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Table of Contents of Insertion Device Lectures, by K.Halbach

Each lecture lasts about 2 hours and starts with a summary of the previous
lecture. In this summary, topics are often formulated somewhat differently
than in the original lecture in order to enhance clarity, or to illuminate
the subject from a different perspective. For a review of a particul ar
topic, it may therefore be useful to look at the viewgraphs/tapes of both

the coriginal lecture as well as the following lecture.

#1;0ct.21.198B. Maxwell’s equations; soft iron properties; continuity

! conditions; properties of fields, integrals over fields, and potentials;
electromagnetic (em) Insertion Devices (ID); advantages of permanent
magnet (pm) systems; magnetic properties of pm materials; easy axis
rotation theorem; iron—free system design; quadrupole; multipoles; linear
array; iron—free 1ID.

#2:0ct.28. 1988, Literature; iron—free 1D performance; consequences of
perturbations; hybrid 1D: structure, performance., focusing, entrance/exit
design, consequences of rerturbations, scalar potential bus; pm—acssicsted
em—1D; laced ID; hybrid quadrupole, dipole, solenoidal—field—doublef:
laced quadrupole, sextupole; continuation of Maxwell’s equations: theorv
of a function of a complex variable.

#3;Nov.4.1988. Storecd energy in Charge Sheet Equivalent Material (CSEM);
fields, potentials from currents, charges in 2D with function of a compl e
variable; continuation of theory of a complex variable: integrals over
areas; Cauchy’s integral theorem, with applications; error field
Propagation in a 2D dipole; field quality of dipole with/without shim;
general equations for the design of ifon—§ree systems; proof of easy axis
rotation theorem; design of iron-free mul tipole.

#43;Nov.11.1988. Example of shimmed dipole; quantitative formulae about
effects of perturbations in iron-free multipoles; details about iron—<+ree
quadrupecle; derivation of performance equation for iron—-free ID; general
<D hybrid thecory; general hybrid design preocedure; limit of hybrid ID
performance; excess flux concept; 2D design formula for hybrid ID;

. chamfered hybhrid peole; usefulness of CSEM overhang; ZD design preview.

#35;Nov.18.1988. Simple view of CSEM overhang; potential, fields at corner in
2D; ID hybrid decign: complete design equation, with formulae (rot vet
derived) fbr excess flux coefficients and effectiveness of CSEM overhang:
conformal mapping: conformality, transformation of curvature;
complete(!''!) lict of needed procedures {(2) and conformal maps (2);

Precedure to map a non—-dipole into a dipole; 2 simple examples of design



of non-dipeole in dipole geemefry; complete, detailed descrintion of
procedure for design of neo-dipole in dipole geometry; application to
desxgn of hybrid ID pole,nand to sextupole. "Exotic" non- d;polns are
discussed in lecture #16.

ﬁé;Dec.Z.i?BB. Very detailed. summary and re—formulation of 3D hybrid decsic
procedure, and of design of non-dipole; details of hybrid ID pole design
and effect of changing theg-gap of hybrid ID on field distribution, views
in dipole geometry; more: on sextupole pcole shape design; conformal mappi
as a "thinking tool" (i.ei:using the concepts without formulae):
electrostatic extraction-«#rmom the 88" cyclotron; solution to Dirichlet
problem in a circle; mappang of interior of ideal mul tipole onto circula
disk with Physics—inforMamﬁon/understanding; flux between non-immediate-
neighbor-peles of multipedes or hybrid ID is only symmetry dependent, no
geometry dependent.

#7:Dec.21.1988. Fieldiat edgesof 2D CSEM without iron; simple way to
evaluate/"see" value of LNLS2z0=2z2) /(z0-21)); design of Stanford Linear
Colliger arc magnets wnEHDPBISSDN in dipole geometrv; POISS50N-mesh; effec
of saturation on fieldidistribution in windowframe magnet:'incorrect and
corregt analysis; Schwari—€bristoffel transformation: general recipe,
removal of one corner fromofermula, and "arbitrary” placement of two aths=
cornerms; application #1: :field from dipole with zero pole width.

2:Jan.6.1989, Relationship between curvature of V=ceonst. anc A=const.
surfaces, and magnetic field properties. Rogowski surface derived €rom
semi-infinite capacitor, and from first principles; preoper and improper
use of Rogowski contour. 2Beneedle with (El=concst. on tip. Analytical 2.
order shim for semi—infinite;dipoie.

#9;3an13.1989., S-C map of infinite array of ID poles. Excess flux and exce=s
potential drep in Geémetry t7 (61). (An application is described in lectur
#16). Excess flux in G2. Expansion of complex potential in Gl into
exponentials.

#10;Jan19.1989. Taylor seriesT (T-S) manipulation algorithms: expansion
coefficients for (1+axz)~ejocfor a product of 2 T-8, for the inverse of a
T-S, and when a T-S is usedsas a variable for another T-S5, and for cne T-!
divided by another (given as homework, with sclution in lecture #11).
BASIC-program with these algorithms. Method to expand F? into exponential:
when dz/dt cannot be intégrated in closed form, with a program for G2.

#11;Febr.Z.1989. Expansion of: field errors in exponentials for finite width
dipole. Summary of T-S-manipulation algorithms. S-C transformation of

rolygon onto circle. General’ 3D hybrid theory with many iron blocks.



Capacities: equivalent circuit diagram. Capacities for ID. "Invisible®
flus.

#12;Febr.10.1989. Design of entfance/exit excitation for straight laverage)
trajectories, Capacity between non—adjacent poles of ID, except for
contribution in region close to midpiane. Program for calculation of
capacities of ID. A subtle point about ID capacities. Application of
capacitor concept to a particle-spectrometer—like magnet. Propagation of ‘

- errors/perturbations in a Z-capacitor-ladder network that describes an ID!
Line integral errors due to gap error, easy axis orientation error, pole
thicknes error, taking into account partial self-compensation of these
errors. )

#13;Febr.17.1989. Calculation of an integral needed for error assessment
with information provided by POISSON. Capacity between non-adjacent poles
close to midplane. CSEM-placement for a third order entry/exit system.
‘Details about properties of symmetric/antisymmetric error fields. an 1D
that is antisymmetric with respect to midplane. FPropagation of

-

perturbation in a‘o~capacitor model of an ID. Solution of the 2D equation
of meotion in Schwarz-Christoffel geometry,

#14+15;March 3+10.1989. Line integ?al errors from eacy ax»xis orientaticn
error in 3 side by side CSEM blocks. Analysis of device to measure easy
axis corientation errors along one side of a CSEM blocl:. Formulation of
analysis of G3 with two different éxcitation patterns. Discussion of the
following major details needed for analysis of G3: multidimensional secant
equation solver; method to remove singularities from the limits of
integrals tec be evaluated numerically; some properties of constants
entering into this problem, and using these properties to force smooth but
firm bounds on the range of values these parameters can assume; derive
formulae for calculation of flux and excess flux; preocedure to do a
Fourier expansion of the ID-fields. Line integral errors from gap between
CSEM and pole, and CSEM blocks of different strengths. The Orthogonal
Analog Model, with some applications.

.,#lb;Harch 17.1989. Design of a very “"exotic!” 2D magnet in dipole geometry,
with strong emphasis on difficulties and pitfalls that can coccur.

- Application of the excess potential drop concept to the calculation of
capacities of ID. Derivation of a closed expression for an integral,

demonstrating some very important and useful mathematical techniques.
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ADVANTAGES OF PM SYSTEMS

- Strongest fields when smalli

- Compact

y lm.mersible in other fields

-“Analytical” material

- No power supplies . Reliability

* No cooling - Convenience

- No power bill
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Easy Axis
Direction CSEM*

PURE CSEM* W /U
- CROSS SECTION

"Current Sheet Equivalent Material - e.g. REC
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PURE CSEM CONFIGURATION
PERFORMANCE

B'=i28 X cosnkz)-egnkh. sin(nea/M) . o,

u=0 (nar/M)
n = 1+u M
k = 27/
Z = x+ly
L )
Example: © & (8

for: L = )\/2

M =4

B, = 0.9 Teslas (REC)

B'”=O(Teslas) =i-1.55e™*" . cos (kz)

Easy Axis
Direction  CSEM* A
/Blocks Y
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Table of Contents of Insertion Device Lectures, by K.Halbach

Each lecture lasts about 2 hours and starts with a summary of the previoue
lecture. In this summary, topics are often formulated somewhat different].
than in the original lecture in order to enhance clarity, or to illuminate
the subject from a different perspective. For a review of a particul ar
topic, it may therefore be useful to look at the viewgraphs/tapes of both

the criginal lecture as well as the following lecture.

#1;0ct.21.1988. Maxwell’s equations; soft iron properties; continuity

h conditions; properties of fields, integrals over fields, and potentials;
electromagnetic (em) Insertion Devices (ID); advantages of permanent
magnet (pm) systems; magnetic properties of pm materials; easy axis
retation theorem; iron—free system design; quadrupole; multipoles; linear
array; iron—free ID.

#2;0ct.28. 19e8. Literature; iron-free ID performance; consequences of
perturbations; hybrid 1D: structure, performance, focusing, entrances/exit
design, consequences of perturbations, scalar potential bus: pm—acsisted
em—1ID; laced ID; hybrid quadrupole, dipole, solenoidal—field—double{;
laced quadrupole, sextupole; continuation of Maxwell’s equations; theorw
of a function of a complex variable.

#3;Nov.4.1938. Stored energy in Charge Sheet Equivalent Material (CSEM);
fields, potentials from currents, charges in 2D with function of a complesx
variable; continuation of theory of a complex variable; integrals over
areas; Cauchy’s integral theorem, with applications; error field
Propagation in a 2D dipole; field quality of dipole with/without shim;
general equations for the design of iron—free systems; proof of easy axis
rotation theorem; design of iron-free multipole.

#45Nov.11.19883. Example of shimmed dipole; quantitative formul ae about
effects of perturbations in iron-free multipoles; details about iron—+ree
quadrupcle; derivation of performance equation for iron—-free ID; general
<D hybrid theory; general hybrid design procedure; limit of hybrid ID
performance; excess flux concept; 2D design formula for hybrid 1ID;
chamfered hvhrid rele; usefulness of CSEM overhang; 3D design preview.

#35;Nav. 18. 19a4a. Simple view of CSEM overhang; potential, fields at corner in
2D; 3D hybrid decign: complete design equation, with formul ae (not vyet
de~ived) for excess flux coefficients and effectiveness of CSEM overhang;
conformal mapping: conformality, transformation of curvature;
cemplete(!!'!) liet of needed procedures (2) and conformal maps (2);

Frecedure to map a noen—-dipole into a dipole; 2 simple examples of design



of noen—dipele in dipole gaomefry; complete, detailed descriotion of
procedure for design of noo—dipole in dipole geometry; application to
design of hybrid ID pole,nand to sextupole. "Exotic" non—dipoles are
discussed in lecture #16. B

#46:Dec.2.1988. Very detailed. summary and re—formulation of 3D hybrid desic
rrocedure, and of design of non-dipole; details of hybrid ID pole design
and effect of changing the-gap of hybrid ID on field distribution, views
in dipole geometry; more on sextupole pole shape design; conformal mappi
as a “thinking tool" (i.es:using the concepts without formulae):
electrostatic extraction sfrom the 88" cyclotron; solution to Dirichlet
problem in a circles; mappdng of interior of ideal multipole onto circula
disk with Physics—informamdnn/understanding; flux between non-immediate-
neighbor-peoles cof multipedes or hybrid ID is only symmetry dependent, no
geometry dependent.

#7:Dec.21.1988. Fieldlat edges of 2D CSEM without iron; simple way to
evaluate/"see" value of LNAXz0—22) / (z0-21) ) ; design of Stanford Linear
Colliger arc magnets wﬁEﬂJPBISSON in dipole geometrv; POISSON-mesh; effec
of saturation on fiekdidirstribution in windowframe magnet:'incorrect and
corregt analysis; Schwaﬁ:vﬁbristcffel'transformation: general recipe,
removal of one corner froﬁoﬁermula, and Tarbitrary" placement of two ath:
cornerms; application #1: :field from dipole with zero pole width,

2 #2:Jan, &, 1989, Relaticnship=b9tween'curvature of V=const. anc A=conct.
surfaces, and magnetic field- properties. Rogowslki surface derived €rom
semi—-infinite capacitor, ané  from first principles; proper and improper
use of Rogowski contour. 2Peneedle with (El=concst. on tip. @Analytical 2.
order shim for semi—infinitﬁ;dipoie.

#9;Jan13,1989. s-C map of indinite array of ID poles. Excees flux and exces=
potential drop in Geémetry 17 (G1). (An applicaticon is described in lectur
#16). Excess flux in G2. Expansion of complex potential in Gi into
exponentials.

#103;3an19. 1989, Taylor serie&T (T-S) manipul ation algorithms: expansion
coefficients for {(1+a%z)~ejofor a product of 2 T-S, for the inverse of a
T-S, and when a T-S is usedsas a variable for another T-5, and for cne T7-
divided by another (given awm homework, with selution in lecture #11).
BASIC-preogram with these algorithms. Method to expand F” into exponential:
when dz/dt cannot be intégrated in closed form, with a program for G2.

#11;Febr.=.1989, Expansion of: field errors in exponentials for finite width
dipole. Summary of T-S—-manipulation algorithms. S-C transformation of

Prolygon onto cirele. General: 3D hybrid theory with many iron blocks.



Capacities: equivalent circuit diagram. Capacities for ID. "Ipvisible"
flux.

#12;Febr.10.1989. Design of entfance/exit excitation for straight (average)
trajectories. Capacity between non—ad jacent poles of 1D, except for
contribution in region close to midplane. Program for calculation of
capacities of ID. A subtle point about ID capacities. Application of
capacitor concept to a particle-spectrometer—like magnet. Propagation of )

- errors/perturbations in a 2-capacitor—ladder network that describes an 1ID.
Line integral errors due to gap error, easy axis orientation error, pole
thicknes errcor, taking into account partial self-compensation of these
errors. )

#13;Febr.17.1989. Calculation of an integral needed for error assessment
with information provided by POISSON. Capacity between non-adjacent poles
close to midplane. CSEM-placement for a third order entry/exit system.
‘Details about properties of symmetric/antisymmetric error fields. an ID
that is antisymmetric with respect to midplane. Propagation of
perturbation in a‘3—capacitor model of an ID. Solution of the 2D equation
of moticon in Schwarz—-Christoffel geometry,

#14+15;5;March 3+10.1989. Line integ?al errors from easy a»is orientation
error in I side by side CSEM blocks. Analysis of device to measure easy
ax1ls orientation errors along one side of a CSEM block. Formulation of
analysis of G3 with two different excitation patterns. Discussion of the
following major details needed for analysis of G3: multidimensional secant
equaticon solver; method to remove singularities from the limits of
integrals to be evaluated numerically; some properties of constants
entering into this problem, and using these properties to force smooth but
firm bounds on the range of values these parameters can assume; derive
formulae for calculation of flux and excess flux; preocedure to do a
Fourier expansion of the ID-fields. Line integral errors from gap between
CSEM and pole, and CSEM blocks of different strengths. The Orthogonal
Analog Model, with some applications.

._#ib;March 17.1989. Design of a very “"exotic" 2D magnet in dipole geometry,

with strong emphasis on difficulties and pitfalls that can coccur.

- Application of the excess potential drop concept to the calculation of

capacities of ID. Derivation of a closed expression for an integral,

demonstrating some very important and useful mathematical techniques.
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2 D QUADRUPOLE FIELD

iR ap XFiY sin (2n/M) &Y=
B,-iB =B : 2-(1- ﬂuv. Y .Sm?\z\
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ADVANTAGES OF PM SYSTEMS

- Strongest fields when small

- Compact

. lm_mersible in other fields

-“Analytical” material

- No power supplies . Reliability

* No cooling - Convenience

- No power bill
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Easy Axis
Direction

CSEM*

PURE CSEM* W /U
'CROSS SECTION

'Curre‘nt Sheet Equivalent Material - e.g. REC
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PURE CSEM CONFIGURATION
PERFORMANCE

B'=i2B, T cos(nkgz)-enkh . sin(new/M) (1 - e™kLy

u=0 (/M)
n = 1+u M
k = 2x/A
Z = x+ly
F_p oo
Example: ° B0 By

for. L = )\/2

M = 4

B, = 0.9 Teslas (REC)

B'#=0(Teslas) =i-1.55e™" . cos (kz)

Easy Axis
Direction CSEM* €A
Blocks. " |'wr

/ i ol w T f
< : “,‘,r‘l.' ] ) z
| [l [noa m@ }
ol | ) ) 2 v
Y
-—L>X - ) ‘\_? ¢-
m ' %} Gap

PURE CSEM* W /U
'CROSS SECTION

“Current Sheet Equivalent Material - e.g. REC



|
]

U

AP

) A

W¢A“vv\¢
o LT

2ZRNZAR

(mpusuLsy unpaley) ] > <>

| =g~ L
(UMOUS LD (R Sy Ase) W uw.vWA. Lmv
syorg ozy 1| | 11| 71"
SISt

(10919) v | Ar
ool Bupoeg” Al n__&hw

(19913) \
pnis Buung |

‘Alaedes Buiuny Plaly yyim
wuoreanSiyuoo CEIVE-Yg Uoliissu| plagAH

\.M\(\ = V.M W:U
N~ ST 7 _rw\.&.i W) t\ Jeosm 29 wpy

*Qv\u\u r.ox\owk.x\\.uq\ \o rv...xi*&vuV\lN& u&GM

—— + a—

J
be - L=

~ +
ﬁu~ — ‘
Lot -

| m\.uh\w b3S \4? FerU 200 \o w_.uw\fm




[7 0 preghy =

xon? NNQ..QMQ%M () 2pased M%S..X{..B WoS@,ﬂ.‘M.N

uv\mm Yu*ruw Q.N
V\ﬁLu\pN:usm © Y.e._ b V_vs.\ %o w:4 E\\ :.N
\\\v..x »\§%35W63® Nuv“omxe.vu.uLv_M \N

PR T

mw\”om Y;»x.w 2

m kisn3 01%

v

—

& ‘Oliva aordad - gve

, Y - 02
| mwx._-mo.&muui,m-m

N & -=H] NOUWA9[INGD arygan

(BY153L |'1=4q) o PN 2o4
FONYADI34 A371991M / J0LY 10aNN

QI2GAH ANY w350 d20d



r
o
T
_ " TEN A ,
IR ST
3
B
! =] T
3 |

v /VW\A VY

o

~u> X

G




21/£-858 Tax

HOL034H0D N

A . _zaaa_

\

\
D

N
b

N
sNg HvYIvYoS ,\ Rmmo_.um_ggu

R S TR

%l\.uﬂw.@«\% T%k,.u&vwxm f

, V) kesvy — ferw wuc\m&N — usu\n‘%ur\( T gr

[frsarnysa) paeg Ag
7 J)qrssed ok &— .?Q..ﬂ.usc\c. plw o gr

\ku\\\\ 083 — __.,cxm t _v&u\mwﬁwg E mq

U.& V .
m 32)0d ms war o4 Jx:;e.x Couve)? J.\.i .,“_,fémw

3Py ) eyl Mo w AN ,\.u&.yx.,%ﬁ P



91L& 858 13X

»

_ avo ~ _

L (5Q734 193tn0N)
—— s3ann xn4

e
(SQ7314 L23wQ) I\.V

SuMOVROMas — |

T

[ERERE S S Py S

l”ﬂl

)T T) o - u.{,\txtg WO0L) \AAY\
) L]

€2 ederd woy T

\ﬁu\u\m.\.\.q em r

73BT o g p oy s <]ty ||

PN W < POgef] —wary = (3g

rb\im b 0

IRV ?v.kw o — [ = 4@23@%%

5¥29)9 )id .fwx&% qw:s.u i (L2 30 0N

9 -

mkubrw xu.i q‘...uﬂ‘m



..:Xs.;w Y1 m x:&:qq

nt\\n .«GQI \t:;u .xo.; fs».rg m»s:d.\
mxo»\fw (4 \s 5hv 229 x\xa QA.\.{QE_“:
oupydyow 0y 250)0 \f& *:tzg\

wory = (g

dos1 g xo.{s*:.iQ w.;.\o\ \hucm

FERROMAGNETIC

POLE

_¢+.:/

~———¢ GAP

\‘ FLUX LINES

...Il'_
f

e

(DIRECT FIELDS)

XBL 858-3711

Fig. 4






o

Od -

mmmmmmmmmmmmm

4

0
NN,

S1/N wr prysissy W xo M o)

7
(=

Plan view o][ LTo™ Fofcs of (//L\/

NN
\\\\
=

XBL 8510-4374

pile
N

7@






yor
B, (6
3o
r ) P ]
2Eeo FLE W
ofFSET P TO e
10 PEm AT
,.\Awusj
1
i
1o T
. ~t00 - 50
p
o e
5 100 15 -
>4
/ |
) Cunrenr (Aeveacs)
-0 T
2o F-T curve for
,&Uo-.)" (G;
Fig.1. v-T
- curve for
A C:;:ftl:'al.'adin wigqgler prot
esy of G D rototype
. : arer maagnet
R . st
S e~ vl

T3 \/FB .. p—




A

- 37040

NOILWLIOX3 789 ‘¥3T99IM. 03047 - JUEN °8

UL

J

zl - 37040 NOILBLIOX3 TINJ “¥3199[M 03047 - IWUN G0Ny
]
ﬂiwu
WIS
o
‘ e ==\
L . . , 7
' ) N - lql.w\ v . g..ou u A _ bL
leppf-1= (h) ) =
o W35y = \
4 \
Q¥ h§ s |
’ m..xum \
PRy S ae EED, IW
IR

2y pA -.r\%

M/0 proey o b






155

T T Ry Skt
B e
Tpp




TT8RE€ 448

CERARG g




e
0\

| RON

2

Z/OOlL

ERMANENT MAGNET MATERIAL

pe o -

N PERMANENT
" MAGNET
, MATERI AL
577—|nou

re o



<,( 0

00

S

L

‘(sdury) jwenny

0§ sz 0 se-

S1oUBB ON o
sjeubey -

IsAye g
oodnipenp peoe edAioioly

(e1sag) 1, .9

R T Y A

ax0x
puB 83291 910d

sjeude IUAUBULIdJ

81100

2
e




/>

A\

H WINDINGS

- SEXTUPOLE

- VERT. STEERING

S
o/ g H - HORIZ. STEERING
' v
X

- SKEW CQUADRUPQLE

e e e e e B

S 7 N NN

‘S SECTOR

R / VACUUM (HAP BER

2 ¢ 6 8 10

0
e Il
CENTIMETERS

0 ¢ 8 12 16 20

Fig. 3-37. Storage ring sextupole magnel rroce cars inn



.7/3(';' (s The 7e furs fo Mavwell ¢ equ'c,

R ~ ~ o
2) [3‘ Ku’r(/4 —‘9 A8 =0 5 | B) Fef. of a complor vercabie
[3 /4, CoCur! H ~ o«vlcarlﬂr 4 e x—u'y s F() = Al gl Wr,;)
02/7 allowed apz'mf:‘ns to a(e,[me F: t,=, X,
A q T a ne 7( ) or ! }
/4 S t'n §ene ol case 36‘0de nlsg 7ove ! /1/01( a“awer( fake (om,o/lx (0",}“?47(< 9/3 whi'e

Complicafed than V. T wifl use 't ’rafc/y,ﬂ'ff/’f-f
%’}:0 D need n/y /43—?50} L. ’il

) -

A = (;A - ]I

At

would be 5,. }(My el use FAvs operation
many 'fcmcs Y r//(yq{ i'n o(ef:n "Fron
of a fuqcf:on of ¥he Complex varrable 2.

| 0F_ P J3_ AR
cneral -1 = B
I“?"‘\) . 5 Ix" A3 e a3 Ay Vs V Ay
¢: f[gl(d ::JC‘WLA’ "(i) ?._F_—_ ;(f._}.}:( —-P-A a2 ,/’

A3 7 43 J

¢: ?5/657\ A5 | N . ,
' fﬁ‘ g /'V*,=~/4; C-/ig

Fer thes 20 cose: @31(42‘4'/
A: (0nst = /re/o( //'ae .

V‘LF‘ = (> V‘}‘ =0, 7 V= 0

- 01)4//# A7 7 7\ = Ma-f,( . [omncfl'on ‘o P}\‘/W'CS :
By = “/‘f:r = - Vy ,4{ V ra.f(‘s/‘x Se¢me ¢7,(*;. 7‘4;,7‘ Vtc7{0'r/ﬂd7(./4
:—é’* :7-5-3' = = V“ [7‘ 0,' (h.f(';/c‘c( 57,4 Ia‘ufomqf('ca///_" and Sca/rr ,Daf. V ) ,(“c/r('&-,(; /[,-{/,/; [}* [ /;;’/
‘Ji}‘}— 2—93 = V‘LA = 0 | (“#“‘/"41 67\/'&\-‘7‘0’--/:’(-//&/[" ﬂ(l'( DT°P/V3

i Ix
|

|
|







Insertion Device Design

Klaus Halbach

Magnetic undulator
(N P‘fbdl) A=
—|II 1‘
////ﬁf'm

20 limited cone
Relativistic of x-rays
g.um. o ' oy A, @ %
. [ ] ,mo < 2 N ,. N l_,a . )
Lecture 3. S G W
gy
November 4, 1988

Flux-concontntlng
Permanent steel (Fe) pole pieces

magnets
(SmCoy)







-

§amnar /P(ft(fd fad L
fBHo&J ¢ /g 0 Ltviryw Aere.
«Rrror 7["/”(‘ (auru( éy pc{fuféa/rdns/ﬂ«f”m/

f(aus 'n Cren~ free T

‘ H\/ breid 1D,

’ Focu;t'ma in LD

Destgn oplioms for enframcelenrt region of
hy bred ID.

Perturba Fron —ConsLpuences o /yér,'a( LD,

Mgsf damaging i gB qrving sleeringoup i,
Steering 5?{70’17?7 assoccafed with frelds heg,
Sroes ofI/J and miod plan¢.

-(‘W'VCY 07[ 0%4(1‘ Aeviees
PIM ascisted EM T move a,u_n/mJ o on B(T)-curva

chwrd\ #o f‘unm«-ry (ﬂ(qf\-w([ls‘ 1-7{4_9
Vector potentinl A im 30 20

- 2D flc((?(? ﬂ((f('Veo( /rom /4, V:
B.= A4 A /;,;_A;:-V;

*Reveew o'( ﬂ(,or?f o/a /amc/[/au o/ a f“w/a/(%' variab

/E”*z( c“/ Slhmmavry 5;( ((c‘kf( éz

Stered 2n« ryx/ ,(msc'/f (m CSENM,

a$= ff?y(f?‘ J(H“+ /"{.L)("(B 4 ’{/?L)

S £ f(H,,a{é’,,wj_,{@ (1, o, Lt
' A
G A

LE=

g (mtitt))




- ‘lv/
SE

i



-+ ) =
¢ n%.n i /.w\\ ' (v 2
W .
2 tov <N
~ *
€ < &N‘.x\
&_..N‘x‘.ﬁ(ﬁl-“ . .x.m.\m. =
X o = J \W.\,\ 0 H
A

: M.w\‘ %o ?Z\Sqfl muumb\o‘
N —

\nt%mev'I.r“v\.nNQ :x\d ¥
o Ty wxwk\.w 50 71 :ev:

10y P2A gy SLeIs? sd 24 4PYF 139w v ua)
Y A Jo percedwirx

L 7+ X =
\.xs:oqffun % v .@
L5 FhuayT (aagwomn x2)d w0

Vi ;:\uV;

Xm‘ &u\uw\, vy m«..\x:v.ro\ve (43 “xu.‘\:;\

- _ by
Eu\ N cxt USRI
(roopnlred Twsjgrad

: +J _ _ n (\«
\Q \ux.\ﬁvvmw\ios \w\\n\ R rmm = "y ="
.\\%gcwxs\ \SmsG SAIFY = u\

e e e e

.&.X\WV\ a&\ w\b Kﬁ.cuos&.ﬁ wa AMW

&\?& vy

byl appud Pergauassy "y dod wvpeas puw
b gpdaogoan yoyy ..«_Lv > s x\yfx Al
DS28Ayd oo IR0 ,fé,\ n@

N{b AL p= Y0 —0 =41

%\qw -zl Ry ety
;
by 2, 2 I

2 - s —-
\M AT R 10 ey,
P

?\.r \y =

.%v\wu.:,g xd)d wo) 244 \u ftorx\ v .\o
ru.\x.,tx.\w»o “) \om\\\z T2 4Py Psrwny Ae Doy

gy verdo sayl a5 oM Bo~x u.\m 23 y)nem

— —— ——

poaym & fo ryuénlues aydwor syryp TpTATEY IO)
X tq g awifop g swnppards prreo Ay
(414)4 a4 ! harx =t

299724en kidwor v {9 - po4 (g

N

b



@

n . F= A/f 3/(_%4(3 Y

For /“\‘H’t‘r‘

X
= A3

— — e ——

Maore ’nuz?%- .
Ge penensl fefoof *i8 078, 3"

f/ée(a-fi-éa&/y géo(g
jdéz{q = —gjé‘o(z\’
e2Geyle 126300 AAlr.

5:’36 TES (?6%3-4?6%/\’) FL?GO{;
Semilarly : ”’6-/4 - g cag”

62/4{('1/

26:—( V 0 V+/9 /

ié( =0 When A¥=V7 ,‘-V*=-Ag s different
73 -

Way fa sfate C-R

e ;?? =0, ard (= somgle Va/éuo(/l’h areq
ovey Which one infeqrates ; ééo(g =
(L\//{m\ G = mulfrple VA/ueo(( loke (/'3— when

@

(//on)'f A‘MUN L/Aa,{
velue of G to r‘a/\'c, <reept wWhen I smahe
a braweh cuf. I?uf fAuc

}: 0 oacluded oy areq )

Aeriva /t'VCS

hay wite |
?o ! X,,{-?hu(f«ﬁ((“’d/“e’(

1 3 0 I;Clll
¢ \?
xd

3= ouc/a-(n(-7r’
7“'(7/( V’/‘flﬂ(

..54"\7( Va/qcp( ‘Ao 94&7‘(/«7:}‘(5 N ‘r(y(o-r,‘
? 6(3} 0‘(} - ?_gj—o(é =3¢ 6(50

P.fh z P o Pefhl

&S 4

323,684 Ty dy=iee Ty

(n-1)

5(5/ R (auc}z s
@G-sa 270 (n=n! ]ﬁ/(g?«y[ 7/{(4»'

/\
—




{4

%w&\ \:QuUQ *rx\\\n\ \.Crwww\“\.N .m.\m\\drw_\ \C\&Eow

7 U pouy 6T i97as) w2)d g s MR sl ST
» n

J4) )1 vag oy kesendy

- \«:s&{v.ixqw .wxm.llux o uw \?SI 99940
x»\n\fC d\o u:c\\uxxu L2 \M..\u.:{w u»:*xﬁs
\\»\ ~u.{“.4.q\om + 352d vy \xx.{ npg x««y\

(.,N ,, \:fm\\ T%w
TV ETS ey i —= @m g
v .8lw. \ md~ W\ h\

.W.GN\ n\.mc._v.\ ; v:\q\ .ng&s w1 350)
-

)+ €[ ) 4. X
?2
\M§£~mum ['E-4){%-

TE T TR @%N Eoere
...A\VNNM\.\\HNM.QM.\ TMQ *GIHW.\ u\L.dMN.*W

\.‘émw*w
Byl R AN .Wl Ay !

\ \wsic_.g )

1 - _
| )< grrnzy . —5 ) L 3,
ftﬁvwﬂ\;\ ~) \‘ uxg.{uu.v\}\q Z.Qf.wuu\\., Yy

D)=y .\w\

i7h= o \ <L(2

b ¢

W oursyy m\:wm ey

= %ﬂg&%@ rHb



Al L
v/ v(t+ie) = 7w m Z

w\\v_\m fou.:,rv w

— e—— e e e —

\\\\W XFNK&LKVN Uw\,:(.v &vvw\u V\M\v.\%
Lo37y

|
3 _ b Y ‘,
Q\\C‘?C X\.ﬁ% Y\w\.\:\l Q\.Ng I = "HJ i “

\kk@w \v\m.}

§ X
— > 3
V\Wq\ 7 U:.WA V\w\nq&:w U N T\ i

.wa\ V\s._bvm \f\..} ux\o.:\vmﬂ wI Mkl

&vQAx\ .‘:Q Q.. .\\.«.&q.&.,nx\U

- dmm (9 F (69 FN (2= (5 e b
i O 4 0T B0

G \ )¢

@
g




@ é'r’hr ruf/:'cw( ’h‘q?uf

/ E S z {a;A("ln.}/,{}
J4 i ‘,?, A o immo/A)

s
Feold ?u(('z‘y (' a(('pdft wc'ﬁ/wr'féd«f Shime.

?,":[ j I/{\\A Y

/{\app/mat“( ?&c ol AD ‘»wfnz/‘; wi'th
p'r’h\q[ ’mdlbpt'ﬂg - z((fm'/l (a*t‘r‘.

chim = 2B = ¢;.P(-"/_I‘|‘(f\'1*-27))

Len

Mo Shim 43/@*‘*’?("7-77(‘\"f‘q)> |

40

ColeulaTron o;/ {m/v(; (o, and Aesign 4}[1 z"ro»wfn
) CQEM 9\‘/97((”‘5{ T/a(/l W:"AJ C/lfé/y /V//Lf _{ff) /(/7<

Tools
Use throcghout  dBuldp = A [dptl, = |

e % , (S Ly
30 V)= J b |- T
=
e r ()= (:ﬁé—f—‘—(—*/“*
bt

() He m:,u.eouc/y m«yﬂe/fz{t( material =

c%a'rgc_, 54(&7‘9 tn 5‘«(-:‘%0(:(

. -
H AL ) a

ViR [t = A B

2) (3 (_‘n{raf cRse

Wik gy WV [ttt
ol ) s oo o & B td K
(s (ke o) o= G e ol = 0

a D

U

A R 2= e




fe
XBL 797-10558

oL hO
b

xfxesu\&\«w u\kam.\\uxﬁ

.Hdb

v:v % m. A\\Y.w\ d
S s Q\w* xo.\\axux\ SIXYW xmﬁm

"3 xm.\x u\su\qu
Uz ,0i%, *9F ‘w7 mx.\\.&mm\\

%\\:\n«\ \wlo@ )\w ,
m.xm\.:xxm.u Q \ \v\w L.m m MMP\
o QSR\N

\Q mv = x:N M\

EE_L0E Ly \s o8 4
m*u \Q,Tm\cum‘w/ 4
tosliviglig)s 0T T




(W/2%w (h*6)~144))7 )d a7 - S@ wJ

(W/vtauw Q) 1)dXT - g < *g
T w209 ey g syos)g
OSU
FW vu.\«w 9 ! -M
wmx e’ .,.cmN‘\.Nh
u\\:\w .wud‘w&vmqq
.u._\um\w X»N.{»x%u§ \N\?o»sv“‘& E\

F»P«\ Yv:fv.Q« \vm\n\;\mf& varvf%wn

I2n +5 tupe) Ny 4y

14
[ B 50. ihe
23T N et é:ﬁs :y 0%

Be)g e W inpg eass ey

L3407+ \w\\*\_\wum& :;Q
ASY9d = &\\*\&(\\W\QM\ .{N\ vcvd_:k..xo\b é@

d

\&S%.N.Tm\\u g b7 b= : 7

(9

/

i \l‘ll/F\J
\Qmﬁ.\\:ﬁ&w.@ I&% ye o, I “
\\th,o\?&ew\\? v .JM&.WWH\M\U.M\
m : m® o g

I i
\L«\
\_\Lv\fg\g qu\..\wxf\

2onpoud oy xo.\\«\ Wrtsy Sixy xmuw EuE.{mQ

/

| Koyl g u:“

...»\:\x\\«»u =iy . »\lxx\u:m 2Ty ! u\.&,wu

KAk ETEIE

R
KQQ x{ b\_,.\

BBy

m«&xu._\ v\
\m)o% RIS
RIE AET RN
.mlu% T WI\% v
AP T B < g
(3%) )
.u\
Xy ) L
1Y22)9 X»N.w Vb v \N\Mxo»f?sg

H
6)¢

~—



)

_i\i\ <Y =Yy

Foed b pernsd < < Ny ve

vt a0 4o $I9YY Jvapr = g4 =
(<t h0uo 5 pespared Forbeops)  pgaiy=t

th 350 NZ Aoty AV2u g

0 R W)Y 149 )
W AN =Y \E\i:swwfm = %))

a1 (52 =g

H.Y\Nw F = & K,:\.m._\s

AMV.%V \x\ RE Y\WMV “xnxvﬂuw% .«u@w ,FVMQQ

w \, :\& -
w Il 4
S P y

04,
aty=w P T
IR L7 <= Ri

el e ot Ao 0
\w
u.ml ,t\y\\\s-\SE\ «\NLQ\«N«N Vn w\

=W




(oows)

203010 ' () pets  WouUTULEY
e s 8861 ‘1 | JOQUIBAON

7 P
N TN TN ‘b 8INP87
3:d »uwwu. .*....;., ,,,,vyw

Yoeg/eH Snely

uBiseq 89INe( UOILBSU






&Y

Cumm ary ,( lecture 4 3
Fo 1. a{COwP/(X verable 3= x4 f'g: Relations
bel ween x,y—o(m’vd“ves of Ql,ffm pavt
o{ analylicel fef. 0{5
derivalives of vectrr (scalar potenfrals 4 V.
FzAB4V = fe .0/3 anfomafrcally: A=z V=
H'= Hy~i' Hy = (F = fetof 3 (onty) also.
T nefafion : Q= aptiay .
Found M= fet. of 3 olso by calcwlating
f«‘e/afg f'rnn currents /ciar,as.
More malhl (ine t'nfegrafs; l'ufeg'ra/; over

dyeas —> Caucflylf ¢h1f¢3 rel Thesr em
é.(ﬂ,.. = A0 G“(.é;/ )t
gu-}‘))"\‘ Al /(4‘ ’/‘
AIP()/.'ca )(t‘ohs ;
DecaY av[ LTTe Y f«'t/a(; ‘M Semi- +Fl'n('/(
wedvh dipale s leveor frlds (v aep(-nik/Z )
trh

= Same as befweea

I'm '/e? Ta f/'o'n /(c,‘ ‘m"?ulS,'

&2 -
O Per )ld'r'hanc< 0,/ a(«'pdh W('ﬂ/m'#a«f 9hime,

Lron fﬂ(_ CSEM sysfems

3D

-y — v (R) H,) .
A V( %) = Ty A ylu'"/
-7 k
~)
j‘, e

20
9(30)" pye [(/9{' XQ

EU;/ akes 'ro{a)(rou ﬁearem

D {(C'M\f JZNM 4 F“ Pf 2 yfac'ro(/aufuﬁj
i Pﬂf{‘fk(d\‘ ;(lr mu [ T po/e coezj[{ reden ¥
FRal= 2 ax 5, AT VA VAT

I”((d( ¢ﬂf;’ att's O'rleﬁ'!a?{/ak 1‘0 p:,ngcg /;((a(

’/na(ff,od/e 9/ on((r N /}(7‘/?’): (,/W()'?’;‘(dxs'f




h

08L1 = 37043 13

%04 : ”I608d = 3WLN °




3704NHAVND I34 wI/ 9y 921

| —

/

e B LT (e}~

—— 0=A

((18) 01X §y) Wiy)
o«.w.vev. W) = mcwv

320 .wv. Ww— = o«w 14
.. Saeduy \\q&\ \o r.\\uwtbu ox@ .M\ﬁ~ - equ
A prforn Ky L

oKU. Lm\q - o(v v
1= g7 sy

' oy W ) Fm J\& IQF
W/fan) wowe) iy -2¥) 275 Ty g T D,

o««. n.._ \..stvg
bT:MW *M\ *uaz vb::.w\: dwv L0

hit |+
T
(51000 of 2pom g 0 Ly spugg yasefp

xw w\».;\:.m uv..:.c@ew \. xv.‘xuuxz\tz *e
2519209 AJuo ) ppigus) soou0w doy ipplgied

...M.N::st \ W)
R N VT D L

-

2J4mos *u:

V(L) S [T g

I-v -

@ 2)°d 21 1n Xv*fﬁwwm

\::6 w7
jo re

5,



3

™

.« woot)Nre
4-2.8:-8-!._

SO I )

RMANENT

E
MAGNET
MATERIAL

P




(‘f\/CV kn lL"‘U’z/"z) '/ﬂl:m("z/"}) J

For the geometry indicated by~ dashed lines in
fig. 4, ie., for circulararcs of radii r, r, (the inner

“and. outer boundaries) ¢, is most easily calculated
with egs..(15) and (18a), and. X, in eq. (24&) has to
be replaced by

sin[(n+1) an'/M]

K= (n+1)n/M

(24b)

It follows from eq. (24) that for a given B,, and

- Fig. 4. One piece of a segmented REC multipole.

™ MO MmN e

o

@W M-1

2L ’m(/V-'h)/M} : M
’6 Cmo %z_d,zxp[b ;4—,'—:1

/6 :t-? d 0\{7 {dy m =2 /Vf- V /\1 Y- (/

n~1 _ ‘V~M
@(36)— :0/6;3. m= W4
- . B'rc _,.L
/6"‘ B ‘mt ?

Refer b{och geomcfryt (SEM with T, <'f<fx.1

-

w:‘{'ﬁi"l ? = i ) #

= 8, 23] 2 (@) 7

. sm[i(nu)/\//“l} ne Vi VM
((n = =
(”I‘(A/M Y= 0{ (’-.

Lineav avstay o/( CSE M
3:’)‘( + W (C'{‘U‘gé o / coordinal ¢ a‘r,';“'—n )‘
Tp= 7 t P D= Tudral Fhrehaes 0/( A/&Ck,‘f:'-n.(, ‘

M/ = A = percod length: foxed
\’ !
QI{-/A:—&I' - /V:/A'Y'




S

PURE CSEM CONFIGURATION
PERFORMANCE - .

“0,

—_—
-d
£
T
©
|
1
A
Sl g
=2 P
ki~ m
2 .
m o) .w
1L w0
: T -
(/5] .
X oo —
ﬂ [ ..nl\u =
(0)) M s -alu
N 3 < > o>
T +tEFT 42 k|
X QN X \A__O %
£ ===:=,= =
%) CX Na JSo %
o)
© g5 . 2
AR al o
2 £
]
A
@ ")
N
i
L ]
o

£ yvwy uS}N + i\ffw

mlnl.m f\ou*v "2wns mv}vm Y, *IMb7

(W /¥ WA, . }
- = : v . </
\.\&\\l(«wvr“x\ ﬂ&w\&tw\ \MYY(\.\.V\ £y~ .\\N d ym
—
XA
.vw..,m,...n\«.,lu.*w\ld e | @1
x—-<4 A-= M 7
y-h=%" yiweh a

“E»txm 2Lv¢ 1 p 4000 MIp/

~
laiis e =) g = (M)
TW) o 3w mow\sw\ sz\.ev...w i ! »m

\r\s\¢.\n8 w:.:«»w& rIv yhan v Wnpos il -7 )

W) 2 N/ (g W) = W/

o
7 = \.ts\i.\.vm Ty 1) ‘ m\c‘u
L2

(/4D QY= T T
'y e
s (B =[5
‘ | 4
(W) my () y 3
Dol 42]

(w0 W41) ey = (il 4 ) = @
Yv&z* wYo.{‘vQ\ 5426)q \vcm u.\Q\Y\ u.z




'

534 B'a - [rUBIEN JUBIBAINDT 198Yyg Juaung

NOILD3S SSOHD |
n/mN3SO FHNd

S$Y00|g

«W3SD

uollo8alg
Sixy Ase3

& .12

H\/ breo [heo 'y

Sz Reason : Near !y a/uay,c whem a0 o's

!ﬂ!a(( (noug[ fo make a €‘gn4f:cah'f d(ﬁ[('r('n
a((wcz Wc/( Ac 7‘10 Sl‘hs«/cve 7La/1 to be

ugaéle./a-aa oses nof prevent culeulatron
o,[ Flax denscty on rvon to rtcf//’cnrf
accuracy,

iy fp F L for general Heory, but usaally
Sz g =l im some part ol applications

G(ncro«.( ZD ﬂeor%.

Q(pre;thf CSEM 57 Ay A C-,{ay;:,(; .

Star b with o Charge and 2 Crom sar Lo ey
J

Then proceed fo o[lﬁd/( , +//m//y Aigfre =

bu 1ron a/é o(:pa/(s <">?,.a1af('r any numiber
of cron surfyces



0

Vid x(Hayf

Conctract colution thet salicfres [M-equ's om
Space oulfscde (vox and has fefa l flur
Anfering surfate | equal 0. Solulion = lrmear
Superpogifion of 2 solufions that sates fy

M~Lq;a’; oulside ¢ron:

=\ (750, vmm—v¢ [/.Aw-cf ¢
p{:?ect‘ Iflc[ﬂ(f

: endired (“/lr
2§20 VY (F)y V, (7) 5 > j/c,u A2’ vs‘,cz
3) V=V~ V—)H H,_ H5,¢ q&Q G = VpsCo®

R

) g#0:Y

———— e

Ca{cu(q ![l'O"! 6)[ C,
Result © C, = V(7 )/;4

Proof : Consider L= J(‘/ B - Vg,g;)

over al( sur faces, encloscng
fofal velume = v'7ron

On surface 0: W=1l=o
om‘fa'fface [ 7 V1.=0 ) V= Vsa

Wt VB goes sTronger fo ¢ Han a goes fo

I=V;o‘¢? /~—{—\ 0
dev (VG B~V )= Mé},z/mr

i/z

L‘!’

o boc (H%u*H’ )(/“:,Hs, 1HS.L) /“u“w-‘én*/‘ﬂ” e
JeVoy U= (R)e  g.eo

b= ¢ Y% (R
Depole . ‘".':1/7 -
—s?/

0, = % (1L P)-(P)y, =~ g 47 H;/v%
Acpole moment.



& 4;7\(‘%-’(91(-61
(%19 . - Lo
-

g - m')- (B,l‘a-ar > Bodv b

Oplimum Br (H;/_b_if c0s20° =9 ¢,

f
Lxact casy axlt orien fabion aof woré

great effort + tepense.

T mosf cysfm; , Q((l or most CSEN ;uv/«ce,C

] , ,
”LJ('“ f“'f/[ﬂce c‘aryes are n o{t?(Cl( centfact

weth prom. Thes os p-rqc/:'ca/[7 always frae
in vicinity of freld region wsed — frelds
there = imdiret f,'e/o(;

Most computateonal c{/wz" spert on
calculating ¢, = @/ V,y -

Hybrid Insertion Device configuration -
with .field tuning capability,

' Tuning Stud
o . (Steel)
‘71T 'r g T/Backmg Plate
2%7? (Steel)
RISSISSIS
| |’} REC Blocks
| :721; 92«{% (E:ST Axis Direction Showr?)
: - _Pole
“RRZ / /(Vanadium Permendur)
<[>V lelet]-
g
L e
_7— /-.4. ”
> éé?éé
%
.L_,-___j'd —

|
L\



‘(BTCap('Aqu‘U o((f:'c’ia procw(wrc | ¢
~ A
U Descgu Sy ,[aces 1‘0 Wwheeh B s 4 @
(e({}af.'r because "X S‘y'hmneff)/ cr because
they ate Sfozor cron sarfuces) to get
descred Lielod distrebutron. Preferably
buscmess 'feg«'on"/)a; cx/y iwderect fretos
2) Defermiene the scalay pstentralls) |

mecessarty om palels) fo 3\;% descved
F"l{l( o(l"i'fc'Lk fl‘a;, and ff"'("gf/)

3) Descqn rest of rron, and placement
0; CSEM to F'ru(acc fhese ,bafeq feals .

Step 3 omvolves uswally fhe mosT Wovk,
$tmce 30 -‘-HC:?(S AAVC 7(0 At ?LaA'cox l'-n)‘,

account.




e (7

FIELD, B,

TESLAS

3.0
= / H;Bj;@gﬂeg:gng;(&%-- S’Nc/l q)z < B heght o CSEM.
2.0 =% i csEm
ANAEAY ‘ o Necessary v (~B,) wifh POISSON (o~
| PURE CSEM CONFIGURATION aM(Y(,'c,.{ u{u";. fo be e Ve/opco( ),
1.0 ‘\\ — B=1.895 e ..'xrs .
01 \ ‘\\} | Uncts V=B, (engfh.
. \\\ | My mola fion : V = B -Dy
o® \\ Fav pale [emgth v x-Ary = A7¢
\\ - Frest appronim. beyond thet:
o2 A | Bs B, sy ; A= 2
0.2 N V=8, fm%%gf(g ;./3 M
. . _ J }
o c>'.zl ' Lo.q 0.6 D‘( x A 2—(%_——‘
GAP - PERIOD. RATIO, ‘_5)_\

' et
PURE C&EM AND HYBRID ’ 20 Hybrid U/W Descgn.

UNDULATOR /WIB6LER PERFORMANCE
FOR NdFe (By=1.1 TESLAS)

ACfU—'Mt CSEM does not ou-r/»ang:

B s S N by gt TS it Tr N e YR VIR

b o(t{:'gu el adequate, oo of +o develop dea

D(t;I/l 74P




qg'm/m(a lion.

| Central concepf t ercees {(uk —
Lxcess flux cocf‘fl'c:'(ni_s;
;}4 ‘/,»"'
‘ A |
0, | A Id.
Dg A f ﬁ‘){
A A A~
Aly)= V(E +E +y/b‘)g
A_O J//’a F’ron P0(§f0/V ((}T d)!al.yf:'(‘a//y)
Coay E,= Al T
E .= (4(?’)/ V-E,- Y/M}}uhr,e
camgl,.
”[a17< zwauyl't ! '/argc " becauce 0/

Lx ponem Feed 0(((0~)/ ("‘-C 7//".
o/ [:z/o( )[ram ﬁomaymeous /(z'e/o(.

af ole V«‘af//'m |

(o”tP/({C ! D?S('yh OV[ f/u'i '§(‘nf;/< Mo,(c

Astume C§E/‘1 fouches pale over (emgth D,
Vpo(t Vo
f\‘——-)
9.’ 'D;: Ba‘ D‘f( EP +/4,"E;+ Er‘f‘/",,‘Dj/hL)

D, = Bo/B Dy (Eptfen Bt Ep)
3

Ves  (f o5 ﬂ F 56'»7,0/(”/

CSEM OVCY‘Aahq 30 adds move /('rmg

but ¢Jructure oy[ 6((5‘(?7: 47ua1(:a~q
T¢ Maiss c;suzfla//)/ uhcéany(o(,'.{ .’

Aoldiftonal ferms reguine
oAevelsp ment of a« mumber
additional Formelae (nof o(( of
WA'CA are very §('m/)/¢/’ bal sTruclay
0,( o((;-(-y.n zy,uaf/m\ Aoes Zﬁi C"‘”‘jf-




SPsnTrAINr 2p)s u§ hx:\:SQ

g7 27¢ 0a2) Y30
'W3s) I

Aunpuy s29mMpPIy o:* w0 Lr3s) @6_9%..3\;;0

/ 33 u\.\\ tuCI t.u\

20 = ) (HA
WAk I I VIGN
oI 4 ELD ki3S
O . T lpatg e
D= "ep (%) \ ~.\ ¢ !
Y.
T g T )
sh\&\\ei. f:r f -0 AN
'R 0
G\mo S\+*¢ z s\?\s&\_ g +%a*g
mbar W 7P may.
WS> wea} wosd o xm ] sy ;; ]

B

No\nk m:cwxw\g ><3

....MNU.C;»\Q YZ\Q\AQ khbg &.ow_.

v.\\u.:v*ueiwu $.1 rh.nssmv :hkwx m.:\\

£C

- v

V.l(\. v

;010 Th
901780k 7R
g0l oLt 50180 =Fy
Q&.our\xuq hwc s tyeJo+ EIn +_v (o'ory ={o'vd¥
008 - 370K3 /88/80/11  ZT°Y A 1°d A0V~ “BDYd
I
M
rll'l.l.’.‘.
]




s d e L atol R
— s‘wﬁsxéﬁ 0 '
w \Eﬁ..-.& .@.ﬁé 479! .45 sl v

—~——-

g lthed

T ~ -w@-- —
ey Q {&\Y A %q\é\q E—

W3] %] Nmémé&e R R
= mm — e

i%ﬁ% : _.

ié%m Vi _&ﬁ,_

s .@!IJI,_.__. -
oy

,_“._,w

‘mb‘g.\;g -

— —— e ——————— .

N?&%%S\Ei LN S\i & i
wl \i\ JJQQ wof ! T/H s&\ v%@éé.u}i\mn

Y-Z SYMMETRY
PLANE

}2]<

D3
ia
Z

Y,

Sl

2
o3
D1 7]
Y

H
4

™

01

/

hPY
4

DS

=

HYBRID CONFIGURATION GEOMETRY

X-Y SYMMETRY

PLANE




0 it

+

o POLEL o Pomd/l[ .__"‘“"‘j‘“‘;"‘"“”“_ ,_
10 b em w1 Ao %‘ e f .'i_ | ~__:____
i@_fzxw Mo 2ils Doy, E 05T 1T
{@ A ol e e e e

i

_;D (D%G(WJ 0(

-5

LT 0@

e 0, ) - 4”4%%4/4% oyt W‘W_ﬁ__:

TR AHO”‘ /¢%ﬂ t_m,.”“.mmH

__m.-f___'-..oq__( o (E4 6, ), £y +o (om 6((7/%))

- D)(DM “ OML),Lo MLJL_L)

y-21

CLsS -
PRINT DATES$;"
PI=4%ATN(1)
A1s="DI=HE, $H#5% DI=H, BEH HI2uHH, S48 HO=FH. B89 Da=#na., #4944 DS=#, #4943 "
ATS="IT=4H. BBF E2=#,#8% E1TH, A48 EJ=4, 484 Mi=i, B85"

AZsa D7 =#4. #8 DO=H4, sas"

AQE="DI=HA, HHESSAN USRS COaRE, AR Clai, BHasnAn
GOSuUB DAT

PRINT R

PRINT USING A1$;D1;D2;H2;H3;D4;03

PRINT USING A2$3B33E2;E1;EI;Mi

INFUT “BO=";DO

DO=D3%DO/BI: AF=1+D2/H2

GO=( (A%+1) FLOG (A9+1) ~(AF~1) ¥LOG(A9~1) ) /PI: B?=SQR(A9#A9 -1

G1=GO+2% ( (AF—1) 3L.OG (A9~1) ~AF¥LOG(AF)) /P1: :G1=G1¥ (H2+D2) ¥2/PI

CITIMES;"  HW4"

. D7=D1*{(E1+G0) +D2*E2 DB=H13D1/H2+GO

PRINT USING A3%;D7;D8  «

“PRINT
K= (BF/(AF+1) )~ (1/AF) s KaaatA9xA9/99/P1/P1

S1=SIN(.5XPI/A9) : SI=SIN(1.S¥PI/AF ¥ (1-2/BF/BF} /T
100 INPUT "01,03=";01,03

DI=H2¥FNGL (DL /H2)
D&=DOXD7-D1¥H2XFNG1 (03/H2) +D5% (D1+D3)

DP3I=D1+D3-DO¥D8:D3I=D&/D3

V3= (D1+D1) ¥ (D3+D3-DT) $H2

C1=D7+D3*DB:CO= DltES*(H2+D2)!"/PI*LOG(I*(D3* 5¥D1)/(Ho+61))
C1=CL{-CO:CO=4%CO

PRINT USING A43;D3;V3;C0;C1

PRINT‘BDTD 100

DEF FNG1 (X)

EF=KIXEXP {~., StPI*X/AQ):FNGI=GO—K8#E93(Sl+SotE9¥E9>

IF X=0 THEN FNG1=0

- END DEF

DAT:
READ D1,D2,H2,H3,D4,DS,R3,E£2,E1,ET,ML
DATA 2.5,.24,.4u,.5,-6 S19,.1,10.6,.5,1.002676,1,147476,1. 03

RETURN
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FPl=4xATN(L)
CLs

FRINT DATE$;"
REM~=====—~ Expansion of F' of semi 1/0-dipole with slanted (angle=N1%¥PIl) sidea.

“;TIMES; " FEXP2"

Asal i, HRURSAAS 0

START3

FRINT

INPUT “N,J9=",N1,J9

DIM A1(0:1J9),B1(0:J%9),C1(01J9)

AL =i3AL (1) =1 CALL POWER2(JF,N1,A1()) 1REM-~wmmmmmm———— (1+T)"N1
Elil)=]
FOR J1=2 TO J9

Si1=0

FOR J2=1 TO J1-1
S1=S51+B1(J2)3AL(J1-J2)
NEXT J2
B1(J11mS1/(J1-1)1REM
NEXT J1¢

W(T) with Bi(1)=}

Ti=,5;:REM~~S1 leads to W(~T1), S2 leads to Di. C2 for renormalization of N(T),

Fla=TisF2=l-T1
S1=B1(J9):1S2=1/(NI+1+J9)
FOR J1=J9~1 TO O STEP ~1
S1=S1¥F1+B1(J1)
S2mGSR3F2+1/ (N1+1+J1)
NEXT J1
D1=S52¥F27(N1+1)3C2=-EXP (~D1) /S1:PRINT USING As$;D1/PI

FOR Ji1=1 TO J9:B1(J1)=C2¥B1(J1)sNEXT J13REM~——=<==—~=Renormalization of W(T).
AL =11A1(1)=1:CALL FOWER2(JF,=N1,A1()) :REM==wcwmanu——x) F* coefficients.

CrlL INVERT(J9,B1¢(),C1()):REM Cl=T (W)

CALL INSERT(J?,C1(),A1(),B10)):E1(0)=A1(0) 1REM———cmme—ae—e Insert T(W) in FY(T)
RENM and get F'(W).

FOR J1=0 TQ J9:PRINT USING A%;B1(J1);:NEXT J1
ERASE Al,B1,C1
, GOTO START

SUB POWER2(J9,E,A1(1)):1RENM

K=A1(1)/A1(0)31A1(0)=AL(0)~E

FOR Ji=1 TO J9
AL{J1)=A1(J1~1)aKE(E+1=-01)/J¢

NEXT J1

END SuB

Raises A(0)+A(1)3X to power E.

SUB INSERT(J9,A1(1),B1(1),C1(1))1REM=—wm~= Insert one series into another.
DIM A2¢(0339,0:39)
CALL ' MATR(J9,AL () ,A2())
Cl(l)=A2(1,1)3B1(1)
FOR Ji=2 7O J9 !

S=0

FOR J2=1 TO J1

S=S+A2(J1,J2) sE1(J2)

NEXT J2

C1(J1)=3
NEXT J1
ERASE A2
END SUB

Mther proced ures Saume as ¢w FEXP|

(0.2

G1-14-198%9

18:47:49 FEXP2

Coefficients of expansion of
side (N=angle/Pl).

N

Q.1
.2
0.3
[P
0.3
.5
2.7
G
Q.9
1.0

Al

-8.5773E-02
=0, 1499E+00

C =0, 1995E+00

~0, 2XABE-0Q
~-0,2707E+00
-Q, 2P7GE+OQ
~Q.31R0GE+QQ
~0.3T262+00
~{, ISTPE+OCQ
=0, JS79E+00

A2

+4,7821E~02
+8,9911E-02
+0. 1 260E+00
+0. 1368BE+00
+0. 1B32E+00
+Q, 20S8E+QQ
+0. 2284E+00
+(1, L42SE+QO
+0.2574E+00
+0. 2707E+00

(8

F* in exponentials in dipole with sloping

A3

=3.3603E-02
~4,5715E-02
-9.489BE-02
=0, 1209E+00
~0.143BE+00
~0.163FE+00
~0.1B1BE+00
=0 1F7SE+0Q
=0, 2115E+00
=Q.2240E+00

A4

+2.6078BE-02
+35,237BE~02
+7.72328-02
+9,9999E~02
+Q, 1205E+00
+0. 1390E+00
+Q. 1554E+00
+0,1702E+00
+0. 1B34E+00
+0. 1954E+0Q0

N= &7

AS

~2.1393E~02
-4.3841E-02
~4,5687E~02
~8.6148HE-02
-0. 104%E+00
~0.1220E+Q0
~0,137SE+00
-0.1314E+Q0
=0, 1640E+00
-0, 175SE+00
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O1=07-1989
1.2

1.11Q02E+00Q

L =0.S48LE+00

1.8 = Q_
1 Q764E+QQ
=0, ¥SI4E+OQ
1.4
1.QL27EXQO
=1.03315E+QQ
1.8

O, P43GE+QQ

. =1.0813E+00

2.Q
Q, 8774E+Q0
LIZ1IE+QQ
2.2
Q. 3167E+0Q
~1.1438E+00
2.4
Q.7620E+00
~1.1&4ZE+QQ
2.6 .
Q.7 LI0EC
~1.,12025+00
2.3
Q. EEFZE+QQ
=1.1329E+¢0
3.0
QL 0J0GE-QO
=1.20T1E~00Q

(

01~07-1989
0.9670E+00
~1.04662E+00

15:30:38 FEXPL

=0.33T6E+0Q
0, 13IFEXQ0

-0, 3Z43E+0Q
9. 6T41E-O2

=0, 114ZE+QQ
3.8784E-02

S,0406E-02
~1,9239E-02

Q. 143FE+QQ
=7.166TE-02
Q. 2506E+00
=0.1170E+00

Q. 30STE+00
-0, 153SE+O

C.T4Q7E+D0Q
~Q. 1320E+Q0Q

0. TeIHE+QQ
=-0.2133E-QQ

QL. 3I7SCEFQQ
=0, 2T37T+0Q

%

15:33:02
~4,9790E-08
1.8300E£-08

T ax

Q.28185+00Q
—-4,30342-02

~6.3501E=-02
1.2211E-02

=Q.2869TZ+0Q
T.4863E-02

=0, I227E+00

LRty

7.395LE-02

-0, 2925E+0Q
7.447SE-02

~Q . 2245E+00
6.3440E-02

=Q, 15138+00
4,82028E-02

=7.,9454E-C2
2.6T16E=~02

=1.622SE~-G2
3.7844E-Q7

L 7203E-02
*1 42115-02

5

FEXP1

=0.3170E+00
6.9910E~02

/3

0,/'{ (H i

parsiin of

-4, 9546E-~02

I

0. 1680E+0Q

(a((ﬁ[/ fgr ¢§—Paa¢tu7\ d/ F
Jf;.QJS"E =02

9. 1192GE~QT

Q.28472+00
~3.2433E-02

Q. 2TEQE+QQ
-3.4342E-02

7.2309E-02
~1.1837E-02

-8.1299€-02
1.4788E-02

-0.1781E+Q0

3.5632E-02

<0, 220&6E+00Q
4.8150E-02

=3, 222EEFQ0
S.3112E-02

=Q.20NTLE+QQ

S.2218E-02

~Q,1731E+00
4,72218-02

Y

A

0.1317E+00
-2.073L1E-02

3.?118E-03

2, 2247E+Q0
‘.‘-575-0“

2.4319E-Q2
=2.7750£-03

Q.1926E+Q0
-2, 4T24E-02

Q. 1FEZE+OQ
=2.7753E~-02

Q. 1120E+Q0
~1.7426E-02

1.Q164E~-Q02
-1.723EE-Q3

=7.46282-02
1.3721E-02

-3, 13212+C0
2.6146TE~-02

-, JEITE+OG
3, 4738E~02

1

Q. 1559E+Q0
=1.9100E-02

-1.,1670E-02

5.8169E-02
-4.7131E-03

=Q.1902E+Q0
1,7617€-02

=0.1140E+00
1.1873E~02

S5.428TE~02
-6.5147E-03

Q. 1557E+00
=1.982TE-02

Q. 1451E+00Q
~2.2926E~02

Q. 1188E+00
-4.7872E-22

S.198SE-22
=8.4208E-03
=1.3Z49E-02

Z.30QTE-03

{

=0,1641E+Q0
1.6451£~02
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DEFINT J

CLS

PRINT DATES;" ";TIMEs$;"
JO9=S:PIm4IATN(L)

DIM A1(0:J9),B1(03139),C1 (0139 ,F1(0:dP)

A AR, AAFRTAN Y

REIM-=-rrocadures: FOWERT(38,J%9,E,A1 () ,51 ) ;POWERI(IF,E,A1())
REM==INSERT(J9,A1 (), 31 ¢),C1 ()3 INVERT (JF,AL1 () ,B1 ) 3PROD(SF,AL ) ,EBL ) ,C10))

FEXPL"™

START: "

'FOR AO=1.2 TO 3.05 STEP .2:PRINT USING “#.#";R0
AO=S0R (3)

BO=SOR (AOXAQO=1) : BD=1,/B0: AD=1/A0

81 () =a0=1:A1 (1) ==1

ZALL FOWER2(J9, .SXAD, A1 ()) :REM
X1 (0)=AO+1: EL(1)a=1

SALL POWER2(J9,=.S¥AD,EL () :REM
SALL PROD(J9,AL(),B1(),C1())REM
31 (0) 2xBD: A1 (1) =BD¥AD

'OR J1=2 TO J9P:A1(J1)=A1(J1=1)*AD:NEXT J1:REM=—A1=(1+A/ (A=-U)) /B
JALL PROD(J9,AL(),C10),F1()):REM Fi=aC13Al
\D2=.S4AD: A1 (1) =ADT: A1 (Q) =Q

OR 0122 TO S9:A1(J1)=A1(J1=1) XAD2:NEXT J1:REM=-p1=1/(2%A=U)
‘ALL POWERT (J9,J9,-2,C1 () ,B1 () i REM-—=——m==—mmee=B =01~ (=2)

'ALL PROD(J%,A1(),%1(),C1()):REM S1=A1%E1

ALL INVERT (J9,C10),B10))

ALL INSERT (J9,B10),F10,A10)

1) =71 (0)

ONVa=2%AG/P

OF J1=0 TG J9:PRIMT USING AS;AL1(J1);tNEXT J1

OR Ji=0 TO J9:A1(J1)=AL(J1)xCONV/ (2851+1) sNEXT J1

OR Ji=0 TO J9:FRINT USING AS;A1(JS) FiNEXT J1:PRINT

NEXT A0

ND

Al=(A=1=-U)~(,S/A)

Bl=(A+1=) ~(=.5/A)
C1i=A1%B1

JB PDwERT(JS,J9,E,A1(1),Bl(1)):hEM-————-——-————Raisa saries to power E.

EM~-B1 (031J9)=Coaff. of series defined by A1(0:J8), raised to power E.
1 {(0)=AL (O)~E : : :

R Ji=t TO J9 -
E=Q
El=(E+1)/J1:33=J1-J8
IF J3<0 THEN J2=0
FOR J2=J7 TO J1-t
BaB+E1 (J2) ¥AL (J1=J2) ¥ (E-J23E])
NEXT J2
B1(J1)=R/AL(O)
XT J1
D SUK

B POWER2(J%,E,AL (1)) :REM
AL(LI/AL(0) 1AL L) =81 (0) ~E

R Ji=l T3 J9
ALGJI=A1 (J1=1) KKk (Ev1=J11/J1
AT J1

D SUE

Raises A(Q)+A(1)xX to power E.

3 INSERT(JF,R1 (1) ,B1(L1),C101)) s REM=mm~—am Insert one series 1nto anathear.
1 R2DJF, 02T s REM=~=/a5 AL (N RN, Z=5 BL{M) aY“M=ZL1 (M) 4X"N,
LMATROIY, AL O LA OY) :

Vle=a200, 1) kB0

=2 TR e

SR TIN RS S

S=S+AZ(J1,J2) xK1 (J2)
L NEXT J2
Ci(31)y=8
NEXT J1t
ERASE A2
END SUX
.SUB INVERT(J9,A1 (1) ,B1¢(1)) iREM=wmemmm—— ~====-Coeff. of inverted series.

DIM A2:¢1:39,1:39)
CALL MATR{J?,A1(),A2())
Bi(uy=t/A1¢(¢L) .
FOR J1=2 T7Q J9
B=Q “
FOR J2=!{ TO Ji-1
E=B+A2(J!,J2) %xB1(J2)
NEXT J2 ’
"RL{JN)=-B/R2(JL1,J1)
NEXT. J1
ERASE A2
END SUR

SUB MATR(J9,A1(1),A2(2)):REM ~-Matrix for series raised to integer powers.
FOR J1=1 TQ J9:A2(J1,1)=A1(J1)sNEXT J1
FOR J1=2 TO J9
FOR J2=J1 TO J9
Qs
FOR J2X=J1i-1 TQ J2~-1
A=A+A2(JT,d01-1) XA1 (J2-00)

MEXT 33T

A2(J2,J1)=A
NEXT J2:NEXT J1&
END SUR

SUE FROD(JF,A1(1),R1(1),Ci(1))REM
FOR Ji=0 70 J9

C=0

FOR J2=0 70O J1

C=C+Al1(J2) ¥B1(J1-J2)

NEXT J2

£1(J1)=C
NEXT J1
END SUB

Praouct of 2 series.



mu &N.x«;em\.} q\ N.xv\\: $e70es.

Peoblem 232 ?&tﬁ:\%@«!.\\?‘» wp \Dﬂwm 3 golve \Q«.\&.

M=l L:\fn»\mp .\mv\«:\unmsqu
n

9.._
5 A A 2 By oy + Ay B0
m=|
A ;w Ay Ao \}3@ 2
€ ommends ? ?w\\x Series (mvETSiom.
W= w by 3 Ns W
[)Algorcthm n\ugm«\:«m to wh*
"
L™ S . S W
A > % Q:,}M from 4, LA A
MV Move veasons To require @, =0
w.c Assume a, £0: _v\tsou M»r wa.

- wu 2 4o ?«lsl) ) obtarned wi'h
n\wo?\\?x Q::s, To mﬁn \2? Hhat
2 4 ?\13\ < N t

‘Mmeans Hat to w«\ Com , ond needs ?

.N.bw.\q« Series I

[0.(7

kmo W all \@\x \_swgs §Q§Lm\ also

That ont meeds Fo use M\\m .,

\wa mw:&b.*&\:& 4{&?; . Assume 4, #o\
and assume 3z real, ell a, =reul

N4
, We 0
(?\ L,
> ¥
W= 2a : bsﬂ - .
0 ‘xm n’ &% %HQ
- ™
wu- W W Q\w.:.:w " 8.. N\w.
?\)
It s *S(\,\ wn\.\ fo assume thet /f s
:.{:\o:f.rn: fo %nm Cpm \3; 4,



e 686! ‘¢ Aenigag

!uﬂ.v/ﬁm R | "L} 8408
| AL

MV o . ———
Julﬂnul‘ e
S Savere &) N \ \\
e \“ \ \
N Z I \o. ?‘\\A&
WOy $; ¥ smtene "/ “ e
.04 V314 P vew % Y %
e me ‘ ‘\_ V\\)
- ..“... - &9 0\,\\6
v i
110
T By N : o, ’
wore s e —— T TN
RAR R HREHNN
AR K u_?.;_w{
AN !
(W48} 84 ™ Semmave \h_u\\\\\\_\w\\_\&\\\\
T S) GRLS Bmmmny l U Pﬁlh
| )

‘yoeqieH snepy

ubise(] 82IA8(] UOoIUBSU|






yorenm =%
whowy syt *cWa:\M\\\%AEw
A “9 2 =(x)¢ - 2 =Y

.{sﬁ.o.\\u\uuu &hor\« f,.z
som28 40)he; soygeno Ay papaaap 30 572435

\.\\xx& wAaouy 2u0 ,N: 51428 .:\x«& \o

5j 2,7 \\st LSL c\sx«:m ugsemads deojaprg
rH

yedip g prh &tf\ 2yg et sppaf sesrsr 109
vnusef 2p0wm sp)aif a0shr jo Avooap
\u‘\t»:z}‘w tJM I.CSQQTS .&u: hc&b
172)p 0 e u\l,\o 0~ Eoi X\s.fn\o

»w wp o Xxw yo02 *x .Ccv.i LOALY uzvi
wossy Jo sis A wup a0 yoys os yhmouy
Rt 0 V\S?N ui\ﬁ:ﬁxm ooyl awnsspy

| #

!

Ll

g 34? L4l . _+\l _ n/
\\ e T ey Y T2
%&r?, ] f;w .
\Il\!l T ) W\QV,\
\Nh\ux mN Hg\wv .A@Jrﬁd IN\
293y
5 01 11=V) — HH
7 . AETE klu»v..g_.
l~v=p 1] I-» I+
1 7 L Y R 4\>(\<%\ T\
- _(3
gﬁ.\d(\.\m n - ..J\u = Qwva V/
m?ﬁ zv Yy V=M _ -y
—T 7T )T -I.ﬂ T
xuwxu\.\ N«*\v.dﬂ?q 3 r....c:s\wx,\
Y e q\txid
MP ML \N\x 2 ..Mﬂw\
J= .. A b}
y9 = Trgme Y ¥y oy
D?E:L@:um ,
(1= m) XN T
)< o
7 _
éuﬁ EY
V= Y pey<l >
V. Qul <A

4 DEPES



(y)%vlysey
'Y/ o =) \ (v/€v)ys0) v <) «wm\
e -\ \V\ _\ WMQU w\ S
\NA.\N wuN “p) = [/ AR
0z I~ - +
g:r\w\ - n.;m +om\ .c.v = ¥y = v £\u .N \w\\« +m\ v w\\Tk:SQ\V IN. %m
_ k-Y% u._\.:vux\ts Adv Lo :w.;\
w _ .q\ w - Tpown kb R R) « S
XL XTI T (08007 = o wrpen wabise o 70T 05y
L= - wHouy = “o ! vy Lk uor 24
AT =Y 0D KIS A AN
X YTy A0 T < ()Y ox o< oy~

YR YA Wy v\ﬁ

vy s N\

| & a0MYuop




23
/—’(31~J\/‘ thp(31a’) A3 . Express

Fy) wcv‘é Hc help of a Taylor serves,
ard give te recavsion formala fur
H( CO¢{Q{I‘¢'«‘M{S o( Ha/‘ Serves o
Ht g a

o<
[ N
L5y

For capacctor with zero- thich mess tleclral
(Rogow;/r"~(apac:‘for; vrewgraph 8.00)

ard halfgap =1, calculate fhe exceess

flue cocfffu‘mf for the flue en {-(ﬂ"hg

the [ower ;uv{au (a) o( the elecFrade
-1

Calculate the excess //a’r Caz/‘/:'c(’enf
for the wpper surface () of the <leclrade
0,( the Rogows ki qubac:'fa/. |

Homeworh &3
&

5;{’5””'“ :_r Mgéﬂ’(%*‘%j) o(} im Df}//er
v
3 e

;"3 bl + 3370y = 3 Gl3)=5 34, 3"

“b3e3y)73 6436

(traf)epGe §3Y)=(26+36") (t+ag?)
= £6'ye"

Sninein) g3

Nt

:Z(-zﬂ-’h/éﬂfﬂl Z(%wn],dﬁg

M) 4, = Ay (M4U) 4 4y (M-%) &
/61‘ - /6%!(24//1,[-1-'6,,‘,16((1* 3le) %23

(4 32)
0y A, 4, :
‘ }”m?m m
g;a-f(z £3 +4y b A1z e di34 43"




" For Homewerk 4 ¢, £y, &6

15 Homework # 6§ |
- 1_\.—_-_—-%%_!-==- Az2~1 Ao Tt gz 15, “I .(u'(,“ f{uk 'nu(cé-.{or wpper pole fur/(ce:
A=0 't | Freld= I/f'(l-n(n:*anu from ca(gc) /'n o
3o 4z 4 3 o ;a-r{uc i
Iy T~ : - 3—.,”" Fplare
3= Fera AP el — : 4a -l 1 ‘I - :;
. . e (3}
/53=4+I+/n(+4} Nt R ‘ ‘
: 4(~¢) A
A {7 3
Mimework # 4 F('a) F(-t ) ;{' ﬂ.—/% 4 44 jT’)— JUg
n s ) . ‘ -1 0 _
ToAeel {'Iu rmo'a(el .for‘ lower lbo/( r«r{nr(; ‘ /;AA ba - %\(l‘* }(4)1 )
Fl&(b( { 4«40'$u7{acc 0 -0
F(-1)- F( ¢) = 3(0-30 ¢) +ah | ;;3(4)/ (A+4\(+4))} - lig =D
Kah= f(/» Fta) - jph j rad =1, adz V7] "t
L - 3(4)[. - (a-/—A @) /%
rak= (%\( . *'L(l -t—/ﬂj/)
a4

14 = 405 ﬁ -



@
» ‘/{'? onf fov # G and H5 2 Wiele Toleal” | Yomewovk # 6

f[ax ew U obviows, for #5 one
has to "c'a«vuvf“ ax a,albro,or:'afz moelel
for Fhe (;'.(u(uf/w'{um«(a o This formula |
s nef wunique, but ¢t has to have Fhe
Corncf a;ym,ﬂla Fie behavreur, 0503(4),F(¢,:
46

For Rogowshks capacclor, cepand He
error ficdds betwean Fhe eleckqrodes
' Lkpoamfc’a/f T‘Q.B.on(cr by hand,
tve. geve cloged ekpressioms.

Hewt: Use 3041, F(4), Fls)

X i3~ A+ 4t
A3z 44+ A ; ZS =h/::£f

A 3
NV S Y Y/ R
A=W+ Q1W1+ a;w’+-~-

)
O = azw1{- 5(3 l\/3+ Wz(/*‘zazW)lLl"’/Z'/"*'

az=',/2; A3 = 3/Z.g/

' 1 3 1 | 3
Fal-W=0W-tW +W (i+W)~W t .

1 * '
FaloWtw (Ima) = w’( H43-2a, )
! Ry <! My -1 3}

F:[-£ L +2 e -2 ‘%-234\‘

noo



—e

@ §wmrna'r\/ a)[ /J(yarﬁﬂns ][or

TQY/OT f(‘h'(S Maﬂt°fu{a/¢'an.

Imvns«'on 0/ 7417/07‘ Senies.

Alb)= T o X BN 24, X"

n
) Ctx)=AC)-Blx) ;o Cym 2 G By,

2) CX = AR)/BLX) (ﬁ mi ,,-m)/’{

NOEPYA 7

_ - m = ”

AR N A
m — m

rq’n: 4‘~|1(€7(Y . g = ZAman

An, = &

m

3)d4 :0’71<m
n m

M
Mt

% .
LA’AM /‘%n-lA/“%' o

((') Cm"ng;m Aom

C m>m> |

[ '(Co:’éo)

Vz'ry ][)_Zc'h . desert by 79 4 closed

¢x pressioms ,by a d: f/frcwl‘/al
.2?(447(('07\ fAef i lafy/)/ so vu(

With « T"}’{"" serres ¢ the mogf
CON V-(TL(‘()“/ “ay {~a e(Pa/)'( fAC 070‘7l'41¢L

e losed u’,o'r(ﬁ"o’\ mfe a 74}'/0" $Lrieq.



D (7)) (ron)y) = ¥ )
cywabagny 2pyda)re §&{£\ -)
! g uxw\?scu \Y Swv\ \,%
br M =_(®, 54& x\v i

| Y«§&.§&.Js 5 |¥§&:s~.+ &si \#&6 -
»ym b by Y- &si\o W <Y h,vo

¢&3>

{o\ﬁ.
\q£§ _S§ YA my
V9l Sy L
\*\J:&S. 3 \\f? w\:v : ) =Y
v.,w\ =M (7m)(,7- M)
»- "y 2>
X —
2 \ rf
M o oy ¥

9
mﬂ.%t&é.

.«\r.&.:.wﬁ
we 044 P Ao Il 30 NP *.e_:i ow yuy
C\.,i.c Al en o u*«.ék How 24y M 19

\ ,
V,i\ow s és.s.:mN rwun s Dw0aEmINg

Nuéw
. v
XF\ ,.\il\.\.\c (M) - st0r = .\s; v) 1/
ﬂ:ic: § MY
bes g
(1+'M)[14M) 2 (\Ik 7&; 7 _
AT T T )T s )
) +M 2 _)m 7
Kdt (\T TSR TV
R EL NS/
04 >uyyd ) wldn  sdvw .W\.._M\\ =M

O u* Kn%x\& Le «q.\\«ﬁ\;\axqs* -75s



e Sy T
.3:\.:& w\lu_.evsu woyrs 39 o) \wsmv*sH
T = r((& 144 - () 275

N...\..ksh 2" K‘.y\lkw&v“ \o o\mb\ *t.vx..h
:\E\U - §KV L..i\& %oee&

o

Y, Wy
o&\~.~€cv§d d%.vw n@ Mvu ! w 2)od
o)k »:.\x yun \m\\y_\ 215 050> pur
Nbu\_ WO Saxe ))v o yLom ! So\_ w0 wang W

y20)9 nggsq ”.:\\\ u\\w..\ *u:t\s\w
s

. E.&\ xmu:.ﬁ.&.ufeﬁ 20A %0 3y29)q
bt 7RV RS F R ~ v MON [0 AIP IS HOD

Arpan d&\fsz e X.QE sv AvM

T 0s 2y u&.&wo .83.\. Fronpur Xajg

0= ey e pens yw
( 7920 ezv’ tsw“e/xg Wy s) wred) xr\w
yeasd Aoy Kol wesd Y e yab
pev sppuf v \,\::s..\ u%m.&xt:m
\.~\\s: (savowow rpdoy Usobanya) Jund apgpav
dnq ‘pwasasd Ligsy wia) T/l uy T
(ooh ~o vy o youys gyan)
0 H\wm.\lu&\fwuuw é..i w\\v;x pRepeT (v

O ST M W 355/ surafne g P

e ;\oq\.i\bmecwq §.2\. J:om

oymo yrmpus xmplpr Ispjal Jeasig )
..v‘e\\!w NP v:s:u?cm 20899 s

.mz&. \u*ue\m
?du\.xf:& 3?.3 x_:wﬁ Y..ew\i 0% J7irw9

(51°0) 7 oogs x50 mg)) g




e &
Also s T~ [ (B Vim BV, ) ol Corcact dingram Low sysfem wcfh ¢ piles ffu

) o N Ce
I- f(B R B R)av Q P@J“‘C%/@ < -
. Y 7 T ‘T‘f 3
/4{" ell /oca‘fr'n: . B, =/‘(“'H,' " f‘/"l .Hl,i Lll iy Cz!‘; ; C;, @ @
7 C S |

St
> ) ~ ~ T Tao
R s A Hy e 2440, [
- l
Thvc{du 120 = C‘Z = (’21 . ; _'[.mpof{anf : C,‘m,g carn be calcu(ated

= rm'—o
in the mamner descrched on development |
of 7(‘"(?&1 TA(arY' but H”Y o(dq’f ARV( l

F[ux Au/anc( ,[01’; /30/( # (l(" ol“«'ghcfe:

I le "
f pe ) ‘[/Flux _{roh Cs£11 Lo pole | | do be calcalated that way. Very gffl’hl }f
(V'(C,o* C,l+ Cl;';’) =Ql+ szu+ V;C,’#-V? (‘,"1 - sy;fems have S‘rm mc‘/‘h'es that a{/oh/

o I - o §¢'mf’(( (- (‘4((“./4/!'0'15 6 Ca(c:«.{a/;'ﬂg :
F/ut gu—na fﬂ"“, F/«k gdtmg frun />o/( 0, : 7 ‘
pele | #o pole 0, 2,3 to palel .{{u W for 9,Aem‘,[g‘¢ exeitatron patferas
N Coversely , one dses nof need C's if oxe
Equivalent egu. for pile £ 2 3+ Dag needs fluxes only fov a specifre 2xeltalion
mary ¢744'g as wmkngiw V's — ZNou;A | pe Merm. Thal seems Fo be Frue for hy Brio

‘7.“% fo solve ,Zw Vs ,-’[ Qc are hnow 3, D, and (F s frue u‘(’ ome Wwanfs fo know
01\(7 {:‘e{o(sfrmgf/\ i device. To get answers

+4 o“ur 7‘(!57(4'0h; [-(.7,.F‘70Pq yqf;"‘)‘ o/ |
L17 OTS) one -'h(lds fo k‘HOW ('c(()ac('/ll(s‘ ;

E?M’S :':(U\f.‘ca,( fa .t/lt/—rosfafl’q 2701;‘.
Cz capaciires.

Cam us same Tap/u'c.( Tepres€n Xa o » ,
+mefhods fe® write sgolve 2gu's .



(.20 )
(,)s M(I;cﬂn'h'ng{ Ayé'w'o( L.

Pates . Why dees this G- welafed 30 flur

l ”’i"l%"%”” Lgmove C”:(l« = nol show wup im “mormal " desi g 2omalion.
T[a midplane Wiem ome looks af ]l/«x fdr specifile

) Ve Vy=Va ; = (Gt 4G ercitulion patfern like e 1o pattera),

' » | f e .
Kaow from descqn equ. (r¥c =0, at least gome o{ flur associaleol wi'th

) Vy=vy= Vo a2+: Ve G,
o+
2 parfs confrebufe fo Q. :
‘ ++

~—n
~

Spen‘{r'c Capac:‘/f may be “ravescdle
’n {c‘:(t( [cne ,bu,'ff{rﬁ. Trans fa(r(af'

W _ _ exanm ,n/e N So!(?lu'nd/e wet h Pv/es ¢xccfed
2() l—_- TA«'S 10 f(ux H(.{It PO‘IS'SO"V/ (n Teg«(dr fl'\'fllfdle + - P“ff{f‘hf
or amilyfa‘oc((r. |

1\/~ Flux cnte pale Lo+ reqular ercifation:

- T | ¢‘:2V0(2Co(+(03)
v_ L 5 peam ‘tz'm\(o polz #0

. 2-“-40‘{/1 ‘n \r(«"f;’_ll beam: 3P f[uk
/__\ (I\ ) ( 0‘{‘("|¢‘/¢ 6\/
/ | , Conscofering very
[[ /\ txcess \/~Arop
o ‘Co)“r(cf-'o'n/ﬂ‘af

many /:o/eﬁv-;’—')
raﬂulﬂ,r(‘n{{f ev UlTh Pelssen, Poles

2D ][/«k wi'th










ss8 l9lzo
a8 (%10
sté& Itllzo

S TV SUSEY CBus WRLEVED Y "BUDES SPOWD WU VAZW Y 3“”4 *x&‘
BME —] 6861 ‘01 Arenigaq
JE— |
oh Bt ovmY I .
o e m L e A L] -+ e @dle S NP m&:smtd
7
= TR .\Im,.
ﬂ.;-.‘ mnewe eu ¥imeme “ V\\
—; T 4.1 1
| _A eLaslebgele
= q |
ey v "m 160V ) vBesey IJMHNW W@/Aq”//”/m
Z INEEYNY
: : A

i
12
L\i
B

UoeqieH snepy

ubissg 8oineq uoiuasu|






Lecfure # (2

| §ufmh\ary o( &
| go(« {('oa {a Adn(Udr/t prlé/(hf .
S‘anh\av‘r o{ a/gor(‘/AmS {a'r‘ 7&7/@/ Series

”ham"bn/a//'o'r-
(-C palygom = cirele.

30 hybaid f,{ao-ry /N many M= 6/:(‘/(5,}
Cnom = Comm t
Flax-balance egu. = 20hVa) Gum

Hy becd ID z?uv‘x(m{ cmca:)‘

o({‘ rTém
ag & ~ o — e -
)

( e

2 —
\ﬂ

C-calculafion /{[uk calca (a¥ion
~/or 9906({!( eked fq /rn fnff<'r4\

i

m\v«;LL -{:/ur ' S(yfapu /z
Co Cw(cu{df,'o&\ ){a‘r ID

670/043t'£ no sAeef A (/,/f/
General 20 HYA'N'!’( ncor? wc"“n ‘"'“”.Y/":"o

Blocks/ Peles.

Same hasce procedure as befove:
D D¢ reef f:‘e(l(S and f(uk imduced onto
poles -,[rom LAaa-ycs/o[l,oo/e MmO men

Py

Adestecbufeans [CSEM when al(Flocks on V=0
) Indirect f:'c//r {rm each l;;:c/t 0

Va0 (Weth block 0 albays ox lo/’d)/

Wifh f o MY from CsEM present  buf
aclive part (charges, dipole moments) d}[}/’l
S«pnmnpase («-nuv/y all frelo(s and

qe?L 2l Ve frorm Coxob/aon that tfotal
flax (from (SEM and G hen mze blicks)

(nfe each e bleck = C.



/'//:'roh. Lee tune 2 ¥

Vid u(h:a 7“

Constmet" colation thet saltcfres [1-equy om
Space oufsioe ivon and bas total flur
dnfering surfate | equal 0. Solelion = [rnee v
querfo{«'/l'ou o-'{ 2 selufrons That S‘a/:'xfy

<eon's oulside drom:
L?

() G40, Y=Y (R10; () mf—vgf [/.@14 &<,

Arrect f: wlA ¢
endired /“h{r

) E=0i =V (7 )l V; (7) > -G fmu,aa,v ¢y
3)\/ V V"H Hf-H$/¢ %.@ G0 = Ve5C 20

g elef)

RG>

(,s Aescre L‘ml /iyé'rw( _{_D

P:Its

hhhhhh }_r”'*; - lemn 6132(14':'“

(!"M‘O(In{a ne

1) V=V,

":"V‘L,' L= VI(CO-!J(C,/

"+ -

Anow f‘rom Aes:'gu é?u. (of ltcl :CZ

2) V‘: Vs =

VL )' Q ,1 o Vl * Co

QPar‘{s coufn bute f*o QL .

0| |
Ly

Ve

T/\l'f ‘ZD f[u.x Hl.{lp PCI"S(/‘I‘//
er dﬂ;(7ft'04{(7. .

5 bea m

Losk tm et | bearm: 3P f[«.k

T

m |
/ N

o"/d«‘ﬁa‘/e 67/

Co’\ﬁ(‘ﬂ(?ﬂ‘ﬂj very
many p o/es’—"")
AD Flax with
txcess \/-Adrop

Lorrec fe 0’)1/.&‘0

71111@{7{((‘4{/)/ er UTA p&"ff‘fﬂz /)0/(5

',A.



7
2.5
Entraxce ate Hyﬁr:}( 1 D.
Want pales af eafrance fexct oanl to
Le dn ,bo)[(n)(r'u[; (}’) [I_.Z(,.ZI-Z_,.,L,.,“.
< fﬂjtcfary> = s‘f'a.‘g“' buf s?/t"'{'//y
Xl'tp/qceo(- ACIIN'CVC fAm“f«f'){lrﬂ lyl')(,{ f/ur Q,,,
' duced by Cse M.
A e~
L L o
T L 1
'2(. F?(,:QQ‘;
¢, +¢¢ =R W
QQ{-'\/Q :QO-FQL({J(U
COF‘(C,-.O#QL[@(”_ ( —
(),6): 2+4,=2,0 1 -~2 |
(,3): 4=Q =¢¢3¢, (%) I ~2)
0w Q2 €= Qe Gfc) ff N
J (. RN PYAS X, () ('\3;_\1
I =3 3 -]
( ~3 3-

[ = ~4 <.



.Mwl< 7l 1~
- ! =L AL /
("5)/t === =) T b
jro = ag0 =% Frpo ="
2/ _wo
) () NN T D
bl i w5 = (A=)
. . oX.fW m
TE Y 7
I —— NT= .«\p == 5¢4ed Ssz
| . pen 9 u\cm «:)‘3 vasafiop g
| . - =0
v v legry T
. | Y 4 ) 0 A 2)ed

. v 2024s »\ﬂo\..gq. i t.i so)ed 22200y
BE

_ .\Atw.eo»m 210d ,\o *:xtmv\s.. < )
| ‘g 1° ops
1) cwn\o\\ wo s#ed *s»uc._,wu.«qs w2IM49q )

4

@)




HYBRID CONFIGURATION GEOMETRY

@ X-Y SNMH RY
PLANE

H2

-

~

Y-Z SYMMETRY
PLANE

03

H3
) l X
74

O3

\{m’
Y
z .

' nd

/
hDY
4

S

ol
L

D) 2

R
Jvy) :*S?\: op 1g¥rq] wvabouy

Y05 gg «
0T, 2rosgme owayd powy o LA T

.P.\u\.c Y7 p4 P &o& *r)y e 1LH vo/d u\xw\dw

s\ow n.lw.\mn.\xq.(u:uo»u QN w) Q..xN. Mo

_, .:QQ\.TY;«V\ +:\.|* bﬁ\ \43\{ . \N Nﬁ. xo.y\ Q\ SM\ GM;

9m ranj227 V: :l.&u& 250)
~U$$o.u n.l/\ln.,w\‘_ ntl..Q.H &o Kc.v* Sw..QkV

- - 4 :& xxmn\ : \% xg._\@ wab

. { ®J)
: \U QU N\u wawxﬁ«u:uswﬁ

X4



g

!
I

Y Des(‘g'n |

~

Ip
U, (05(42+6)+D(RrErE)+D B

o

VP = g,'D(f ; f‘”’" PUKSO/V, " aaa/r/:'(‘n///

s

W E=10'{/«x iafo po./( face, PoISseNs ¥ analy¥,
V E; 10,{,&-((5; f{qy l’h{'o 5(46 9/ Pl/( Pﬂ/f}'d’vov‘a
V E, =0 ekeess f{nr onte fop [ side o/ Pa/e anely F.

Vp Ee=20 excess flur enfo coraer analylrcaf
Gaf: B (0050 ( 0+ 4By ) ¥ D Au )

B.,.,/ILEM =20 flux from mr\/\ang,'andy/:'m(‘
01

Colve @ =‘—¢9¢ )édr D,

N al 0‘(E»+@+Er)+mﬁc)+bs-w+4 £,)-I4E

D, +Ax By = Bﬂ ( " r}

L4
Pc‘r/crm ance (/1 e 7[4'}{#0 ’h,(./

If CSEM s alse o.)‘facho( fo top, scde, .ef/ec/L

Can be (mcludeod » E
Denominafor im egu. for Dy /u&s 0(4'»407-”; Tt ce'sf for 8,

<« 0.7% -

gl

A bl
PROB. ~1nDav Pol V1 8.0 03/06/8%/ Legeb CYCLE - 960




|
055 ~ YR .weBan /B0/80/(0 0°8 1A Y04 ARQUle

v Ex
WS

e t
51 ﬁ/l.
w0 Ay uol
7
4T 7y v W] §ES
:x E g w
eI o
T m.M
L
c 2
i
Wiz =
23 °
\1 N
Ajepunog-uuslneN \ >
. y
+—y \
buw\ L tEn w!
s

(1)



wy
' ~
a -
\Y
— § DR SN ~
- Pl M
~ v <& ~ < N :.
S L3 ok XY
~
v g v ’ 5§ @ W\ ~
™~ ~ < x < S X N (VY
< S~ \Z 3 N o - ': > ‘z S v
€ o o >~ ~ g “ . o & X :b
- -~ v - & N — ~ ¥
Yof >~ ST FE s > v I e s
o o S v = “ g\z \
o JJ_\":\a g ° - ot
. \'d —~— *“N-\)
N S a s < .« ‘o
x < - -~ had X
Q@ ~— £ ~ ~— & ~ S~ © A N\
*;«E( s X € R Sl
u < > -~ o \\q ~— E‘ ~ - x
- ‘\3 SN O~ o 2 -o
£ - ~?:;{\ T o o S s = o
S _ .
Q.Qu\-o o}f\;‘.s(“:ﬂ *i\\s
o M iEE_{Fg_ = PO N ~G 5 ¢, = ~
~ - Qo L S W
el o T~ £ . ~—r XD (¥
% 3 g S -~ <o : v o S
< CL: U\l'ib‘ &
& » “CeS 3ot xS s
o~ =~ < ° <
< % T T e o S e § Y 2P ST
,

(2. 14

Q2-10-1989 (07:14:47 IDCAPI1

Li= 4,000 D1= 3.2000 H2=0_, 7200 3= 6.2000

MU= 1.05 EPT= 1.120Q0 EM=1.4250 ER= 3.0800
COM=1.824E+01 COB=[.2320E+01 CO=3,0%60E+01 C1=3,234E+01

EFDBL A-Z

cLs :

FRINT DATE$;“ “;TIME$;" IDCAF1“:PRINT

ALE=UCOM=H. HEH " COBSH. ###H7"  CO=H. HERE~ "~  CI=H, 4 "

AZS="LI=#H4_ H## Di=4#H#_. #4844 H2=#. #4484 DI=H#4.H4848

IE="MU=H#, §4# EPT=##. #4## EM=#. #8484 ER=H4.H44#"

READ L1,D1,H2,D3, MU, EPT,EM,ER

REH—-L1=Lambda; D1=1/2 length of pole in direction perpendicular to beam;
REM-~H2=distance from pole to symmetry plane between poles; D3I=height of pole.
REN‘—ﬂU=permeability of CSEM; EFT=excess fluwicoeff. for pole face and sidej .
REM-—EM=fluxcoeff. for flus from pole to midplana for +++ excitation
REM-—ER=fluxcoeff. for flux from (one) -side and top of 2D ID. ’
FI=4%ATN (1) :D2=1_1/4-H2 .
ET=L1/4/H2:ET=(1ET+1)*LGG(ET+1)—(ET—I)*LDG(ET—I))/PI
C2=4?(D3¥(MU*DI]H2+ET)+D1k(EPT+ET)+DZ*.S)
COM=43EMxD1: COR=2%En%L1/2 :
C1=(C2~ZOM-COR) /4
FRINT USING AZ$3L1;01;H2; D03
FRINT USING AZ$3 MU EPT; EM; ER -
FRINT USING Al$;COM; COEB; COM+COR; Ct

DATA 4,3.2,.72,6.2,1.05,1.12,1.425,3.08

¢
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MATHEMATICS, DERIVATIONS, COMPUTERS, PROGRAMIING, ETC.

T

CALCULATION OF INVERSE TRICONOMETRIC FUNCTIONS ON THE IBM PC
OR_OTHER MICROCOMPUTERS

It has recently come to my attention that the BASIC that comes with
the wblquitous IBM PC (and many other mlcrocomputers) providea the user
with only one lnverse trigonometric functlon, namely the arctangent.
Furthermore, {t (s recommended to use the following algorithms ((]). (n))
when anly the valug S of the sln functlon, or only the Qalue C of the cos
function, {s known.

(1) S = SIN(A)

(2) C = COS(A)

(3) A = ATN{S/SQR(1~58))

(8) A« 1.570796 - atn{C/sQr(1-cAe))

Both (3) and (4) have the problem that an overflow can occur. It
would be folly to asaume that thia will not happen: depending on what
type of caleculatlon one ls dolng, it Is not at all unlikely that the angle
A Is exactly 2 PI/2 or O or PI. Since It is a rather poor programming
bractlce to enter a2 number like P1/2 in digital form, ] assume below that
the computer has PI, or it has been established by executing early in the

program !

(5) PI « X*ATN(1).

The following algorithms avoid the overflow problems:
(6} A - 2-nu(3/'(usqn(1—s-s)))
(7) A = p1/2-2%ATH(C/701+SQROI=C*C)) ) .

(6) returna - PI/2CACPL/2, and (1) returna O0CA<CPI.

{
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Closely related to this 1s the problem of conversion fron Cartestan to

polar coordinates,

- If X and Y are known,

(8) X = RFCOS(A)

(9) Y = R¥SIN(A),

R and A are obtained (rom

(10) R = SQR(X*x+¥*Yy)

(11) A « 3C(Y)

This formula returns A in the correct quadrant, l.e., -PICACPI.

*(P1/2-2%ATN(X/(R*ABS(Y))))

The signum function [n {11) s defined as t for Y50, ~1 for Y<O, and

1, or =1, but not 0, for Y = 0.
uaually supplied has the values 31 for Y<>0, but O for Y = 0.

SG(Y) 1s easlly

"conatructed" from SGN(Y)

(12)  SC(Y) = 1+SCNCY)*{1-SON(Y))

However,

Unfortunately, the algnum function SGN(Y)

If the true/false atatment (Y < 0) can be used {as ts legal on the [{BM PC

and many other microcomputers}, one can use

(13) 8G(Y) =1

-20(1<0),

and gets as a alightly better form of (11)

(U &« (L5-¢1<o) )0 {PI-NaaTR(X/(ReABS(Y)))) .

If one knows S and C, one replaces in {11) or {(14) X by C, Y by S,

by 1.
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