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fn Redistion Projeet Frogress Report Ho. 2 certain
preliminery estimates were made copmscled with che requirements
on the converter field and powar supply. Bowe of these will be
amplified here., Im parvticular further attention will be given to
estimating the phase space of the ilimee beam and the depsndence
1

of the stored ensrgy in the magpetic field on this,

54

The field must be shaped so that 1% can trap injected
variicles. This weans thet cutsids the vegion of radial focusing
there must be 2 reglon of vadial defovusing snd 2n uvastable
eguilibrium in bebween. With respech o vadisl metieon this stste
of affairs can be vepresested by a phose spaee disgrem (Bgare 1),
which shows the separatyix beiween stable sad unstable orbits.
in & timg-indepeadent field the iancominmg orbit must lie om the
separattin for tvepping, which then ogours presisely 2t the
saddlic-point (umstable equilibyiuvam) orbit. In the diasgres the
separaiviz ig drawn for one particular field and pevticle energy,
which, for the given fisld geowmetry, detevmize the vositions of

the stable and vestable eguilibriwm orbits. As the field incresses
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n time, the equilibviom orbis pesitions wove to movre widely
separated radil apd the phese spsce aves of the sepavatbrix

ingrezses, which therefore suggests that pavticle trepping may
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scevr for inirially umstable orbizs indicsted as typefz in the
flgure if the sepavatvrix expands f2v emough during the trajectory
vo cspburs the orbit. Computer zaleulations show that this is

in fact the case. Lun the appeadiz s gqualitaiive argument will

be sdvanced te indicate about how much the ovipinal orbit may be
digplaced belew the sepavatviz aad still aliow capbure in & tims-
ineressing Fleld. Resulis given in the appondiz accordieg ko
vhese cealenlstions indicate somevwhnt move strimgent veguirements
on the linse beam thsn sppeaved im the original estimstes,

although the final results reguive the compuisy program.

Phe sonditicn » < 1 {a® -¢3U/Hdr) in some switasble avexage
sempe ie pecessary bot mot sufficienmt for ovbit steability. The

orhizs ave kaown to be vertieall iy uastable when 0 < 0, a condition

which sovresponds to field lines which diverge with lacressing 2.
1t 4z cherefors not desizable te 2llow the radial pseillagices
o have too lavge on amplibude if, a8 sceme desirable for

stored-energy Teusons, the n-valus becomes megative within

some periiculsr radius. Filelds for which the lines comverge with

incressing » at all zadil stovs mush emergy in lavge-z veglons
whare it ip @ﬁ ve uwee in contaisming the electvoms. Kt i cthus

suggestbed that to winimize the stergy otored inm the field ome

u3

should limit the ramge of ovbiks so ther the n=l podnt is reached

2t soee definite rvediuws, If ons assumes that the field is meazly

constant in time devimg the vadiztion fmteywsl, then Che 1-Bev

-

alectrops in @ L-E fleld will vadiate haif thelr caevgy in a

contsinment Cime of ~ 200 nuec., which measms Chat in this time the

srhit vadive will shrisk by s foctor somswoel greater than €
3]
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sinee the fisld is imcveasing inward) . Thus if the matio

ns




rin=1}/r{n=0) iz less then this factor, the orbits will become
yartieaily unsieble at the end of thelr comtaimment and will
isave through the ends of the converter, This kind of behavior
can be of copsiderable bemefit in getting vid of the spent
ca?;m,'&:“@m im the system, but 1€ sets 2 lower limit on the stored

BRETET o

The final coll design reguives the computer, bul = Ffzel for
the conductor configuration csm be arvived at by comsidering
single~filanzye cireulay colls. For det terminatlon of the field
it ig conven'ent £o use the Y-functfon in axial sysmstry, where

Y omed, . Forihe ecalocuiation we consider o fined coil radiusg
3

of 1 em. We ihem haver

3
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where® € 7 KM -122-927, ond ¥ and B ave cowplete elliptic

integrais of wodidus %, snd whers

Surfaces of constax ¥ corvespond to field limes, so thae
aa@tis:@&a':ca enw pe lsced ab thew (i.s., they are sapiogous to
Zind the Ffields we have

gg; = BY g,ff-:r.é:i;d’.ﬁ‘o' I‘i_‘ = m?ﬁ‘m?ﬁ:@; ths magnetle flux chrough any surfsce

7 o
of censtant ¥ ig 2nl Fﬁ.gwa 2 shows B, f,, and n for z = 9,5
(Holuholuz configwaion) and 2 = 0.4, In the lstter case one




antes that r{n=l)fr{n=0) iz 0.77/0.%1 = 1.87, whereas we

have W(n=l)/H(r=0) = 0.7, so that the orbit shrinksge under
50% energy loss 12 2/0.7 = 2.83, and 5 = 0.5 iz therefore too
small., Xt seems clear that ome will not do muech better tham
the Helwholtz values, so that the chief advantage in making

% glightly Iess thawn $.5 is to create an escape path four epemt

electrons .

It 48 advéntegeous to plot equi-¥ suifaces simce this alliows
caleulstion of the wtal contained flux and thus of the inductence
2r¥/i. In parciculsr, the move space is filled with cundﬁc2019 m
the greater the stored energy reduction. This wmesns making the
current ~carrying conductors a8 large as possible and perhaps
even using a centzal conduwetor on aa equi-¥ surface so as to reduse
gé@ fiwx countained in the active region. The stored-encrgy
advantage of puch 2 conductor must da weighed agaimst the
wndesirable intersetions it may hawe with the esvaping electroms.
The geometric seale can be roughly set b?_recaliiﬁg that 1 Gev,
10° gause ¥ F.beewm radivs, while we fimd that for a=l, v ~ 0.75
in our l-em~radivs codl, so that the seals Factor 45 3.8/0.75 = &.53.
The cwrrent fov z=0.5 is then 10%/{5.0/k.53) = 1.51 % 10® emu,
while for z=0.% it is 10%/{3.6/4.53) = 1.28 % 10° emam.

An spproximete graphical estimete of the z=0.5 sepavatriz
{Figure F: a comductor placed om this surface just closes the gap
batween the upper apnd lower coils) indicetes the moximumn Vevalue

which sdmits communication of the interior of the configuration
with the cutside along the medisn plane; this iz at v=1.3,

¥=0 .05, Thus the total flux {for ome comdustor) is 2.05 X 2w = 12.9,




Al A T IS AL AT L T R T T
i - tl, H NN s
- AT 7 T AN i —|-
] :
7 AT AR R N AR T A - -

ary / IRy, :La W Ll b | AT i I S = T T
& Ll AR AN AT AT PR A Lt | sp A G LA 00 VI THZ A g
o - . = i
. W — L < .
i ;
FdB ) ¥
BERNEE EER -1~ == -~ -
I I - _ i . - ,
HEERN / ¥
— ot vl !
_H ;\ N _ L)
- P - B
i N o
¢ A L. >
\ T - = : .
: = 7 ; =l - ? -t=
= |
L r A
/.4 B
i - 1A W R
. N A ik 1
it - i TR N —
_ y i A 22 PIZ s /7 A P L LA !
) R ¥ ~ 7
I U] - 2 £ -
- - - d !
- 4 i
P .,., x
7
-] ] BES 1...[
AT L A SNV R R NN | AN A AT A [k A T AN AR Tl Ay - . ]

*OD HRSET W 13A44AT

é.m.az_mn._qz mm:qumHXh.rC .
. 9BBO Oy  MIKIFAOLE X8 = _3_




b £

se that the inductamce {for 1 emu) is 12.9.wh, or, with the
scale factor of 4.5%, the induckance for this configuration
is 12,9 X 4.5% = 58.3 wh. A centrzi condustor placed ok
r=i).3 Lowersg this by about 10%. The corresponding figuves
for 2=0.k axe 69.2 nh and also abour 10% inducismce reduction
due Lo @ central comductor, The stored enevgies for the two
cagses {without centwral condwcior) st I MG s& m=l ave 6.6L VI
and 5.%9 My,

= ¢ should be reealled heve that the Figures 1 fev sad 1 10
- are primarily for referemce. These storad-epergy nushers certainly
¥ offer formidaoble d4ifficulcies and sugsest that compromizes in

the pryeicle enevgy may be needed. In 8 configuration of fized

shape the stored enevrgy is propsrtiomsl to REWDVvY/H, whers R

ig a limsar dimension and the perticles are velstivistic. This

dependence can be seen graphicsily in figure %, chowing lines

4/-(‘ -
oS

of consbant stored enmsrgy based on 6 WY for 1 Gev, 1 MB. It i3
sugpested thet & veduction im beowm emergy, with 2 corresponding
— lncrense in cwriemt, may be desireble from this point of view,
simee it hes heen shown (Radiztion Project Imtersal Report Be. 3}
that the Linec power requivements ave not strongly dependent on

eurrent .,

The cosputey program which solves the VYeequation

3E327 4 a3 {MWiedr) = O

doss not have the copducter curvent zg a privery datum: it must

be determined imstead by the integratiom
¥

i = {1k &

k-4
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around the condustors, vhere Y is convenlently teken as waity,
The program then also provides the inductance 2n/1i and che
stored energy wi. H ond a chould be vead out om the medisn
slase. A progrem giving ou aceurzate (imzervals of 0.02) table
ﬁf‘T(E§Z) for a filamentary conductor 1 em in radius amd =
current of 1 emu would be couvenient for rough desipns of

N . cbil-shapés,'sig@@ with sueh information egui-¥ surfsces could

- _ éa@iiy be sketehed,

o5
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APFERDIX
' For the equation of simglé-pirticle radial motion (verticel
motion and radiation are disregarded) we use the simplified
B eguation
. : ¥ = By - {eivm}ﬁﬁc
. We weite H_ ﬁ'@h(rjﬁ@39 where f@ ig the scale of the field and T
ig A fumct£s§ of time only, From sdisbetic argpuments we take
) it that wﬁﬁ@ﬁu Thus if ¢ = rir@, dr = cdtizﬂ, A= ar@TfmmE,
) prime = dfdv, them |
B do’fdv = /e <rbfpl,
§ dpfdt = p’.

Thue

5% = log o <aglp) + €, 2 Egu hix) dx,
(o}
The eenter and saddie point locations ave given by the solutiong of

' oki{e) = 1/%.

Ta the interesting vegion the lafi-hand side ie a positive
"""" Function of » with 2 single maximum corzesponding to n=l. Fox
_____ A lavge enocugh theve are two voots, the smeller of which

eorveeponds to the cemter (sfeble sguilibrium) awnd the larger

{donoted by gy) to %&é saddle peint (unstsble eguilibrium).
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¥or a givem A the value of the srbitvary comstent C

b, P

determines the pavticular orbit {é@@amﬁimg on indtial conditions).

The egustion of the separatzix is

B0® = log (ofp} = Mgle) - glo 1.

Ty estimate the renge of trapping, write

-y
l

i

H

H
-

1002 = g (i/p - Ab}dp,

where the im tegrzl ie elomg the phasergpace orbit. If both ends

of the path 2re at che isme walue of p, say fge then

Pg

~ Puin
hop’® = m\ Rhdp = a{\) hhdp + S Rbdp) = «(h, = Ag)hg,
) 7o 6 :

! : 8 win

i

e cons

NS where Ay by

’{@@h gmi@} and (@%iﬁ,'ga) ang Ag = %(@8)'@ gfﬁmiﬁjg Then one €an

wrise

sre sgrropriste sverages of A over the intervals

oo
=3
K »]
]
i
B
=
m%
< 4
=
&2
k-1

where AT i7 an approsriste fraction of 1 turn, which must be
found by 2orve detailed ealenlation. Differential apalymer
saicuis:ions for saddle-poiut eopture (i.e., tokinmg the imitisl

p equw i 6 p a8 is doume heze) give this €raction a8 ab@uk‘ﬁaﬁ in
pypizal cazes. Se in the present omits we take AT = (.3 X 2n ~2,
glv.ng for the range of trapped orbiis

N .

Lie "Bl = 237 bg.

o)




' @hﬁﬁ& as is practically the case, imja&timm ogeurs st 8 radius

greater than p_, we assume Lhat o’he’ 1s given by this same

. gusntity: thus in geneval

7 5

1 ig”&g"g e 22’ Ag.

To find the hovizontal phaze gspace st injection, referx

te figure 5, from vhick mz have

- Y4 ge=0,
N éNfdux = -gan ¥,

- ‘ dpfdT = ~gan ¢

7 {8 messuvred zlomg the imcoming trsjectory in units of £, with

the w2loeity filxed at c. WYWe suppsse that ¥ iz gwalls thewn

R dp/ds =~ « dT/dx + tanfars a@sfiwﬂ/gi)]s

whave By is the imjection radiuve, preeumably the zere-field poimt.

The esptursble zange of p’ 13 miven by

Pl o Y 7, s
Ry e’ e A gh,’,

? o 2
where fs iz zhe valee of o on the sepsvatriz at PP, o
&@@@pgaﬁge‘phaae space baua&a;ieg are therafors

&Vdx = =p,’ + esafarve eos{iwﬁfpi}]
and

dfifdz = ogi” + taniare @ﬁﬁﬁﬁmﬂfﬂﬁﬁl = 20’4 Efﬁﬁﬂo

e
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The phase spsce is sketched voughly in figure 6. The height
is about 2070 gfo’ and the width is about P tilving of the
imjecked phase space Tigure is needed for opiimizing the fit,
which implies thet horizomtal convsrgemce of the entering besm s
indicated. Optlmally the required phase space is thus of the

order of
29113& gfpijo
Eaverting to the origival, practical varisbles, we have
o't = (2 _fe) (A/H}bg,
horizental phase space = €ﬁﬂﬁﬁa)i@iyc

The guantities Ag and pi” must be found by detziled examimation
of the magnetlc field shape. Typically such guantities are of
wnit magnitude,

To emzmine the regquired ecmergy tolevamce cemsider the
sine-indepandent situwation, for which it canm be seem that oB¢ ¢an
at fixed p defime p;@p ss a fumction of 1/h, whick plays the
role of eunergy im these wmits. Thus oy wvalue of /A uwp to the
mexioum, which {8 just accepted at the w=l point, ig allowed,
but, singe o’ 18 & fupction of I/h, theee ivcoming tra jector.es
mugt be vavicusaly ﬁefiectéd 5% the bean is imﬁroﬁucedo
tecordingly an emevgy~semsitive angulir deflector is needed at

the injection peint. Bewrerzlly ome will expect perhaps a 10,

i1
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spread in linaz emevgy, and it 48 assumed thet & magaetic

- defiscror capable of sufficient dispexsion (= dp fali/n))

N cam.&@ designed. Thus the entvaunce opties might be as shown
in figure 7. There are aaturally substentisl snd detailed
electron-optics problems Lyvelved in this degigm, which it is

not the intention to go into here.
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