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Correcting the dispersion function in the SIJC north arc it xurned out that backleg-
windings (BLW) acting liorizontally as well as BLW acting vt tically have to be used. 
In the latter case the question arised what is the test r«ap< -mentation of a 
defocusiny naynet with excited Ek,W acting in the vertical plane for the cotrputer 
code TURTLL /rl/ ? 

Two different schemes, the 14.-scheme and the 20.-scheme were studied and the TURTLE 
output for one ray through such a magnet compared with the nuinerical solution of 
the equation of notion; only tarns of first order have been taken into account. 

.iutnerical solution 

From tho expansions for the magnetic field components to first oroer in the 
vertical arid horizontal plane /r2/ 

Li (x,y,s) = a y + . .. 

£ (x,y,a) = .1 + a x + ... 

one f inds tlio f i e l d expans ions for t i le r o t a t e d ( t h e d i p o l e f i e l d by 'J0° anil thi> 
quadrupole f i e l d >jy 45 ) system 

t l x < x , y , s ) = bj_ + ' J JX + . . . 

B y t x . y . s ) " - b J + . . . 

vil»vre . i 1 # bj^ respreBoiit t h e d i p o l e and a 2 , )J2 t h o nuadrupolo eompont->nl.s. 
7t> f i r s t o r d e r t ha expans ions fo r the magnet ic f i e l d coi.ipoiients o f a combine* I 
func t ion r a y n e t w i t h normal ,-jml skew components can now b e expressed in On; for>:> 

."J x (x ,y ,s ) = b j + b2« + a jy + . . . 

teytXiY-s) - a^ + a 2 x - b y / + . . . 

i n t r o d u c i n g t h e s e expans ions i n t o t he e q u a t i o n o f n o t i o n t o f i r s t o r d e r in x .uid y 
one f inds 

a l a 2 b 2 
>:" = h ( l + hx) (1 + 2hx) x + Bp(l+;> Bp(l+5) Bp(l+6) 

l : l b 2 a 2 
y" = — (1 + 2hx) +• x + Bp(l+6) Bp{l+<5) Bp(l+6) 

t$& 
where 5 = r 5 - r e p r e s e n t s t h e change i n momentum. r ^ tn ino P.L T.R wffiTir iS IHLIMtTEO qA 



For a ctefceusing magnet viith t h e parameters / r 3 / 

Z = 2.5462 in . h = 3.5186893*10 _ 3 a - 1 

a x = 5.0G847 kG bj = 0.11474 kG 
a 2 » -700.510464 H O T 1 b2 = -14.05 HQn - 1 

the numerical solution of the equation above by the il/vPUKj-routine ODE using 
2500 steps gives the following results for the orbit coordinates (6=0) and the 
dispersion functions: 

i n i t i a l cond i t i on va lues a t t he magnet e x i t 

x&jnill x 'Qj rad] yliim] y '&i rad ] xEpm] x ' [ u r a d ] yCym] y ' tfx r ad ] 

0 0 0 0 -1.03445 -1.62292 176.78346 105.02373 
1 0 0 0 1.C6550 0.00259 176.75550 105.S0101 

100 0 0 0 2CS.9GG42 1G0.92G45 173.99651 i03.54Gn4 
0 1 0 0 2.8352C 1.07709 176.70001) 105.79591 
3 ion 0 0 3C5.93t307 2C0.37795 174.4454? 103.030:33 
0 0 1 o -1.00232 -1.G4S79 170.70429 105.1/7'JL 
0 0 100 0 -J .02155 -J.'JOOSQ IG'J.UGGIG 41.23601. 
0 0 0 1 -1.05733 -1.55079 17U,J215G 105.744GI 
0 0 0 100 -3.37263 -'i.UOOy 330.00320 97.9-:xw„ 

J:io dispersion functions at the end of this inagnet ar« estimated using e. -j. 

s xCun] x 'CyraJ] yr.w-l y'Curuvij 

0 
T;T-3 

- l o - 3 

-1.0J445 
13.19136 

-15.29493 

-1.02292 
11.977J2 

-15.2G14B 

yrrnr j t l ] 
X 

I7G.7L;J.;C J 

17C.09GGO 
176.97053 

105.G2378 
105.09570 
105.95219 

bxCl.w] 

-1.02292 
11.977J2 

-15.2G14B 

yrrnr j t l ] 
X 

I7G.7L;J.;C J 

17C.09GGO 
176.97053 

3'Dmrad] 

14.24315 13.61965 -0.13087 -0.12225 



14. - scheme 

A scheme using a combination of 7.0 and 14.0 instructions in TURTLE was developed 
by C. Kheifetss 

7.0 o ay' 0 
14.0 0 1 -* 
14.0 -* 0 0 
4 . 0 J /J O.E 634 
7 .0 0 0 0 

14.0 0 1 -<l 
14.0 -IP 0 0 

0 0 0 , 
1 0 -Ay'*10 J 

33924.13774 'DFuC 
Ay' 0 0; 

0 0 0 
o -v*io -3 2; 

4; 

(with t = 2.5462 in) 

\,/hero ty and Ay" a r e r e l a t e d t o each o t h e r try 

ip = 1.23 * 10"* Ay ' [u rad ] 

Iflien s l ic inc j t l ie magnet i n t o U equaJ p a r t s t h i s s e r i e s of i n s t r u c t i o n s liave 
t o be repea ted U- t imes . The following t a b l e shows for the i n i t i a l cond i t i ons 
x = y = o, x ' = y ' = 0 thu converyency of lJ*Ay' versus li when tliti gonl valua y' 
a t the end of the nvvpiet was y' = 105.G2378 prad ( t h i s value was taken frum tlie 
numerical c a l c u l a t i o n ) . 

13 Ay" U * Ay' 

2 
4 
G 
U 

10 
12 

46.45d570 
22.212320 
14 390331 
10.(>b7200 

U. 77ii5030 
7.310335 

92.917140 
iit3.&40200 
OS.141986 
07.397600 
27.7D503C 
37.7^4020 

Jsincg 1.0 s l i c e o for the defocusimj i:iatjiiet 1st orcler TUKVli'J i>rr>luo«s tlie fo 11 cw.i:IJ 
r e s u l t s : 

i n i t i a l cond i t i on va lues a t the magnet ex i t 

x[p'.'.: x ' [u r t id ] yLun] y 'Cvrod] x[pi:'J x' [g rail] y[ptii] y ' [p / .> i ] 

0 0 0 0 -1.01t;25 -1.62433 176.7<J33"J 103.fc2373 
1 0 0 0 1.G017G 0.00119 176.72545 los.aooBi 

100 0 0 0 26C.93263 160.92735 173.99012 103.52550 
0 L 0 0 2.85147 1.07560 176.76009 103.79560 
0 100 0 0 305-05404 20C.37655 174.45414 103.00505 
0 0 1 0 -1.04C-i4 -1.64730 176.70421 105.177!?1 
0 :. 100 0 -3.C360CS -3.92212 lGb.fiGGLj 41.236-I3 
0 0 0 1 -1.04154 -1.65226 17£3.3213b 105.7446L 
0 0 0 100 -3.34750 -<i.41759 330.G0201 97.90655 
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6 xCym] x 'Curad] y[ymj y 'Curad] 

l u -3 
-10-3 

-1.01825 
13.20652 

-15.27769 

-1.62433 
11.97481 

-15.26126 

176.78338 
17C.59719 
176.96952 

105.82378 
105.69457 
105.95294 

DxOim] l^Cmrad] DyCun] UjCmrnd] 

14.24211 13.61804 -0.10617 -0.12J19 

Comparing these \aliaes with the results from the numerical calculation gives a 
satisfactory agreement for the orbit coordinates as well as the dispersion functions. 

20. scheme 

The scheme usiny the combination of 7.0 and 20.0 i n s t r u c t i o n s in TURTLE wris 
sugyesteri by J . Murrny: 

0 0 0 Ay' 0 ; 

(with e .5462 i'0 

7.0 
20,0 -4>; 
•1.0 l/U 5 . 3 0 4 7 3jy24.13774 'DPUC'; 

?0 .1 (j>; 
7.0 0 0 0 Ay ' 0 0 ; 

whwrra t.lio r e l a t i o n between ij) and Ay' i s yiven by 

$ = 1.27002°* 10" 2 fly'Qjrail] * ;i/2 

rhe number of i;w»ijnet s l i c e s i s •kjain 'J. The convoryciice behaviour of ii*Ay" versn.. 
for dii.5 schenu i s .-iemjnstratcl in t he t a b l e below for the s-me i n i t i a l coiilif-iisni; 
anil tho suit; yoal w l u u for y' a t tho end of the iwjnot -us they wtjro rot-.ol f li­
the 14. - schei.iu. 

N AY' U * Ay' 

o 46.451G37 92.903274 
4 22.209767 08.03906S 
t> 14.6438719 00.132314 
3 10.906013 07.338104 

10 3.7775622 37.775622 
12 7.3095353 87.7146636 

file:///aliaes
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ln order t o ccmparu t h e t*K> schemes, a l s o for the 20. - scherne t h e defocusing magnet 
was s l i c e d i n t o 10 p i e c e s . F i r s t o rde r TURSIB then p ra iuces t he following r e s u l t s : 

i n i t i a l cond i t ion va lues -9t t h e magnet e x i t 

x[um] x 'Cprad] yCym] y ' t u r a d ] x[pm] x 'Eyrad] y[pni] y'Cur.-id] 

0 0 0 0 --l.OOOU -1.58307 176.77260 105.82370 
1 0 0 0 1.69143 0.-14200 176.74537 105.BO153 

100 0 0 0 263.95236 160.92396 174.04999 103.59066 
0 1 0 0 2.3612S 1.11653 176.74976 105.79055 
0 ioo 0 0 3G5.93522 263.37747 174.40052 1U3.10U7 
0 0 1 0 -1.03541 -1.60532 17S.69358 105.17795 
0 0 100 0 -3.73078 -3.30019 168.G7056 41.24061 
0 0 0 1 -1.03102 -1.61030 178.31096 105.74476 
.1 0 0 mo -3.29225 -4.30567 330.60077 97.92174 

6 x[u*J x ' [ i i r ad ] yCuii] y 'D . rod ] 

0 -i.onsis 
13.7L50O 

-1J.;&0L3 

-1.503C7 
15.01513 

-15,?lP0.i 

17G.77'?f.O 
170.G7566 

105.3?j7G 
I P 5 . 7 5 : V J 9 

!4.r»4132 

J'[::urad] 
X 

13.61711 -0.097O7 

D'[nr , id] 

-0.07333 

•7!it? o r b i t c o o r H n a t e s a t Uw >wjr.ot o x i t ^G wel l as the d i s p e r s i o n furic:?.km in i.in 
lyjri;:oiital plane art; J/I>11 represtintts.] by t h i s Hellene. Thu s c u l l d i f lu rouo . ; i n tin: 
v o r t i c a l d i spora iou could in. coriooUji] by rcultiplyiiwi <f> by II r a t h e r (.hen by u/.i. 
'•"n.3 v-ould improve the tUujiurs 'on funct ion but the orbiL coord ina tes in the 
;inrl2:>iit'll plants \iould thea d i f f e r by fov; 'iiicronutisrs. Never theless ttii.i achc-i-v 
-lpocoximteis tin.- v o r t i c i l ISJii woll onouyh,. 

:±i . 'ul l i t i i jnal oaijxirissoii of t he se two schtsner. <./ith the numerical ly ob ta ined r o a u l t s 
li»ri.ls t o ail a j reenen t of thra sane accuracy. At t he en t rance of t he l a s t lefucusiiiy 
a.uj!iet Ijeforu Lhe "U.OCOR" p o i n t in tile co r rec ted SLC nor th a rc the d i s p e r s i o n 
functions a r s : 

0 X = 22.2724i.ua D = 3.^400 n:i 

J ' = -12.9.nG au-ad U' = -2 .3951 ..irad 
x. y 

With those '.ies a t the en t rance of the magnet the 3 .methods ' j ive the follawin-j 
. l isi \*rsion funct ions a t this and of the defocusi'iy wagnoti 

file:///iould
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ttfumerical c a l c u l a t i o n 

& aclyral x ' Curaui] yCum] y 'Qurad] 

-10 J 

-1.03445 
22.99231 

-2S.14895 

-1.62292 
13.07410 

-16.40449 

176.7tJ346 
172.34009 
101.22908 

105.02378 
103.64657 
107.99957 

Dx[int>] D'[rarad] D Dm] D'Cmrai] 
y 

24.07063 14,73930 -4.44450 -2.17C50 

14. - scheme 

6 xCunG x'Cprad] y[urn] y ' U i r a d ] 

0 . 3 
10 | 

-10 

-1.C1025 
23.00023 

-25.13053 

-1.G2433 
13.07065 

-16.40384 

17G.7U332 
172.3J762 
111.23029 

105.32378 
103.6'149C 
lOo.noos; 

24.0C03I3 

U'umra-i] 

14.73725 

,ylr,G IV^ar.nn y 

24.0C03I3 

U'umra-i] 

14.73725 —\.44634 -2.1.777/ 

20. - scliuirte 

5 XQJU] . '( '[prad] yLyn) y ' Z)jr.j<'lj 

°-3 
10 J 

-1.00G13 -1.58307 170.77260 10S..J137G °-3 
10 J 23.01235 13.10095 i72.4263G 103.7CV3Gi> 

-10-3 -25.11644 -16.35761 151,12091 107.941V7 

D x[tmJ D^inrad] I.) [ m ] 
y y 

2-J.0G440 14.7322t3 -4.34723 -2.1104-1 
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NOTICE 

PORTIONS OF THIS REPORT ARE ILLEGIBLE, ft 
has been renroWcedlfortiTHi best available 
copy to permit the broadest possible avail­
ability. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use­
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned lights. Reference herein to any spe­
cific commercial product, process, or service by trade name, trademark, manufac­
turer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the I'-iited States Government or any agency thereof. 
The views and opinions of author expressed herein da not necessarily state or 
reflect those of the United States Government or any agency thereof. 


