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ABSTRACT 

This report lists results for the linear. orbit properties of ;;.;.n 

accelerator wi~h a general magnetic field. T~e results found in MURA-397 

and MURA-451 are collected here together with comments on the relati... 

importance of the different terms. No derivations are given in this report, 
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This report lists results {or thr;. Hn~a:r orbit properties of an accelerator 

with a general magnetic field. The results found in a previous report. MURA -·:V 

have been extended in the report. MURA-451. so that they now hold for machine:-:; 

with small N, and for tunes Y.. or V which are close to ....!.- N. No deriv.s,
C 2 

tions will be given here. Derivations and somewhat more general results are 

given in the reports. MURA-397 and MURA-451. 

We write the median plane field as 

~ 

~t -= - 2
~.: . ~ 
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++ t1 (V) e (Ib 
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where H'II and ~., are real. and 2 7T IN is the period of the machine. 

Equilibrium Orbit 

The equilibrium orbit corresponding to a given particle momentum p 

is given by reS) 

r (e ) -- (2) 

The parameter. R. is very nearly the average radius of the equilibrium 

orbit and depends on the momentum according to the relationship 

eRp :: -
~C 

) H -+ J/J:- +" Y ~, ~~(R H': H.. .j. t- H,,~~(310 

where H0 and H1'\ are evaluated at r :: R. It is usually sufficient to 

keep just the n = 1 term in the sum. In what follows. the magnetic field 

is always to be evaluated at r = R. 
2 



--

., ....,.. 

MURA-454 

1.19) , the oscillation oftne e4u.i11brium orbit. is given by 

(4a) 

where 

tto = (4b) 

where 

(40): 

One may usually put , as it is small, and one may usually 

neglect. E'S in Eq. (4c) for 

Because 1.@ is not zero) the average radius of the equilibrium orhit 

is more aceuratel;y given by 

However, '1(> is quite sznall and may usually be neglected. We will rcf@.r 

to R as the average radius in the followingo 

Radia~ Tune 

The radial tune Y"" depends on the particle momentum, P. or on 

1
the average radius, R. If )I... is not very close to "2 N, then )i.... depends 

on R according to 
3 
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(6",) 

where 

£ ~ ~-i-3(~)1 It;).])< r7(~ \ (R If: to ~ lIu'; - I (6b) 
o L pc N;L tJ· feo ) 

• 

In the above result for the tune ))'r" • it is usually sufficiently 

accurate to keep just the first term in the sum over V)"l. The term 

involving 'Xo may usually be neglected. The third term in the equation 

for Y,"" may be usually neglected except for machines with large flutter 

and small N where it may be a 10% correction, All quantities are to be 

evaluated at r ::: R. 

A more general result for J,J~ which is also valid when )/... is� 

near -.1!.. is given by� 
2 4� 
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(7a) 

where 

N"
(7b)E+ = - 

If 

~ (~~ )"i ~: [0< JI, '+t MY-- - R~fS/· /1,:1, 
This last result should be used if j E

f 
- Eo I ~ I ~,I 

• then the radical may be expanded 

giving the previous result. In the above expression for €~ , it is usually 

sufficiently accurate to just put €f " * IV ~ 

Vertical Tune 

The vertical tune )Ii depends on the particle momentum, p, or on 

the average radius R. )Ie depends on R according to 

V":24 
::: C' + 

r C" (8a) 
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A more general result for 'V which is also valid when Vi is near
2 

N 
is given by 

y.~ - N:A (9a) 

2 

to - - -! (£/ - to')":l._ Jf. ):l,
1I I 

where 
\f~ ,~ 

N~£; -= -y ~L 
.",,1. N ,. - If £: (9b) 

~Z~ 

'-I }-/"2
3 L~) ......'-41-N

The remarks made about the relative importance of the terms in the 

case of )/r hold equally well for)l.. . The radical in )Ii4 
may be usually 

expanded giving the previous result for ~~ In the above equation the H",0 

and ~." are to be evaluated at r = R. 

Frequency of Revolution 

The going-around frequency of revolution, LA) 1,1 7T • depends on 

the particle momentum or the velocity" according to 

w -= ~ r, - (U)~ tI,:' + '-/~)<...L (r< H'H + ~ JI,"-) 1(10) 

R t 'f" N 4 l p~ N" " J. 
It is often good enough to take W ~ I\r I R . 

Floquet Solutions 

The linear motion is given by a linear combination of Floquet 

solutions. The radial motion is given by
6 
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a M~ (s), + c, c. 
(11) 

where 
~Yt e~t1N& 

('fI N -t V,. )~ - Ee> (l2.a) 

... 

,where 

H, eo;
Eo -- E~ - -9 

~ l*)~ N4� 

G I'"- " ,1 i~C 
1~~ -- - 3 C~y' 

The ';1. term and the difference of E'. from C () are only 

important for small N machines with larger flutter. 

One can usually replace the denominator in the term 

by N1+ ? V, 'Y unless V~ is close to 1/2. N. 

The vertical linear motion is given by the linear combination of 

Floquet functions 

(13) 

where 

043.1 
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fI,'i- ...L..I ; -- E 
(1 J' \'= ~' u ?- l~Y N-- -t;l}J

I 

- (l4c)f'l - (*)~ (;, ... 

Fixed-Frequency Machines 

In fixed-frequency machines, one has the added condition that the 

frequency of revolution, W I"J~ is constant. The result given above for 

W , Eq. (10), now becomes an added relation between the velocity N

and the average radius R. We have Ilr = ~(~)l'here 

~(R) :: IN R \\ +(JL )~(I- ~..).!f - J.1-L\(j-R·){RIIIH.~~l4n }" (1<;)1. ~Wc.. ",a. ("'w,J 1--1'+ 

The average magnetic field Ho (rt) necessary to give a constant� 

revolution frequency is given by� 

where "\or =,y- (R) is given by Eq. (15). It is usually sufficiently� 

accurate to keep just the first term in the sum over 111� 0 
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