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I. 	I NTRODUCTI ON 

1.1 	 SCOPE OF THE PROGRAM 

The GFUNI computer program Is primarily an interactive graphics magnet 

des ign package. The core of the program is an algorithm for so lving 

the magnetic field problem in the presence of current carrying r eg ions 

and saturated iron regions. This manual covers the operation of the 

two dime nsional program only, although the data structure and gr aph i cs 

faciliti e s are simi lar in both the two and three dimensional version s 

of the program. 

The general criteria that were used in deciding how to develop t he 

program were as follows: 

I. 	 The program should be easy for the magnet designer t o use . Mos t 

of t he work of data input should be done by the computer. The 

inp ut data should be di s played for checking. The results shoul d 

be displayed in a way to make interpretation simpler. 

Ii. 	 The program should be interactive. Calculating interactively 

saves the magnet designer time. His train of thought is not broke n 

as It Is when he must submi t a Job and wait minutes or day s f or 

t he results . His ideas or doubts can be checked immediately. For 

example he can see from the picture if he has set up t he prob lem 

incorrectly or awkwardly, or he can follow up anything interest in g 

the graph of the field reveals . He can stop when a line of t hou ght 

proves unprofitable, and he need not provide in advance for all 

poss i b iIi ties. 

For these reasons GFUN has been designed as an Interactive package. 

However on-line fac! llties are not always avai lable, and much of 

GFUN can be used in an off-line mode . 

1.2 	HARDWARE AND SO FTWARE 

GFUN is used wi th ' the IBM 370/195 at the Rutherford Laboratory . The 

program is submitted to the central computer by t he ELE CTRIC 2 progr am 

a nd for normal production running will reside in a fenced regi on of 

core se t at 160 K bytes . The on-line program can only be s ubmi t t ed at 

s chedu led or pre-a rranged times. 
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The graphics terminal consists of a Computek 400/15 storage display 

wh ich is used for the input and output of text and the output of pi c tures. 

The t erminal is connected to the central computer via a satellite computer 

(Honeywel l DDP 224). The locally written software system DAEDALUS3 ,4 

allows programs in the central computer to send and receive information 

from 	 t he graphics terminal . DAEDALUS contains the following components: 

a. 	 MAST. This is the main on-line control prog r am in t he ce ntra l 

computer and controls the flow of Information both within the 

370 and between the satellites and on-line programs . 

b. 	 L$ON. Spec ial routines (added into the on-line packa ge) 

which interface between the on-line programs(GFUN) and MAS T 

c. 	 SATELLITE CONTROL PROGRAM resident in the 224 t o control the flow 

of information to and from the central computer and to and f rom 

the terminal. (This is known as 'DAEDALUS' by the ope ra ting staff.) 

The 	 program called GFUN consists of the following softwqre packages: 

a. 	 LDMPX. 5 INTERACTIVE GRAPHICS PACKAGE. 

These routines handle the input and output of messages in a nd 

from GFUN program: provides routines for plotting poin ts , 

changi ng vectors and writing text on the display, and controls the 

ca l Is to L$ON . 

b. 	 LDACCESS.5 DIRECT ACCESS PACKAGE . 

These routines control a direct access fi ling sys tem wh ich al lows 

data constructed by the GFUN program to be stored and re t rie ved. 

c. 	 MNDECODE.6 MESSAGE DECODING PACKAGE. 

These routines allow messages handled by DAEDALUS an d LDMPX to be 

decoded Into the form required by GFUN program and al so checks 

validi ty of parameters and outputs error mes s ages. 

d. 	 GFUN. 1 MAGNET DESIGN PROGRAM. 

The application program contains the routines for def in ing and 

controlling the magnet data. and algorithms fo r compu t ing the 

magnetisation, the magnetic field. contours of f ield an d 

optimisation. etc. 
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1.3 HOW TO STA RT AND STOP THE PROGRAM 

The on-line progr am is Intended for use by t he magnet des i gners wit hin 

Ap pl ied Phy s ics Division at Ruthe rford Laboratory and must only be 

used during the s ched uled t ime. There are no restrictions on the use of 

the off-line facili t ies, see Section 7 . 

The user must first log in to ELECTRIC 2 and t hen execute t he fi Ie 

contained on the JOB FILE called GFUN32 . 

When the Job comes on-line a message will appear in the top left hand 

corner of the dis pl ay 'GFUN ON LIN E'. Si nce the display wil l be 

alloca ted to ELECTRIC it must be re-all ocated to GFUN by typing PEQU 

command to B the 224 comman d proce ss or. 

The use r must a llocate the di s play to ELE CTRIC before I logging out l and 

leaving . 

Fo r further information the ELECTR IC2 AND DAE DALUS4 Manuals should be 

cons ul ted. 

Examples 

a. 	 Getting started and normal e nd 

; ; >LOGI ID=GF,ACCT=3400 

++>USER 9 GF BL = 1287/ 1550 TL=499 NL=16 TG=37 NG;6 ~=6 84 NJ;IO 

;;>EXEC JB;GFUN32 

++>GFUN SUBMITTED, JOB NUMBE R=834 

++>GFUN QUE UED CLASS MPOSN 001 PRI 008 

++>GFUN STARTED 

==>++8 PEQU GFUN 

-B OK 

(Af ter t he mes sage 'GFUN ON LI NEI appears on the display the user 

may begin to send comman ds to t he program .) 


; ; >LIST (Ty pical mes sage) 


++>OK 


== >END (To end program) 
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-ELEC /GFUN /STEPEND 0.1 SECS, 154K,0000 

-ELEe /GFUN /ENDED 

==>++8 PEQU ELEe 

- B OK 

==>LOGO 

++> OK GF Bl=1287/ 1500 TL=511 NL=17 TG=38 NG=6 TJ=6.84 NJ= 12 

b. 	 Emergency s t ops. 


Either the cancel command to ELECTRIC or KILL message to MAST 


will termina te the program. 


==>CANCEL JOB=GFUN 


++>GF UN CANCELLED 


==>++M WILL YOU PLEASE END GFUN 


++>/GFUN / STEPEND 0.0 SECS, 148K,S222 


++>/GFUN / ENDED 


c. 	 Gommands to MAST to be used for checking if GFUN i s 


I) running, i j) on-line 


t) 	==>++M JOBS 

-MAST JOBS / MAST,HASP,FQGW,ELECTRIC,GFUN, IISH I FT,DEH ASP30,GMAAA 

I I) ==>++M NAME 

-MAST NAME D/HASP O/ElEC l/FQGW O/GFUN D/MAST 

1.4 	UN ITS 

For hi s tor ical reasons,and because local users prefer i t, a mixed system 

of units has been adopted for this program. 

All d i me nsions must be specified in centimetres, currents In Amps and 

results are quoted in gauss or kilogauss. BH tables mus t be speci fie d in 

gauss/oersted. Angles with respect to x axis an d specifi ed In degrees. 

At a later stage it Is intended to provide the user with a cho ice of units 

wh ich wi 11 include SI. 



2. COMMANDS AND PARAMETERS 

In this section each command is discussed in turn and some simple examples 

of their use are given. Detailed definitions and parameters are given in 

the associated tables. 

2. I FILE MANAGEMENT 

A magnet design can be stored on a permanently mounted disc under a 

file name and generation number . A set of such magnet files are 

contained in a named data set which can be accessed by the user by the 

following commands. 

i. 	 LI ST DSN = GFUNl, 

This causes the data set named GFUNl, to be accessed and the 

program will list the GFUN4 directory. Al I subsequent magnet 

file management commands will refer to the GFUN4 directory. 

i i. ROOM 

To be used for determining the space left on the accessed 

directory. 

The 	 number of unused files and unused data blocks is printed on 

the display . Each block consists of 500 characters . 

Iii. 	WRITE FL = GFTOPIC 


To be used for writing a magnet file. 


This causes the current magnet geometry including BH data and 

magnetisation results to be stored on the disc under the name 

GFTOPIC, NGEN, where NGEN Is an automatically generated number 

Indicating that the name GFTOPIC has been used before (NGEN - 1) 

times . 

iv. 	 READ FL = GFTOPIC,5 

To be used for reading Into the current storage magnet fi Ie 

named GFTOPIC with generation number 5. 

The 	 contents of thi s file are printed in the following order : 
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Magnet Fi Ie Uame and Symmetry 

Conductor Geometry 

I ron 	 Geometry 

BH Data 

Magnetlsatlon Results 

When 	 this display is full the next page Is acces sed by t yp ing 

sub command CONT (or C). Subsequent pages can be skipped by 

typing SKIP (or S). After printing, the magnet pi c ture is 

drawn on t he display. 

v. 	 PRINT 

To be used for printing the contents of the current ma gne t file 

on the display as in the READ command. 

vi. 	 DELETE FL ; GFTOPIC,5 

Causes the magnet file named GFTOPIC with generation numbe r 5 to 

be deleted from the dIsc data set previously defined by the LIST 

command. The space released is printed on the screen. 

2.2 	INITI ALISATION AND TERMINATION 

I . 	 RES TART 

Causes the program to restart with initi al Isa t ion to defa ul t 

va lues for all parameters. (See Append ix i) 

i i. 	 FRAME XMAX = 10, YMAX 10 

~~ 

Can be us ed when setting up a new problem. The scales of the 

f rame are entered as parameters . The whole rectan gula r space I s 

used but to a scale in which (YMAX - YMIN) and (XMAX - XMI N) 

are ma pped on to a square region of s ize 800 RU. 

iii. 	END 


Ca use s t he program to terminate. 
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Command Func t ion Parame ters / Sub Commands 

READ Rea ds ma gnet da t a f ile FL = NAME, N 
Pri nts ma gnet da ta on the screen NAME is f i 1 e name 
Pri nts B-H data N is generati on numbe r 
Prin t s magneti sat ion result s i f Type C to cont inue t o next f r ame 
previousl y compu t ed Type S to ski p to geome try p ic t ure 
Draws magne t p i cture di sp lay 

WRITE Creates named ma gnet dat a file FL -­ NAME, N 
The de faul t va l ue for N is t he next 
genera t ion numbe r 

DELETE Deletes named fl Ie FL = NAME, N 
No de f aul ts 

LIST Lists direc t o ry of stored magnets OS = NAME, Name j s di rectory name . 
The de f aul t va lue is GF UN4 

ROOM Pri nts space lef t on directory 

PRINT Pri n t s cu r re n t con ten ts of magnet Type C for con t i nue 
s t ored da ta values Type S fo r sk ip 

FRAME Sets s ca les XHIN, XMAX 
To be used when init ial i zing a YMIN, YHAX 
new p rob lem Defaul t sets XMI N = 0 

YMIN = 0 
YMAX = XMAX 

H Te rmina t or req u ired 

RESTA RT Resta rt s program 

END Te rm i na tes progr am 
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2.3 ENTERING BH DATA 

The Table of Flux Density values versus Magnetlsation Fi eld va lues can 

be entered in free format in gauss/oersteds. (See Sec t ion 1.3) 

ego BH 

0.0 0.0 

1000 1.0 


20000 1000.0 


U 

The entered values are printed and disp layed graphica ll y on th~ screen. 

The las t entry can be cancelled by sub command C. 

An a lternative method Is to read from the data set a named fi le wh ich 

on ly conta ins a standard BH table. 

ego 	 READ FL = BHDATA 

Thi s is a 	magnet fi Ie containing only a BH table. 

A thIrd method is to read an existing magnet file and t hen de le t e the 

magnet geometry. 

ego 	 READ FL = EPPEM, 17 


SKIP 


ERASE MATE I, Ell, E2 = N C 


ERASE MATE 2, El ; " E2 a NF 


When NC is the number of current e lements In EPPEM, '7 and NF is the 

number of iron elements In EPPEM, 17. 

Command 

I 

Fu nction Pa ramete rs/Sub Commands 

BH Enables data va lue of B-H to be 
ente red I n free format. Type B 
val ue followed by space followed 
by H va 1 ue. Band Hare in 
gauss, oe rs teds • 

C Cancel s l ast entry
$$ Terminates data 
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2 .4 ELEMENT SPECIFICATION 

i. 	 The DRAW command Is used for entering element data. The t ype of 

element as to material, s hape and symmetry ha s to be s pecified. 

In a partIcular magnet system two types of ma terial are allowed, 

conductor and i ron, but only one type of s ymmetry. However, the 

system can contain elements of ma ny diffe rent shape s. The cho ice of 

symmetry includes plane 2D, axisymmetric and multipo le. The de tailed 

lis t s o f cod es and parameters are given in the next sec t ion. It is 

usual to set the symmet ry then define the mater ial and shape. The 

symmetry will be set once for a magnet bu t the mat e rial and sh ape 

can be changed a s required, 

a) 	 DRAW SVMM -3. MATE = 0, SHAPE = 0 


J = 1000 


Xl = 2, VI 5, A 2, B = 3, ANGLE = 45 


H 
Causes a rectangle, with SLHC located at posi t ion (2 , 5) of 

di mensions 2 cm x 3 cm rotated by 45° f or X axis to be dr awn and 

sto red . The rectangle has current density of 1000 Amps/cm2. 

The symmetry of cod e of -3 means that the el e ment Is in fac t 

axisymmetric about the X axis and reflected In the V axi s. 

If a fur ther element wi th the same current de ns ity i s to be entered 

it is su fficient to specify t he geometry. 

ego 	 DRAW Xl 10, VI 15, A 4 

H 

Causes a second conductor e lement to be drawn and st or ed at posi t i on 

( 10, 15) wi th d imension 4 cm x 3 cm. The va lue of S, AN GLE and J remain 

the s ame as specifi ed for the first e lement. 

b) 	 DRAW SVMM =< 2. MATE = 3. SHAPE = 8 


Xl 3 , VI = 0, X2 = 4,V2==5, X3 ;: 10, V3 15 


x4 20, v4 == 5, NX = 4, NV == 2 


H 

Ca uses 32 triangular iron elements to be mappe d In to the defined 

quadri late ra l as shown in figure. 
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c) 	 DRAW SYMH = 2, HATE = 3, SHAPE .. 5 
R = 8. 0, DR z> 6.0, NR = 2, PHI 0.0, OPH I = 22. 5 , NPHI 4 

$$ 
Causes 32 triangular Iron elements to be mapped into one quadrant of 

an ann ular region of Inside radius 8.0 cm and outside radius 20 .0 cm. 

The symmetry code 2 means t hat the magnet is a symmetric d i pole. 

d) 	 DRAW SVMH = 4, SHAPE 0, MATE = I 

R = 5.0, ANGLE = 20, A a 2, B = 1, I = 1000.0 

~auses I symmetric rectangul a r quadrupole current element at an angle 

of 20 0 radius 5 cm to be drawn. 

For 	a complete worked example see Section 6. 

Command Function Parameters /S ub Comma nds 

DRAW Ena bles elements to be drawn and 
stored of various shapes to 
represent both the conductor and 
Iron parts of a magnet. Material 
type is specified by a material 
code. 
El ement shape Is s pecified by a 
shape code and symmetry type is 
specified by a symmetry code for 
en ti re geome try. 

Symme try Codes (See Section 3) 

Other DRAW parameters 

Material Codes 
0 Conductor 

I I Conductor 
2 Iron 
3 I ron 

MATE 
J spec i fied 
I s pecified 
~ constant 
J.l variab le 

Symmetry Codes SVMM 
o or 3 c Ax i Symme try - rotat ion about 

X-axl s 
I No symmetry 
2 Dipole 
4 Quadrupole 
N N Po Ie 
- 2 Dip 0 le w i t h re f I e c t i on i n 

-3 

J 
I 
MU 

x axi s 
Axl Symme t ric with reflection 

in y axis 
Curren t dens i ty 
Current 
Permeab III t y 

(MATE = 0) 
(MATE = I ) 
(MATE = 2) 

cont in ued 
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Command Funct Ion Parameters/Sub Commands 

DRAW 

(cont'd) 

Dimensions in centimetres 
Cu r rents in amperes 2 
Current densi t y in Amps/cm 
Angles in deg rees 

Regula rl y spaced elements may be 
generated oy the number and in cremen t 
parameters (see exampl es la te r) . 

SHAPE o Rectangle 

V 

Shape code SHAPE 
-=-O----''-----::R'"''E'""''C=TAN G L E 
1 ISOC ELES TRIANGLE 
2 SECTOR 
3 
4 

QUA DRI LATERAL 
TR IANGLE 

5 Ma ps annular regi o n with 
isoceles tr iang les 

6 Maps quad rl l ateral region with 
triangles 
2 per ce 11 

7 Ma ps quadri lateral region with 
tr i angles 
4 per ce 11 

8 Maps truncated annular region 
wi t h rectangles 

A Width = dimension in x-direction 
when angle = 0 

B length = di~nsion in y-direction 
when angle"" 0 

ANGLE rotation degrees 

(XI Coordinates of BLHC 
(y I 

XI X 

(a) BLHC (Bottom Lef t-han d Corner) 

A WI dth
I V 

B Length 
ANGLE rotation In degrees 

(XC Coordinates of centroid(YC 

Xc x 

(b) Centre 
con t'd 
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Comnand Funct I on Pa rameters/Sub Commands 

DRAW A wi dth 
(can t I d) B l ength 

R ) Po la r coordinates of mid point 
AN GLE) of inner edge 

B 
A 

R 

ANGLE ... 

x 
(c) Polar 

y Rl inner} Also valid inI R2 outer} Ca rtes I an 
I HI l ower} coordinatesH2 uppe r}I 
--r-­

x 
(d) Alternative when ANGLE = 0 

SHAPE = I Isoceles trIangle 

A Alt i tude 
B Base 
AN GL E Rotat ion de grees 

(Xl 
Coordinates of BLHC(Y I 

con tId 
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Comma nd Funct Ion 

SHAPE 2 Sec t or 
.;......,;..;;...--;;;.. 

y 

Parameters/Sub Commands 

R inner radius 
T radial thickness 
PHI angle of lower edge, degrees 
ALPHA angular length, degrees 

x 
DRAW SHAPE 3 Quadr il ateral 

(ca n tid) - - ---"-­

y 

2 

3 

XI,VI 
X2,V2 Coordinates of 
X3,Y3 Vertices 
x4, V4 

x 
Corners numbe red clockwise, 
consecutively 

SHAPE = 4 Tri angle 

y 

3 

2 

x 
To generate groups o f regularly 
spaced elemen ts addit iona l para­
meters ca n be used. These are 
ava ilable for SHAP E - 0 to 4 
incl us ive . 

X I , V I) Coordinates of
X2, V 2) VerticesX3,Y3) 



Command Func t I on Parameters /S ub Commands 

DRAW 
(Cont' d) 

eg o SHAP E = 0, NX = 3, NY = 2 
y 

DX 
DY 
NX 
NY 

For 
DR 
DPHI 
NR 
NPHI 

X increment 
Y increment 
Number in x d irec t ion 
Number in y direc t ion 

SHAPE = 2 only use 
rad I a I i ncremen t 
angul ar inc rement 
Nu mber in r dIrec t Ion 
Number In PH I direct ion 

To map regions SHAPE 5, 
6, 7. 8 can be used . 

.::.S~HA....:.:P~E=---.:...5 Map pin g 

x 

Sec to r/Ann ular region with isoceles 
t riangles . 

y R 
DR 
PHI 
DPHI 
NR 
NPHI 

in s ide rad ius 
radi a I Incremen t 
lowe r angl e 
angular Incremen t 
number in radial directi on 
number in Phi d i rec t ion 

x 

Option for s t raight line as inner 
bound a ry 

y 

-T- - - ­ -
I 
I 

0.. 1 
0 1 

~I 
I 
I 

x 

Extra parameters requi red 

YTOP = Y coordi nate of the end of the 
inner boundary 

NVAR = Number of elements to be drawn 
wi t h Inner boundary circular 
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Command Parameters/S ub CommandsFunction 

SHAPE = 6 Mapping quadrilateral 
(contd) 

DRAW 
region with triangles 2 per cell 


X I • V I , 
 Coordin a tes ofX2, V2 VerticesY 2 X3. Y3 
X4, v4 

NX Number of i nterva Is in XNX=2 NV Number of inte rvals in VNY=3 

4 

x 
Diagonals can be given other sense 

by starting corner numbering one 

place round 


SHAPE = 7 Mapping quadrilateral 

region 4 per cell 


y 3 

1 

x 

cont I d 

NX=4 
NY= 2 

(Often gives better results than 
SHAPE = 6) 
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Function Parameters/Sub CommandsCommand 

SHAPE = 8 Mapping a truncated annu I a r 
(con t I d) 

DRAW 
X, )region with rectangles Coordinates of BLHC
VI ) 

A Width 
B LengthV 

XC ) 


Coordinates of centre ofYC )NV= 7 generating circles 

NV Number of rectangles/~ I 
V ~I I 

"J I 
I "J I

/ '\I I 
\L I/ 

I V, r------ \j 

//
/",, A 

I B 

/ 
/ 

/ I
/ 

/ 

/ I..,­I I~~ 

X, X(Xc,Vc) 

$$ Termi natorTerminator required 
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(ii) 	 RECO causes the picture to be reconstructed with additional facll it ie s 

for changing certain parameters. These parameters include the X and Y 

limit s and symmetry codes. Also the magnet can be scaled. 

a) 	 REeO 


Picture reconstructed from current stored values. 


b) 	 RECO SVMM = 1 , XMAX = 20. 

Picture reconstructed with XMAX = 20 and restored with symmetry 

Code 1. 

c) 	 RECO NFlG = 0, SC = 0.5. 

Picture reconstructed without element numbering and scaled down 

geometrically by factor 2 with twice the current density. 

( Ill) 	ERASE causes elements to be erased from the currently stored geometry. 

(NOT the file). 


Examples : 


a) ERASE MATE = 0, El = 1, E2 = 10 


Erases the firs t 10 conductor elements. 

b) 	 ERASE MATE = 3, EI = 3, E2 = 5. 

Erases Iron elements of numbers 3 to 5 inclusive. 

(Iv) MODI causes elements to be modified. 

This modification command can be used in two ways. 

a) To modify all element parameters of a set of elements keeping 

their position constant. 

b) To shift one particular element to a new position . 

Example: 

a) HODI MATE = 0, EI = 3, E2 = 7, ANGLE = 30, B = 2, J = 1000 

Conductor element numbers 3 to 7 inclusive redrawn and stored 
2 

gwith 	angle 30°, B = 2.0 cm, current density of 1000 Amps/cm . 

b) 	 MODI HATE 3, EI = 4, XI = 3, VI = 2 

Iron element number 4 shifted to a new posi t ion (3,2) . 

(v) 	 HOVE. Causes either all the conducting elements or all the iron 

elements to be moved and/or rotated. 

Example ; 

MOVE MATE = 3, El = 5, Xl = 2, VI = 3. ANGLE = 45 

Moves the entire iron structure to a new position with eleme nt 

number 5 at point (2, 3) and then causes the structure to be 

rotated through 45°. 
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Command Function Paramete rs/S ub Commands 

RECO Reconstructs picture XMIN - default = 0 if ) 
XMAX specified) 

XMAX ) Sca les 
YMIN - default = 0 if ) 

YMAX specified) 
YMAX ) 

SYMM - Symmetry code (see below) 

SC - Sca l e factor Default = I 

NFL G ­ El eme nt numbering flag 

If no s ub parameters, reconstructs 
last picture. 

ERASE Erases elements EI to E2 inclusive MATE Material Code 

EI, E2 Element Numbers 

MODI Enables elements to be modified 

a) Multi element modification 
Modifies elements El to E2 
Inclusive 

MATE Ma te ria I code 
E I , E2 E I emen t numbe rs 
IC Coordina te code 

I C SHAP E PARAMETERS 
1 ~ A,B,ANGLE,I,J,MU 
I 
3 

2 T,ALPHA,I,J,MU 
0 A,B ,ANGLE,R,I,J,MU 

b) Single element modification 
Modifies element EI to new 
pos it Ion 

Terminator requ ired 

I 
I 
3 

H 

0, 1 XI, Y I 
2 R, PH I 
0 R,ANGLE 

MOVE Moves and rotates all elements 
of gIven material code to a 
new position defined by the 
coordinates of BLHC of a 
specified element. 

MATE 
EI 
XI 
Y I 
ANGLE 

Ma te r Ia 1 Code 
Element Number 
New coordinates of 
Element EI 
Rotation of angle degrees 
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2.5 MAGNET ISATION 

The GE TM command is used fo r calling th e routines for solvin g the magne ti sat ion 

equat ions for the I ron. The process is iterative and the number of Iterati ons 

required must be s pec i f ied. The command can also be used for conti nuin g a 

previ ous s ol ut ion by specifying t he number of iterations done be for e. There 

is no defa ult va lue for thi s parame ter so for a new problem it must be gi ven 

set to zero. Ot he r pa rameters include initial permeabi I Ity, ex te rnal fiel d 

( I f any) and various control paramete rs for printing. 

Examp le s : 

a) GETM NITD = 0 , NIT = 20, IMU = 1000 

Star ts sol ution of current magne t f ile fo r magnetlsation with an Init ia l 

pe rme abi lity of 1000. The final res u l ts a re s t ored in common s to rage. 

b) GETM NITD = 20, NIT = 40 

Here the soluti on is cont inued up to 40 itera t ions. At thi s poi nt if the 

user is sa ti sf ie d ab out convergence he may wr i te the fi le up to d i s k wh ich 

wi I I now con ta in the new values of magnet isa ti on. 

I f the display becomes full with ite ra t ion informa ti on o r o the r prin t ing 

the proces s s tops. To continue it is neces sa ry to ty pe CONT (C). To 

in te rrup t th e calculati on an d ret urn program to t he wait s tate the sub 

command STOP (S) may be used. 

Command Function Parame t e rs / Sub Commands 

GErM So l ves for mag net i sat ion of the iron 
e lements . Resul t s a re sto red a nd 
can be t ra nsferred to the da t a set on 
d i s k by command WRI TE . 

The number of iterations comp leted 
a nd conve rgence Info rmation Is a l s o 
sto red. 

NI TO 
NIT 
IMU 
HEXT 
CHIC 
MP RI 

Number of i t erat ions done befo re 
Number of i terat ions 
Ini t ia l va lue of permeab i li ty 
Exte rna l f i e l d va l~e 
. Conve rgence acce lera t or 
= 0 No p r i nti ng 

I On screen each iteration 
2 Matrix on LP output 
3 Bo th 

RE CA = 0 Matrix s t ored on disk 
I Recalcu l ate ea ch itera tion 

Defaul t value s 
NIT D provi des val ue 
NIT I 
I MU 11.0 
MPRI 0 
HEXT 0.0 
REC A 1.0 
cttlC 1.0
Ty pe C o r CONT t o continue whe n 
di s play i s f u I 1 . 

Type S or STOP to t ermi nate 
i tera t ions. 
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2.6 MAGNETIC FIELDS 

(I) 	The GETS command is used for calling the routines for performing 

the field integrations. The field of specified type can be 

computed at defined points, along lines or over a defined grid . 

The computed values along lines are displayed graphically . The 

computed value at a point can be printed on the display . The 

computed values can also be displayed In tabular form on the screen 

or l ine printer. 

Examp I es: 

a) GETB x ~ 10, y = 3 

The field components at the point (la, 3) are printed on the 

display. 

b) 	 GETS NX = 21, OX = .2, TYPE = O. The homogeneity is displayed 

a long a line in the x direction at y = 0.0 starting at x = 0 to 

x ::; 4.0 in steps of .2. 

c) 	 GETB NX = 21, DX = .2, NY = 21, DY ::; .2, TYPE = 3, PRINT = 1. 

The total field over the defined rectangular grid is tabulated 

on the screen and stored. Then stored values can be used later 

as data for the continuing routines initiated by the MAP command. 

(I I)The MAP command Is used for calling the routines for drawing contours. 

The user should have previously used the GETS command for storing 

the field of the required type over a rectangular region. 

Examples: 

a) 	 MAP LINES = 10 

Draw 10 contours distributed linearly between maximum and minimum 

values. 

b) 	 MAP START = 0.0, INCR ::; . 1, FINI ::; 2.0, draw set of contours 

starting at 0.0, finishing at 2 . 0 with interval .1. 

NB. 	 Units for fields are kilogauss. 
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Command Function Parameters/Sub Commands 

GETS Computed magnetic field of 
s pecified TYPE along a line or over 
a regularly s paced mesh . 

a) 	 FIeld at a single point can be 
pr i nt ed on screen. 

b) 	 Fields of a specified TYPE a long a 
l ine can be printed on the screen. 

c) 	 Fields of a specified TYPE over a 
regularly spaced mesh can be 
printed on the screen 

r 

a) Field at a point 

b) (i) Fi eld a long a 
x di rect ion 

line in 

( i i) Fie I d a long a 
y di rect ion 

l ine in 

r 
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TYPE Field Type 
TYPE = 	0 DH/H % 

I HY 
2 HX 
3 HT 
4 VECTOR POTENTIAL 
5 HARMONIC ANALYSIS 

(See Section 4) 
6 SCALAR POTENTIAL 

Defau I t TYPE = I 
SAME = I Reconstructs picture 
SAME = 0 Same picture 
Defaul t SAME = I 
SCALE LIMITS 
HHIN Fields in kilogauss or 
HHAX homogeneity in per cent. 
HMIN = 0) Program chooses 
HMAX = O} scale limits 
Default HMIN=O, HHAX=O 
PRINT = 0 no printing 

= 1 Screen printing, Type C 
to cont inue 

= 2 Line pr inter 
Default PRINT = 0 
CHARACTERS FOR PLOTTING 
CHAR = lJ3 (+) 
CHAR = 46 (.) 
CHAR = 42 (*) 
Default CHAR = 43 
FOR AX] SYMH COILS 
DD Deletion distance 
Default DO = 1.0 
TOl Field tolerance 
Default TOl = 100.0 
FOR SECTOR CURRENTS (SHAPE = 2) 
INMAX ~ Number of terms in t he 

ser i es 
Default INMAX = 10 

~; point coordinates 

Default X = 0, Y = O. 

x ) starting point coordinates
Y ) 

DX j ncremen t 
NX number of points <50 

X ) starting point coordinates
Y ) 

DY increment 
NY number of points <50 



Function Parameters/Sub CommandsCOlTllland 

GETB 
(cont I d) 

c) Field over a mesh 

Printing only. This option is 
usually followed by COMMAND MAP 
to obtain contour maps of fie l ds 
of the specified type. 

d) Field harmonics 

Assumes that the field abo ut 
oTigin can be desc ribed by a 
Fourier Cosine series 

the 

Calculates the harmonics from 
the fields at points in a 
cyl inder defined by the 
pa rame ters. 

x ) 
Y ) 

starting point of 
BLHC 

mes h 

NX) sIze of mesh 
NY) < 50 x 50 

R Insi de radius of t he cy li nder 
PHI coords . o f BLHC of cylI nde r 
NR number of ra d ial fi el d po ints 
NPHI number o f azi mutha l" II 

DR ra d ial Incremen t 
DP HI azi mu thal i ncrement 
RN normali s ing radius 
N hi ghest orde r coe ffi ci ent 
NN ty pe of field, 1 dipo le 
(Max NRxD R : 50, max N: 40) 

S(TOP) To termina te field ou tput 

MAP Draws map of contours 
(only 
ava i 1­
able 
after 

GETS on 
20 mesh) 

LINES: Min. number of lines required 
o r 

START starti ng value of f i rs t time 
~l NCREM Increment be tween li nes 

FI NISH fi n ishing val ue of last 1 ine 

GRID : NO/YES(whet her grid of points 
-- needed) 

BOX : NO / YES (whe t he r box surrounding 
a rea needed) 

ERASE: YES /NO(exi st i ng p i c ture should 
--- be erased before map is 

drawn ) 
FORBI D: VES/NO (whet her option of 

-- excl uding part of area 
is to be used) 


XCE NTRE) Coor dinates of centre of 

YCENTRE) fo rbi dden annu la r area 


INNER) Inner and oute r rad ii of 

OU TER ) ann u l us 
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______ _ 

3. SYMMETRY CODES 

The problem symme t ry Is specified by t he SY MM parameter when us i ng the 

DRAW or RECO cOlMland . (See Sec t ion 2 .4.) 

(a) 	 SYMM NO SYMMETRY 


Compl e te magnet must be spec if i ed 


(b) 	 SYMM 2 SYMMETRIC DIPOLE Field In y d irec tion 


Iron geometry symmetri c i n x and y axes 


Current symme t ric in x axi s 


antl symmetric in y axi s 

v 
r----·-- ­

e.g. I r----,I 
I 

r--..., 

I 

r--' I 
_., I + I: 

I 
I 
I 

: I _ I L __ 

,I ,L__ ...J 

I I x 
I Ir--., 

I II - I


I L __ .J r- L __ J II L. ___ ...J L _ _ _ ...J II
L _____ _ _ ______ ...JI 

(c) SYMM =-2 	 ASYMME TR IC DIP OLE . Field i n y direction 

Iron geometry symme t ri c in x axi s 

Current symmetri c i n x ax i s 

e.g. 

r-, 
I I 
I-I 
I I r -
L_...J....J 
r- ­
IL. ___ _ 

I 
r -- -, I 
I + ,I

- 'L_ _ ...J I
L ___-l 
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(d) SYMM= 3 AXISYMMETRIC about the x axis 

Field In x direction 

v 
e.g. 

x 

-, r----' r-1 
1 L_=-__J I 	 1 
L. _____ ...J I 

_________.JI 

(e) 	 SYMM ~ -3 AXISYMMETRIC about x axis 

Field In x direction 

Iron geometry and current reflected In y axis 

in sp li t pair symmetry 

v 

r - - - - - - --I'7777777?7"Tl'7'T.77T777'I 

I 1 

e.g. 
rr--=~-­
:1 + IIL__ J 

I 

I r--, r---,I I 

:1 - I I - II I 


L __ .J 	 ~ __..JIL ____ _ _____ -1 I 
I 

L _ __ _ _ _ _ ___ __ _ --1I 
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( f ) 	 SY MM = 4 SYMMETR IC QUADRUPOLE 

Geometry ha s 8 fold multiplicity 

Currents a lte rna te as shown and geometry to be 

specified in the first ~/4 sector only 

,,---- ---,,/ ,/ " 	
, ,

r - - --,/ r-, ., ,," " I 	 I 1_'" ,- , 
I I(" / 	 L_J/ L.._ ...J 

I 
I (r---..,
I I'L + ..1___ ,I 


I­ Ir---,I 
II I, + J1I L ___ I

I ~ I,, r-, r-' )~ , 	 I I I I 
'\. I 	- I I- I, , I ( I /, 

~.:~ L:..J_// " " 
" 

'\.., 	 / 
/

" ___ J /'--- - ­

{g} 	 SYMM = 6 HI GHER OR DER SYMMETRIC MULTI POLES 

Geometry has 2 x NSYM multiplicity 

Cur rents al ternate as be fore and geometry to be 

specified In first ~/NSYM sector only 
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4. HARMONI C ANA LYSI S 

For hi gh ene rgy physics a pplica t ions , i e . beam op t i cs , I t is frequent ly 

des Irab le to de sc ri be a magnet Ic f ield by its harmonic componen t s. Over 

a given region, if the fi e ld can be des cribed by a fourie r series of the 

type: 

00 

n- I 
B(8) = ~_, B r ( cos e ) 

( r) n (Si ne) 

the command HARM wi ll cause the p rog ram t o ca lcul ate the val ues of Bn ­

the harmoni c coeff ic ie nts. 

HARM Init iates a GE TB command at a seri e s of fiel d po in t s on a reg u lar 

cy li nd r i cal mesh and the re s ul ting fiel d val ues a re ana ly sed - usi ng a 

least-squares method - to det e rmi ne t he ha rmon i c coeffi cien t s. At pre sent 

the command Is only implemen t ed for dip o le f ie ld s wh ic h contain no even 

harmon ic te rms. 

Examp le : 

aHARM R=3, DR=O . 5 , NR=3, PHI=O, NPHI =15, DPHI=6, NN=I, N 30 , RN= 5 

The results are presented as: 

N B(N) C(N) 

where C(N) is the norma li sed coeffici e nt 

B(N)C (N) c BT1T x 

Command Funct ion Parameters Default 

HARM Performs harmonic analy s is of t he R rad! us 3 .0cm 
f i eld over a region mapped out by DR rad ial Increment O.3cm 
the cylindrical mesh parameters. NR No . o f rad ial s t eps 3 

0° 
DPHI azimu t hal increment 
PH I s t arting angley 

6° 
NPHI No.o f az imuthal ste ps 15 

N hi ghest order term 30 
to be ca lcul ated 

RN nor malis i ng r ad i us 5 .0cm 

NN not use d at p res ent bu t 
wi ll be used t o define 
the series fitted, ie. 
d ipole, quadrupo le 

xi.e . NR =3, NPH I=2 

4. I 




5. 	 OPTIMISATION 

Parameters defining current elements can be optimised to minimise the 

fie ld variation over a prescribed region . The user can specify a number of 

field points spanning either a rectangular or elliptical region. The 

program then attempts to optimise selected parameters for a spec i fied range 

of elements. The parameter minimised is the RMS value of the quantity 

(Hp - Ho)/Ho, where Hp is the field at a point and Ho the field at the origin 

for all of the selected field points . in certain cases it may be necessary 

to impose limiting values for the selected parameters to prevent impractical 

solutions . The function Is unconstrained unless parameter MAXI is supplied. 

The maximum change in a variable per iteration is controlled by the parameter 

ESeAL and the convergence tolerance by the parameter ERROR. 

The contribution to the field for any magnetised iron elements will be added 

Into the function but It must be remembered,that in varying the conductor 

elements,magnetisation changes so that the command IOPTI I must be followed 

by a command IGETMI. To ensure a converged solution the process mus t be 

repeated as many times as is necessary to achieve the desired tolerance. 

Example: 

a) 	 OPTI VAR1 ; AlPH 


This wi II optimise the angular arcs of a set of sector conductors for 


the field homogeneity over a circular region of radius 4.0 em. 


b) 	 OPTI VARI = ANGLE, VAR2 = B, EI; I, E2 = 4, Ie = 3 

RA ; 4.5. RB = 4.5. NR = 2 , DR ; I .D. MAXl = 90 , MAX2 = 2 

The first 4 (polar coord. type) elements are optimised. The parameter angle 

is constrained between 0 and 90° and the length of element B is constrained 

between ° and 2 cm. The field region is annula~ of inside radius 4.5 and 

thickness 1.0 em. 

A complete worked example is given in Section 6. 
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COlMland Function Parameter s / Sub Command 

OPTI Op tim ises conductor elements El to EI lowest element No . Defau 1 ts 
E2 incl us ive wit h re spec t to homo­ E2 highes t element Max . number 
gene ity over a rectangular or ERROR accuracy tolerance . I 
e l l i p t ica l region. Ei t her one or ESCALE e rror sca l i ng 
t wo var i ables may be selec ted for pa rameter 100.0 
op t im i sa ti on. The same selected VARl 1st se lec ted variab le 
var iabl e wi ll be applied to each MAXl maxi mum va lue 90.0 
of the e lement's to be var led. MINI mi n imum value 0.0 

VAR2 2n d selec ted va r iab le 
MAX2 maxi mum value 90.0 
MIN2 minimum value 0 . 0 
Ie coordinate code I 

I C SH APE VARIABL ES 
VARI i s a compulsory parameter 

a) Allowed variables. 
I O. I A,B •AN GLE ,X I ,Y I , I . J 

A maxi mum of 10 variables 3 2 T, ALPH A, R,PHI, I ,J 
a llowe d. I, 0 A,a,Rlght han d edge of 

rectangle rema ins 
fixe d in pos i t ion. 

b) El li pti cal homogeneity regi on De fau It 
RA Maj o r rad ius 1,.0 
RB Min or r ad l us 1,.0 
DR Radial Incre me nt s D· 
NR Number o f rad ial poi nts I 
PH I In i tial angle o 
DPHI Angu lar increments 22 .5° 
NPHI No. of angular Inc rements I, 

This option is t he de fault option. 

De fau It 
X I) 0.0BLHC of regi on yl) 0.0 
OX X inc rement 1.0 
DY Y increment 1.0 
NX Number of X po in t s 2.0 
NY Number of Y points 2.0 

OY 

OX 

Thi s opt ion is ob t ai ned by 
s peci fying NX , NY or bo th . 

X1 

I 
IY' 

I 


X 

Maximum of 50 f ie ld poi n t s all owed can t'd 

RA DR 
NR=3 
NPHI = 2 

c) Rect angu lar homogene i ty region 

y 
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Command Function Pa ramete r s /S ub Command 

-
OPT! 

(Cont'd) 
d) Display printing and 

ca Icui a t i on interruption 
PRINT 
PRINT 

= 0 No print i n g 
= 2 P ri nti n g at t he en d of l as t 

i te ra t ion 

TYP E C(ONT) to con t i n ue 

TY PE S(TOP) to te rmin ate 
op t i misation. 
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6. 	 EXAMP LE PROBLEMS 

6 .1 	 SOLENOIDS 

In this exa mp le a split pair of solenoids is analysed. The cross 

section dimensions and radi i of both coils are fixed. The problem 

i s to determine the separation between the coils to minimis e the 

ma gnet ic field variation over a square region. 

Af t e r the program sends message 'GFUN ON-LINE' the commands are 

'typed in' as follows ~ 

FRAM XMAX=20, YMAX=20 [Sets scales] 

$$ 
DRAW MATE=O, SHAP=O, SYMH=-3. RI=5, R2=6, Hl=.25, H2=2.25, J= IOOOO 

$$ 

Sets material to conductor, shape to rectangle, symmetry 

to axisymmetric with re f lection in y axis (see 3.2), an d 

draws section of coil at an Initial separation of 0.5 em. 

See 	Fi gure 6. I . 

GETB NX=2I, OX=. I, TYPE=O 

Computes and d isplays the field homogeneity along the 

x axis (axi s of rotation). The region of interest is a 

squa re region 4 em x 4 em centred at the origin. Note 

the field has homogeneity >10%. See Figure 6.2 

RECO XMAX=2.5, YMAX=2.5. 

[Change scale to enlarge central region.} 

GETB NX=41, NY=4I, OX=.05, DY= .05 

[Computes field on a mesh over region.] 

MAP LINES=5 

[Draws contours of homogeneity, see Figure 6.3.] 
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REeo 

[Reconstruc ts pi cture.] 

OPTI VARI=XI, l e=I , Nx=4, NV=4, OX=.5, OY=. 5 , PRI NT=O 

~Ptimises XI the ~ sepa rati on, disp lays field points 

l:nd resulti ng homogeneIty . Figure 6.4. ] 
GETB NX=4I, NY=41 

MAP LlNES=5 

roraws contours of homogeneity after optimi s a ti on , ] 

Lhomogenei t y now <1%. Figu re 6.5. 

REeo XMAX=IO, VMAX=IO 

Reconst ructs picture on new scal es . Note t hat the COi ] 
moved further out to approximate ly Helmhol tz 

[ condi tion 2X l =(RI+R2)/2. (See Figure 6.6) 

GETB Nx=41, NV=4 1, DX=.2S, DV=.25, TVPE=3, TOL=I O, 00=0 .1 

Total fiel d computed at each point of a grid 

10 x 10 cm. For points Inside the coi l 00* set 
[ at O. I and tolerance set at 10 gau ss. J 

MAP LINES=IO 

fContours of t otal field in kg over the whole 


Lsystem. See Figure 6.6. 
 ] 
* Deletion distance to force convergence fo r po ints Insi de 

coil only appli cab le to axisymme t ric cur rents . 
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6 .2 	 C-MAGNET 

Extensive use of the data filing system Is illustrated in this example. 

It is less frustrating to write a data file at frequent interval s than 

to lose all the data following a program or system fal lure. This 

example is divided into three parts; the second part shows the use of 

the off-line GETM facility (see Section 7.1). 

(a) Data entry On-line program 


LIST DS=GFUN4 [Lists files on Directory GFUN4] 


RECD SYMM=-2,XMAX=50,YMAX=50 


DRAW 	 MATE=O,SHAPE=O,ANGLE=O,J=400,XI=21.5,Yl=5.5,A=5,B=10 

$$ 


DRAW MATE=O,Xl=27.0 


$$ 


WRI TE FL=EPERGNE 

DRAW MATE=O,J;-400,Xl=48.0 

$$ 

DRAW MATE=O,Xl=53.5 

$$ [Conductor data entered] 

WRITE FL=EPERGNE 

DELE FL=EPERGNE, I 

DRAW MATE=3,SHAPE=7,NX=\ ,NY=2,XI=O,X2=O,X3=IO,X4=10 

YI =O,Y2=31,Y3=31,Y4=O [8 iron elements for the yoke, see Figure 6.71 

$$ 

DRAW MATE=3,SHAPE=7,NX=I,NY=2,Xl=10,X2=10,X3=21,X4=21 

YI =O,Y2=16,Y3=16,Y4=0 

$$ [16 Iron elements, see Figure 6.8] 

WRI TE FL=EPERGNE 

DELE FL=EPERGNE,2 

DRAW MATE=3,SHAPE=7,NX=I,NY=1 ,Xl=32.5,X2=32.S,X3=34.4,X4=34.4 

YI =4.5,Y2=16,Y3=16,Y4=4.5 

$$ [1st pole shim, see Figure 6.91 

DRAW MATE=3,SHAPE=7,NX=I,NY=I,XI=45.6,X2=45.6,X3=47.5,X4=47.5 

YI=4.5,Y2=16,Y3=16,Y4=4. 5 
$$ [2nd pole shim, see Figure 6.10] 

WR I TE FL=EPERGNE 

DELE FL=EPERGNE,3 

DRAW MATE=3,SHAPE=7,NX=2,NY=2,XI=34,4,X2=34.4,X3=45.6,x4=45.6 

YI=5. Y2=16,Y3=16,Y4=5 
$$ [Pole tip, see Figure 6.11] 
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DRAW MATE=3, SHAPE=7,N X=4 ,NY=l,Xl =10 ,X2=1 0 ,X3=47.5,X4=47.5 

Yl=16,Y2=26, Y3=26,Y4=1 6 

$$ [Pole 1imb] 
WRITE FL=EPERGNE 

DELE FL=EPERGNE,4 

DRAW MATE=3 ,SHAPE=7,NX=I,NY=I,Xl=10,X2=10,X3=47 . 5,X4=47.5 

Yl=26 ,Y2=3 1,Y3=31,Y4=26 

$$ [Compl e te Iron data entered, see Figure 6.12] 

WRI TE FL=EPERGNE 

DELE FL=EPE RGNE, S 

BH 

500 0.556 

1000 0.8 

1500 0.91 

2000 1.06 

3000 1.2 

4000 1. 38 

5000 1. 54 

6000 1. 71 BH data, s ee Sect ion 2.3 
7000 1. 92 

8000 2. 14 

9000 2 .4 

10000 2.78 

$$ 

WRI TE FL=EP ERGNE 

DELE FL=EPERGNE,6 

BH 

11000 3.28 

12000 4.0 

13000 5.2 
14000 7.3 
15000 11. 7 BH data continued 
16000 24.6 

17000 56.7 

18000 108 

19000 181 

20000 300 

21 000 52 5 
22000 1050 

$$ 
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WRITE FL=EPERG NE [Compl ete da t a fi Ie] 

DELE FL=EPERGNE,7 

END 

b) Magnetisa ti on Computation. Off-line Program 

To calculate the iron magnetisation in this case the off-line GETM pr ogram must 

be used because there are more than 32 iron elements. Fol lowing the r ules given 

in Sect ion 7. I t he use r should submit the of f-li ne job by use of ELECTRIC. 

PARM NAME=EPERGNE,NGEN=10,NITD=O,N IT=30, IMU=1000 * 
EXEC JB=GETM64 

Af ter execut ing 30 iterations the program writes a new magnet file on to the 

data se t conta in ing the magnet geometry and the new magnetisation data. 

Th i s fl Ie is named EPERGNE,ll. 

* Files EPERGNE, 8 and 9 were used for other purposes. 


c) Field Computation. On-l ine Program 


The on-line program is now used to compute fields etc. 


LIS T [Lists files on directory] 

READ FL=EPERGNE,I I [The new fi Ie, current data di splayed, see Fig. 6.13] 

C [Iron data, Fig. 6.13] 

C 

C 

C [Magnetisation data, Fig. 6.1 4] 

C 

C [Complete fi Ie read into progr am] 

BH 

$$ [BH data plotted, see Fi g. 6. IS] 

RECO XMAX=IOO,YMAX=IOO,NFLG=O 

GETB X=35,Y=O,DX=.5,NX=21 ,HMIN=O,HMAX=IO,PRINT=1 ,TYPE=3 

C [Print out of field, Fig.6.1 6 ; plot of field Fig. 6.17] 

GETB NXD 4I,HMIN=8.8,HMAX=9.0S,DX=.2S [Enlarged scale, see Fig. 6.18] 

GETB Nx=4I,HMIN=0,HMAX=10,DX=1 [Fr in ge field, see Fig. 6.19] 

RECO XMAX=SO ,Y MAX=SO 

GETB NX=2I,NY=21 ,DX=.S,DY=.2,TYPE=3,CHAR=46,X=3S[ Field over rectangular mesh, 

f ie ld points di splayed, see Fig. 6.20] 

RECO XMIN= 33,XMAX=43,YMAX=10 [Enlarged scale ] 

MAP LINES=IO [Contour map of field, see Fi g. 6. 21] 

MAP STAR=9,FINI=9. I ,INCR=.OOS,LABE=NO[Contour map, see Fig. 6.22] 

MAP STAR=9,FINI=9.02,INCR=.001 [Contour map, see Fig. 6.23] 

END 

6.S 

http:4I,HMIN=8.8,HMAX=9.0S,DX=.2S


6.3 	OPTIMISATION OF A DIPOLE 

The problem here is to determine the angular arc lengths of an array of 

current sectors whIc h minImise the field varia t ion over a circul ar reg ion. 

Initially the arcs are optimIsed without the iron yoke, and subsequently 

with the iron yoke, by alternati ng the OPTI and GETM comma nds until a 

desired convergence is achieved. 

FRAME XMAX;30,YMAX=30 

$.$ 

REeO 

DRAW SHAPE;2,MATE=O,J=4000,R=5,DR=0.9389,NR=4,T=0.8534 

PHI=0,ALPHA=30,SYMM=2 

$$ 	 [Sector type elements, inltial angle 30°, see Fig. 6.24] 

GETB NX=2I,DX=.2,TYPE=O [Initial check on the fie ld ] 

REeO 

OPTI VARI=ALPHA,RA=4,RB=4,NR;I,PRINT=O [Field points for opt im isa tion 

and 	optimi sed ang les, see Fig. 6.25] 

REeD [Picture reconstructed wi t h new angles, see Fig. 6 .26] 

BH 

0.0 0.0 

2675.0 0.975 

5350.0 '.950 

7500.0 2.8 

10000.0 3.5 

13500.0 5.0 

14000.0 6.8 

14500.0 8.6 

14800 .0 10. 2 

15200.0 12.9 

15600 .0 17.0 

16000.0 25.4 

16850.0 53.0 

17800.0 104.0 

18550.0 150.0 

20000.0 2900.0 

24000.0 4600.0 

25000.0 5500.0 

27000.0 7200.0 

29000.0 9050.0 

31000.0 10850.0 

33000.0 12750.0 

BH Data, Fig. 6.27 

.. 

con tId .• 

6.6 




36000.0 15800.0 


40000.0 20000.0 


60000.0 40000.0 


$$ 

RECO 

DRAW SHAPE=5,MATE=3,R=9.67, DR=7.6,NR=2,PHI=0,NPHI=4, DPHI=22.5 

$$ [One quadrant of iron yoke, see Fig. 6.28] 

GETM NIT=30,NITD=0, IMU=IOOO [Magnetisation iterations showing 

convergence, Fig. 6.29] 

GETB NX=21,DX=.2,TYPE=0,SAME=1 ,INMAX=30 

GETS NY=21,DY=.2,SAME=0 [Field variation in central region, see Fig.6.30] 

OPTI VARI=ALPHA 

GETM N1T=30 ,N ITD= I 

GETB NX=21,SAME=1 

GETB NY=2 I ,SAME=O [Fi g. 6.3 J] 

OPTI VARI=ALPHA 

GETM NIT=30,NITD=1 

GETB NX=21,SAME=1 

GETB NY=21,SAME=0 [Final field variation after optimisation taking 

account of yoke, Fig. 6.32] 

GETB TYPE=5,R=3,DR=.5,NR=3,PHI=0,NPHI=15,DPHI=6,NN=I,N=30,RN=5 

[Harmonic analysis, Fig. 6.33] 

RECO XMAX=5,YMAX=5 

GETB NX=21 ,NY=21,DX=. 175,DY=. 175,TYPE=0 

MAP [Contour lines of homogeneity, see Fig. 6.34] 

REeo YMIN=4,YMAX=6,XMAX=2 

GETB DX=. I,DY=. I,NX=21,NY=21,Y=4,INMAX=50 

[Search for peak fields, for sector type elements only, 

INMAX set to 50 to ensure good accuracy] 

MAP [Contour map of field in conductor, see Fig. 6.35] 

END 

r 

6.7 

http:Fig.6.30
http:SHAPE=5,MATE=3,R=9.67
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6. I The s pli t pair of solenoids 
defined by entering data 
for one coi I only. 

I . , 

.. , 

000 . VAL IA: 

1 ' I . VOCX 01 
1 ' 1.000( 01 
J . • • ()OO( 00, ' 0 .000< 00, ' " . 000( 00 
0 ' 1 . 000< 00 
1 0 . 0 

• 1 . 000< 00

• ' . 000< 00I. 0 . 000< 00 

6. 3 Field map over central reg i on 
before opt imisation. 

o , '~____________________________________________, 

'll'AI,. u( 
. I. KI(){ 00 
' I . OOIX 00 
· \ . 000[- 01 

1 . 171[- 0. 
\ . OQO( - Ol 
1 . 00()( OCI 
I. \00( 00 
1 . 000( 00 
fl . \0()( 00 

6.5 Field map after optimisation. 

FIG UR ES 6. I to 6. 6 

6.2 	Fie ld al ong the axis before 
optimisation. 

,.. . ... 1 .... .., ... \l A LUt. _ O . I ...... -OJ 
I t. .~IP 

6.4 	Optimisation results, half gap
changed from O.5cm to 1.842cm. 

6.6 	Gene ra l contour map of 
frin ge f ie ld. 

SP LIT PAIR SO LENOIDS 



DO DD DD 
6.7 Data for 4 conductor elements 6.8 Yoke comp leted. 

and 8 Iron elements of yoke 

e nt e red. 


DO 
6.9 Pole shim. 6 .1 0 Po le s h ims completed. 

GJ'" u "" I"IAG.... [ r OC S IGN PROG " " I'1 

6. II Pole t i p. 

FIGURES 6.7 6.12 

6. 12 Pole l imb. geometry data 
comp leted. 
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6. Ilt Magnet i sat i on results 6. 13b I ron data 
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-.
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-.- 100.000 

1.,,000 
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6.15 B-H data. 

FIGURES 6.13 - 6.1 5 - C-MAGNET 
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6. 16 Print out of fields. 6.17 Plo t of fie l ds in mid plane. 
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6.18 Enlarged scale plot of 6.19 Pl o t of fr i nge f ie lds. 
fields in mid plane. 

r 
6.20 Field points for contour map. 6.21 Contour map of f ie lds. 

FI GURES 6.16 6.21 C-MAGN ET FIE LDS 
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Sta r t • 9. 0 kG6.22 GFUN MAGNET DESIGN PROGRAM CONTOUR HAP 
Field Increment - .005 kG 
Finish - 9.1 kG 

... 

~I.O .. 2.C .. 1.0 

Start - 9.0 kG
6.23 GFUN MAGNET DESIGN PROGRAM CONTOUR HAP Field increment - .001 kG 

Finish - 9.02 kG 

FIGURES 6.22 - 6.23 - C-HAGNET 
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6.24 One quadrant of sector 6.25 Optimised angles and field 
conductor elements at points.
initial angle of 30°. 

6.26 Optimised conductors. 

6.28 Iron yoke data entered. 

FIGURES 6.24 to ~.29 
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6.27 B-H data. 

0 IT(RATIONS COf'tPLElED..... (lItT(RNAL r IE .. O- 0 . 0 
lCHI uSED 15 CHI CALCULAfED 

I ITERATIONS . ELEt1(NT 1 CHANG(D By 1\ . "0," 

, 
2 I TERAT IONS . (LEM~T I I CHANGED By I . \~JO 
I I TERAT IONS. [L(P1[t1H , (HANGED By I . 2~\ 10 

I T(RAT ION5 . (LEI"t[NT I (HANG£O BY 0 . 77155 
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6.30 	Homogeneity plot before 
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6.31 	Homogeneity plot after 

Initial optimisation. 
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6.3~ Contours of homogeneity 
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7. OFF-LINE FACILITIES 

7.1 	 MAGNETISATION - GETM 

The maximum number of iron elements that can be processed by the on-line 

program is 32. For many problems 32 elements are not sufficient either 

to represent the geometry adequately or to attain high accuracy. 

The number of elements can be extended up to a maximum of 100 by use 

of 	the off-line GETM faci lity. After constructing a named magnet data 

set 	by use of the on-line program the user can launch a batch job which 

wi 11 read 	 the data set, compute the magnetisation, and rewrite the data 

set 	which now contains the values of the magnetisation. The on-line 

program can then be used to obtain the field values and graphs as before. 

There are two versions of the off-line program avai lable on the ELECTRIC 

JOB FILE: 

a. GETM64 for up to 64 elements 

b. GETMIOO for up to 100 elements 

i. 	 To execute. 


Type EXEC JB 
 GETM64 1 parameters 
GETM100 

i i . 	 Parameters 

ID De fau It = Logged in ID 

ACCT No defau It 

TIME Default = 1-30, one minute th i r ty seconds 

LI NES Thousands of Lines. De fau 1 t = 5 

USER User name. Default = A.N.Other 

CL Class. Default=C (GETM64) , = E(GETM100) 

NAME File name for which M is to be calculated. No default. 

NGEN Generation number of fi Ie. No default. 

For example, if you want to find the magnetisation for the 

problem stored on YOURFILE, 3 set NAME = YOURFILE, NGEN = 3 

MPRI 	 Printing code. Default = I 

MPRI 0 No printing 

MPRI P r i n t H in elements last three steps 

MPRI 2 P r i n t matrix in format ion 

MPRI 3 	 P r i n t both 
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NIT = Number of iterations desired. Defa u 1 t = I 


NITD = Number of i te rat Ions done so far. Default = 0 


IMU Val ue of permeabil ity to be used fi rs t iteration 


Defa ul t 10 ,000 :: 

HEXT Magnitude of app li ed external field. Defau It 0 

ii i . Ope ration 

Reads data from the f il e (e g. YOURFILE,3), calculates the magnetisation 

for as ma ny iterations as a re spec ified, and creates an updated file on 

the d isk da ta set, (eg. YOURFILE,4). 

7.2 	GF UNWUMP - OFF- LINE MU GWUMP VERSION 

In some ci rc umstances i t may be des irable to run the entire program off-line. 

The package c lIed GFUNWUMP combines the GFUN program wfth the facilities 

offered by the graph ics re tr ieval system known as 'MUGWUMP,.2 The user 

prepares a f ile in his directory conta i ning the GFUN commands for his 

probl em. The program is available on the ELECTRIC JOB FILE under the name 

GFUNWUMP(D2). 

i. 	Example of comman d fil e for a simple split pair solenoid: 


=>E NTE FL=SOLEN 


== >FRAM XMAX=100. YMAX=IOO 


==> QQ (TEMPORARY ,$ $ EDITED IN LATER) 


==>DRAW MATE=O, SHAP=O, SYMM=-3, RI=20, R2=40, HI=IO, H2=50 


=>J= IOOO 


(TEMPORARY, $$ EDITE D IN LATER) 


==>GETB TYPE =3, NX=21 , DX=I 


== >E ND 


++ >O K 


==>MODI FL=SOLEN 


==>$L:QQ 


++> 2 :QQ 

=-= >$U II 

++ >F IELD TXT I, 2 :QQ 


==>$E:$$ 


==>$L:QQ 


++> 5:QQ 


==>~ E :H 

==>$$ 


++>OK 
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Ii. 	To execute 


EXEC JB = GFUNWUMP(D2). CO=SOLEN 


I I I. To retrieve 

The standard MUGWUMp2 procedure Is used so the reults wil I be stored 

on the users ELECTRIC fi Ie under the name 'IDUNWUMP' where ID is the 

logged in Identifier. 
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8. THEORETI CAL BASIS OF THE MAGNE TIC FIELD ALG OR ITHMS 

8. I GE NERAL REMARKS 

In GFUN, the fields from the currents and from the iron are both found 

by direct ca lculat ion. The mag netisat l on of the iron is fi rst found by 

solving the integral eq uations it obeys. Then the fie l d at any point, 

line, or region ; s calculated from the known cu rrents and previously 

determined magnetisation . Because the magneti sa ti on Is found through an 

integral equation, only the regions occup i ed by iron enter the calculation. 

As a consequence, the method has two significant advantages over other 

methods, such as relaxation or finite-element techniques, which require 

the so l u tion of partial-differential equations. Fi rst, as the direct 

cal culati on is performed only over the iron, fewer elements are required 

Second, problems with boundary conditi on s do no t a r i se . The following 

paragraphs give first a description of how the field ~ is calculated 

when the currents and magnetisation are known , and then a description 

of how the magnetisation is found. The methods for obtaining the 

contribution to field from the current alone are wel l known and are 

adequately described elsewhere. 

8.2 	FINDING HFROM M 
In the presence of current-carrying conducto rs and magnetic materials, 

the magnetic field Hcan be written as the sum of a field H due to 
c 

the currents and a field H due to the magnetisa tl on of the iron. In 
m 

Sl units, the field due to the current is g iven by the volume integral: 

(I)He ~ k rty~ dV 

where; is the vector from the source po i nt to the f ie ld point. In 

practice the current density j is spec ified, and the evaluation of H 
c 

is straightforward. In two dimensions, the ca lculation is facil itated 

by using complex variables and the techniques described by R A Beth. 7 

The 	 f iel d ~ can be found from the sca lar pote ntial V : m 	 m 

H 	 - gr ad V 
m m 
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The scalar potential V is given by the volume integral:
m 

(2) 

-I
and thus Hm = 4; grad dV 

Let the field point have coordinates (x, y, z); and the source point 

(Xl, y', z'), Then Equation (3) has x component 

_ I a JJJM~(X-XI) + M~(y-y') + M~(Z_Z') dx' dy' dz ' ( 4) 
Hmx '- -~ ax ----------~-~----~---------------------

r3 

with similar expressions for Hand H In Equation (4)my mz 

When the differentiation shown in Equation (4) is carried out, and also 

the Integration over z, the resulting equations are: 

H = _1HrM' [(x-x , )2 _ (y_y,)2] + 2M' (x-x')(y-y')}/r4 dx ' dy'
mx 2n x y 

(5) 
2 2 4

and H = (x-xl)(y-y') + M I [ (y -y , ) - (x-x') ]}/r dx' dy' 
my 2n x yl-JJr2M' 

where the integration is carried out over the iron region. Consider 

this region divided into N elements, over each of which the magnetisation 

is taken as constant. Also denote the field point by a. Then Equation 

(5) yields: 

H (a)
mx 

(6) 
N 


H (a) C M (b) + C M (b) 

my L: ay,bx x ay,by yb= I 
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where 

2 4C _1 (x-x I) 2 - (y_yl) ]/r dx ' dy' 	 (]a)II [
ax,bx 211" A 

b 

42(x-x ' ) (y-yl)/r dx ' dy' 	 (]b)C
aX,by 

C Cay,bx aX,by 	 (]c) 

Cay,by -CaX,bx 	 (]d) 

The integrals In Equation (7) are performed by techniques analogous 

to those described by Beth, and the summation in Equation (6) can 

then be carried out. 

8.3 	DETERMINATION OF M 
Before Equation (6) can be evaluated, the magnetisatlon of each element 

must be known. However Equation (6) suggests a way it can be determined. 

Consider the field point a to be the centroid of the element a. The 

total field at a is the sum of H and ~ Also the magnetisation is 
ca ma 


related to the field H through the magnetic susceptibility. 


M XH with X (H) = ~(H)/~ -I. 
o 

Combining these considerations yields: 

N 

H (a) H (a) + L: C b Xb H (b) + C b Xb H ( b) 


x cx b=l ax, x x ax, y y 

which can be rearranged to read 

N 
:6 (C b Xb - 6 b) H ( b) + C b Xb H (b) - H (a) (8a)
b= I ax, x a x ax, y y cx 
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Simil arly: 

N 
~ C X H (b) + (C b Xb - 0 b) H (b ) - H (a) (8b)
b= 1 ay,bx b x ay, yay cy 

If the Xb we re known Equa tions (8) wou ld be a s ys t em of 2N simultaneous 

linear equations, which could be solved for the Hbx and H ' In practiceby 
Equations (8) are sol ved usin g some init ial val ue of Xb; then the 

values of Hbx and Hby are used to re - eval ua t e Xb' The process Is iterated 

unti I it conve rges. 

8.4 	SYMMETRY CONSI DE RATI ONS 

If the magnet being ca lcu la ted has a plane of symmetry, then only half 

the current and iron elements need enter the calculation. Likewise, if 

the magnet has two planes of symmetry, the calculation need include 

only the eleme nts In one quadrant. The coefficients are calculated by 

Eq uation (7) for both the di rect and ref lected elements, and the results 

added or subtrac ted depend in g on whethe r the magnetisatlon component of 

the reflected e lement has the same or opposi te si gn as the component of 

the direct elemen t. 

Because th e x and y components wi l l have opposite re flection behaviour, 

the combi ne d coeffic ients wi ll not obey Equation (7c) and 7(d). 
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