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1. We have examined with the MURA computer the effect of a 6. k error in the 

Illinois model now being assembled in Madison. The investigation employed the 

FORMESH-GRUMBLEBUMP programs, since the MUMBLEBUMP program employs 

the same constants throughout and hence would be unsuitable for the present purpose. 

2. The relevant work involves the following parts. 

(i) Orientation and stability-limits for design parame ters (k =0.7) - - LJL� 

MURA - 213 (Internal);� 

(ii) FORMESH-TEMPERMESH orie ntation and stability-limits for k=O. 8 

throughout; 

(iii) FORMESH-FOROCYL, employing FOROCYL 61 (k =0.7) but with 

GRUMBLEBUMP always present to effect a change of k to O. 8 (comparison with 

(ii) constitutes a check of the bump coefficients); 

(iv) FORMESH-FOROCYL, with GRUMBLEBUMP introduced one sector per� 

revolution.� 

It appears from the results of this work that the main effect of the increase of k 

in one sector is a partial decrease of the radial phase- space available, similar to 

the larger decrease found when k is increased in all sectors and ax. becomes 

* Supported by Contract AEC #AT(1l-l)-384 

** On leave from Iowa State College, Ames, Iowa 
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more nearly 2...11' , but with no notable effects attributable to the decrease of perio

dicity in the structure. 

3. The selection of GRUMBLEBUMP coefficients was based on the following require

ments. We denote the original k-value of the mesh by Ito and the value which we 

intend to represent by kl' The magnetic fields are described by the reduced field 
~ 

h, 

such that the field employed in the computations is 11:(1 + x)k
o t . We 

wish to achieve a field with components representative* of a median-plane field 

-H,L =: ( , ... 4'(I +];I!--m CCJ "'t~#-X) -NS) + 1'... .sII) h7(~tt1l.-Nfl 
H" ;: -K, y ... /(, (I-!f,) "y 

-A~"J K, (ells IhN8)y -~.._ ~ (s,;, nJNS)Y 
f:'11J2 \1 

+,II..-rwi -k,(K,-lij(CD..t JIINt9) ~y -,;H.,,,,f)I<,-fl~ (siJ'J IJINI)~, 

-14. ef (cos I17N8)Y -+- ~,,,, /{, ($//1 I71N8) '/ 

-Vo,,,, (2K,-J)$- (t:os mND)Zy� + ~1II[J(,(I(,-I)-~J(sHI MN')~Y 

+O(r~H) , 

+~[~ -H,(K,-J)](GIJs. hlN8)X.1 

cont. ; 

*cf. LJL (MAC)-4 
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H. = AI'" IIJN(rJ/J I1IN8)'j 

.~ )-A. w (cos mN~) x~ ~ 4", (X,-I) waN (Sill inNS .-t!t 

+ ~.I'" HI N(CO$ I1JNIJ):t 

+ ~'" (I<, -I) I'll N (e.1JS 1ttNIJ) K.V .j. v",110 ~N (&.l" WINS))/I+:'.
J 

-The components of the reduced field h which we desire to be effective 

are then selected to be consistent with the foregoing t.erms in H and to 

contain otherwise-arbitrary higher-order terms to insure 'V. H= 0 exactly: 
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+ ~Itl (ko -2/(,+/)1J (t!.OS 111118) ~t + 'U,,,,[J(,(J:.I"*o-I)-~JSIII"I1(;))~! 

r J!l2N2J.. ,
+ u'JflLko -2K,t2+ K.+I w(~()S"'N(;) t!/ 

2 . 

+ 1'111 [(K,-Ko)D -(K,-K.J]+~I.) (COS I11NS) ~~ ~ont. 
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- 'i'''' (K, -Ko-I)£J (Sin WINS) x: + i·[i</-"lNa_~l(c()S mN~Y2. 

+.A.... K, ~ (S/h I1IN6)Y!+.Am ~3[(K,- ~:~/XKI-K.-2)-~~"$"'~xt 

_lj'" (K,-Ko-l)f(t:t7,s fANS) ~1 

- ~tA {(KI-Ko)D-(K,-Ko)]+~J(Sin /fJN8) X 
2 

fa L(,..K,~tf)S "'N~~2 
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The foregoing e~pressions should be found to satisfy the curl condition ( 9 component) 

~ -~ =0 or Q+X)[ ~ - t~] + 1<. h~ =0 
through terms of first order and the divergence condition 

o+x)[ ~~ -4- ?J~~Mj'" Hy. 1- \~9 ::: 0� 

or (I +X)[ *+ ~~IiJ +(Ko+I)h~ + ibl =0� 
exactly. 

I(
To remove with the GRUMBLEBUMP program the r field and replace it with a0 

similar rIC, field we therefore ae.d the following reduced-field components: 

- 2,IJo~. (K,-KoJ; (Sin PINe):.!! +A- (K,-/(oX2-K, + ~:~2XCDS ",~.rj 

- 2~J1J (K, -Ko)(f; (!i'n hiN8) x.%!f + 14", (K,- Ko)(sill 111 t.J8)Y 

-2 U;", (K,-Ko)~ ((10£ nll~8))t.~ -l{", (K,- Ko)O-k,)(SiJl1JlN8):I!I 

. ~I )112N 1JI.
-2 U:mO:,-ko)~(~os ""He) X:t - U.. (K,-~o)(2-K, + }\o"'l ASt~ lIJh'~t} ~ 

Ah, =~ (K,- Xo)'X. + !K,-/{q)g-C/<r-Ko)] x2 + (K,-J<o¥IG +1<.L y2 

-(K, -kb) a;l<. (2-1<,) 'L~2 -A", (K,-J<.)(:#.s WJN8)~ 

+.+ (k,-l<o)U- (KI-Ko~(CDS ,.,1'/8) ~l-Allt (k,-ko)~(SIIl JflN9)2 
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+4- (K,-/(o)(K, +K.)(cos "WINS) y'- +- A,,,, (K,-Ko)~ (sin mNS) ~2 

/~ (k ) k'G + ~ ~ J< 7tJ 
2
N 

J
]/ ,\ 2 

-..,.-.,~ ,-1\0) 2 L2- , +K.+/ \.~os m"S/~1 

-14111 (KI-Ko)~ (lOS »JN8)'t! - ~(Kr-tJfJ-(k,-k.JJ(Si" 11INB)l" 

+- ~,., (K,-J<,)~ (t!os m"'9)~'1. - ~. (K,-Ko)(K,+ /(.)(51"11 -.N9),/1 

+- 7h;."" (J<,-ko)(~+3)tJ:(l(JS )1JNe)~~2 

K .,.j [ m2N 2] ,,,\ ~ + U,?11 (1<,-)<.) T 2 - k, -I- Yw+/ (sln 7fJ"~1 X Y , 

4. In the present application. we represent the change in k for the non-AG portion of : 

the field. for the fundamental AG component. and for the second harmonic: 

K, = O. 8 K. =0. 7 .Jr =6.25 N =6 

'm, =1 ma = 2 

flol� = - . 13119843 /-loa = - .08750375� 

V;, = + 1. 0687883 l4a = - . 02577238� 
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Vk find approximately 

anX = -. 1 Y +. 02 xy 

+. 013120 (eosN9) y +.106879 (sin He )y 

-1. 338609 (cosN{J) xy + . 142622 (sinNS) xy 

-1. 629561 (eosN8) x2y - 2.227573 (sin NfJ )x2y 

+.008750 (eos2Ne) y -.002577 (sin2N8) y 

+ . 062681 (cos2.Ne) xy +.219275 (sin2N') xy 

.,; 687278 (cos2N,J x 2y + . 440159 (sinU/fII) x2y 

Ah~ = - .1 x +.045 x 2 + .075 y2 -.222 xy2 

+.013120 (cosN8) x + .106879 (sinNS) x 

2 2-.673897 (eosNS) x +.033904 (sinNS) x

z+ .658153� (eosWB)y2 -.162158 (sinNIJ) y 

+ 3.014688 (cos NfJ )xy2 +4.121010 (sin N9) xy2 

+ .008750 (cos2NS) x -.002577 (sinZH9) :Jt 

+.028278 (cos2N8) x 2 +.110539 (sin2,NI) x
2 

-.038778 (cos2N9)y2 -.107447 {sin2N9 )y2 

+1.271464 {eos2N8)xy2 -.814295 (sin2NB> xyZ , 

.6.h.� = .641273 (eosNS) xy -.078719 (sinNt) xy 

-.030927 (cos2Nlbxy - .105004 (sin2N9)xy5� • 

The foregoing coefficients, divided by 64. are entered on the GRUMBLEBUMP 

agenda, with 

A, = A2 = A 3 = ).4- = As = A8 :: Aq :: I . 
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When it is desired that the bump represent the perturbation of one sector only. the 

bump is introduced and removed at values of 9 at which the field is rather low. 

employing 

~ = 19Z. and Nwr = 104. 

5. Since the results of computations pertaining to the unperturbed model have 

already been reported i.il L'JL-MURA-Zl3 (Internal), we present here only the 

recent results graphically. The accompanying table summarizes the relevant data. 
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k=O.7 f~r5seef. 
) k = O. 7 k =0.8 )

k=O.8for I seef. 

j:ormesh-Foroeyl Forocyl6/ wifh FOrmesh- Foroe,' tl w/fh 
Foroeyl61 Grumbleb',Jmp . 7empermesh Grumble})tpfnps 

one sectI retl. 169 always present 

(J~O/1[  II .466 I .47() I .483 I .480 

(fjo In II .374 I .370 ~  .349 .356 
...,.._,.,..--I 

Xf -.02915 1-.0297 1- .0296 1-.0292 

P~f  ~  -./7898 1-.1784 1-.1786 I -./790� 

AREA� II " 
(x. Px unifs) 

Las/StableCur .043 .020 .020 
. 

Esf.Limiling " .061 I .Oj2 I .02'8 I .028 
YO;na x 

Unsfable ·038 affer8sedl.038 qffer/24sedl.040 offer 7secfsl.rJ40 affer 7 secls 

Un 5 fahle . 036 " 56 " 1.036" 32" I.03~ II 4 0" I.ro8" /5" 
----------tllt------------f- --- I J 

Siahle .034 fhrulOOsecfl.034fhrul92secf I.036lhrul92secf I.036fhru 192 sec! 
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