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Summary 

Magnetic field computations have been 
performed for a four-inch coil aperture 45 kG 
dipole magnet that may be utilized in a high­
field option of POPAE. 1 A cold iron version 
utilizing flat pancake coils has been explored 
to determine the magnetostatic effectiveness 
of a simple coil geometry. Suitable locations 
have been found for rectangular blocks of 
conductors each consisting of 280 turns of 
.040 in ~y .040 in conductor. 

Design 

Since the POPAE storage device is oper­
Qted with direct current, the wire chosen for 
the coil winding may be reasonably small. A 
convenient choice is .040 in by .040 in car­
rying about 200 A which gives a comfortable 
current density of about 125 kA/in 2

• The 
field accuracy requirement for a storage ring 
is tighter than that required in an accelera­
tor. Hence, it was felt that accurately posi­
tioned blocks of current might be preferable 
to a monolithic random wound coil. A flat 
pancake was chosen for the individual block 
a~ being the simplest coil to wind. Before 
potting to the final shape the ends are turned 
around elliptically and bent up at an incline. 
This gives a coil package consisting of flat 
pancake blocks .420 in by 1.177 in each bent 
up along inclined planes at the ends such that 
they nest onto a cylindrical bore tube, the 
length of each block being chosen to minimize 
the longitudinally integrated multipole con­
tribution. 

The field in the transverse section has 
been calculated using a complex variable 
method. 2 A search mode is employed which mini­
mizes the energy content within the reference 
radius of a preselected number of multipoles 
higher than the dipole. The parameter varied 
is the horizontal location of ,the inside edge 
of each flat pancake coil. Since the ends 
occupy only a small part of the magnet length 
relatively few trials with varying positions 
for the turn around centers suffice to mini­
mize the higher multipole coefficients of the 
longitudinally integrated fields. 

Tables 1-3 are self-explanatory. Table 4 
refers to the longitudinally integrated fields 
in which inclined elliptical turn around ends 
are used, the turn centers being separated by 
the length indicated. The entries T(N), S(N), 
and R(N) refer to coefficients in a multipole 
expansion of the longitudinally integrated 
magnetic field. Successive terms give 6B at 
the reference radius for the dipole, sextupole, 
decapole, etc. The contribution due to the 
currents with no shield is T(N), the contri­
bution from the iron shield is S(N), and 
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R(N) is the ratio T(N)+S(N) divided by T(l)+ 
S(l). Table 5 is similar calculation in 
which the contribution from the ends is omit­
ted and the length set equal to one inch. 
The median plane field in the transverse sec­
tion is given by BT. Columns BA, BS; and BN 
give respectively the contribution in the 
absence of t~e shield and the total field 
normalized to unity at the center. The entry 
DELR(N) is an estimate 3 of the magnitude of 
the change in R(N) induced by saturation 
effects in the iron shield. Finally the net 
flux entering the iron is given from which 
one sees that if average fields less than 
18 kG are desired in the iron the magnet 
diameter is about 22 inches. 
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Table 1. Performance Parameters 

Field Strength 
Effective Field Length 
Good Field Width 
Field Quality(~B/B at lin Rad.) 

45 kG 
237 in 
3.0 in 
±.01% 

Table 2. Design Data 

Conductor Current (45 kG) 
Cond. Size(no insulation) 
Effective Current Density 
Total Number of Turns 
Insulation Thickness 
Iron Shield Inner Radius 
Outside Dimension of Iron 
Total Length of Iron 

212 A 
.040 in by .040 

132.5 kA/in 2 

3360 
.001 in 
4.25 in 

22 in by 14 in 
252 in 

Table 3. Critical Fields, Stored 
Energy, and Forces 

Maximum Field in Conductor 
Stored Energy 
Inductance 
Effective Rad. of Cond. Blocks 
Traction at Effective Radius 

Angle x-traction 
(Deg} (lb/in 2

) 

0 1005 
40 1465 
50 1475 
90 0 

Displacement Force 
(x-displ. .010 in) 
(y-displ. ~ .010 in) 

48 kG 
l MJ 
47 Hy 
2.875 

y-traction 
(lb/in 2 ) 

0 
-823 
-695 

0 

in 

29 lb/in 
29 lb/in 

in 



TM-576 
1500.000 
4/29/75 

Table 5. l'Of'AE DIPOLE HirH PANCAKE COILS AND :;ncuLA~ SHIELD 

ORDER. OF POLE CALCULATIONAL HOOE NUHBER. OF BLOCKS 
HIGHEST HJLTIPOLE ORDER 
CONOlJ.CfOR -tEIGHT IINI 
INllER IR.O~ RAOIUS<INI 
HORIZ, PLOT INCR.EH.IINI 

1 
19 

, 0 'tDQ 
'to 250 D 

.10110 

CONDUCTOR CURRENTIAI 
INSULATION THICKNESSIINI 
SIHPSONS R.lJ~E X-INCR£H.IINI= 

1 
212.Q 
.ooio 
.uOdD 

CO~OUCTOR HIOTHIINI 
REFERENCE R.AOIUSIINI 
SIHPSONS RULE Y-INCREH.IINl= 

BLOCK TURNS LAtRSl'BLK CUR.DOI SPACER XO:ILK YOBLK lLPHBLK LENGTH 
CKA/IN/INI UNI UNI UNI 10!.AOI CINI 

1 28o0D 10.00 132.500 .000<1 Z,1725 .oooo .2500 252.0000 
2 28.110 10.00 132. 500 .oooo 2.0937 ,SOliO • 2500 2't8.Dli00 
3 28.00 10.00 1J2.500 .i.ooa 1.ad12 1.aooa .2500 2't't.00Dll .. za.oo 10.00 132.500 .oooo 1.7028 1.5000 .2500 2400 tiullll 

5 za.ao 10.00 1J2. 500 .oooo 1o2&l5 2. 0000 • 2500 23&,00llO 
& 28.00 10.00 13Z.500 .oooo .61t2Z 2. 5000 .zsoo 232.000~ 

"ULTIPOLE COEFFIClENTS 

TCN> 7olo25E+OJ g, 31+7E+il0 -7,ZJSE-01. -1 ... Ei9E-O 1 5o 10'tE-02 '*• 't&5E-J2 &.Jli9E-liJ 1. 537E-OI+ -9.7J9E-05 
srnt " 3.251E+G3 -7.0ltSE•OO 4, H3E-02 4o028E-OJ -ft,6&9E-05 5, 79 7E•Oo Z.6~ftE-09 -J.J'H>E-09 ~.55 .. E-u 
RCNt 1.DOOEth 2.15&£-0'o -&.35'tE-05 -1,JJ9E-o5 't. 771E-O& Ito 182E-O& 5.909~-07 1,lt39E·06 -9. 09<tE-09 

• 
XUNI BTCKG-INI BA CKG•INI BSIKG•INI BN 

.00000 10&75.75819 7421t.92197 3250.83&22 1. ooooa 

.10000 11l &75. 7 8111t 7't25.01537 3250.7&577 1.ooouo 

.200011 10&75.34917 71t25.294&7 325il. 55'o50 1. 00001 

.30000 10675.9597& 7<t25. 7572il 3250.20256 1.cooo2 

.1too o" 1D&J&.10ll56 74z5,3·3333 J249. 71023 1.00QJj 
050000 1Q07f>.26·925 7'<27.2113 .. 32'<9. J l7S2 1.ooao5 
.&lluOO 10&7& ... 9339 7428.1672'o 32't8.lil&l5 1.cooa1 
.1ouoo 10676. 71067 71t29. 3150& 3Z't7.B5&0 1. oaaoi 
.aoooo 10676.92980 7430.562&6 JZ<t&. 31t712 1. 00011 
.90000 10&71.1"D91t 1't31.il79Z3 JZ-.5.1&172 loODHJ 

1.oouoo 10&77.J'+072 7"33,50012 324Jo8l+Q&~ 1.~ao1s 

1.100~0 10677. 54206 7435.15&85 32't2.385l2 1.00011 
1.201100 10677.79157 7't3&.99432 32'+0 .73725 1o0il01'l 
1.10000 10G76.19':JO'o 71tl'J.121l 39 J2J9.D76&C. 1.GOJ23 
1.1+00 00 10&78.9d52& 7'tr.1. 75351+ 3237.2.$172 1. OilOJil 
1.sooou 10&60. 5559& 741+5.2%90 3235.2590& 1.000-.:; 
1.60D'O 10&63.61235 7'o50.1+48&7 323J.1&3&8 1.uD07it 
1.10000 111&a9.Jo910 7456.3&023 3230.91+9~1 1. GO 127 
1.aoooo 10i699o 1+7228 7410.65132 3228,&18'17 1 •. 00222 
1.90000 1071&.87996 71t90,70197 322&.17799 1. 00 365 
z.ooaoJ 107't5.6G6&1 7521. 97749 3223.&3112 1.oo&s~ 

z.uoou 10791.'o1315 757,; .'o29'19 3220 .98405 1.01aaJ 

Table 6. POPAE DIPOLE HlTl'I PANCAKE COILS ANO ::HCULAR SHIELO 

ORDER OF P:lLE CALCULATIONAL HOOE NU~BE~ OF BLOC~S 
HIGHEST HJLTlPOLE OR~ER 
CONDUCTOR HEIGHTIINI 
lNNE!l 'IRO~ RAOIUSIINI 
HORIZ, PLOT INC:REH,IINI 

1 
19 

oO'oOO 
... 2soo 

.1uoo 

CONOUCTOR CURRENTIAI 
INSULATION THICKNESSUHI 
SlHPSONS RULE X-INCREH.llNI= 

D 
212.0 
oOull 
• ii060 

CONOUCTOR HIOTHIINI 
R~FiRiNCE R401USIINI 
SIHPSONS RULE Y-INCR£M,IINI= 

BLOCK 

l 
2 
3 .. 
5 
r. 

TINI 
SlNI 
RINI 
OELIHNI= 

HAX. FIELD 

TURNS LAHSIBLK CUROEN SPACER XOBLK YOBLK 
(KAIIN/INI CINI I INI IINI 

28.00 10.oa 13z.5ao .oooo 2.1725 .oooo 
28.00 10.00 132,SOO .oaoo 2.G9J7 .5000 
2a. oa 10.00 lJZ.500 .oooo 1.8812 1. 0 00 D 
?8.00 10.oa 132.500 • Oil 0 0 1.7Q25 1.sooo 
26.00 10.00 132. 500 .OGOO 1.2&25 2.oouo 
u.aa 111. 00 132.500 .oooo , &lt22 2.sooo 

"ULJIPOLE COEFFICIENTS 

3o1J6E•01 lo168E-G2 -2.062E-O't -3,&ZZE-05 1.215E-D't 
1.375E•D1 -J,1&5E-02 2,03<,E-Olt 1.611E-05 -2.SlltE-07 
1.000E•ilO 5.ltlt5E·a7 -1.059E-07 -4.0LJE-07 2.t.87E-ll& 
6,39ZE-02 1, 5't9E•O J 5.1"5E-05 2.0J4E-O& 6. 760E•U 6 

XUNI BTCKG-INI 6A(i<G-INI ilSIKG-INl 

,OQllGG 'oS.10800 31.35924 13.7't67& 
.10000 'o5.10800 J1.35'155 13.7~8ltlt 

.20000 .. 5.10800 31.3&050 13. 7"750 

.JOllOO 45.10601) 31.3&2il9 1Jo7lt591 

... oo 00 45.10800 J1. 36430 13.7itJ70 
• 50000 1+5,H600 31.3&714 1J.7it08& 
o6DDOIJ .. 5.10801 31.370&2 13.7373'1 
.10000 45, H802 Jl.37472 1J.7JSJO 
.80000 lt5.1G605 31.3794& 13.72859 
o9DOOO 45.10UJ 31. 3 8it8& lJ.72327 

1.00000 1+5. tGBJJ 31. 3910J 1J.717l3 
1.10000 45.10681 31.39801 13.71079 
lo21ill00 45.10 965 31.4061'1 1J.703&& 
1.30000 lt5.1120 4 31. 41010 13.&'l591t 
lo'tDODD 't5.11&Jtl 31 ... 26 74 13.&87& .. 
1.50000 ft5.121t&1 31o'o4581t 1J,&7876 
1.&0IJDO 1tS.13'1&5 Jl.~7023 13.&&'ll& 
1.10000 lt5.16&10 Jl.50&&9 lJ.&5'141 
l.80000 1+5.21109 J1.5&Z15 1J.&4691t 
l.9110011 't5,£8519 J1.&lt721 13.&3797 
2.flOOOO 1+5.'oJ3'o7 Jl.77695 1J.&Z&>J 
2.101100 ltS.58653 31. 91190 1J.&1 .. &J 

ALPHBLK 
CRAOI 

.2soo 

.2500 

.ZSDJ 

.2500 
, 2'> Oil 
.2500 

1.0000 
1, 0 iJ uO 
1.0000 
loOOOO 
1.00uO 
1.~~00 

1. 839i::-ll't 
2.&37C:-U8 
lt.077E-a& 
J, %6E-09 

SN 

1. OOOOJ 
lo liO UOil 
lo OOJOO 
1.oouoo 
1.000\lll 
1.00Jiiil 
1.000JO 
1.1ioooo 
1.00000 
1.00000 
1.00001 
1.00002 
1.00001+ 
1.00009 
1.GllC19 
1.00037 
1.ooa1a 
1.00129 
1. 00 223 
1. 00 3-IJ 
1.00655 
1.010&1 

2.562 -GS 
9.0S'l -11 
5.72~ -u 7 
1o65'l •iii 

lo't05£-0 7 
-1. 516£-11 
J.115£-09 
6.919E•12 

ON IRONI KGI 28o't271 IRON PERHEABILITV AT BHAXFE= J,1+&~2 FLUX IN IRONIKG-INI. 

2 

-4,f156E-07 
2.113E-13 

-1.077E·C8 
't.357E·1J 

& 
• 0'+00 

1.oooa 
• 0 il 80 

-4,99.iE•D7 
-1.J27E·12 
-4.&7'+E·11 

e. 
• u40U 

i.couo 
.iJC:8;.i 

Jo6&lE-il9 
·4.295E-15 
S,55~E-11 

l.156E-1• 


