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Introduction
In apreviousreport [1], I outlineda procedurefor designinga four-layer

dipole using the sameconductorin the inner two layersand a different
conductorin theoutertwo layers,andinvestigatedthepotential increasein
operatingmargin andthe field quality for sucha design. I concludedthat
sucha designwarrantedfurther investigation. This, then,is Stage2. The
purposeis to showwhat canbe donewith sucha designratherthan to
presentspecificdesignproposals.

Design Procedure
Thedesignprocedureis as follows: We selecta certainnumberof turns

for eachlayer. We then adjustthe two conductorazimuthalthicknessesto
makeb2 andb4 exactlyzero. Theb6 termmight notbesatisfactory,the
transferfunction might notbe asgreataswe think it canbe, or oneor both of
the conductorsmight be too thick or too thin. We selecta new setof turns,
andtry again.

1 consideredthe conductorsto befully keystonedin Layers2 and4, that
is, theconductorsurfaceslie on radial planes. Thekeystoningis deficient in
Layers I and3, sotheconductorsurfacesareat anangleto the radial,the
maximumanglebeingat the pole. This maximumangleturns out to be less
than themaximumdeviation from radial for the058 design.

I definethe packingfactor at theinner edgeof the conductoras rd/2wj

[3], whered is thestranddiameter,and wi is the thicknessat the thin edgeof
the conductor. For the proposedKEIC design,the thin-edgepackingfactor for
the inner cableis 1.1168; for theoutercable,1.1304. In this study I usea
maximumpackingfactor of 1.1300. 1 useessentiallythesameinsulation



thicknessesusedby Morganfor the C358 design. I thickenedthecollarsa wee

bit to accountfor thethicker coil.
For this study,I usedthe formulasfor themultipolesapplicableto radial-

sidedblocks,whichmademy procedurerun perhaps100 times faster thanif I

hadusedthe "exact" conductorconfiguration. Thereareno exactmethodsof

modelingreal things; thereareonly variousdegreesof approximation. For

thepresentpurpose-toseewhatcanbe done,ratherthan comeup with a

specificdesign-thisapproximationis plenty good. I usedtheNewton

Raphsonmethod,with analyticalderivatives,to obtainthe solution. After
trying to adjustthe numbersof turnsby hand,andgettingnowhere,I rigged
my programto cycle througha numberof setsof turns. Some400
combinationsof turns were tried; I amreasonablycertainthat I coveredall
potentiallyapplicableones.

Comment
This is adifferentball gamefrom the usualone. Theusualprocedureis

to divide eachlayerinto severalblocksof conductorsseparatedby wedges,
selectthenumberof turns for eachblock, thenadjustthepositionsof the
blocks-byadjustingthe wedgethicknesses-toeliminatetheappropriate
numberof higher-ordermultipoles. The conductorthicknessremainsfixed.
I don’t think anyonehasregardedtheconductorthicknessas a free variable
before,exceptwhen I mademy investigationof the proposedICEK two-layer,
5-cmdesign[21.

Results
For many turns combinations,the b6 term is well below tolerance-

muchless than0.1 units. For thosecasesin which the b6 term is very small,
however,the b8 term is large,usuallyof theorderof 0.15 units, which is
muchlarger thanthatpredictedin Ref. 1, for reasonsI don’t know. By letting
theb6 termbe greater,it was possibleto reducetheb8 term, However,for
only onecombinationthe b8 term is as small as0.10 units, althoughthereare
severalfor whichbs is 0.12 units or less. From amongthosewith acceptable
field quality, onewould selectonethat has a high transferfunction, which
implies a large numberof turns and conductorthicknessesapproachingthe
lower limits. It turns out that the combinationhaving thehighesttransfer
function of the whole bunchalsohasoneof the bestfield qualities.
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The largesttransferfunction is 2.635T/kA. To get the transferfunction

in termsof currentper strand,to comparewith C358,we mustmultiply by the

numberof strands: 2.635x 13 = 34.26T/kA per strand.The corresponding

numberfor C358 is 1.0395x 23 = 23.909T/kA perstrand. The increaseis a

factor of 34.26/23.91= 1.433,aboutequalto the 1.414 predictedin Ref. 1.

The parametersfor severalof themost likely candidatesarepresentedin

the table.

Parametersof SomeFour-LayerDesignCandidates

Cond. thkns.mm* Transfer Multipole coef.
Turns in layer Layers function b6 bg bio

1 2 3 4 1, 3 2, 4 T/kA Units

22 23 27 17 1.388 1.019 2.4898 0.38 0.22 0.05
22 22 27 18 1.390 1.021 2.5145 0.32 0.21 0.05
22 22 28 17 1.389 0.994 2.5156 0.37 0.21 0.05
22 22 23 18 1.391 0.997 2.5400 0.32 0.21 0.05

22 23 27 17 1.373 0.990 2.5192 0.67 0.29 0.06
22 23 27 18 1.375 0.993 2.5440 0.62 0.29 0.06
22 22 28 19 1.394 0.997 2.5649 0.26 0.20 0.05
22 21 28 19 1.408 1.027 2.5393 0.035 0.125 0.035

22 21 28 20 1.414 1.025 2.5588 0.094 0.116 0.037
22 21 29 19 1.409 1.003 2.5600 0.026 0.120 0.037
22 21 29 20 1.411 1.002 2.5846 0.083 0.111 0.035

*at middle of conductor

Conclusions
The four-layerdesign,usingtwo kindsof conductor,appearsto be a

promisingway to getmorethana 10 percentoperatingmarginwithout
havingto developa new cablestrand. However,it would be amistakenot to
look at otherways of increasingthemargin. Three-layeror four-layerdesigns
that fit within the presentcoil envelopeare possibilities.

Many factorsmustbeconsidered.The presentdata-patheticallyscant-
suggeststhat if finer-filament materialis used,thedegradationwill be too
severefor thedegreeof compactionassumedin this study. Enddesignsmust
be considered.And theanalysispresenteddoesnot includepeak-field
determinationsalthoughexperienceindicatesthat the field rise for the
thickercoil will be no greaterthan that of C358.
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