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1. We have examined with the MURA computer the effect of a Ak error in the
Illinois model now béing 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 parameters (k =0.7) - - LJL
MURA -213 (Internal);

(ii) FORMESH-TEMPERMESH orie ntation and stability-limits for k=0. 8
throughout; | |

(iii) FORMESH-FOROCYL, employing FOROCYL 61 (k = 0. 7) but with
GRUMBLEBUMP always present to effect a change of k to 0.8 (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 d%, becomes
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more nearly 2n , but with no notable effects attributable to the decrease of perio-

4
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 k, and the value which we

-

intend to represent by k;. The magnetic fields are described by the reduced field A ?
. - Ko 7~
such that the field employed in the computations is A =(1 + x) ' A . We

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

~H,] (H-x) {I+2[;l/.,.. cos m(‘l"-i’-‘ﬂ‘)—_,v59+ m S/h m(M-Noj}

Hy =-Ky + K (1-H)xy
~Ms , K (cos mNE)Y — om 22 w (7 mNE)Y
"’/(qn[w-g -k (K, -/)](c‘o.r mNE) XY =k, [2K, ]ﬁ (sin WNE) xy
~Vm 2 (cos mNg)y  + VomK, (sin mNB) y

Vo (2K i (cos mN&)Zy + Yym [K, (/r")"u',%l'](‘/” mNE) Y
| +0(%y)

. 2
Hy = -1 -kx —H&=D ,» o K2 4, coc mus
~Mop Ki (cos mNO)x — . B (sin nune) X

rlya[ 2 o) T(cos mue)2?

cont.

*cf. LJL (MAC)-4
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- [2ki -1 ]2 (/0 m8)x? 4+ Lom [ 2 ANy Jeos mug)y?
+Am K (S0 mNB)Y® 4 ;,, <in mNG
m ,
-YUn w (cos mNE)x + Yo 6 (sin mne)x
- 182 (2K -1) & (cos mme)x? + Ym[ K (/ﬁ-/)—%:](sff) mwe) 12
+ Vi K, % (cos mﬂe).yz - V;”’ [f\’,2-m2N2‘am7i](S'.” m //e)yz
+ 00ey’),
Ho = Mom NN (s ”’No)ff

2
~ oy m A (cos mue) Xy + Ly, (K- 1) mN (S/n mNo)xy

* Yo, MN(cos me)y
2
+ Vs (Ki=1) mN (s mAO) xy + 1, 2N (sin mno)uy fey

Summation over the /ndex m Aemg anc/crstooa/.

—tn
The components of the reduced field A which we desire to be effective

are then selected to be consistent with the foregoing terms in n and to

contain otherwise-arbitrary higher-order terms.to insure V- l-7= O exactly:
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he= -Ky + K[-Gi-k)Jxy + 20 [/- $ (K-Ko) ]x*y

— My Ky (cos mNB)Y ~ Ao,m %(5/0 m/va)y

—ty [Kr (Ki=Ka=1)- 22 ](¢0s mus)zy
b Ly (K- 2K 1) 2 (sin mNE) XY

—AIMKK,-%;”;XK' -k, -2)-;"3’3’_7(@: mws) 1%y

b Ay [Hom 2K 42 4 —’,?—:;’-V,-z]ﬁ (sin mwe) 2%y

— Ym 5 (405 .»wa)'y + Van K (sin mHé)y

+ YU (Ko-2k0#+1) 2 (cos mn) 2y + ,Vq,.,[/f,(k,-kr/)—;%;](sm »H8) 2y
+ Vym [/(. 2K, +2+ ﬁ%z]ﬁ (¢os mn8) Y2y

+ Uym [ZK. - ﬁ%’j X/(,-Ko ~2); -'-:72_7(% mne) X2y,

hy - | -/- (k:'ko)x - (Kl-Ko)g(l-Ko—IJ xz + %{ 32
- K0(3 +K°)["‘£(Kr ‘Ko)].xyz - Mom cos mNO
— Aom (K, ’Ko)("o-’ mMNEX ~ U, L (sin mne)x

, |
+ %’ﬁ{(K.-Ka)D ~(KKo) +£-z} (cos mNe) x* ¢ont.
- 4 -
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~432 (Ki~Ho- )t (7 mre) X + LnlmiNA 213 cos mug)

+Han Ky (50 mH8)Y* 4t Bt 2 (i 2)- 2 ook i

2 2
Mg o3 [k 2K+ 2 + 2 [k (sin mwe) xy?

+ s Sin mNB = U, 3F (cOS MNE)X + U, (Ki-K, Xsin mueyx
— Yem (K-Ko~1) § (cos mne) x*

= You {(K~HlI (kK ) # 2 J(in mANE) X2+ 1K, ez mie)y?
- Yol nin2 22, Jsin mAg)y?

=~ Vym 828 [1-2K42+ TE T (s ) 22

~ Vo 53 (- T Y- Ko 2) - 23 (sim me) y?

ho = Aow PN(Sin NE)Y = Mty TN (o5 mAg)xy

+ Ao, (Ki~Ko=1) mm (sin V)XY + UL .y MINGos mne)Y

+ Vm (Ki-Ke=))mn €05 mAE) XY + Vg ZX (sin mNO) 2y
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The foregoing expressions should be found to satisfy the curl condition ( @ component)

gﬂﬁ.x -3y =0 or ("'7()[ h]"'Ko,\g
through terms of first order and the d1vergence condltlon

(0 ¥+ bX?fLJ*Hx* % =0

or (I "’x)f m + +(Kot) hy + =0
exactly.

K
To remove with the GRUMBLEBUMP program the Y ® field and replace it with a

similar Y‘K' field we therefore add the following reduced-field components:

ahy = K-y +(K-KX1-K) xy + (K,~Ko)(2-K.) Xy
~Hom (Ki=K)(cos mae)y + Ao, (K-K.)(I- K )(cos mn8) xy
= 2 Ao (KK, )22 (sin moW8) iy + fm (Ki-Ke2 K, + 20 Yook mady
24, (K -K»)u—”-} (f"" ANE) XY + Yy (K- Ko)sin mANOY
~2Um (=Ko a’-’} (4‘osx '\m//é) Ly - qu (k.- k,)o- K, Ysin mNE) xYy

' 2
-2 U (i) o5 mNE)XY = Vo (KKK o mudey

Ahy = < (g-K)x + EekliCokd]ye  KmkK)rke) e
— (K, ~Ko) 252 (2- K,) 2¥? — A4 (Ki =Ko Xeos mNE) x

+ Law (k,-Ko)[1- (K, -K.)]os mno) x?- 4, (ki-ko) s(sin )

(4
-6 ~ ol
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+ 2 (K-K) (K +K)(cos mNB)Y? + Aom (KiKo)Z (sin mN8)y?
Aoy (Ki=Ko) '—“'2*—3 [2-ki+ 1,?%’7(403 mNE)Ly*

b A (K- KX Ko* D) F (517 m28) XY 41, (Ki=Ko)(sin mwe)e
= Ui (kKo 2 (eos mwg)x* = Yo (=) [1-CK— k) J(s0 N
+ Vo (K=K (o5 mAe)y'~ Y (k- k) (it o) (sin mMO)Y"
+ Voo (Ki-K)(Kor DL (cos m8)xy?

2,2
+ Uo,om (K,-K.) "g—'—ﬁ[z- Ki + %}3/ ](sm 70/\19)132 N

Ahe = Ly (K=K)mN (sin mNE) 2y + i (k-ke)mn (cos mue) Xy,

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' ‘= 0.8 Ko =0.7 'E'L- =6. 25 N =6
m, =1 My =2
Al = - 13119843 M, = - .08750375

W, =+ 1.0687883 Vo, =-.02577238 .
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We find approximately
Ahx=-.1y + .02 xy +.12x2y

+.013120 (cosN@) y +.106879 (sin N@ )y
-1. 338609 (cosMd) xy +.142622 (sinNO) xy
-1. 629561 (cosNB) x°y - 2.227573 (sin N@ )x%y
+.008750 (cos2N®)y -.002577 (sin2N® )y
+.062681 (cosanNg) xy +.219275 (sin2N@) xy
-. 687278 (cos2¥@) x°y + .440159 (sinN@) x%y

Ahy = -.1x +.045 x% +.075y% -.222 xy?
+.013120 (cosNB) x + .106879 (sinNO ) x
-. 673897 (cosN®) x° +.033904 (sinN@) x2
+.658153 (cosN@)y? -.162158 (sin N&) y°
+ 3.014688 (cos N@ )xy* +4.121010 (sin N@) xy?>
+.008750 (cos2N®) x -.002577 (sin2N@) x
+.028278 (cos2N@) x2 +.110539 (sin2N@) x°
-. 038778 (cos2NB)y> -.107447 (sin2N8 )y?
+1.271464 (cos2N@)xy? -. 814295 (sin2NB) xy2 |,

Ahe - 641273 (cosNB) xy -.078719 (sinN®) xy

-.030927 (cos2NBxy - .105004, (sin2NB)xy

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

agenda, with

"

7\,:')\2-‘-')\3:)\4:)\5 )\a=)\q=I.

s
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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 & at which the field is rather low,
employing

Ng =192, Ny =712, and Ny, = 104.

5. Since the results of computations pertaining to the unperturbed model have
already been reported in LJL-MURA-213 (Internal), we present here only the

recent results graphically. The accompanying table summarizes the relevant data.



k=07 fgr5 sect.

) k=0.7 k=0.8ror | sect. k=0.8 )
ormesh-Forocyl '2" OC)Z/@ with | Formesh- Forocy! 6/ with
rumblebump T 4 | Grumblebumps
3 /:broc,_v 2 one segﬁ/ rev. er/ng Zrmes always present
0%0 /57 466 470 48 3 48,
0y, /7 374 370 .34 358
Xy -. 02915 -,0297 - 0296 -.0282
[y -.17898 -.1784 -.1786 - 1790
ARE A I
{x . Px Ul’)l'fS/
Last Stable CurT 043 020 020
EstLimiting » | .06/ 052 028 .028
,yoma X
Unstable Q38 affer Esect|.038 after I24sect|.040 after 7sects|.040 after 7 sects
Unstable .036 “ 56 * |03 32" |.o38* 40" |.038 “ 15 *
Stable ||.034 thru IOOsecf{.ath thrul92sect _.036f/7ru/9252c:f 036 thru 192 sect



ea

boeam

}
I

h.S

ﬁ;
¢
H
'
f
i
'

R

o}

oy

69
th

Wi
y

esh
Mod

483

o b

rm

empe
no

T

-~
; 1

P

Q

t

1789

),
ih

!

i

I
Gy

i

e

Free

fr

mrnx

potte

e d e e i
{

o e e

HOCO! ON HIdYd TVIHNHDIIL INIBGNVYITI NO ¥ S'N NI OILININCL

‘SNOISIAIQ ‘nN A€ 002 'SHILINWITTIN X6E£D "‘ON

‘0D PIdVd LNINAYVYITID

O.l




ST R < R A T Formesh Search e
-—--—fd}r S#q‘ble -Radial- Moﬁon

chyl #6l flﬂm Mod w/k= 7

P Ju __Grqmblgbumps fo s:mulafe
Te}npermésh #l69 [ ]

| s

1)

FRINTED IN U S A. ONCLIARPRINT TEC W NICAL PAPES N 7%

) iR Cpars
Sy
T . .1 i T . " i St A Rl S
Y FOUSS BS A0S SHSERINNNS SRR S . * : M ‘ : A
ii. M RN : o o . 1. . . ‘ R H
T N - " ” : Y T ; ' - P Tosrmmgs e dm s S o

2

NO. C39X. MILLIMETERS. 200 BY 60!‘/'510'{5.

5 :}:‘.::;: JREREEEURS SERRESENRS FEERE R SR SN Y

e L L R VAFGCOA
'(u




[

s S

|
i
or

L

Hi

:
##

on
SRR

i

hut
r. tévleﬂon]

or/r

ct

'
ceq

T
ump

e

on

o

blebi

&

g

te:

e RO e :
. : P R ls B B
- RN SR i JUAY 3138 22|
B O G)M&s..

L

SRyt SOUIVSRINDES SN

n

!
\r

f
:
nt

N
.
'
i

IR

i
1

i

o DO

DERS RS

7

D S

HOOO!I ON #3dvd IVYIIN

o.l

-0.1



