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Abstract 

Field is a program that detennines a configuration of conductors that 

· ------ -produce a desired magnetic field witli- a minimum stored energy. (1) Presently 

there are two important restrictions: 

1. The field constraints are specified on the mid plane 

------------~-- ------2. --One ·has a Neumarin boundry condition on 'the-mid plane (field 1 ines 

areperpendicular)~· _ : _ ·-

General Principles 

----- -·--- - ------------------- In order to accOI!lpl ish -the -.above -task-the program uses a function set 

specified by the progra~er{ 2 ) and determines its coefficients such that 

the field constraints are satisfied and the energy - subject to the function 

------· - -- -- -- set chosen - is minimized. This is accomplished .by .. s.olving a constrained 

~--···· ··- .. -

minimization problem using Lagrange's multipliers~ 

1. This minimum is dependant on the function set chosen. 

2. Currently there are three types of function sets aNailable as 

-part ·of the program. These are: 
N 

1. F {Z) = r. An • {Z/Ro)n 
·· n=l 

-----~----- ~-. --- __ , --- ---· 

. j 
'i 

' N/.2 
- ---- -- ·--- -- -- -- 2. i F {Z) = n=~ An • Cos (n•Z/R~) + 

1' . 
I 

·-- ' . -· ! ... 'J 
! N i , J--

3. F (Z) = r An {log ((Z-Zn)/Ro) + ! --
, I j . 

__________ ,_ ___ _j_____ n= 1 - -- - log ( (Z-Z~) /Ro) } - ---·- ---+==~------------~--· 
! . I i 

a standard 

The above function corresponds to hawiing filaments at location 
* Z and Zn that_ are_ outsid~ th~_. region(J)if interest .. 

I 
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General Principles {cont'd) 

In order to physically realize the desired fields, it is assumed that 

. one has steel surrounding the region of interest; JH·dl is calculated 

along the boundary and current filaments {with I =f H•Cfi) are placed just 

inside of it so as to produce the tangential field components that produce 

·--the desired field on the inside of the region of interest. 

i 

-- __ j ~ .· ..• 1 ul U c 1.· •I • • 
. I i ·- -c l- ----r-----------: 

Theorl 
1 

J : 
1 

I - ·-of I . 
1 

I ! . I . . ; ~ . ' ~ 
In, order to numerically calculate. the energy as.a function of the , 

--- ----~-------------r .. ------- --------·-- ---·----.. --r--~- --------------!---. -----------------~---- --------------- ----------1-. -~-------------...:..·--f------------------ -----~- -----

coefficients of the,: function set we proceed·as follows:: ·i \ 

'· 

\' 

i -

; i i ' _i j i, . . I . 

Let F(Z) be a function of a complex variable Z with real and imaginary 
l . ·! . ]1 

. . .. t . 
parts A and V, furt~er let A and V be the vector and ~c~lar potenti~ls of 

---------------------------:----------------- :-------------~--------·---+~------------·------.. --------------------· ------ -------;-·----,--.--- -----·-·- ·- .. 

a magnetostatic field. From the magnetostatic equationk it can be shown that 
. . l . j ! \ 

A and V satisfy the Cauchy-Reim~nn conditions and so f(Z) is an analytic 
.! 

······-----~~~=.~~~~-~~c_:• ___ ·-+--------~-j_--------~~-·_t ____ ~----~--L-~----·----__j- ·---·- ·------·• 
From the relationships between the fields and tJae potentials.it follows 

I 
I 

' 1"" that: 
.l " 
J 

B* ( Z) = i F ... { Z) . ! l -
------'-··-- -·---·- ··.,-·-- -····-··· --·- -·-····L------~----·--·-···---·-···--··---··--'------------·· 

where B*(Z) is the complex conjugate of the r11agnetic induction B(Z) 

i =.J-1 l- . . I 
. I F ... ( z) = dF ( z) : ; i i 
- ··--·--------·-·---r-····-·----------·--- ,dZ . ·-----·- ---T--------·---r-·:--. --+-~----------·t 

The stored energy ~ is given by: 

E =2~ J B{Z) • s* (Z) :do 
0 ! 

Where do is an area element in the Z·plane. 
i 
! 

; 

i 
;. 

·l-: 
-l : -. 

• ••• ·---~---· __ _,, ......... f--.------.·--··-. •< < -k -- •<H~ •, 

l i 
i i 
i 

( 1) 

(2} 
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Since B(Z). B(Z)* is a real quantity it follows that E must be real. 

In order to evaluate this expresssion we proceed as follows: 

N N 
F(Z) = r an gn(Z) = r A (Z) + i Vn(Z) 

n=l n=l n . _ _ 
-·-··· -·-··- ----------------- ·---- ------ ______ ,.__, ... -···- .. ---··-- ·------ --"'------·----~---·--*·-- -------· ·--·-·- -· -

· In the above expressions the an's must be· chosen such that one has a 

Neumann boundary condition at the mid plane. This implies that the 

···---·-an's must be real coefficients •. · 

B*(z)· = i 
' 

r an g' n (Z) 
n ---·- .. . . .. . 

----- ----·--------- .... -·· -------- ---------·-- . . ·--. .. " - -----. .. ----·-··-·· ---·-····-----· .. .,. _______ ,. _____ ......... ,- . ~ . -~ 

So 

B(Z) = -i r an{g'n(Z))* 
n 

E = r r 2l [an • am g'n (Z) • g*; (Z) dcr 
n m llo v 

If one exchanges m and n one gets the complex conjugate of the above 

integral, however, the value of the integral must remain unhanged by 

this exchange, hence the integral must be real and so: 

E = Re {E r 2l 0 J. an • a • g""n(Z) • g* (Z) dcr } 
n m ll m m 

Let G(Z,Z*) be a function such that: 

~ G(Z,Z*) = g'n• g*m' = > G(Z,Z*) = g'n· g*m 

~ I 
~ : 

• I : -·---------···- _______ .It can be shown in general that .. __ ·---------------------l-------·-···----------1 .... _. 

f _a_ ~(Z,Z*) dcr =' ,t f G(Z,Z*) dZ : . . , i.i 

· az* :21 , i 
j I l ! f 
I C1 i I i ! 

. ! · · · · · · i · - · 1 · : · , l · . I . -------·-·· --· --·--· ·- ·-· -----·-·i-···. ------·-·---------·f-.·- ... -··-· ---·-··---i···---·--···--···------...l.·-·---~------·-··--l---·--········ . .. . ...... . 
I I .. I . I - - ; .. 
! I I II ~ .... 
i ' I t I 
I i I i 

·, I I 
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Hence from equations 7 and 9 , : . · :. 1 

-
. ~. ··-- ···-·· ... •-- ···-·. ·---- -----··-- J-...... ____ ... E. __ = .... Re ~ ~_:~ 1 1 I f. l ... · . . I -- - - - -- -t· " " _{ fr· 2,, -.· --- ___ an •_am' _gm~---·- dgn ~~· dZ}--

m :n ""o ! . ! . dZ 1 

_________ JlO) 

·-··t 

Now 
* i I 

91TJ ~ Am ~ivm ~ gm -2l Vm (ll) 

...... '1· 
·--·- .. dA

. . I 
dg = + 1dV i 

·-- ·--+----· n---- - r --------- n---1 
! . I ... 

I 

I 
1)_?}__+··­

(13) so 
* ; . ! ! 

gm dgn =: (gm - 2:~ vm>:· dgn i 
I i l ...... l 

•.. !' .. g • dg·' : -2i v •dg ! i j (14) 
. ... _ .. m .n, m n 1 

1 --S-in~~ ~~-an_d_gn- ar~ _a_n_a_ly-ti._c_f-+~-n_c_t_i-on_s _ _:__.~..-..,...-.~-.-.. -·-: ---~~-+-1-::~_-... -. - .. ~~~--{·-· .-__ -:·---·-r--. 
I . i j ---- . l - i . 
I .. <J g o • g'"' dZ = 0 : .. 1 .. 

Hence I . . n~ m dg~ = -2i ~ v m ~gn .. . - i = =-: ~=.: -~ I· . ( 15) . 
--- - .. ·-~----. ----- -----·----,i·------+--_:__--1f-,-;-----+i -~----·-;-- ..... 

-' -2i f v: ( dA + i d~ ) ... - .... ,_ ....... - .... . . I . ( 16) ! _ . rn _ n ! n _ _ ~- ____ ·--·-· ... l 1 
. I i I 1 .. 

= -2i~ Vm dAn+ 21 vm·dvn ···-·--··-·· I : (17) 
l . -· --··· ·····-- ! 

l ! , 

--------From equation 10 --and -17-this-gi ves :----·---.-----.j--.-·--·--------\-----·-·-------------... 
. l 

. anam j • 

i 
; 

i 

.. (18) 
E = 111) ~ 2~0 {- ~.· vm"'\ -~ .. ~._v11··d··.-ii"J / 

I : = E 1: -· an am ,. 

~-. -. --- ------·-----~-t~----n m i 2~o . , Vm ~n - ·---~~ , --~~-----_(}9). 

But ~iice ~ vm dAn. = -;~An dVm: _

1
.: ·:- i 

i I a a · l 
i . E = 1: 1: · n • m ~ A dV · (20) 

------------ ----------~------·----n- m ··i-- 2l.l - - m -n ----·----------------- ------ --~----~ ~--- ----
f I 0 . ! ~ 
' 

If a is a column vector of the coeffiCients arid m is ·a ·matrix ·whose 

(20. 1) 

(21) 

,~. . : I 
elements m .. =., A. dV. . : 1 lJ 1 J I ' ' ~ 

----···-··-----p-- -· ---~ -- --~- ---t---------,.----·-~--~-------·-·j_ ____________ ± ______________ I 
Then we get i · l 

I E=aTMa ~-

··· .. J_ 
j. • l· ,I .. .' ·.' ~----~·--·-.~ ---. --· ....... ~--.~---

' .. 

_.ft'IA & 'D-•• .. ,.,.'\ 
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In order to find the coefficients vector we have the following minimization 
' ! . . 

_________ L __ ~ __ l ____ ~-'-------------+~--- ---------~------------------------ ______ . _______ _ 
! I I ' 

Minimize E = aT M a ·- t. ___ j 
I I · -1 

subjedt to -i a1• 'g*' (Z.) = b. I . -- J' 

---------problem: · 

(22) 
; ... ... J J ! 

--- :---+~- ----·'-- i' ___ ____j_ ______ +--1 -----+-
~ . . 

where lbj is the fi
1

eld at Zj __ . .._ ~-:_: __ 

1

i __ 

, I 

an~ g~(Zj) is the, column vector whose element are l 
i 
I 
I - * .. I dg~ (Z 1 - -- ! . --1-

-'---+----:--+- ~t--{-ZJ )-~=- dZ 1- - j- i I . -1 I ! ..... T I 

- -, 
I 

Let· R; ' , k. = 1,2 .: •••• J be :J Lagrange mul tipl i.ers, :where J = # of -- k . 1 , 
field !constraints,: let L be a 

1
column vect~r \'lith elements 

- -- 1- : u = a f~l~--~-~r;·:-;)-
1 ...... -- ~ ............. 

- -_- I ~ I . ~ 
Here Pj and B are column vector~ with 

I I 

-I 

j 

R. , then: ; 
k ---T------------i...,--.. 

• 1 - _ (23) 
--1---

1 
eleme~ts pj and b~. 

_ -br-is· ~he'desired magnetic--induction at- point J· and P .-:--is-given by the 
J 

i 

follow1ng: 
I 
I pj = 

! 

-i ~ r. g•~czj > : . , .. 
1 
. 1 (24 > 

a m1-~i~m~~-------1----------· --t·-------+-----------1---------·-- -- ---
For u 'to be 

. au 
- = 0 a an 

1 ' ! 
1 

n = 1 · .f ••• N 

: : 

- I I L 

(25) 

------------- ---~-- --au -- -- --~--------- --------'---- --------- ------------------- ·----·--------' ----------------
1 -at= o, k= 1 o

1 
••• J I I (26) 

i - k l 1-. l 
This ~ives the following matrix equation. f . 

I ; 1 ' ll ! . 
I . ~ a I .. , . . ' 

------- --------------+--------~'-= ~. ( R. ) . _______________ , ____________ .;_ __________ ~! ----·:·------------~ ,_____ {27) 

·' where 'u is a colu~n vector wh~se element ~-: = au. for j ~ N 
. J _aaJ 

and u-: = a for N<j~N+J I . : . ! : , _ · f _ - . 
J -. : ! I 

. ------- .. ···- aR.J . -·i .. --· ------ -·--:·--r---~-----r--·-:--::-·:--=-~---:-··r-..,.-------- ~- ---

1 1· 

(28) 

(29) 
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The elements of c. are: --_,t
1

•- j 
I ! . - I [ 

_-------~- ------------+----~-~Jk = 2~ for.: __ j~ft_and __ k~N -----~------ _ -~r---------~---]··------------------·-·r· 

i. 

27 is shown as a partitioned 
. I' 

I 
matrix equatio~ 

I 

' ;, ' 

I cjk • -1 aj g*{(ZR1 j"N and N<k~tl+J · I I ! 

- Cjk = -~ak g*k (Zj )_,-bj N~j~N+J~ k~N 1 
• j ~ 

1 ' . '--·----'-------+---------t·-----·-----~: -· -· ---~-------~-----·· ·--;--- ---·-------~- . ' : ' 

- c .k = 0 . :- N(.j~N+J I N~k~N+J 
' . J ! l . 
I . I ! --

Equation 
i 

.. ! 

below: 

I .,-------1-------+------+-~--+-----'-t--------r- -----t·-··--------·-·-·-:--·~ .. 

! [u~] [~ - . !
1

- -ia .g~ .. cikJ , !:.: 

• I 

~. 

I n = I J J ·. i (30) , 

I 
' ' ' li UJ .liak g*k(Zj)-;bj OoO J - -

1 
J:. 

. ... . I I " ~---------r-- ---
This gives the following solution: ! • ~r . ! 

-_ -_ .• ---___ :-::·_-__.__ ----:---i-tJ= ~ akg*k(Zj) . -i aJ~~_(Z~ -----· -f:~J -----~-- (~]) ; 
1 c • 

----t--- ___ l_ ______ l •• In .. ~-~---+--······-··-------·--:· ----·- i-
! I I .. I . 
. 1 ! · .: · I 

I I i · ·· , 
Let us consider the cases where the region of interest is' circular 

and the func.ti on set chosen is~ . i j ___________________ _ ----------- --·--;~:-··;(i). ~-~~--:;n-- --------- 1 -----------·-:·:-----~ -

i n~ I _ _,. .. i I .. 
2.! F(Z) = an, log (Z_:-;Zn) = log (Z-Z~) i 

Speci a 1 Cases 

I 

' i 
Function set 2 above corresponds to having filaments a~ Zn and Z~. These 

must be outside t~e region of interest. I · 
: j I-

_ ~o1 thefirst/unctionty~ewehave: 
1 

_ · 1-: .. 
! . I . '• I ' . . I . . I 

--------1 . ________ ~--.. _______ L ______________ ---·-·'···--------------·t------------·------··------l·-------------1----·· --------··-·-· ·~ 

I 
I ' I . I I 

! i I I 
! ! I I ! I , 

; l 1 I 
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· r anzn =_. r an _{Rei<P)n = r a Rn· eincp , 
n , ··I . 

- ·· i · . : ! / ·· I ··· i 
_ ... _. ___ .. __________ j_ ____ : ___ 7 ___ _1:_an~~i-{ cos_n<L±_t~~in JJ~L-~---------·t· ·· · _______ · j ________ _ 

j i j 1 I .. · -~ · - . I . .. i n l .. - . ·: ! . ..: :.. -. :. :· - .. I 
.. - . . I . An = rapR cos n<P I I _ ..... ~:.. .. . -j . 1 

I = ra~ Rn sin n<P ! ·_·1: .. f I 
i vn r I I I l 

-----t------+-----,--.-_ t------r-- ___ , _____ _,__ _____ .. . .. , __ __ 
- Mnm. = ~2ncos n <P• m cos m<P d<P; {from 20.1:) i 

! i 1 I .i !. 
: for: -m = , the above ~~press ion =; o I · 
' I i I .. ------+,-· -form= ~ jcos2-n$~$ = n . . '-- ,--+!; ·-__ ---------- !-.. 
I
I-- : 'l . . I . ' . --······· [ J . !". 

sol ~m = ~n. •ll I for n =~: I I ! 
I • 0 - i for n =m ; ~ ~ y-~-----------1-~-- .. 

~ ----·'- ·-· ... --··· 
..,_,, ..... 

----·-1------

: I : ! ·t ... ------- l ~ 
I ! I 
t i 2 2 I I 
1 ·-·• ;;; 1 : r a • R n·. n • II . { 32) 

-----•-·--------~ .E...:: -2llo·-~-----n·------j ----1-·----------
i 

For case 2 we have the following: 

---~---+ 

let I ~riz_-_;:_z1 - • . : 1 J; z-z* . i n ~- m 
---------- __ ____..; 

I i. 
d X dy {33) 

I . 
----4---- ----------------···-··----------· -- ..... 
.J 

j : ~ _1 __ j_1_ . tn { 1 - z* ) dz 
i . . 21 z:-zn : z~ 
, - I 1 

. ! - . . - ' - j ···-- . -- - J 

(_34} 

· · ! ·- i <P: r2 . ·_ i · ·· · - ·· ·_ · I 
------------ ____________________ j ________ z_~_re ............ z* __ ::::_ ' -·------------·--··---~····---------+--------------·--·------------ .................... . 

z ' ! 
I 

r2 I 
ln (1 - -* ) dz : I 

I Z Z !· . m : --1 
I '. . ' I 

------------ ·------------~For·-1 a rge · R this integra 1 ·-- ···o···~-~----~---·~------·--··--t---·--
. ' I I 

Si~ce we have·~ singu1arit~ at z z* = r
2 f= 0 =J +j 

I I i m ! ! 

I I ! i ; 

j . 

! 

(35) 

l ' I I . . I 1 2i 3 : 
------·-···------------- . - ................. ----------~-----------------•-----·--·--1- .... - .... --.-------4----------~--.l.---------~-L __________________ __j .. ___ . .. . . 

I I I ! ! ! 
I . I . I . ' I . . ! i 
I I I • I t 

I , I i ! 
[7800·1141411 RL-1220A (Rev. 6/U) 

i. 



LBID 120 
LAWRENCE BERKELEY LABORATORY· UNIVERSITY OF CALIFORNIA CODE SERIAL PAGE 

ENGINEERING NOTE P£0103 M5374 8 OF fl 
AUTHOR DEPARTMENT LOCATION DATE 

J. Sin h/K. Halbach Mechanical Berkele June 13 1979 
I 

i 
.. I 

i 

. . .. i ·. ". . !- ' .. ~ 
__ ···_ . __:__· - -----------~1_ ____ · -~~-~-----· 

i 
I 

(40) 

I •. 
I . ! 

-----F--;.om th~--r.es id~e th~re~;- hav~-----+-----:----+.,-------+! ---------------- "-·· 

· 1 f 1 i tn (1 - J ) dz ····~ Ln (1 - r~ I) . ·j 
ti z-z~ i'r . - I . z.z~ I . ·+-(36) 

. Hence ; f.. = · ,;, II Ln { 1 r2i ) · · · 11~ .. ~ 1 { 37) 
i I i-~-* ' I ,' l -

Since I 
3

E = E j •n°m;J··· :l 1 .} J 1 1:::-1. } d X dy [ (38) 
I ' I - - + - --- + - I 

-- II rut-2llo-·----z~,zn_z.~z~--~~ ·z* ___ z~~~-- -t-· --------.,..----- . 

. :.j ... :--,.: : -~---.- . '-· m / 
From 31, and 38 one 'gets:- i ······ ----. j--

1 

! I 
· I I 

I ··laa 1 2· ~2 2 2 
'--------·-· r-· E =-~-; I 2~0 m Ln (1 i~ i: z:; LQ. ~ z:zm'':~ ;~1 )(l=z~z~ y .. ( 39) 

i 'I . ' ' I . "I I i .. . . . . . I · ·· · ··' 
· 1 . M = Lnl {1 - r2 . ) (1 - r2 ) {1 ~- r2 ) (1 - 'r2 ) 

.. . . 1 .... nm : znz~ i znzm , z~z~ z~z~ 
__ · ________________ ·_l ___ =_· -----~---------~- --+- L-----···---.. i----·---···"'"" ___________ .. __ 

I I 1 .. ' I i ' 

1 

• • 

I +- l -
I I ; 

j I i 

': I I I i 
........ --- .. ·'-~-L----------·- .. -·----------------~-------~~ ------·-------. ...: ..... ------

[ ! ! 

The Program 

------- ·Genera 1 

The Program has been written in FORTRAN version IV and resides in the 
' Library Newmagnets on the PSS system in the update formato In order to run 

. : 

-------------------the program one has to access the appropriate PSS subset throuth the 

.Fetchps card. In addition one needs to access the GRAFPACK subroutines. 
I ' 

-P~esent1y the following cdntro1 cards 'are needed to run the program: 
"----~--- ~--- . -·~- .. -· -~ ·-··--·~-----·--r' --··------·---- ---.. ~--~------ ----- ----------- J ___ .. ___ .. ____________ (--~-- ----··-···-- --!-----· . -- ---·· ------·· [ .. 

I I I I I 
I : I I I I I I I i I 
:. I ! I 1 
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-~ ~···-····-··· _j·~~:::::: ,f ~·::::~::J_:_l_/_F_i e-1~~~---------+l __ 
! ! ·~ . .. .1 

~-
1 

--~ -----------------t--- .. -·-·· 
I l 

t FTN4, R = 3o.~ •• etc.' ' 

I· Fetchps ,
1 

GPACBN7, TJLGO/RB, AIDBN, OPNBN ,CC~N ,PRBN ,DBN 

____________ ·~_:_:_!,ink,_~.~ F, f-=:.!'1!-.§_'o,E[l, 
1 

I 
' ' - i 

! i ·1 
-- _--~- I -

i . I • I 
---~T~~Lf_Q}Jowi_n_g_;i~--~--~-~gu~~l~-~f_lf.l_p~t~ ~~()_t_~..__p_rogl~~_;__ ·--~-

i -------t-- --· 

Program Inputs and Outputs 

i ·----+------ -----: 
1.! Problem Name. To be specified on :the first iriput card in ·the 

i 1 _ - ·. i. · . - · i . · I .. ! 1--

j 3Al0 form~t.- any stri
1

ng of 30 ch~racters or ~iess. 1. 

c~ _____ .. __ ?J__I_h_~---~~-gr~(q_f.._th~_f~n-~t_i_q_~set~~J~e~_ted_:~f.l_· _ _.__l ____ --'--f-·--~--J ___ ..... 
! I i I . ! ! . I The # of constraints M. . . . ..... - .... . .. ! I_.· ' I i I ..... -···· . I -- .. -- . , ... 
I The type ·lf po~enti a 1 [map desired. 

1

MP. j__ l ; .· 
I J1P~-=-~L_for_y_e~tdr_ _ _pptenti iii_:____ ! ~----------+-

flP = ~~ for sea 1 ir potentia 1 · I i 
The above 

1

quantities are format f~ee inputs. j 1 

3.\ The X coordinates at which fields 'are specified. Presently fields 
--------------f--------·----------· ----+·---·----------·-------'--------------------+----------------------'-.,----- .. - ·-- ---~-- .. 

/ desired ca:n only be specified on the mjd plane. The inputs are 
- ! 1 I.· 

; format free. 
i 

4.! Value of B at the points specified in (3). Presently the fields 
•---·--··--··------·-·••'''·..-..l•••-0 ---- ''o' ·-·-•·--·--•'•':,, __ :,._ _____ ., __ _., •••·-·--••• '' •• -···•···-··----··- ' ' ' •-··-••••• ..... •••••-·-----------·-M ·--•-•• 

are assumed to be normal at the mid plane. The inputs are format 
i -

free. 

S.i A sequence of values DX, DY, SCALE, XMN, Yf4N, IDEV, KI'4IN, UUN, 
-------- ----------------------l:----------------------------~------·-·-------------------------·---------·----

LMAX, NUN •. 

ox = 1x 
i 

OY = Y 

Where: 
I 
i 
I 

increments for the grid 

increments for the grid 
---------- --·--·--------------1----------------- ·-- -- I----- --- . ··-···-- ..... , .. 

i scale = scale of the canst A or V plot 

(works only for calcomp plots) 

I 



f. - ·-· 

-----~-· ~--· ~;. ·-- .. , .. -~-
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XMN, YMN = Min X and Y that one might po~sib1y need for the grid 
I ~ ! j ·j 

· _________ __J _________ .:JQEY_:=. type_ of __ ~evt~E!. on_. wh j e:h __ p 1 ots __ ilre. .. to .. be obtai ned 
· l - -· · i i - . I . • . . .. l - . · 

1 1 ,= Ca 1 camp J I 
i 2 := Printer pPlot 1 ·jl 

. \ 3 i= Microfiche •- I -
j 

: 1 ! I 
I ! 1 ! 

-----··---t· IrL()_rd~r __ to _ _get __ llJ()r~ __ _than_ QlJ~ _ dev_i ce ___ ~c,fc:l_~th~ __ devi ce _c;odes ___ for ________ , ___ _ 
i 1 I ; I 

thos~ devices. · ] ·· •. · -~ :-- . ! 

KMIN = i4inimum logical coordinate for whi'ch .canst A or V 
. l~I N i p 1 ots are required. I .· . . . i . . .. . I . . . I . 

---j ----· .... _______ L ..... ----·- ······-· ........ : .. ______________ .. --------"··-------_:_ ___________ _1_:_ __ ..:__ _________________ J. _______________________ _j _____ ·--

K.'iAX ,= f.taximum logical coordinates for which canst A :or V ' 
. LMA~ I plots are required j· l- I 

I ' ' ! . . .. I 
. The minimum X coordinate for :the grid = XMN + (KMIN-l)*DX 

. . ., ; i ! .. .. .. . I •- . 

... , __ ----+----· __ Max __ .x_l = XMIN_t __ {KMAX .. - -~"'1IN1_~_ox• ri . . I 
· · .- 1 · , . I · - :-

··Min Vi = YMIN + · (KtHN -1) * DY;· .0..: · 

Max~= Yi~IN + {l~X - liWl) ;lDY.. -- r- ·: ! -
I : : j·· 

l 
I, 

~--+---· __ ._ •. __ NLIN ___ ~_s ... the_ number __ of __ field_l:ines __ to. be plotted. __ ·------------------
1 ! 1 ! i 
i r , . 1 

6.! The major and minor radii of the ellipse RMAJ and RMIN within which 
I I ! 

: . j lies the region of interest, and t~~ # of divisions ~miV fol" 

··-------------~--computing/Am dvn on the ellipse •. Linputs.are ~ormat free in the 
I . . ! I 
I sequence RMAJ, Rf4IN, NDIV. _! 
I 
I 

7.1 Minimum and maximum values of'the vector or scalar potentials to be 
I 
i 

_ --------t--P 1 otted. Pmin and_ Pmax .... If Pmin .= Pmax = 0.0, scaling is done 

internally ' i.e. the max and min values of potentials are picked 
l . 
I 

internally from the entire grid region. This is a reasonable thing 

----·---to do if there are no field concentrations, otherwise \'lith this option 

most of the field lines appear near these points and most of the 

rest of the picture is blank. The other scaling options are 

determined by the flag option described below: 

uoo-uue RL-3220A (Rev. &/11> 
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, Flag for th·e i nterva 1 s of the constant potentia 1 1 i nes to be 
I • · ' , i i · i ' 

i plotted. LG. ! · · · · ·L·· · ·· I . · · . · I · · t ----· --·~---..:..-- .... - ...................... __ ,, ........ -....... _. _____ ~--------- ·r.-----~------------------.. -· .............. .. 
-i LG = ~ for ~ ine~~ ~ntervals J j -· ; : .. j I 

= 2 logr1thm1c 1ntervals i . ! i f 

· = ~ linear intervals intervals, but Pfnin and Pmax; · 
I will be selected on the mid plane·. 

i I • 1 I 
---.-.-. ---------. ---r--Region··ar-x·-for·which' a ·gy vs·-x--plot--g·-desfrea.-- . ' --·-~~-w-·~·'--

' 

i ' ... i 
I XP 1 b mi n X ~ -1- . 
1· ·· __ -_XP2rmaxX .. I... 1·. 
i . The sequen:ce of input ~a 1 ues is Pm!i n, Pmax, LG!, XPl and XP2. · : 

-'---------~------+~ -.· -.--. ----~---. --_-_ --1--~- . r--.. --.---r~-----~---. -~ --:--~----------~--:---
. 8.1 Type of furction set to be fitteq knd the no~'alization ra'dius. · 1 . ·•····· , 

I' ' . 
'· 

I FN and RO: . . . . ••• .•. . ./. .. . • . : I··· • .~ . ;~ ·_ ...... ·.·· .· .•. . . r .. . . . . I' 
-~-..,.-----t~-----+1-lfU-=---l-=~-->-f-(Z) _;:_b--:{AN ~- Z--~~--N- I J 

i • : . = 2 =I > F(zJ = l: ~n Sin (N~Z}~ + iln Cos .(N,*Z) i ~ 
I I I . .· I i 1-

------1------··~-L = 3 =1 , F<z> = • ~n (Log cz-zf> + log cz-~~ ·~-> __ J ____________ , __ ~ 
I~ I. I 

I 
I I ' I 
I . 

i I ··I 

Summary' 

---------------The following read statements .. provide a summary of-inputs: - -----------------------
] I ·I ··l· .. 

1. Read 300, ·(Aname ( IQ) ,
1 

IQ = 1,3) --/ . 

300 Format (3A 10) t 

l 
'. 

-----~- ------ -·2·. ·;· Read * , rl , M, t~P -· ·--- --~ ----~--------T-----·----------+----·-------------------- --~---- -· -- ----------- ·- ·- ~ 
I ! 1 : 

I i 

3.1 Read*, (l(l), I= 1,, MN) 

' 4.: Read * , (VV (I) , . I = 1 , f4N) 

{MN = ~1 + N} 
I 

! 

:internally determined 

l 
l 

Read * , OX, DY, SCALE, Xt1N, Y~1tl; I DEV; ~11 N, KMAX, U11 N, LMAX, NLI N 

J • 

i ---------------- ................... _______ 5 •. : 
j. 

6. Read * , Rt1AJ, RMH~, NDIV . l ' 
Read*, er:u~, .. l'MAX, LG, XPl, XP2 I . . . 

Read * • m1, Ro · , ..... ~ ---::-·+--...-~--.:...-r~· ·· ·-- · ·· 
I 

~ .... I 
I . 

I I'. 
! ' 

.7. 

--------------.. a. 
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________________________ J.~L- List of inputs in ne~!".~~ __ the same orde~ a~-.f~ _was inputted. 
I ' I 

2.! Value of the coefficients and Lagrange multipliers. The first 

j N values c~rrespond t~ the coefficients and the next ~1 corresponds 
. j .. ! i i . i . - i 

____________ -----'---------j_ __ ~<? ___ t~-~---L~g·r~nge -~~-~iel_~~!.'_s_~------j __ ._.-___ j -'--· ___ _j__________ _ __ 
J ! i 

3oi Value of B at the specified points obtained by fitting the :t i . . . i i 

polynomial:. This shoul:d check with the input. ! 
' ! : 

~ I : ' l : 
4.1 Value of the energy in' joules/14 obtained from the matrix and . 

----------~---- --------..,------- ----· ---;---···------····r··-----------··------·-·-- .... -·· ·--. ·, - ··-·--·-------·; ·-- --

·,1 coeffficie
1

nts. . ·1 ! .. c -······ I .. i 
I i -j·· l ... 

s.i Edit. Under the headinps: ·I . _ 1 

---~-~ ~------~-~~;~3;~=~-l--~J-=~==tr 
x coord y coord Bx i By Vee Pot Scat Pot 

i I ·· l 
! \ i ' 

These are ;self explana.tory; this (calculation )is done in the 
I i ! I . . . . I I ! . ' • 

. region bounded by Kr-1IN, KI'4AX, LMIN, LMAX and at intervals of Dx : 
, , • , . i- -• j , . . .• j . . i I j 

. ---~--~-----·------,- <!~~- _Dy ·---+--------·-:-·· ~~--· -_· __ ·· ~--~~---··· --+--· ··----~---+--·-----------1-~ 
· 6.1 Map of vector or scala'r potential 'for the above edit region. ' 

. I I I 1 1 ' 

---~---· ------;}~::::;::!:~::::~ ::::~~~~:o~:t~J:::
0

:h:h:ui::·~~ o~~E':~a-l ~r-· 
I ! 1 , 

I ellipse of interest to' produce the. desired fie
1

lds, this a~pears 

_________________ . _____ .. _________________ il __ u_nde r the _head i n g Ar-1P S. . ____________ L ______________ Ti -----·------------~ ... ·----· . ·- ... 

l . ~ j ! ) . \ 

r 
• . 

9./ Energy in joules/M obtained from ADV on the ell ipse of i~terest. 
1 ' 

This is merely· a check value and should correspond to that obtained . -+1 !I .• (~) abo,ve. _ ----+·--- ----1----~-----+- _ _ __ __ ... 
10.' Plot of the constant scalar/vector potential map with the 

I 

appropriate heading-if a printer plot was requested. 
' 

11. Plot of By_ vs X on the mid plane ifa printer plot was requested. 
1 . 0 

! 
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l 
- I 

A Sampl
1

e Problem (P
1
EP Kicker) ·. -~ . 1 : . , 

------.J-.~-· ___ .Jiiven~ ___ An eu:ipse .with.major.radius-1.3 cms .. and ... minor-radius 4.8 ems 
i ! I I . I ! 

within rhich. fielr wlth,the"Tllowing chlacterstics ihas to be pioduced: 

----f------t----=r_o_2_+ __ .+<1B-o_._~_r.>_2] 'f 2.4 10-2 j~ I I _____ J 
where 0 is the· field at the ori,9in, r = ~6 :em-and s

1 
is ·the field at a 

l : I ' ! , 
locatio'n 3.8 ems from the origi)n. The fiel

1

d at 3.8 + .)8 em is to de 
! I I · · ! I . ~ 

. . 

within ~ 20% band. I A field prdfile that s~tisfies thi~ criterion is shown : 
----~-----+------ .. -· ·-~.. -. ~ ···-·· -... ~ .............. -............ -~-,~-~-~r:·---- ----;---

. ··:·::~-· : __ --. . .. --·· ·- ~:~-~-:~-:::=: ;_: ~_-;_:~~-: __ ... : ~-J- . I below: 

~-- -·- - -__ -·_.·=-- .. _ ~ ... L...... . .. _._-_-. · ... _·_-__ ·_·_·_ ~--· ~ •. ~ ~,_ .. ·._· I 
--~----2- ~-:--~---··---~----·;··· --- -~- -- - - - -

.. l.. -~- -~------. ; ___ ·-- --~- , __ ... ----··· -- ___ : __ . -··· ___ ;.-.d.--

-·------·---. ··- ___ .J_ --·- -- :~-·--·-l--···-'---------- ! . L. 

--~--+------+----~~----:---,-+------+--------+-------11------·-L- ...... 

. ' : . 

.. -~--- ' .. ····----~-; -

i I ' • I ;. •··-···· .. - l ... .! 

' • I. I I 

_·~_~··_-...... _ ..... _ ..... _. ---1------+---,-.---1------ 1-------+--~----t--------'---------------J ....... 
1000 --- -~---- .L i 

. Boo - __ - r -___,____· ·-+--r +---

-.6 .6 3.0 

I 

l 
j 
~--------------- ... 

j 
I 

j 
I 

4.5 

I I I I ' 
__ .. --- ---------~-----j _____ ~--~---J~~·-~·· -~~-- ·---~--------·-·· [ __ ~_· _____ j_---~-------···--·-----J ...... . ! I 

I I ' . • f I ! 
I I . . : I . !

1

. · 

. I. . I · · .. I · . · 
.... -------·· ~----~--~_, ________ _!_ ___ -·--.. -------~--~~-------~J ....... ---· _· ________ !..__ .. _____________ ................... . 

I I I ' I I 
I i I 

I 
I • ,, I 
! I 

! ! I j 

·~ 00-1141411 RL-aUOA <Rev. 1/1U 
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The problem is solved for all the three types of function sets mentioned. 

The inputs and sele_~ted outputs forthe. problem are provided below: 

- ·car<~ a ; · ··· ··· · · · : · ·· · · · ·j• I i --_ T--------------- -'-~'-

1 I ~I I. __ ----hl--~~CK_ ~ETER~ONS _ KICKEg ~~GNU __ j _ c.__ 

. 2.111 , . . . 1 . . . . . ~ : j . . . . . •. .. .. .... . .... 
3.! _-.6 _o(o •• 6 I 3.0- I 3~8 ~ .. r5 I 
4.

1 
-24 ci 0 · 24 ·1· 800 · 1000 BOO i - · i ------- -------- r-- -- ------ r - -_ -_ -~- ~ -- --_ -- - --- --~----------_ -. ------1------------ -i------ -

5 •• 5 .;25 .5 - ·-8.5 0.0 ~ 1 35 ll 35 30 - -I -. :- : --· _: __ ~-- --~ __ _:__ ---~-------~_::__:_:_~ __ :_ --~--- ---- ---· I 

____ ;: :~:--_· j:: • _• :80 

-l.O · -s._o - - _L 
. So 3 : . . J. 5 , : : :.~ .: .• : - - -- - ... : -- . 

. -~-··· ... ~··--· ---·-···· .... - ··-···------r·~ 

•• -L- -·- --.... ~--1-.... - . .. --•·-'-·-~- -·-----··· --~--~---

;_ --·- -~------1-----~ -_!_:. __ .; ,! __ : ________ - -

i" 
I 

' ' 
;·· ·-· - -· --~ -·"· 

Outputs ------'--+-·-----"--·--'---_--~-------~· +----'-. ··_· ··_---_-... _ .. _,_~_._---+-'---"--'--,....-~-----t-----+--
f i 

. The. value ofcoeffic-~ents l:for:·t~e thr-p~l:y~~;I~ c"-nsideT" . 

. . # ' . 1 . . . -· . - 2. . " ' --- . - 3 
. I - . . . - . . .-

--- --·---------l.--~- - ' ----- 8. ------- - ---6---- ----- - --!-- 3--
-_· 21 II t1.989 10:' I .. : ~,.494 10 l 3.23110 

7.971 10'-' I ' , -----2.828 106 -1.433 104 

-1.171 102 1 .. - ~1.262 106 .. . . 2. 73~ 104 

--------------+-- --- --- --- 4- ____________ J _____ --·-- s- ------ --- --------- 1 4 
-6.606 10 il - 3f23 10 \ -1.1~5 10 
1 4 1 •• s! 4 j . ! 3 

1

'1.390 10 ,. . ... -~ ,.668 10 i -6.35,3 10 
· · · · I - I , 

6 . ,1.418 10
5 

i . 1.:0887 10
6 

. i . . . 3.03~ 10
4 

--~-·7t . f.89G 104 1 . -~:426-10~---+-- --=4~ 5S8 1 o4 

8 I · I 5 
i 1 6 1. 256 1 o4 

. I .... :·: _ -1._176 10 · j ..... 11005 0 l . 

9! · .L4.852 104 
! · -s.o65 105 

1-- 1.119107 

-- -----------·~ --~--: ______ ~ _ _: ___ --- ------------4---f--~---· -~-~~------1----------~---s--------+---------- ---- : · · 3 
_1 0 f 3. 966 10 4 I . : . : . : 11489 10 4 I . . . 5. 71 ~ 1 0 7 

11

1

.• 2.12110 ! _ -r1910 . -1.11310 

I I .• , 

j ! ! 
; ! f 

3 

4 

.5 

U00-114U8 RL-3220A (Rev. l/11) 
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Energy {Joules/M) 

1 j 3o 151 103 
-·-·------- ------·----~-----1--------- ~------.--~·--·----- I --r·--------·-·--·-·-- ......... r-

1 I 
2 : . 3. 111 '1 o3 

I i 

3 1 1. 123 
1

1 o4 

I 

; 

I 
! 

' 

________ j ___ _ 
' ' 

I -t-----·--r-----+--~----+----____j-___ .. _________ J_ __ ,_ 

!_ 

I 

The plots of constant vector potential lines 
I 

j 

attached for the th.ree cases. ! -

and By vs :X on mid plane are 

::_-j : I 

--- ~- I 
---+------+----:---+--~--.. -.. _ _,,~--'----+'----+,. -----.------>-'---- . 

.. .. --···· - J .. - ' .. 

I : 
I .. 

11---+-------+-... _-___ -____ --+--.-........ --~---·--+-·· ---+------.+--! ----·--·-·:---· .. 
. - j-~---- -- ! t 

1
1 

· r· · · -- -- ---- · ·-·· ··· · - ···· - j·· 
.. t·- -

1 I I 
.. . . I J . . I I'' ------ :--------- ~--. --~~-~ I - ------r------- ;c· 

I I 
------ t -- -------- 1 l 

--,--I - --,-_ --· ----- --r-----~ -•J' -~----............... __ ,_---------·-:r·---------
1 I .. I 

----~ ' ______ _[ --- ! I I I ! ' ---; ---------;-------·-----~-----·-·-·· --··· --···-··--·--- ···-····-· -· 

I ! 
I ·· I -
I I I ! . . I . , . . . . 

-------····· .. ·--·--------------J. ... __________________ j ____ ·_·_··· ~ ___ :___! _· ·-· ____ · ---~-~~-· . -~-- ----=·~-~-------- ---~---~-!---- -- -- ..... 
. I I I I . i . I I ; 
\ • I I I . I . I 
, I I 1 

_ ___ __ _ __ _ ___ ~--~-- c_ __ _ _ t-- ~- .:~ L :___ __ ------.-:L _ _:___:___ J-~--_ __ _ _ ____ _ _ _____ _ 
: . I . I . . j, . . . ' ' . I -I-

I I I .. . 1·: 
: I I . 
: I l I 

.. 

·• 
' 

~O'tl)ft. A I D.;.... • ,.,. \ 
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