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MAGNETIC FIEID COMPUTATION FOR TWO-DiMENSIONAL AIR CoIL syszmm?
Roland Yourd and Klaus Halbach

Lawrence Radiation Laboratory
University of California
Berkeley, California

July 1968
ABSTRACT
Analytic formulas suitable for numerical compuiation are derived for
-two-dimensional air coil systems. The computer code, FIEIDS, is described,
and evaluation of a sextupole magnét is included as & sample problem. A

complete 1isting of the program coding is also provided in an appendix.

e
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I, INTRODUCTION

A method of calculating‘two-dimensional magnétic fields in vacuum will
be developed consisting of evaluation of analyticalbcomplex formulas, A des-
cription pf(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 calcuiations may be obtained both inside and.outside the coil area with-
out special treatment. 1In addition & multipole exﬁansion of the fields is

provided,

IT. MAGNETIC FIELD EQUATIONS FOR TWO-DIMENSIONAL COILS

Complex algebra will be used in the following field derivations, and'MKS
units will be used throughout. Magnetic fieids can be described by the complex
quantity ﬁ = Hx + iHy. Since only the complex conjugate of H, namely H* = Hx - iH&,
is an analytic function of z = x + iy, this isAthe quentity used,

For & current filament with positive current I (positive in the X x ¥
direction, or directed out of the page) shown in Fig. 1 at point z, the magnetic
field at a point Zg has a strength equal to I/(Zn lz - Zol ). The field direct;on
(perpendicular to the vector zg - 2z) may be given by i(z0 - z)/ 'Zo - zl .

In equation form,
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This mey be rewritten as

I i(z_ - z) S & 2
H= = 2
2n (z0 - z) (zz - z*) 2 (zz - z%) .

* #* ' : :
where z and z, are complex conjugates of z and Zg respectively. Introducing
*
H in (2)
Ii

H = | , (3)

2r (z - zo)

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

. a1 1 | | o
H = dx dy (%)
' : z

The integral in (4) is of the form u/pF(z)?dxvdy, where F(2z) is analytic
and single valued over the integration region,vand may have one singularity at
Z = 2 . (If no field values are to be evaluated inside the coil, Z is outside
the integration region, and F(z) has no singularities). For a more general
F(z) (with "n" first ordér singularities inside the integration region) it is

shown in Appendix A that the integral of (L4) may be represented by

1 . . % M
o %F(z) z dz —Z 9§F(z) z dz

Sum over "n" poles

The contour integrations in the sum are performed for infinitesimal circles

about each pole,

‘o
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In (4) F(z) = |/(z - zo),' and B may be written as
A , * . -
3 A v
CH = —— Sf.- ° 4z SRR -~ (5)
hx Z - 2 . :

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

region, This formulation differs slightly from that déveloped by R. A. Beth(l)
~in that he considers interior and exterior points separately. Equation»(S) is
more convenient to use for numerical.computatidn sihce no checks are required
to determine the fype of point. Another advantage of (55 is that the absélute
value of the integrand is alweys unity. For field points near the coil Beth's
technique requires taking differenées between large numbers over part of the
integration contour, ‘Use of (5) avoids both préblems, and is used for calcu-
lating all field velues in the computer code, For compieteness, we derive (5)
in the appendix with & procedure that differs from Beth;s, and allows extension

to other problems.

III. MULTIPOLE COEFFICIENTS

Multipole coefficients are obtained by expanding the fields in & 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

. 'y . * ' . i * . L WA
potentials) is analytic and H (z) can be obtained from G(z) through H (z) = iG'(2)..
Therefore G(z) may be expanded in a converging Taylor Series of the complex
variable z .

o]

G (Zo) =8 +8, 2 +8, 2 +----- e z | | (7

G (zo)

no
o
=
N
o=
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Similarly

]
* . n-1 . n=1 ,
H (zo) = 1 E ne z ' = E bz (8)
Nn= . h= '

where & and bn are in general complex constants,
Thig Taylor Serieg has.a convergence radius equal to the distance 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

. Z*. s *
Z
H-X- - A,J ¢v ‘ dz .= . J ) % dz . (9)
z b 2(1 - “o)- ,

° Z
and for 'zo, !< 1 this becomes
oz -
. * - '.
% 3 b2 b Zg l_ o
" - % z = dz, (9a)
)-Ht z n=1 Z ‘

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

(8) end (9a)
2 3 z* o Zn-l
b 221 ¢ -2 4z (10)
; n o b ” ; Zn-l ’

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

J oz
bn = % = dz (11)
)+1t‘ z :
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Although'certain coil symmetries produce only real or only imaginery coeffic-

ients,ipﬁ; in general may be complex coefficients,

IV. DESCRIPTION OF FIELDS PROGRAM

A Fortran IV computer code has been written to_evaluate.magnetic fiélds;.
-and multipole coefficients using equétions (5) andf(ll); Input data requires
only specification of coil boundary and current information, certain coil
symetry conditions, and a descriptioh of the desired grid for field evaluation -
points, |

Coil areas are approximated by inscribed polygons to enable numerical
treatment of the line integrals in (5) and (11). A “Trapeioid rule" technique
is curréntly used for the integration. The user may change the number of
polygon line segments at will, and also could egsily implement additiondl
integration methods (Simpson's rule.among pthérs). The symmetry order is
treated automaticaily'dnd only COOrdinate points for a single coil are acfually
specified,

The total current, I in amperés, 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 typica% probleﬁ is shown in Fig. 2. The input data for this sextupole

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

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

giving end points ((rl, ei) and (rz, eb)) for each coil side. A code K = 1
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or K = 2 is used to indicate whéther the coll side is a straight line segment
‘or an arc segment respectively. Finally a value for N is specified to indicate

a desired division of the coil segment into N equal léngth polygon sides.

Actual data cards for the coil boundary shown would be:

2, T, B, T, &, S50
1, 'r3, e, 10
2, 1, 9, 60
21, s el" 10

where K is either 1 or 2, units for r and € are cm and fadiaﬁs respectively;
and the desired division shown results in a 130 sidéd polygon approximstion.
Note that after the first boundﬁry segment is described by first and last
points, only the last point is'required for each.succeeding-sector;

Two additional date 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 date on the cards. The user should become femiliar with
the use 6f fhis rouﬁine as described by Bill Benson's write up: "Subroutine
Data - A Fortran 66 Format Free Input Routine", June 9, 1965. (Réf. 2)

The symmetry order of the coil system is specified through & Fortran date
statement in the main program. The variable name NCOIL is used, énd it represents
the number of rotationally symmetrical coils (dipole = 2, sextupole = 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 smail-tuning coils, variable current. densities over portions.
of the total coil, ete.). The variable name IGRP.represents the number of
separate coils comprisingva Single symetrical group or_Set. If IGRP # 1, then

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

n-1
8, 2

Multipole coefficients are obtained ffom (11) and multiplied by r
where re is the radius of the expansion aperture (or a value ‘vecified by the -
user). The thus normalized multipole coefficients describe, according to (8),
the contribution of the individual'multipoles té the field at the normaiization
redius. It can easily be shown that rotational symmetries will result in certain
Vbn" values being exactly zero for particular "n" in the séries of (11). 1If
NCOIL represents -the numbef of rotationally symmetrical coil sets, 8 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 mey wish to include expréssions 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 0
i
H "

5.

. A. TEvaluation of /}Kz) ix dy - ] '
. £ | 1 J . o ! !
: ' Py - ! — [
The*function F(z) must be’analytic, single valued over the integration
region, and must have no singularities highér than first order inside the o
boundary. It is convenient to represent F(z) as the derivative of another
| o

function G(z)-.

F(z) = G'(2)

I = /F(z) dxdj:/(}'(z) dx dy - L (an)

Since the integration is over a total area, and since integration dvef
an infinitesimal circular area cohtaining a simple pole contributes only .
infinitesimally to this total, the region in Fig. Al may be divided into
s8trips, thus excluding the area inside of thé infinitesimal circleé around

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

I- Z /(G(z; right);G(g 1ef£) dy = Z'¢‘G(z) ciy_ (a2)

~sum for all strips strips

Once the contour is defined, G(z) becomes a fdnctioh of y alone since
z = x(y) + iy for points on the boundary. The line integral of (A2) is in-

tegrateaﬂby;parts.
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Let
w=0(z)  w=0(2) (v 1) ay - 6(2) 4z
! d"V":'- dy ' vV=Y
: . - end. A
then, P ay=a=) y S RHOREE (a3)
' ' _— start : : >

 Since G(z) is-regular‘andvsihgle valued within each loop (sﬁrip), and since

end
the path starts and ends ‘at the same point, G(z) y = 0.
. start
1 * ' :
Replacing y by (z - z) and G'(z) by F(z), (A3) becomes
2i
1 . | - |
B Sﬁe(z) dy = %F(z) (z - 2z) dz (Ak)
2i .

Since all poleé have been excluded from the integration strips,-

1 : -

Sﬁ'F(z) z dz wmust be zero from Cauchy's integral formula,

2i

. Therefore 4

1 % 1 * v*' -

I=— E ¢‘F(‘_z_) z dz = L;._'_.;¢F(z) z dz — E ¢ F(z) z dz (a5)
21 sum over _ 8L guter 2l each pole '
all strips contour inside contour

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

It is easy to show that for this case

P r2) 2 az = 2 ¥ w(a) as, - (46)

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

1

F(z) (z - z) dz (A7)

outer
contour

2i

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

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

T =/F(z) dx dy = ~%F(z) (zF — Z 20 R (z)) az (A8)
o1 : n n
area, -.contour n
inside contour ' )

with _ i
P (z Z -

R (2) = ——ES—Z‘" , and P (z)=-L ( ZY)

Pn(zn) ' n Z - 2
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~ PROGRAM FIELDS(INPUT, OUYPUT)‘“

a,wCOmpufer Code. LlSting_ﬁ . UCRL-18378.. .

“RN 1S THE NORMALIZTNG RADIUS USED IN THE MULTIPOLFE ANALYSIS,
" IF RN IS NEGATIVE THE POINT ON COIL NEAREST ORIGIN IS USED FOR
" NORMALIZATION. A
~ DATA RN/-lo/

“IF SENTINEL IXY EQUALS 1, THE USER MAY INPUT DATA IN (X,vy ™7~

COMMON/RORY/X(?OOO)oY(ZOOO)oNPTS(S)eZ(?OOO)975(2000) o
COMMON/GRIU/xOovno70,205 R
oo COMMON/MPOL /RNORM B R e o o I -
o COMMON/XY/ZIXY ST ' ,
t . DATA IDIM/?OOO/ _ e e e e e S
.‘ DIMENSION CUR (q) 9. CURDEN (q) "w s e rtsem. b et o AR 1S 20 181 £t S A8 T+ Tt e ».u...,...;-l»‘_.......,..........ﬂ..-f..mw.
;“Ef - IGRP REPRESENTS NUMHER (P To 5) OF COILS PER GROUP OR qFT e
v DATA IGRP/1/ A : .
c NCO1L. REPRESENTS NUMRER”OF RoTAT!ONKEEVWSVMMEYRIEXL”sEfé' _
. C . ... (DIPOLE = 29 . SEXTUPOLE = 6o ETC). . ... _oie oo o
DATA NCOIL/4/ - g - _ A
"¢ IALT = =1 IF SIGNS OF 'CURRENT ELEMENTS ALTERNATE, OTHERWISE +1 7
| CDATA IALT/=V/ e i

bR T AT IN Y L T s

. INSTEAD OF (RyTHETA). COOROSGWMMWWWWWWMNNWWMW.WM e e s
T DATA IXY/1/ | | o

ﬁfbATd'(CUR(iY{°i§iiEi7é*620/“

" COMPLEX SUM, HSTAR, ROT . '~ ® el . . e
COMPLEX Zs ZSs Z0s Z0S R ' AP

e . Lt mere e e m b ek em e e AT e IR

FIRST DATA CARD COMTAINS CURRENTS == Cle C24 dee & ~
AN S 1S REQUIRED IF LESS THAN S CURRENT ELEMFNTS ARE DESCRIRED.

ENCI.OSE POSITIVE CURRENT CARRYING ELEMENT
FIRST CARD READ MUST CONTAIN (IN ORDER)y THE KIND OF CURVE

R2s PH12, AND THE NUMBER OF INTERVALS DESIRED. -
FOLLOWING CARDS CONTAIN ONLY THE KINDs Ry PHI2, AND NUMRER

_ REGION MUST CLOSE == FIRST PT AND LAST PT COORDS MUST BE INENTTAAL..

. SEGMENT ( 1 FOR STRAIGHT LINEs 2 FOR CIRCULAR ARC )o Rl1, PHIls

DESCRIRE BOUNDARY nF COIL IN A COUNTER CLOCKWISE NRIRECTYON. ..~ =

R

OF INTERVALSo

-3 3.1415926534868 T ——
—"READ CURRENTS’ FOR 'E-_OILS‘" IN GROUP ™ 7 o T o
. CALL DATA(CUReS) ~.. - - e R

..DO 700 N=1yIGRP v

. PRINT 600s N_

600 FORMAT(1H1#® DATA CARDS FOR COIL BDRY 134 ARE |ISTED BELOW®///)

CALL DATA(KINDs14RTe10PHITo1eR2s19PHIZ1oNINTS1) 7 7077

AR L § A A kb o PR T TR R e

" Ro #MRI,MHﬁMNﬂ
PHIO = PHI1

IFINJEND,1) GO TO 8
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W = BTSNy e : e
XAMYSRY e
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NPTS(N) = NPTS(Nal) : ‘
GO TO 9 e e e e e e
NPTS (1)=1 o . ,

Y (M) =PHI]

IF(IXYeFQel) GO YO Y0 . S v
X(M) = Rl # COS(PHT1) ' T .
Y(M) = R % SINU(PHTYL)Y i : ' et e

BT L e e Nt

1

IF(KIND EQe 1) CALL LINE(RLsPHI1oR24PHIZGNINTONY ..~
IF(KIND oEQe ?) cAlLL ARC(R1sPHI1sR29PHI2¢NINToN) : e

HAS REGION BEEN CLNASED .. :

IF ((R2,EQ«R0) ¢ AND o (PHIZ4EQ. PHIO)) GO TO 1000 . _ . .
Rl = RZ ‘ S -

PHI] = PHI2 | . ST R,
CALL DATA(KINDs]4RP91ePHIZ2e1oNINTHY)

IF(KIND +EQo 1) cALL LINE(R1sPHI1sR29PHI2GNINTON)
IF(KIND (EQ¢ 2) CAl L  ARC(RLePHI1oR29PHIZGNINTONY .

CIF(NPTS(N) «GTe INTM) GO TO 25 e

~ DIMENSIONS HAVE REFN EXCFEDED

. 25,

76
8% o MAX ALLOWED 1s%15 //)
STOP

.L. 1_

699
’@ 70

0

66
18

GO T0O 20

PRINT 26 NPTS(N)s IDIM ;u.,wwuﬂA”Wmmw;;m,wmw"m&up&
FORMAT(///% DIMENSIONS OF X AND Y EXCEEDED®#/# "NATS = 415 S

CONT INUE . T - - -
CONT INUE e i N o . —
CALCULATF coIL AREAS AND CURDENS
DO 1R I=1+IGRP ~
FIRST AND LAST PTS ARE SAME == SUBTRACT ONE FROM NPTS
NPTS(1) = NPTS(I) = 1 e+ e e e -
CALL AREA(As1)
. CURDEN(I) = CUR(I)/ A o o
PRINT 66, CURDENI(7) 4 :
FORMAT (/% CURDEN = «E15.6% AyCM2ey . o I
CONT INUE ' ' )
CALCULATE Z AND 7STAR FROM XY PAIRg ™~~~ o o
ALSO OBTAIN NORMALTZING RADIUS FOR MULTIPOLES
RNORM = 10000.° h ST
IST = MPTS(1GRP)
DO 19 K= 1+IST - T T T T e
R = SQRT(X(K)#X (k) ¢ Y(K)“Y(K))
IF(R,LT<RNORM) RNOPM = R e .
CZ(K) = CMPLX(X(K)s Y(K))
ZS(KYy = CMPLX(X(K)e =Y(K)) o T - T T T
CONT INUE

AR2

IF(RNsGTo0e) RNORM = RN~~~ 7777

SET Up F.') I T GR I n R I TR LR ¥ oL I T e — l - v . vibnd ek e § TS
PRINT 602 :

FORMAT(///%  DATA CARDS READ TO SET UP GRID ARE LISTED BELOW®///)
CALL DATA(NXys1oX0ls19eDELXOsL)
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CALL DATA(NYolo¥Y0ls1eDELYOs1): ~ . L

CXP = Xn1l

YP = Yol et i [ s ) '
- -~ g Lt er e remv s e eee s e 41 T <t S o s S ran SR s VAT o 8 MRS 0 AT A S 8 MR B & S5 AL AR 0 S RAS o i 3 e RU—

¢ CALCULATE POWERS FOR MULTIPOLES . ‘. ' . . = o

.. ROT = CMPLX(O»oi.i J_wWMMw;Wbﬂw;w~¢w;@w@;,.”?'.“' e e
‘.. PRINT 301 | A LT
371 FORMAT(1HY # MULTIPOLE ANALYSIS“//) '-WM--"’ﬂ'v o R
PRINT 3029 RNORM " S e
t . 302 FORMAT (2X9#THE NORMALIZING RADIUS IS*o Flo.a, ocmo//) ;m;;_gmwémm;mmmwwmwv
o PRINT 303 R
303 FORMAT(4TH RSTAR = SUM OVER N ( CN®((ZO/R)_®#% (N=1) V) __ ///) . .

DO 11 M=1,10 S
o ANY EXPRESSION FOR MULTIPOLt ANALYSTS (IPOWER) MAY ‘BE SURSTTTUTED .=
€~ FOR THE GENERAL ONF USED RELOW T mem34;¢“w
‘ IPOWFR = (NCOIL/?)#(24M=]) o R
HSTAR = CMPLX(0D490.)
DO 899 I=19IGRP
CALL SUMMM(SUMs T IPOWER) , o e i 7
- HSTAR = HSTAR = CURDEN(I) # Qe I“ROT*SUM S e R
R99 CONTINUE et e e
HSTAR = FLOAT(NCOTI) # HSTAR # RNORM e e L e
o -PRINT 300s IPOWERy HSTAR o0l
. 300 FORMAT(/# N = #713, 10Xy ® =~ CN = # 2E15,6) - ST R S
e YL CONT INUE e o e e eeemie e s e s oo it AR

PRINT 201 e

anl FORMAT(1H1914X99x(rM)*oSXo“Y(CM)*!lEXo“BX(G)“13XO”BV(G’”'13X’“RT(G
X)#//)_ e e e j;mww

00 soo_J=19NYW;M_wm“;;;;*

DO 01 Ju=loN¥: - T
HSTAR = CMPLX(0e40,) -

DO 499 JT = 1’NCOIL e i e

P KNT = J1 + 1 e e e e A A 8 e 8 1 7 e

.~ ISN = (TALT) ##KNT : ' R '

) ANG = FLOAT(JI= 1)“?o°PI/FLOAT(NCOIL) - -
ROT = CMPLX(Ooo'ANG)

70 = CMPLX(XpoYRy o e L
S 20 = 70 % CEXPUAROTY | - i i . 3
Z0S = CMPLX(XPo=YP) - ”
Z0S = Z0S % CEXP(ROT) _ .

- X0 = REAL(Z0) T . )
N YO = AIMAG(Z0) R - L o L . —— -
. DO 550 1=1+1GRP R . - -
CALL SUMS(SUM,e 1)
"IF (CABS (SUM) +EQ, ns) GO TO 77 T o - )
SUM = SUM # CURDFEN(I)® CEXP(ROT)® 0,1 ~~~~~ 77
.. .HSTAR = HSTAR + SUM®FLOAT(ISN) . o

550 CONTINUE

499 CONTYNUF



 BX = REAL(HSTAR)

GO TO 78

~PRINT 200> XPQ YPy BX’ BYs B8

IR | SR R

BY = =AIMAG(HSTAR)
B = SQRT(BX#RX ojBY“RY?

FORMAT(/10Xo 2F10e 495X93(E15, 6'3X))

- '1UCRL;18378‘1-’

i

et . o o, eed TNREIS sr S (1 e b e S T s 7S

SR O S T

. 77 PRINT 2029 XPs YP _ ' e T e i e
202 FORMAT(/10Xe2F10,4,10X% EDIr PT IS ON coIL RDRY*)
78 XP = XP ¢ DELXO0 o o ST
501 CONTINUE
XP = X01 i T ) R
CYP = YP % DELYO L e e o e s emanansbsien + cmreren e e o
500 CONTINUE
END | . ‘w” SRR , nn ‘ R i ol SO e gy e



SUBROUTINE AREA(AeT) . .

COMMON/GRID/X0sYD970+20S

UCRL-18378 - -+

COMMON/BDRY/X (2000) 9Y (2000) +NPTS(5) 42 (2000) 92502000 ... e

IF(1,EQ.1) GO o1 _ T T
IS = NPTSUImY ) % N
GO TO 2 v : .

1S = 1 " e T S e

IE = NPTS‘I) ' . S “ e e eenmil e — e - - -
CASL = X(IS)®(Y(I§ + 1) = YCIEN) . . . .
AS2 = X(TE)#(Y(I§) = Y(IE « 1)) : '
A = AS1 + AS2 - o . i i . -
JS = IS + 1° ~ - o

JE = IF = 1

DO 3 J= JS¢ JE T T T |
AS = X(J) 5'(Y(J;i{f;ﬁV?J;I;ywww»wwwmww«mm«w e i 5 e
A= A« AS . i ] e
CONTINUE - R A . S

AR A 065 e, e
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SUBROUTINE SUMS(SUMsT) ) . ~
COMMON/BDRY/X (20003 oY (2000) sNPTS(5) 4Z(2000)+25(2000) R )
COMMON/GRID/XOoYéoZQ:ZOS
COMPLEX Z9 2Se Z0970S T e )
COMPILEX SUM, AS ) . e
SUM = CMPLX (00 000)
AS = CMPLX(0e90,)

CIF(1.,EQ.1) Go To 1 ) ] e o
IS = NPTS(I=y) & )
GO TO 2 e e e e I o

1 1S =1 o

2 1E = NPTS(I) e, T T R
CIF(CABS(Z(IS) = Z0) «EQe (e ~ «ORe  CABS(Z(IE}=70) +EQs o) GO

~# TO A , A S

SUM = ((ZS(1S) = ZAS )/ (Z11S) =20 )I#(ZIIS* 1Y =Z(IEY)

AS = ((ZS(IE)=Z0s NV/(ZOIEY=Z0 )Y (Z(1§)=2(1E=1)) B
. SUM = SUMeAS , e o — _ e
JS = 18 + 1 i o i o
JE = JE = 1
: .,',.._.,._q.,_,w;‘.,DO 3 J a JS.,-JE gt .,.» L N R e Pt Adom o e & @ M PP IASS iRt 55 R AN A WU SE R A o L L 45
”"”“mIF(CABS(iidiﬁ;]26{f§t67”6?iffééwfd”é - o T S
. AS = ((ZS(J)=Z0S__ ) /(Z(N =20 ) (Z(Je1)=Z(J=1)) ]
'3 CONTINUE ) . N ~ B _
SUM = SUM % 0.5 . - _ e
. RETURN R S e et oo e o
B SUM = CMPLX(Dss0,) ' '
RETURN ) T
END

S epara e o b as 5 & AN b etk TR T RS TR TR 1 A S B R AR S ARk 9 A A 1 0t S WS b s U St 5, ST e A et SRRVt



AL lage o % . _UCRL-18878 . #
 SUBROUTINE_ sumﬁmeHM.i.IPowEn)' o |

cOMMON/RDRY/x(ZOOO)vY(ZOOO)aNPTS(b).Z(2n00)975(2000) R T
" COMMON/GRID/X09Y0970920S - o

) - - - - o ;.ﬂ ..,,-_». — e - - - . -
-~ COMPLEX Zs ZSs 20970S N T A
COMPLEX SUMs AS '
SUM = CMPLX ( o .,’ o ; ) A A e s ey b e e 24 o e na o e - T ~
L AS = CMPLX 00 04) e e e e e i e o
M IF ( I . EQ o ]' ) GQ TO l""’.‘j‘.'v"“"'"v"".""‘"';"‘“""" © e G e -~ .- s . A S e -
5 ‘ I S = NpTS ‘ I * ‘ , * 1.,,, |" e R e A A 3R e st § ot e S AHY RS mpon s i ® RetEa s TN o i £+ aonr gera s e YA ¢ e £ e pre s
GO T0 2 ’ ‘ :

SUM = ((ZSUIS)/R)Z{(Z(IS)I/R)8#IPOWER) ) # (Z(TS+1) /RZ(IEV/RY "

AS = ((ZS(IF)/R)/((Z(IE)/R)““IPOWER))“(Z(IS)/R-Z(vE-l)/n) -
SUM = SUMe+AS

L Js =15 + ) o - R i ) o )

. JE = IF = o ) ) SO

";lAS”:_((ZS(J)/R)/((7(J)/R)““IPOWER))“(Z(Jtl)/R-Z(J-l)/R)_FM;.' B ~
SUM & SUM ¢ A§ SRR L '

3 CONTINUE _ R -
. SUM = suM & b_.s'ﬁ“- Lt N R

RETHURN | o L S L
END .



: -18-qu;i3’u”;;,ﬁlf  §.. ";”ﬂ . UCRL-18378. -- .- fi_

SUBROUTINE L!NE(RI.PHIIQRZoPH129NINToN),” i
" COMMON/RDRY/X (2000) +Y (2000) sNPTS(S) ¢ Z(2000)+75(2000) | oo
_COMMON/GRID/X0sY0s 709205 e o 1 2a- om0 s A S T R A

COMMON/XY/IXY , )

T 7 IEND = NPTS(N) e NINT T T T T
LOXQIENDY = R2 e
Y(IEND) = PHI2 : o R SO

e e CTFCIXYQEQeL) GO TO 10 Lo o i e b -~ ——
X(IEND)=R2%#COS (PHI?2) ¢  Y(IEND)=R24SIN(PHI2) S

10 NN = NPTS(N) L ' e e
XDIFF = (X(IEND) = X(NN) __  Y/ZFLOATANINTY - o e
YOIFF = (Y(IEND) = Y(NN) . )/FLOAT(NINT) S
NSTART = NPTS(N) ¢« 1 . .. e e e e+ e e v st 0t
IK = TEND = L : R [ ,

DO 1 I=NSTARTeIK . . ... e e e o i

XTIy = X(I=1) ¢ wDTFF

YI) = Y(I=1) + YDIFF LT ) I
1 CONTINUE . e e . S . e
NPTS(N) = IEND L i ) e
RETURN g |
END - L - n T
e T s w e .’ [PEORHPI P E E ik maa e on b S e ; e

b T sasemaer e S i 4 G mktasm BEAT S AT § e PeL L At a3 e AN T Skt 0L A Leaay Crantma T Eastien . " woan wrvus
- e -~ - - o 2. Lt 3 1 g i R RN o e N e s o o wan .
e e sm e ke e - e lmans  emm s e waic e eiemm e e e emen s e e on S smeiein aem e s el s sev e = s 4 wm e gt ST



3

' ;?L@;jw;‘ﬁxgmxig,,;;.,,”-19- NMQ‘fﬂf;{f};»;v»»;’Q'if?i,;UCR£;18378';,_;.,;

1'SUBROUTINE ARC(R\.DHIIcRZvPHIZoNINT N) R
COMMON/RDRY/X(ZOOO)oY(ZOOO)’NPTS(S).2(2000)075(2000)
COMMON/GRID/X09Y0970420S .

- COMMONYXY/IXY. - b \ Mwwf“m_inwwmwfnﬂf,“mwﬁf T .SA .

.. IF ( IXY‘EQ . l ’ | GO To 200 _... ot e emane s v maien s e sy we e semurmne A

e "7 PTS NOT ON ARC
. PRINT 1009 R1sR2

.xr(nl.eo.Rz).Go‘To;aﬂ”Wmmf;gﬁgwqum%_ﬁmwwwggww4Wwwwwj;w;wmﬁmm¢mw;;;,mmw.

100 FORMAT(///% FIRST AND LAST st OF SEGMENT DONT HAVE SAWE RADIUSE T

_e# Rl = %F10, 49 R2 = *F1004///) et e e e e R = 2 2 e et i e

sTop

200 PRINT 201 | i R

501 FORMAT(///% MUST UUSE (RsTHETA) COORD SYSTem TO DFScRIBE ARESY (17
#XY MAY NOT BE 1)®#//) . - 7

S T OP e WS+ AN ey o S h at ARG ke w8 e 3 o o Yo SRS e
2 CONTINUE ) - - - - e U

TEND = NPTS(N) & NINT 777

X(IFND)=R2%COS(PHIZ) &  Y(IEND)= Rz*SIN(PHI?>_;,;M;s*"“' ,',- :z‘wM;;;

PHIDIF = (PHI?2 = PHII)/FLOAT(NINT)
NSTART = NPTS(N) )
PHI = PHI)
CIK = JEND = )

N DO 1 I=NSTARTHIK
.q_. - A..,,,A,.PHI = PH I ‘PH I hIFu.-,r.,m..,.,n.,vw..ﬂ-.A.-...‘,-m.....f.u.m#.. PR - - 3 v
w f"7x<1s£h2écos<purf@”“”; R o i
o Y AL) =R2RSINGPHI) L o et il -
771 CONTINUE L SO
itimm . .NPTS(N) = TEND . =
T RETURN
p - END o —— P -
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20- UCRL-18378

SUBROUTINE DATA(X1eNl0X?oN?oX30N39XQoN#»XS;NSvXé N6e XToNT) _~; - o

'COMMON/REDMAN/FLTTNG,TYPX.PRINxoVALUED,CFLAGoREPFATonc.VALUEv im e v st e

STARsK9sR9DOLILAReSC .
COLCT»COLMAX s TYPTAB(7) gDECIDE(10) o XPA(4) o XPR(10) oXPC (1) s ;;*W;.WN”W,MM

& BLANKoRITSIMINUSeAsALLBITSTOOBIGCARDCY .
COMMON /CCNAP/ 1 S
INTEGER TYPXoPRINVoDELTAJvVALUoGOTX'CFLAGoRFPEAT RCySTAR o 2
oo INTEGER KoR¢DOLLAR®S9CoCARDCTYCOLCT ... ittt o i i oo e e s
$$55% : ‘ S ,
S INTEGER COLMAX e m_m“w;ameﬁm“”.w~*m
L 85555 :
DATA STAReKqRoDQLlARvsgcocoLCTOCOLMAX/00000479000001390000n220_w
¢ 000005350000023,0000003+82081/ o |
. $5%%5%% 0000053+0000023,00000039743973/ e e e
DATA TypTAR/UOOboro?oSoAOSOSOSOSR.05070%05050505050707n, PR
& 050505050505050107101R01010101010101030307Be. .. o o

# 07070707070607020000Be090/

™

DATA UECIDE/00q0302121201141300009005041515151515130000o.”ﬂu".ﬁ;?“”mwmﬂm
00615151515151513n00000006131313131313130000s S

@ 00606170717171713nooo~0061?1707171717130000o,m,JM;dwwmw”mewwwm;ﬁmmW;;mW

2 011171013130713]3@00090111713131310131300000 _ , _
% 0111717171717171300009021212112122121130000/ ol

DATA XPA/1.091:09100/ SRR
DATA XPB/1,0s1,0E1051a0E20910E305100E4001, 0E509100€60 1.077091;%;;;quw

@ 1e0EB0910EQD/

4 0000046,0000001, 0?77700000000000000009000010000000000000000/ : -
DATA CARDCT/O/_ ... .. U VOO L A SR S

B T TP

. $%$5%%

DATA XPC/1:091,0E791, 0E29100E391.0E4sl, OFSQI 0E6, 1 0E701. nFR’MQM;;mmmmwm

T 1.0E9/

_DATA BLANK-BITS;MTNUSaAQALLBITcTOOBIG/OOOO0G5o07700000000000000c;L;M;;MW

CFLAG=0
REPEAT=0.
COoLcT= COLMAX*t
coLcT=74
CALL CCNARG
IF(TI.LE. 1)60 To 703
CALL DATAI(X1sNy)

B L 4 ARARD S AT M 8 S A SR o TS 8 RSN BT SA SN A0 0 N B REPTER 8 ART B T €T 4 S SRS T ) R YT 6 A8 NG, 1Y e ST 8 AR M s o

CIF(1.LF. 3)60 TO ioamgww;wmgwwtwmqmwp o e e e -

" CALL DATATI(X24N2)

 CALL DATAT(X3sN3)

301
$3%5%9%

" CALL DATAI(X7sN7T) T e e e e
~..103 o ‘ |

IF(1elLEs 5YGO TO %oagqu.ww4

CIF T oLFe TYGO TO V03
CALL DATATI(X&oNgY
CIF(IsLEs 9GO TO 103
CALL DATAT(XS59NS) :
IF(T.LF1)G0 To 103
CAL L DATAI(X69NG)
IF(1.LE.13)G60 Tno 103

ST B BLONEL P e e b LR TRRRAT St SrlT e RNDRTEY

PRINT 301sCARDCTsFOLCT R
FORMAT (1H 85X23HDATA POSITIONED AT CARDIégaHo "COLUMNIZY™

FORMAT (24H DATA POSITIONED AT CARDI&¢8H, COLUMNIq) o L
RETURN -

END o




RDBYTE

Y%

L UX6=BOYXT
. SB3=Xx6 ‘

N/

ASCENTF SUBROUTINE IDBYTE(I4J)

PS

PS
- PS
" PS
. PS e
sA2=R2
SX3=1 |

PXT=B0¢ X4

PX0=ROsX5

NX0=R09e X0
FXT=XT/%X0
UXT=BT¢X7
LXT7=B7eX7

CpXT=ROsXT .
CUIX1=RO X7 .
SA2=X1+BYy

SA3=R2

C px7=R0.x5 T
CPX0=B0eX1 .

DXT=XT#X0

..PX0=RO0y X4 © -
TpX7=XTOXD

IX4=X3=XT7 .
e, SXY36
PX7=B0sX] -

| X284
e ettt e, 0 %381
I X4=2X2=X3.
S o XT= FLOAT(J*I)
.. eX0=10e _

T e XTu6, Es
‘;M.XO=FL0ATtJ-10¢N{

§ ‘x6=MKK_wm

.. SX3=778

S LX6= B3,X2

BX6=X6%X3

- JP RDRYTE
END

P P UL Ay

- oSHIFT 11

‘eX3=A MASK . o -
- MKK PLACES ...~ ..~ .
.. eMASK THE LOWER 6 BITS . - - . .

"~ oRETURN

Xb= Jnlw“
o« X8=10

o axr=leDisto .

;.oxl =N - B
oeX2=Nel= I(N¢1) II ;
»°X3=J vy s

.X7 lo.

JXO=FLOAT(N)
.o e XT=10%N
CUXTEBONXT L

- CXGEdmloeN T
i, @ X126 :

UCRL-18378 ¢

o anrima

e rora — . ...000000000000
3 000000000000
) o 000000000000
g : 000000000000
e ... 000000000000
S i , - 56224
i i e T130 000001
. : 37423
el T7150_000012
27704 -
e .2700% .
. 24000
R e 64T T
o 126777
ol o i . 22777 .
' ' . . 27707
e o worraem o - _26107 .
S 53211 .
- e 2 bR st s A 4 5 6 32 O
2770w
e et et et e b e smea e 27001uﬁﬂumm
; 62770
e 26707 ...
37437
,,,,,,,,,, -T110 000006
27707
_ 27004._m.“
. 4277h

o XT= 6*(J°10*N)

26607
- 63360
7130_000077.

b ke o A i it S

22632
11663 ,
0200 L0000}

- v \ T T “‘w;:.’-u.-“f“:‘;:e:;‘:.. ;.;.:‘ ‘.::;-.—._.,.;n -
e .Tv..u ~ : - .: PSRN »- w - 3 :- -
i - ol j.“ :. : ~‘:-m': M’i“ i:-m o ” - * - : . *
T e - . A n N ..:,.. _ “ -...m v % w—“ i ) —



o | L 'LJ-éz{j;;f[L;: s %0 UCRL-18378.. .
'SURROUTINE DATAr(voN) |

‘ c 55 e JP et e+ e s D a1 -
Ui CQMMQN/REDMAN/FLTjNG,TYPx PRINX VALUED.CFLAG.REPFAT.RC.VALUE'QM”wWwwmmmm

‘# STARsKo ReDOLLAR¢S.Cy A
_ # COLCT, COLMAXQTYPTAB(7)oDECIDE(IO)0XPA(4)OXPB(IO) XPC(10’0,4_¢WWWWWW_MM
& BLANKsBITSyMINUSsasALLBIT, TOOBIGsCARDCT ' o
" INTEGER TYPXsPRINY¢DELTAJeVALUSGOTXsCFLAGWREPEAT, Rc.STAR e

INTEGER KyR,DOLLARYSsCeCARDCTyCOLCT - o
. DIMENSION' X (1) ) e MMMWWwaWH;h' e o
EQUIVALENCE (VALUF'VALU) , ) . R ot
IF(N LE«0)GO TO 10l . . e e L B
DELT AJ= 1 e ' P i il P P_...m.;_.'._..“.;.:m-,,,m,u I --7;“ it ."..:._.;{_L_'__Y._ U
00 100 T=1,N o , RS e, L e

1 IF(CFLAG.EQ, 060, R R D
: o CFLAG=0 ‘ B
GO 10 10 T S T A

- IF(REPEAT.FO O)GO To 3 o
R C R C - ce e e eam— _ Dt e ,..‘-.m,.,*. :-v.v_;_.._;u_‘.-... e e St o A o arstm e
IF (RC., GT.O)GO TO 10 ‘ '
. ... REPEAT=0 :
37 . CALL RDNUM(VALUE)Y
o TIF(TYPX) 394,10
4 GOTX=7
i IF(VALUoEQ.STAR)GnTX 1 e o
IF (VALUSEQ«K)GOTX=2 . o '
CIF(VALUWLEQ,R)GOTX=3 ..
~ IF(VALU,. EQ.DOLLAR)GOTX~4
. IF(VALULEQ.S)GOTX=S " )
IF(VALUJEQ.C)GOTX=6 . . -
Lt 60 T0 (11 129130140101 16.3)oGOTX_‘
vyfllh;w‘ 'CALL RONUM(J) s
' o IF(TYPX, E0.1.AND.FLTING.EQoo.o)GO TO 3
: 760 YO 17 , R }{f‘ﬁn R
12 - CALL RDNUM(DELTAY) '”'~? 31 D e A

s gt R T s ot T, oy e bt P AL N i TR AN T . A Y Y %t B 4 4 e S N L 0 s

b e shipatn e mare s T yns s e ot 2 o e

.....

IF(TYPXoEQoe1aAND rLTING.EQ.o.o)Go TO 3 1
... . GO 10 17 : : : " = -
13 CALL RDNUM(RC) '
.. VALUE=VALUED o i st e en s . < m s . - ot S s

REPEAT=]

] IF(TYPXoEleeANDoFLTING EQoOoOoANDoRCOGT O)GO TO 2

- "GO TO 17 : -
.14  _ PRINX=)

CALL RDNUM(VALUE) . T
o e IFCVALU=DOLLARYI4o1odd Lo B
16 7 VALU=I=] _ ‘

CFLAG=])
GO 10 101 o . o , L A o
LG ERROR®M e e M
17 CONTINUE . . T e . -
. .. PRINT 302+CARDCTsCOLCT - '
302 FORMAT (1SH ERROR AT CARD 144SHeCOL" 12)
. c ERROR###

AT S S A AR A 8 s 5552 AU A et e LAt B BT ety e b Rt

10 - X(J)=VALUE
"~ VALUED=VALUE _ a
J=J+DELTAJ I T
...... 100 _ _ CONTINUE _ e oot v et e e

101 RETURN
__END




e

g

56

3
6
2
500
.ﬁ$$$$$_“

'm,_aQUIVALENcs(x.I)
...‘, N=O .
. \DIG1TS=0
. EXPON=0

~TESNC=0

© CHARAC=RLANK

R L e SR %

SUBRAUTINE RDNUM(ISIT). .

s COMMON/REDMAN/FIT?NGOTYPXOPRINXvDUMMV(l1)0‘; »
& COLCTQCOLMAX9TYPTAB(7)OUECIDE(IO)OXPA(4)9XPR(10)9XPC(10)O
* BlANKoHITSoMINUQoA-ALLBITOTOOBIGOCARDCT 4

INTEGER TYPXoPRINYoCOLCTsCOLMAXBLANKyBITS,MINUS,A

INTEGER TOOBIG,CARDCT

".:~ 1-23; .l..T.;-.‘,n,,.

INTEGER VALUF9STArEoCHARAC9CHTYPE00LDCH9

’INTFGER DIGITSsESTGNINSIGN
"DIMENSION BUFFER(8)

STAGE=]

WORD=0

NSTGN=0
ESIGN=g -
FLLTING= Oo

S OLDCH=CHARAG 0 o
IF(COLCTGCOLMAX)3 602

GO 10 7

READ S004BUFFER .;;;f;;;;;UMM;M,,M;,L~F'w

FORMA1(8A10

g

;;W;;.”mgu;ﬁ.'4ﬁCRL;;8378“*"J"

WALLATT T

"WORDJEXPON

e et Pt e s e o e L 2R AP 3 am e

PRINT> 5104 BUFFER™ ™ 7 T
510 . FORMAT(1H 8A10) ool
sssss‘ e B
o CARDCT= QARDCT¢1 “vbiqgfxwuiﬁ;' - M e o
- €oLecT=1 ST . 1 :
.3 . . CHARAC= IDBYTF(RUFFERoCOLCT)f~“ o . ‘ -
7 COLCT=COLCT+1 SR v
3 _ CHTYPE= IDBYTF(TYPTAHoCHARAC#l)' .vH4_””
- . IF(CHTYPELEQ.0)CHTYPE=8 ' 4
130 STAGE=IDBYTE(DECINE (STAGE) sCHTYPEY ' o
GO TO(1191201101141541651791891942091017 102.103.104oloq.1oe.107),
® STAGE
12 IF (CHARACEQ. MINUSINSIGN= 3 R T —— e -
... .60 10 11 ) e
15 IF (CHARACoLT+27,0ReCHARAC, er.aexeo T0 75
24 CISNeN e
I=1+1eN o
I=1+I¢(CHARAC=27) et e s e - e
o CIF(1.6T.TOORIG)GO TO 28T '
26 N=71 S o ) )
"GO TO 11 . ) .
25  DIGITS= DIGITS¢1 .
- GO 710 11 T i , - T
16 - DIGITS=DIGITS=) ‘ ‘
C "DECIMAL POINT ENCnUNTERED. SEY FOR~ FLOATING POINT,
FLTING=1,
“ 60 To 15 L P
C E ENCOUNTERED. SET FOR FLOATING POINT, '
17 FLTING=1. P e
. . G0 T0 11 N . .
18 IF (CHARACWEQeMINUGYESIGN=y ~—~ s e R
, GO Y0 11
19 EXPON=EXPON#10+ (CHARAC=2T7)  ~~ — 7~ T T B
GO 10 1)



: axifﬁCBL§IS§%8+.;WMMf"“

.20 1= w0R0 AND.RITS o ' o
) , .IF(I)llv?Bvll R e o
28 WORD=64#WORN - : . S

C WORN=WORD.OR, CHARAC

| GO T0 11 - i o - ST
-.C ~ SCan COMPLETE, PnEpARE FOR tXIT._'W;;; .
101 . I=coLCT=-1 ' RN ’
. IF (PRINX.EQ, O)PRIMT %029I¢CHARACvCARDCT ;;;;;wwmmww, it

| GO T0 1 " ComTTT
802  FORMAT(19H INPUT FRROR cOLUMN913’11H CHARACTER ’0206H0 CAQD914)“MMH.MWWgM
103 - COLCT= CO|CT 1 o _ } , L ) I

- l0¢2 AISIT:CHARAC IR ' - R : B

' TYPX=0

114 . RETURN B
105 COLCT=COLCT=) ' : o e . . i
104 "DIGITS= UIGITS+(I-PSIGN-ESIGN)“EXPON f L : _ "
: - TYPx=1 Ll BRI L ) .
; , IF (NSIGNoNE o 0)Na=N 3 N I R
108 _Q;IF‘FLTIN°’1?4'109 124 ;QW T L e A -
109 T 1STT=N o T T T T T
o N:IF(nIGITS)l?Go 16, 112 ) o
112 DO 120 I=1+DIGITS Sl E
: C NSTSIT+ISIT . 3 . R
, N=N+N+ISIT . S E R
1120 ISIT=NeN i et N T o
' IF(1SIT.LT. TOOBIG)GO TO 114 ‘ I ' ,
L IF(PRINX,EQ,0)PRINT 503 . i i . e

503 . FORMAT(18H INTErEn 100 LARbE)fltiw
) ISIT=ALLBIT_ ;m;w.mu.mwwwmnu o
.60 TO 114 S T
126_;; DIGITS==DIGITS ..
. DO 125 1= 1oDIGITS
wlZSA;“,ISIT ISIT/10
GO YO 114 '
124  X=N
K=nIGITS
IF(DIGITS.LT, O)Ka-oxelrs
Jl=K/100 ' . Lo ":f
K2K=1004J1 “,:;ﬁﬁhwwwpg;gwpwi-'”
J2s=K/10 R
KEKaJ2#10 o R
Y= XPA(Jl*l)#XPB(J?*I)“XPC(K#I) ‘
1F<nle:75)115-116.11! o

[EECE PP R

115 ° X=xsv EE B B
116 - ISIT=1 _ : N
| TG0 TO 114 T
117 Xsxey e e
| GO TO 116

107  COLCT=COLCT=1 o - R

106 TYPX==]
' _ISIT=WORD

OO0

G0 10 114 e s s e i i e e -
. DIGIT=NUMBER OF DIGITS T0 RIGHT OF THE. DECIMAL PnINT. L

N=INTEGER VALUE, : S T
~ EXPON =EXPONENT VALUE.,W_; - .

END e e e e o i et o e e e



G e s
- R 7T Sample Sextupole Magnet
- See Fig. 2

IARE“LISTED "BELOW ~~ ™

7 DATA CARDS FOR COIL BDRY

26, 8726645 6. 1745329 30
1 B. 41745329 1y a
ZMAB,;'.8726646;.3Qf” |
L 68726606 10

CURDEN =°  1,023231E+02 AZCHR " ~wm rm s

e e e 6 et e 1 e B e et nd e e e s e s s e

e DATA CARDSREAD=TO-SET-UP-GR1U~ARE-L1STED “BELOW

.8 ~_-'_.~9I_';. l, .
.3 0 1e )

i B T - Gt
.




' -26;;,,;-"_ 4 B o " UCRL-18378

v

MULTLPOLE anALYSIS™ 7 777 |
. THE NORMALL7ZING RAIJ'IUS“"._I‘S' L 6e000QCM *— e 5‘—-—1-—--~‘ p e s ~- . v
. ' e BETAR = SUM OVER N- ‘_(.l.chls‘«...‘( (ZU/R )‘ H‘O’::‘(:N"i')“"') v)..vm.,._,.;mu.;m-n.‘.._m-w-.‘“-» M;...}.u..-mai-wm~..:.u..-;~.-;«.M.....u.__ .

N= 3 - cmeeCN  Be175091E=06" ~=15064536E+0p = o -

Z
fl

Cg wre e ,,“L‘..‘.‘w.u....._.:.,L.,=,.:,-,- n C N s e . 7 a 4 8 9 5&,,1 2,,4.7 o 5 8 2 'S 0 3 E - 0 8 o ., it b R e 2 st

 =20960939E=n6-—: T, T11295E600~

z
u

ST BT RE R o)

Z
"
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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

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 behalf 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.





