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PURE CSEM CONFIGURATION
PERFORMANCE

B* = ;'2~Br E cos (n k z) . e-nkh .
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. (1 - e-flkl)

. ...
n = 1+Jl M'
k = 21r/"-
Z = x+iy
fl,::, Bk ,( g~

Example:
for: L = )./2

M' = 4
Br = 0.9 Teslas (REG)
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DAT:
READ Dl,D2,H2,H3,D4,D5,B3,E2,El,E3,Ml
DATA 2.5,.25,.45,,5,.62519,.1,10.6,.5,1.002676,1.147476,1.03

RETURN

DEF FNG1/X)
E9.K9*EXPI-.5*PI*X/A9):FNG1 E GO-KS*E9*/S1+S3*E9*E9)
IF X=O THEN FNG1-t)
END DEF

'.

CLS
PRINT DATE$;" ";TIME$j" HW4"
PI=4~ATN(l)
Al~~"Dl= ••.••# D:-#•••'. H2=##.##. H3=.#.### D4=••.••• D5=.,#.# •
A2'="3~=••• #.# E2=#.#•• El-••••# E3=•• ### Ml-., ••I·
A3$-"D7=##.### DS·••••##"
A4$."D3=#*.,,##""~A""" V3a.._ COa# # A, C1 i#4; '1

GOSUB OAT
PRINT .
PRINT USING Al$;DlI02I H2 IH3jD4jD5
PRINT USING A2$jB3;E2;EljE3jMl
INFUT "BO·"jDO
OO=~4*DO/B3:A9-1+D2/H2
GO=(IA9+1).LOGIA9+1)-IA9-1)jLOGIA9-1»/PI:B9=SORIA9jA9-1)
Gl=GO+2*IIA9-1)*LOGIA9-1)-A9*LOG(A9»/PI:G1=Gl*IH2+D2)*2/PI
07=Dl*(E1+GO)+D2*E2:08·M1*Dl/~2+GO

PRINT USING A3$;D7jDS ,
PRINT
K9=/B9/IA9+1»~/1/A9):KS=S*A9*A9/B9/PI/PI
Sl=SINI.5*PI/A9):S3=SINI1.5*PI/A9)*11-2/89/B9l/9
100 INPUT "01,03."j01,03
03=H2*FNGlI01/H2)
D6=DO*D7-01*H2*FNG1/03/H2)+D5*101+03)
03=Dl+03-00*08:03=06/03
V3=(D1+01)*ID3+03-D5).H2
C1=D7+D3*08:CO=Dl*E3+IH2+D2l*2/PI*LOG(1+/D3+.5*Oll/(H3+G1»
C1=CI-CO:CQ~*CO

PRINT USING A4$jD3jY3jCOIC1
PR I NT: GOTO 1(>0
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-I,':-Z
DiOFII'IT J
PlaHATN (Il
CLS
PklNT DATE~I" "jTIME~j" FEXPZ"
REM--------Expansion of F' of semi I/O-dipole with slanted (anglea Nl.PII side.

~
01-14-1969 16:47:49 FEXP2
Co~fficients of expansion of F' in exponentials in dipol. with 5lopinQ
siue (N=angle/PI).
N Al AZ A3 A4 A5

A.~II.~.'#~.~A~A II

5T;;;;;TI
PRINT
INPUT "N,J9-",Nl,J9
DIM Al (01J91 ,Bl (0IJ9) ,Cl (01J9l
Al\~lalIAl(ll-I,CALLPOWER2(J9,Nl,Al(IIIREM-------------(1+TI~Nl

&1 I U-l
FOR Jl-2 TO J9

51-0
FOR J2-1 TO Jl-1

Sl-S1+Bl(JZl,Al(Jl-JZl
NEXT J2
Bl(Jl1-S1/(Jl-11IREM--------------------------------W(T) with Bl(11-1

NEXT Jl '

Tl-.~IREM--Sl lead. to We-TIl, S2 leada to 01. C2 for renormalization of WIT).
Fl a -TIIFZ-I-Tl
Sl=81(J9l,S2-1/(Nl+1+J9)
FOR JI-J9-1 TO 0 STEP -1

51-S1 'Fl+81 (Jl1
SZ-S2'FZ+l/(Nl+1+Jl1

I'<EXT Jl
Dl·S2'F2~(Nl+11IC2--EXP(-Dll/SlIPRINTUSING A.IDl/PI

FOR Jl-1 TO J9:Bl(Jll-C2,Bl(Jl):NEXT JIIREM----~-----Renormalizationof W(Tl.
Al(O)=l,Al(ll=l:CALL POWER2(J9,-Nl,Al(ll:REM----------F' coefficients.
ChLL INVERT(J9,Bl(),Cl(II'REM-------------------------Cl_T(W)
CALL INSERT(J9,Cl (I,Al(),Bl(II:&l(Ol=Al(OlIREM------------Insert T(WI in F'(T)
I\EI1------------------------------------------------------- and get F' (W) •
FOR Jl=O TO J9:PRINT USING A.IBl(Jll;:NEXT Jl
Ei'lASE Al,Bl , Cl
COTO START

0.1
\1. :2
0.3
,.).6,-

0.5
(I. Q

). l

(t. ;;,

(1.9
1. (I

-0.5773E-02 +4.76Z1E-02 -J.JoOJE-02 +2.0076E-(12 -2. 1393E-02
-0. 1499E+00 +6.9911 E-02 -0.5715E-(12 +::5.2378E-(12 -4.3641 E-02
-0. 1995E+00 +0.lZ60E+00 -9.4898E-02 +7.7Z32E-02 -6.5667E-02
-0.2388E+00 +0.1~6eE+00 -0. 1209E+00 +9.9999E-02 -e.6148E-02
-0.271)7£+00 +0. 1832E+00 -0.1436£+00 +0.IZ05E+00 -0.1049E+OO
-0.297('E+00 +(I.Z058E+<.)" -0. 1639E+vO +0. 139('E+00 -0. 1220E+00
-(I, 31'7(,E+(>(1 +(•. 22~4E+(IO -II. 1818E+00 +(•• 1554E+00 -0.1375E+('0
-0. :,:!.78a: ... (IO Tel, 242~E+(.,)(1 -(I. J975E+(I0 +0. 1702E+OO -0. 1~14E+(IO

-(1.3539E+0(1 +0.Z574£+(,0 -0.Z115E+00 +0.1834E+00 -0. 1640E+00
-(•• 3679E+00 +0.2707E+00 -0.2240E+00 +0. I 954E+00 -0. 1755E+00

___ A No-A(1Z
----------.-

j~O

SUB POWER2(J9,E,Al(111IREM------------------Raise. A(OI+A(l).X to power E.
r;-Al (1) /Al (Oll Al (01 "AI (0) ~E
FOR Jl=l TO J9

Al(Jl1"'Al(Jl-1),K.(E+1-Jl1/Jl
NEXT J 1
END SUB

FEYPt/11asSrtJnf,1 fA ~.,. pro cq d c.< l' ~ f

SUB INSERTlJ9,Al(1),Bl (11,CI (lllIREM------lnsert on8 series into another.
DIM A2(0:J9,OIJ91
CALL'MATRIJ9,Al(I.A2(11
Cl(ll-AZ(l,ll,Sl(l)
FOR JI-2 TO J9

S-C.
FOR J2-1 TO Jl

S-S+A2(JI,J21,Bl(J2)
NEXT J2
C 1 (J II as

NEXT J1
ERASE A2
EI'W SUB
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0.8774E+<.1(, 0.16S9E...OO -0.2925E..('O -8. 1299E-(12 0.19Q2E+OO 5.62133E-02
-l.t171E+('O -7.1663E-('2 7.447:SE-02 1.4788E-02 -2.7753E-02 -Q.5147E-03

01-07-1989 15:33:02 FEXPl
O.9670ETOO -4.9790E-08 -0.3170E+OO 0.1317E+OO 0.1559E+OO -o.1641E+00

-1.0662E+00 1. 8300E-08 6.9910E-02 -2.0751E-02 -1.9100E-02 1.6451E-02
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Hybrid Insertion Device configuration
with field tuning capability.
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series.

of inv~r-ted ser-ies.

for- ser-ies r-aised to integer- power-so

SUB PROD(J9,Al (1),Bl(I),CI(ll):REM--------------------Pr-Oduct of :
FOR J 1=') TO ,]9

C=O
FOR J2=0 TO Jl

C=C+Al(J2)*SI(J1-J2)
NEXT J2
Cl (J 1> "'C

NEXT Jl
END SUB

SUB MATR(J9,Al(1),A2(21)IREM------Matr-ix
FOR Jl-l TO J9:A2(Jl~1)-Al(JI)INEXT Jl
FOR Jl=2 TO J9 .

FeR J2"'Jl TO J9
~=(l.

FOR J3-Jl-1 TO J2-1
A=A+A2(J3,Jl-l)*Al(J2-J31

NEXT J3
A2(JZ,J1)=A

NEXT J2:NEXT Jl
END SUB

SUB !NVER7(J9,Al (1) ,B1Cl»):REM--------------Coeff.
DIM A2\l:J9,I:J9)
CALL MATR<J9,A1() ,A2(»
81(1)-1/Al(1) ,
FOR J1=2 TO J9

B:Zl)

FOR J2=1 TO Jl-1
B-8+A2(JI,J2)*SI(J2)

NEXT J2 '
'Ell (J1)=-B/A2(Jl,Jl)

iNEXT, J 1
ERASE A2
END SuB

~. • " *w WN ttt# I "/6 rlnH' ••• t 'tWit tH fttiWdt'1tt:e drt#w.ht:lf Hl•• .. ,. ,,';r,' ~ " ,,',' . '

S=S+A2(J1,J2)*E'1(J2) c:Y1() ! ., ,_.,,~~.,"~,.~
NE:n J2 •
C 1 (J 1 ~ =8

N;::X, J1
\::RA~C: A:
Erl.jD sur:~

@. ff)
OEFINT J
CLS
PRIhT OHTE", " ";TIME"," FEXP1"
J9·::?I·4~HTN(1)

DIM Al «(i:J9) ,Bl «I,J9) ,Cl (~)IJ9) ,Fl (<.):J9)
A~~,'~~.~#~~~~A~ '1

RE:1--F'roc=<oc,r-esIPGWERT(JS,J9 .• E,A1 () ,81 (» iPOWER::(J9,E,A1 (»

REi~--INS:=:RT (J 9 ,"11 () ,<:<1 () ,C 1 () ) i INVERT iJ9. Al () , B1 () ) I PROD (J9, A 1 () ,501 () • Cl () )

START:
'FOR AO-l.2 ,0 3.0~ STEP .2,PRINT USING "~.ij";AO

AO=SOR(3)
80-SDRIAO*AO-1):BO-l/BO:AO-1/AO
'" 1 (I) -';0-1 : Al ( 1 ) --I
:ALL POWER2(J9,.5*AO,Al(»:REM-----------------Al-(A-1-U)~( .5/A)

~1(OI=AO+1:Bl(1)--1

:ALL POWER2(J9,-.5*AO,5ol(»:REM----------------Bl-(A+l-U)~(- .5/A)

:ALL PROD(J9,Al(),Bl(),Cl(»'REM---------------Cl-Al*B1
~1(O)-2*BO:Al(11-BO*AO

'OR Jl-2 TO J9,Al(Jll-Al(J1-1)*AO:NEXT Jl:REH--Al-(l+A/(A-U»/B
:ALL PROD(J9,Al(),Cl(),Fl(»:REM---------------Fl-Cl*Al
ID2=,5*AO:Al(1)-AD2:Al(O)-O
'DR Jl=2 TO J9:Hl(Jl)-Al(Jl-1)*AD2:NEXT Jl:REH--~1-1/(2*A-U)

:ALL POwERT I J9, J9, -2, Cl () ,B1 () ) : REi'i-------------E<I ..Cl'" \-2)
:ALL PROO(J9,Al(),B1(),C1(»:REM-------------------Cl=Al*B1
:ALL INVERT(J9,Cl(),B1(»
ALL INSERT(J9,Bl(),F1(),A1()
1 (,»=0=1 (<)

ONV--2~A')/PI
OR :1-0 TO J9:PR:NT USING ASiH1(J11::NEXT Jl
OR Jl=O TO J9:Al(Jl)-Al(J1)*CONV/(2*Jl+1):NEXT Jl
OR JI=0 TO J9.FRINT USING AS;Al(Jllr:NEXT JI:PRINT
NEXT AI)

ND

JB POWERT(Je,J9,E,Al(ll,Bl(lll:REM-------------Raise ser-ies to power- E.
~M--al (OIJ9)-Coeff. of 5&r-le5 defined by Al (o:Je), raised to power- E.
L(Ol-Al(Ol~E

JR Jl a l TO J9
E<=~)

El-(E+l)~Jl:J3=JI-JS

IF J3<O THEN J3=O
FOR J2=J3 TO Jl-1

a-E<+Bl (J2l*Al(Jl-J2l*(E-J2*El)
NEXT J2
Bl (Jll=B/Al (0)

XT J 1
iD SUB

B POWER2 (J9, E, Al ( 1) ) ~ REI~-----------------Rai ses A(,) +A (1) *X to power E.
Al (1) fAl (Cd, Al (I) "'AI (0) ~E
R )1=1 T,J ':;9
Al (,J j ) ='11 (,11-1) H." (E '-I-J l' / J 1
XT Jl
D SUB

~ !NSERT(JQ,Al Cl',&ICll,Cl (l»:REM------!nsert one ser-le5 Into another,
~ A2\'):,19,O:J'I):REM---(=S Al (I'I)U"I'I, Z=S B1(M)n'·11"'C1(~II.X·N .
• L 1"':;jP(.J·~,':'1 I) .A:(»
'.1,1;,'';:;:: ( 1 J 1) .-Bl ( 1 )
( IJI~2 rl~ ,)9
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02-10-1989 07:14:47 IDCAPI

Ll= 4.000 Dl; 3.2000 H2=0.7200 03= 6.2000
MU= 1.05 EPT= 1.1200 Et1=1 .4250 EB; 3.080(1
COM=I.824E+Ol COB=!.2320E+Ol CO=:3.0560E+Ol Cl=3.234E+Ol

DEFDBL A-Z
CLS
PRINT DATE$;" ";TIME$;" IDCAPl":PRINT
Al$;"COM;#.###AAAA COB=#.####AAAA CO=#.####AAAA Cl;#.###AAAA"
A2$="Ll=##.### 01;##.#### H2=#.#### 03=##.####
A3$="MU=##.## EPT=##.#### EM=#.###. EB=n#.####"
REAO Ll,01,H2,03,MU,EPT,EM,EB
REM--Ll=Lambda; 01=1/2 length of pole in direction perpendicular to beam;
REM--H2=distance from pole to symmetry plane between poles; 03=height of pole.
REM--MU=permeability of CSEM; EPT=excess fluxcoeff. for pole face and sidel ~
REH--EM=fluxcoeff. for flux from pole to midpldn~ for +++ excitation;
:":tM--EB=fluxcoeff. fo..... flux from (one) 'side and top of 20 10.
PI=4'ATN(1):D2=Ll/4~H2

ET=Ll/4/H2:ET=(.(ET+l)*LO~(ET+l)-(ET-l)*LOG(ET_l»/PI
C2=4*(D3.(MU*Dl/H2+ET}.D!~(EPT+ET}+D2*.5)
COM=4*EM¥Dl:COB=2*EBILl/2
Cl=(C2-COM-COB)/4
PRINf USING A2t;Ll;Dl;H2;03
PRINT USING A3$;MU;EPT;EM;EB'
PRINT USING Alt;COM;COB;COM+COB;Cl

DATA 4,3.2,.72,6.2,1.05,1.12,1.423,3.08
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Insertion Device· Design

Klaus Halbach

Lecture 13.

February 17, 1989

Backing beam~

Keeper

Oriented NdFe blocks

Vanadium Pltrmendur
•__ pole piece

Vacuum tank

LIGHT SOURCE INSERTION DEVICE

XBL 867-2534
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Insertion Device Design

Klaus Halbach

Lecture 14.

March 3, 1989

Sacking beam

Keeper

Oriented NdFe blocks

Vanadium Permendur
pole piece

Vacuum tank

LIGHT SOURCE INSERTION DEVICE.

XBL 867-2534
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Insertion Device Design

Klaus Halbach Backing beam _______

.... , ....

Lecture 15.

March 10, 1989
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Keeper

Oriented NdFe blocks

Vanadium Permendur
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Vacuum tank

LIGHT SOURCE INSERTION DEVICE

XBL 1367-2534
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y one Inverse trigonometric function, namely the arctangent,

furthermore, It Is recommended to use the follolling algorithms (0), (q)J.

IIhen only the value S of the sin function, or oniy the value C of the cos

runctlon, Is knolln,

( 1) S. SIN (A)

(2) C' COS( A)

(3) A· ATII(S/SQR(I-S'S»)

(~) A· 1.570796 - ATN(C/SQRll-C'C»)

(7) A· PI/2-Z'ATN(C/ll+SQR(1-CIC»)

(6) A· 2' ATU(S/( t .SQn( '-5'5» )

The following algorithms avoid the overfloll problems:

IS) PI· ~IATN(t).

Both (3) and (q) have the problem that an overfloll can occur. It

lIould be folly to assume that this 11111 not happen: depending on IIhat

type or calculation one Is doing, It Is not at all unlikely that the angle

A is exactly! PIIZ or 0 or PI. Since It Is a rather poor programming

practice to enter a number lIke Pl/Z in digital form, I assume beloll that

the computer has PI, or it has been established by executing early in the

program

"A....,AENCl 1t.f\K£L.E"t LAIO'U,fOfPI'f _ VfotWEf'StT'f Of: CAL'''O'U''iI'' COP( Hau ..

I
,·(.t

ENGINEERING NOTE AA0123 H6239
) 0' 2

'IoI'MQ. I ~~ICAl
.

Klaus Halbach BERKELEY 4/23/84
II'1j), • .a, ... __ OJ -

~~HECHAlllCAL ENGINEERING - G(NEAAL

~THEfoVITlCS. O£RIVATlOIIS. W'l'lfTERS. PROGAAI1l~lliG. ETC,
, " CALCULATION OF INVERSE TlICONOHF.TlIC FUNCTIONS ON THe IBM PC

OR OTHER MICROCOMPUTElS

I't has recentl·y come to my B'ttenUon tlhat tlhe BASIC ilhat cOtles wi th

the ubiquitous IBM PC (and many other microcomputers) prov(d~. the u.er

{[. [2-.

J- (()ttl,,"- f

C. ~fti~fAr

Obtlti1l ttl( by lJ.C.fk'.t/y 1'nt1.ff'·lh3
~~ +6 6'- f/a1tt i ~1" J ~ ~t'llj a!~1f 1

l"h ) "" a" f( ~111 C " ~ 111 t 'If f~ I a11 P( a '"1ft'IJr! (t ( !

,'1tC1'-tmt)( ~'- L c.A~lIflt> ,'-i\ l( tt' f/t.f LIt.
It S'~u. ~ ( rAtA f G{J) /,#.S 10"'[ plItt Q't ~ ~l",~~

f,Lf (6c-.f,',JI.$ ~"1l>\ ) w(/J G(~} bt~~V,'p'It.:r

,~ tlc'(f'fftt·.fy If ~tt\ v{lfC"f(·pt1pf.( bv

)
Ntrr.

:;{3?=-~?}1 {3)'{~"'a'"

W'()J:: (~C<~(~)}-tf(l-lt'S04.i)):: 0 ,(I~S 'tt¢f

~~(1r\ r~qf~"A/~(( {4t 1f'9 t '614 ~f ,'t1,+..tr.lff.[-'f.....p'...". pI,
\!! C~fck Wt'fh IlargC{~~""f P"ft',trl'p(t Ie,

I \ It " Cf
l1\vJ.~tt'1dt J" ~'c'th G(P -:::.[G!:L

( 1~",(

.I:: ~(!-6) o{J '" JnIGI+"lf{ ;0 ,'Alf
J0""

eY

~",:: a,7\4/yt,'CA("

Nr;Y'•.~ 0 ::: 1x u.ltt'/J!,·c,'I, fJ( 2t"'"
P~!l,

(6) returns - PI/2<A<PI/Z, and (1) returns O<A<PI.

"...
,
'"""-c.- ...'-----
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R and A are obtained trom

(13) SC(Y)· \-2'(Y(O),

1'l A f 6 f '(LA"" c.. "

f (A 11. C. ( '1>T I{ flJ t ;(

'11'''''''''+1 er( J= 311'\

a~ N~
~ 1"-
~,...

,~:-

J: It

M"~ ~ I l,·.. (. ! :~ I (~, ':. I - IM}{" i 1, [/l-/-=- Z

tf",p of (I'", J[ .. gl(tlfl'~)= l+c~>M~)

L-h OOSf ~o 1'0 fI"f c.o~ A(,~) '» I;

~l(,;~"18} ~ U-co~A(~,/

{!.to. f t-f {,')/,-( [if; CUt J-;iir'·~o-dJ..'"1 At

(\1\ ( ., t: ti 5.. 1\ 3 f((J 1M (J f I 11

~""a~

_) J:: J1\" (z - P) =- t" tI it

-z~ P::: tIl[ /)/;; ~I
011 (,(41\. p~I....:..'ftr:..:.-._------tJ
4l~pl(t"il'.... ~. 01(1" pu'lt"'"

Fc'" ttlV T'u...'llc.f"t-1ft, p ~ (!

3.. pkJtfl To 9t~ 2, lCt'k I"r~f lLf
~)nU. I IJf jL 'ttcl ah7(( ,'~ ~

~ t' fir. ~ t =- l- M }

tff14)
~1~ ,

AG) ~

4/23/84BERKELEY

It one knows Sand C, one r~laccs In (II) or (til) X by C, T by S, and R

by 1.

(t~) A· (.S-(Y<O»)'(PI-_'ATN(X/(R'ABS(Y»»)

i\jT/ljo. ~(.

Klaus Halbach / ~Et:ilIJIlCAL

);.-0' .... '" _h6,Jiti _ lOi

(10) R· SQR(X'X'Y'Y)

It the true/fal~e ~tatment (Y ( 0) can be u~e.d (as I~ legol on the IeM PC

and many other microcomputers), one can use

Thl~ tonnula returns A In the correct quadrant, I. e., -PI~A~PI.

The ~18nuMl tuncUon In (11) I~ defined a~ 1 tor PO, -I tor Y<O, and

I, or -I, but.!!£l 0, tor Y • O. Unfortunately, the ~Ignum function SCN(Y)

u~ually supplied ha~ the Yalue~ .1 for Y(> 0, but 0 tor Y • O. However,

SC(Y) I~ ea~lly ·con~tructed" trOll1 SCNCY):

(11) A. SC(Y)'(PI/2-2'ATN(X/(R'ABS(Y»»)

n CALCULATlOH-bF-TI/YERSE TRlCONOHETlllC FUIlCTtOIlS ON TilE IBM PC
O~ OTHER MICIOCuMPUTERS

a~ lets a~ a sIlently ~tter tor. or (11)

(8) X. R'COS(A)

(9) y. R"SIH(A),

._-------
LAWIIU:""Cl IUUI((LlY LAIO,. ... TOI'IIY _ Uf'olf .... (fIliStTV 0# CAll'O"NIA ".,(

ENGINEERING NOTE .. 2.,2

(12) SC(Y). "SCN(Y)'('-SCN(Y»)

Clo~ely related to thl~ l~ the problem ot conYer~lon tron Carte~lan to ,
Ipolar coordinates.

It X and Yare known,

o
'",..,..
'"Io
0;
~

------------------<~. .- ... -,( ,
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