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* MAGNETIC FIELD COMPUTATION FOR TWO-DIMENSIONAL AIR COIL SYSTEM 

Roland Yourd and Klaus Halbach 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

July 1968 

ABSTRACT 

Analytic formulas suitable for numerical computation are derived for 

two-dimensional air coil systems. The computer code, FIELDS, is described, 

and evaluation of a sextupole magnet is included as a sample problem. A 

complete listing of the program coding is also provided in an appendix. 
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I,: INTRODUCTION 

A method of calculating two-dimensional magnetic fields in vacuum will 

be developed consisting of evaluation of analytical complex formulas. A des-

cription ,of the resulting computer code, FIELDS, is included, and user instruc­

tions are provided including a sample sextupole magnet problem. The method 

treats infinite straight conductors with arbitrary cross section and uniform 

current density, j, in each conductor, and no permeable material may be present. 

Field calculations may be obtained both inside and outside the coil area with-

out special treatment. In addition a multipole expansion of the fields is 

provided. 

II. MAGNETIC FIELD EQUATIONS FOR TWO-DJl.1ENSIONAL COILS 

Complex algebra will be used in the following field derivations, and MKS 

units will be used throughout. Magnetic fields can be described by the complex 

* quantity H = Hx + iHy ' Since only the complex conjugate of H, namely H = Hx - iHy' 

is an analytic function of z = x + iy, this is the quantity used. 

( 
-+ -+ For a current filament with positive current I positive in the x x y 

direction, or directed out of the page) shown in Fig. 1 at point z, the magnetic 

field at a point z has a strength equal to I/(2~ I z - z I). The field direction o 0 

(perpendicular to the vector Zo -z) may be given by i(zo - z)/ I Zo - z I . 
In equation form, 

H= 
I 

2~ I z - Zo I 
i( z - z) 

o 
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This may be rewritten as 

I 
H = 

2rc 

* * 

(z 
o 

i(z - z) o 

* * - z) (z - z ) 
o 

= 
Ii 

( * z*) 2rc z -o 

(2) 

where z and z are complex conjugates of z and z respectively. Introducing 
o 0 

* H in (2) 

* H = 
Ii 

2rc (z - z ) 
o 

For several current filaments the fields at z may be obtained by super­
o 

position. Extending this to a conductor of arbitrary cross section with uniform 

current density j, the problem becomes one of integration over the cross section. 

1 * ji J H = -- ----
2rc z - z 

o 

dx dy (4 ) 

The integral in C 4) is of the form J F C z) '.dx d::!, where F C z) is analytic 

and single valued over the integration region, and may have one singularity at 

z = z 0 (If no field values are to be evaluated inside the coil, z is outside o 0 

the integration region, and F(z) has no singularities). For a more general 

F(z) (with tin" first order singularities inside the integration region) it is 

shown in Appendix A that the integral of (4) may be represented by 

( ¢ FCz) z* dz _. L ~FCZ) z: dz ) 

Sum over "n" poles 

1 

2i 

The contour integrations in the sum are performed for infinitesimal 'circles 

about each pole. 

li 

• 
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In (4) F{z) = I/{z-z), o 
* and H may be written as 

. * * 
H* = _j_ f z - Zo dz 

41'( Z - Z . 
o 

Equation (5) is valid for field pOints both inside and outside the coil 

region. This formulation differs slightly from that developed by R. A. Beth{l) 

in that he considers interior and exterior points separately. Equation (5) is 

more convenient to use for numerical computation since no checks are required 

to determine the type of point. Another advantage of (5) is that the absolute 

value of the integrand is always unity. For field points near the coil Beth's 

technique requires taking differences between large numbers over part of the 

integration contour. Use of (5) avoids both problems, and is used for calcu­

lating all field values in the computer code. For completeness, we derive (5) 

in the appendix with a procedure that differs from Beth's, and allows extension 

to other problems. 

III. MULTIPOLE COEFFICIENTS 

Multipole coefficients are obtained by expandi~g the fields in a power 

series over a region excluding all currents. In such a region the complex 

potential G{z) = A + iV (Where A and V are, respectively, the vector and scalar 

* * potentials) is analytic and H (z) can be obtained from G{z) through H (z) = iG'(z)~. 

Therefore G{z) may be expanded in a converging Taylor Series of the complex 

variable z • 
o 

G (z ) 
o 

00 

G (zo) = L an z~ 
n=o 
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Similarly 

* H (z ) 
o 

(8) 

where a and b are in general complex constants. n n 

This'TaylorSeries has·a convergence radius equal to the dtstance from 

the expansion origin to the closest singularity (the closest coil dimension, 

in.this case). The series converges, then, only within a circle extending to 

the nearest coil boundary. In such a region (5) may be written as 

dz 

and for 
,zo/zl< 1 this becomes 

* 
* 

j f-::-H == 
4:1( 

00 

j 

41C 

L: 
n=l 

* .£_z_ 
l' z(l _ zo) 

dz 

z 

n-l z 
0 dz .• n-l z 

(9a) 

* Equating the two representations for H in this circular region, namely 

(8) and (9a) 

n-l z == o 

j 

41C 

t£ ~ ~_z_~_-":;"l_ 
j L..t n-l 

z n=l z 

and solving (10), for all values of b , one obtains 
n 

* 
b == ~_ ~,_z_ dz 

n 4 1" n 
:I( Z 

dz, (10) 

(11) 

',. 
J 

~ . 
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Al though:',certain coil symmetries produce only real or only imaginery coeffic-

ients~ ':b" in general may be complex coefficients. 
:n 

IV • DESCRIPl'ION OF FIElDS PROGRAM 

A Fortran IV computer code has been written to evaluate magnetic fields 

'and multipole coefficients using equations (5) and, (11). Input data requires 

only specification of coil boundary and current information, certain coil 

symmetry conditions, and a description of the deSired grid for field evaluation 

points. 

Coil areas are approximated by inscribed polygons to enable numerical 

treatment of the line integ~als in (5) and (11). A "Trapezoid rule" technique 

is currently used for the integration. The user may change the number of 

polygon line segments at will, and also could easily implement additional 

integration methods (Simpson I s rule among oth~rs). The symmetry order is 

treated automatically and only coordinate points for a single coil are actually 

specified. 

The total current, I in amperes, per coil must be given, and a current 

density is obtained by dividing I by the calculated polygon area. Thus although 

the calculated model and physical current densities may differ slightly (since 

true coil area and polygon areas are not quite identical), the total current is 

identical for both. 

A typical problem is shown in Fig. 2. The input data for this sextupole 

first must specify the total current per coil, II" The coil boundary is next 

specified (in a counter clockwise direction for a positive current element) by 

giving end points «rl , ~l) and (r2, ~2)) for each coil side. A code K = 1 
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or K = 2 is used to indicate whether the coil side isa straight line segment 

or an arc segment respectively. Finally a value for N is specified to indicate 

a desired division of the coil segment intoN equal length polygon sides. 

Actual data cards for the coil boundary shown would be: 

2, r
l

, -6-1, r
2

, &2' 50 

1, r
3
, &3' 10 

2, r 4, ~, 60 

1, r 1, -6-1, 10 

where K is either 1 or 2, units for r and ~ are em and radians respective~, 

and the desired division shown results in a 130 sided po~gon approximation. 

Note that after the first boundary segment is described by first and last 

points, on~ the last point is required for each succeeding sector. 

Two additional data cards are required to set up the rectangular 

edit grid. The first card specifies (in,order).:.the number of field points in 

the x direction, the initial value for x, and the incremental distance between 

the points. The second card gives identical quantities for y. 

AlL input data is read by subroutine DATA which allows complete field 

freedom in punching data on the cards. The use~ should become familiar with 

the use of this routine as described by Bill Benson's write up: "Subroutine 

Data - A Fortran 66 Format Free Input Routine", June 9, 1965. (Ref. 2) 

The symmetry order of the coil system is specified through a Fortran data 

statement in the main program. The variable name NCOIL is used, and it represents 

the number of rotationa1~ symmetrical coils (dipole = 2, sextupo1e = 6, etc.). 

In some cases, the user may wish to describe more than one coil in a symmetrical 
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set (proviSion for small tuning coils, variable'current,densities over portions 

of the total coil, etc.). The variable name IGRP.represents the number of 

separate coils comprising a single symmetrical group or set. If IGRP t 1, then 

separate input cards must describe each of the coil boundaries in the set. 

Multipole coefficients are obtained from (11) and multiplied by r~-l, 

where r a is the radius of the expansion aperture: (or a value ~)ecified by the 

user) • The thus normalized multipole coefficients describe, according to (8), 

the contribution of the individualmultipoles to the field at the normalization 

"',I, 

radius. It can easily be shown that rotational symmetries will resul~ in certain 

lib " values being exactly zero for particular "n" in the series of (ll). If 
n 

NCOIL represents the number of rotationally symmetrical coil sets, a general 

expression for the particular "n" orders that may exist in many coil types is 

NCOIL 
n ='---- (2M - 1) 

2 

where M = 1, 2, 3, ---- • 

The user may wish to include expressions for additional coil types. 

A complete listing of the program coding and the results from the sex-

tupole sample problem are in Appendix B. 
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APPENDIX 

I 
'. 

A. Evaluation ~f jF(Z) dx dy 
i' 

J ' ~ i 

The! function F( z) muh be"analytic, single Valued over the integration 

region, and must have no Singularities higher than first order inside the 

boundary. It is convenient to represent F(z) as the derivative of another 
I 

function G( z). 

F(z) G'(z) 

I = ~F(Z) dx dy = ~ G'(z) dx dy (AI) 

Since the integration is over a total area, and since integration over 

an infinitesimal circular area containing a Simple pole contributes only 

infinitesimally to this total, the region in Fig. Al may be divided into 

strips, thus excluding the area inside of the infinitesimal circles around 

each pole. Integrating first over x, (AI) becomes 

I 2: ~(G(z, right).:..a(z, left) dy = 2:'1G(z) dy (A2) 

sum for all strips strips 

Once, the contour is defined, G( z) becomes a function of y alone since 

z = x{y) + iy for points on the boundary. The line integral of (A2) is in-

tegrated:by .. parts. 



" 
" 

'. 

UCRL-18378 

Let, 

u = G(z) du =' G' (z) (x'y + i) dy = G' (z) dz 

dv= dy v=y 

end 

then, ~ G(z) dy = G(z) y - ~ G' (z) Y dz 

start 

Since G('z) is ,regular 'and Single valued within each loop (strip), and since' 
end 

the path starts and ends at the same point, G( z) y I = o. 
start 

1 
Replacing y by (i*- z) and G'(z) by F(z), (A3) becomes 

2i 

. 1) G(z) dy = ~i:fi F(z) (z* - z) dz 

Since all poles have been excluded from the integration strips, 

1 
-- oct: F(z) Z dz must be zero from Cauchy's integral formula. 

2i 'j' 

, Therefore 

, .. ~ 

, I = ~i L ¢ F(z) * ~ if; F(z) * 
1 

L ~ F(z) z dz = z dz---
2~ outer .' 2i, sum over 

all strips contour 
each pole 
inside contour 

(A4) 

* z dz 

The integrals about each pole must be taken over infinitesimal circular areas. 

It is easy to show that for this case 

'f F(z) z: dz = ~: 1> F(z) dz 
J 

(A6) 

pole pole' 

(A5) 
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If there is one or no singularity inside the outer contour, (A5) can be 

expressed as 

1 
I=-

2i 
1 F(z) (z* 

outer ' 
contour 

* - z ) dz n 

It becomes evident by inspection that if there are n Singularities, not 

all of which have to be inside the contour, I becomes 

with 

I 0 f F(z) dx dy 0 ~ i. F(Z) (z* - L: z: Rn (z)) dz 
area 21 . contour ·n 
inside contour 

p (z) 
Rn(Z) = _n ___ , 

p (z ) 
n n 

and p (z) = 
n 

n (z - z ) y y 

z - z 
n 

(A8) 
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COMMON/HORV/X(2brio)~Y(2000).NPTS(S)9Z(2000),7S(20~O) 
COMMON/GRID/'j(09Y~970.Z0S .... ' .' .... ,. .:-." .. 

COMMON/MPOL/RNORM . 
COMMON/XV/IXV 

.,...... DATA IDIM/20001 -....... -- ..... " ................ -"... . ... -.- .. , .,.. . 

..... ,: ... " .. ,,' ... D I MENS ION . CUR (5) ' ... CIjRDEN (5.) .".~ .. , .... ~. "'N'" ~ ...... M" .. _" .. ~~ ••• ~~ ... , .. ~ .. ".w., ...... ~.M •• __ .!._._. _ .. _w __ .... ___ .. ..:._:. __ .. :... ____ ..... _ .. 

t; . C . . I G RP RE P~~E SE N T S NUMRE R.( Up .. T.0.5> _.0F:" .. ~OI.L. 5 ... p.E R .. _GROI"f:>~~ .... SE T __ ... __ ".:_._ .. _~ .. ~ __ . __ ....... __ . . .. . 
"':: D A T A I G R P I 1 I . 

\ .. ~ .. " . 

.. C NCO t L REPRESENTS Ni.iMAER OF AOT AT ION'ALL y'" S'VMMETRI C'"L'-'SETS- ..... -... ---.. -.-.~----.---.---... 

C (DIPOLE = 2., SEXTUPOLE .. = (' ... ETC).. ...,.,. .,. ............ .' .. " ... , ...................... __ ."._"_,,_,.~_ .. _,,. __ 
DATA NCOIL/4) . .~ . 

c IALT = -1 IF SIGNS OF'ciiRRENT ELF.:MENTSALTERNATf::, OTHEH'.4JISE'·';i·---"··-----'·'·-"· 

OAT" 1 AL T 1-1 I" . ........ ............. .............._ ... _ ....... _ ... , __ 

.-,. C 
C 
C 

RN ~S·THE·NORMALIZfNG 
!F RN IS N'F.·:.GdllVF. THE 
NORM AL I Z i\T ION OJ 

RADIUS LJSEOIN, THE. MULTIPOLi::._ANA~VSlS •. "'.~" __ ,..~,~"". ___ ' __ 
POINT ON COIL NEAREST ORIGIN IS USED FOR 

DATA RN/ .. 1.1 

C IF SF.NTINEL yxv EQIIALS"i; THEUSER'MAV'INPUT OATA·IN·(X.V) 
.. ~ .. _-" .. -- - .--.-.-.-----.~ .. ~-.. -. - . 

,":.:, C ...... " .. ,,'" INSTEAD OF (R, THET :~. )COOROS 6",,,,,,,,,,.... ............... , ............... , ....... ",.... . ...... ,. .... ", ....• , "--,-", " ... "._--.".-.. _ ... ,-_. __ .... .-", .... .. 

DATA IXV/11 

-~·: .. · .. -.~:~ ... OAT A" (CUR (ff~"-f~ l;~)isoo"; 01 .-~-.--.- .: ..... -.-~.-..... -- ... - ... --- ....... --------...... ---.. --........ --------.. --:--,. ----

.~~.':.: ____ ~ .L .. COMPLE X .. SUM •. HST ~R ~.ROr ..... ~._ ... ___ ~~~~ __ .. ~._~_:.~ .... __ .. :_._~ ___ ._ .. _ .. _. ;... __ ._~ ... __ ..... ___ .. _.~ .. ___ ..:._.~:.. ~ __ 
. . COMPLEX Z, zs, ZO' ZOS . 

" '.: .' . 
• • " .~"'-', ", ..... ~ ... ""." •• " ' ••• " •• ' ••• -..,.,.' ••• < ... ' ............... ,.. •• " .. ~''''''' .. ;;. .... '-.' .. -''-; •• '~ ... ~ .............. ' .. -"""':'"""..,,~ .... ..,~.'-... - .. ',., ....... - ........... ~ ..... ' ......... --.... .,.."' ... ~-------",.-~ 

C FIRST DATA CARD CO~ITAINS CURRENTS ...... Ci, C2. '10. ci= .. ' 
C AN S IS REQUIRED Iri' LESS THAN' 5 'CURRENT ELEMENTS' ~RE:OESCJ:~tREO-~--·--.. ---... -·"-· .. · .. 
C DESCRIBE BOUNDARy OF COIL IN A COUNTER CLOCKWISF.: .. OIRECTTON" '"'' ............ _ .... , ...... __ . .. 
C ENCLOSE POSITIVE CURRENT CAHRVING ELEMENT 
C " REGION MUST CLOSE ...... FIRST PT lAND LAST PT COORDS MUS! AE IOE:f\JTTtAL.,~:.... __ .. ~ •.. ~ 
C FIRST CARD READ MUST CONTAIN (IN ORDER), THE KINO OF CURVE 
C SEGMENT (1 FOR STRAIGHT LINE, 2 FOR CIRCULAR AR~ J , ..... Rl, __ .. _PH~l' ... _____ .... 
C R2. PH12. ANn THE ~UM8ER OF INTERVALS DESIRED. 
C FOLLOWING CARns C01\ITAIN ONLY THE KIND, R2 •. PHI2~ ANn_NUt..1~.ER ......... _._ ......... .. 
C 0 FIN T E R V A L'S 1/ 

..... , ..... 
PI = 3~14159265368q8 

C REAO CURRENTS' FOR rO ILS" IN GROUP ..... - -- ... --- ....... --- .................. - .... -- ....... ----- .. -.... -.. - ... --... ,-.---.--.. - ... 

~. CALL DATA(CUR.S)- ... 

DO 750 N=l,IGRp· . . 
' ••• , .......... ".,~ ............ "' ••• " .... " .':" .... ," ' ...... ~ .. ."" ......... ... "~ .... """ ... r ......... _· ...... __ ..... ··'4. __ ..... _._"" ...... ~ ...... ' .... - .,T __ c--.......... _' ___ ... _"' ... _I._-..~ ..... --., .... __ . __ .. _,,. .. 

. ,.. P R I NT 6 0 0, N 
600 FORMAT<lHltt 

RO = RI 
........ _~ .......... '"" ............. _ •. ~., ............. 'N .,_ ....... ~., ........ ,'., .............. , ........... _ ........ ___ ............. ,_ .... __ ._ ......... __ ....... _ .. ,'~ ... ___ ..... _, _____ ,. ___ ._ 

PHIO. = PHIl .. 

IF (N.EO.l) GO TO 8 



NPTS(N) =. NPTS(N-l, 
GO TO 9 

A NPTS(t)=i 

-12- . 

......... ~ •.•• ;-r 

... 
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9M = NPTS(N) 
. _,' .~ ... ' .... _ •• " ,,~ ~-.~., ~. ", .... <"., .......... ~" ...... , ...... ~ ..... ,.-,,,. .• ,_, .... ~, .... ,. ,. ,. ..... ~ • .".. __ >>i' __ " __ ... _ .. ~ •• .....,., ...... • ...... ·h.' .• , .. _ ........ " _ ... ,......... ~ R ..... ' ....... - ,,"~""""''''' __ .'''' ~ •. ~' ... _ .... , ~ .. . 

.)«M)=Rl 
V(M)=PHII 

. \ 

IF(YXV.fQ.l) GO TO 10 ... _ .......... __ .. 
X(M) = Rl ~ COS(PHrl) • 
Y (M) = R 1 .. S J N (PH T 1 ) .......... _~ ..... ~ ..... , ................. : ......... "" _ ...... ",...~ ...... , ... ~ .. _,,,, .... _ .............. ,.,, .. .,.._ .................. ,_, ............... ___ .. ,._ .... ~ .. , ......... _.;_ ............. _ ........ " ........ ,._.~._~~: ..... ,_ .... 

10 IF(KIND .EQ. 1) CALL LINE(Rl gPHI1,R2.PHI2,NINT,N) 
IF(KIND .EQ.?) CALL ARC(Rl,PHll,R2,PHI2.NINT.N) 

C HAS REGION BEEN CLnSEO 
20 IF«R2.EQ.RO).ANn.cPHI2.EG.PHIO» GO TO 1000 

RI = R2 
PHI1 = PHI2 
CALL DATA(KIN091,R~'l.PHI2.1gNINT'1) 

IF(KJND .EO. 1) CQLL LINE(Rl,PHll.R2,PHI2.NINT.ij,' 
IF(KINO .EO •. 2) CALL ARC(Rl,PHIl,R2.PHI2.NINT.N) 

IF(NPTS(N) sGT. IOTM) GO TO 25 
GO TO 20 

C DIMENSIONS HAVE RE~N EXCEEDED 
25. P R I NT 26' N P T S (N) 9 I 0 1M. , , ........... ~. __ ~_.,_~_ .. ,._ .. "._ ........ " .... . 
26 FORMAT(III~ f)IMEN~IONS OF ~ ANO~-E~~~EDEOi)~--~~TS·~·~I5 

4t.. oM A X ALLO wED I <; * I 5. II) .. _. _ ......... _. __ ............................. _____ .... _ ... _ .. ___ . __ ... _ ... ___ .. _ ...... _. ___ ._ .. _. ______ ... _. ____ . 
STOP 

""-"} 6 0 0 ·tONT i NUE --... - ........... -.. ------- ...... ----...... -.--.-..... -----.-.. -.--.. --------- .. -------------- ._ ........ -_ ..... - ... -.. ------.. --.--... --....... - ... 

.... 

C 

C 

C 
C 

700 CONTINUE .... __ , .... , .. "....._ •. ,_." ' ............ , .. _,,_;._ .... -.:._ •... ,..;_.~,_. ___ . . _=; ...... ~ ...... ~ ....... ..:.. ......... __ .......... __ ., __ ... _ .. ,.~" ... ,, __ . ...:. ... ~. •. __ .•••. 

CALCULATE' CO IL·A·RE A S :"ANci~ CURDENS' ..... -----.-... - ....... ---.. - .... -.... -.-........ ---....... -.... ------.-......... --... --.. - ... . 

00 18 I=l,IGRP 
FIRST AN!) LAST PTS' ARE S'AME .0 SUBTRACT 'ONE"FROM ·NPTS--·-.. · .. -- .... ·_ .. ·--.... _ .. ·-·· .. --·_-·· .. ··_·· 

. NPTS (I) = NPTS (t ) .... - .. 1 ............ _." ............ " .................. , ................. _ ....... __ .................. " ........ ,., ......... __ .. _ .. _ .. ~ ... _ .. _ .. ___ ...... ,._ .. __ .. ___ ._._ .. . 
CALL ARE'A(A,t) 
CURnEN(l) = ClIR(j)/A .... __ ""'_". 
PRINT 66, ClJRDEN(T) 

('6 FORMA T (/a- CUROEN = a-Ei 5. 6a- A/CM2*) .... _ 
1R CONTINUE 

CALCULATE Z AND 7STAR FROM"X 9 Y PA IRS .. --- .'_ ..... _- ... >< ........... " •• "" --.'"--.. ---.-.-.~--- ... - ... - .. -.~-........ -".-_:-

ALSO 08TA IN NORMAL r ZING RAD IU~ .FOR MlJ..L T IPOLES . ~. __ .. ____ ._. ____ . ___ ._ .. _ ......... _ ... _ .... _ ... ___ . __ ~ ____ .. 
RNORM = 10000.' 
1ST = I'J P T S ( I G R P ) 
DO lq 1<= 1'IST 
R = SORT(X(K)~X(K) + V(K)oY(K») 

\.,I . 
• - ••••• _ •••••• - ••• ___ ," ______ ". ____ ._ ••••• ,_, ._. ••• .._ ••••• _0 •• _. _____ • __ • ___ .~. ____ • _________ ._. __ •• _. __ 

IF (R ~ LT. RN,ORM) RNOPM' = R' .... - '"". - .. - .I-· .. -'-·,,~-,--.----..... , ....... -~--, .. -.---.~~,-~.----.. ~_ ... '_e ___ ·' __ • _______ .... 

Z(K) = CMPLX('l(K), V(K» 
ZS(K) = CMPLX(X(K), -V(K» -- .. .. -.... ..:.. .. ~ .... _. ---- - -_ ... __ . - - ... --.. ---.. - -- ~.-~.-- .. --.... ~- ............ - --.-~"-"~ "---_.-- : .. 

19 CONTINUE 
IF (RN. G T • (l.) - RNORM'-::I RN" -..... -... ------- .......... -- ---"-".---'.' .-..... ----.-.- .. ---.-..... --...... --,-.. - ... -.. ---.-...... ----.--.-.-.--

SET UP ED I T GR In' ...... '" ...... -............. -"'.-..... - ........ -.--.• -... ---.".--.--..... ~.--_.-•...... -... _- .. _ .... - .. _-_ .. 

PRINT 602 .. _ .. ___ ......... 
FORMAT (/ I I flo DATA CARDS READ TO - SET'UP'GRIO"-ARE i.. I STED REI-OWo I II) 
CALL OATA(NX,l,xol,l.0ELXO.1) 



~, 
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c 

3;\1 

302 

3A3 
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CALL 'OA T A «NV. l', V (; i'~-:i"';"OELY()~"i )";":-'~"-'-"-' : ... ___ ._I_._. ____ .~, ...... ---, •.. , ........ ,-

XfJ = XOl 
., ,-,. :" '-"'.""'''1'~-'' .,_., .. - ...• ,._" ........... ~., ........ _"'"-..-:,.~~~ ... , •.••. :..""".~ w .-~.--." ,,' ,-, ........... - .... ' •• ". ,,_ .................. ", 

Y P = Y 0 1 '. '..' ...... ,_.' .... _ ......... "., ..... ;.~.~_, .. ~ ..... _~ _ ..... ~,_._,_ .......... _" .. "'~ ... ~.~ .~ ... ~ ____ .; .... :~ __ ........ , .. "_:...., ... ; '''' _____ .. . .......... __ ........ ___ ._ ........... , .. __ ... . 

. ROT = CMPLX «f). ,j • )., ..... , ............ ~., .................. _ .. : .. ~rL: •... : . .... ~ .. _ ... ~_._ .... ! ___ ..... : ...... _ .......... _ ... :. _ .. _._ .... __ .. , ......... _..., . 

PRINT 301 . . . '.' . . . . ' 
. FORM,., T (l Hl ... MULTI POLE. ANAL VSI Sa.lll~._ ... _: .. _ ... _N ..... _'.~.~.: .. , .•. _: ..... __ ~.~ .•. _: .••• _. ____ • __ •. , .... ___ ~.-:.._ .. "_ ........ _. 

PRINT 302. RNORM . '. . 
FORMAT (2X,"THE NOR"1ALIZING RADIUS lS*.9 ... Fio.4 ..... *CM .. /I), ....... ~'"_._ ... ___ .... _ ... _ ................... ,. 
PRINT 303 
fORMAT(47H ~STAR.= SUM.OV£='.R N. (.CN~« CZO/R)_~_**. «N~U .. j.L ...... _III) .. _ .. _____ . __ ... __ .... 

c': 

00 11 M=l.lO 
ANY EXPRESS I ON fOR MUL T IPOLE ANAL YS IS' "( IPOWEQf'MAV BE"StjRST T TUT~D-.~'<··-·<-'-·- --,..,. 
FOR THE GENER~L ON~ USED BELOW 
IPOW~R = (NCOIL/~)~(2UM-l) 
HSTAR = CMPlX(O •• O.) 
DO 899 t=1 dGRP 
CALL SlJMMM(SUMo T. IPQWER) 
HSTAR = HSTAR .... ClJRDEN(I) .. ·O.i .. ROT~SlJM .. • .. ·"·"···· ........ '··"·m., ... ""' .......... '.~ ••. ~ ....... " ... ''' ......... - ...... -~-..• ~ ......... -" .... -.-

R99 CONT J NUl: . '.. . 
HS! (I R = FLOAT (NCO 1 L) .. HS T AR * RNORM ...... ·-.. ··~· .. -.. -·- .. ·--·-· .. · .. •· .. · .-.~~-- .... - -.. --,"--.-.. - .- .. --.. -........ 

'PRINT 300. IPOWER, HSTAR .-,' ~ .. ,-" .. :.-.-":' .. :;..-~: ....... -... ..-:., ......... ,,".-~-.-----' ........ ..- -_ ... "'~-.. :---..•.. --.. ~- -_. -~--... :-: 

.300 FORMAT(/" N = "'3. lOX, *eN = ~ 2E15.6) , ' 
'~,,:.:, ... i 1 ,'" CON TIN U E ... ~ '" ." ..... " .... .... ." ., .. , ..... " ....... ". ~........ ,'. . ................... "" ......................... _ •. :.~.;" ... ; .. _._ .,~'" .. ""_.~ ........ ";. ....... _"_---......;. ~:~~M"._''''_'' __ '~'' 

" !'" '," . 

: " ~.' ~ ,;, ,. 

00 SO 0 J= 1, NV .. ,,' •. ~_ .. _ ......... _ ....... ~ ~,_ .. " __ ._._"_ ... __ .. __ ~.,, ...... '""._ •. _ .. ~,,_. __ ... ~. _ •. _ ... " ......... ~ .... _., .• ~ •• __ ._~ .. _._~ ____ . _, .. 

DO 501 JJ=l.Nl(' HST J\R = CMPL X (0 ~.~ 0":'''-'-'--:-''' -.. --_ ........ _-......... _ ... _. ---- .......... --.. -.--..... -.......................... -...... , .... _ .... _ .. _ .. - ..... __ ............ -.. 

00 499 Jy = 1.
N

COIC .... c .......... - ........ ' ........................ c_ ... __ ._ ................ ___ ....... _ •• _ .......... __ .......................... '-. ................. ,- .... - .. .. 

KNT = JI + 1 . ' . . . , . ..,., .. ~"~,, .... ":'. ' ."\"".' ... J\u.,· ...... ""' ... .., .. ' ............ ,. .• -.-., .............. ~ ........ "' .•... ,L .... _ ........ , ..... ,-.... "' • .-.. .,..· ... ,.·.·~r·" .... I1-" .. =- .... , .. -,. r ......... ~ .............. ..,: ............. , ... ~, .•.• ...... ..-~ ... - .• "T~ ...... n.o.--...~ .. __ ~ ........... -__ ~"-~ .. . 
. ISN = «IALT)*~KNT" : '. 

ANG = FLOAT(Jt-l) .. ?~PI/FLOAT(NCOIL) , ROT = CMPLX (0. ,-ANr,) ". ~ .. - .. -.-.: ... - ... :.-.-----.-.. -........................ : ..... - .......... --_ ......... _ .. _ ..... - ............... - ... .. 

70 = CMPLX(XP,YP) 

Z 0 = Z t) * CE'l( P (RO T, ........ ' •.. M .. ' .................. " ........ ., ................. _ •• "' ... =_., ..•.• " ... _._~, ..... _ ..... '''.'' ..... Mm ...... ''' .......... " •• _ .... _ ..... ~_~~. __ .. ,~ .... "'_.~. __ "_.~ ... _. 

ZOS = CMPLX(XP 9-VP). .' .' . 
ZOS = ZOS .. CEXP(RoT) • .. . ... . Xo = REAL (ZO) .... _ ............................... -................... -- .............................................. -..... - ............... -." ...... - .. --....... - ............... --. --......... _ .......... . 

YO = A!MAG(ZO) 

DO SSO l=l,IGqp 
CALL SUMS (SUI-1, I) 

IFCCABS(SUM) .EQ. no) GO TO 77 
.. -. - -.--- .. ~ "--.~- .. ~-.. -.----." .-........ .... ....~.,.- .-" .-.. ------_ .• _ .. ~-.,....: .. -:-.- .. - ''''--.•.. ''""_' __ '- _.- ... 

SUM:: SUM" CURDF:N (I) * CEXP (ROT) *' o. f '" .......... -........ .. 
HSTAR = HS1AR • SUM"fLOAT(ISN) .... '. .- .... . . .' . ",_., -, .". .-..,' ....... "" ......... ,. .... , ................. ,~ ...... ~""' .. _ ............ _~ __ , ....... ~ ... ~ ."_l_~_ .. ''''_ ....... · .. _ ....... _· ~_" ___ "" ____ ~_'_"_ ,_ ...... ____ . __ ,_ 

550 CONTINUE 

4QQ CONTTNUF' 



... -.:.-

.. . 
. "" . -:-7'(,:', . 

:.':14 •. ".':. UCRL.18378 

= REAL(HSTAR) 
= -AIMAG(HSTAR) 

RX 
8'1 
8 = SQRT (8 X"A)( •. ' F3 V~RV' "", ...... ,,: ........ , .. "."_ .. ~, :~~ .. ~",;.~:..:_ .... _ ... _ "~ __ .~''' .. , __ ..... " ..... _.",._ .. :." .. _ ... .. 

PRINT 200, xp, vp, ex, BY, B 

.j<' 

200 FORMt\TC/IOX, 2FIO.4'5X~3(ElS~6·~-ix») 

77 
202 

78 
Sol 

500 

GO TO 78 
PRINT 202. Xp, vp 
FORMATC/IOX,~FIO.4~10X" 
XP = XP • DELXO 
CONTINUE 

XP = XOI 
YP = yp • 
CONTINUE 

END 

'< ' 

" 

.... ,. -

• 

EDIT PT IS ON COIL AORY") 

-,- ............ --, ,' .... ,.. .. -.. ".,,---.. ~ ... -~.--~.~~.-- • _.~_, •• _._. __ ';'"' _ ....... ~._... ...,' •• M • 

. . . 
__ • __ •. ~ '-_ .•• _.~":"~_._ . _"'~k" __ '_ .• ~_'~ __ ...,...~:_.~,_~ ____ .~. ___ ., ~ ___ ~_ ....... ______ ~ .-~-

~-......... ,.- -.", ... - -- :-~-.-~-.;.....-.-:--'-.--,-.---.-.,.... "'":"" --.• ..: .--~. '-.--~' .... _--._-_ ... -------, - .. ~.--.-.-':-----.. -- ---.'_.-
. t,···· ;' ,.' 

,' . 

..• ....:...... "::':'.-r:"-:" • ..t..:"_ ... ~~-.... ,-., ...... ;:... -." "~~-:--"-;-'.-,'-~'-'- -" ...: ..... ' •• ~--... -.-.- .. -.-•• - .... -., ~:-"-""'-'-'-....-o:.~~~ ...... --. "-- ... -. \~-.. ~-.... :~.:-~-~ --------
.' .... ··f,:·'· 

' . .'; 

. ---.------... -..;..':., .. - -.,-.:. .. -~-~; -.~=--~~.-.----~- .. -.... --.-!--~ .. ~~'--'-':"--~-'----7''':'':--'-'-'--.':'''--': -.:...---... --. ...:.:.. .. ~----.---.-.---!._-- -.---... -.---:.----:--- .. 
.. •• ' -.', .~_ I 

; .... ' .... ', 
_ -... •. ..,_.'"~J __ • __ ,...;.., .. _;. .... _-.... ~ ... --; •• - ..... -- .... - ...... __ ._ .. _ .... ,. __ ........ _'l~ .... _ ... -.-_.:."'~_I..-..:_ .......... ___ .-. ...... _ ... _ .. ~~ ... _._._ ... __ ._._, ____ ....:.-"'_'''''_ ... __ -~ ... "' ..... ......., .. '" 

."-.;' 
........... ;.. ...•. ,...--. .... ~ 

.'J.' ", 

....... -- .. ...:..----,~.-~~ .. ---.--~ ......... ,. --... -~- .... _ ..... _._---_ .... _._-_.,. --------------.- ---_ .. 
, 
"'. 

. . , 
, .... ~ .... ,_",_ ......... , .... , ....... ~',> .. "" ••• """ ••• , ..... -_ ,.,. .......... ~ •••• _ ..... _ ..... ' _, , ..... ~"" ......... ~ ." ,~"jI'_"(I>" •. ~..,,, ....... _"'., .. , ........... ,'1iO>~ .• _ ... ""': ..... __ ... -...; .............. ,-..-J ... ... "' ........ _~ •. """"_'_"'.<'" ....... , ....... _ ....... , ... _ ....................... u .. 

<~ .. ' .:.., .......... ...,.. < .. , ... ~ .. !'<~." ... ,~ .... ~, .... " ... -r •• ~ .. , ....... ,. .. , ... ~ .... ~ ....... '" ,- .... __ ., • .-- ... ' __ .. ',. • .... __ .... ~ •• ~ ....... _....,""""'".~ .......... ;'~' ..... -A .... ' ...... h .............. __ ...... _ ..... _~.~.~, ...... ·, .. ,~ ................................ _ ............ • .......... _ ,.-., 

._, -.,.A, .~ •• ~ •. , ~ __ ~ ...... _ .~._~ •. R __ .~._ •• _ ... . . 

..~. ,,~ ...... ..- ....... ,. '- ··"'·,..." ..... ~·.T .... " .. , .......... ' ....... _.,''''~ ........ '~''''.I .......... ~'., ",,,,,,, ••• ,,~,,' ,1'1./_" _ .... "'>t ••.. ~.~." .. ~-._.-._ ... _ ...... ~ ....... , ___ ,, ... .;;;""'~ __ ....... ,,~ •• --;0-.-------
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UCRL-18378 • 'Ii" 

SUBROUTINE AREA(A.t) 

COMMON/RDRV IX (2000) • V (2000) 'N~TS (5, • Z.<20 0 0" ,Z5(,2 0 00 )"_, ..... _ .... ___ ,, .. , ......... ,. __ ... ___ , ___ ......... ,_." 
COMMON/GRIO/XO,YO.70.Z0S 

1 
2 

IF(I.EQ.U GO TO 1 
IS 
GO 

IS 
IE 

ASl 
AS2 
A 

JS 
JE 

DO 

AS 
A 

= 

= 

- NPTS (I-I) + 1 
TO ? 

= 
= 

= 
= 

:3 

= 

1 
NPTS(I) 

= X(lS,U(V(IS + 
= X(JE)"(Y(IS) 
ASl • AS2 

IS + 1 
IF. 1 

J= JS. JE 

X(J) 
A • AS 

(V(J+l\ 

3 CONTINUE: 

A =A 

- V(lE» .. V(IE - 1» 
r •• ~-. 

.,...., .... -" 0""" "~"'." • " ", ........ :t '" .. ~ '. ," 

- V (J-l) ) 

,. " ",~"".",,';" ....... ., ... ,. ~.-..... H.· •• ""~J • ~ ..... , .... _ ., .... ' ......... ,,"' • .,. ~ .~"."", " .... -,"" ...... "r'~"" . ,,~ .... ~.-- •.• ~ .............. ~,. __ .~ _. '4'"'''~ ...... t ......... ..., ... _, - ... ,-"" 

__ ... _ .. RETURN 
END . '".:' 

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

"" 

..• -- -~-.-- ...... - ~ ..... -.~-.:... ...... ~-.-•. -~ •.. -'--- -.- -.' ... ,._.,j- ~--~-.......... ~-.... -'--'~-' .-~ .• - •. ---.-~.-.. - ~-~,.~ .. "--' ._ .•. -•• :.-.~.--... _-_ .. ,' •• _ .•. _.'_ •. _--•. _---_ •• -_.- .. _-

.~_~~' ..... _ .•. "~ •• _ :---•. _~ .... ~ •..•• ~-' ••••••.•. -- c··· .. _ .. _~_" __ ·~· •. _-. __ ..•• -. "-_"'." __ ' •.• _ ••.•. '--',-:~--"-"'-- .... 

. ....... ,'. " " ., .. , -. ~ ." ,,, " 

~.< •.•• ,., •• ,. • .. ~ ......... ~~-,,,,,. • ~ ~ ~ ....... ," ... - ........ ~ ... _.,."" '~' .... I ... · .......... ,.·, .... "., .......... ~ .... ,". _ .... _~ ..... ~ .. , ... ~~.,.. .......... ,.~.~<, ........ '_ ....... -.. . .-"._ .. , .. - ..... - .. -'" 

--,:. -- - " .... "'-"'-". '-'-" .-.:-. __ .--_._-_ ... -.--

,,~- , ...... , " ..... ' ... '., ·· ... r.~·~ __ ·, .... ~ ,,", ....... , .. _ ..... _ .... '., ... ' ..... ~.IW»· .. _ ... _"' .. , .......... _ .......... ,.-.,_~u ...... ____ , .. " .. ~" ...... , ., ........... _~, ..... ,_,..., •. _ .. _ •• ,,_, .... '*'_ .. _~ •. __ .... "' __ • 
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SU8ROUTINE SUMS(SUM.I) .. 
. _. - ....•. -~.- -....... _.- .. -.... ~. . • ..-. '.'~' _. *._-- " -~---" .• • _. 

COMMON/ADRV IX (2000' • V (.200.0 ) .. ' ~PTS( 5),. Z e 2000 '- •. Z5.(.20..0.9J_ .... , ___ ,. __ ~_ .. _ ... _,_,.,_._ ..... ". ___ .:. ","" 
COMMON/GRIO/XO.v6'70.l0S 

COMPLEX Z. ZS. ZO.,0S 
COMPLEX SUM, AS 

SUM 
AS 

= CMPLX(o •• O.) 
= CMPLX«() •• O.' 

I F ( I • E Q. 1) GOT 0 1",.._"." " ",, __ 
IS = NPTS(I-i) + 1 
GO TO 2 

1 IS = 1 
2 IE = NPTS ( 1) 

IF ( C A [3 S ( Z <t S ) - Z 0" ~ EO .' 6 • 
.. TO ~ 

.OR. 

SUM = «ZS(IS)- zr;s 
AS = «Z5(1£)-Z05 
SUM = SIJM+AS 

)/(Z(15)-ZO »"CZ'I5+il-ZeIE» 
) / , Z <l E) - Z ° " ; T" ( Z ( I 5 , - Z (J F. - i ) ) 

JS = I~ + 1 
.-~-- .... -.. ._- - -

JE = IE - 1 
~'~""""-"=~'''DO 3" j ~ "JS~""-JE .-<, ........ '" ~~ •• " •• ,-.,." .. "._ .• 

~'~ '-''':-----'' IF C tASS CZ(j f-','';z n r.~·;·E(f.-·-(j';j:""~·GO·-·tO·-"8 -..... "-.-.---.. -"------'-.".~.:~-'~-- ""------"--":-:---"---.-.- ",-_. 
_.~ ... _, ... ~ ___ . ,AS,=,,' (Z5 (J).~ZOS, ___ ... :JI CZJJ),~~O._."J)" tZ_'-J.l ),~ZJj~,l U .... _. _____ , ___ , __ . ___ ~ ___ ... _,,· 

SUM ~ SUM + .. AS . . .· .• '_." •. 1,..,. .... · ..... -. .... -......" ................ ,.. .. _ ....... ,..· ... ~_,~~.,_.,..~~ •. __ ....... ·· .... ,·----.. ..... <'.'"_I-... __ .. ~"' .. ~ ....................... ,.~ .... w-..-~, ... ""~.t" ...... , .... ___ .. ~·,._. __ ..... __ ~_......,...'."'·_ .... .-.... ~ 

3 CONTINUE: 

SUM = SUM" 0.5 

RETURN 8 SUM ~ CMPLX (0 •• 0 ;"'," .-.. ~-.. -."' .. '.~ .... ".-" .. '"' .. ''-'-.. ''' _~.·_" ... = .• ~·,·~".· .. ___ ..... n" ____ ."~_ •• n .. _____ ._""·"._·""".""""._-'-""---""" .".""---,,.~--

RETURN. 
END 

. ., ~.,~, ...... ~ ... ". '.'_ 'M"'~''''.· " . .,. ......... ",. i ....... ' .............. "OJ •• _ ,~,., •• , ..... "' .. A .... " .... " ....... .,. ......... ·~ .......... rl •• ,., ..... .J"" ~~._ ..... '.0."'· ." , ........ , """., .... ;.,. • ... q, .... __ o.- .. , ........ # ~ .. ~ ............ _ .... ~."'~ ..... _._~ ..... ~ .... _ ....... ,~,_, . 
. t-~.··· ..... _1.~.~ .. __ .. ___ ._ .. , ,_ .......... ~ ..... ~ ..... __ ._ .. ~~~~ .... _ .. ' .... _ ..•. o. _ •• _.M.~ .. ____ .. ·._ ... _ .. __ '._''''' ... __ . __ .. _ ........ ___ .. 

. "-'., .-,~ ....• , ..... "'~.'- .. '".''''''' .,' .-.. - ....... , .......... ~., ... - ..... , .... " .. ~"' •.. ,; ... ~ ........ ~ ........ >:., · ........ W.M ... .,.. .......... _· ............ ·,_-.. ...... _ ... ~ ........ " •••• ~'-•• "'~ •• -..._ .. _._ .. _, ....... _, __ ._._.-..., ••• _~ __ ._" • 

• ....... ,.,." ... " .... ~ •. ··."' .... ··"·._ .. ~ ... • ... 4'., •• ~._~H ..... _ •• " ___ .. · ................. _ ...... ~ ..... ,_ ......... ~ .......... ~ ,,_ .... ~, .. "_ .•• _.~ ..... < ...... _,, ••• ~ ............ _ •• _-_ ...... _. ____ - •• 



'. , 
-17.-. 

SUB~OUTINE SUMMM(SUM, .IPOWERL .. _ ..... 

COMPLEX Z, ZS. Zij.70S 
COMPLEX SUM. AS 

.•• , ~_. ~ ._._.~ " ~ .. ~_~_ •• _.-:._ •• _ w., _____ .• __ .• ___ • __ ._ .••• __ , •••• _ ••••. __ .. ~_ • __ ..• _ •. ___ , _. _ .. _." _ ..•• '. ,-,_.", ____ ._ •. 

SUM 
,tiS 

= CMPLX·«(l.·.O~) 
= CMPLX(O.,O.) 

, 
.•.• ".u.'V· ... ;. ".1,. ....................... ",:..; .......... " ....... '. .,1" "',,,. ............... , .... ,.,.., ........ "' .. -..." ......... " .................. ~ .... " ...... ¥ ...... t ...... c . ..-I"'""·.·~ ... ~ ......... ,,·. _.,_._ .... , ....... ,'1' __ ............ __ .............. ' ........ "'~ ...... ,,-........ -- ... 

. . . ,"-- ......... __ ..... _ .. - .-.-~ _.- ....... -., --..,,-_., .- . . ~ ' ... , .. ~ ~ .. 

. ' .. . : .;;'. 

IF(r.EQ.i) GO TO 1 
,., •• _, ._.; •. _ •. ,~._ J •• '~'. 

IS = NPTS (I-i>. + 1"." ... ~".:,,_.,,:,; .. 
no TO 2 

1 IS = 1 
2 IE = NPTS(I) 

. . 
'" ." •.• _ .................... -.,..0..... '_";,,,~ __ ,_._.,,,~._ ..... ,, • __ .. __ '., ',"'_' __ " __ .. _.>0. __ .... __ ...... _.. .... ____ .•. ,_ .... _ ... . 

• ' .. ~ .•• , ••.•••• ' ~ ..... 1_ ..... ~ •••. _. ~""N"'._"_"'~"''' .~ .. _.~., ............ -... ......,;.:.' .......................... '"""""~ .. , .. , .... ~ ................ _ ... __ ... _ .............. , ....... , .......... ~ ................... ~ ....... --~ ........ ~. 

'. :...."..,; ..... , .. ' .: .•... ~ .. -.. 

. ... ..•. .' '.. ." .,.. 1'" .......... . ... - ..... -.: .. :...------.:: ............ , ... -- ..... . 
SUM = «ZS(IS)/R)((Z(IS)/R)~~IPOWER»~(Z(IS+l)/R-Z(IE)/R) .'. 
AS = « Z 5 ( I F.l/R) 1('( Z ( I E)IR). ~~.I POwER »" ~ ... ( Z (I S) /R.-Z ( j E~ 1 ) IR)._". __ ......... ,,: .. _· .•• ~_"'_"' __ 
SUM = SUM+AS . 

JS = 
JE = 

15 + 1 
IF: .. 1 . ,.,". ..._ .. _,_ ...... __ ._ ..... __ ..... _ ..... _:...._ .... " .. ___ ". _h. ~'''''''''' . _____ ._ .. ..:_ .. _ . ____ .. _._ --'_ .. _.~_.~ ..... '_." .•. 

3 J = JS,'JE' . .' . • ' '.' ,_. , ............... '. ~ ... -_ ... ,",......,M.~ ._ ...... ~: •. TO , .. ' ...... """"./, ...... ""\ ......... 1\" ..... _: • • _K·_~" ' .. "' .. 'u_, .• _..--. . ..,...,... .• _ ......... -.;00 .... _ ............ , .. , ..... ~ ...... __ ~ ....... _ .............. __ ......... h!O_l ..... __ "!·_~ ...... _·,.,.· ... ·_~ ....... . 

AS = «ZS(J)/R)/«l(J);R)~*IPOWER».(i(J+l)/R-ZtJ-l)/R) 
._ ......... ____ •• _._ '._ ..... <. .~._ •••• ~. __ ~·_.:t __ ,' ....... " .. _.~ ..... ~ ...••. *. ,_._ •• " ___ "'_'_~ _____ ._ ••. ____ ._--. •• - •. ____ ~ __ ... _._ ' .•. 

I:' 

" . SUM ~ SUM • AS . \/ ". . ;', ;. 
_._~. __ :~ •• __ .___ •• _."_ __ _~ ___ ......;._:--....... _~ •. _. ___ . ~f.... ______ • __ ~:_._. _ ..... _. ____ • __ .. __ , __ .-:.._"""-_.:. ... _ .. ,._ ....... __ .... ~ ____ ~. ___________ .. ___ -:--__ -=-:-___ _ 

; .. , 

~ .d' ._ ..... _ 3 . CON TIN U E . "". ~"""_,",,,; ~ .. ~ .. ~~.,;,,~*:,~...:~ •. ,~. __ ._;_;..~~:_.:.._.~ .... ~_: __ ..:. .••. .:.....,; __ :.._.;.,... _ .... '.". ,.* •.•. _ ... _~_ .... _.-'- ____ .•. __ ., •. "~.~~.~_ .... ___ • 

".! 

. '. .. . 

SUM :r SUM ... 0.5 . " 

..... -... -~.-': .... -.. :-.~-- --'-' .. --:.--~ ... _._ ... - ... _--------_ ...... - ... -_._--' . ...:...~ .. : .. , ... -.. ..:....-----... -- ... - . .."..-.-.. - ._.-,.--_. ----_.---_ ... _-
RETIIRN 
ENO 

-_., .. _.-......... "." "'-- ...... - .. - .-.. -----.-.. --.... ~ -". - :.. .. - .. , ... --:-:-- _ .... ---.. ............. .--. ~ .... :...'"'-.... -.. --_ .•.... _ .. _---_._-_ ..... __ .. ~ .... -.-- - ...... ----.~ .. -.. - .. ~-.. . 

./ . . . '. ' 
._~ j....... .... ~ .... t ......... ~ ... ,,.,. ....... ~,._ ... ,._""" ·fl.~.·H" .... _:", · ...... 'H,.. .. ·~· ....... "' ... ;--'·· ................ -~-.. _".-...... " .................. H ......... ,.-.~....-~ ... ' ....... " • __ ._ .... ___ ., ........ _, _______ ........... __ ~_"'.'.~.-... 

. . 
-.-.......... ' .-........ - •• ~ •• - ... -- ............. , .... ~." .... __ ........... _._ .•• ___ • ____ .. ~._ .... __ ._ ..... _ ... ___ ........... "'l-'. ,- .. "-" ...... - .• - ...... -_ ..... _ .......... ~ ..... ~ ... -"'.-.. - ••• -_ ••••.•• __ • 

..... • _. , ....... _ •.• _.~~ ___ ... " •. __ .. ~. ~ ~._._.MM_ ....... '.M .. _ ......... :. ..••. _ .. _._ •. M ....... __ ._._. __ ..... _. __ .•. _ ..... _ ... _.M •• _. ____ ." ..... _._ ... ___ ._ •. ~., ~ __ • __ ~._._ .. ___ • __ .. ______ _ 
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.... SUBROUTINE LINEUU.P Hli,R2,P'HI2.NINT,N) .......... ", ...... _ .... _ ... _ ............ _ ...................... .. 
COMMON/RDRV/X(2000).V(2000).NPTS(S),Z(2000),ZS(2000) 

'. _'.".'" COMMON/GR I 0/)(.0 , YO. Z.O, Z OS ...... _ ...... " .. .. .. .. "' ... ~" .. ,, ... _ ._" ...... " ... "" ........ _ ... " ........ ,,_ .. _ ... _ ..... _ ... _ .. __ .... ___ .... " ..... ~."_ ... _.~" .. _,, ... 
COMMON/XY/IXY 

•••• 4 __ • _~_. ___ • ___ •• _. 

lEND = NPTS(N) 
X(IEND) = R2 

+ t>.IINT 

Y (lEND) = PHI2 
IF(IXY.EQ.l) GO TO 10 
X(IEND)=R2~COS(PHI?) 

_, ...... ,~ "" ." .-.1"0"-",.,... '''-''." 

$ Y(IEND)=R2~SIN(PHI2) 
- .•.•.. - .............. '--" --_ .. ----.... _ ..... ---_:._.-. --.-. ..... ----'-- ... ::.- .-. ...:... '-'" ;: 

10 NN = NPTSCN) 
xoIFF = CX<IE~D) ... X(NN) ......... )/F'LOATCNINT) ... __ 
YOIFF = (Y (IENO)- Y (NN) ) IFLOAT (NINT) 
NSTART = NPTS(N)+ 1 
11\ = lEND .. ,-
001 r=NSTART.!K .... 

x <I) = X <1-1) + )(I)TFF 
Y .. ( I) = Y (1 ... 1) + YDrFF 

1 CONTINUE 

IENI) 

.- .. ",,- .. ,-., ........... .,.;, ....... .. 

• ~._-;._. __ ._ ... ~ "on,,:", _._ 
NPTS(N) = 
RETURN 
END . . ...•. _ •. __ .. ~. _ .. " ..• ~ ~~ .. ~ ..:. .......... ,~.~ •.•. _ ..... ~.:.: .. _ ".. _~_ ............ , ... ~,,_:.._~~.~:.'_, .. •• _ . .i.. ........ ~ ... ~ .. _~_ .... _:.. __ ~_ ... __ ~_"~ __ •... _. _ .. _ .. ' .... _ : _______ : __ ~ __ .. _-_ • ..., u __ 

.. ' 
. } - .\ 

, 

.:.~~ .. '...:.--:_~_~_:~ ... ___ ._ ........ __ ._. _. ,. ___ . ___ ~ ._ ,_~,_.:._:,_ ... --~._ ..... - ... ______ . ____ --:~ .. _ _:.:.._., __ ... _____ --! ____ ~.:...-.-.. -.-_---__ --._~;....--_.-_. _ .. ___ ______ .w 

" ~ 
:"." 

, •• ; .. ' _t·· ! \ 

,:. ,-- , .. -~ '.----... -------~- "--' ---- ... -~~--:--:., .... ,.:.. .... --:, .. -.-:. .. -,.-.--.:-~ ~7-- --=-----:-------.--:-----. .---.~-~-.. '--.:....-.:-.----:-. -------'-.--.---;.------------ -.--
" t ' 

'. . . 
••• ·w _~. __ ...... ___ • __ •• __ •• _ •• ___ .... "., __ • __ • _____ •• ___ •• _ .. _ .... _ ... __ .'-..... _"-___ •• ___ •• _ ... ~. __ • __ • _____ ._ ....... ___ ... _ •• __ ._. _____________ • ____ •••• 

---'... • ........ , •• __ •••• ,. ___ .~ ..... .:. •• .:, ....... • •• r ........ ~ .•• _ ••• ____ ......... " •••• ___ ". -:-- .. __ .. ~-,--...... --. ~'--:,-.-- ,.-.---, ............. -- -.'"'--''' .. _---- .. --.. ' ... ----~ ... -~- .' . 

. ,.. . _ .... "~'. ~. __ .... __ ... , .. ". -.. : __ .~_ ... '.'. __ ~_ ... _.,~ ... ,. ____ ,._.~ _ .. :.. __ .... _ ..... ~_ ...... _~._ ~:.._:.: .......... _ ...... ::_ ~ __ .... _._ ..... __ ... _01._ ... ___ . __ ..... "_ .. ~ ... ___ ... __ .... , ... _ . 

... ,~, •. , •• '''','' ....... ,~. "" .... " .~ •• '~ • ~. ..'-",_,,,, ~.~~ .. ' ... , ... ,.. .. , ... " •• u .. ·_." '" ." .......... AI~ ...... --:.~· ......... .-.,·, _ ~,''''.",,,,,,,,_~,", ."'~~ •• _" .. ,< ...... '''' >,." ..... , .. -.-•. _ .................. ~ ., ....... ~ ...... , ... ""'. ~, ...... _ ....... _,..,.",~ ...... _ ......... ___ ..... _ ... .. 
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-,·.w_ ' ..... ~ "' .. -. .... - .......... ..,.. ... .:. .. "~'," .......... , ........ ~ .. , .. _.-.r ...... u" .... ':. _____ ' ..... """ .. -"-...... , .. · ........ ~1 ........ u._ .......... t:' .. h .............. ·' ........ ,.. ••• ~ ..... ~ .... _ ..... ___ ~ ..... _ ....... __ ..... _....; __ "' .. __ , ........... ,. _____ ................. .. 

.... _._- ....... " .... , ... _ .............. _. __ ._." ....... __ ~~ ... _ ·· •••.• · ________ .......... ' .. _0' _ .. _._ ...... __ ._ ..• _._ .. " ..... _, __ .• ___ ._ ... _~ ... _ ...... __ ....... --:.A ______ . _____ ._ .. _. __ . __ ._ 

. -.... --_.... ...... ''' ......... - .- -'--.. ----. -... .... .. 



• 
> 

'~.'" . 
C 

~ .~",'" I 

- . . '. . 

. " ...... :. -19-·,···'· - ... ,p' ': .. :UCRL~18378... f 

SUBROUTINE ARC (Rl.l)t·d i~R2.PHI2.NINT ~N)']" . 
COMMON/RORY Ix (20 (; 0, ,y (2000). NPTS (5) • Z (cfo'oo""~"is (2000; .... · ..... -_... -- . ..: ....................... " 
COMMON/GRIO/XO. Yo. 7,0. zos., .... ". .. ...... "., .... ' .. '., .. ~ .... ,~._"." .. _, ........... _ .. _ ... "' ...... ,_ ..... ___ ... _.".,_ ......... _ .............. , ....... _ ...... .. 
COMMON/XY/IXY 

.... IF ( 1)( Y • E Q • 1" GO TO 2 00 : .... " ..... --,,,.-................. ~ ..... _. '-"-'''''- ...... -._-- -- .................. --=-.- ........ ~---.- .... , .. -......... -.. ~ ... 
IF (R 1 • EQ. R2) GO TO. 2 ........ ..... _ ............. _, ., ....... __ ._ ....... ' ___ ..................... _ ...... ,. ,,,. __ .,, __ ..... _ ... """'''' ..... _ ...... __ ,,-- ... . 
pTS NOT ON ARC 

,.' PRINT 100. Rl.R2 " .. ' ...• , ............. , .... , ... , ...... , .. " ""'.'''''' ,' .......... ., ........... " ..... "",, .. , ..... w •• · • .' ....... __ ,, __ ,.· •. ;." .......... "' ........ _.,~."_,, ....... .. 
100 FORMAT(III~ FIRST AND LAST PTS OF SEGMENT nONT HAV~ SAME QAOIu~ol 

~~. R i = uF 10.4. ~ R2 = .. ~F 10.41 II) ,,__ .............. _._ ......... _._. __ ........... _._._ .... _. "., .... _______ ..... . 
STOP 

2 I) 0 P R I NT 2 0 1 .... , .. __ ..... 
'201 FORt-AAT(/II~ "1UST USE (R.THE.TA)COORD·SYSTEM·T6 .. ·t5~SCRIAE .. AQrS· ..... ·(I 

.. X Y "'1 A Y NOT F3 E 1) "II) .. . : . . ............. .. ..... ", __ ._ ... ,,' ............. _ .... " .......... __ .. '_ ..................... M ... . 

STOP 

2 CONTINUE 

IE Nn = NP T 5 ( f\J) + ".fT N T '.":"~-~'-""'- " .... ~ .... , -.- ~ .. -.~.- .. ~.~ ... -... ~ -.-.. _. ___ ,.~_.' .... ~'_""~.w ~:- •.• ~.~.-'" ..• -"-"-" ... _ .• ' - •••• ~.~-~~ -- - .• - •• ~--~~-.-.- .. ~-

X ( I t NO) =R2"COS (PH I~) , .• ~ $... Y (y END) =R2°S It':/(PH I 2J,." .. ,~ ... _.,,~,~~~_ .. :.~ ...... _ .. _.~.~ ___ "'_.,.~,_._ ... ,_._ ... : .. 
PHIDJF = (PHI2 - PHIl)/FLOAT(NINT) 
NSTART = NPTS(N) •. 1 
PHI = PHI} 
IK = IF:NO - 1 
00 1 I=NSTART.tK 

. '_' ___ ~"'_ .......... >~. _ . :.. ... _. ___ ._' ... ~.:'':''':''_:' ___ ''.'_'_M_'_ ••. ___ ......... :.,_.".;...,.. ____ . ___ •• _--: _____ . 

. . 
.: _ .. '" ' .... ,,',. PHI ~ PHI. PHI r) I F'- ... : .. , .. _- .... , .. _ ... ':." -. ~' ... --.. ' '-, "'-""-~'~--~""""-"'----'~'-"--"-'~"-'-:----'"-"-~""- .. " .. ~.~ .. --..... ~-... _ ... ,_.-" 

"~~ .~ .. ~. ~ : ~.t::~: ~~~.: :~:l :=::~=2~-~-:.:2::;~ .~~~ .•. .• :.·:=:-'~~.C.~~C_~~~_=·j=~_~:·_~:~. 
'.;.' lCONTINUE:'~ """ ':",:.' >".,"'!' . ', .. ' 

NPTS(N) = tEND .'. "".'" " . .'i.' ., .. , . ' " " 
...... -., M'_' •• , RETURN .. _~"~_._~< .... _ .. __ --:.~ ____ "._. __ .~_. __ ~.~_"~M __ ._ .. " __ .. ~_--.-~--.-

',.' 

.. END ....... _ .... _.;.: .. .:.:~ .. .:...::..: .. :~ .. .:.._, .. _~,~.~ .. __ .: ... ,._: .. ; . ..:.::.:~._._.~ .. '.: .. _. _____ ... __ .. _ ... ~_, ...... ...: __ :.~_ ... _~ .... __ ._. ___ .. _. __ " __ .... ~_ .. 
:' ... 
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~ •.•• _ .~ .... , _.~ •. _.,..~,~ .• ,~. '",,:0 .. ::". " .. ~"~. : •..•••. ~ .... _ •. _._ -', ..... _._.: .... ., ., .•..• :. : ._ ..... _.~ •. _ ........ _~_~~.:._~ •.• ~_~_ ... -': •• ,_ .• _ •. ___ .___ ..•.••. _~ ___ •• ___ ._ •. __ ~ ___ ~ __ .• _. ____ .~ 

', ..... , 

, ',,' .,."L. '. .".. '" . " . 
"~-.r ... ,- .,.... ...... ,,~.-.~ .~~~N.-." ..... "" ,.." .... ""'~~ ... " .... , .... ~ ...... , ........... ,,~~ .. ,., r~_' _,~ ...... , •• __ ... _i> ... ___ ... _. '-.... ......... _ ... :~L'~ .• .,~ ................. _ ..... _ .... __ ........ _ .. .., ... " .. -.... ~, .............. _-_ ..... _ ..... . 
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, ", ••• - ••• ~ •• ~ •••• -.--•• ~ •• -.~' •• ., ..... ~-:: •••••• - •••••• .....,. :-; •• ~ ••• _o. ........ _.: .......... _. ____ ••• _ .... ~ ••• -: _ •• _ .. ~_~ ••• __ •• __ ._~ •• _. ~ ••• _. __ .~._ .. __ ._._,~ •• __ -. ........ __ ._.~ __ •••• -.---.. --•• --••• ----
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_ ••• ' __ ....... ; ... ____ ... _._ •••• : ..... _ .. __ ._ .... __ .~ __ ._._._ ••• _ ..... 0_ • ______ •• _. _____ NO '_.H_ ....... _ ...... __ ._ ....... _ .... _ .. '--:-_____ ._ ... '_. __ .. _. __ .. _ .. " .. _._--: ___ ._. __ ~ .... _ ... __ 
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• .•• _ ....... ., .__ •• _ ~-:'_'.' ...... N' _ •.••. _ ~_.~ .. _ ........... ___ ... ~ • __ . _ •• __ • ___ ....:. ~. ____ ._....:...~_ "':"N .. __ ._ ... _.~ ___ ._.~ _ •. ______ . _:..-._: _. ___ . ________ .. __ 
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'. M .... ~ ............... ,,~ ........ '~'''' ___ ' .... ..,._ ••••• ~, ..... _ .. _._ .... ~ •• _. ~.: .... _ ••• ~ ....... _. __________ .:-. __ ._._ ... _._ .... ~ .... _. __ ••• _~ __ ON _ ••• _ ... ___ ~":":._- ••• ~,_ •• __ • ____ .. ....!. __ ,~_. ___ . 
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.... • ~. • •• 1 •• __ , '_'''_''' __ .' _ ..... ~ ... _.__ ~ .,~ ... __ ",_, .,_ .. ...:. ............... _.;._._ •• __ •• _____ .. ___ • __ • __ ~._ .. _. __ .. ____ .... ~ ___ .w ___ •• _ •• __ ~ ...... :.,.:"_~-.'".-. • ... __ •• _ •• :.: • 

• -_ •. ",.. ~ ....... , ......... - •• ... t .. ,· ........ ....., ........ -,· .. _ ................. _ ... '~"''I'' ........... ~._ ... "'.,. ,.~, •• _""_ ... _ ... _ ........... ~ ....... or ................... , ....... ~ ."' .• ~ ..... __ , .. , •• ,. ,., __ ...... _t • .-_ .. _ ... _ _ . _ .. __ u _. 
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C 53 

' .... 
$$$$$ 

$$$$$ 

-20- UCRL-18378 ,., 

COf'AMON/REDMAN/FL T T NG, TYP X. PR I NX 9 VALUED, CFLAG 9 REPF.:A:r •. RC ,VALUE , ..... _.;._ ... ,~. __ .. _.e ..... _ .... " 
U STAR9K~R,DOLLAR.S~C' . 
u COLCT,COLMAx.TVPTr,.,(7) ,!.lECIDE(lO) ,XPA(4) ,XPF.HIO) ,XPC(lO)'. ~ ... _~ .. e •• __ ...... _. 

U 8LANK,8ITS,MINU5,~,ALLBIT,TOOBIG.CARDCT 
COMt-AON ICCNAPI I .' , . . . ....... __ ._- .. _ ... -. _ ........ . 

INTEGER TYPX.PRIN~,DELTAJ.VALU~GOTX,CFLAG'RF.PEAT.RC.STAP ~ 
INTEGER K, R, DallA R, s. C" CARDC T ,COLCT .. " ., ....... _ "_,, _~."_""_"_"'" _ ... _ ... ·_w~_ .. , .. ,_,,, ..... ,, .. _. 
INTEGER COLMAX .- .... ,-_ .... --.. -..... - '-_.' ... 

DATA STAR, K, R 9 DOLL AR C) S9 C, COLCT, COV",AX/OOOOQ4 7.0060013,0000022._: .. :._ .... 
# 0000053,0000023,oAo0003,B2,Rll 

.. , 

$$$$$U 0000053~000002390(l00003974'73/.. ," ..... _" .. '- ......... w __ ............. .. 

OATA TVPTARI00050~07050405050505B,050705050S050S050707~, 
U OSoS0505050505010jOIR.010IOIOI010101030307B. 
U 07070707070607020~OOR.0901 

DATA DECIOEIOo~n3n2121201141300009005041515151515130006._ 
U 0061S151515151513nOOO.006131j131313131300oo, 
U 005 ° 61 7071 71 71 71 3 nO 0 0,0061'7 1 7 0 71 71 71 7130000 9 '''' .'_"'''.'' ._ ' ... " , ." .... "" .. _ ... "~ ...... ~ •. ~, .. _., .... ;._ ....... 

~ OlI171013130713~3~0009011171313131013130000, . ".' 
~ 01 1 1 71 71 71 71 11 71 31) 000 90212121121221211300 ° 0 1_ .. ",._ .. _ .,., .... ".:.. _____ ... , ... ____ ..... :._ ....... _, 

DATA XPA/l.0.1.0.,.OI 
DATA XP8/1.0,looE'O,lGOE2091&OE30,1.0E4091.0E50,ioOE60.1.0~70. ' " 

tl> 1. 0 E 8 0 d 0 0 E q 0 I ' , .' .' ,. , ., ----.~-.. -- .. --.. - .. 

DATA XPCllcO,l.0Ei,1.OE29100E3'100E4.1.0E5.i.OE691.0E1.1.6~8 •.. , 
',.." .j • ,,'. " •••• , •••• ' ..-, .... ,,~IU.(_"' .... _.~,.,<"f..., ............ , ... 

,'. . 41> 1.0F:91 ", 
" DATA BLANK'8rTS~MiNUS'A'ALLBIT'TOOBIG/OOOO~55.07+0000000000006b. : . . _ .... -.... '-"~':'*- 0000046,0000001 \l oj1170 00 0 00 000000 000 0.0000100000000000000 ri 0 1 .... ~ .. ~; ...... - .......... . 
'.", " . DATA CARDeT /01 '._.. ....... _ " ,"''' __ ' ____ ., __ ._ .... _~ ... __ :...L.~_ .... ____ _ 

~:" ... ~_~, .~.~.~ .. ,,~"~ ~ ~ ~ ~ ~ ~ 0' .. :. ,'.':. ':.-" -. ... :~~ .. ~~~.~ .. ~:.~ .. ~_~.~ .... ::~:~~: ~~~:~:~:~ ... _.: .... ~.~~.~ .. : .. ~~,~~~,::_ ",'_".,",,, ____ .... ,~ ..•..• , .. _._. __ ,_ ..... _ .... _ ..... ___ .,~ _~: ___ ,._~ __ 
COLCT=COLMAX+i , ~... ' 

$$$$$ COLCT=74 
CALL CCNARG 

, . 
..... - _ .. _-_ .... -- .... -.- .. ~- .---- ... -~-. ... -- ~ - ---- ... ""'- .. ~ .. ~ .-~-.- ... -.. ~ .... -" . --~ - -""'--" . - ..... - ..... -... -~ .- .... ------... ----~--.--- . __ .. _, -'" .. 

103 
301 . 
~$$$$ 

IF (I .lE" 1) GO TO j 03 ..... ...... ..:... ....... , .................. _ ................... __ . __ ............................ _ .......... _. __ .... _ ... _ ..... ___ ...... .. 
CALL DATAI(Xl,Ni) , . 

,.. IF ( I • l E" 3) GO TO ,,0 3 .,..; ........ _.: .... "'M~ ........ ':._,,,, ... , .. "' .. ; .... ~ ..... _:;.. ..... : .... _''''"_ ,_ ...... ,._,., ••• ,_., .... _ .• M ...... ', ... .,. __ ,.~._.~_ ...... , .. _ ... _, ..... _ .. 

CALL OATAI(X2,N2) . '. . .' .' 
. IF(Il1lEa 5)GO Tn 103.: ............... ,. __ , __ ................ " .... ~ ..... , __ ._ ...... -', .............. __ ......................... _ ...... ~ .. ~ .... ~ .. _ ......... _ .. 

CALL DATAI(X3,N3) 
IF(IeLF. 1)GO TO i03 . CALL DATAl ()( 4 \l N4) . ........ .. ............... _ ..... - ........ " .. --_._-- ..... "........... .. " .. , .----.... -- ........ _-... --,_ .............. ... 

. IF(I"lE. q)GO To "03 
CAL l fJ A T A I (X 5 • 1\15)" .~ .... " .. 
IF(I.lE.ll)~O Tn {03 
CALL DATAI(X6,N6) . 
IF(I .. LE .. 13'RO Tn ~03 v 

. ~. -- .--.. '.-'--~ ...... ~ .. 
CALL DATAI(X7.N7) 

... _.-----._------.- ---_ ... - .. -.----- .. ~-.. -.. _._._-.. -.... --_ .. -_._._-_ .. --.--_ .. __ ._--_ .... . 
PRINT 301,CARDCT,r,OlCT 
FORMAT (1 H Ar;X23HD ~ TA posi T lONEO ... AT CARD'! 4';'SH ~ .... t·OLUMNI j")-.-."".-~-.. " .. --"--~ .. -... -.'. 
FORMAT(24H DATA PnSITIONED Ar CARDI4,8H. COLUMNI~) :' RETURN .. .. . .... . ....... -...... _- ......................... -._....... .. 

ENO 
_.... ... . ... _._ ..•... ----;-.-., ...... _.--,._--- .. -.. __ .... ---._-.- .. 

,-_ .•••• " ........... ,' " .~ .................... ~ ......... , ... _ .... ~ .... ~ ••••• .-.. .... ~'''''' ...... ~ ...... __ ... -~_ • .-.. ,._ ••• """" ._ ....... _. _____ ... u.~ ..... __ • .. 
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"' A.,,: . .,~. .-.~:" •• ,.~.-,:.:",~,,, 

ASCfNTF SUBROUTINF:' IDBVTE (I • ..j) 
• , •• , .... " .~.~ ........... ", ~,--: .... ~,.,_.: .... , .. ~. A ........ ' : ._~.l " ,_, ~\.., ~ .,,* , ........... . 

C 54 
P 5 ........... , ..... , ..... " ....... ~ .. _ ... ~ .. t: ... ,. ""~",~ ... , ... "" ...... ,~: > ••• "".~. .......... .•• :,,~ ........ " •• , ..... 000000000000 
PS "OOOOOOOOOOOQ 

:~ .• ~ ............. ,~ .... : .......... _c""_"_""""'~"":"":~; ............. -~ ........ ,'............ ~~~g~6~~~~~~ 

PS ..... _.~ ..... _. ..... . ...~ ..... ___ ....... .:.. . ..:.: ... ...:.._ .................. __ . .:.L_ . .......... _. __ ...... _ .. ' _____ .... __ . 000000000000 
5A2=82. .'. .X2=J .... , .' 5622~ 
SX 3= 1 , .. : .. , ..... , ..... , ... "~_,:"' .. , .• X3= 1 ., .: ...... _.: ......... ~~.: .. ~_.~.~;~~:.'".~ .. ,.~ .... ~.:,,';. .... _'"_ .... ,,~:.:.~.~ ... ~ .. _._. __ '" .. _~_ .. 7130 000001. 

RDAVTE 

I X4=X2-)(3 • X4=J"1 .' .. '..,... . . , 37423 
~ X 5::= 1 0 .... _~ ..... : .~,.~:~._ • X 5 = 1 0 .... . >;, :~.~: __ : .. :~~:.._~_ ... _ .. ~_ .. :.,.._-.-:._._ ... :~ .. ~_ .. ~_ .. ~:.. ........ 71 50 _ 0 0 0 0 12 
P X 7 = B 0 • X 4 0 X 7 = FLO A T ( J -1 ),' . ., . 277 0 4 . 
P)( 0 = R. 0 • Xs :. . • X 0 = 1 0 • . ". '.',' . .'. ' .... 270 0 ~ 
NX 0=80. Xo ... ".,."'- - .... .. ..... -: ..... : .. -.. ~ .. -.'~ ..... -"- .:-....... :........... ...... ; ... : .. 24000 

FX7=X7/x6 '. .X7=~J-l)/10.".· .'." .' 4477~ U X 7 =8 7 • X 7 "c ....... ' ..... '" .. ,~, .. ,..... . .'"" """" ... ' ... "''''' .• -''''> .. ~ ~"'~'."~-"""~~''''''':'''''' "","~-' .•. " ... " ,." .... : 2 6 7 7 7 .. 

LX 7=8 7, X 7 ..... "..; . .,. ... : .... :. ,.: ... ~_:_~_ .. ~ .. : .. _-'! ..... ~c_ .. _ .. ~. __ " 22777 
PX7=RO,X7 " .', 27701 
" X 1 = 80 , X 7 . '._ _" ~.~.~ ..... .'. 411 Xl = N. . :._,~ .... _ ..... _ ....... ~:"._ .~ ~ ...... ,"" .............. _ .... ,".... . 261 0 -7 _ .. " ... " ... ,_._. 
5/12=)(1+8\ .X2=N+I=I(N+P=II.·> . ".:.' 5321i 
S A 3 = B 2 ,_.' .. ," _ ............... , X 3 = J .. , ............ _,. " .... ~ .. '".~"~~.~ ..... ~.' ..... ,.""".~."'~~~" ...... _,.,_.". _ ... " .. " ." 5 6 3 '2 (I '_~"" ...... , ... _ .. 

. PX7=BO.XS ~X7=lO. 2770~ 
pX n=f~O, X i. : ........ "_ ... " .• X O=FLOAT (N) .. ,... .. _ ... ___ .... _. __ ...... __ .. __ h_' .. ____ ............. _ ... • _.... 27001 ...... --.. 
D)(7=X7~Xo • X1=10*N .... . . 42770" 
UX 7=R 0.)( 7 ...... _ •• ~" _.,_ .. ' ..... . .......... '''" _ ... : .. :.:i_; .. ~.~_.:._ .. _ .. c.:_.~ .. _: ..... :~ ____ ._ ... ~ .. _ 26701 -'_ ..... _ 
IX4=X3-X7· .X4=J-IO*N· ',. .. . 37437 

' ..... ,.,,.: ....... S Xl:: 6 '." . '" _.;......." ...... _". .• , • Xl = 6 '.' ." .. _,~. ~,~,.~ .. .:. . .:~,.....:~~_ .. _ ~.~_ .... :.:._ ... : . ......:.~~' ~._ .. "' ...... ~. 711 0 00000 (, 
.' '.. PX7=80,xi·;· .X7=6. . ' ...•. " ' .. ',' . '.' 27701 

:~.:,...."_.: .. _...:. __ ..... PXO=AO, x~ .. :: ____ .~::..: .•. ~ .... XO=FLOAT (J-l O!.N'_~...:.~,._ .. ::"..!... .. :.._ .. _ .... :~ .. _ .. _. __ .. _ ... __ ........ _._ ... 27004 
;i . .' '. ; . OX7= )(7*XO''': ';:"'.: • X 7=6* (J-1 O*N) . . .... >'::, :j , ./. '.' ,. 4277 n 

.'~.'~'..:_ ...... _.,-~ .. ~.~~ UX6= BO. XI.~~ .. ~i:~~/) __ • X6=MKK ...... __ .. _.: ____ ~~·' <:'.~_.'.~.~.~:~ ... ~.~~~ __ > ~:2660 1 ..... _. __ .. 
. ' . . 583=)(6 • '.; <.J '; ..• B3=MKK ' :.": . •..... . .63360 

..... ,..., ... , ... ~ .. , .. , ... S X 3 = 7 7B . .. '~~~,:.:~.~~:.L~~~ • X 3= A ,M ASK.... ....... :.~.~. ~',.:, ... ~ .. :~~~:.~.~~_.~~_~.~~.~;;.~,.~_ .. ~~ __ , 713 (, _ 6,0,0 077 .. . 
LX6=B3 9 X2 . .• . . ..:~ :. SH I FT I I MKK PLACES ., . . '. . . 2263i! . 
AX6=X6*X3 ..... :, ... :.:" ......... :., oMASK THE LOWER .. 6.BITS;:~ .... ~ ... _ ..... _ .. " ... __ .......... ...: __ .. , ... _~ .... 11663 ... 
JP RORVTE .RETURN 02 00 LOOOOI 
END 

. "" --._-,- -', ~ ..... ~.~-- .. ~ ... -.- .... ...:. ... --- .. - .... -.~.-----...... --. -.-.----.~--.--. - ~ .. -.. ----.- ' ....... . 

I . -...... . 

. , ., -.. , .. _-~-, ...... :" , .. - '-";'.' --,-, ~ .-...... -.. - ........ ,. '-'-- -- ._ .. _ ... " ._---... __ .... .....,_._._---......... __ . , ....... ---'-.. -,.--.-~ ... - .. -.. - ........ ~ ... -......... -._"._-, '-' ,-....... - _...... . 

. " , . . 
....... - ........ ~ •• , .... ,... ,."',' ... ...,.-... ,~., ......... ' .. , ..... .,_~~, , ....... , ... ' ............... ".~1· ....... '" ~ ............. " .......... · ...... ·~· ..... ~ .... _1~,. ___ M ........ ·h,. ........... v~uV' ...... __ .................. • ~_ .. ,~' __ .. _ .... _ .... ___ ,~.~ ..... __ .. . 

. '. . 
"'-'''- -'~" -~.-." •••••. , .... _ •• ~~~-~~ -~.- ... -.- .. -.-.~- .... '7.'~ ........ - ....•• --.-..,-' .. ~.: .... --.- •. _ ••.• - .. _._ .•.. ____ · ___ ... · ..... _~_~ __ .• ____ ·.e ...... · •.. ·~~ '" -,._., .. , •• _ .. _--,. - .• -.~ . 

...... .. ~'~~-"."""-~--.'''''''':'~' _ ••• "._-q, •.•• ...... - ... - .•. _- ...... _-_ •• - .. _ .. _, ,-~~--...... _ ••• - --•• --•. - ••• ~.----.- .• - •. ---~-..... -;" •• ---.... -.' .-."-~, , ... -- •• -~ . -, .. _ ••.•.. --.---•• --.- •• ' -.-~-. - ----_., 

''"."0,_.'''. , ....... ,., ......... ' ............. , ... , .• ,., ....... "".< .. ~_. ,,~""" __ I"_"" •• .,. .................. ' ..... ~ .................. · .... t ....... ___ .. '_ ... h .. ..,......' .... _ ... __ ............ ,. ....... ~_, ...... __ ~ .. ___ .. __ . __ ....... "., •. ~ ....... _ ... ___ ,, ___ ••.• 
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SUBROUTINE .DATA! (",N)'· ....... , ... ·......... _ .. _~ ......... , .... ' .. : .. ~_: .. ,. _ .. _ ..... :, .. _.-_ .... : ..... , .......... " .. ". 

COMMON/REDMAN/FLT~NG,TYPX,PRINX,VALUED.tFLAG.REPEAT,RC,vALuE, .. :' .... ,~,' '. ,", ,~. ., ." ". . - . . '. ". ....' , . .. .' . ..' - .- ........................ """ ....... , ... , .. ". ~." ...... ..... 
~ STAR.K,R,DOLLAR,S.C~ I '. 

o COLCT, COLMA x, TVpT AB ( 7) ,DECIDE (10) ,XPA (4). XPA (10) ,XPC Cl 0' ' ... _._ ........ _ ....... : ...... _ 
oBLANK,8IT5,MINUS,A,ALLBIT,TOOBIG,CARDCT . . 

... 1 NTEGER TVPX, PR TNV, DEL TAJ, VALU, GOTX. CFLAG. Rf:,PEAT., RC, 5T AR .... _· .... _ ....... :; ...... __ .. _ ........ .. 
INTEGER K,R,DOLL An,5.C,CAROCT.COLCT 

"DIMENSION I X(l) ...... 
EQUIVALENCE (VALU~,VALU) 
Ir(N.LE.O)GO TO 101 

, .' . , ~ 

J=l 
DEL T A,J= i 
DO 100 Y=l.N . , 

.. 1 . .. ... IF (CFL AG • EQ. 0 ) GO._ TO .. 2 .... ,. '. '.' .. , _. "'0" ...... w •• ~'v~"'".< ., ....... ~ .• _~_ .. ~.~~ •. ".""_~ .•.• _ .... ~,,_._. "_" __ '~'_~M."' __ ~"'"'''''_'_''_'~''' ___ ''' •. ~ 

2 

3 

"4 

CFl,.AG=O 
GO TO 10 
IF(REPEAT.EQ.O)GO TO 3 

..... ,'. ~ __ '. ___ ... , .. _ .. __ ........ _.~ ... _ .... _ .. _~k .... _~_'.~·,,_,_ . ..,_.:~, _~_."""" ._ .. __ ~_ ..... _ ................... _ .. ___ .. _ ... ~ ..... -._ .. ~ __ .:.~ .... _~, _ ... _ ~" . 

R C = R C - 1 . .. ... _._ .. _. _. .c ... _.. ..._ ........ -'-.... _____ ....... .:.._ ..... _.'-•. ,_ ........ : .... _ ......... _ ..... c __ ........... _ .... _ ... ___ : .... ' ..... _ .. c .... _._._... _ .. . 

IF(RC.GT.O)GO TO 10. .";' 
. :' . 

REP EAT = 0 . . ' ....... '." .:,. ... , ........ ;,.·, .... h ..... ~ .... : ....... " ....... ,_"w ... ;~;<~ .... ..;. ...•. "''''' .:...;.~ .,,".~ .. ",." •• ~ ... __ ...... __ " .. , ____ .... c.~ ....... "..;·:..-" .. __ .• , .• _""." •.• 

CAll RDNUM(VALUE) , 
IF 3 '.~ " , ( T Y P X). ,4, 1 0 .. ".'. ~-:-... :'.~_ .. __ ......... "; ..... _" ';_~'" ... ~: .... ~i ___ .. _:,..:i' ... ,_ .• . ~ ... ,. ... , ... ,.: .• ~ .. ~_. __ ........... _ ........ __ .. ~_ ... ....: . .:...'-... _. ____ .. _ .... . 

GOTX=7 .. ; •. 
IF(VALU.EQ.STAR)Gnrx=1 " .. ,'. .' . 
I F ( V A L U • E Q • K ) GOT X ~ 2 '. ...,., .. C-'-.-" ...... --. _ .. --.. ~"- ~~--'-"----:~~~':~"-"--"- - ..... -.... _ .. --_.- . -.---... - ......... - ..... _. -----.... ----"".-.... 

IF(VALU.EQ,R)GOT)(=3 " . . .. ~':" .. . ' . 
. '-'.~ '''',_ .. ". IF (VALU. EQ. DOLL AR) GOTXi::4"··"·"·:: ..... ·'-·"' .. ··-"·'~"·:--·~": .. ~'-':':?·~ ... ··:'-·'''~~:'··.··~':-~ .. ~··-·-·''-·· ...... ·· .. · .... ~'~~··.·~·~:7 .. -."...,'''"'''''''.''.-'" . 
____ . _____ .... IF (VAL U. EQ. S) GOT X=5 . ·."._._ .. __ ...:~~.1 . .:'~~:....~~:L:..~~ .. __ .. ~~._....::.. ___ . ___ ._.~._;.,~:.:._",,:,_. '._:, ... ___ , .. __ ... _ 
:, :'.. <" IF (VALU.EQ.C) GOTX=6 . '. "'. ;j,~' • '. ..:";. . ";:i: 
., : .. , ::-'::' .:: GO TO (11 t 12.13.14.101 t 16,3) 9 GOTX ,:. :; ':;'. :;: .. ',";:; ;:>::';: .. ' .... ' r.:·' .' .•. ',:' '.' .. ':....., 

~ .. :.:.:~.i_~.~~.~,~ ~:. i ~ 7~v ~ ~ ~ ~~.; t ! AN 00 ~ LT-l ;~·~~~:~ .. ::O~·. 0) '~~_j ~-~ir.,,; . ~ ~~-.~~~~.'~:,~._~~.~~~~:_:~:::-~~:~-.~-~~~~.~=~~·?:~:~~:I_- =.,~_ .. ,_~,,~ 
GO TO 17 .J .':, .:.;' 

CAL L R D NlIM ( I)E L T A J ) ... _.. ... . .,. '.". . .... ,: .... , ... :;_'" _, .............. , .. ,_-'.~.i..:.._.:-.. _ ... _ . ..:._". __ .. _:~:.:~_~._"-_ .. :.. .. __ ............ _._. 
IF(TYPXoEQ.1IIANQ.FLTING.EQ.O.0)GO TO"3 

12 

GO TO ] 7 . .,. .. . .. .. ........ .::_ ......... _._.~~,_._ ....... ~_;_ ..... __ .:.._ .. ___ ._.....: ........ _ .... _;._ .. _." ... _ ..... _ ...... ~ ...... : . .....:._._ ...... ~ ... _ .. . 
13 CALL RONUM(RC" 

s •. ~. • '._, •• V A L LI E = V A L U EO' " . ". :"'. 
~.- , .. "" .'''~ ....... , ~t.·'· .. '\ .... H •• ~ .... .;' ... , .,.~~'"~ .... '''''. "t ..... '" ....... _.'._.~'" .• m._ ..... ~ "'l .. ~ .. __ '_ ... ~;"':"' .. · ......... ' ........... ,.......' ... ~ ..... _ .... ~_r~ .......... ""~: ... .., ... _Oo/..-.... , .... ~"' ___ ,_ ......... ___ .... _,_~ •.. 

REPEAT=l ". 
_:..< .. _. IF(TYPXeEQ.loANO.FLTING.EQo.O.Q.AND.RC.GT.O)GOT02 " . '. GO TO 17. .' ... ..". .. ' .. " .. ~.,.-.. -.. -." ... ~.~--

;. ,~. '\ 

~ .,' .. __ ._-_._ .... _ .. _._._. 

14 PR I NX= 1 .. _ .... _ ..... " _._ ........ _ ........... _ ..... __ .. _ ... ,,;_._ . _.~:._. ___ . .,.. : ... : ... _ .... ~ ... _ ..... _.~ .. ;; ....... .,. ______ .... -;-_ .. __ .. . 
CALL RDNUM(VALUE) \ : 

i 6' .. , .. -.. ~ ~~ ~!i ~~OOLL AR) 14 • 1 , 1.4. ". .... . ..... < ........... -..... -"----,~"'-.~-... , ... -,-... ".,, ••.• ''''.~.~-... -.--.~ .. ~, .... -~ .... - .. " ..... ---.... -.- .. -.---.~.-. 

C 
17 

CFLAG=l 
GO TO 101 
ERROR*n* 
CONTINUE 

.. __ . --..... __ .. -; .. _-: ~----. :...-.. -.-~-----... -- .. -.-.... - '. - ·--~~------·"···-·7----~""· .-~- ....... ~,'..,;,~,,-,,-, ......... -. 

, '. , 
. '.,--.. __ .. _-_. ----.-.---.,.-.. ~ .. ,-- ... - .. --,~ ... _ .... __ ._-.. -.. -.-- -_ .. _-.... -_._._._._--_ .. - ... 

PRINT j02,CARDCT,~OLCT . . ' .'. . 
302 ........ FORMAT <ISH ERROR AT CARrf-t'4;SH;COC' .. i2f-'-.. -"-'· .. '"-· .... ·-'~··-·--·-·- .... - .. : .. ~~."""-~""-' . .'''-'-----'-' 
C ERROR~o~ 
10' X(J)=VALUE 

... VALUED=VALUE 
J=J+OELTAJ 

100. "' CONTINUE 
101 RETURN 

END 



'.'.,' . 
.•.. ::'~,.: .. :" .: .. ·-'23;" .. :~'~.:.-.. : .. I"·~ 

SU8~rjUTINE. RONUM (I ~I 1) , .. " ._ ... _. ,_._ .. 

'UCRL;;'18378 .•...... -- .. , .. ;.~ ... 
.' . 

" .- .. -............ ~~-.- .... ~ ,-....... ~.-... -.~, .'.. ~ ' ... ~-., .... '''' .,,.. ... ~ ... , .. . . . . 
. C' 56 

.,., CONMON/HEDMAN/FI~ T 1. NG. rv p x • ~R I NX. OU.~MVJ 11J ...... ~_.,,,,, .. ,,,,_.> .. " •. , , ._ •..• , _____ .. _._._ ••. __ .... _,. __ , .... 

~ COLCT,COLMAX9TVpT~B(7'.OECIOE(10'.XPA(4),XPA(10),XPC(10), 
~ BLANK,AITS9MJNU~94'ALLBIT,TOOBIG,CAROCT .. 

I NTEGfR TVP x, PR J N'J( 9 COLCT • COLMA X, BLANK, B I T5, M I NUS~'A, ALi..~ iT .. -..... -. --.---.. -.... - ... 
INTEGER T008IG.CApOCT 
INTr::GER VALUE, STAr;E. CHARAC, CHTVPE, OLOCH~'" . __ .. wORD, EXPON·-· .. · .. _·_ .. ·· .... _..... 

'INTFGER OIGITS,ESTGN,NSIGN "'." .. : OlMENSION BUFFER (A) . ' ........... " ...... ,-" •. ,-'"""., ........... , ........... --.. --.. --.-.,,-.•. ---.... ~ .. -

.. EQUIVALENCE(X,I) 
. ~ . 1 .. "\'" STAGE=l 

-.~ ...... -.-....... - .. ..,: ... - ....... _. _.- .'-- .. __ .. _'-_ .. - .-.-.----.~ ._-_.-_ ... _-_ .. _---_._'._._--, - .. -..... ~ . 

11 

" N=O 
\ DIGITS=O 

. 'EXPON= (I 
\~OR()=O 

TEsnc=o 
NSrGN=O 

.. ESIGN=O 
FLTING=O. 

. " ...... -... -:...- . ~-.. ~.-.-.:...--..... -.-.~-- .. : .. -... ----. . " ...... -"--~-'-~" .. _-.- .. _--_._- .- ". '" .. .~"" ... _ ... , .-..... ~ ...... 

•. ~Y"" .......... ~ ..... - •• _. , ....... ,~~~ .. --,' -,:,.: .• :,.:.~.: ••• " _ .• , • • r ••••••••• _..... ;':""' •• : ••• ~.:.. ._. ___ ... __ 1.~:._ ••••• - .............. __ - •• __ ._~ •• _ .. :_ •• _____ .~._, .. _._ ... _.:.. --........ . 

'., 0 L D C H = C H A R A C .• :... .... . .. : •. '.,' ."'"'''''''~''''''''':'':''' ... , .. : ........ " .......... "" •. , •..... ,." ........ ~ •• . ,,,~._",u_ .... -., •• , ... ~, ..... " .............. _ ..... _ .... " .. __ ...... ," ... __ ~ .• __ ... ~ .. , 
IF(COLCT-COLMAX)3.6.2 '. . . 
CHARAC=RLANK "":'. :-_~ .• ~ .. ~ ~., •• '"~ .. :.,." ... _ •• ____ '~ ~ .•• ~" .. , .. _....:._ ..... ~. ____ ....... __ ~ .. _ ........ : •. "," .• ~ __ ._ ..... _,., __ "_ .... :_ '" •. __ .•. _._.~ ..... __ ._, ._ .• _. __ .M"._" _· .... ·•· .... R_ ". 

GO TO 7 . '.' . 
2 REI\D SOO.BUFFER ". ~ -"500 ..... FORMAl U~AIO),"'''-''''-'-''--''''-'''''''''''''' . .,-:-... : ................ : .......... - -- .. -.-.. -.-.. 

· $$$$$ '. .' . '. '. ' ' '':. . 
. ... . .. , ... P R I NT' 51 0 , AUF F ER--"''-' ~:'" .":""'-:"~ .• "~.'''.: •. ~''"'-..... ~~~ .. ~~~'.~.~~''7:~ .. '--,.~:,.'.: ...• ;''-''::'' :-~: ... -----"~ .,--,-~-.. -: . .--.. ~ .. '~----.~ 
: 510 '. FORMAT(IH SA10) ..... '. ' .. -.: .'.;: .• ': "': .',.:< "':.' ,.. 
.. :. $ $ $ $$ ... - . --.. . .. ·-.. - .. ·-'-· .. ~':"'-::--·~7-----·~ - .... ---.. --:·:~~~;-~·-:-·7·-· .. ·---.--~.: .. : .. -.... -· .. • ..... --_ ............ _ ... __ .... -...... _-.-
.-. CARDCT=CARDCT+l' l,:;';: :;':, .;,:~::'" ;'" , '. '.' 
'~-'s" ..... -" COL C T = j" .... ...... "'C .. -:--....... ----.-:, -. .7-:·-~~-::· .---: ;-:--.. '~'~:''''-::::~~-7''----~--:-':-'- -:-. ---. -"~"""7'-''''''-:'- --:-. 

3 CHARAC=ID8VTF.: (RUF'FER.COLCT' : .. ',', :::""~\" ... ': .' ...", . ' 
.' 7 ..... ~.-'-" COLCT=COLCT +1"·' '.~."" ....... "--:''''---'~~~-~-;-.~'~'~':-''~''~-'~.~''--'---:-~''~''-'-~-'-'-.----~ 

CHTVPE=I08VTE (TVPTA8.CHARAC+l) ' .. ,. . .' '.' . '.' . '. .' '. 
1 F ( C H TV P E • E Q 0 0 ) CH T V P E = 8 ... .. ... _-.. -........ - --------..... ------- .. ----.. - .. -- .---.--.--.----~ .. 

130 STAGE=I08VTE(OEcInE(sTAGE),CHTVPE)' . . 

· 12 

] 5 
24 

. 26 . 

25 

]6 
C 

C 
17 

....... GO TO ( 11 9 12,119 i 1.15.16,17,18,19,20',101,'1'02. i 03 'f04"lo~·~ 1 06.'10'7),---' ...... -* STAGE IF' (CH AR AC. EQ. M I I\IUC::) NS I GN= 1 ............ ,.,...... " .... " ...... -" ........ " ."".""" .. ,.-.-'''."; ....... ,-.-... , ..... ~ ..... --" ... ;.. ...... - .. -".'~'-"-.-.- ..... ----.--. 

GO TO 11 
IF (CHARAC. LT. 27 • Oq. CHARAC. GT~" 36) GO TO . 25' ..................... -.... ..----.,.- ._ .... _,,- ............ -.... -.... . 
I=N·N 
I=I+I+N 
I=Y+I+(CHARAC-27) 
IF(I.GToTOOBlG)GO T6"25 
N=I 

. GO TO 11 . 
DIC;ITS=OIGITS+l 
GO TO ji 
OIGITS=OIGITS""1 

- .. - - ., .. _. _ .. -... _--_... -.---.... "" ~ ... , -. '''-_ ...... -.-,-._- ,..._ ........... ---;_ ... --.... __ ... -.•. __ .. _ ... "'-.. -_ ..•. -.' .. --.. -._ ...... -_._ .... _ ..... _._ .. _- ~ ---. 

.. DEC r MAL PO I NT ENcnUNTEREO .... SET' FOR"FL<fATINO-' PO I Nr .. ;"''' .. -.,--·· .. ,-------·-.. ,,··---''---.. -· 
FL T I NG= 10 ... , '. 
GO TO is'''''' ........... " ..... ' .. -"." ............... _ .... " .. -....... -,... . .. _ .... -... " ......................... , ........................... .. 
E ENCOUNTEREOo SET FOR FLOATING POINT. FLTING=lo .. , ~ . . ..~ ... -..... --.... ---........ -.... ~.-......... _-............. -.--.'~-- ............. -----.... ---."'--.. ,,-,_ .. 

GO TO 11 
] 8 ''''~' IF (C H A R A C • E Q ~ M I NU'C; ) E S I GN= 1" ......... ~.-, .... " ......... , ...... ,-... ,-.. ". -_ ............ -._-..... -... ~ ........ -'-..... -~-.".' .. -----'- -

GO TO 11 . 
· 19 EXPON=E)( PONu 10. (CHAR AC-27) .' ..... _ .... -...... .. .. - .............. " ....... . 

GO TO ]1 



.20 

C 
101 

. .. 502. 
103 

102 

114 
105 
104 

. lOR 
109 

112 

120. 

," .,:,' ':.. " ," 1 . 'T' , ':;. ft,.···-
, •• ' .... --•••• ".-... ~-".-, •••• ~ •• - ,- T •••• " ,-.,- ... -Gl+ ...... _. '~'-"~"~~"--""".r.""·'" 

I=WORO.I\ND.RITS 
IF ( 1 ) 11 , 28 • 11 
. WORO=(,4··WORf) 
WORn=WO~O.OR.CH~R~C~. 
GO TO 11 

~ .. ,j '.: .:.':~ , ' 

...................... -... " ::~·UC.RL~:1837.8 .:. 
.. . 

.';: . :1,;' ; .••. 

SCAN COMPLETE.PPEpAREFOR EXIT, " ... , ................. ' .... _ ........ __ ',;,<.,., ...... _. 
I=COLCT-l . '. ..' ". '. '. . .' ,.' . . ...•. 
IF(PRINX.EQ.O)PRI",T 502,I,CHARAC,CAROCT ...... ' ...... . GO TO ,- ..' " .. '. '. . .... ."--"--" .. --"'-"'.' ....... -... _- } 

FORMAT ( 1 9H INPUT .. ER~OR.cOLl:'Mf\J, 13, 11.H .. CHARACTE.~._,.t:'2, •. 6~,.,.C_A~O .. ,,14 )_~ . .....:..._ .... __ ... ,._._ . 
COU:T=CO,-CT-l 
CHARAC=OLOCH . 

. ISIT=CHARAC 
TYPx=O 
RETURN 

. •.•.... __ , .. ,~_ ... "..... . .... ' __ ", ___ ,,,, __ ........... ~ ... _ .... _._._ ... ~_ .. _, .. _ ....... :." .. _~ __ , ... ~. : ...... _._:.;'o ..... ~': ___ .. : ..... _.: •. _ •. _ .. ___ .. ::... ........ _ ........ . 

'-' . . . . ' ...... _ ........ . _ .. _.r . .. _____ ~ .. _ .• " ... _. _". _ _ r_'_ . __ ,. ___ .... __ • ___ ...... , ....... _________ 0" ..... _. __ •• _:_ •••• __ • ___ •• ____ •• _.-;-_"' __ ••• ____ ... _. 

COLCT=COLCT-l . . .. ,' .' '.' " .' . . .' .' .. DIG IT 5= DIG IT 5.' ( l·';'~r:. S'I GN~E'S I GN; "E'xp6N'-:""~" "~N'_"''':",'~"'''''~'~'''_'''':'''':'~':''_':'''~~'''"''_''"~-"'-:-:,''''~:--:''''''~'''''.'''-'-''''' 

T Y p x = 1 ... ,: .. _. __ . __ . '_'." __ ..... : ... : .. ~: .. :_ .. ~ ... _ ..... _~ ............ _._ . ...... L .. : ...... -._ . .:. .. ~. _'" .. __ . 

IF(NSIRN.NE.ri)N~-N 
IFCFLTING)124·109.124 
ISIT=N 

,: ~ 

.~. , .. , .. ~ .. _ ... " ..... _.'."" ... _ ... _ ... _: ___ ._', .. M·._~ .. ~ .. ~_._._._ :~ .. _ ..... :: ... _ ... :._.~ ... __ .. ___ .. _ . 
. " 

1 F ( n 1 G I T 5) 126. 1 i 4 ,l12 .. 
N

", .... "' ... ~ .... ~... '.' •••• ~~~~_.~,.;;:"~.>_~_.,.,, .. ~_, ... _~:_,,_;.,... __ ,~'<_,, __ "'._~. " .... ~. __ • _~,_ .. _, •. __ ... ;"'. . 

DO 120 I=1.01.61T5 '. '.. ' ; 
N=YSIT+ISIT 
N=N+N+ISIT 

::. .... :., •. ~:;:::.·rv _ ___ ... ..,..., •• : _ .. ~._ .• _".':. •• _ .• ; •.•. _ .... M •• _._ ........ _ ..... "'~""." " 

15IT=N+N i.··· 
I F <I 5 IT. LT. TOOBi G; GO 10':'114 ........ ". . . . .":~"-':"~'. __ .c-'-_ , ..... '. -_ ..... - ..... --

IF (PRINX EQ 0) PRII\JT 503 . ".' .. ' ....•. .' '; ........ ". ", ,.' , •.... "\ .. , 
- ... ' ,',,",' " .,.j.,- ~ . '. , ." _ .' .,t._t . h" ._ ... " ......... "" ... ~.".""._ ............. ;,..,.. _oCh'''~'''''_''''''_''''''''''''''''''''~'!'I_~'''''''''''''''L __ ~'''' · ........ , .. w ... ,"'.·_ •• ~ ....... _ ............. _.;""'-_o-...... ·.- ............ .-.... ..., .. ,-. _' .. " ...... 1.,· .... '".'.· -.. , . 

503 FORMA T <1SH I NTEt;Eq TOO l.ARuE) . ,,:,~ ',' '. (". ; .'. . • 
. ~ __ ::.. .. _. ____ .' ._ 1 SIT = ALLB I T.~_...:._~. __ ._ ..... '_ . __ , _ '.'-.,"' . . . ~ '_ ... ;~.,- '-"~ ,. . . -', _. . .. ' ~ 

126 ..,:' g~ G i ~ s;: 6 I G ITS .. '''7,.':,.'';. ~·7~"~~.~:: .".- .~~-.~. ,: -.~--.-"~"--.--- -: .. ----~:~.::~-~~ .. - ....... . 

-125-~ [~ITT' ~i 51 Ill!; i.~ I,:~ ~~.,=~2IE-0~~i7~1? ··b~TI=i2tEt-C';:"12(··,·· -=_ 
124 

115 
. 116 

117 

107 
106 

.C 
C 
C 

,-' i ~7::~.·;; . t,. 

X=N" ': K = n I G ITS ... .. -~;.;-.' .. -.. -: .. ~~ .... :-.--... -"'--.. -.. --:--.. -".-."-~ .. --.--.,-.. -:-. __ .. _ ...... ; ..... ~ ... ;: .. ~. c.; .... :"' ......... ;.:.~:~...:', __ .... __ • ,-... - . .:..~ .... : ............ -- .-

IFCOI(;YTS.t.T.O)t<=.DIG.ITS ':," .:. ':."~" .' ' .. ~"""' ...... ' .... , ' ;', ,', ,,:;. J 1 = K 11 0 0 '. . . . . .............................. " .... '-";'--'~:' '.-.'--- .... -.- ... -: ... -.. ---- .. -.-- ...... -......... ; .,~-.: .• -: '-' ,---.- -- ...... .. 

K = K - 1 0 0" J 1· .' '. '. . , , " .. " . . ,' , - ... ,. ,- ,-' "-,, .... ': ~·· .... ; .. ~.~o,,~o .. ~,'_·.·., ...... -.... u ....... , .......... , .... , ....... "' .. - ~ ... i't ..... ' ...... • ... ' .. ~.,. ..... - .. A' ..... ~_·'·.,"""" .... ~ .............. ,., ..... A ... ·'·',....~ .... _..,. ... ':,.""' ........ ' .... ~~1>or'> .... ~-.R-_.n .... " •. -" .. ~·--...· •• -.·~-.-... -. .. ..... 
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Y=XPA (Jl + l' "XPB (J~+'i) *XPC (1<+1»"" ........ -.... _ .... -.... ------......... ----... --.............. ';.-~- ....... -.- ..... - .... -... --...... ---
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TYPx=-l.. . . '. 

,. ....... ~~ I i~W~~~ ......... " .. , .. "' .. --"' .. ;.. .... "_ ........... ~ ...... _. __ ... ~._ .. " ... ,, .... _,~~~ .. _~ .. __ ~,._, .. ~,,_~ __ ~ .... _.: ____ ::~~~~:~~_.~~ ... :_.' ~ .. _._._._._. 
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MULTIPOLE bNAL~SlS 

THE NORMALizING RA0IUS-IS' "~-' ~ .. ~ '._- . ~-~- . ~." - __ " r) 

N --
N = . -" 

N = 
N = .. 

',~ 

9 .-

1 5 

'21 

. " 

-.. - -- .--_.- .--.. ~.--'-:"-- ... _.-_._-._----'-,. 

.. · .. ·-'·CN = - 8!1-'5091E"'06' ~'-1-ii·064536E+O?'--.- -:.---

, .. , ... :.. ..... -.. ---: ....... ,,~ eN" = '''''''''''4.,"' ti4 895E ... .1 2,"' .. ·· .. ",··7·. 582 ~o 3E - 0 8-·-"~- ." .. ,---.. ".--... ""."". 

......... :"." eN = ·-2,960939E-n6---- 7 .. 'l129~E+Oo .... -~~:-.. -------.... -

...... ',,~-.... - .. eN -' "'2!. 1. 12846E-o~ ~ ....... 5. 046552E + 0 0 -.-.. "~~"-----''',: . 

" •. --:. ",N . = ..... ? 7- .. :-.".~: .. ··~ .. -,:.--:-.::-·:,·-.. .,:,,~ .. CN : .. =-.... _ ... "" 5 ,418791 £-13,··,--5.'31464 ?E- n8---.-· -' ~--"--... : .... ,~. 
. . . " ' 

N = 33' ... ----. -.--.~--.. ~~,,~ .• -. eN ',= -.. '. 3. 5 (I 3158E- 06 -- .... 4. 14'7 (' 1 oE + 00 - . ...:.-.. "'-._- .-_ .. -.. ,-, '-. 

N = '39 - --- .. ---~ .. -·:·-.... --·--CN = -.. ,' 4~286323E-06 .... ·-4.293479E .. oo-- -.--------.. -, .. ---. 

, .. _. --·· .... N'"·=··-:-45---...::-:~·-' -.~~-. CN"--=-, --5,.82715 7E--13--"'-:'"9 .476?41E-08- ... ..:.-------.-.. '"--~ 

.' :.--~ .. -- N ... :--_. 51- .. -:_..:._~:--.-'""'_c-:'~-:-;.-.:. eN .= .. ::._-" .6~.424 398E .. 06 .:--~-- 4.920919£ .. 0 0 -------.. :,--:-...:..:,--------.... 
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_each coil area .. equaJ.,_.to ___ twice_the area between successive coils) . . 
- • .~., •• ,_._... • •• ~ ... __ A" __ •• _~.. '" ._ ••••• _____ .~ •• "",,-"_._~_~_._._. __ •• _ •• ---- •• -~ 

Also, . all components.should be pu,rely imaginary numbers. These fea-. '". . .. ~ _ . . , .. ", ,." T.. . ~. _. _ .. _, _ .•. ___ . ~ __ '" ____ . _ ...... _ ... - ... ,. 

. tures may be noted in, tlle above calculated :r:es:u,l t~ • 
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... ~.-.. -... -, .. _ ... __ ........... _-.. - ~ .. '---'--'-"-' ~.-.-- -_ .. - --~-.---.- ...... --.- .. ~. 
~-.. ".--.. ~.-... -----: ... --.--.-.-----.. -.-. .----."-.. ~.-- .. -.-.--,~.-~.- ,~--.. -,--------.---------_ .. -
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*This work was done under the auspices of the U. S. Atomic Energy 
Cormnission. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mISSIon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




