -~0.108e+05

stack=1.000
gamper
beept
7, stuck=1.000,
gampey
bcept
8, stack=1.000,
gamper

becept

» fixgam= 0.004

= 0.116¢+05

1.000

x0 =

fixgan= 0.004

b 0.1160+056

1.000

x0 =

fixgem= 0.004

“  0.1160+06

leant squarsn edit of problem , cycle
midplane symmetry type
yjtacte 1 000000

x 1 n(vector) x y

1 0.000000e¢00  0.00000 O,00000
2 1 1.001088a4403  0.1000¢ ¢ .00000
3 1 2.002178e40)  0.20000 0.00000
4 1 3.003270e403  0.30000 0.00000
1 4.004000e403 0. 40000 0O, 00000
6 1 6.0064TRe+03  0.B0OC0 O.00000
T 1 6.008600e+403 0.60000 0.00000
LI T .00TTH3a+0D 010000 0. 00000
W1 B,00A938e0N 0 RDOND O OHOOO
101 Q.010162e407 Q. HON0H O, 00000
1 1.001144¢10% 1.00000 0, 00000
12 1 10427Tas04 110000 0, 00000
[ LI | 1 201413004 1.200,00 O, 00000
14 1 1 01hR1as0ng 110000 O 00000
15 1 1 . 4010A2e 404 1. 40000 0, 00000
[ | 1 . huLTPAe 04 1. 60000 0, 00000
17 1 1 A0NATIe 04 1.80000 0. 00000
|1 LTOIRIBe 04 1 TOOO0 O, 00000
v 1 1 ROLTANA 04 1 AOODDD O, 000KK)
0 1 1 .80{ATEe 04 1 . ROODO O OO0
n 1 2.000913e004 2, 00000 O, 00000
121 0.000001a 004 210000 O 00000
PRI 2.19104070004 3.20000 0 (00N
241 7 29824Ke 004 2 10000 000000
ah 2.0 70ae 104 440000 0, 00000

1.000

x0 =

by
(gause)
~10010,
-10010
-10010
10010,
-10011
10011 .
-100114
10011
-100132
-10013
10013,
10013
1001
10011
10012
1000n
10004
WK
LLLE
LeLL
X
HAAN
LA L]
LIALE
oAy

are
(113

7

951

.030

161

.61
. 647

030

601

723
510

797

ant
L1s¥]
N2

LR
LTOA

41
ony
343
A1)

A

[ LY
1

0.000

0.000

0.000

bt

(gauss)

10010,
10010
10010,
10010,

100114

10011

10011

10012

10009
10004

RLL LR
LLLEIS

L2 1)
0920
ARAN

LLILK
L

LAl
ann

aro
113
807
L1.3}

.030
10011 .
.36t
647
10013,
10013.
.02
10013,
10013,
10013,
10012,

16}

[ex 4]
BOY

610
™Yy
an?
L 1aP]
LRV
ann
104
241
ORAN
RTh
ank
oln

1

10.5 PANDIRA -- Ring

yoO = 0.000

yo = 0.000

y0 =  0.000

dyb/dy
(gause/em)

0

o090 0CC

S 0O o092 OC

. 0000a +00
. 00000 +00
. 0000w ¢ 00
. 00000400
. 000N + OO

QOO0 +00

L 000e ¢ 00
. 0000 +00
.0000e +00
, 00000 400

0000e 400

L0000 e +00
L0000 e + (0

0O000a +H0

LO000e 400

XNV 1YY

OO0 e OO

MXNKIa +0X)

L O000a 00
e LA AT XTA )
L0 e A h)

[3.0.8.47 X143
(13087 XX} A1
Ot g VN
T e O

.

PR X R

1

phi =1111.000

phi =1111.000

phi =1111.000

dhy /dx
(gauso/cm)

PRI SIS S

= ~

|

89140 04
3170a-01

. 1208 01

WE84e-01

,0231e400
. 82680400
. 4110e400

31398e+00

AT 10400
0BT 0400
. 3200 +00
. 1Pk4e 00
P271a-01

ANl 1as0O
TTA\asO}
TOihe O}
LIS R ¥ XIF]
144701y
TRTANYYY
AuhHa tOQ
nnt e 0
400002
PLXREXIRP
JOA tae)
ALY XN

afit

1
D - @

[l

e B DA A RN

g

~N 8 4 -~ BN

> D 4 - -

,4e-00
(e ~00
.de-08
e 08
Do 0%

Se-08

.Te-0b
.de 08
e -00

Be-08

.8e-08
,fe-04
4004
.Ra 04
‘Je-04
.40 01
.le 010

de OO

Te N

e ON
te *2
Ne 012
Ne 0]
Na 0}
e O

Figme 1008 21 A portion of listing from file OUTPAN showing the inpat B(H)
parametes s and felds on axis tor the ring dipole perianent aangnet.,

1020



CHAPTER 10 Examples 10.5 PANDIRA -- Ring

pred, 10 g ving Gipale pereanst magrey §0/04 wyele « [ ]

Figure 10.6 31 Mesh vlot fromn TEKPLOT for the rlug dipole permanent magnet.

prob 10 bg ring Sipwile ...--; mgmt 0/9/00 spale s 0
Fignre 105 0 Field lines TEKPLOT for the ving dipole permanent mnguoet.
Arvrows inserted to show divection of the “enry nxin.”
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10.6 PANDIRA -- Cylindrical Permanent Magnet Problem

Given four cylinders of specified dimensions and composed of permanent magnetic (PM)
material, we find that a geometric arrangement of the cylinders as shown in Fig. 10.6
produced the desirec maximum B, field in the plane z = 0 of ~ 270 gauss.

Cyl. 4

---‘...

-04-00 -4 -P -2

Fig. 10.6-1 Four permanent magnetic cylinders

The PANDIRA calculation is done using tho following options:

e cylindrical coordinates
e variablo mesh in both r and z directions
e input of B(H) curve

Here again, taking advantage of the aymnmetry we only need compute one-quarter ol the

grometry. Bolow is the AUTOMESH input filr CYPM, correnponding to the geometric
conliguration on the right. It should be noted that x ~—+ rand y - 2.

10 22
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D T OO S W

10
11
13
13
14
15
16
17
18
19
20
a1
22
a3
a4
25

Lines 3-6:

CYPM

cylindrical permanert magnet 9/4/88

xregle7. ,xreg2=20.,yregl=12. ,yregi=16. ,
kreg1=8,kreg2=71,kmax=101,

10.6 PANDIRA -- Cylindrical
9

Line Region

$reg nreg~4,dx=0.25,xmax=60.,ymax=160. ,npoint=5, IJR"" 3-Current

lregi=17,lreg2=27,1max=474

$po y= 0.00, x= 0.008
$po y=160.0, x= 0.008
$po y=150.0, x=80.008
$pe y= 0.00, x~60.008
$po y= 0.00, x= 0.008
$reg mat=8,npoint=54

$po y=10.20, x= 0.008
$po y=103.0, x= 0.008
$po y»103.0, x= 7.62%
$po y=10.20, x= 7.62¢
$po y=10.30, x= 0.008

$reg mat=1,cur~100.,opoint=2¢

$po y=103.0, x= 0.008
$po y=103.0, x= 7.62¢
$reg mat=7,npoint=64
$po x= O 00, y= 3.008
$po x= 7.62, y= 3.008
$po x~ 7.62, y=10.208
$po x= 0.00, y=10,209
$p0 x= 0.00, y= 3.008

13 14

Reg. 1 Air

~
Reg. 2 PM

12,24 |—|185,23
~! . Reg. 4- PM
21}--t22

S

- variable mesh - 3 different mesh sizes in @

tho horizontal and vertical dimension: r

dx = (7.-0.)/(8-1) = 1.
= (20-7.)/(71-8) = 0.2083
=(60.-20.)/(101.71) = 1.3333

dy

I

(12.-0.)/(17-1) = 0.75
. (15.-12,)(27-17) = 0.3
(150.-15.)(47-27) . - 6.76

0 <x<T
7. < x < 20,
20. <~ x < 60.

0 <y«<I12
12, <y < 15,
15, <y < 150,

(See Figs. 10.6-4 and 10.6-5.) The user can verify that AUTOMESH calculnted the
correct mesh size by checking the output fils, OUTAU'T.

Lines 11, 20 MAT > §

Lines 17-19;

-- defines these regions as permanent magnetic materinl
with the permeability functiona will be input by a
straight line B(H).

~ sdded region defining a curient region that must be
given to initialise PANDIRA. The value of the cureent
(CUR) and the location of the current line region
are immaterial,
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The procedural file, CCYPM, and the input file, PCYPM, for PANDIRA are listed below.
Given these three files - CYPM, CCYPM, and PCYPM - the user types:

cosmos 1 = ccypm for CRAY
SCCYPM for VAX
Line No. COSMOS File, ccypm VAX File, CCYPM.COM

1 *automesh $RUN AUTOMESH
2 cypm CYPM
3 *lattice SRUN LATTICE
4 tape73 TAPE73
b %22 0 »81 O s %22 0 =81 O §
6 *pandira $RUN PANDIRA
7 peypm PCYPM
8 /* $EXIT

where:

Line 5: CON(22) =0 - Boundary conditions (if changed) MUST be set in LATTICE.
CON(81) =0 - PANDIRA run. This MUST be set to zero in LATTICE.

PCYPM

0 dump

“10 1 +101 1 *8 O +18 4 48 1 »
6 1.0 -1 mat stack type

~90.0 1.0 »

~10000. 10000. hcept bcept

7 1.0 -1 mat atack type

90.0 1.0

-10000. 10000, hcept bcept

-1 dump

DB N O W

10-24
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(Note that for identification, we chose to put comments after all values are given for each

line)

Line 2:

Line 3:

Line 4:

line 8- 8:

CON(19) =1 - cylindrical coordinates.

CON(101) =1 - permanent magnet problem.

CON( 6)=0 - must be set to zero if CON(i8) # 0.

CON( 18) =2 - no. of straight line B(H) input.

CON( 46) =1 - cylindrical, ITYPE, no symmetry. Specified boundary
condition in LATTICE (CON(22) = 0) that field lines
are parallel to the r-axis.

if CON(18) # 0 - indicates optional input:

6 - material codes for which this input B(H} applics.

1.0 - stacking factor.

-1 - must be a negative no. (value immaterial).

~90. - the direction angle (in deg.) of the “easy axis” relative
to the horizontal axis in the clockwise (negative angle)
direction.

1.0 - the 4= 1/u) value perpendicular to the “easy axis”.

~ skip rest of entries. -

~10000. 10000. - the H-axis and B-axis intercept
for the B(H) straight
line as shown.

/>- 100C0

e m
@
/ S
- 5000 2
%]
“.
| Y -y +
=15000  -10000 ~5000 0
H(oersted)

same as 3-5, except for material code 7 “easy axis,” 90 (upward).

(See Scc. 5.4.1- C - Permeability/Permittivity Funetion Input - for more detail.)

Fiy. 10.6-2 lists the part of the output from file OUTPAN that shows maximum
B, = 270.434 gauss, at coordinates (21.20032, 0.0).

10-25
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least squares edit of problem , cycle

xjfact=

k1

B W N e
- o e bt s e

-~
o
e s e e S e e b bm ba e e e

lem,

symmetry type

1.000000

ra(vector)
0.00000e+00
0.00000e+00
0.00000e+00
0.00000e+00

0.00000c+00
0.00000e+00
0.00000e+00
0.00000e+00
0.00000e+00
0.00000e+00
0.00000e+00
0.00000e+00
0.00000e+00
0.000000+00
0.00000e+00
0.00000e+00
0.00v00e+00

T
0.00000
1.00000
2.00000
3.00000

18.74194
18.95161
19.16129
19.37097
19.58065
19.79032
20.00000
21.29032
22.680865
23.37097
26.16129
26.45161
27.74194

z
0.00000
0.00000
0.00000
0.00000

0.00000
.00000
.00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
00000
.00000
.00000

OO0 OO0 O0O0OCOCO

o

2

br bz
(gauss) (gauss)
0.000 -4.415
-244.739 0.062
~506.336 0.476
-794.332 1.9
.
.
261.031 -0.009
254.733 -0.008
257,971 -0.004
280.77¢ -0.003
263.16¢1  -0.006
265.272 -0.480
267 .459 -1.409
270.434  0.028
266 .984 0,063
258.630 0.073
247,335 0,069
234.388 0.069
220.873  0.04¢

0rab. caglinder 104) pocasnesd ooqued §/¢/00

Figuwre 10.6 31 Field lines TEKPLOT for the eylindvieal perinne !
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bt

(gauss)

4.415
244.739
606 .336
794.334

251.031
264.733
267.971
260.771
263. 161
265,273
267.263
270.434
266 . 984
258,630
247.336
234 . 388
220.673

dbx/dr
(gause/cm)
0.0000e+00
-3.7999¢-02
1.8613e400
2.00096+00

8.3798e+00
7.59106+00
6.87140+00
6.2248e+00
5.6661e+00
4.9275¢+00
3.3682e+00
5.4518e-01
1.0474¢-01
-1.1245e-01}
-2.4661e-01
-3.22360-01
~3.7%4pe-01

n=x, bgehz/dr, rafit

0.0000e+00
-7.3009¢-01
T.7902e+00
3.10440+00

~1.78710+04
~2.342:0+04
-3.1209a+04
~3.5672e+04
-1.9881e+04
~2,0303e+02
~4.7797e+01

4.48160+02

4.44800+01
~3.6662e+01
-9.1016¢+01
~1.4512e+02
~2.0533¢+02

of the output of OUTPAN showing maxinnun 13,

magitet prob-

~2.Te-014
1.3e-01
1.650+00
2. Te+00

3.0e+00
2.80+00
2.6e+00
2.3e+00
2.2e+00
1.90+00
3.6e+C0
6.3e+00
1.4e+00
-2.00+00
~4.40+00
-6.0e+00
~6.9e+00
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10.7 POISSON -- Vector Potential Problem

The problein here is to calculate the effect a 2 mm-thick metal enclosure has in reducing the
earth’s magnetic fields inside the region. This calculation is done using:

e input file to LATTICE directly

e input fixed vector potential on boundaries

e a constant fixed permeability value
Because the metal region is very small in comparison to the ove:all dimensions, we ran into
problems using AUTOMESH. Also since additional variations of this problem will require

more than the maximum of three mesh sizes, in each direction, (that AUTOMESH allows),
we opt to input the problem directly into LATTICE.

Again we take advantage of the symmetry and use only one-quarter of the geometry. The
input file, VECP, with the corresponding configuration is givea below.

YECP

1  vector potentisl problem 9/11/88

2 %2 8 *21 00 1 1 *468 1 +9 1.0000 skip

3 1 0.0000 0.0000 0 O region

4 1 1 0.0000 0.0000

5 3¢ 1 176.2000 0.0000

6 40 1 175.4000  ©0.0000 12 11

7 86 1 400.4000  0.0000 13 N\~

8 85 26 400.4000 120.5000 T =y ?

® B85 S0 400.4000 120.7000 |

10 86 76 400 4000 $B4.7000 ! Reg. 8
A1 40 76 175.4000 364 .7000 Reg. 1

12 36 76 176 2000 854 7000 |

13 1 75  0.0000 864.7000 |

14 1 30 0.0000 130.7000 Reg. 2 -~+-—Reg. 3

16 1 26  0.0000 120 $000 Y ',

16 1 1 0. 0000 0.0000 coun |

17 2 0.0n00 0.0000 © 1 region |

18 36 1 176.2000  0.0000 42 |, 41 Reg. 8
19 36 20 176.2000 120 50OO 14.43 RN
20 36 30 ‘75 4000 120.7000 p ZIn
21 38 76 176 3000 384 7000 coun 16,447 ‘ s | 40 «
a2 3 1 0 0000 D000 O 1 reglon Req.
23 40 1 176.4000 O 0000 Reg. 6 -
24 40 26 175 4000 1290 6000 fron
26 40 3C 176 4000 129 7000 Reg. 7
20 40 75 176.4000 354 7000 coun ]
27 4 1 0.0000 Q0000 O 1 region 4 /
28 1 26 0.0000 129 6000 6,387 6,39
29 36 26 176.2000 129 6000
30 40 20 176.4000 119 OO0 X
h B a8 26 400.4000 1iw BOOO coun R.o- 2_..“.0. S5~Line R.nlon.
32 b6 | 0.0000 0.0000 0 | region

33 1 2 0.6000 129 7000
34 306 30 175 2000 139.7000

10-28
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36 40
38 65
37 6
38 36
39 40
40 40
41 40
42 36
43 1
44 1
46 30
46 38
a7 7
48 1
49 36
50 40
61 86
62 8
63 1
64 h1.]
86 40
66 86
Line 1:
Line 2:
Line 3:

1

88

400

176

~-8888838~~

176

P S A

188

176,
. 4000
0.
176.
176.
176.
. 4000
176.
0.
0.
176.
176.
10.
0.
. 2000
176.
4n0.
.0000
78 0.
78 176,
76 176.
76 400.

4000

0000
2000
4000
4000

2000
0000
0000
2000
2000
0000
0000

4000
4000

0000
2000
4000
4000

10.7 Vector Potential Problem

129.7000
120.7000 coun
0.0000 O 1 region
0.0000
0.0000
129.6000
149.7000
129.7000
129.7000
129.5000
129.6000
0.0000 coun
0.C000 O -1 region
0.0000
0.0000
0.0000
0.0000 coun
0.0000 0 -1 ragion
364 .76G00
864.7000
364.7000
364.7000 coun

Title line, with blank in column 1 for POISSON/PANDIRA/MIRT problem.

CON variables that have been set by AUTOMESH.
Sece Table 3- 1 CON Variables for LATTICE for more detail.

CON(2) = 8 -~ NREG - total number of regions.

CON(21) = O - boundary conditions set up for upper, lower,
CON(22) = O right and left boundaries, respectively, of the
CON(23) = 1 rectangular region of the problem.

CON(24) = 1

CON{48) = 1 - symmetry type is none

CON(®) = 1.000 -- CONV - coordinates are in centimeters.

eskip -~ the “s” designates end of CON entrics; any

comments may follow “s”.

This in the region entry line. LATTICE expects six entries. The variable names
are identical to REG NAMELIST variables, so refer to TABLE 2-1
REC NAMELIST VARIABLES for more detail.

IREG
MAT

CUR
DEN
ITRI

i

{ - the region nurmber.
= 1 -- the material number for this region.
MAT = 1 - air region, when CUR - 0.
0.0000 - the total current, if a coil region.
0.0000 - the current density, if a coil region.
0 - the type of triangle for the mesh,
I'TRI - 0 - equal weight, equilateral triangle.

R
o

it

10-29
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Lines 4-15:

Line 16:

Line 17-36:

Line 37:

Lines 38- 486:

Line 47:

Lines 48-85:

Line 52:

Lines 53-56:

IBOUND = 0 - the special region boundary indizator.
IBOUND = 0 ~ Dirichlet boundary for this region.
region - a comment. No “s” is required since the maximum
number, (8), of entries is given.

Each line lists the horizontal and vertical mesh numbers and the correspond-
ing coordinates. (i.e., line 5: horizontal mesh number = 36 for horizontal
coordinate = 175.2 cm., vertical mesh number = 1 for vertical coordinate

= 0. cm.; this determines a mesh size of dz = 175.2/(36 — 1) = 5.006 cm.
line 6. dz = (175.4 — 175.2)/(40 — 36) = .05 cm. for z from 175.2 cm. to
175.4 cm.) Notice that we specify points that are not needed to define
region 1, but will be used to define subsequent regions. This assures that the
given coordinate points are assigned mesh points and thus avoids LATTICE
problems in subsequent regions.

Mesh points and coordinates identical to line 4, to form a closed region.

coun - the “c” designates both end of entries and to
count and store number of boundary point
entries for this region.

Are four line regions used to make: dx = .05 for z == 175.2 to 175.4 and
dy = .05 for y = 129.5 to 129.7.

Sixth region line entry.

IREG = 6 — region number 6.
MAT = 2 - iron region.
IBOUND = 1 -~ Neumann boundary for this region.

Lists mesh point nunibers and their corresponding coordinates for region 6
as described in lines 4-16.

Region 7 defines a line region with a fixed potential (IBOUND = -1) value
(CUR) = 10. V for the lower boundary line

Lista mesh point numbers and their corresponding coordinates for region 7
a8 deacribed in linea 4--16.

Region 8 defines a line region with a fixed potential (IBOUND :: - 1) value
(CUR) = 188. V for the upper boundary line.

Lists mesh point numbers and their corresponding coordinates {or region 8
a8 described in lines 4-186.

10 30
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First, we want to calculate the magnetic field lines without the 2 mm enclosure. In fact, we
adjusted the vector potential values so that the program would generate fields of 0.5 gauss

which correspond to the earth’s magnetic fields at this geographic location. The input file,

VECM, is identical to VECP except region 6 is omitted (lines 37--56) and line 2 of VECM

has +2 7 (instead of 8 of VECP since now one region is omitted). The file VECM, input to
LATTICE, and the procedural file are listed.

YECM

vector potentisl problem 9/11/86
*2 7 »21 0011 46 1 *9 1.0000 skip

1

2

3 1 1 0.0000 0.0000 O O region
4 1 1 0.0000 0.0000

5 36 1 175.2000 0 0000

6 40 1 176.4000 0.0000

7T 85 1 400.4000 0.0000

3

85 26 400.4000 1209.5000
9 86 30 400.4000 120.7000
10 8 75 400.4000 354.7000
11 40 76 176.4000 3b4.7000
12 36 76 175.2000 3b64.7000
13 1 76 0.0060 364.7000

14 1 30 0.0000 129.7000

16 1 26 0.0000 129.5000

16 1 1 0.0000 0.0000 coun

17 2 ! 9.0000 0.0000 0 1 region

18 36 1 1765.2000 0.0000

19 36 26 176.2000 129.6000

20 36 30 1765.2000 129 TQ0OO

21 36 76 1Y6.2000 364.7000 coun

22 3 1 0.0000 0.0000 O 1 region
23 40 1 176.4000 0.0000

24 40 25 17H.4000 120.6000

a8 40 30 176.4000 129.7000

26 40 7 176.4000 3b4.7000 coun

27 ¢ 1 0.0000 0.0000 O 1 region
39 1 26 0 0000 129.6000

9 36 26 175.2000 179.6000

30 40 26 175 4000 129 3000

1t Rb 26 400.4000 129.5000 coun

32 b 1 0.0000 0.0000 O t region
kK] 1 30 0.00% 129.7000

34 38 30 {170 200 129.70Q0

L 40 30 176.4000 129.7000

36 Hb 30 400 4000 129 7000 coun

kY 7T i 10. 0000 0.0000 0 1 regiun
A} 1 0. 00GOo 0.0000

1
39 36 { 1756.42000 9 0000
40 40 1 1761000 0. 0000
d1 ab 1 400 4000 0.0000 coun

42 8 1 188. 0000V 0 0000 O 1 region
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43
44
45
46

OO ~NON&WLWN =

1 75
36 75
40 7%
86 75

0.0090
176.2000
176.4000
400.4000

COSMOS File, cvecrn

«]attice
vecn

*poisson
LTty

0
]

-1
o/

364.7000
364.7000
354.7000
364.7000 coun

VAX File, CVECM.COM

O @ NGO & WKW -

$RUN LATTICE

VECN
s

$RUN POISBON

TTY

0

8

-1
$EXIT

To execute, using the above two files — VECM and CYECM — the user types:

sosmos 1 = cyecm
SCYECM

for CRAY
for VAX

10.7 Vector Potential Problem

Fig 10.7-1 lists a foew linea of the output from OUTPOI showing the fields or. axis to be
.503 gauss and uniform cverywhere as seen by TEKPLOT plot of field lines in Fig. 10.7 5.

1least squares edit of problem , cycle

aone

symmetry type
0 tored energy =

xjfactes 1, 000000

oo CO0OC0CO0 O OO0
- I ST T 7 N

Figure 10.7.1: Portlon of output from QOUTPOI for vector potential problem.

»

1

[ Y

e e we v e s e

a(v :ve)

. 0000000401
., 0000000+ 01
,0000000+01
,000000e+01
0000000 + 01
00N000e +01
000009 +01
00000008+ 01

x
0.00000
8.00871

10.01143
18.01714
320.022080
26 .02867
30.03420
38.04000

Y
0.00000

0 00000
0.00000
0.00000
0.00000
0.00000
9.00000
0 00000

3270

bx
(gauss) (gauss)
. 802
.802
.02
. 502

0

. 602
.802

2000000

0.00000+00 joules / meler or radian

by

802

33888888

802

bt

dby/dy
(gauss) (gauns/cm)
.802 -1 6AR71a 08
.802 -2.400U7e-08
802 -1.0634e-08
003 -2.1011e-00
.802 -1 3007e-08
802 -2.6288e« 08
.802 -2 86ANe-08
802 -3 000)a-08

00 O0OO0O0CO0O0

dby/dx
(gaues/ca)

)
4

-4.

-4

.90881e-08
4.
T178e-11

3716e-00

8021e-11
84062e-11

9830011

7322e 11
0440e 11

afit

K
-0
3

[ -~ B S~ )

e

ia
Je
Je

Ge
Te

-0
08
08
-08
be-
ne-

o8
oa

-00
-0n

Adjusted vector potential on boundarlen to produce uniforin flelds of ~ .8 gnuus
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CHAPTER 10 Examples 10.7 Vector Potential Problein

To run our original problem we use input file, VECP, that was listed and described initially,
with the procedural file, CVECP, listed below.

COSMOS, File cvecp VAX File, CVECP.COM
1 »lattice 1 SRUN LATTICE
2 vecp 2 VECF
3 3 8
4 wpoisson 4 $RUN POXSSON
6 tty 5 TTY
6 © 6 o
7 8 -1 «10 .00005 & T 6 -1 »10 .00006 8
8 -1 8 -1
0 «/ 9 9EXIT
Line : CON(8) = -1 - the permeability (u) for region 2 is finite, constant, and

defined by « == 1.0/u in CON(10).
CON(10) = .00005 -~ « value which means 4 = 20000.
To execute with the two files, VECP and CVECP user types:

cosmos i w cvecp for CRAY
QCYECP for VAX

Figure 10.7-2, which lists a portion of the fields on axis, shows that the fields inside the
region have decreased by a factor of ~14.

The mesh plots of TEKPLOT, Figs. 10.7-3 and 10.7--4, show the full geomnetry mesh and
the mesh at the upper right-hand corner of the motal, respectively. Since the mesh size in
the metal in 100 timeos emalier than outside, the mesh inside ~an not be seen int full
geomotry mesh plot. To get a plot of the mesh at the upper corner of the metal we run
TRKPLOT with:

XMIN = 170. XMAX = 176.4
YMIN = 124, YMAX = 120.7
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1least squares edit of problem, cycle ¢150

nons symmetry type
Ostored energy = 0.0000e+00 joulea / metex or radian

xjfact= 1.000000 bx by bt dby/dy dby/dx
k 1 a(vector) x y (gauss) (gausa) (gauss) (gaums/cm) (gauss/cm) afit
1 1 1.000000e+01 0.00000 0.00000 0,036 0.000 0.036 -1.2034¢-08 -1.4357e¢-08 -4.00-06
2 1 1.000000e+01 5.00671 0.00000 0,036 0.000 0.036 -1.81F2e-08 -3.2701e-08 1.40-07
3 1 1.000000e+01% 10.01143 0.00000 ©0.038 0.000 0.038 -3.7494¢-0€ -1.3198a-08 -8.0e-09
4 1 1.000000e+01 16.01794 0.00000 0.038 0.000 0.036 -5,6814¢-068 -6.9283¢-10 6.1e-09
65 1 1,000000e+01 20.0228¢ ©0.00000 0.036 0.000 0.036 -7.64508-06 -6.3219-10 6.6e-09
8 1 1.000000e+01% 25.02857 0.00000 0.036 0.000 0.036 -9.6610a-08 -5.2011e-10 €.0e-09
7 1 1.000700e+01 30.03429 0.00000 0.036 0.000 0.036 -1.)748e-0b -5.37866-10 &§.7e-09
8 J 1.000000e+0f 35.04000 0.00000 0.036 0.000 0.036 -1.3918e-06 -5.6282e-10 5,50-09
9 1 1.0000000+01 40.04571 0.00000 0.036 0.000 0.036 -1.61878-056 ~5.9013e~10 §&.5e-09
10 1 1.0000000+01 45.05143 0.00000 0.0386 06.000 0.036 -1.8K87e-06 -6.18395e-10 G5.6e-09
11 1 1.000000s+01 60.05714 0.00000 0.038 0.000 G.036 -2.1073-06 ~-6.48280-10 b.B8e-09
12 1 1.000000e+01 55.06286 0.00000 0.036 0.000 0.036 -2.3718e-06 -6.7698e-10 6.0e-09
13 1 1.000000e+01 60.06857 0.00000 0.036 0.000 0.03% -2.6517¢-06 -7.0414e-30 6.20-09
14 1 1.000000e+G) 65.07429 0.00000 ©.037 0.000 0.037 -2.9481e-05 -7.2866e-10 6.44-09
ib 1 1.000000e+01 T0.08000 ©0.00000 0.037 0.000 0.037 -3.2624e-05 ~7.49266-10 6.7e-09Y
16 1 {.000000e:014 76.08671 0.00000 0.037 0.000 0.037 -3.596B80-06 ~-7.8468e-10 6.94-09
17 1 1.000000e+01 80.09143 0.00000 0.037 0.000 0.037 -3.9493e-056 -7.7375e~10 7 .2e-09
18 1 1.000000e+0} 86.09714 0.00000 0.037 0.000 0.037 -4.3240e-06 ~7.7500e-10 7.40~09
19 1 1.000000e+0t 90.10286 0.00000 0.037 0.000 0.037 -4.7206e-06 -7.8740¢-10 *7.50-09
20 1 1.000000e+01 96,1086  0.00000 0.038 0.000 0.030 -5.1400e-05 ~-7.4968e-10 7.6e~09
21 1 1.000000e+01 100.11429 0.00000 0.038 0.000 0.038 -5.5827e-05 -7,2078e-10 7.8e-09
22 1 1.000000e0+01 105.12000 0.00000 0.038 0.000 0.038 -6.0489¢-05 -6.8023e-10 7.40-09
23 1 1.000000e+01 110.12571 0.00000 0.039 0.000 0.039 -6.538Re-05 -6.2748¢-10 7.1e-09
24 1 1.000000e+0% 115.13143 0.00000 0.039 0.000 0.039 -7.0617e-06 -5.6311e-10 6,60-09
25 1 1.000000a:0% 120.13714 0.00000 0.039 0.000 0.039 -7.6878e-05F -4.8026e~10 F£.7e-09
26 1 1,0000008t01 125.14288 0.00000 0.040 0.000 0,040 ~0.1454e-00 -4.08730e~10 4.3¢-09
27 1 1.,0000000+01% 130. 14807 0.00000 0.040 0.000 0.04N -8.723Re-05 -1.2617e-10 2.1e-09
20 1 1.000000e+0t 135.1%429 0.00000 n.04] 0.000 0.041 +9.3213«-0h -2,0730e-10 -1 1a-09
29 1 1.000000e401 140.16020 0.00000 0.041 0,000 0,041 -9.9360e-05 -2,9174e-10 -7.0e-00
20 1 1.000000e+0! 14h.16K7} 0.00000 0.042 0.000 0.042 -1.0hR6e-04 £.0960e¢-10 -1.8e-0R
J1 1 1.000000e+01 150.17143 0.00000 0.042 0.000 0.042 -1 .1210e-04 1.9926e-09 -4.00-08
32 1 1.,000000a¢0) 6K 37714 0.00000 0,041 0.000 0.043 -1.18A%e 04 -7,IH7Re-08 1.1a-07
A3t 1.000000e+U1 160.18286 0.00000 0.04)  0.000 0,043 1.26400 N4 -2.26170 08 -4.6a-07
34 1 1,000000e001 1060, 100K7 0.00000 0 044 0.000 0.044 1.30h2e 04 8.39206 08 -4.3e 08
A6 1 1.000000e+01 170.19429 0.00000 0.04k 0.000 0,044 1.3420 04 1.6762¢ U6 -1 he 0Oh
40 | 1.0000008401 176.40000 0.00000 0 644 0.000 0.424 1,017 04 L. l211e O  1.4e 04
41 1 1.0000008401 180.40000 0.00000 0.626  0.000 0.626 0.08B86e OF 1.4R1Na U8 7. .ha 08
42 1 1.000000e+01 105.,40000 O QOO0 0.8.6 0.000 0.62h 1 3768« Ob 1. .1271e 09 7. % 07
43 1 1.0000004/01 190.40000 0.00000 0.626 0.000 0.825 £ .0216a 0% 1 .901he O8 |, ja 07
44 1 1.000000a+01 19b.40000  0.00000 0.824  0.000 0.624 1. (136e 04 2.4427e-08 7 1a OR
4% 1 1.0000008:01 200.40000 0.00000 0.624 0.000 0.624 | .690Le 04 2.3206e 08 8,08 00
46 1 1.000000a¢01 20K.40000  0.00000 0.623 0,000  0.62) 2. 2476e 04 2. 0R01a UK 1.0« O7
47 1 1,000000e401 210.40000  0.00000 0.021 0.000 0.621 2.7199a 04 1.7900e OU {.%2e 07
48 1 1,000000e401 21h. 40000 0.00000 0.820 0,000 0.810 3 163004 -1.5104e-08 {.2¢ 07
49 1 1.000000w¢0\ 220.40000 0 00000 0.610 0,000 0.818 A hh6de 04 1.2309%e 00 { e 07
KO 1 1.000000e+1 22K.40000 0.00C00 0.016 0 000 0.014 1.6896%e 04 9 A907e¢-09 1. %e-07
61 1 1.000000e+03 230.40000 0.G0OO0O o a4 0000 0,8)4 4.18h2e-04 -7.3122¢ 09 1.3e-07

Figure 10.7.2: Portion of ontpat of fle OUTPOL o vector potentinl problem
with 2 nman enclosm e, Linting showa flelde inride vegion to be - 04g.
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CHAPTER 10 Examples 10.7 Vector Potential Problem

Figure 10.7.3: Mesh plot of TEKPLOT for the vector potential problem with
enclosure. The “dot” is the mesh blown up below.

Figure 10.7.4: Mash plot of TEKPLOT for vector potential problem with enclo-
sure seroad in on (170, 124.) to (175.4, 129.7).
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CHAPTER 10 Examples 10.7 Vector Potential Problem

Pred. Svecior petentinl preties $/11/00 sgeie o BN

Figure 10.7.5: Fleld lines TEKPLOT for the vector potential problem showing
uniform field lines.

Peed. sesrdor petaniing prrbiom /11708 YOO 11

Figure 10.7.6: Ficld lnes TEKPLOT for the vector potential problein with 2
mm-thick metal enclosure.
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CHAPTER 10 Examples 10.8 POISSON -- Electrostatic Problern

10.8 POISSON -- Electrostatic Problem

The electric fields are calculated for an electrostatic problem consisting of two plates at
fixed potential inside an infinite pipe as shown in Fig. 10.8-1.

L

o’

Figure 10.8-1: Two plates inside infinite pipe.

Because of the symmetty, we need only calculate one-quarter of the geometry but we here
opt to do onc-half of the configuration. A vertical croas section of the upper half of Fig.
10.8-1 with the corresponding AUTOMESH input file, ELEC, is given below.
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CHAPTER 10 Examples

10.8 PGISSON -- Electrostatic Problem

1 electrostatic--infinite pipe, 2 plates 9/20/86

2 S$reg nreg=2,dx=.0u26,dy=.06265,xnax~6.,ymax=2.5,
3 npoint=78 s 7
4 $po x=0.0000, y=0.00008 - —— I
5 $po x=4.5000, y=C.0000$ / Reg. 2-Fined
6 $po x~4.5000, y=1.7500% ol . - Potential On Boundary
7 $po nt=2,x0=4.0,y0=1.75,r=0.5,theta~90.4 18 1 14
8 $po x=0.5000, y~2.2500% 1 - ha
® 8$po nt=2,x0=0.5,y0=1.76,r=0.5,theta=:80.4
10 $po x=0.0000, y=0.00008
11 $reg mat=0,cur=500.,ibound=~-1,npoint=58 Reg. 1-Alir
12 $po x=1.0000, y=1.4375%
13 $po x=3.65000, y*1.43768
14 $po x=3.6000, y=1.65625%
16 $po x=1.0000, y=1.6625% 4 - i
16 $po x~1.0000, y=1.43763
X
Lines 4—12: inputs the geometry of region 1 which is given by straight lines and
circular arce as shown i the figure.
Line 13: region entries for region 2.
MAT =0 - all points inside the region are omitted (Swe Fig. 10.8 3.)
Points on the boundary a: » set according to CV/R.
IBOUND := ~1 - indicates fixed potential whose value is given by CUR.
CUR == 500. - fixed potential of 500. volts.
Lines 12-16: inputs geometry of region 2.

Given the above file, ELEC, and the precedural file, CELEC, which ia listed below, the user

types:
coamos i~ celog

QCELEC

COSMOS I"i_l_n_l celec

(- - - B B2 N SR

sautomesh

elec

slattice
tape73

4.564 #22 O 88 O.

*46 M4t s
*poisson

Lty

0
.

-1
o/

for CRAY
for VAX

VAX File, CELEC.COM

$RUN AUTOMEEBH
ELEC

SRUN LATTICE
TAPR73

*0 2.b4 ¢22 0 +08 0.
46 4 1 8§
$RUN POISSON
TTY

0

8

-1

S$EXITY
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CHAPTER 10 Examples 10.8 POISSON -- Electrostatic Problem

L:ne: 4-10:

Con array entries:

CON( 9) = 2.54 - input coordinstes are in inches.
CON(22) =0 - set lower boundary for potential lines parallel
(The other 3 boundaries have default values set = 0.).

CON(68) = 0. - indicates an electrostatic problem.

CON(45) = 34 - prints electric field values up to KMAX = 34
(default, prints only values on x-axis).
CON(46) =1 - no symmetry.

Fig. 10.8-2 shows part of the output from file OUTPOI that lists the fields on x-axis. Note

that headings are “ex,

ey,” and “et” which indicate an electrostatic computation.
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CHAPTER 10 Examples 10.8 POISSON -- Flectrostatic Problem

1least 3quares edit of problem , ~ycle 160

none symasiry type
k 1 viscalar) x y ex(v/cm) ey(v/cm) at(v/em) vrit
1 1 0.000000a+00 0.00000 0.00000 -0.002 0.002 0.002 -8.4¢-08
2 1 0.000000a+00 0.08260 0.00000 -0.001 -6.777 5.777 L. 2e-04
3 i 0.,000000e+00 0.12600 0.00000 -0.001 ~-11 .648 11.648 '3 .6a-06
4 i 0.000000e+00 0.18760 0.00000 -0.001 -17.312 17.312 | .6e-06
3 1 0.000000e+00 0.256000 0.00000 -0.004 -23.0¢3 23.063 -2.3¢-008
(-] 1 0.000000e+00 0.31260 0.00000 -0.001 -28.793 28.793 1.6e-08
7 1 0.000000a+00 0.37600 0.00000 -0.002 -34 404 34.4%4 ~1.0e-08
8 1 0.0000008+00 0.43760 0.00000 ~0.002 -40.154 40 164 -1.2¢-06
) 1 0.000000e+00 0.560000 0.C0C00 -0.002 -46.761 46.76. 2.4¢-08
10 1 0.000000e+00 0.66250 0.00000 ~0.003 -61.300 61.300 -1 .0e-06
11 1 0.000000e+C0 0.62500 0.00000 -0.003 -68.762 56.762 -1.1e¢-06
12 1 0.000000e+00 0.68760 0.00000 -0.003 -62.000 82.000 7.86¢-08
13 1 0.000000e+00 0.76000 0.00000 ~0.003 -67.221 67 321 -4 .be-00
14 1 0.000000e+00 0.81260 0.00000 -0.003 -72.396 72.300 -3.6e-00
16 1 0.000000a+00 0.87800 0.00000 -0.008 T7.304 77.304 -1 .7e-06
16 1 0.000000e+00 0.93760 0.00000 -0.003 -82.023 82.023 -4 .4«-00
17 1 0.000000e+00 1 .00000 0.00000 -0.002 -86 .536 36.636 -1 .0e¢-06
18 i 0.000000e +00 1.08260 0.00000 -0.002 -90.824 00.824 -9.60-08
19 1 0.000000e+00 1 12600 0.00000 -0.001 -84 .874 94 . 6874 -1 .9e-08
20 1 0.000000@+00 1 187860 0.00000 -0.001 -08.876 08 .0676 0.6e-07
41 1 0.000000e+00 1 .26000 0.00000 0. 000 -102.220 102 220 -2 .6e-07
22 1 0.000000@+00 1.31260 0.00000 0.000 -105 604 106 BO4 5.2e-07
23 1 0.000000@+Q2 1 . 37600 0.00000 0.000 -108.626 108.526 7 .64-07
pT 1 0. 000000 +00 1.43760 0.00000 0.001 -111 286 111.296 -4 .9¢-07
25 1 0.000000n+00 1 . 60000 0.00000 0.001 ~-113.700 113.790 4 8e-08
Pl 1 0.000000e+00 1.60260 0.00000 0.001 -116.0456 116.046 -6.190-07
a7 { 0. 000000 @ +00 1.62500 0.00000 0.001 ~118.068 118.068 1.0e-06
a»n 1 0.0000000+00 1.68760 0.00000 0.001 -119.830 110.839 2 .9¢-00
n i 0.000000e+00 1.76000 0.00000 0.0 -121.308 121 .308 -3 5e-00
Jo i 0. 000000 +00 1.81260 0.00000 0.0G1 -122.748 122.746 4 .0e-07
N { 0.000000e+00 1.875600 0.00000 0.001 -123 880 1323 8890 8 7e-07
32 i 0.000000e+00 1.03780 0.00000 0.001 -134 840 124 .840 1.3e¢-06
33 | 0.000000e+00 2. 00000 0.00000 0.001 -128 606 126 . 6086 -3.0e-07
h11 { 0.000000e+00 2.06280 0.00000 0.001 ~126.104 126.104 ~1.6e-00
36 1 0.000000e+00 2.12600 0.00000 0.000 -136.600 126 609 {.1e 08
30 1 0. 000000 +00 2.18780 0.00000 0 000 -1206 .867 126657 ~2.10-00
37 1 0.000000e+00 2.126000 0.00000 0 000 ~126 938 126.9038 -1.3¢-08
38 i 0 0000008 +00 2 31360 0.00000 0.000 -120 866 126866 -4 .7e-07
39 i 0. 000000 +00 2.37800 0.00000 0 000 -136 .606 126 608 -1 Te-08
40 1 0.000000+00 2. 43760 0.00000 ~0.001% -120 188 126 180 1 Te-08
41 1 0 .000000e+00 2 50200 0.0C000 ~0.001 ~126 5698 126,608 -3 2s-00
42 1 0.000000e+00 260280 0.00000 -0 001 -124 830 124 830 -{ 2¢-08
43 | 0 .000000@+00 2.62500 0 00000 -0 001 -123 o177 123 877 -3 Be-08
44 1 0 .000000@+00 2.08780 0. 00000 -0.001 -122 7131 122.731 -2 1e-06
46 i 0. 000000 +00 2.78000 0 00000 -0 001 ~-121.382 121 382 -1 . 6e-08
40 1 0 000000e+00 2 81280 0.00000 -0 001 -119 821 110 821 3 Oe-08

Figure 10.8 2: Part of the output of file QUTIPOI for eloctrostatic problem.
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CHAPTER 10 Examples 10.8 POISSON -- Electrostatic Problem

M

preb. splostrostetic--intinita pipe. 2 plates B/20/88 cycle o [ ]

Figure 10.8-3: Mesh plot of TEKPLOT for the electrostatic problem showing
that polnts inside plate region are omlitted.

pred selecirostativc: 'infintle pips, § plates 0/00/08 oyle = 10

Figure 10.8 4 Fquipotential line plot of TEKV'LOT for the electrostatic problem, The
olectrie fleld linen are perpendicular to these potential lines,
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10.9 POISSON -- Septum Magnet

Fig. 10.9-1 shows a vertical cross-section picture of a septum magnet that is used for beam
extraction.

R
—
|,
Iron!
s
|
Lo
|
Col L Co
| Alr | I
-3
|
lron; "
A -
% Afr | %
S SR (! | S SR | I
-7-'o—sjnqs-'z-]1flﬁl<ss7
:--.
L2
iron '
Ls
i
- e

|
Figure 10.9-1: A vertical cross-section of a septum magnet showing iron, coll,
and alr reglona.

The magnetic fields and their gradients are calculated for this magnet utilizing the folowing
options:

e ncegative coordinaten

e {ull geometry input

e off-center harinonic analysis

POISSON performa harmnonic analysis only a\ the origin. Since we noed to do the harmonic
analysis at the center of the lower air gap, we are forced to put the origin thero. Also
because POISSON has no harmonic symmetry type for this configuration we must use the
full geomnetry. Below is the AUTOMESH input file, SEPT, corresponding to the figure on
the right.
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CHAPTER 10 Examples

1 septum magnet 11/17/36

10.9 POISSON -- Septum Magnet

2 $reg nrag~8, dx=.25,xuaxe 7.,ymax= 8.0,

3 npoint=6,ynin=-4.5,
4 mat=2,xmin=-7.9

8 $po x=-7.00, y=-4.60%
6 $po x= 7.00, y=-4.509
7 $po x= 7.00, y= 8.00§
8 $po r=-7.00, y= 8.00§
9 fpo x=-7 .00, y=-4.5042
10 $reg mat=i, upoint=59
11 #po x=-4.00, y=-1.609
12 $po x= 4.00, y=-1.500
13 $po x= 4.00, y= 1.608
14 #po x=-4.00, y~ 1 6508
18 $po x=-4.00, y=-1.509
16 freg mate=i, npoint=6§
17 $po x=-4.00, y= 2.008
18 $po x= 4.00, y= 2.008
19 $po x~ 4.00, y= 6,008
20 #po x=-4.00, y= 5.008
21 $po x=-2.00, y= 2.009

22 $rog mat=1,cur=11037. ,npointe5s}§

23 $po x= 3.00, y=-1.608
24 ¥po x= 4.00, y~-1.B0%
28 W®po x= 4.00, y» i .BOS
26 0po x= 3.00, y- 1.50%
27 $po x= 3.00, y=-1. 509

28 Oreg mat=], cur=-11937. ,npoint=5§

20 ®po x= 3.00, y= 2.00¢
30 $po a~ 4.00, y= 2.008
31 $po x= 4.00, y= 6.000
A2 #po x= 3,00, y= 5.008
3% $p2 x= 3,00, y» 2.008

34 freg mat=1,cur=-110387. ppoint=5y

38 $po x=-4.00, y=-1.809
36 f$po x»-3.00, 7=-1.808
37 #po x=-3.00, y= 1.308
38 #po x=-4.00, y~ 1.808
90 $po x=-4.00, y -1.808

40 Oreg mat~l, cur=11937. ,npoint=6§

41 #po x=-4,.00, y= 2.008
41 #po x=-3.00, y= 2 008
43 fpo x=-3.00, y= B.008
44 WOpo x=-4.00, y~ 6.009
45 $po x=-4.00, y= 2.00$

46 freg mat=1,ibound=~0,npeint=29

47 $po 1= 0.00, y=-4.5 §
48 fpo x= 0.00, y= 8.009

l.ine 48-48:

48
Reg. 1
, |
20,44 43 X 32 19,31
Reg. 7 Reg. 3 Jr»nog. 6
42 - 29
17,41 ; N 118,30
14,38 -+ — 113,26
a7 ' 28
Reg. 6—4— Reg. 2 - Reg. 4
11,36 ae T 23 12,24
|
- Reg. 8
o _ |
|
47
X

- A line reg'on was acdded to act boundary conditions (IBOUND 0)

to Dirichlet in order to aasure that ficlda are parallel nt the center,
(Without thia extra line region, POISSON has trouble converging.)

The procedural file, CSEPT', is given below.
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CHAPTER 10 Examples 10.9 POISSON -- Septum Magnet

Line No, COSMOS File, csept Line No, VAX File, CSEPT.COM
1 +automesh 1 S$RUN AUTOMESH
2 sept 2 BEPT
3 ~»+lattice 3 SRUN LATTICE
4 tape73 4 TAPE73
5 *6 0 *22 O *48 1 *110 14 6 *6 0 *22 0 *46 1 »110 14
6 37 1. 360. 1. =46 60 » 6 37 1. 380. 1. *»4b 6D §
7 #poisson 7 S$RUN POISSON
8 tty 8 TIY
g 0 9 0
10 8 10 §
11 -1 11 -1
12 »/ 12 $EXIT
Line 6~7: CON array entries.
CON( 8)=0 - use internal permeability table for region 2.
CON(22)=0 -- set lower boundary to be a Dirichlet boundary -- vector

potential lines parallel. (The other 3 boundaries have
default value = 0.)

CON( 48) = 1 -~ no symmetry.

CON(110) = 14 - harmonic analysis parameters: za described in Table 5-1.9,
CON(111) = 37 here we request: 14 coefficients, 37 points on the arc of
CON(112) = 1. a circle starting at 0° (default CON(115) up to 360°
CON(113) = 360. with radius = 1.0 = CON(112) and normalization
CON(114) = 1. rading = 1.0 == CON(114)).

CON(45) := 59 - prints fields and gradients in non-iron regions for all

horizontal mesh (default CON(43)) up to mesh 59
vertical. (Notice that default value of CON(45) - 1
will not print any values for that ir an iron region.)

Given the two filea, SEPT and CSEP'T, the user typea:

cotmof i=csept for CRAY

QCSEPT for VAX

Fig. 10.9 2 shows the harimoni~ listings fromn lile OUTPOL The first part liats the
POISSON calculated vector potential for the 37 angle values (only 10 are shown). The
second part lists the coefficients for the vector potential and for the ficlds. Aa seen, {or the
“an” coeflicients the odd number are the main contributors while for “bn” the even. This
agrees with the theory of harmonic aualyses - see Referonce Manual Sec. B.13.3.
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CHAPTER 10 Examples 10.9 POISSON -- Septum Magnet

As a check, we calculated the vector potential A(z,y) using the series expansion

14
Az,y) = D (an +1by)(£/r)" (10.1)
n=0
where: a,, tn the computed vector potential coefficients “en” and “bn”
(we computed ay, b)
r - z+4y
r - 1.

Fig. 10.9-3 shows the vector potential calulated by POISSON (“vec.pot”) and by the abce
se.ies (“ver.ser”) and the ratio of vec.ser/vec.pot (“ratio”). As scen, agreement is quite
good.
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harmonic analyais
integration radius = 1.00000
table Jor interpolated pouints

n angle x coord y coord kf 1f vec.pot.
1 0.0000 1.0000 0.0000 33 2 2.946104+03
2 1C 0000 0.9848 0.1738 33 23 3.8062340+03
3 20.0000 0.0397 0.3420 33 A% 2.625100+03
4 30.0000 0.8660 0.5000 33 24 2.454400+03
6 40.0000 0.7660 0.6428 32 36 2.15010e+03
¢  60.0000 0.6428 0.7660 32 26 1.79111e+03
T  60.0000 0.5000 0.8660 31 26 1.38600e+03
8 70.0000 0.3420 0.0307 3% 26 9.443484+02
® 80.0000 0.1736 0.984f 30 26 4.78092e+02
10 ©0.0000 0.0000 1.0000 20 17 3.18333e-02

36 350.0000 0.9848 -0.1738 33 21 2.03813¢+03
37 360.0000 1.0000 0.0000 a8 22 2.946100+03
table for vector potential coefficients
normalization radius = 1.00C00
a(r,y) = re( sus {(an ¢+ 1 bn) » (¥/r)++n )

D an ba abe (cn)

i 2.0300e+03 1.1616e-02 2.0500e+03
2 1.3710e:-02 0. 71{7e¢0} 9.7117e+01
k] 6 0210e+00 3.8301¢-03 6. 02193400
4 6 9942¢~-04 -8.6683e+00 8 0E83e+00
b 8.0373e-01 -6.20872¢-03 8.U326e¢-01
] -3.83260-03 -8 6367e-01 6 5358e-01
7 1.40607e-01 3.6256e-03 1.4072¢-0}
8 3.7710e-03 2.2181e-0i 2 2184e-01
9 ~1,80840e-02 6.23320¢-03 1.9564¢-02
10 -1 8803¢-04 -7.0247e-02 7.92479-03
11 2.1414e-03 +1,1381a-02 1.18612-02
12 ~8.3281e-03 3.7248e-02 3.70240-02
13 2.18064¢-03 9.41200-03 9.66208¢-03
14 1.2243¢-02 -2.12040-02 2.45634-02

table for field coefficients
normalization radiue = { . 00000
(bx - 1 vy) = 4 + sumns(an + 1 bn)/r » (2/r)ee(n-1)

n n{an)/r n(ba)/r aba(n{cn)/r)
1 2 ONONe«ON 1 1610e-02 2.03000+03
Y] 2.74312e-02 -1 .9423e402 1.94234+02
3 1 8030} §f 161707 1 .8083¢+01
[ ]
14 1 38560e 02 1 2610 04 1.2730e-01%
14 0. 3937e 02 4 40949 O 4.5149e-01
13 1 08423« 012 | 2230e 0t § 26681e-04
14 {.'71140e O| 2 9nite Ot 3 430800 04

Pigure 10.9 2: Harmonle annlywis output from file QOUTPOI for the septum mag-
not. problem,
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1 a0= §.6320000e¢-02 DbO=

0.0000000e+00

10.9 POISSON -- Septurn Magnet

integration radius= 1.00000 normalization radius= 1.00000
} % coord y coord YecC .pot. vec.ser. ratio
1 1.0000 0.0000 2.94600804¢03 2.04610700+03 1.0000027e+00
2 0.9848 0.1736 2.86233908e+03 2.0301284e+03 1.02064778a+00
3 0.9397 0.3420 2.069510360+03 2.8340213e+03 1.05164464+00
4 0.8660 0.600N 32.4643064e¢+03 2.6344015e+03 1.07333000+00
5 0.76680 0.6428 2.1600067¢<03 2.3451042e¢+03 1.0000078e+00
6 0.6428 0.'660 1 7011008e+03 1 .0766618e+03 1.1036347¢+00
7 0.56000 0.8660 1. 3B860GCEe+03 1.54210400+03 1.1126320e+00
8 0.3420 0.0307 ©.4434637e¢N2 1 0672322e+03 1 .1106363¢+00
9 0.1736 0.9848 4.78001060+02 b£.3777268e+02 1.12483116+00
10 0.0000 1.0000 3.10633234e-02 ©.7436670e-03 3.0611670e-01

Migure 10.9 3:

Vector potentlal calculatod by POISSON (vec.pnt) and by the
series (vee.ser.) for septum magnet.

Featit ol

o

\\“’/

~____,,/

J

‘4‘_.__.

e e

Fred  cmaplye sag~ell 11/ 108

I'lgnre 10,9 4
problem.

Meld Hnen TEKPLOT for the full geometry of tha septum magnet
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10.10 POISSON -- Dipole Center Field

10.10 POISSON -- Dipole Magnet, Center Field
Calculations

We are interested in computing the magnetic fields at the center of a dipole magnet and the

fringe fields at the end. Since POISSON is a two-dimensional program, this problem is
solved by two separate POISSON runs using:

e a front vertical cross-section geometry

e a side view cross-section geometry with a return yoke

In this section we calculate the standard type geometry - that is, a front vertical cross-
sectional geometry with infinite length. In Sec. 10.11 we compute the end effects of the

magnet.

The pole of this dipole magnet was “trimmed” by the program MIRT to produce uniform
field in a circular region of 4 cm radius at the center of the magnet. We incorporated the
pole geometry generated by MIRT into the input file for AUTOMESH. Below is the

AUTOMESH input file, DPFR corresponding to the geometrical configuration on the right.

DPF

diepole front view !

R
0/2/86

sreg urege=3, dx= 30 dye 50 ,xregi=~16.8, xrag.=43.,

1

2

3 npointn~b, xmax=b7.
4 lreglerdd yregi=i?.
b kraegi=43, kreg2~73y,
6 $po x= 0.0000, y~ O.
7 $po x=b7.1500, y~ O,
8 9$po x=67.1600, y=32.
# #po x~ 0.0000, y=32.
10 $po x= 0.0000, y= O

11 $reg mat=1, cur=-81000.0,

12 #po
13 #po

x*1b6 6800, y= 7.
x=30 3800, y= 7
14 #po x=39 3800, y=i8.
16 $po xwil.6BOO, y=ib.
16 $po x=ih 6800, y~v 7
17 Sreg mat=1, cur=0.
18 Spo x= O OUOO, y=
190 $po x~ 2.0232, y=
20 $po x= 3 42370, y~
21 fpo x+ 2 BI2b, y~
27 ¥po xe N 23T, y~
13 o x= 6410, y=~
24 #po x= 4 0404, y~
b $po x~ 4 4511, y~
18 $po x= 4 BELT, y=
17 $po x= h 2004, y-
. fpo «~ 0. .0650, y=
10 $po x= 6 0008, y~
3 $po x> 6,474, g
A fpn xw @ O7HO, g~
32 4po xe T INAO, y-
33 $po x~ 7 08HHL, y-

LB - - - LR - N - A -

> =

.36008

-3800¥

16, yuax=31.4,
. 1max=42,
kmax=82¢
00008

00009

40008

40009

LO00Y

9,62

npoint=5$
35008

06009 '
006008

npoint«3ng
24009
4008
24018
24039
24074
24128
24108

108

PR Y]

23608

23008

23074
24169
yLALT
2N
N4l
AB00%

Reg. 3-iron
40 47
A - - A= 48
‘18 R p 147 B
44 eQ. 2-Col
12 13
Al l” N\|
19 '
37 Reg. 1 Alr
40

) 48

8,61

7.60
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34
36
3
7
b1
30
40
41
42
43
44
46
40
47
48
19
60
b1
b3
63

dpo
$po
fpo
$po
fpo
$po
$po
$po
$po
$po
$po
$po
$po
$po
fpo
fpo
$po
fpe
$po
fpo

x= 8,
x= 8,
x= 8.
x= 9.
x= 9
x=10.
x=10.
x=10,
x=11.
nt=2,

0029,
4078,
9021,
3008,

7114,

1161,
6207,
02564,
3300,
x0=10.

x= 14.7800,

x=14.

9900,

10.10 POISSON -- Dipole Center Field

6,y0=0.3,x=2,7007 ,y=-3.1424 ,nev=1§

y= 6.2233¢
y= 6.11458
y= 5.01200
y= 4.0070%
y= 4.9703¢
y= 4.0850%
y= 5.03508
y= 8.1000¢
y= 5.24008
y= 7.26008
y=14.00009

nt=2, xO=16.26,y0=14.08,x=0.,y~1 27, new=19
x=38 8000, y=15.33008
ntel, xO=38.8,y0=14.06, x=1.27,y=0., nev=14
y= 0.00008
y= 0.0000¢

x=40,
x=57.
x=b7.
x= O,
x= 0.

0700,
1600,
1600,
0000,
0000,

y=32.
y=32.
y= 5.

40009
4000%
24008

In line number 17, MAT:=3 de:ignates that the material code for region 2 wiil be a user-
defined permoability /permittivivy function. In this case it will be an input permeability
table.

The procedural file CDPFR, designates that POISSON will be axecuted with input file,
PDPFR. Given the files DPFR, CDPFR and PDPFR, the user types:

Ling No. COSMOS File, cdpfy

coamos i = cdpfr

QCDPFR

@MW~ ST e N

‘automesh
dpir
vlattice
tape73l

‘poisson

pdpIr

v/

VAX File, COPFR.COM

$hUN AUTOMESH
DPFR

SRUJ LATTICE

TAPE73

8

SRUN POISSON

PDPFR

$FXIT
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1 0

2 *181 600

3 3101

4 0.0000000e+00
1 0.11420000+04
[} 0.2063000e+04
7 0.6114000e+04
8 0.8476000e+04
9 0.96670000+04
10 0.10567800e+0b6
11 0.1131900a+08
12 0.1104000e+06
13 0.1245100e+06
14 0.1201200e+06
16 0.13313006¢06
16  0.13864000+05
17 0.13035004+0b
ie 0.14216800e+0b
10 0.14447000+06
20  0.1481800e06
a 0.14780004+06
22 0.1502000+06
23 0.1513100e+08
24 0.1826200e+08
26 0.1643300e+08
26  0.1565940Ce+0OR
a7 0.1670b00e+06
a0 0.16180000+08
19 0.1684000e+05
30 0.17160000+086
3 0.1736000e+08
h¥i 0.17630000+08
? G .1783000e+06
3 0.18200004+08
h 0.1808000e+¢06
h 1.} 0.1080000e+08
37 0.2020000e+06
h1,] 0. 2005000e+06
39 0.2008000e+06
40 0.210600000+06
41 0.2190000e+08
42 0. 230000Ne+08
43 -1
whero:

l.linﬂ l : 0

Line

PDPFR

0.0017613136
0.00176513136
0.0010159604
.0007821660
0007078644
.0007241130
.0007662580
.0007961022
0008376200
.0008834703
.0009293680
.00007064671
.0010263266
0010764263
.0011264924
.0011767476
0012313603
.001284683h
0015315679

0013879261
0014423770
00149130190
0016380361
.00160184Q7
0018542606
0023782009
0020164610
0034500104
0030720837
.0044063167
0084048088
.0079176664
.0102664103
0140880410
0193798480
.0238003484

0370370370
.0486021008

2 0CODV0DO0000C0O0O00C0O0DCO0OO00CO0000D00DO00O0OO0COCOOO

.0000808217 count

10.10 POISSON -- Dipole Center Field

to read dump number (NUM) - 0 on TAPE35 generated by
LATTICE. Thia ia the first required POISSON entry.

2.  CON array is ths second required POISSON entry where:

CON(18) - 1
CON(8) - 1

- one permoability table to be read in.
- must ba set to gero if CON(18) / 0.

~donignates ond of CON array entrion.



CHAPTER 10 Examples 10.10 POISSON -- Dipole Center Field

Line 3: CON(18) # 0 - indicates optional input:

3 ~ material code for which input permeability applies.
1.0 -~ stacking factor.
1 - input table given as (B,%).

Lines 4-42: the values of (B, ) with last value having a “c” (count) to indicate #nd of
table. (see Sec. 5.4.1-B for more detail.)

Line 43: -1 — designates the end of POISSON execution.

Fig. 10.10-1 lists the part of the output from POISSON that shows the field at the center
on axis to be uniform at ~ 12 kgauss.
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least squares edit of problem , cycle

midplane symmetry typs
stoted energy =

xjfact=
k 1
1 1
2 1
3 1
q 1
5 1
6 1
7 1
8 1
9 1
10 1
11 1
12 1
13 1

Figure 10.10 11 A portion of the output of OUTPOIL showing the field values

-5.

-5

1.000000

a(vector)

. 0000006400
. 8004950403
.601009e+03
.440156560+04
.9202380+04
.400289¢+01
.BrJ37e+04
. 36047 2e+04
.840594s+04
.320742e¢+04
.8009240+04
281147404
.76141%e+04

x
0.00000
0.40000
0.80000
1.20000
1.60000
2.00000
2.40000
2.80000
3.20000
3.60000
4.00000
4.40000
4.80000

0000000000 OO0 OO0

-

.00000
.00000
.GL000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

the center of the dipole imngnet.,

1010

tx

6.13496+03 joules / meter or radian

by

(gauss) (gauss)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

12001
12001
12001
12001

12001

12002.
12002.
12003,
12004.
12005.
120086.
12007.

.230
.264
. 327
.456
12001,
.914

847

273
742
343
098
031
166
965

bt
(gauas)
12001.230
12001 . 254
12001.327
12001. 4656
12001 .647
12001.914
12002.273
12002.742
12003.343
12004.098
12006 .031
12006. 185
12007 . 1686

10.10 POISSON -- Dipole Center Field

dby/dy dby/dx

(gauss/cm) (gauss/cm) afit
0.0000a+M0 -1.31060-04 -8.08e-06
0.0000e+00 1.2050e-01 1.68e-04
0.0000e+00 2.4053e-01 1.1e-04
0.00000+00 3.94742-01 B8.6e-06
0.00000+00 5.6769e-01 6.9e-06
0.0000e+00 7.7563e-01 6.6e-0S
0.0000e+00 1.0267a+00 4.4e-06
0.00000+00 1.3285e+00 3.6e-06
0.0000e+00 1.68640+00 4.1e-06
0.00000+00 2.10200+00 8.7e-056
0.00000+400 2.65662¢+00 2.4e-04
0.0000e+00 3.0459e+00 6.4e-04
0.00000+00 1.4587e+00 |.5e-013

-1

I

S et
e e

i s ————

prud, =dlapole front velv 18/2/0%

Figure 10,10 21 Fleld lines TEKPLOT (or the dipole center mngnet solution.

W

tytie = 1010

t




CHAPTER 10 Examples 10.11 POISSON -- Dipole End Field

10.11 POISSON -- Dipole Magnet, End Field Calculation

In this section we compute the fringe fields at the end of the dipole magnet that was solved
in Sec. 10.10. We now take a vertical cross-section of tho side (length view) of the magnet
as our input geometry and add a return leg of infinite permeability. In addition we must:

o adjust the length of the magnet to generate the same fields
at the center as was obtained in the run in Sec. 10.10.

e put the return leg far enough sc that this addition won’t
affect the fields at the area of interest.

We set up and modified the input file to AUTOMESH to meet these two conditions. First

we choose the end of the magnet to be at coordinate X = 0., so we could a.liust the length
by changing only the initial value. We found that a length of 25 cm (initial value set to X =
~285.), produced the sams uniform field of ~ 12 kgauss as was obtained in run of Sec. 10.10.
(see Figs. 10.10-1 and 10.11-1.)

Second, we adjusted the location and width of the return leg until the field at X =
~ 10. cm. changed by only one gauss. The final input file, DPED, to AUTOMESH and the
corresponding geometrical configuration is given below.

DPED

dipole side view-end fields 10/0/86

freg nreg=4, xmin=-25.000,xmax=71.,yain=0.,ynax=71{.,nposnt=i4,
xregl1=28.707, kregi=79,xregl=0t . ,kreg2=101, kuax=105,
yregi=18, ,1regi=37, lmaxe8i, dx= S, dy=. 3¢

fp¢ x=-28.000, y= 0.0000¢

$po x= (.0000, y= 0.00008 16, 14

#po x= 2.6710, y= 0.00008 16,41 H

bpo xe71 0000, 7= 0. 00001 98 — Rea: 4-tron (nfinite Parmasbiliy)

$po x=T1.0000, y=1§. 06004

#po x=71.0000, y=88.00009 17,910,341 30,38 37

$po x=71,0000, y=7i.00009

$po x=68.0000, y=Ti,00000

$po x= 2.6710, y=Ti.0000$

¢po x= 0.0000, y=71, 00008

$po x=-28.000, y=71.00008

$po x=-26.000, y=08.0000¢ Y

$po x=-28.000, y= 0.00000

$reg matel, cur=-§1000.0, npointm=8{

$po x» 2.6710, y» T.36000

#po x=26.7070, y= 7.38000 20 \

fpo x220.7070, y~18.08C00 20 -

$po x= 2.8710, y=18.08008 ~

tpo x= 2.6710, y= 7.38000 "-\

$rag mated, cur=0., npoint=T§ g¢

fpo x=-28.000, y= §.23000

pn x=-7.8710, y= §.22000 O I

#po x«-1,1800, y=10. 83408 6 -7 8,00

tpo x= 0.0000, y~i8 64008 x

tpo x= 0.0000, y=80.00008

O ) —— pu—

OO RS U W -

o e e pa pe pa
® > WM =-0

Reg. 3 iron Reg. 1-Alr

A B me we pa pa
= 0O0O®NO

23 22
Reg. 2-Coll
20 7 9y

A Y

[~
= o

a3 w3
~No

@ A M
oo

10-53

faA &_12.40

4o .

9,39

1"

10
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31
32
33
34
36
30
37
38
39
40
41
42

$po x=-25.000, y=60.0000$
$po x=-25.000, y= 5.33908
$reg mat=4, npoint=0§

fpo
$po
$po
$po
$po
$po
$po
$po
$po

xw-26.000,
x= 0.0000,
x= 0.0000,
x=85 .0000,
x=86 .0000,
x=71.0000,
x=71.0000,
x=-26.000,
x=-25.000,

y=80.
y=60.
y=0b.
. 00008
y= 0.
y= 0.
. 00008
.0000%
y=60.

y=86

y=71
y=71

00009
0000¢
0000$

0000$
00008

0000¢

10.11 POISSON -- Dipole End Field

MAT = 8 in line number 25 and MAT = 4 in line number 33 designate that the material
code for region 3 and 4 will be user-defined permeability /permittivity functions. In this
case it will be two input permeability tables.

The procedural file, COPED, given below deignates that POISSON will be executed with
an input file, PDPED. Given the files DPED, CDPED, and PDPED, the user types:

Line No. COSMOS File, cdped

BN AW -

sautomesh
dped
*lattice
tape73

»*poisson
pdped

*/

VAX File, COPED.COM

$RUN AUTOMESH
DPED

SRUN LATTICE

TAPE73

8

$RUN POISSON

PDPED

SEXIT

10 B4




CHAPTER 10 Examples

OO, &E LN~

38
3
40
41
41
43
44
48
40
a7
40
49

0

PDPED

18 2 G 0 +8 12000. s
31011

00CO0O0O000CO0000000000000COCO0O0O0O000D0O00000O00O00O0

0000000 +00
.1142000e+04
.20630009+04
.61140000+04
.8476000e+04
.9667000e+04
.1067800e+06
.11319009+06
.11940000+06
.1245100e+06
.12912000+08
.1831300e+06
.13664000+08
.13038000+08
.14216006+06
.14447000+08
.14681800m+06
.14'78900@+08
.1602000¢ +0b
16131000406
.16262004+08
164230006
.16604000+08
.15708000+08
.16180000+08
.1684000e+06
AT180000+0R
1736000e+08
17620000406
1783000 e+ 08
.1820000e+08
. 1808000a+08
19600000 +08
20200000+ 086
2088000 e+ 06
20080008 +06

21060000a+06

. 418000041 0b
. 43000006+ 00

410}

0

1.

1

1.

0000000« ¢+ 00
0000000e+03

.00000008+03

00000000 +08

1 .0000000a+07

-1

0.0017613136
0.0017613136
0.00101 89604
0.0007821668
.0007078644
.0007241130
0007662680
.0007951022
0008376209
.000883.1703
. 0009203680
.0000784671
.0010263266
0010764263
0011264924
.0011767476
0012313603
00120846886
0013316579
.0013879261
.0014423770
0014912019
.00153803561
.0018918497
0718642888
J02376820060
00201848190
0034500104
00307200387
0044863187
.008404B05K8
.00791768064
0102884103
0148888410
0193700430
0238603444
0370370870
045600621008
08006088317

SO0 O0OCODDO0DO0ODDO0OO0OONDNO0OO0O0OO0O0OCDDOOO0OO00DO0OO0COCOOCOOO

. 0300 100000
. 0000100000
. 0000100000
.000010C0O00
. 0000100000

QOO0

count

coun

10-66

10.11 POISSCN -- Dipole End Field
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where:

Liel: 0 -~ to read dump number (NUM) == 0 on TAPE3S
generated by LATTICE. This is the first required
POISSON entry.

Line 2: CON array is the second required POISSON entry where:
CON(18) = 2 -~ two permeability tables to be read in.
CON(6)= 0 - must be set to zero if CON(18) # 0.
CON( 8) = 12000. - the current factor XJFACT is to be adjusted to pro-
duce a field of 12000 gauss at mesh point (0, 0).
(the default values of CON(40) and CON(41).)

L] - designates the end of CON array entries.
Line 3: CON(18) # 0 - indicates optional input:
3 - material code for which input permneability applies.
1.0 -- stacking factor.
1 - input table given as (B,7).

Lines 4-42: the values of (13,7) with last value having a “c” (count) to indicate end of
table. (see Sec. 5.4.1-B for more detail.)

Line 43: similar to line 3, except the input permeability tuble which follows applies
to the region with maierial code (MAT) - 4.

Lines 44-48: the values of (13,%) with last vaiue having a “c" {count) to indicate end of
table. Here all 4 ’s arc equal to 1078 which implies 4 - 10% for a constant
infinite permeability.

Note that if CON(18) > 0, then the user must supply input permeability
tables for ALL material codes (MAT) for 2 < MAT -2 5. (If CON(18) :: 0,
can define infinite permeability for MAT = 2 by CON( 6) . - 2 (default
value.)

Line 43- -1 - designatea the end of POISSON execntion.

Figure 10,111 shows that thy fields are uniform at the center and start dropping as they
aproach the end (X =~ 0., Y -: (1) of magnet. At ~ 10 cm. beyond the magnet the fields are
~ 209 of the peak field.
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CHAPTER 10 Examples

least squares edit of problem , cycle 2240

midplane symmetry type
stored energy = 0.2475e+03 joules / meter or radian

xjfact= 0.992466 bx by
k 1 a(vector) x y (gauss) (gauss)
1 1 0.000000e+00 -26.00000 0.00000 0.000 12000.957
21 8.1087620+03 -24.32432 0.00000 0.000 12000.944
3 1 -1.621749¢+04 -23.64865 0.00000 0.000 12000.906
4 1 -2.432618e+04 -22.97297 0.00000 0.000 12000.832
6 1 -3.24348%e+G4 -22.29730 0,00000 0.000 12000.718
6 1 -4.064336e+04 -21.62162 0.00000 0.000 12000.545
T 1 -4.86817Be+04 -20,94585 0.00000 0.000 12000.290
8 | -5.6765994¢+04 -20.27027 0.00000 ©0.000 1i999.917
[ L]
[ ] L]
[ ] .
26 1 -2.008764e+06 -R.10831 0.00000 0.000 10967.980
27 1 -2.079T7Ye+06 -i.13243 0.00000 0.000 10630.430
28 31 -2.16503080+06 -6.76876 0.00000 0.000 102h6.960
29 1 -2.210296¢+06 -6.08108 0.00000 0.000 9835.328
30 1 -2.203260a+0k -£.40541 0,00000 0.000 93868.284
31 1 -2.345141e+06 -4,72973 0.00000 0.000 8930.679
32 1 -2.4039390406 -4.05405 0.00000 0.000 8474.664
33 1 -2.456968Y9e+06 -3.37838 0.00000 0.000 8029.666
34 1 -2.512407¢1+06 -2.70270 0.00000 0.000 T601. 496
36 1 -2.662468¢+05 -2,02703 0.00000 0.000 7193.277
36 1 -2.609742e+06 -1.36136 0,.90000 0.000 68006, 280
37 1 -2,6564403e+05 -0.67K868 0.00000 0.000 A440, LOK
38 1 -2.6960812+05 0.00000 0.00000 0©.000 6096.270
39 1 2.736437e+08 0.48776 0.00000 0.000 6773.1130
40 1 -2.7739601e+08 1.336560 0.00000 0.000 5A468.700
41 1 -2.80965004+05 2.00326 0.00000 0.000 6180.6878
42 1 -2.842183n+05 2.67100 0.00000 ©0.000 4907.916
4) 1 -2.874239¢+05 3.32062 0.00000 0.000 4656.100
44 1 -2.901703e+00 3,07024 n.000CY 0.000 4416.780
45 1 -2.939160K0e+0R 1.61988 0.00000 0.000 41689, 09Y
4¢ 1 -2.958152e+0F 5.28049 0.00000 O0.000 3972.007
47 1 -2.980278ei 08 5.91911 0.00000 ©.000 13744, 141
48 1 -3.007001e: 05 6.54H871 0.00000 0.000 3IRA7,.78H4
49 | -3.0296h2e:06 7.21835 0.00000 0.000 3170D.374
50 1 1.0610160+¢06 T.8G75T 0.00000 0.070 3194 377
bt 1 1.071237e408 #.61769 0 00000 0.000 W27, 399
62 1 -3 .090364e406 8.16€722 0.00000 0.000 062.670
K3 1 -3.1084456e4065 9.41644 0.000C0 0.000 270h,. 040
b4 1 1. 1285823¢406 10.466468 0.00000 (.00  25b3.°v4

bt

(gauss)
12000,
12000.
12000.

12000

12000.
12600,
12000,
11999,

10967,
10836
102h6.
9836.
9388.
R930.
8474.
8029,

7601

6096

Ano07

270h

9587
944
906
82
718
646
290
917

981
430
960
32¢
284
578
606
686

.496
7193.
6806 .
6410,

an
280
b0k

L1270
6773,
%4680,
5100,

110
T00
676

. 936
4646 .
LI
4180.
anTa.
3Ten,
anar .
3379
RELLN
3037,
2002,
L0420
663

10C
780
RLAY
QLY
141
706
Nt
ary
294
LY}

994

dby/dy
(gauss/cm)

0,

0

S 00 000

D C D CC O C OO0 OO O

T Il I - - I - - - I -]

> <

0000e+00

.0000e+00
,0000e+00
.0000e+00
,0000e+00
.0000e+00
.0000a+00
.0000e+00

.0000n+00
.0000e+00
.00000+00
, 00000400
.0000e+00
.0000e+00
.00000+00
.00000+00
.0000e+00
.0000e ¢ 00
,0000n+400
LON00N 00
.0000e 00
.0000a 00
.0000e+00
.0000e+00
.0000a+00
.0000e +Q0
.0000n 100
,0000m+ (0
L0000 00
.0000a 00
.0000a 100
00000000
L0000 00

0.0000a400
0.0000a 400

L0000m 100
0000w 100

10.11 POISSON -- Dipole End Field

dhy/dx
(gauss/cm) afit
1,1612¢-04 ~-1.90-06
-3.6900e-02 3.2a-04
-8.29960-02 6.96-04
-1.3807¢-01 9.90-04
~2.1126¢-01 1.30-03
-3.1301e-01 1.5e-03
-4.68560e-01 1.8¢-03
-6.70090-01 2.0e-03
L ]
L]
.
-4.46400+02 -3.20-02
-56.2B841e+02 -1.1e-02
-5.9771e+02 8,.30-03
-6,46A4a+02 2.1e-02
-6.7301e+02 2.20-02
~-6.TAB2a*02 1.4e-02
-6.68520402 b6.le-04
-6.4721a402 -1 .60-02
-6.193%402 -3 . 3m-02
-H.08484102 -b.1a0-02
~0,h6T74m+02 -7 .Ge -0
-6.2567e402 1.2« -01
-4.90260+402 -4.3a 02
-4,08816402 2.20-02
-4.4311e+02 -4.0a-02
-4.1947e402 1. .Ve-01
4.9776e+02 13.0a--02
-3.78100402 1.7e-01
1.5968e0+02 1.2a-01
1,1239a+02 8.64-07
1.26264402 T .1a 02
1.1114a402 6,24-02
2.0696102 K . ha 02
2.805Ta102 o te 02
2.1100e ) 4 N 02
2 KOTe4 G2 4 G 02
2.4000hat02 4. 140 0O
2. 061002 4. 20 D2
2.277910% 4. 1a 02

Fignee 10041 10 A portion of output from OUTTOT showing the fleldsc inside mul
outaide (X - 0) the dipole inagned, end flekd ealeudation.

(LY}
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APPENDIX A — ACCESS TO THE POISSON/SUPERFISH GROUP CODES

Al. IN GENERAL

There are several versions of the POISSON/SUPERFISH Group Codes at various
locatione around the world. As a service to the user community, Loa Alamos National
Laboratory’s Group AT-6 has undertaken the maintenance and distribution of a
“standard” version of these codes.

Al.1 Copyright Notice

We have received financial support from two offices in the Department of Energy for this
purpose. Therefore, to protect the inverests and liabilities of the United States Government
and the University of California, we make the following statement:

Copyright 1985. The Regents of the University of California.

This software was produced under a U.S. Government contract
(W-7405-ENG-36) by L¢  lamos National Laboratory, which is
operated by the University of California for the U.S. Department
of Energy. The U.S. Government is licensed to use, 1eproduce, and
distribute this software. Permission is granted to the public to copy
and use this software without charge, provided that this notice and
any statement of authorship are reproduced on all copies. Neither
the Government nor the University makes any warranty, express
or implied, or assumes any liability or responsibility for the nse of
this software.

A2.1 Supvorted Versions

The POISSON/SUPLRFISH Group Cnder are written in. Fortran 77 using the Tektronix
graphics package PLOT10. If this package is not supported on the user’s system, the
conversion to another package is an casy job. One only has to change the nine calls tc
PLOTI0 (listed and defined at the beginning of the source file TEKSO) to the equivalent
calls in the user's supported package.

There are two supported versions of the corles: u VAX/VMS version and a CRAY version.
Both versions are contained in the same files; lines of code which only pertain to a apecific
version are labeled, facilitating the transition from one version to another:

The VAX/VMS version, which is in upper-case, is shown with numberaed columna:

2 468(1)21468(2)2468(3)2 438 8(4)2 4 08(b)2468(0)2468(7)2 4 0 8(8)

CRAY PARAMETER (IMX=101) CRAY
PARAMETER (IMX=71) VAX
The CRAY version, which is in lower-caae, is shown with numbered columns:

240 06(1)2468(2)240608(3)24068(4)2406¢8(b)24018(0)24068(7)24 6 8(8)
paramoter (imx=101) cray
cvax paramotor (imx=71) vax




Fig. A-1 Map of the codes on the CFS (MASS)

“Liddvi ﬁwz_m:.r@

an.t\.r@_

au‘.ﬁ-r@t

oo toeseiy

qr!.-mzu@

C=>

)| =

A
Y

v

1
)\

“

H
Y

/)

)

A Tdmxt 1)
(auyjiadns)

2TqUIRIITI

alalalalalalalale

qv'.— Aﬂ._:-r._ﬂHS A!%E.: =3 ) - .um“h:u..
1S w0 ve osInw a1 — — TGd ey —
I C u,, L 1 [ =5

-

o
L

-3

A

i
4@

S306210d

123U25 ap0) sowreTy S
{ )

-- ACCESS

APPENDIX A

]

Filgure A -1: Map of the TOISSON/SUPERFISH Group Codes on the Common Fila

NSyntemn, Filea are accenmed using the utllity MASS,



APPENDIX A — ACCESS A2. At LANL

A2. AT LOS ALAMOS NATIONAL LABORATORY
A2.1 On the Common File System (CFS)

Source code, executable code, and example files for both the VAX/VMS and CRAY
versions are on the CFS. Figure A-1 is a map of the available files and where these files
are located.

MASS is a utility available on all machines connected to the Integrated Computer Network
(TCN) tn communicate with the CFS. Information on the use of this utility is available
from the Computer Information Center (CIC) upon request. Therefore, we will not go inio
dctail but we will present some information from their “Quick-Reference”, CIC document
number 809, or their “MASS Primer”, CIC document number 389, to facilitate the access
ol these files,

To use this utility, a user simply enters the name of the utilit:. If no parameters are
entered, the user is given a 7 as a prompt.

mass
?

In this context, there are two verbs the user needs to know: liat and get. Givena
pathname or location as a parameter, 118t provides information an specified files and
directories while get provides copies of specified files in the user’s local file space.

A pathnume Lo a directory or file beginning with a slash fully defines the node’s location,
begimning with the root directory and naming all the subdirectoriea encountered in
reaching the node.

A pathname that does not bepin with a slash is appended to the existing primary path
directive, which is set by the system to /usernumber and imay bo defaultod Lo other
settings by the user. Once the primary path directive has been scl, by the dafault
command, this setting remaine fixed throughout the current execution of the MASS utility
until reset by a new dofault comand,

For example, a user can reach the directory containing the exccutable files by entering
cither of the following.

7 liat dir=/lucc/poicodes/cray/xeq
or

? default dir=/lacc/poicoden/cray
T liat dirsxey

If Liat is not given a parameter, tha defanlt directory is assusmerd.

To accens an expanded title or to determine tho date the lo/directory waa last updatod,
enter Lhe following.

?7 list dir=xeq lo=g automesh
? list dir=xeq lo=g



APPENDIX A — ACCESS A2.2 On DAC’s VAX Cluster (XNET)

To extruct a file(s) from MASS, the get command is used:

? gat dir=/lacc/poicodes/cray/xeq automesh lattice tekplot poisson
? get dire=/lacc/poicodes/cray/xmp/poi hmag

or
?7 detault dir«/lacc/poicodes/cray
7 get dirsxeq automesh lattice tekplot poisson
7 get dir=xmp/poi hmag

or

mass get /lacc/poicodes/cray/xeq/avtomesh
mass get /la:c/poicodes/cray/xeq/lattice
mass get /lacc/poicodes/cray/xeq/tekplot
mass get /lacc/poicodes/cray/xeq/poisson
mases get /lacc/poicodes/cray/xmp/poi/hmag

To end the execution of the utility MASS, enter end at the prompt.

A2.2 On the Data Analysis Center’s VAX Cluster on XINET

The source codes, exccutable codes, and sample files are availal.le on the Data Analysis
Center's VAX Cluster, Meson Phyasics Facility. The machines in this VAX cluster are
MPX0 and MPX1, nodes 140 and 141, respectively, on XNET. Any node on XNET can be
accessed by any other node (machine) on the network. It is not necesaary to be validated
on MPX0 and MP’X1, however, validation forms are available at the Data Analysia
Conter's bulletin board, TA 53, MPF 2'4, MS HB810. Files inay be copied to the user’s

location and exccutable files can he run from their locations on MPX0 and MP X1,
The files on inachines MPX0 and MPX1 are located in the [ollowing directory.

ATOOS$D !SK. [ATGHKS . VAXFILES]

I the uner in on MPX0O or MPX1, to copy the source [ile AUTSD.FOR from the
ATBHKS. VAXF ILES directory to the directory the user is currently in, enter the following.

8 CUPY ATOOSDISK: [ATOHKS.VAXFILES]AUTS0.FOR

If the uaer in on another XNET node, to copy the source file AUTS0 . FOR fromn the
ATCHKS . VAXF ILES directory to the directory the user is currently in, enter the following:

$ COPY MPXO::ATOOSDIGK: [ATOHKB.VAXFILEB]AUTS0.FOR =

To copy all the filea fromn the ATOHKS . VAXFILES diractory to the diractory the user in ir,
entor the following.

§ COPY ATOO$DISK: [ATOHKS .VAXFILES)® . » »
or

$ COPY MPXO.:ATOOSDIBK: [ATOHKEB VAXFILES]+. +
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Copying files into your space is not required; all files, except input files, can be used from
the user’s current directory. The following are two examples.

$ RUN ATOOSDISK: [ATOHKS . VAXFILES]AUTOMESH
or

$ RUN MPXO::ATOO$DISK: [ATGHKS.VAXFILES] AUTOMESH

A.3 OUTSIDE OF LOS ALAMOS NATIONAL LABORATORY
A.3.1 In General

The complete set of POISSON/SUPERFISH Gioup Codes scurce files plus sample input
and output for both a magnet problem (POISSON) ard a radio-frequency cavity problem
(SUPERFISH) are available to individuals as well as institutions upon request. Please let
us know which version (VAX/VMS or CRAY) is desired and your primary area of interest.

A3.2 On Networks

We ure located on ARPANET which is available through BITNET, UUCP, ss well as other
networks. Our address is the following.

hka@lanl arpa
A3.3 On Magnetic Tapes

We roquest that the user send us a tape (a seven inch reel is sufficient) and information
that would facilitate installation of the codes on the target system. In each of the following
subsections, we have roughly outlined the type of information that might be helplul. Your
system raanager should be abie to provide this information if there are any quostions.

A3.3.1 VA’ Machlines

Tapes are avi with the utilities COP’Y nnd BACKUD. Ploase specifly which is
preferable.

Tapes made with Aty COPY are: 9 track, 1600 bits per inch, 80 ASCII characters

per line, and 512 bytes per block. To copy files from tape to disk, fiust mount the tape on
the tape-reader unit, then enter the following.

$ ALLOCATE UrnitName

$ MDUNT UnitName: Label

8 COPY UnitNamu:[ Je. ¢ »

The format for tapes made with the utility BACKUP aro always the same. ‘To copy files
fromn Lape to disk, first mount the tape on the tapoe-reader unit, then enter the following.

$ ALLOCATE UnitName

$ MOUNT/FOREIGN UnitName: Label

$ DACKUP UnitName:SaveSetName DiskName: [DirectoryName]/OWNER_UIC=ORTGINAL
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A3.3.2 Other Machines
Please supply the following information:

1. Target Machine and Operating System

2. Choice of 1: o unlabeled, 9 track, 1600 bits per inch
80 ASCII characters per record
48 records per block

o unlabeled, 9 track, 1600 bits per inch
80 EBCDIC characters per record
48 records per block
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Program Construction

Contents . . . . . . . . . . . e e e e e e e e e

Bl. VAX/VMS Version . . . . . . . . . . . . ...

B2, Cray Version . . . . . . . . . . . . . e e
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Bl. VAX/VMS Version

o The order in which the files are linked is important. These codes use 2 libraries that
contain common subroutines used by the programs. The libraries must be created
and in your local file space before an object file which calls it is linked.

POILIB — This library is created from the object file LIBSO. It contains sub-
routines used by all the programs except AUTOMESH.

MIRLIB — This library is created from the object filez LIBSO and POISO. It
contains subroutines used by the program MIRT.

o To run an executable file, enter RUN followed by the name of the file.

RUN AUTOMESH

To Create: The Process:

POILIB FORT LIBSO
LIBR/CREATE POILIB LIBSO
AUTOMESH FORT AUTSO
LINK/EXEC=AUTOMESH AUTSO
LATTICE FORT LATSO
LINK/EXEC==LATTICE LATSO, POILIB/LIB
PANDIRA FORT PANSO
LINK/EXEC=PANDIRA PANSO, POILIB/LIB
POISSON FORT POISO
LINK/FEXEC=POISSON POISO, POILIB/LIB
MIRLID LIBR/CREATE MIRLIB POISO, LIBSO
MIRT FORT MIKSO
LINK/EXEC=MIRT MIKRSO, MIRLIB/LIB
SFO1 FORT SFI1SO
LINK/EXEC=S8FO1 SF1S0, POILIB/LID
SUPERFISH FORT FISSO
LINK/EXEC--SUPERFISH FISSO, POILIB/LIN
TEKPLOT FORT TEKSO

LINK/EXEC TEKPLOT

2

TFEKSO, POLLIB/LIB, USERSOLI:PLOTIO/N. M
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B2. Cray Version

o The order in which the files are compiled is important. These codes use two libraries that
contain common subroutines used by the programs. The libraries must be crcated and
in your local file space before a binary file which calls it is loaded.

POILIB — This library is created from the source file LIBSO. It contains
subroutines used by all the programs except AUTOMESH.

MIRLIB —- This library is created from the source files LIBSO and
POI1SO. 1t contains subroutines used by the program MIRT.

SOURCE BINARY EXECUTABLE

FILE FILE FILE
autso automesh
fisso fish
latro lattice
libso poilib
nirso mirt
panso pandira
poiso mirlib poisson
sf1s0 sfol
Lekso tekplot

o The firat 2 lines of all source files contuin input data for the Cray job control
language utility XEQ, which produces binary and executeble code.

o All filee are compiled/loaded in the same manncer,

xeq sutso

The argument of autso to the utility XEQ produces the executable code AUTOMESIL To
run AUTOMESH, enter the following.

automosh
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Complete List of CON Variables
for POISSON/PANDIRA /MIRT

contents . . L L L L L e e e C 1
Table C--1 Numeric Order of CON Variables . . . . . . . . . .. e e .. C-2
Table C-2 Alphabetic Order of CON Variables . . . . . . e e e e C-16

Complete tables of the 125 CON array variables, both in numerical and alphabetical order, for
the POISSON/PANDIRA /MIRT programs are given in this section. The default values in these
tables correspond to the values assigned by the execution program if there were no user input
changes of the CON array in LATTICE.

There are a number of variables which are used internally by the program and over which the user
has no contrnl. These variablos are designated by ® preceding the element. In addition, those el-
ementa that must be changed in LATTICE, if they are to have an effect on the problem, are pre-
ceeded by a t.

21
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®

TABLE C-1
NUMERIC ORDER OF CON VARIABLES
FOR POISSON/PANDIRA/MIRT
where:
@ used internally
t must be changed in LATTICE

Number Name  Default Description
CON(1) KPROB 0 Set by LATTICE to differentiate type of problem.
KPROB = 0 - POISSON/PANDIRA /MIRT.
= 1 - SUPERFISH.
CON (2) NREG  None Total number of regions for the problem.
CON(3) LMAX None Total number of mesh points in the vertical
CON(4) KMAX None (LMAX) and horizontal (KMAX) direction. Input
or computed either by AUTOMESH or by LATTICE.
CON(5) IMAX  None IMAX = KMAX + 2 compited by LAT'T'ICE.
CON(6) MODE -2 The permeability code in iron.

MODE = -2 - u4-infinite in iron.
= -1 - u-finite, constant and defined by CCN(10) =
FIXGAM, (v = 1.0/u).
= 0 - Option a function ol REG NAMELIST

paramcter MA'T, (Sco Table 2 1.)

MAT == 2 - p-finite and defined by internal
table (very low-carbon stecl) or
user-defined constani perincability /
permittivity or
user-defined st~king (fill) factor.

3 < MAT < 6 - p-finite and defined by
table! - tabled, or
user-defined conatant permeability /
poermittivity or
uncr-defined stacking (fili) factor.

6 < MA'I'< 11 permanent magnet materinl
with a user-defined B{H) Tunction.
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Number Name Default Description
CON(7) STACK 1.0 Stacking or fill factor for iron regions using MAT = 2
(Table 2-1).
CON(8) BDES 1.0E+15 The value of the field, |B| = BDES at mesh location
|KBZERO = CON(4C), LBZERO = CON(41);.
If BDES # 1.0E+15, the current factor,
XJFACT = CON(66) will be adjusted so that
|B| = BDES within & tolerance XJTOL = CON(67)
(see example, Sec. 10.2).
t CON(9) CONV 1.0 Conversion [actor for coordinate units.
CONV = (no. of centimeters) per (unit), e.g.:
CONV = 1.0 - Centimcters.
= 0.1 - Millimeters.
= 2.54 - Irches.
CON(10) FIXGAM .004 The value of v (= 1.0/u) used in a u-finite but constant
solution. [CON(6) = MODE = —1] (See example, Sec.
10.7.) Also used to initialize v for u-finite and variable
[CON(6) = MODE = 0].
@ CON(11) NAIR 0 Total number nt mesh pointa in the air (NAIR) and
@ CON(12) NFE 0 iron (NFE) regions. Coimnputed in LATTICE.
® CON(13) NINTLR 0 Total number of interface points. An interface point
is 3 ponint whotc nearest ncighbors arc a combination
of air and iron poirts.
CON(14) None Not used.
@ CON(15) NPINP None Total number of points in the problemn
NPINP = NAIR + NFE + NINTER + NBND + NSPL.
® CON(18) NBND 0 Total number of Diricklet boundary pointa computed
in LATTICE.
® CON(17) NSPL 0 'The number of points held at special fixed potential

computed in LATTICE and used in POISSON/
PANDIRA /MIICT,

Cc-3
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INumber

Name Default

Description

CON (18)

CON(19)

CON(20)

CON(21)
CON(22)
CON(23)
CON(24)

—_ = —> —

® CON(25)

& CON(26)
® CON(27)

NPERM 0

ICYLIN 0

INPUTA 0

NBSUP
NBSLO
NDBSRT
NBSLF

o C =0

NAMAX 0

NWMAX 0
NGMAX 0

The number of permeability functions to be read in as

data.

NPERM # 0 — must set CON(6) = MODE = 0 and the
first optional input data listing the per-
meability /permittivity functions and/or
tables must follow the CON array entry
(see Sec. 5.4.1).

Coordinate system indicator
ICYLIN = 0 — Cartesian (x, y) coordinates
= 1 - cylindrical (r, z) coordinates
(horizontal — x — r)
(vertical -+ y — 2)

The number of special fixed potential values to be

read in as data by POISSON/PANDIRA.

INPUTA > 0 - second optional input data listing
mesh points and fixed potential values
must be given (sce Sec. 5.4.2).

Indicator for boundary conditions on the UPper,
LOwer, RighT and LeFt boundaries of the rectan-
gular region defining the boundary.

0 - Indicates Dirichlet boundary conditions, which
incans magnetic field lines are PARALLEL
to the boundary line.

1 - Indicates Neurnann boundary conditions, which
means magnetic field lines are PERPENDI-
CULAR to the boundary line.

The number of elements in the G'T'V and G'I'L arraya.

The number of points for recaleulating couplings
(NWMAX) and gammas (NGMA ).



Appendix C — Complete List of CON Variables

Number Name

Default

Description

® CON(28) NGSAM

CON(29) LIMTIM

CON(30) MAXCY

CON(31) IPRFQ

CON(32) IPRINT

CON(33)

CON(34) INACT

100000

20

None

The number of points for recalculating gammas.

The amount of time remaining in the run. At present
deactivated by a comment.

Maximum number of iteration cycles.

POISSON. (If not converging, decrease MAXCY and
rerun to get a dump).

PANDIRA. (If problem terminates before converging,
increase MAXCY and continue from current dump).

An indicator for the cycle iteration print frequency
for POISSON only.

IPRFQ = 0 - POISSON dectermines frequency print.
IPRFQ > 0 - Prints every IPRFQ cycles.

IPRFQ must be a multiple of IVERG = CON(87).

Indicator for additional printout
IPRINT = -1 - LATTICE input only.
= 0 - no additional printout.
= 1 - print the vector potential array.
= 2 - print the |B| in iron regions.
= 4 - print the ., B, in iron regiona.
= sum - a combination of any of the above
three options (i.e. IPRINT =7 =] 4
? 4- 4 will give all three options).

Not used.

An indicator used in interactive POISSON/PANDIRA
run to allow user interaction.
INACT -1 - nointeraction
1 program stops nt each iteration cycle,
queriea the user and proceeds according
to typed value:
GO continues to next iteration.
IN  inquires for new CON values
before proceeding to next iteration,
NO  run termipates and results are
written on TAPE3S and on
OUTPOI/OUTPAN.

Ch

~
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Number Name Default Description

CON(35) NODMP 0 Indicator to write TAPE35 dump at completion of
POISSON/PANDIRA run.
NODMP = 1 - do not write dump.
= 0 — write dump.

CON(36) IRNDMP 0 An indicator used in MIRT only.
IRNDMP = O - uses one dump of TAPE35.
= 1 - uses ‘wo dumps of TAPE35 when
continuing a simultaneous
u-finite/p-infinite optimization.

t CON(37) MAP 1 For POISSON/MIRT:

A parameter in the conformal transformation

[w =2+ «MAP/[MAP « RZERO «+ (MAP-1)]

where: RZERO = CON(125)

MAP # 1 - the current density is adjusted to
conform to the transformed geometry
in all closed regions.

MAP =1 - no current density adjustment.

Note: if no current density adjustment is
wanted (user has input the cori .ct density
for the transformed geometry), MAP should
no*, be input until execution of POISSON/
PANDIRA.

CON(38) XORG 0.0 The rcal part of z, used to specify the origin in the
polynomial expansion for vector potential
A(xy) = Re[Y ¢a(z - 2.)"], the derivatives of which
give the field and gradient.
XORG - 0.0 for cylindrieal coordinates,

NO'TE: For programs PRIOR to 11/10/886 if
XMIN # 0., user MUST set XORG - XMIN
for correct fiold enlculation, XMIN is a
REG NAMELIST parmncter, (See. 2..2.2),
and not the XMIN of CON(54).
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Number Name Default Description
CON(39) YORG 0.0 The imaginary part of z, described in CON(38).
NOTE: For programs PRIOR to 11/10/86 if YMIN # 0.,
user MUST set YORG = YMIN for correct
field calculation. YMIN is a REG NAMELIST
parameter, (Sec. 2.2.2), and not the YMIN
of CON(55).
CON(40) KB2ERO 1 The vertical and horizontal mesh coordinates spe-
CON(41) LBZERO L cifying the location of BDES {CON(8)] for adjusting
the current factor.
CON(42) KMIN 1 The mesh point limits of the region in which the
CON(43) KTOP KMAX  ficlds and gradicnts are to be calculated and written
CON(44) LMIN 1 on the files OUTPOI/OUTPAN for non-iron regions
CON(45) LTOP 1 only. [Use CON(32) for IRON regions|. Default value

writes fields and gradients at all mesh points on hori-
zontal axis (L = 1). To get values for all gcometry
set i,TOP to value of LMAX [KMAX, LMAX valics
listed as CON(3), CON(4) in files OUTLAT and
OUTPOL/ OUTPAN, (See example, Sec. 10.2.)

C7
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Number Name  Default Description

CON(46) ITYPE 2 A code specifying the problem symmetry.

For Cartesian symmetry:

ITYPE = 1 - no symmetry.

ITYPE = 2 - midplane symmetry.

ITYPE = 3 - elliptic aperture quadrupole.
ITYPE = 4 - symmetric quadrupole.

ITYPE = 5 - skew elliptic aperture quadrupolec.
ITYPE = 6 - symmetric “H” magnet or elliptical
aperture sextupole.

ITYPE = 7 - symmetric sextupole.

ITYPE = 8 ~ elliptic aperture octupole.

ITYPE = 9 - symmetric octupole.

For all of the above symmetry codes, except

ITYPE = 1 or = 5, ficld lines are perpendicular to the
x-axis. For ITYPE = 5, the x-axis i3 a field line.

For cylindrical symmetry:
ITYPE =1 - no symmetry.
ITYPE = 2 - midplane aymmetry.
vector problems-—field linos perpendicular
to r-axis.
scalar problems—-potential (v) lines
perpendicular to r-axis.
ITYPE = 3 - midplane aymmetry for scalar problems only
r-axis is a v==constant line,
NOTE: If in doubt as to the type of symmetry, use I'TYPE
= Lor =+ 2 and set boundary conditions by
CON(21) - CON(24), (sce Sees. 2.2.5 and Teble
3 1), For further detail on problem symmetry,
consult POISSON/PANDIRA Reference Munual,
(Sec. 11.5.3.2).

CON(47) W2ND  0.125 The weight factor for the sccond nearest neighbors used

in determining the ¢, in the polynomial expansion for
the vector potentinl A(xy)  Re[d e (2 2,)"]

(O,
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Number

Name

Default

Description

CON(48)

CON(49)

CON(50)

® CON(51)

CON(58)

ISECND

NFIL

IHDL

NPONTS

OMEGAO or
OMEGA

IRMAX

XMIN
XMAX
YMIN
YMAX

mourr

100000

.001

25

0.0
0.0
0.0
0.0

Indicator for use of first or second neighbors in deter-
mining the ¢, above
ISECND = 1 - first and second
= 0 - first neighbors only. (Use this option
if a problem has trouble converging.)

The number of current filaments to be read in as

data by POISSON/PANDIRA.

NFIL > 0 - third optional input data listing mesh
points and current filaments must be
given (see Sec. 5.4.3).

The number of cycles between making a quasi-integral
H - dl calculation around the Dirichlet boundary dur-
ing POISSON iteration. Increasing IHDL sometimes
speeds the convergence, particularly for nonsym-
metric “H” magnets.

LATTICE - the no. of points in the relaxation mesh
in POISSON/PANDIRA.
- N = NAIR[CON(11)] + NINTER|CON(13))
NPONTS == N if MODE|CON(6)| < -2
NPONTS = N 4 NFE [CON(12)] if
MODE|CON(6)] < -2.

An overrelaxation parameter used only in LATTICE
and POISSON.

Used in LATTICE for optimization of the over-
relaxation factors.

The vertical and horizontal limits of the region in
which the ficlds and the gradients are calculated for
the computed values of (x,y) or (r,z), (not necessarily
on a mesh point) and written on file OUTPOT or
OUTPAN for AIR regions only. 'I'he coordinates nre
computed by atarting from XMIN, YMIN and incre-
menting by DX, DY where:

DX (XMAX-XMIN)/(KTOP-1) [KTOP CON(43})]
DY (YMAX-YMIN)/(LTOP-1) [LTOP  CON(45)]
up to XMAX, YMAX (see example, Sec. 10.2).

I'resently not used. Denctivated by a conunent,

Cc9
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Number Name Default Description
® CON(59) PI 3.141592 ... x given to machine accuracy.
® CON(60) SPOSG 0.0  The total positive (SPOSG), negative (SNEGG),
® CON(61) SNEGG 0.0  and total (STOTG) current at generation.
® CON(62) STOTG 0.0
® CON(63) SPOSA 0.0  The total positive (SPOSA), negative (SNEGA)
® CON/64) SNEGA 0.0  and total (STOTG) current at solution.
& CON(65) STOTA 0.0
® CON(66) XJFACT 1.0 The factor by which all currents and current den-

sities (except current filaments) will be scaled. If
BDES = CON(8) is input, then current will be
adjusted. (See example, Sec. 10.2.)

XJFACT = 0. - a scalar potential problem (no
current). (See example, Sec. 10.5.)

CON(67) XJTOL 1.0E-4  The tolerance on the determination of XJFACT =
CON(86) for BDES = CON(8).

CON(68) AFACT 1.0 MIRT - the factor by which scalar potentials are
scaled when XJFACT = CON(66) = 0.0.

® CON(69) RATIO 0.0 The ratio |IBZERO|/(XJFACT) for air region
solution in POISSON/PANDIRA.

t CON(70) ICAL 0  Indicator for type of formula to use for calculating
current density.

ICAL = 0 - Use normal area formula.

ICAL = 1 - Use angle formula for calculating the
current associated with a point or
when accurate fields near coil boun-
daries sre needed.

@ CON(71) NEGAT 0 An indicator for a zero or negative area triangle
in mesh generation in LATTICE.
NEGAT = 0 - no negative or zerc arens,
# 0 - ncgative or zero area,
Outputa a diagnostic message.

® CON(72) SNOLDA 0.0 The old sum of (delta)? for air (SNOLDA) and
® CON(73) SNOLDI iron (SNOLDI) pointa.

C-10
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Number Name Default Description

CON(74) RHOPT1 19 See CON(75) = RHOAIR.

CON(75) RHOAIR 1.9 The over-relaxation factor in POISSON for air and
interface points and for iron points with a constant,
but finite permeability.

RHOAIR = RHOPT1 - optimizer. RHOAIR during
iteration.
RHOAIR # RHOPT1 - RHOAIR does not optimize;
uses value assigned.

® CON(76) RHOM1 None RHOM1 = RHOGAM -1.
[RHOGAM = CON(78)].

CON(77) RHOFE 1.0 The over-relaxation factor in POISSON for iron
points with a finite variable permeability.

CON(78) RHOGAM 0.08 The under-relaxation factor in POISSON for gamma
(= 1./permeability) for finite variable permeability.

t CON(79) RhOXY 1.6 The starting over-relaxation factor for the irregular
mesh generation.

CON(8n) ISKIP 1 The number of cycles between recalculating the «
during a finite, variable permeabilivy solution.

t COii(81) NOTE 1 An indicator for determining the order in which
points are relaxed.
NOTE = 0 - the orde: is air points, interface points,
then iron points. MUST be used for
"ANDIRA. (See PANDIRA exumples,
Sccs. 10.4 - 10.6.)
NOTE = 1 - the order is (air + interface) points,
then iron points.
® CON(82) IMAX None PANDIRA - maximum value of B.
® CON(83) IADORT 0 An indicator of an error in LATTICE and

POISSON/PANDIRA /MIRT.
IABORT -0 noerrors,
IABORT 1 error or errors. Program outputa

dingnostic messages and aborta.

Cc1l1
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Number

Name

Default

Description

t CON(84)

CON(85)

EPSO

EPSILA

CON(88) EPSILI

CON(87)
® CON(88)
® CON(89)
® CON(90)

® CON(91)
CON(92)

CON(99)

IVERG

RESIDA

RESIDI

ICYCLE

NUMDMP

1.0E -5

5.0E -7

5.0E -7

10

1.0
1.0

0

The convergence criterion for mesh generation. If
program has trouble converging, increasing EPSO
might help.

The convergence criterion for the potential solution
of air and interface points and for iron points with a
finite, but constant permeability.

The convergence criterion for the potential solution
of iron points with finite, variable permeability.

NOTE: For prublem to converge, both values printed

under columns;
“residual-air” “residual-iron”

in file OUTPO! and the terminal must be
less than EPSILA and EPSILI respectively.
If printed values are near EPSILA/EPSILI
and solution is not converging, increasing
EPSILA/ EPSILI will force program to
converge, with less accuracy.

The number of cycles between convergence test.
The default value of 10 should not be altered if the
option to optimize the over-relaxation factor
CON(75) = RHOAIR is used.

POISSON - the residual of the air (RESIDA)
and iron (RESIDI) at ench IVERG cycle.
[IVERG = CON(87)].

The present iteration cycle number. Used in
I

LATTICE and POISSCN/PANDIRA/MIRT.
Current dump number for writing to TADPIS35,

This set of eight words storea the title of the

problem which was read by LATTICE.
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@ @ ® &

@ ®

Number Name Default Description
CON(100) .TERM 0 A print indicator used in POISSON/PANDIRA for
cylindrical problems when XJFACT[CON(66)] # 0.
ITERM = 0 - prints (to OUTPOI/OUTPAN)
dbzdr, xm, afit
ITERM # 0 - no print of above quantities
CON(101) IPERM 0 Indicator for permanent problem in PANDIRA only.
IPERM = 0 - not permanent magnet problem.
IPERM = 1 — a permanent magnet problem. The
vector potential is initialized by
either a current region or by current
filaments [CON(49)] which the user
MUST input. (See PANDIRA. exam-
ples, Secs. 10.5 - 10.6.)
CON(102) 1AMASK 6000000005 An octal word used as a mask to isolate bits in
CON(103) ISCAT 200 000 000g certain index words.
CON(104) IFILT 400 000 000s IMASK, IFILT - used in LATTICE and POISSON/
CON(105) IDIRT 100 000, PANDIRA/MIRT.
ISCAT, IDIRT - used in LATTICE.
CON(106) ETAAIR 1.0 The rate of convergence in air (ETAAIR) and iron
CON(107) ETAFE 10 (ETAFE) regions in the current cycle.
CON(108) AROTAT Presently not used.
ICYSEN 0 An indicator for cutput in POISSON.
ICYSEN = 0 - no print of boundary integrals,
ICYSEN # 0 - print boundary integrals.
CON(109) ITOT None The total nnmber of mesh points in the problem.
ITOT = (KMAX + 2)«(LMAX + 2).
CON(110) NTERM 0 The nurmber of coefficients to be obtained in the har-

monic analyses of the potential. 0 < NTERM < 14,
Sce harmonic analysis examples in Secs. 10.3 and 10.9.

(For complete discussion of harmonic analysis, refer
to POISSON/SUPERFISH Reference Manual.)
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Number

Name Default

Description

CON(111)

CON(112)

CON(113)

CON(114)

CON(115)

CON(116)
CON(117)

® CON(118)

® CON(119)

® CON(120)
® CON(121)

® CON(122)

NPTC 0

RINT

ANGLE

RNORM

ANGLZ

MASK37
MASK5

375
17777,

MAXDIM None

NWDIM

MASKC1
MASKC2

377,
177 400,

None

TSTART

The number of equidistant points on the arc of a circle
with its center at the origin, at which points the vector
potential 1s to be interpolated. Fourier analysis of the
vector potential at these points yields the harmonic
coefficients. NPTC should be approximately equal to
the number of mesh points adjacent to the arc.

0 < NPTC < 101.

The radius of the arc of a circle at which the vector
potential is to be calculated for harmonic analysis.
RINT should be less than the radius to nearest sin-
gularity (pole or coil) by at least one mesh space.

The final angle, in degrees, that defines the arc of the
circle that is given in CON(112) = RINT.

The aperture radius or other normalization radius
used in the harmonic analysis.

The initial angle, in degrees, that defines the arc of the
circle with radius RINT = CON(112). Both ANGLE
and ANGLZ are measured from the x-axis

Octal words used to isolate bits in certain index

words.

MASK37 - used in LATTICE and POISSON/
PANDIRA, MIRT.

MASK5 - used in POISSON/PANDIRA/MIRT.

The maximum number of mesh points allowed.
ITOT = CON(109) < MAXDIM,

(MAXDIM is computed internally and depends on
MXDIM. User may change parameter MXDIM.)

NWDIM = MAXDIM/2. .
User can change by changing parameter MXDIM

and recomnpiling.

Octal words used s masks to i1solate bits in certain

index words.

The starting time (wall clock) for execution of a run.
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t

t

t

Number Name

Default

Description

CON(123) TNEGC

CON(124) TPOSC

CON(125) RZERO

0.0

0.0

1.0

A parameter used in conformal transformation.
Input the total negative current in original
geometry. LATTICE stores the negative trans-
formed currents.

A parumeter used in conformal transformation.
Input the total positive current in original
geomet.y. LATTICE stores the positive trans-
formed currents.

The scaling factor of the conformal transfor-

mation.

w =2+ MAP/[MAP + RZERO s« (MAP-1)]

where: [MAP=CON(37)] and normally,
RZERO = aperture radius.
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TABLE C-2
ALPHABETIC ORDER OF CON VARIABLFS

FOR POISSON/PANDIRA /MIRT

Name Number
AFACT CON(68)
ANGLE CON(113)
ANGLZ CON(115)
AROTAT CON(108)
BDES CON(8)
BMAX CON(82)
CONV CON(9)
EPSILA CON(85)
EPSILI CON(86)
EPSO CON(84)
ETAAIR  CON(106)
ETAFE CON(107)
FIXGAM CON(10)
IABORT CON(8 )
IAMASK  CON(102)
IBOUT CON(58)
ICAL CON(70)
ICYCLE CON(90)
ICYLIN CON(19)
ICYSEN CON(108)
IDIRT CON(105)
IFILT CON(104)
[HDL CON(50)
IMASK  CON(102)
IMAX CON(5)
INACT CON(34)
INPUTA CON(20)
IPERM CON(101)
IPRFO ON(31)
IPRINT CON(32)
IRMAX CON(SJ)
IRNDMP  CON(36)
ISCAT CON(lO )
ISKECND CON(48)
ISKIP CON(80)
ITERM CON(!1 00)
ITOT CON(109
ITYPE (,()N(46)
IVERG  CON(87)

Name Number
KBZERC CON(40)
KMAX CON(4)
KMIN CON(42)
KPROB CON(1)
KTOP CON(43)
LBZERO CON(41)
LIMTIM CON(29)
LMAX CON(3)
LMIN CON(44)
LTOP CON(45)
MAP CON(37)
MASK37 CON(116)
MASK 5 CON(117)
MASKC1 CON(120)
MASKC2 CON(121)
MAXCY CON(30)
MAXDIM CON(118)
MODE CON(s6)
NAIR CON(11)
NAMAX CON(25)
NBND CON(16)
NBSLF CON(24)
NBSLO CON(22)
NBSRT CON(23)
NBSUP CON(21)
NEGAT CON(71)
NFE CON(12)
NFIL CON(49)
NGMAX CON(27)
NGSAM CON(28)
NINTER CON(13)
NODMP CON(35)
NOTE CON(81)
NPERM CON(18)
NPINP CON(15)
NPONTS  CON(51)
NPTC CON(111)
NREG CON(2)

Name Number _
NSPL CON(17)
NTERM CON(IIO)
NUMDMP ON(91)
NWDIM CON(IIQ)
NWMAX CON(26)
OMEGA CON(52)
OMEGAO  CON(52)
PI CON(59)
RATIO CON(69)
RESIDA CON(88)
RESIDI CON(80)
RHOAIR CON(75)
RHOFE CON(77)
RHOGAM CON(78)
RHOM1 CON(76)
RHOPTI1 CON(74)
RHOXY CON(79)
RINT CON(112)
RNORM  CON(!14)
RZERO CON(125)
SNEGA CON(64)
SNEGG CON(61)
SNOLDA CO.+(72)
SNOLDI CON(73)
SPOSA CON(63)
SPOSG CON(60)
STACK CON(T)
STOTA CON(65)
STOTG CON(63)
TNEGC CON(123)
TPOSC CON(124)
TSTART  CON(122)
W2ND CON(47)
XJFACT CON(66)
XJTOI, CON(67)
XMAX JON(55)
XMIN CON(54)
YMAX CON(57)
YMIN CON(56)
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Index

Each entry is followed by the number of the chapter (letter for Appendices A, B and C),
a dash, and the page number(s) where the entry occurs. Entry with “(CON)” following
designates a CON array parameter; entry with “(REG)” or “(PO)” following designates a

REG or PO — FORTRAN Namelist parameter.

AFACT (CON) ...t C-10
Afit . 5-22
AMAX 1-4
AMIN .o 414
ANGLE (CON) ................ 5-13, C--14
ANGLZ (CON) ................ 5-13, C-14
ANISO ... ... 5-16, 18
Anisotropic material ........... 5-14, 15, 17
AROTAT (CON) ...... ..ot C-13
AUTOMESH, ................ 1-22, 24, 2-1
BCEPT ...... ......... e 5-18, 19
input ........ ... 10-19, 25
BDES (CON) ............c.ovnen. 5-10, C-3
BMAX (CONj) ... C-11
Boundary conditions ..... 2-4, 19, 3-4, C-4
CFIL ... ... 5-20
Circular ares ....................... 2-9, 13
CON array tables, ........... 3-4, 5-5, C-2
Conformal transformation ....... 5-13, C-6
CONV e 10 -29
CONYV (CON) ....3-4, 5-5, 10-29, 30, C-{
CONV(REG) ..o 2-4
Convergence criteria ............ 5-12, C-12
CUR (REG) ....2-4, 3-10, 10-4, 10, 18, 23,
10-29, 38
Current
adjustment ............ 5-10, 10-5, 56
filament ........ . .. .. 3-20
for permanent magnets ..., ... ....5-21
options ........... ... ..l 5-11
Cylindrical
coordinates ............. 2-10, 6-6, C-4
problema .............. 1-14, 15, 10-22
symmetry ..... e 5-9, C-8
CYPM, file ...................... 10-23, 24

DEN (REG) .............. 2-4, 3-10, 10-29
Dielectric constant (¢) ............. 5-14, 15
DIPM, file ....oooeeeeeannennn. 10-17, 18
Dipole magnet ........ 1-3, 10-3, 17, 48, 53
Dirichlet ..2-9, 19, 3-4, 10, 5-6, 10-43, C-4
DPED, file .............. ... 10-53, 54
DPFR,file ....................... 10-48, 49
Drift tube inaec ........... ... L 2-26
DTL, fille ......ovovieeienneannnnn.. 2-26, 27
Dump number .. 3-14, 5-3, 22, 10-4, 12, 50
DX(REG) ..o, 2-4
DX 10-4
DY (REG) .................coo . 24
Edit options .................. ..ol 5-8
ELEC file ....................... 10-38, 39
Electrostatic ................... 2-19, 10-38
End field calculation ................. 10-53
EPSILA (CON) ................ 5-12, C-12
YPSILI (CON) ................. 5-12, C-12
EPSO (CON) ............. 3-6, 5-12, C-12
Error messages
AUTOMESH ..................... 2-21
LATTICE ...................L e, 3-14
PANDIRA .................... 523, 24
POISSON ........ ... 5-23
TEKPLOT .............c.......... 4-5
ETAAIR (CON) ...t C-15
ETAFE (CON) ................0 1. C-13
Exocutable, files ............. A-4,5 D 24

Files, input
AUTOMESH ... 1-5, 14, 10 3, 10, 17,

10-23, 38, 43, 48, 63

COSMOS ... 10-4, 11, 16, 13, 24, 32,
10 18, 44, 49, 54

LATTICE .......... 3.9, 12, 1028, 31

PANDIRA ............... 10-18, 18, 24

POISSON ............... 10 12, 50, 63
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VAX ....... 10--4, 11, 16, 18, 24, 32, 38,
10-44, 49, 54
Files, Qutput

OUTAUT .............. 1-11, 20, 2-20

OUTFIS ...ooviesiiiiiinnnn, 1-20

OUTLAT ....... 1-10, 20, 3-14, 15, 17,
5-8, 19, 20

OUTPAN .. 5-22, 23, 30, 10-16, 20, 26

OUTPOI ...1-11, 5-2, 3, 9, 20, 21, 27,
10-7, 8, 14, 15, 32, 34, 40,
10-46, 52, 57

OUTTEK ........coiviviiiiinannns 4-5
Files, summary .......... 1-22, A-3, B-2,3
FIXGAM (CON) ........ccvvvnnns 5-5, C-4
Fixed gamma ............ 5-5, 14, 15, 10-33
Fixed potential ....... 2-19, 5-19, 10-30, 38
gamma (‘7) ...... 5-5, 14, 15, 16, 17, 10-19,

10-25, 33
GAMPER .................. ... 5-16, 18
Grometry
Cartesian ...... 1-2, 22, 2-10, 5-6H, C-4
cylindrical ..... 1-2, 22, 2-10, 5-6, C—4

Harmonic analyses

examples .. 10 12, 13, 14, 44, 45, 46, 47
parameters ......... 5-12, 13, C-13, 14
HCEPT ... 5--18, 19
input ... 1019, 25
HMAG, file ............. 1-5, 2-24, 25, 103
Homagnet ...l 1-3,10 3
Hyperbolic aegments ............ .2 10, 14
IABORT (CON) ....oooveviininnnnn, ¢l
IBOUIT (CON) ..o Co

IBOUND (REG) ..2 4, 19, 3-10, 10-10, 11,
10-30, 38, 43

ICAL (CON) ..., 35,5 11,010
ICYCLE (CON) ..o o1
ICYLIN (CON) ... 0 6,0 4
ICYSEN {CON) ... ¢
IDIEE (CON) e o
IFILT (CON) oo (S K]
HIDL (CON) oo ¢
IAMASK (CON) ..o A
IMAX (CON) oo o2

INDEX 2

INACT (CON) .....vevinennnn, 5-7, C-5
INAP . e 4-4
INPUTA (CON) ......ce e 5-6, C-5
Internal permeability table ....... 1-9, 2-6,
5-5. 22, 10-5

IPERM (CON) ........... e 5-11, C-13
IPRFQ(CON) ........ccvvvinnt 5-6, C-5
IPRINT (CON) ......... 2-4, 34, 5-7, C-5
IREG (REG) .......... 2-5, 3-10, 10-28, 30
IRMAX (CON) .......oooviiiiian, C-9
IRNDMP (CON) .........ooiiinnnn C-6
ISCAT (CON) ..., C-13
ISECND (CON) ..............ee 5-10, C-9
ISKIP (CON) .......cconvinnat. 5-11, C-11
ITERM (CON) ....oooviiiiiiinan C-13
ITOT (CON) ...oovvinnin e, C-13
ITRI ... 1-4, 10-29
ITRI (REG) ©..ovvivininnnnns 2-5, 3-10
ITYPE (CON) ............ 5-9, 10-25, C-8
IVERG (CON) .....ovvvviiinns 5-12, C-12
KDBZERO (CON) ................ 5-10, C-7
KMAX (CON) .........covnhee. 10-39, C-2
KMAX (REG) ...2-5, 16, 17, 18, 10-23, 48
KMIN (CON) ... 5-8, C-7
KPROI (CON) ......oooivviiinnnnnn. -2

KREGI (REG) ..
KREG?2 (REG)

.2-5, 117, 18, 10-23, 48, 53
...2-5, 17, 18, 10-23, 48, 53

KTOP (CON) ....................5 8, C-7
LATTICE ............ .00l 122,24,31
LBZERO (CON) ................5-10,C-T
LIMTIM (CCN) oo C-b
LINX(REG) ..o 2-5
LINY (REG) ... 2-5
LMAX (CON) o C-2
LMAX (REG) ...l 2-5, 10, 10 4R
LMIN (CON) ..ooves e 5-8,C 17
LREGI (REG) ..ol 26,17, 10 23, 48
LREG2 (REG) ..o 26,17, 10 23, 48
LTOP (CON) oo hRCT
MAP (CON) ... 350 13,0C0
MASKCT (CON) .o ¢
MASKC2 (CON) ..o, C o

MASKS (CON) o, C 14
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MASK37 (CON) ......oviiiiinnt C-14
MAT (REG) ..... 2-8, 3-10, 104, 5, 11, 18,
10-23, 29, 30, 38, 49, 54,
10-56

MATER ................... 5-15, 16, 17, 18
MAXCY (CON) ........oovvnnnn. 5-6, C-5
MAXDIM (CON) ....ovviviiinninnn C-14
Mesh ...ttt 2-15

doubling ................ 2-16, 18, 3-20

uniform .......... 2-16, 18, 3-19, 10-41

variable ..... 2-17, 18, 10-23, 27, 30, 35
MIRT ... e 1-22
MODE (CON) ..... 5-5, 14, 15, 17, 18, C-2
Modified pillbox cavity ............... 1-13
MOLDPIL, file .............ccoooviiiil, 1-13
MTYPE ....................e. 5-15, 16, 17
NAIR (CON) .......oooiiiiiinnn, C-3
NAMAX (CON) ..........cooieinnnn. C-4
NBND (CON) ..o, C-3
NBSLF (CON) .............. 3-4, 5-6, C-4
NBSLO (CON) .............. 34, 5-8, C-4
NBSRT (CON) .............. 3-4, 6-6, C-4
NBSUP (CON) .............. 34, 5-6, C-4
NCELL (REG) ................... 2-6, 3-5
NDRIVE (REG) ................. 1-14, 2-6
NEGAT (CON) .........cooviviinnn, C-10
Neumann ............. 2-9, 3-4, 10-30, C-4
NEW (PO) ................ 2-11, 10-10, 11
NFE (CON) ... C-4
NFIL (CON) ................ 5-11, 20, C-9
NGMAX (CON) ... C-4
NGSAM (CON) ..., C-b
NINTER (CON) ..........coooiiine, C-3
NODMP (CON) ..........coooivns 5-7, C-6
NOTE (CON) ............. 3-5, 512, C-11
NPERM (CON) 5-5, 14, 15, 16, 17, 18, C-4
NPINP (CON) .. ..o, C-3
NPOINT (REG) ................... 2-6, 25
NPOINT ... 10-4
NPONTS (CON) ..., C-9
NPTC (CON) ..., 5-13, C-13
NREG (CON) ........ 3-4, 55, 10-29, C-2
NREG (REG) ................ 2-7, 25,104
NSG (REG) ..., 3-4
NSPL (CON) ..o C-3

INDEX 3
NSWXY ... e 4-4
NT (PO) ........ 2-11, 12, 13, 26, 10-11, 38
NTERM (CON) ..........vveves 5-12, C-13
NUM ..o 4-4, 5-3, 14, 25, 10-12
NUMDMP (CON) .........ovvvnnenn, C-12
NWDIM (CON) .........ocvn e o C-l4
NWMAX (CON) .....oviiiiiis C-4
OMEGA (CON) ....cooviiiiiniiinnnn, C-9
OMEGAO (CON) ......covviivininnnnn C-9
Over-relaxation pe-ameters ........... 5-11
PANDIRA ................. .. 1-22, 24, 5-1

... 1-2, 22, 2-8, 21, 3-5,
5-2, 5, 11, 21, 10-17,
10-22, C-13

2-6, 5-2, 11, 12, 13, 16, 17,

2-20, 22, 10-5, 10, 11, 12,

10-18, 19, 23, 25, 38, 44,

10-49, 50, 53, 54, 56

Permanent magnet

Permenbility ...

u-finite constant ........ 5-5, 14, 10-33

u-finite variable ................ 5-5, 15

u-infinite ................... 5-5, 10-56

Table input ........ 5-15, 10-12, 48, 55
Permittivity ...5-2, 5, 14, 15, 22, 10-11, 19

10--25, 49, 54

PHAXIS ... .. o 5-16, 18
PI(CON) ..o C-10
POISSON .............ovii, 1-22, 24, 5-1
PO Namelist ........................... 2-9
POT ... 5-19
Print opvions .............. ... ol 5-0
QUAD, file .......oovvveennn, 10-10, 11, 18
Quadrupole magnet .............. 10-10, 16
R(PO) ... 2-11
RATIO (CON) ...t C-10
REG Nameliat ......................... 2-3
RESIDA (CON) ...y C-12
RESIDI (CON) ..........oooiiin C-12
Rosidual —air ............. ... 0ol 5-12
Residual - iron ....................... 5-12
RHOAIR (CON) ............... 5-11, C-11
RHOFE (CON) ....... O T IOt B |
RHOGAM (CON) ..............5.11,C-1

RHOMI (CON) ..., C-11
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RHOPT1 (CON) ............... 5-11, C-11
RHOXY (CON) ........... 3-5, 5-11, C-11
RINT (CON) ... 5-13, C-14
RNORM (CON) ............... 5-13, C-14
RZERO (CON) ............ 3-8, 5-13, C-15
SEPT, file ...........covvevnin, 1043, 44
Septum magnet ............ ..o 10-42
SFOL .. 1-22, 24
SNEGA (CON) .......cooiviiiniinnn. C-10
SNEGG (CON) ...t C-10
SNOLDA (CON) .....ooviviiiiient. C-10
SNOLDI(CON) .......coovvievnint. C-10
Source, files ................. A-4,5, B-2,4
SPOSA (CON) ......ociiiiiiinn, C-10
SPOSG (CON) ... C-10
STACK ...t 5-5, 15, 16, 17
STACK (CON) ......oovviiiiiin, 5-5, C-10
Stacking factor ......... 5-14, 15, 10-19, 25
STOTA (CON) ... C--10
STOTG (CON) ... C-10
SUPERFISH ................0i1, 1-22, 24
Symmetry ... . i 5-9
TAPE3S .. 1-6,9, 10, 11, 16,19, 20, 3-2, 7,

314, 20, 4-4, 5-3, 14, 22,
5-25, 26, 27, 28, 31, 10-2, 4,
10-12, 56
TAPET3 ....1-4, 6, 12, 13, 15, 2-2, 20, 3 2,
3-3, 0,12, 17, 18, 20, 4-3, 4,
4.6, 5-26, 10-4, 11, 1013, 16,
10- 18, 24, 38, 44, 49, 50, 54

TEKPLOT . ... 1-22, 24,4 1
THETA (PO) ..o 211
TNEGC (CON) ........... 3-6,513,C 15
TPOSC (CON) ............ 3-6,513,C-15
TSTART (CON) oo C 14
Uit .o 123
VECM, file ... oo 10 31, 33
VECP, file ... 10 28, 30
Vector potential problem ... 10 28
W2ND (CON) .o, 59, C 8
X(PO) oo 2 12

INDEX 4
XO (PO) o, 2-12
XJFACT (CON) 2-19, 5-10, 10-5, 56, C-10
XJTOL (CON) ......c.ovveei. 5-10, C-10
XMAX oo 44, 10-33
XMAX (CON) ......oovviennnn. 5-10, C-9
XMAX (REG) ........ 2-7, 16, 17, 18, 10-4
XMIN oo, 44, 10-33
XMIN (CON) ..., 5-10, C-9
XMIN (REG) ............... 92-7, 17, 10-43
XOA vt 5-i6, 18
XORG (CON) .......ovevinnns... 5-8, C-8

XREG1 (REG) ..2-7, 16, 17, 18, 10-17, 18,
10-23, 48, 53
XREG2 (REG) ..2-7, 16, 17, 18, 10-23, 48,

10-53

Y (PO) ot 2-12
YO (PO) oot 2-12
YMAX oo, ..4-4,10-3, 33
YMAX (CON) ............. 2-8, £-10, C-9
YMAX (REG) ............. 2-15, 16, 17, 18
YMIN i, 44, 10-33
YMIN (CON) ......coontnn 5-10, 11, C-9
YMIN (REG) ............... 9-7, 17, 10-43
YOA oo 516, 18
YORG (CON) ....oeoviiiiinienn, 5-8, (-7
YREGL ©oovier e 10 18

YREG1 (REG) ..2-7, 16, 17, 18, 10-17, 18,
10-23, 48, 53

YREG2 (REG) ...2-7, 18, 17, 10-23, 48, 53
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