
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
Insertion Device Design, Sixteen Lectures Presented from October 1988 to March 1989

Permalink
https://escholarship.org/uc/item/6md7t5gk

Author
Halbach, K.

Publication Date
2008-06-02

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6md7t5gk
https://escholarship.org
http://www.cdlib.org/




























































































































































































































--

WINDINGS
I

I S . 5EXTUPOLE.
<l>

H - HORIZ. STEERING

i--j--- V VERT. STEERING

X . SKEW QUADRUPOLE

SECTOR
VACUUM CHA~BER

INCHES

CENTIMETERS
o , 8 12 16 20

Fig. 3-37. Stor.Jgc ring se~tuDok mal1nl'" rrn« <..r';~_



~ :

A h.$ 1',. '(~(."'1f.1 c(/~~ 3 C'~pd?lt?'l fp -~ }nOTt! I
(O~p(t'c .. I~J. fAA'" 1I. I WI'/( 'itt: ,'f 7t<t'!y,.LJrct:p1.'

7"An ('> t~~ '1'(! ft<"..., fd {Lf()'K"tn{[ ( elfet'f.

-') -) ....,
2) 8= UJ.1 (A ~ d,v B iE 0

-, -) ,::Jfl :../,~) ~ C/A.y! H~ c,~..,.{ (fI,.,.{ A- :: f!

'--- ---

g) Fe f. ef a O'ltl.' (0;- V-t l'j. bc-!

3~ >r ~ t I ~ " F(1J c: t4 (~I ,J +- «' r(-t(; )

0"(7 ai/HIe" 6p,l'r",f"'''''$ f, J~f"lle F: +'-I X ,-;-'

lV~f ~({6iYt,(: fake (~.,..,/~)(' (Olljl.'1,,-f< tlf J ,I.IAt'c,

""~'4(1. b~ a"":: X.... L'~. /,Jr'!( utG fA,'s D(J("Ntf,'D'rf

??I a 7ly h't'ttt$, ouf !'I n. "!!~fjQ{ I'~I ~~f(''''''I''D'''

of a fll.'1cf,'o'ft, ~f f/,<. {OJII.p!(J( V~TI·a.6(f... 6-'

o~_ dP-JL j,P I 'V' VI '/if
J - - - ~= - - 4 L -# ( ~ =:- .., -G 11 if
ul'\ o(~ J>(, lIiJ - or rJ ~

li ~ if. iJ. =c' !iP =A I of (' v.'~
od ~d Ja elj 8 ;

Ii~ : V; i V;,,-A1 c- AJ~
'1- 1... 1.

'rJ F :: (J -> (7 If. :: cJ " (7 V: ()

1';; N,.fj., _ (o?l~afl'o," ~, ~A ..·t'>l'C.> :

A I V fltfl'flr ~Q7JI~ Lr~J. f~t(f v(.cf~T"p()1. If

alt.,!" $(<< II("" poi. V / A.~nlt'l'b(''''J f,l«(~~ {)'" ( G: /
P(,',(. P1'ep/V,

-------

11 ~, J h Iy AJ,;f: 0) ,',.(.:2.0: d/)j=o

A' ~ -e7 ri ,
I '). ~ C'fl'l" a. {

¢=f ij:,(i) == fCt4"r [A-~ .,(a-)

!tJ m....) -)r =. jA- p(,-1

F, l' f /, "> ~ 0 c~ J~: (j =L (A z. - A, )

I{ =(471$ i ::. f"tl'( I('>t~ ,

If'\..'
b'.r :: dt4/J ~ ~ r1" =- V~

I '" ,
8~ :: - hi.r- :.... V~
~ B ; B "-,.,. ( II .

-!+ ~= - i7 V:. 0/' >..f('Ff''«(br.4fl.l(fo~«.i('Cfl((/
J~ ;~ .

~ fJ}- _ ) B..;::. r/',1,::. 0 i (H IT,f"tl by V ~'." i. ~ .1,'( _f(y'
; ~ J>r

c--.
\;





Insertion Device Design
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PURE CSEM CONFIGURATION
PERFORMANCE
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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)

B*#£=O(TeSlaS) ~ i . 1,55e-kh . cos (kz)

.... ......
~ ~ ""---..... .........
~ ~

J'.
~- ,

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

<t' ..... I. \JJ 0(

~ ~
II t ~

....
~

"'-.:.
~ No -<<: k '- - ~~ "- ...

!<. I J< I""--- ...... ~ i'\I
~ ----

(h.
~ I II

~"'"
Q - ~ "" ~ ~

~~ ....
~

-.
I' (I ~'-1:---.. ... .( .

~ I\~

~
t; ~ :::. (C

....
~ I I~ 'I. -' ~ ~

" ~ '- ::no rio'< .......

"::--.. - ~
,

.tl t... ~

~ ~ +- -~ - '---..J .......-
,\ "'ot! ~ ~ ~

'to

~ ~ ) ....
~ ~

~" ~ ~ I- ~ -< "- (
~ ~ ~

~ ~ ""-
I~ ,I ~

.......... "'-..J F-
"

II
~ ~-

~ "Y
........ ( ..

~..\< ~ ';<
... .,:

~
~- ,.. ~ .......

~ --.:0::
~ ---- -u

~ 'of!---. ~ -::--- :l " -t> ~ "" C'(-~

~~
.2:. ~ -#-

~ ~ , ~n ~\ ,:- ~ 0 'V\,

~~ (I
-Q

t ~

~"
>-

~"'M.
""-t--

..--.....,.
~"'0f5 ~ ~

I;\, --
(~I\ "Of!!

() :s
=tl - ..... -....- .,)

IN(.~ ~V\~,
~ :< ...

IAj~ _~ --~-- ::r ~\\

" Di (C,

~
+-. 1 T T II - ~ \- ~ .......0

~

~.. 1~
- - ~ ~ ..::::!,..b:s- ?-- -

"
"-

~ I I '-..... ·f ~ ... ~- ~------ ~----.. """"' C>1\ (I -+- , ~ '"'
~J:,,~

,.
~

.~~ ow "_~ '" 4- ~
..........

~ ~ 'o:y~ ~

.£ ex "),j.
;;;: ~~

---- ~

~



mo
oCJ)om
,,~
en ~

Hy 6~('A. r~eort
,

;«::. tXJ, R((J.~o')l.: /Vefl.Tlr ",{wcY;, W'~t.~ /'< t'>

>?tta(( bDlAgt fo 71t41rt ~ 9c'qn l 'f,ctJkfdt'!f'1'.(11

J~v,.ce HId{ b(. 110 S-t?t ~ c'{"'It fD /'i rD b~

1;t)Cl.blt.. /=~ titl~> ?tcl pr.(.vt"f c.u(ct.<.(etft'CH

off {,,)r ,(~'tl ~I'~Y t'", {''YDt\. +D >'<. ff"(~n {
({ (( {{ -r fA. cy.

/1(1 ll'~ ;:f l fd'f r~"t.-t'I({ f~ury, b&tf U~f.(a/II

I" ::- 1'1.. ::. { t'",;o'" ~ p. -yo f ~ I a.pp {,'Ct( It'd n~

6.(?t.<''ro<.L 3D t~{07'Y,
I

R(p7'e~(),f (J£/'1 by /1{(I~j 7 cJa7'1<5'

>fccri /.JI'f~ • cAaT'l<- a."d 2 ~')'Ol\ >Cl..,.!t?lo
J

'the", Pyo(jceflct fv d,'p~(.( I t f"1t~ fly v1t'> f'Y'(':::
-?

be{ f,o;,. ~f ri."PU/~{~)t-r.Led('r Clpty ')fl-(''''~~'''

6-f ,'r"" ~c.{7fqC.~S

o-®

,l!i~!l",~
• •• v.". c. ~\" ::::00 I .;c;," . ~ '"... >'

-/1 .•t
~ ~:T~r~

r€(

>"

•

o
:D-g
Oc
8:;g
(1)0m(/)
Om
:j;:

o •z:E

"c:

•(')
c:..,..,
(1)
:::::l'.....

tll

(f)
::r
(1)
(1).....

~
tll.....
(1)..,

(1)

co
::IJ
m
I(:)

m
.0c
<
~
m
::::J.....



~
I

~

()

V=(} #L{lJa'!>-
'\ f"(o7tdf\iC ~d(I(",IO" f~ql sall"f"H 1'1~e'f""1 I~

~Ptfet (1/A.(S",(-t. ("fOlt ~1tJ. hfA$ f./,.L ft"'~

-l't1 I,T"'" ~ f~rf .. {t. J t'fIC."C d. )d !I(. I ; .... ::. /,'",.,.)1'
SI{Pt .,. p~ , t' I,' D'" 0-1 1 $1'wI,' , )t $ tit Ift r /I( I, '$ fy

M".ur"'~ l1t.tfr,'c(t '·... Dlt:

() 4- ",a ; V. ~ If,.(i,1/>.iJ " '4-(i!) -') H;-J~=fl. ~('t"'" Cf' c,

tp{"'t~cf f"etl>
. ~,,,ei"r(cf f"e'tlr

1..)er-=a,. v,::.~(;:)::.~" ~ (i')-' ~~Q$':'Sittii;~;)= V50 (2-

-, --, ~) (

~) v: V1---Vs-)k~ H,..-l1s i~:rf1---~)= 't oe,- Vs-o(Z~O

lr,..:. 1-' c,Ict @

r:JjJ
Ca.fCit (q {" 0 ,. ~fe,
Re~ctlf : C,:: ~ (~)/v;."

5', -7 -') tI ...,Proof: CC1tfc',(tr 1-:;. lVsB,.- V,..BJ • 4-

~'It.,. ~{( Sf(? fllClf, -l.ttcl. rt''':
f~f.. t ~'(""'t.:::r- I'''~''

011 N.,.~a 0: Vf'":~::'O.

0,.. tu."ff eu ~ /: V,. ~C' " ~:. v)~

'~f dJ 'f J VB ~ 0($ >(1'0"3 tY' fo r. fhtt?t ~ :"/J ~ 4'(1

I ~ ~, '~r ,,~
..) ..) ~ P)

JtV (V$ Bt"- vt- fir)::' ~" rA.'.tJ. f1"., - 1I,. J"v ,~ +

-") -Y ..-)

+ lHi: 9; - (:&. at
c:o

.J. -') .., (") ~ -7-7

~o H~ 13$ :. H~(f f 9-l 1'(;. /I tIStt;4.J. Hs.L) =;" 11"'/1 ~" foIl H1-J. H)J.

I ~ Vf <, ¢rr =- \4 (;~).~ Cf· e. d.

Ie t· ~ (;;;;fV" ~
Dc' po! c. . A~' +-r...

•-?;

C/D ~ If ( v, (f'f ••f)- V;(Y))lv" '- -!J:.!!; H~ Iv. @
. &;{tf-(c "t4~ IHY/-f..

'-,



03J
1 "

-7 -) -) -, .
f?r: cr ·LX" ';. lI11'1·a.·4r '> B,.: ~ tr

~8t ~ - S5> H,,ef} I~, I~---- . .....

~J

.-I;/1~ ey.. =/ (jrl- ct

'\.
""T -)
. 13.,

g
Hybrid Insertion Device, configuration
with field tuning, capabilit y.

-, ,")

Op7"'nlIk"'t B,. If H5 I b~.J: c.o.t:(d'z.C(1f I (~!.

-lkllc f (o.~y tu·(t cr,'~1t f(( ft'~';f '7t"f h/dtfh

~ t tq f f- H~ yo f 1- t.. ~Pf?1. ~ ( •

!"" ~.sf ~'(sflttt} I tt.U I ~y 1>to~t CS£f1 )('('f!((ce>
'I

III,J('{~ f(,("f'f(JU C/'Q'Y'9(~ ay! ( .... J('1',cf (11,1.C.1-

w~ fA ,'1'0'"", TAl's "$ pT~cf"cQ1('1 ~(w ~'t~ /-1'I((

1"11 v,'e,'",' fy~! 1,ltf" 'f'9l~>o. «St.cI.. -) {,'d-(;

fhf1( = t'~rl""'ecf I,'dtl>
I

Me~f c.O'h\PlJ..-~'t1f O'1t.fl.( (,f(IIY't- ~f(.?!~ O?\

c.,,( CU ((J f,'" ~ LZ ~ (Is I ~d •

Tuning Stud
(Steel)

Backing Plate
(Steel)

REC Blocks

(Easy Axis Direction Sho'Nl1)

Pole
(Vanadium Permendur)

gap

-~~~

, .
14 A .1



.<1

@ "STca~ ~ bl'fU $ ~ 1<')('9"" Pf6C~J.fA.'1'.(.
...,

I) Oe~,·~,,- ~u.l' !fJ.as fo tJAt'C1 B ,'$ J.

lel'IA~'T' bt.C4I(t<. (1/ >y'ht;wtttft'y C'r btrduJt.

th(. t a'" ( ;(;,,: oJ I '')'' 17 1\ f u. T' f{( C. e$) ·fd ?-l f
ole$ire&< ft't.lJ. d(~f1c'b~ i,.~'h. Pl"tlt~~b(r

1\ " IbC{ N" (S> 'ft g,. ~)1 h~ ~ ~"Y ,.... "t'1'~cf {"tt,(f

2.)D~tlr'Y)tt·'1I(' H~ ~(Q:{tt'f p,ff'Jtf"t{{.ts)

'h!Cl~>tt"r 17". pdld$) fD 9.(f ,(~t('r~,(

F"fl,/. ott'sft',·b,. f"~)t (1)\~ rf"'e,.~fl'J

3) D!~('~)t "fe~1 (1{ t''f'~'" tUttle ?lfl~e?'tt.t.""f

~f C~EIY( 7 16 f"""UC~ f~f~( f~{('" f"Rls,

$fLp 3 ,~.,.t1[V15 "->« __ tly fltt. ~t1Ji wtJY'4.,
~(~ct 3D.A.H t!.cfs A,.vt. 10 b~ f-~A:t~ ""'~'

accou",,- f.

~

e
-)

----;>

,.. - ... - . ... --
I

I
I
I

I

I
I
I

I
I

)--
( A(4
(.)(: )

',J D, (2.

1); ~ ~ /-(GE

- --11H:: /-{(S~''1' J. ~

D1..... _ B .C
~o H·w..ff - (>Ett1.

o = ~~H.W·U_
2.Jff. 8C~Efl1

,1.. 8-r
~!;S I )

- 7 .)}H, r /1 I



(}tn,'h V:: {? ~ {t'll' f~ ·
I"'-

I~r ?1 0I_ It'0.,. : V -= (30 • 0 If

FcJ'f'p,lt ((?f#fA I~ x-,(/'Y :3\ )jlt I O~:..l/z 'lqp.

F,..tsf CAff1,)d""', O(yoruf. f),,(f:

rl::; B ~~2 ,A ~ ,(,,-/,{
, 4\ d t

V~ B(j·f U24~if,{~ : Bo"~41
O~ z,{. $",,:4 (~It..)

-/V~C (t;>(). Y Y V ("" Bo ) ~I"h PO(~t()tV (OT

a~a{y('·c(l.( l'fU'~. If) bt 'tv~/~pfol J.

I(1) ::: R,." ht,'ft ~ f 0 f (~c.tv{.
'1"C~E.(lt <f

~~C)
~ lO Hy b'f i J U(W (J~ >/,{11 ,

~ D J.t~t·'" 'ltot aJfTtttJI.fl t' ti~ ,., to ,[tVl(Of t',((~

Ac;ru..11\..(. C$ft1 dot~ 1ft"" O~~1'hQ)f~~

~NF(GURATION

11'g
A

AATIO~ (H=--J? He; :
08-1.!')4~] . :

A !

I

0.(;,0.4

1 '

0:2

'PURE C&EH AND HY13~ID

UNVULATO~ IWIGGLE~ PERFOR.MANCe.
FOR. N c:l Fe. (er = 1.1 Te,s.LA~)

I

H'I6R.ID COHFlbU_ 2.[.
e= 3.+4e. A .

" \

\. 1\
\ PURe C$EtJ

\.
~=I.S'7e\ /"

~ ~-, \

'l\
~

\~

'~

\
\

f\
f\

O.j

t>

3..

z:o

1.0

0.1.

o·~

0.5

FI EL.D. 13,
"'T'e~LA.s

@

GAP - ~R.IOD R,A'T\O, 2­

"

3.,. ... _ ~.mm:zsnvm;w' ..·"·~:;.:..;'1f...:.,~.,';:I~



q, - CtJ-(cu. (fA. I"o"lt.

Cod.,...l (,0' tt.pf = .t./tc..tt;5 {rIA Jr -~

~

Df~(~" &{ t~,'> >r't1tf(~ ?r(tJ,(t

,( 'I
(0 'f1 p(( {(.

f1 >!U""! C>~/lf_ flue~tt; pIll cVo' ('Jt~f,lt. OJ:
Vp,(( ':. Vo

I?"I . D1 • '8.: D~ ( ~p f-/'" 'f~ I- £, f-/"u' .OJI hz.)

D ;:. 8oIB,,·Dlf(Ep+t,,§f£,.~

J {_ Bo ,.& /I(
(3., Ilt

yes {(' f t'~ f~ a. f ~c'~ f (( ! .I !
CS£M cvt.,Aa,,~, 30 a old.> ~,,-r! !t'7-nr>/

bk.1 ~ t-rue iu.. -re (}{ ti{~((r 'J1. ..e r fA a I I'd,,?

1'(. 111. qt'tt ~ lfS{'11.7,'ff.((Y U."C~Qrtflt~,'.r,f

Aof.d,t' i ,'v 11 () I t {Y?7\..>' ?'(r~{'~ (.

of.lve/~fl1te?tf ,,( d ?tfA. 1tt Oe"("'bf
()c!c(/f/()7to.{ f(J"'nr~(q(. {?r(Ji 6t-{( fJ{
wAI 'C ~ a..,. !. v l'fr ~ /"t fJ ((. ) I hK f $ t'f /,( c fit y{

~f ,J( f' t'~ 'Y\. L rM. a flo"" A~ <l.> 0 c I,,~ 11 tel

~

I

I
:1

~--'-'

As I
Art, _'I
A" .1,. - V

Air)' vi f pI-~ r Ylh~) ~
F"'o7tt PO(~>aN (r)r f11f.II.[rf"('ICIIy)

..t~( t rs trw )(' C~~ ff I' C ,1~)1, i-~ .

D1

""'"f p =- Ala}/ V

G~ =. fA(y)! v- £p - Ylhz.)
'( " / y~/It.,.,(

~1t''tIJr·
I It I I' f" I I' L f

Cl. 'TJ.(. ~?1 0 '.(} fl 110 la.,,! /uc at,( t < (J
-;;~/h ).lKPo?tf-n j,'et[ D1~(o.y (11.-.(. t. of of! VI 'o-t1t'()1t

oIf"~ (J f'"~ 'n1 h() "' ~! f ?l (1 (J !of S f t'~ I~ .

Ih J

... >
\ All.{ >'

(h4.

,.
" ,

Dz.

!~

""'

~

A:O



-....::
~

..... "'

""

........ ~

, ;:
~

,
t

,.,.. ~

I
"

C

"'f-

.::

(f

'J-

v
~

f:

<::$

f'

:::t

~

-.:. ~\
~ ""

~

'l--
......

~ ~ ~l "
~ '"

~

~

,
lU'i-

~
V\

"

'-..... -'.::r:
~

til:
'--' ~

'- ..
~

.\1\ ~

~:::>
'" l-

Q
t::::..~ "'"

~

-
....

v
. -

c-v ~
'-'

.
', ~

..J r ~
~

....
::n.'::> -\~

~ >
s::

.. -::::.. --.,
,,~

Il

~

~
<>

=::l '--
. - "

~
c---\.

~ ~

,
:~

~
~ ~

t::J

lie "
.s- ... "

\J '-

~
- et ~~ m

::x:

':<:t ~

~ -
......... Q.. -

~
JC;' ::;

.:It--

v..

"--

.........
-- ......... ~ "

~.

~

"'"'I-

.en:,~o

ttl -
~

- '"
~

x

t- 1: ""
... -.......1"

r ,c ~

-Q 0
'OJ ~

~

<.u
0

::;:

....
--.. '"

>-
c:. '"

....
-.::-

~

~-e;;:
~

;s;- :l ~-..

-!.- ~ ~
1<-

---
.....

s:::

...
:::!/

v... c:s
~ c:ri "

~
(I

-...:::

~
-I- -<: T"'"

C'
~

( '" ~

~
).. (

- v \...J ""

cr
.:::t::

~
•

~
"'I

~

~
>

1\ '-....
~

I
v.

t::> t
0

::r
a.,

(I .:::::. - §
~

I

§j~
}-

..........
(l1

..,. ~

i
~

!::
\A ~~

~

'--+--

.........
\.I

I,JJ ~
:::I:.

IC til ~

~

V\ '--'
~

v-.. ~

~\..J ::> So-
~

\....J ~-
G:

.....
:> '-..L....~

<::> e ~
~

..... '." ., : .";.: '
0
a
OJ

w
~

-.J
-.r ""

0
0 \ '"

...
>-<

,f
0

':) I I

yo - <:> 0

;;:- 0
'-' """<'1 .::r !::!.

"-
-.:t:. ri-

CD

;y:. <:r
CD
'-m
a

"
('J

r---

"!
.r-

et
i'

> M-

"",.
L,

C
i-

N

cr

+
~

() v
~-

I '" ~0
I

'-J ~

~
.;,
0 '::!!

-.J

It '"
C

0

.; /I "V

"«" 0"'1 t"
cr



HYBRID CONFIGURATION GEOMETRY

X-Y SYMMETRY
PlANE

03

Y-Z SYMMETRY
PLANE

x



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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2.2

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



~
0

~...

£
l--J ..........

•
;i ~ t

~ '-- '--

\\

" """'< ----. - ~
~

-..

6..- ~

"

s. ~~ -----
.,. ......-.... Z

:» ClA.J
~ ~

Q ~
~ ~

-( Q

"(
:(>R

~ "
~

,I V

.",. -\ "
~ ~

"

.... "
~ ~

"'\ "" ""f ~l-
. -]V! ~

~ ~,

;: -fVl
..., -.... )'

~
~ "

' .
;r::

"::J-. '"
~

~

) Z\;j
,. "1 t- :1 "'\ ~/~

'1 $:) ~
~

,,'
J """' ~rvJ~

!!. JV\;l b

-.... '"
G

~ ,r '"

'"
» /I

-
<..S::) ........ ..... :t (>

<:::.N
-

~ V....l ~
~

if -,.... ~~ ~~ ~
~

"
... ~ "i

<:>
'"'

, I ~ I ~

~

~ E> ~

Q 'j ~
Q,.

'0 -NI ~ ~ ~
'" - ;-; \1 :!

"" - ", . ~
~ t' ~ ~

-,... f'
:l- ll> ---+-" ~

<:vv ~

:--/-
-.Q "' ~

.......... j ~

~
<::>. "

....

()
~

J: ...c
----.. .. :i

....
~

)t ~

"i ~
. I

0 " -{VJ

J ~

....
~

~ - ,-\N~

'"
s:). '" " ~

II JV/~ t>

~"S;:,
0

-t- ?'
_ 2- ......

~
-< ::l

-t...
Q,.

- ;X

~ "'- "
,:} "b ,:l ~;p

<

y " -......
C) .?

II ...

... tJ- -f'J1
I J ""-Q

, ...,..
~

" "
---- ""

.,. ....... II ~)--
"- oJ

i ...0... CJoJ
...

~ Q-J'vJ t J:)
1:) ~

-,... :to
"-..J 1

. oJ ~
r~ "

H

" tr\ ~
~

.. ~~~ ~
4...

"
~

~

"
.....

e...v

~
,1l ~

~
;I ;J

~ ~ -t- - ~

""
~

-,.... ~

......
~

!
<:> ~4::::..

)
"""'<;:

l' l:::
:r \l ~ ~

;:;.....

-;t--
...

~
~

'«

-.c.... .
~

b--. '""-

y~
'<

..,

..::.....:

~ "
....

~
t{ ~

"
~ ~

r.::,.-

l-,
\n

~
~

y~

- :: ~~° ~
J ~

QJV

~ "
Z

',;::0. ~ ";i::

0 -. "

::c

'"
'In ~1V1

-Z>..... "-J A ~

'"- "'IVI

-..... ........ Q

0- ~ ~()

~ ~
~

- ~
:>::>

'V'\
0-

f'

;7

\~..... :tI
""" ~

=
1':

.....

-<- <:: ~

~

--.. "I ;J

~ :::-

0

"
%

~

-,... " "-

~ R

~ " Q-..

~

~
~

cv.J ~ ~

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

-0

~
~

....,..

tr') ~

11:

"
"

Q
-

..... a..

"'"
~ "

~

" ,~J-
- ~

~
-.n

"'
~ lv

'"

......

~ ~ ~.

~ "-
~

"' s:: J")
~ ~

...
f

~~
~ "" {~

J "
" ;J

<:::..

" ~

5:) ;:,(> .:§

~ ~ \-
~

~ -{...
'- ~ " ~ '"

:::r- r--...... "
~

~

~ ~~

~ \)
:! ~

~

~ " ""l '"

~ ;t

J:
!J&"

~ ~

.....
~

. ~
~

..........
"

-- ~

~

~

~

~ \~..... ~, \

C)

Q~ ~

"*........0



I
-II ,II 1 t

i, It If
) ,

I G I
I..,.

I I I
l I

~

I• .,1 HI 1;1 Iiii ,f ,i
I

.! ,
C 1~~ ~~ f j

I i~' .

0) I--en f
s

CD ,
0
CD
U-->
Q) .c
0 u 0>

ct1 co
..c 0>

- ,.-

C ct1 . -
I

,.- ~

0
,.-

~-- (J) CD co
t

~

::J ::J ::J

C\1 - ~

Q) U .0- CD CD

(f) ~ ...J U.

C-



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1



II

--~
"­o
.oJ >...
... --'>- ~

-- J;:"f ~

~ ~
>-... ""'-
'" ......
t:r <f

""t-~
<r

'" 0
"'t- ""

(I~I~
~~

~
~

T

1~1~
..!.. +---
~

II

II



~

~

~::l
f

\N
,

t.-\

~
II

~~

\J

~ ~ -.}~
~~

~
, 0

(N ~
tJ ..

:>< t" rf'.l '. ~1:
~

(I ~ CI ~,
"-..

-.... ~ V~

~o ...--

~ ....J-
f

~ IN
'-.J~

.... r~

,

II

~f.

~
\1

~ "
~

(I

co-< ~
~ ~ .......... I ~ ....,t

........ ~
~ ~

~
f: ~

e

,
~

~ ~
\I

J: rAJ ~

i

...... ~

"
"

I
-s.::' IN ~

( f

~

IJ - f

I

~ ~
~ ... • ~

I
..::t d ~~ \.J ~~

~

.... ....... n
~

<:s '-'.

~
k- ......... d II

---.J ~e

.......... .l( -~ S- ....}
Q

.::r. "t:.
'--"

.)c

1\

~

'V ~ - II

[)
't: ~ f\A.{o v~ 0

"~

-
{I

~ ~

~

--
~

I~, ~

(~
I-

~
......~

~ '"
$.-

~
~

IC '"
~

,.. ~ ttl:

0 ({\J
~

"
..

. ...., ""
H
~

.... -,-.

",. '"-'- --
c:n

fI
...,~

Cllb

--... ~
.-
~

~

><
~

'"
~

~ ~
If;

::=' "~
-~- ~

~
-...

~

.~
'0 l--

v

-



ih (?t4 llz,}"",,:: ~?\_I (11 4'(L ) + ~"'_~ (.1\ - %). C(

~ '::. -1J"~1 (?t ~IILI"" --6",_")' t< (", ... 'ILL rt/ 1t ~ 5
11 1ft ('" " 3/2./ ff)

,6" ] --t, 1 ~? :

~(( 1ft 1ft f/L) L / 1-
~'~b + ~ + t 3 +.. ,(J ~ /IJ 0 +.vd f -0 l J

~ - ~ .,-6=):: J' ~l = til
o '"3 I (, S ft,

.~ ~'__.-l__. _

t-{otWt(w~.,k tJ.. ~

t
=>. pa"! "',,t< : ~ "Vi i>r[l (~ +ft l) dJ :n ~ yin"

c
~, 3) ~ 3ft- 1ft
i 'Ji .l~~1" ~a l{J '" ~ (,[3)=J f ~'h f
-lk ~ (J ~ f :/) -; f' G+ a 'G t

Ci+ a.{).lkp{a+ tjJ)::(;G+a G')-{lfag Z
)

, ~ {" G' +J G
I

'

- 1l~ (
La (11 (11-,) 1- { ~)..&.. ~

- (~ ) lit - "'+J.:: 2. 2' t- "h ~~ ~ +a 2. (f ~ 'h)4.... ~

"
,,

® ([}!;
'tI-, ~

((6)-:' Jifi'lJrP(J+C<al)~~, £>rp,,~t>
c

F(~7 'vIt' r~ f~ to p_c).p.. 0 { ~ 7"r!d,/ )ll7,'t$ I

Q"c{ ~ ,'vf. f~t ""'~(fJ.r$('~'" fd""" ".,(a. fl).,.

f ~ ( c0~ H" c,'.tJt i $ , f fA. f ;iT I' t J, -6
~ ~ . t

#- 't '\a.
#Ie

~~ ~

FDr ca.pttc.c·fDY" WI' f~ Z(tYQ- fAI'~~ ~~ff .t(/c('Y'rJ,{.

(Ro~ow$kt- (It.f.c,'fa'l; ~,'tw't.pA e.to)

t:l1l J. ;'1l'11~P =: { I etA-leM. {q rt. fA! .tk'f.~~>

f{~ ~ co ~ f(,"Ct""" f (,,. f~( fltJ.'4' .(~ !-(.'1'C''''f

fAt {Ol.lf1' }(,tY!fI.(..( {()() ~( !Ae. t.(~(f"'~,(f

tiS"

Ca.lc~ (.. f( fht t~ctr> f1fJ.'r ((/~f("c"(~f

for fAt. upp-lt' ~'f'TI'H.( (-!J) of ~h( -tIff/riA,

~ I fit t /J, (J ~ ~ W)' kr' c ~ f a c,' f 0 t '

,
-...J"',

......"



H. lilt woyk II tr

"IJ,a.(" tt~lt fW"jtl ·f'''. i,wet' p,lt r""flf(~.'
Ft"t-{,J. ( '·... to·rlJ,-rf.c-l..
F(-' )- F(.. ') ~ lJ (,,0 - J(-t) 4- 41+

_1 -,

ltdA-=- f~F(A)-~'if<1 ~ j... (.o/A::/,·!..I.:: V/'Zj
.. , -[

J:L r, ii,", II- 6

tt:. ...~ J- P(,lI1tv-;. ,
1<:D, l' Vel 1/'0-1

Il~ .. 1~-4

- • -".,. + ,
/l3 ';.T ,.
1~3 :: 4 f I +.4 {t'-!}

---- (-........

"--'....J.....

HO'n\f wOik #.)
II ."
I,(tt~ f{lJo.tr. 't'A..I.,t fIr 'tfptt" If. lt ru.. ... /t.ct:

F,·.t(~=I/~(t+,(,·sf,nH'((to," "t!) /.,I(J
;u.., f I( r-(.. 3- pIli Jt ( . .. .• F - p I(J 'If ~ . • . - --'

_~ .-1 -it

I (;. • 1~ -I I _I( IJ I ' , 1'U ( _ 1. ~

-1 (-t) -1

F(... a.) - F(- () ~ J. [,M.. + 4 A 5~ =t,. (f Id I
It I+~ l~ "

• - I (;

It: 4 A- =- ka.. - ~e,..(t + ~(4) /. )
. .-~'-, -,

rc~(411 =(A t At (t,j,)) I .. -I Hot tL...-/- ka.
.. it. _ Q.-, .

~ (4) /. .; (a. -/- It, Q.,), Itt:
-C\

h4cA- ~f (~ +~ (i - I~k ~))

4 ~',. k'(7j) jJ I", -)"

@)
I

F"'p(")f

1
(

I 1:.'" t!~

,

it F:. *
iiF: 41-

If~o

., (. f~M

Fa y H~",t ",'Y k
20



.
J "

•..~----_. __ ." .._--- - . . ..-'.-

(J!{!J ." r ~
1r.1 ~f'" tJ~f/.'J. fl.1j: Wtile /'.(~.{ 'V

f (/(J( "" #- If t'~ ~ 6,(,'() 't SJ {4 tit;- ~ '" {

hfl.$ fo ((t'Ik'lt",f" 4'- Q.ff1'~f"f'·(,I,f~ 11t1.t~t
fI "

f01' f~t ,',(t.( f/~~' {olf'lfttu.lfl. t 7A,'s !d'f'ntl«(l(

tIS 'It, t tA. t1l'1 H (, bfA. f ,'I- h0 $ fD A« v~ fA ~

cot.,tc.f ().~y""pIC f"f IUh, ","~"" Uri., J(tf.),P(1, :

-#-b

F~ t Ii ~ , ~ Wf ~ ~ " Q Pa. c. (,f d .,.) .( ~ pC('" ~ t-~ ~

./.tr4T (,'(IAr ,/J(fw(.(.ft ~~t. ~(-tCf7~P(~$

t'"" I..x-p"~t",f"a/~ to, 3. drilY' by httl1~,

l'.l.\ 1('1/1. clo$'J. tJrp".~r)"")r~.

HC'I){ f ~ U~ e- ~ ('1- J t ~(4-), P '(1.) ,

,~017tt WO~ k # 6
I I '\. A7F ::.. it1 ~ 1- 1. t 1 --'f +-

iZJ-1 1+.44-
it~::/f1+-4I/.-i.e =tJ::~

1
1-- 't 3

W' ~ ..£ ~ 4. +1 +1 /Z f" •

1. J/f.::. ~ + C\l tv + u) w +...
1. } t( )'10-;.. C{lWf.t{~ tJ f-w /t-;C(1.!,.J j-wflf···

az:' - flii (Xj:: 3/l.~
, 1. l"t ) .

F";.. (- l".j- C(t W-t(j W + W (,+J.~'l.tJ)- Iv' 1- "

J "L }

f ~ J - (,.J + (,.I. (1- (,(1.) - IN ( 'l- Cl.J .-~ Q.t )

, - -'1- '2 ...

F /... ~ - I )lI lr - t 1~.~ q - 3
~'-1, ..t +-.e, ·l~ --!, .-.£ 1- \ '

Z.

.--
l~ "".

r



/

u sU. 1'H tnt 0. It' Y ~ f A(1~r ,. f), "' > f~ t

TI.Y 10 r rt'tI'~S M«11 " fCA ( tit f "D '" •

- 11. -,.. - 'l1.
A(k)~ 2 0", X . B(.Ji),. L~" X . (fir) ~ 2. c~ X

" J tI I 0

11-
VC(~): 4(k)· fU~} i (" '::.. 5:. t<.", 1611 _.,..,

<?A:.o .

1t-' JV2.) CUd:.. A(JrJ!O{.t)" (1\: (a,,- ~()C,.,.. ~1t-~ ~o

- . x"" - ~ - )("'"
~ ~ ~ a", i J: t.. -t 1M ~ :. ~ c/)\

~ - A ?l
tnt~ t''t11~, t'(: ~ :::. 2.. ?\'?t\ X

It". I ~ a.")'\

:/fWl -I • (T /" .~ _l)\vtl'$tO)\ 0 "'('0, t;ltr(~L

- ,.. _. 1)\

~.: f «" ( ,. K~ ~ ~" ~

1\-'
~) 0(/)\ ~ - Z A"m ~~/4~,"

?ll~ I

Vt'Ty C f{<.1( I Jt.~c,,· bt'1t d t{ c(,,!:(p{

eJr p.,.t>fl~?>-J . hy a ric' ff<"'~"t "/(1. C
~ ru. ~ i (' 0 'It. fA q f ,'$ ~ Q f y17 )' t) { "t ,(
wi~A e< TAyIDT' St."'I'~$. I'~ fit! "nf~~f

co"v.(?\.c'(l\1 'way ~D t(PalJt,( fAc ~1'1·1(1tc.L

e {o s, / LI(' prr~$$ ,'o~ 1'17 i, ~ f~ r/~y ~.(1'''(~.

3) It ~ ~ :::.
rJ ~<m

""q(. 1't:. m,
1\.. 1

A - ') A C(
11"'" - ~ ')1. '))1.-, 1l;.A

It':.."'--, /
Ih>'m'>/

f'l'\.

t) C~ -=- L A1\ 1M ~~ " . ( Co =h(J )
"" ~ I



I

\Sif

.1

II

"
~

~ _~l~
~ , ~

... ~ <:::t ..
~ I(

'"'t

.::t- I

~

I'

-...l
I \<:

0 ~

"i-

-

~ "
~

- ~

'f- 1:

( ,....."",
\J

'-I

~ *::l.'
~

.f..

~ <l-

~ "
f

~

(

~
~

~ ~

"::l " ~ ~

~

-<l '"

..........
---..

~ ~

C'll· ....
1-

~ ~

ct.. "- - -- -II '-" ""
~

<L- ~ ~1~

<::( "

'-.L--
a-

Il
~.

~

c;) ~
'..l

W
c;r

~ ..

,
.~ -- ........ ~ f.

~

-
~

- -\~
,'--" =+

~

Q

~ (

'"

-- "" ~
~

~ ..;: ~

- <l..- "- - '"'"--'

<:I
CIt
~

,..
~

-
~

"

~ ~
~ -(

(

")'-
~

-<:I.

~

~
..... r-I' -v

....

-1:;:-
..-

~

~

c::. "
,I:.

'-\- ~

11 ~-
,( .... ~

~

~ ~

~l~
:J~

"

~
~ '--

if<:
.

---..

a

. l .. ""

<::I ~
~(.~

~
-J.-

~ - , ~

-~

-
) -- N

., " ;;

~~

~

'-...J
It

-1-'-.) (I
~, ., ~ 4llO

~

0

"V\ ~
~

I
...

(t

~,
0...

~ ~

©
(

1\ ~ ~
~~ ~

~ ~~
--

~

ll'\j

..
~'-

u ~
,6{. -.,.... ""<
.~ ~ ~

,..
'-.J -Q ~

......
""-;-



/'\
\ )

-J..

'-L.
II"

'0
•

~ "'"~
ct.-

.
2:l.

..
v­o
Q..

. ""...
>- '" "=

• ~

~

•
~

.. -~ ...Q

\'
t-
~ I:

'-4- .0

" -...::.-0 ~

~

~~

~

'"c...
~

~

.!
~

©

(l

-........

~
'-oJ '".. -.t::'

fir ""l-
V

~ --..;:. --0-

..,
-<'

~

....... ..;::
0-

::z V

<:l

...- ...... .--..
............ f'

....
~

~

"\' '"
,

~Q " ".. ~

~

Q.. 11)

0
#i

•
~

"". ~
~........ ~
." V

-;..~
-Q

........
\J -.c:-

Q", -...
t-

O-.
"i .:r.

~
---..

0

'"' >«:
cv

eoo\

.~
~

•
.....

¢. --::s
-Q....

V\ ...::.
"- Y-
O

Cl... ~

o-

-'I-

~­."

~

"-
....... ~

\J

"",..
~

~

;.,J
::s

~ ~

-.Q .~

~

'"lo-

~ ~

'"
~

"
~

\J
<i:)

~
~

c:o
Q...



., ~._-_._--_. --.... -. -'-'---
'_h. -'t_r-"'''_''. 'iif/

@
("'(CI(,'1 ,ft'AfT""" f~'" ?'($f(~ IJ,'-(h ~ p;(.{~ !relY

(( Cq . ~ {a.ce,>

o fllSf III c :J(]7 (Y
Cll. C~ C 13')I ,. ~ J' L/

eto rC2t1
{ ~

'), rf O/. f 0, '= I 7kO

I1tt pOi IfA'" f: ("' ,",I<; (Q'l bl. (A{ (It (q ff~

l~ H( ,",/{'1f71tT' It~c"'c'6tJ. ,'1, Jtl/l(tJpfJrt."f

If ft?(t'l'4( nlD"Y I b&4. t Hty J4,..'f ~«v'(

'fo &( (A(C't"~.{t,( f~l(f WAY' VIYY ~ff"""
S1~ 1t"" $ h(AlIt fr~ m-t f.,.,· ~s. fA a.f II. ((f} IV

~c·""f(t. c- C4{CH,(q(,'o)t,J, 6y C.(l"'(4t,·n~

( (fi. \ IS fD'f 9~ ~ ~ ,,{(C ~ )((. t'l_ !,' 0 ',\ P«. ff (.7 '1>t S,
~ ,

{O"'Vt."'~(r I O"f "'-D($ 1I,f ft"'~J. L t t'( (J"~

?tU"~ fl(,(Jrt> ~k/y rOY a f(Uc"f"{ ..L)r~,'14t('t1"r

p"ffu'h, TAa.r ~it'hl~ ffJ bt fTlt.( fOy),yIJ'I','e(
[p

J
(;J.YlJ... t'f ,'~ fru"c (,'f O~ ( W(ln($ fo k7'll W

01\(7 f'·I.{Jsr,,(~~fh ,~ )~V'I·C.t.., T, 'l~'I- ~"~Wl."';

fd of~t". r"'sf,',,,,s (-t.",P""'~"9QII"" 0/
.t.170'r~) O'Jf .~uol.s fo knoW {«pace/,'e>,

tL/l.Jr ftott. esel"! II pfJft f

~(C,/ ~1 +- ~3 *- ) -:. 0, .,. ~ (,l + lti e'l I- vlt ('Ir 1. ••
( ..J l ,

F//(k ·""'713 f~o~ rtfl.Jr '~;t'4t9 f.,,.tt f(Jf( Id~'
pelt. I fo fOIt. tJ, ~ I ~/" tJ.. ftll( ,
1 ) '"I;) ,

~ ") "1
~A{~c .' I::. f cAt:..J- (Bz, v,- 8, vt ) P(11-

S(
"'''') ...., ...))I ~ 8, HL ~ Bv' Ht d. 1)-

. ~ ~ ~

A'f fL{( !olQft'otl$: B, ~jAl/·Htll( f- ~l·/{t,)..
,,) " ) ....., "'? -') ")

Bt ·HL. ~~" . H"II' Hl.,{(+j1J.· Ht .1.· NZ.L .

r~-lY ({4"'1'(' 1:: 0 =) C,z. :. Cz I

Ftur kif! ."c~ fd-f /'ol-t #. I (~ JRS'·l.Jh.f~s

'?lot{ V i' f f4/f )

£yfA,·" .. lt"i L~, fdf pilt #. ~( 3· .. ,-)((.1

~ • ). "f l. 1~ I, •S ~.,. Ir ~ , W' "PI. It IS -; ..l" D u.. ?A
, 'I I

Lf"'-sf, $oLVt f;y v, "f QS «Y'~ knol./"',

ElfMIS 1',It~/.·,.( fo "t("'tf..,.osf«f,'t. 2.r"'~.

C:: CQ fQ C,'{,'tr ,

La", (.(,~ $Q"WIt ~1'a.pAI'c.{ /'f''((''T'eJ/",'I(lI,II'?1 I

+-?7\.-t. f/...t1~t {, {./IT"'{<' ~~(/(Ill .l!ql{'~,

'C-;,)



// ,/.C

F(wl( "",1 0 pdlt () fc-r ?"f~IA.(Il"" ~It(l'laf,·o.,:

~--:::. 2Vt1 (2 Co I +- (0 3 )

f1n../o p.l, tiD

@9
h'A7 tA6e~ t~"$ ~ ... 1f~(4.itJ. 30 (1(J.1('

lJrof '~d L/ Uf 1'1\ ''1t01111a.((( 'eSt"'" ~r~41('c",.

lJA~ 'k 6'7t t L10 ~ ~ ItfIt I()f' f d t' ~f .f C I '/ t 'e.

.l~ c ,. fa t('6 'Ie PIf H-< -r 'It. {t,. k l +- "" #-... P(}f. ff t-r"') J

ttf I'(lsi ;tJ1ttt _/ flu.t a.~.J~tt'Q.f~o<. WI'{h

,JI , ,J hi(,. • I / it$ptr'j'c cafD.~,rr 1t\ d r t 'lftV,Si O(~ .

,;., ft~(,( (,'fit. ""f'/t, ... 7,A"l(JIf..Y.(1t'f­

.tJ('ant pIt.: $'Jr!kf,lt kI(·~It, p,t,s l>rr,'lt,(

t"'" rt~(( ((1" ftJrt{,(f~(~ 1- - pAfi(.f"t:TA"s 2D ({14K w,'f~ PO/~5~AlI

c..,. ~"'~ 11 11't'I&{( r'

, Y' '--, b,. ~

,''t\ ,I.,''f, II- -. ....-----
--

~.()

bt It ~ 7 $ P f l w./r
4 ~ I." It ~ &I! bY
U1\';c'~e"fI''"1 '1(.,.(
/))t fA 111. f d It ~-=)
).)) flll.Jr wl'~A

"I It. V v ~.. ... " .Or C~ s r V- j,r 0 IJ
'" '" 'J' 'Vt •••lyf,..,({y •• •'f' Petff,,,,.. -co~"Hf'·01<I.;tD{putt>

~c\ k~(7,'b(',,~ J., y6'f1'J.· I D.
~PI(t~ ~ '"'

,.' ... _." I ...-{~l~ , .... " _ .J. 9?t 0 "It l (3 = (4: -::=' v

c( I J:.. rf__T CD r::-1t1I'~ p(A 11 L

I.) Vt -:. V'J :: - V1. • Q1. ~ Vt ( Co +4 (t J
1 I T-

1("0-..1 (7'0'"" tAt~I",," t.r... · to +- trc i := L.2-

2) V, =v};: VI. ; 0.'2. =. Vz.'Co
+ +

2 pQ.,.f~ (0,," f'tl' b,,{-t. f.o Q~ :
1"'+-

'...... '



[





c
0)--(J)
CD

0

CD
()-->
CD .r:;

0 (,)
«1
.c-

C «1
J:0
en--t :::J
COCD -
~en

c-





@
i. .---- ..

Lec{~.,..(. d i2

5'" ~ 'h1 a. ty ~( #. {( "

~o("flo" fa hdtrl(fJdr!r. P7161t1,,~,

S·(,(w.fflafy Of a.(""ft'Th-nts (,~. {(),/(4 t S('Yt't')

111 «1ft ('p"'" fJ. t"0" ,
~ ... c pdlY3 a,... -) cc'''f, (t ,

30 Ayb'tI'rJ. fJpOiY (df ~ lJ1fyjA-=«J 6f,cks.

C?t ~ ::.. C"'" '"
F(CA.)c-- btA(t/",<. tLf'U· Q",,:. 2(V,,-Vf'lt) ('il~

'h\::.D

Hy 6".'{ I b .lr""'v~(!111 CC'~"(l'f

'c'a ~ T I( 'tr\ .. ,. ... -lJ-r--I/-.-. ,. ..
c, .l- ·c,T(o
".J-

Ilr

C- c (J. ( C It( (at I'0 t1. I f{u ~ C II I(' lit (fA. ((, ~ 'It

I,., ~f,c"I"c t.ke,'l ff I,'o'tt fit ff-<r '"

'f ( I, f /
t'I), v I'~ ,'b ( f I~ t , 'i-I ~ , J( 4( Pd ,~ •

(, C fit ( (~ ItI ( ,. 0 'h, / fI'; I D.

@

.._,-----

(r~t~I!.t'$. 'to J),ttf fI- (I_I)')

0t1u·ru.{ f.D f{yh~"J.. T6l0"r 1,.;,'11, "ht~"rA=~~

81t1c1(~/ p(/ts.

~().tm.t.. ho.st't.. P'rf)t:.tdU,.!. tX..r h~fd""<':

I) D(' r I.e.f f ,'t ( ,(s, ~",( f (u k ,'Iff. J..u.ct.rJ. (J 11 f.."

p"It.$, {N',,"- (,~(J.""1HI ci,/aft ~:'.t~~~~

dl'~ r1('bu f"41t J, I (>E fit Whl-J! a(M7;;k:; "'Jot v=-o
"""'-:::0<'

~) I", tic'1tc1 1,'(/It {1",," ~ttC~~1r 0"1

V'l. (Ht'/~ Alock ~ 4lli ..y~ D~ v~~).,0 D ,

l,J i {~ / 'r , jA.J.. ( r , '" (~ ~ /"{ pTe$ t ott 1, bf4, t
" 1.( If

0. Cf" 1/t Pen I- (c ACI "'1 ~$., I.' (J ~ /.( »t,,?7\,..... 'I,) I [J I

5t<,("'''ltrtfc~t. ("71/1..,(, ~{C(II~I/s 'l.).,(

9,1- ... (( t-;. fro ... c, .. ~,,~ H.f foi.C

f{~ l( (f'1" 11\ C~ Sfl1 a?t of. "f~ (Y ~::.. 4(Ie Irs )

("" i, t a. e ~ j't-=-... b(, a =: C.

"



Tlt,·~ ~ D fl... )( wl'f4 PC/~>~N'I

0.,. fA"'~ ('I i"r~{( r'

I y t :;> h,.""

~.()

.®
c\ k~('l'('bt'''~ hy6"f1'J.. Ip.
~ Pitt'> ~ ...

I ltF-.J,.(~1 l~?toY't C =( r;:::'v,..... -_ . ..- ~ C .7., ... - 13 llf
(, (',__TeO ~1rt,·cl.f(A 1tL

I.) VI ':. V1 ';. - V'L i Q1. ~ V, ( Co + ~ (, )
-to-

1-(1fo~ f7""" &A~i":J\ i.?I4.. to 1" ltC I :: L.:z.

2) VI : V}::: Vz. / 0.. 1.. =." Vl ' Co
+ +

~ PQ .,. { ~ (0" f'tI' ~ ... (- (. fo Q ~ :
.,..~

b(- .,..., ~ $ P f t I4.Jr

6 ~ I .. " 'ltt ~ It. b't
CD" 9('o(~""1'1'I~ V(Y'r

-?7t 1ll",1. f ~ It ~.--=)

)" D fl q Jr wl'rlt
\It Lk v v _ ..... " '" -lJrC(S, V-Aro!'J

", ..J/ W
1"1l"11 ... f'(f,'C4((r er l/l'f~ PCfHNI./, -c.o"rYt'(j"O?1/

PtI
{ft1/t>

':(.~) L~dk I'''' ,(,''f, II
~--~- ---- -<

) r
-I I

I
~.

o
V=d -.{w.'1>- "

//-';::r 0 'hi L(t. {J(?'( #. If

.\ f II
(D7I~ff'Me ~df~I,'O" f~.! la/I'rf"ft 1'1-trlA; I~

~Pltet t1tA.fst',(~ ""Ok ~",(. ;'fAS ~.I.. l f"t"or

-l~/t""'tt: /~.,I .. C( J u( ..at 4. S,!/(/,..·... :::.It·"~tt)l'

SI(Pf'l'ft1~c'/"d'h. 0:-1 2 $,,"1"1)«$ tlllet !,.I"J fy

M.. q M '$ D IA. ftt' c(t ".,. ., It :

l} q.*~ ,. v,,, "1i?I~ .. ~(1) -) H;-? ~"r' ~.(l')" if' C,

tA"~t'cl ("e(,(f
. ~, ... tI.",tcf f"~/'f'

2) f=O i V, ~ ~ (;:):.~,' ~ ri'j -) ~ -:p rA.:. f!'~ rr;e{;)~ Vsd c2-

..) -"'I ",,:) ,
3} V";. v"..- Vs -) k =- H,..- Hs i ~ =. rtf--f$: cr' ~,- ~DCt ~ 0

~.=. 1-' CIICt~

!9



: ---,-f i .--..----- -.--.-- .. --. . ~-,- .-- \ •• I

v,:CI

En t'ftt~c l. I'" 'Ie Hy hr,'~ I o.
wal1f ?d(t~ af t.~f"a~c~ !~l(",'f (·ltp( fd

bi ~14. b~f~~Ir'aJ> () L -2 1"'2,-2 +-_+..,
r I I { I

< f." j te It t y> =: ~fm,.~ ~ f, bw-f r((',J,lly
eltt pl-. etc(. AcA,'tvt. rAII"f f«ff.fr~ }.;,'I,i fluor 0.'11

{If cJc<t.l. t{ bye> 8.- 1'1. Q

~l ~Lr{O-~O C,

;-1TTf±-iTif­
-1 T T ~

'2. c. /-~ C, =:J. QIi

Co +-'tc(:: Qo (f) u)

2ttl r "t C( =Q~ of. QL @(~J

Co f. ~ (, ':.. 0, + 4£@ 0)

(I) } (3): Q,;, Qr. =Q(I ~ I ~ 2 I -=
{J.} I (3 ): q-q= (~+ 3 C, (tf) I '""' 2. I

J),('t);Q., =C, -:: QfJ!(4f ~/Ctl fl! /-2/
W- {'"'~ 3 - I

I - ~ ~ - I
l ,...~ ~.

, - r-cr -l.( '" .

"-

v:::. V.

v::.- Vo

(

@~
if,;- Vo

'L

3
v~,



~--I
i
i

!
'~

~
~

. (-
~
~~

II

~(~

~It~--.....::::o-.... ",
~

~\"

..

o

'"~.,.
~

'i­
~

"<..J
~--,

"lS'
~,
(C

~

l"':



HYBRID CONFIGURATION GEOMETRY

tfi'---r X-Y SYMMETRYV PlANE

Y-l SYMMETRY
PlANE

03

---~----- _.- --- _.-. ------~~~----------~---..

.... ( .a ...

<J11~
~ 0
...;!

~ 0
'.J-

~ --- \- -v ~ ~ t..; .....
..Ie- t \j-
~ \...;~ ~ oS" "I- ~! {. ...)- ......

~.
y -+ '[ "'* ~

~
"'4- "- '\..)~'i- 'i-
~ 4.- ~

....
~ '" ---- LU 'I- ......

~ -
\J "'" ,.. "'/-

~ "- ~'-t- f :t1 ~ l' ~~ \1\ ~.... , ~ \- ~'-.J

'C..> ok
_~ -N ~ ~ "

~.... -
'-.J ~ \J .\c- ~ "

..
'"""'#-

"" :::t -- ..s ~
~ ~ ......... .....-. -" ... ""tL.. '-l q",. ....

~ l' '- Q ~
(:S

" ....... '< "-
'Q '.J ... Q 0 -r-

I " "" ... ..... ~.. 0
!, Q

'-.1 lo- ~ ~
#. - ..
~ - ~-... ~ ""-L ~ C'J ~. ~
~ 1t '<~ a. C' ~

F
lS" '-'-- ::: ::tJ :-t\

~
~ .~--..., C'o( ~

::s 1:: C) 'J ~:::
~ ~

oX
(,J <:I Q-. .~ '-J 1--\ t:() ""'-- -,-. .: . .0

l"
0

~ Q
... - --\.J ......... -..-...

'V t;i . c::$ l' ~
""4-

"-...J ...
'-l~ ~ ~ " •'- .Q -.... ~..... ::s' :s ::~ - ::::a- ~ ~~

,..
""-....) '-' "I- ~ 1-) 1Jj~

.- 'J ~ \0

'I:U ~ " '" ......... • ~
0:.

~
""

.........
~

-I- et ~~ CJ Jc
~ <:S '-'- 1~ ::> - I <> 'V .{. -~

ID



-:...:-_-------------------------- ---_ .._-.._-----

(Ij3"
·3D ID Des(tg?t

-r!J ~.'V, (D, (.¥ +tr) + D, (~p -rE;. ~ £.,.) -I- Dz. Ec.)
~ P ML

,..".

Vp ': ~d'D~ ,. f1'1'" P~/)SOfV, IV' (Ht"/rYt'C'.lfr
t"V" . ' .

Vt:t' E
p
:-,2.0 flu.K 1"'/' fo//. ffAct.; POf;fdN,{' a~lJ{.{rf.

~,~=.10..tk-ct'~$ fl".y ,?.ftJ St'r{l II p,lt,' Pb/~)~Nu'C(

~ £r::J..Otk'~(~t ftltY to",f, t,,('/~I'''~ ..f Pi It,' 'n,. /'1 'f.

~.~~lD !lfas.s· f(f,I.'r c.....f, CdfH1'/ (/.tftt1y"'r_(

(£~':..8-('({D,-D)}(DI+~2'~J)f Dti"Et'J)

, B.,..t1'lG.()') -::.;{D f[l()t' f"t~ ~"t.,.J..D"",·I.)'f«{yIN'~r.
(J I

fa Lvt. ~ =- ¢8t" f4r D"j

D} ~ 2..!¥~~ (D, (f;/> f~ +- ~,..) +- D, f'!c) +- b,(O,'4J.,) -D, 1.~

D+4 E -. ~ ( ~C1 D, .l.. C )
I .1. "3 l &< l ~ 1,... T f;:-r.;/ .

rpt l' {, 'f'" tl1f C C ( ~. "" /1 If!f l () 1t,t!
If (>e.f'1 ls aJI. a,ff~dtd f, tdPI-;t~t!I.ef({'ef

CO" be t·". ~(~,(t.rI. ,'." fOIl 003
Dt .... o'h1(·'fo.lIlfo"r /'11oo. a.~. {,,. 01 I~'~$ P(4"'!)h"1I~.1. /,'•..1/,,,,, Bt.l

@

A.. lo1lO

<!-- 0.7" -;~,.I-----__J

I I I I I I 1 I ! 1/ ... • ~O(·I
~R08. -lnO.. Pel VI d.O Ol/OlllIlSl u..g.o crcu: - 990



• 5

::;-

I.-

.....

r-'1 ~

~
'-.i

1..
i:

~
...

""I:

'.



-""'-
c ~ f l\

~ ....... ~
.". \I \c '(--+

l": l'-
~- .\.- ~0

"- ~ "'--'" ~~ V '\.. '""4..
~ ~"-

~
~ ~

"'~ '-J....-. ~ ~ ~~ 0- c:.

"......
v~ c<

~" .It

'" E" <:::s -..A~ v It ~ ~ ,..
',J \J\... .......

~ ~
c:. ~ ~ "~ ....

~ """--- ~ ""'-.J

"
\.

C ~
~ ~0 <..J

~ "'" "'I..- "-t-'J- '" ~ ~- '" ~ " !-t ...... ~'.J Ie ;>...
~

........
~ "::l '" 0

t4• 'J - -- '" "'- """"'<'.~ . .-Jl - '" Q..... ~

~ '-' '->- ~
~

~......
.:t-' ~ ... ~

'J
0

~ ......... \:s c:. ~• 'i-
...., ....... V '" " - 'vt:>- '" d "-~ ~ ....... II:"-- ~

~ • .
'"' -::s ~ ..... - S'- ..L ~

~
,

'-' ..........~ '-J - .,.. ~

"" ~-a. ~

B - ~ ~

~
. --<u ~ Q.. ~

"
""'f-- '-I\J ::::aN .... -e;;:

~ ~ ""~

~ -- t ~'-

-J-n
,; --- '.J

~ <:) -:l.~ II '" ~
~ '" '",

~

"'"' " " " ~a
~

--.
~ -- -0 't- '0

q,.

"},f!. 0 -. , (
H -:::>N IC

4- ~- -- ')-
"

~ ~ CIS "'J

'" <:s- 'J Q.. "" ~ ""- - '--" 0~ ~ ~ I) '" ~a f1 <....J ~ v (I ......-e 0 .......Q-. ,I
~ ~ ~:::!t 0

'"' lCV. ~ " -> ~ (I " 0 ~ll: ~.
y - -< N

~ T ~
~

~~ ~ 'J ~
~ --<:" "'6- """<;:'

<::> +' -I- u ~

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
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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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Oriented NdFe blocks

Vanadium Permendur
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Vacuum tank

LIGHT SOURCE INSERTION DEVICE

XBL 1367-2534



1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1



-;f'" (

;@
----_•.__ .·,'

\.

@
Hb'lJo~hlbfk: )bi'f (r,.. n·., 1a('

Ptl/.J~(" C~~ft1 Il",( polt: O')t 'd,,~ St',(~i

f~~ ofltt.'f' fc',(l,' U.1ttfU.",( fqf~ ~"' bdf~ t)t''/~!,.

f~,·. ~ afl hdllu," C~ l: /'.I h,( (~61'f afbhQ

't·d,~.( ce.. ft'f {l~(i (,)O'T b"C<""'f 2 6{,dr .f
C~6M 01 tJ.~tf((H,l9(1(lIffj, f~ "",·,4f+~ff 'f
Vt.,.ft't~,.,L 1't,",~tt1Y {('~t

~D D.(v,'l.t f, ""ttJ.~r.<1't. ea.;y a..kt·~ D'It'.t"f~/,~~
11 '1~ 1\

v-; (;

,1':.. 00

1-:.1 1.:. It
,.---_._,, I

I

~
'

I i C: ):

: _118.;( b!
I t 1, I

: /f •. /"1. •

1-:.~,c

,1 :-f{ ,t~~1

1- :.(j

Dt"c'Vt tlt'P'TtHl", f, CAlclAt.. te. fluSt' f~HI'713

bc.f &Jte 1\ "l r CD~"'trS 6/ )t::~ t'')''o~ Q f
(,tnt". ~,(1( ~( (>~1'1.

V= V~O

J
-') -) /

QOt''':' B~' H$ oW Vs. lJ)



f~'\
~}.':J
(/f
J

f'RlS. -frOo.. "al YI 6.0.02/:23/891 U-sell Cl'CUl2fo of9ltlT:l Jee-U \l!S\tt\S:O 0.3 :Y )0' ..Qnl- .~

~

IJ

-~~ \:::sO
'i'
~

tI

'1~
.....
"
~
't:.

-­~-



V!J
----. -----_.__ .. _ - _--- .- --"- ._-----

@L' ( ("~t~S(:/·b '!.flJ"'-,r. FlU>f P"HI"'a

"'I
RtpT! ~(11~ C) Ef'1 by J -= ~ gr

-~. • A vM V11.4~ ~It ';:l. -L ~ - '1/
a. 4'

Scalar Pot.ntlal Iiong the line x= ),t4

1000 "f''1--------------l'

~
'E•0
Q. 100..
II
ii
~

10

0.' 0.. 1.0 1.2 1.4 1.1

y

'" '"F fY'tJltt\ + 'j ~-f -1-;. Il. I - J 4.f 1.;:.- 'i,
'"

F~- 1-.h 1-11
. ~ 1 ~ 4,

"'" -
dA =- 1/0)-4(-1/ -:.. - ::Lk /-A, ::-l+ .1, -: D/(,l~

A 1+ 4 • -/-/{, Ii' /-4 •

~ CU 'YH" { ~J,ft fr :,
LlA::: i B¥·~ 'fj~ f~.~'; Ii(,fJ I~/I1

D

PTof ~C( b~C'rI'pf l :, rt
{J A ~ r f3r'~' 2:.. (h (f ~. l[I_/f.ll V/-1~ t"l t-L YI

. f;}) (- ~ 4- IY 10,
(U1t ~h()W, w,'f~ ~c~l ,fl"f (1-tkP{KI'{'1tCC'/:

I '- -l. )fC.,. a. ~ I)j , .r =- iZ ( 1:.- () :.. f (1- 2./iZ

"
4 Ii- .: f 8'(' ~ (1-- <liZ) .



II

d., .;)

.......

,
( I

LL-

.~

r.J IJ

~-

I:?

".,
~.- ._<;(---- "I

I
lJ..-

~~

v ~ ..... 'I-~-~-
411 - :....

•--

-toll-~<:s
~

+
"-

""'--
':::::,..

-{..

~c.
f"'(

"1--
"~



-----.""'l -------"-- ._.0" " . , .... _... .... "

Hq".""lI.:CS

Nttt{ a(,"t{}c'?Ij fh(~ rc 1'r\ :

{fer) ~ ft7,'~d"c uc'r~ p<.",~i. ~/";:;

~ ,''''r1-(0/) :. _~ a~ £ / q?\ ::. -ll.; a(f C(I ~f(,
{:: ~/'011

/'
"" f'""

({71~h't'1I~ 1(;4(.) f'*rI=~,(,·,jl(~(/111·

M~( -'·yf!!:.! ~'~{{?t-'111J

2- {(If) ~ ::. L a"t ~
A:o ll;)C-=O

l!t9.rl ',.
'~Ft~, ,,(. f.tt ffA.« I a.,( •• ''hr' ,,,, '.'ffr Cr en 1>.

A!,'t f' l'~t M _f3 t'1Jz. 4. w
Iv F.(A-J: - 1 - Z Z

I , (1,..(JtJ4-C{t-t hi + ,6"

V4-A/' =. J./ ,. 1-= t./'l--t C1" '1,' J;(. ~ :< lJdw ~

- '-L.... I , - vi. tv' ~.t. V'I. ...4 t"7_ ,.,1.-

/' F, (4) =S~"'~' WI/ -6,) !1-q(f/ 'i, ~

~
""" r I) -A IJ Ct z .,. ~a:- (-/ 7' ,. (~) - r, IN =h ::. k1\ ,r-::---:-t

v I Idlf ~1..- VCl.t- I

A :. ~,A ('< ~+ r) (). /,~- (' )
P,ft..· /1"

~)De""'I/( fl'l?"ta.{l( f~ q~{ .l.JrC(1~! {/4-t" ,'-ttl,
'$L'c(t t'{ p,,/r. 10'(' .l1(CI'f4f,'4'" -u., tJ. 2.

4)Oe"t'I'v< fllAJ( ,'..,.1, 1'tt,'lpltt 1t ( fiT' '('Jr(I'~4/,'(T"

5) D~,,~/t1p P"Dc~JtJ..,.e Ie r~i 1Itt.~?'rtt11,,'CS

l't .l'r(I'fR !,',?IU I
6) D't::' VC / B, : I ~ " A ~ ~::: de?t ( , (~(7" If

-.,..- ttl

t,.r~.(f fd c(-t.- ."ci~./,''Z( f,f)

({@J
"-ir~ ,.. fd tis t6l fd (f, w r' 11. 9,

IJ Vt~ ~'fw.«.I;''1l$ f~'" A, 4. J f, ~t.(~"f""""(

el, ,ttl' T~,I, t~,f, hQY~ f~

1.1) Dttt't,'ht (,ra,d ifu, ~f,.~" ~dtl/("" fd'f'
:> I r1 ( '"' ~ ~ ~ "• 'M

l:~.) DtlC-r,'tt 1"1111/'6'.. h ~t1Hb I/f $t'." 11(Ia~,.ll(!

ftc,," '/"?IoilfrJ II ''-I1t~~'f'~'''c(,

(.1) P'T~" t t?, <: C{ £. q 1.

I.If) VS~ (,3) fc ,'1ff-reclt4ce htAy.( I ~f)ret/~

'Y all ~ f 't(~ f-Ne t"C1t$ ~1t (if ) tr). ) h,
""$l{trt If'h'l(7'''''''((, 6{ .e'f~' ~I{"(r

'l)I/)1f-tqY',tf( F, f, 9~1 f/~'(,'"fl f,l~



@V
\J,..{h y= t',.. If1~..,.

I il«(A-'1Itj .. I~ I'r 11 =J" fY. fI-!
f.*:C =. (' (,,,. 'It.:f 'hi +- y. Itt

/If-I . f
,--." -I 1f\~ (") -

M
J.. L {.(ii.).t ~La'h\ : 2. a'ln'f.Y,I'1

;1\':0 (#fffp ~

(/~) - C<.. + C{ .,. C< f C( 01-
Y. 'h'\ -.'7JI "" - M ~ fo /'1 '7Ir. .. <. 1'1

c".'" P

If ("'J. f {( 111I,'Jr t( f " (!?t If

I", LtlSt' tJ--I .'-., f( "'€sf ~t.,t I k", hi 4(1-J

]'." 1?l I·d.. pIa 11 t. tH f'o (f,'. J\ , f 1-: C{ Lt

i;:4(4J: iC:(~ (Qi.I-I7(4))=- k ~~-/6} j
~ t< 1-...._/1,. +-v l.

_ h ·~z ~ V«.t-1.. 1 S"(hAr{H'_ 1- ~.
Ie. A(-1) ::. ' I I r; '" , F,/: _t' ,1[:4. 1-/~ ""1 / / t
______.()....;:t:...--_v_~a_=L'_-_t{..__ I v" I/()(

. .

Nt-"( f6 (t.'JI'( 4 flY' a:. ~U.f(t'l"-t?tllr

{a. T ,! ?!1<?t1btf' ~f .t.fu1·,{"tf, .. f {/{ttlt'o",>

ilK /WI" i. p (a. 't. ( •

M-l2 X ~::. J- Jr ,'" ({5. {(!
~::u I-X" ~

l' £ tlJr- IJ).,)
K;- .£

"1 t ' /11 f r"",.. t?It)

X ~ ,e

[~ ~//t(
/!1 " ~ 1," (?1'" ~.)

"k ~ L



.. ~ fI

~
~

"t

II
~

~
.c::&:1.-

<...---"'\

1~1 --
.k
-...
~

,~ -1
~

U CO-

'--'

®., .
-.J'-

c:.

"':( ~

~
~ ~ -- ~
t:\

k -....... ~

., 'I....
. or:

~ ,,,," '" ~
~ ~

~ 'i-
~ -::.. \J

..?:-
::t ~ -Q

~ v.,
~

~ ...:!. ...::::

'"

""'"
\I

'-
-=" ev

-.

'C::. .:::s ~
,

"
.<

"-
';'-

~

~

~
.~

~

t-
-.to.

-- ~
-

~

~

~
\;J l.

~
~ ~

~
~

.~

"'-

'"

..)
~

0 ....
~

()
_l-

~~
~

\J \I ~
ct..., "

~

- ~
~

.~ f:..

Y'

>-- ~
.....:

.... ~

.

iii

.v

t-.. "I-

-Q.. -
~ ""

~
~

~ --
::::I -<:'

~ "'" ~
~

" rJ

IS

~

.~

, .-::
'b +

.,.

~

~

:::::so - ~

~
-~

~ " -~

~ ~

~ '- ~
(I(

'""
,..

.~ .•

~
~

c..

-

CS
~

eJ 1\\
~ ~

~

-- ~

...

'-
~

#:. -- ~

0 "
~

~ J.\-

~ X
~ " ...

~

~
. ~

..
.. ~ ~

~ "
(S

~ '" <::-
.. -:::::- ~ " ~

""
V

'--' "-

-.-

"-
~ ..... ~ -- ~

~
~

II:
oIr ~

<n:> -'>-

'" ~

~ ~
~

Q-.

~
~ \i.

~

. '+- (I
~

~
t .c;

.. '-
\J

c::>

..,... t.< ~

---.. ::s
...

«" - ... ..!::- 1\1
~

~

-......L
'-' -l- - -

""

~

~ '"

f
,:

Ie ~
~

~~
"'" ;:s-- ~ ~

0--- '" - ~

.-
-

~

-< ~'J "
-

...

- ~

.. S-
4.-

U € - ~ ~

!:::!::
" ~

""-

<.r-:

~ ~
""e:t

'-.;,

--.J



...--'\ '"'....... lo-
~

.-..... \J

"'"~ ":<t ,.
'-.J c::s .......

~

"

i

fC

~

v

~

~

cr

~

C1..
~v..

,
~

.:r
"':--\.

~

<...

\'i

.
~

~

~
:::t

~

~

~

~ ----~ ~..
c:::)

.......
C.J

~ :s

-..- ""'&
0

It::..,.

~

\.J

It
0

~

...,.:
'to .
es

d ~

v
..:.::. <::t-
~

/\

Q..

"'t? ~

~

-~
I

a

---
~

I ....

-I- .....-..... "~
"

..."

:. 4:1 ~
....-

~ ~
~ ~J'.:::t:

\-

"

.0-

' t:!l

~

~
~

4l:;

~

~
~
o
~

o
~
~

~-...-J



LI

+

+



~

~

~

-I

\}

)

~

0

'-..
~
....

.........-.

~
-L-

~

~-~
Q-.

~--0...,.
~

"0-k()

--

-.--'c

~

~

v.

7 "'<,1!.

f:
(\

~

,
~

'"
-~

A- I
..::>

~

c::s

,....

~

(~>..

~ 'b
II

~
~

®
,...'<
I ,,?rlO



~

( "-

q,. ~
~

I. '"
~ {

-~

.::=z.- f:
~

- -.... N"'t"'

'C>

C.
...

~

~

-+-

(i
-.Q.

~

C(

'¥

u
J:\

~
.,. l

~

v..

~
....

'-C::.
~

-

~

-......
~

.t"

~ ~

~

.-- ~

...::: -

'-.1 ~

""-.1
<r ~

~

I

....
~ ~~

""t- ~

..4

" ---
-<:l

_ I- c:!
..:::t

~ ~'§';~ ~~

<---7 @
Ie --..

('II

-r.:::

f"

-,...

~ otT
~

-t
~

.

"4-

...

'V

..... ~

..

.~

co4 f4

c:
-'

~

II
...

<V;)

.~
..;:;....

~ - -..

IO.
Y

.... ~
-::=.

"'t-- ~
v ~

..

.... '" ~

.

L <Ii:

~

~ ~
~

.::! ~

'<? -+ -::i ~;
(.,. -..

.-II

~

.~

'""
I

<Cl.. Q-.
-+- ~

..J "" t::Q
:3

~

..:

~

.~
("'(

.~
~ ~

I

~
c....

. , -t\
\I

....... c5

- .. ~

...... Cl..

'-J
-...... ... "

;:::
~

""--'--

..
~~

I '-
~

~ ~

(t ~

<,.)

.-

eL- F:

~ ~\

~ -... V

M"'D

-. '-J

;:s '<:>

.:

G5
II

~

r
\J 'I

-----
~

<...J "'"

"""V \
.,. c\ It

-~ -=
II ""'t>

.... ... 4-

~ ~ ~
~

A..o. ~ - --.. ~
~ - ~

..:S
ez-. -... ""-J ~

"'C' ~ l.L ~





'. .
~
\

aacklng bum~

Insertion Device Design
Keeper

Klaus Halbach

Oriented NdFe block.

Lecture 16. (Final)

Vanadium Permanc
____ pole piece

- Vacuum lank

March 17, 1989
LIGHT SOURCE INSERTION DEVICE

,

Note: Next Lecture Series To Be Announced for Fall '89.
Klaus is currently soliciting suggestions.
(415) 486 - 5868 ~..r,.-­

.::----





~ : I_____-:..._~ "l+.:....._,),_-1.1_""',. ...:. _

#- rr

NtA 'I' ch. 17) (r g1
(ta.s1 LfCft<1f.)

R~t<)6 't: I?1. ((/.H 0 f r<fJ. /(y I<f)f~ f,'e '/ 'nt (loti" tf> I

fAtl'f't -a.-re fc'fftt{(; f~Q.1 o"e ~A~It(,( bl a4t~1't c-/

£{ p(ai 1\ ba.~c'c f"fI'1\ Ct'jJ!t.) by j.'fcCA.fr,--'" ~

a. fPl.Cc·tt r C(f{(f ~{ !J?({~-r/fth fJ,.f I ~IAVt.

'W~rk(c( ~'t,

t11~""D1Y 1"lf'f't~~(r:
t.

A- H (U1\ c.. f~ 't I F(l f,''''-(l1( B
6

(a I '::: k" (0.;0·

A-rp{y cc"'fdr -.. ti { ~D.J J(lv)(-.)w(~) fe ~O",(/~r

fAtI. f >A'" '~$ a'L,( f r ~ d CA. Ct!. f"t (,( ~ {V:.. (11f ~ f., I

A.-:. (CI'Is1. >",-rftlCl)i ('(1'tb,f~1 c~a?'r~~)

Raj = F('J(/fJ)

f)'" _ • if:::. ea.-; w'
~w - (J,w ~

fiG)
V R!.-VI'Sc'f "tS(~1\ "f 2-D ?!01\ ... Jt'!(}!£ l'Yl

JI'F~(( 9.(0;1\t fry,iff (£

k.f>-4Jr C",(t DII.l'(f~y(*
1

ll. ~ r t ~ rip hlp (~

0PiY fro'!'>' ~~p D &'111"'1\ c~e f'1

Cll\c.{ pd(~

Q -:. Br ' D,( B 1.~/v. -:. B ·D ··4A Iv
()"T J X tJ S0 ')'- S•r

to ~ .. b' H, 1M

J.t' f{~ 'Yo( 'k c..f..

~o
:.~

Le(f().r~

"",'
_..-"-

""



1

@ (­

M4 p tA" f 9/vt. S ftr P(1' fit f J(fc'rt~ Bj a
pnfuJ dl'p~/( : B~(::""l'Be ~ BJ/w'

~ :: t' BfJ/IJ. "'- fflJlk. -) IJ (i ) ~ - f(lW.·
tt'd~(d, "'(Jlltul ~: ,~f1J ~

gf(.c'<!<$t O"~ .~,(..~ ~,' S: -) 4 Bt'/BJ' :=- A~. / !l".
_, 'u(Q("'r't. ("1ft{ .l'(rlft $171t( ('if.!. l t(tt,(W p(tUl.

Dt~c'~ J\ f l' (1 Ct,tu.. 1t :

MOor b~(,(",(qrr ~I 'ftff"~" ?ffJf ace-ll{c'6!( f,
rill/cl. Sh4fc'1t8(P1'Dett{ct'1f,,~ fr~~ J It w;
/»up 601(~6 1~o/.. {,'dd. tt~"~1\ f"1d~ Dftl W,

D~f(")t J,'pd(( wi fA J'" ff/ct'('rlfly #Oll~

ft'J A. t'", IV ttlP\ J. 'hi q f po (( ,.~ i 0 3-p/t{ " (. •

@
~·f.cC,·f"c r'f6/.,li77t.;

110. "f.t~t'o" w~t'Yt l- bt.a.~ ,'r ta:'Y'9' t'-'t

)(.. J.(·recf"~1t QH If ~". a.{{ ~'.., y- ri,'" a/t'D 1r I

W({1{f a ~{~fu.p~/~ Wc'flt (.4 By(!('o):, b3,x'Z.
l'rbtL

ff,t~ rtJt4.{{ X) h'tf k",(A a ffl~(1.. flt.,f

c'~ C'Y' ttH l. S l i H r Ctf I' ,{!r f6 Y' (I( r 9{. ..y:

2 ~ (1I.'(y"(lll ptrf p<'i' 11' (S ~ / f" cit //(./,(s:

VSl fh{~l'("': tf 6(3)=- Cl.lIa.{yl t 'Cf+{

Wil~"?t CtOrtli la(-=-ltf,l"f/;: Y"I jJ,~'1t
2~

f 6 (r ,t"c, ) PIr/2/; ~ 6!0 )
a

Afply fAo,f ffJ (i(iJ~~(B;(~)/~3~~):
. l-

,r hURan dCf /'<11'" -;: k (~3 r Z
) ~ t' f {B 1<-6)1

01\ Dttl pcp..1 ~f Cl'1'cll, {BI>-6~7'Z. I/)tCA~f 6~

f TIt.e 0 Ii\. 6' f At'r fAY'1t- of cc'..".c ({ .
f z 4-

A-Ifd = 6(~); B(3)/ld'Z. --) fJ(~ jrt.~~'- ~-r.'
D J 3

~.
cK'



-------~.-------,
t •

{-CD~(~J)ff((-CO;(I'~}} P(i f1flb/('h1S ~

'2.. -//11-' } .3 -t : K -) t:d 1'ttttf f f~ v:: R/ftk .,. c, 6,

~l' Vl'lI~ f'Y'~h /1 ..... f,.~~/~ Y' td f~( fJ7'~b{t'»t

.t:.""" cqlJ..lk.f{l't 0. ,'IJ,:

P~ltJ IL f 4.S ~ ;J..t' A(z..

N~ f'Y~6!tlhts~

8t,P"), fD(''1tf~ A-f J.J=± c'

(07'/t'htf1t{ Ie J..U'l\C-fl·O?o..~ t/UJ ~~(d~rt"C Cl.
j

Hll~ll{a'l"if/ t't\ y tt~('S : If tAe. ftCttf,'~'~

of f~( fL''K~k.{4r\·fr l'S fCA.f(((!,'t'f{{I.,. fa.t
{TOft'. f~t pou.~Jarr 0/ 01 c'~a.(ce»t·lde

T'3"o""I fA,'YC ('j l';icdA"flj I,/'td"~' wc'tA ,'f.

B«.+ fA< dc'rfaJl,c( ~{ not ~('HrLr/D.~t·lr

fro'" ~':.o 1't.(),'f ht ')ftto.Utr fAA"" tAl

x- cO"1'dt''''o.f~ ~(fJ", t.)rt'f<~t "itcf.,.o'it5:.

TAfs-m (t'{ 11 ~ ~ a. >('It f rtt! ~ f At f-~ ~I Ih4f

a. "',tr{Lfc'p,t[l .L>{pC<.'1{ 7r'tfi 1JA ~+- f~, (1'.f!t-(5, I

~ay .,.~f bl. p,"!'ttCJt'C4[; "I may Of.

i' 'Jtt .11'S ~ ", t l. f t" ,f" / f /l.... P;( It t -( t " +6
~($(l"'~( f~l l"t(4~ f'f' ~, LocA/,'on>

WAf Y .(, t-I/ ~{1'd 11 S ~ 7 -( ,

lW
I(Jt p( PCfl1tltitl U

frrd ~ It. trt\

Polls at ~i::.:t(··fr

>'C'119"'{UY't'/t"t) a { ~3 =:t l'

w' (~{~;)
J f~1t fJ {4.~ }

i~' Icc>h (J..~l

(i; ~fiL"-l

~1-!V(~ I/J(

l,..-" J1-3L

(0)
)~?II' !'cHc'JI< {k')fCI,""5 ('f Jv'n J,

p'1'eAh'ht$ ftT Nlf( fll~€.f,·f'\ >

w':: !-C~S(i.1J+£ (1-t.(}5~'l)),. {(It~.~I/~;.1.,...';P

,,~

~



lI'Il" unAX urn" vrtAX
-4.8a29£+83 18.3423£+83 -7.8387£+83 37.9681£+82
X=.l )CAl:: 46 VAl= 23 X8= 16 £ ~.o (
XAl= 2S YA2= 17 R= 18

1~=18.S64E+ee 19.564£+88

E
E

lO
C\I
X
C\I

J.+--E
E

C")
C\I
X
C\I

E
E

<0v
X
C\I

~e
E
E
o
T""

x
C\I



•
1_

_ .._--- ;

"

"

o

...-----~...............// '-'

'i

~
II

~

~

~
II

CSl

~co
g;

~ /

/

ao
ffi

~
N
"'-J

co
"'-J
N

170+3686' !=2:~8 170+39Z:! '2:= l~a 000 'S =a ~0+3()OOO"S-=c:l'I 170+30009" 1-=2:ln
S::0+30000'8=!1'I 170+30009"!=I:>:ln 170+30009"!-=lln 010·0=3 OOI·O=:i

OZ:WXt'lo< 2:0:/2::01 6861-LZ:-IO

II II I

tAl. t'l\ly (C~«f'Vt'(b{( r~t(>c,,; W(~)::.O

~'c'mt'WA(1'(' ~'" ,.,.-e~"OJ1 0/ (:"{(rt.lf~ r»tQ.P

~ co"fd-rm~l af fltQ,f fd'~ 1-,

f1l~~1't 1-tf1t)~t1: b(,(lC($~ dj ~'t1Jt",.~f1r,
-:)

8J.. t/..- ttJrt'~ feY' (.(':>f)wAti\ r,'~lA /,'1f£

"COtft.t.S" {f""W\. V >(). IV, fU.l~ l.lfIl'/,'{Nn

t.1rr'~f foY' ft'tlJ /h,t> fAa.t C.~6It M.-a..t-t'>

f ~".. tA =' 0 f 1" '1r1 V <~ - 'Y' e~ t'6 )f. To av~ "A.

I'll {"1fc'4tly I'H'1~ f''t.('/~ ftc'" tA(~ '((k"h/'!<'-

~ (f..d.1l. b6t(+,,(~rr c't\','I,'o~ a.~ w~() ItA ,{t'1tg

fe t"'"~([ pll'p,/( (,.tl) i'#, l'-p((?,( It! 1~()/

it l'~ J..1}l7'aUe ?I Ato/t.. ~ p~-rftl{.(7

S'Y 1n mot frf' c. pdf( f t'tt W-~ -t. ~ ~-f ft Y 1 I ~-l.

pdfH we'flt f..?tu{ 1(1. gQP~, ~"'~ Lv,',(!AS.

~ O~ ,'f ->7tla..r Wl',{'- d,'r,(( -"'(~t ,;,,{c 3"'IJ~1t(i

f. be 0"- ~~ft ,,'I.l ( .(.v~/l(,dt. wdA. POltSOI1/

-) {('t{,(~ (1\ lr"'~l" lJy /o-A,Oi{ J.'.t

!!JJ

/

~.-_.~ ....-



_.....--_._-_... _-

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.- ...'-----

I

c::~~
>'



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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