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ABSTRACT 

A method is provided for using the po1ymonial "frequency" 

of TTT when R=F buckets of constant area are to be considered. 

The polymonia1 for the example ~ =~ is given. 

*AEC Research and Development Report. Research sup~orted by the 
Atomic Energy Commission, Contract No. AEC AT(11-1)~384. 
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In the use of the IBM~704 programme TTT1 for calculating 

particle orbits for certain beam~stacking radio=frequency programme 

problems, there arises a difficulty in that the revolution 

frequency f of the particle can be entered only as a third degree 

polynomial in the particle energy E. 

In particular, since accelerating an incompletely filled bucket 

into or through an energy region in which particles have previously 

been deposited, causes phase=displacement deceleration of the 

particles; it is desirable to have the bucket area in the W,~ space 

of MURA~>1062, held constant. 

1) A=:8 J2 V ITt ff f const.i 

where V is the maximum energy in electron~volts at the cavity 
,

in question and f =: df/dE. See figure 1. 

Two other conditions enter this problem. The frequency ~p 

of phase oscillation about the stable point ~ = h-' arc sin I 

given by 

2) = 

4where X = 1 ~ ~ 2; h is the number of the harmonic at which the 

bucket is being accelerated. This frequency is to be specified as 

being a given fraction of the revolution frequency fa at 

injection~ 

3) = 

= 2 = 
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The interval bW in W (dW == dE/f) into which the bucket is 

deposited is to be a given fraction of the total interval 
51 

AW=W where £1 is the revolution frequency at which 
1fo 

the beam is to be deposited. 

4) ~W = ~W/r$ 

By Liouville is theorem, ~W =1 /~rr times the (constant) bucket 

area in I). 

If V is to be constant, one must have ff' = constant, or 

5) f = f o 

where f = f o at the injection energy E • 
o 

df/dW _. dE df = ff' = constan~ one may integrateWith 
dW dE 

to find £1' andcomb'ine with 2) through 4): 

Then from 5). 

is the energy at the stacking frequency. 

Without adding a "Frequency" of the square root type to 

TTT (the time required by such would average to about four 

times that required to evaluate the polynomial, for a range, 

= 3 ~ 



MURA=578 
Internal 

say, o. o~_ ~ EIEo -5:. 1.0,) the use of the programme requires 

fitting the function 

-- +" (EIE}J-2 L8) f -, "'0 ~ I 0 E - E 
o 

by a polynomialo 

Since the slope of polynomial approximations at the end 

points of an interval in which a root function is approximated 

deviates rather badly from that of the function, some care 

must be taken in choosing the points at which the function is 

fitted. Thus, fitting 8) in the region (Eo, 6/5/Aa 

keeps ffv much more nearly constant in the upper extremes of.. 
the interval (EO,~2 Eo) than does fitting in this interval 

itself" 

The Newton forward interpolation formula 3 provides a 

qUick method of finding the coefficients in the interpolating 

polynomial. The function is evaluated at the points through 

which the polynomial is to pass, and a difference table is 

formed. If these points are equidistant the process is 

simplified, and to provide an nth = degree polynomial, the 

function must be tabulated at n + 1 points. 
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The polynomial then is: 
~o v..(U~/) 1::..0 1;J(U-O(U-2}

9)� + D o,U + ~ + 3 - - + . 2.'� 3' ." 
where U: (E.-Eo)/ ct. 

In the case where n = 3, one may fit the points 

6:0) Eo -I- ~ytt._1 )Eo) £0+ 1fill-I) Eo, £. + !- ~"-I)Eo 

to get the polynomial 

where, with� j = 0, 1, 2, 3 

11)� b = So 
c.:: t [ 2S"!> - 9Sz + /8 5, - /I SD ] 

d =- i [ S3 - 4 S4 oj. :> $/ - 2 So } 

e '" ~ [ S> - '3 S~ oj. 35, - SD ] 
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The S3 are f5 fifo evaluated at four points. 

In the very particular case that~ = 3.718 (0( = f 
I = ~,) ffV is constant to within about 8% in the interval 

( ~" ... ! (E.-Fo), E ,;,I.l E" ) al though it tails off by about 24% in 

the usually unimportant region (Eo' Eo + '/5 E,). Figure 2 shows 

f and ff' for these parameters. 

The 24% change in ff' near Eo causes a 12% decrease in the 

bucket area as E increases from Eo. This is acceptable since 

buckets filled at injection will remain filled, although some 

particles will be lost. the 4% increase in bucket area in the 

intermediate part of the energy range is an inescapable result of 

using a polynomial frequency; it should not have a large effect 

on the problem. 

TTT Senario number 4200 1001 gives the coefficients for� 

the case� 

with Eo and fa chosen arbitrarily to be 109 ev and 106 

cps. The polynomial used is: 

fifo .v 1 + 1.91025 U ~ 0.50270 U 2 + 0.06821 U 3 

£ = 5.1294 E • o 
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