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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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OPERATION OF THE 1/ 4 SCALE I_'iEODEL BEVATRCH, V
Ea Jc Lof gren -

October 25, 1949

By the gnd of August most of tho urgently required ahswers‘had been given by
the L/é scale Bevatron aﬁd operations were reduced to one shifty By October 18
regular operations were discontinueds During this final period the most important
work was in connectioﬁzwith the new rafe systen iﬁcluding thg effect of refe rise
time« Neasurements were made of the.frequency 6f the betabren oscillationse
Previously rqported data such as the effect of tank pressure on beam were extended

and improvede o

Radio Frequency Systenm

The. new accelerating systen consists of an oscillator with a ferroxcube
reactor driving a self tuning 200 watt amplifigr. The oscillator i: mounted'at
the magnet shunt and the reactor is immersed in a constant temperabure oil baths
A manganin wire of‘0.0G ohm shunted by wires of higher resistance maims = single
loop through the ferroxcube core and is connected directly acrbss the 0001 6hm
magnet shunte The fraction of the magnet durront in the menganin wire provides
a reactor saturating flux varying with magne: currents The slope of “hiz variae
tion and its linearity is adjusted by changihg the affective resistar - ol the
manganin wire and the L « C ratio oflthe oécillatore The correct starting
- frequency is achieved by .adjusting the congtant current through an aszziliary
saturating windinge In addition corrections car be made to the freq.-ucy curve
if necessary by currents through this auxiliary winding derived from t:u nmagnet
shunte These corrections may be of the order of 5 percente The acczieration
voltége may be varied up to 1900 volts peak and = muiulated power supply permits

changing the rise time and shape of the refy enve. - :g
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The essential differénce between this and the o0ld system is that here a
portion of the magnet current directly links %o the oscillator reactor and only
e correction is derived from a shunt vol“ce;ge; emplifier, In the old syé‘tem the
entire saturating current was derived from such an amplifiers In operation
this results in very mudh greater stabilitye In fact the beam may be obtained

in the morning without any adjustment of the 'previ ous day®s settingse

Re 4 Rise Time

To have varied the initial shepe and rise tims of the refe envelope and
have found that there is an optimum shape, It was possible to vary _th‘e rise
time from 50 ps to several ms and to have a‘iinear rise, a comvex curve, or a
concave onee The labber with a.. rise time about 825 {s as shown in Fige la gave
a beem 75 per cent greater ‘than any other shapes All other shapes gave the seme
beeam to about 10 per cent, but one shape, F:.g,, 1b, was used as the standard of
comperisons If the controls were optimized with the standerd éhape end the&i the
concave shape introduced the only significent change reqﬁired vfas that thewtime
from the start of injec’cit.)nv to refs on had to be deqreased by 460 us from 1275
Use The steep rise in the lat’ce‘r part of the curve was essentialg Va'.riations’%

of more than + 5 percent in rise time would cause a discernible loss of beane

Re o Volbage

In Fige 2 the beam normalized to the value at meximum voltage is given
as a functic;n of refa voltse The tenk aperture we:s >6 ing_'x 18 in, The
threshold is 600 volts whiéh is in poor agreement with the caleulated value Of,
390 volts based upon a measured. initial rate of rise of magnetic field of
493 gauss per millisecond end 8,8° between aé:éelerating gepse In this experi-

ment the refe rise time curve had been adjusted to the optimum éhape
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described 4n the previous seetion at the higher voltagee This shape may not
have been optimum at the lower voltages and mey have caused the disagreemente

The flattening off at 1400 volts was observed on other occasions and is not

a function of rise time curve at alle

Pressure Effécts

Investigabtions of the variation of beaﬁ»with pressure at several final
energies and for two tank spertures have been completede The p:essu}es are
averages of the readings of Western Electric ion gages in each of the four
pum@ manifolds using a calibration of 1044 Mg pér Ha at.lal6 mos emission
in the large aperture case and 10™° mme per pa ot 1146 mae in bhe small
aperture casee The charge in the accelerated beem is measured with en
integrator of time constent 60 mse The curves are given ih Fige 3 and the

pressures to roduce the beam to 1/e are given below in Table Ia

Teble I
Aperture ,
in inches 6 x 18 9 x 26
Energy

2 1/2 Mov 240 8 10°% mms 248 @ 107C mms
4 Mov 1o8 * 1076 1mg 261 & 10™5 1,

6 1/2 oy  1e7 * 10°% mm, 147 ® 106 mm,

Betatron Oscillations

He Re Crane has measured the oscillation frequencies of the injected beam
in his synchrotron by applying a perturb;ng‘rgfe field perpendicular to ‘the
beames At certain frequencies the amplitudes of oscillation are built up and
the beam is losta We have carried out the same experiment using 18 inch

square plates 7 inches apart placed above and below the besm to excite the
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vertical oscillations and 18 inches long by 6 inch high plates 19 inches epart

.'bo excite the radial oscillationsa We could apply up to about 1200 volts rofg

at en adjustable frequency to these 'p'lateso“ At first the peri;urbing o'sc.:‘illan
tor was left on at an arbitrarily set frequency and as “the free oscillations
passed through this frequency the beam was lost if the vertical mode x‘fés’
excited or driven more rapidly into the collecting probe if the radisl

mode had been increasede There were also complicated weaker harmonie

responsese Later these were avoided after finding out approximately what

‘the fundamental frequency was and pulsing the perturbing oscillabor on just

bef'sre the expected responsea

‘Since the oscillating ions are ro*béting with a fregquency, f, one woulé.
expeet perburbing frequencies, fp -vf * fv,r whore fv,r stands for vertiecal
or radial oscillation frequencys In 12 separate determinations at 7 diff'eren’q
perturbing frequencies epplied in the radial direction we found ’ché’b ' |
£,/f ® 04319 * 2023 romose In 8 determinations at 4 different frequencies
spplied in the vertical direction we found f_E = 04143 + 6005 romeéi‘a For the

f
vertical oscillation we also have one perturbing frequency for which

% = 1486

From the relation between perturbing, rotational, and oscillation
ig_’ and fv, as shown in Teble ITe The
£ E3 ‘

theoretical values were calculated by Lloyd Smithg

frequencies we can tabulate the ratios
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Table II
Theoretical value not
including effect of
Measured e Theoretical value stray field
. e A :
_}_: 0468 .t e02 ramass 0e87 ) Oa7l
£ deviation :
£ ,
v 0e&857 j: QOOS YeMgSe 0486 00875
E3 deviation

Sensitivity to Controls

"The experniment to determine the sensitivity of the beem'to the controls
which was briefly described in ﬁhe previous report has been.carried out with
the smaller aperture, 6 ine x 18 ings and has been extended to include the
slope of the frequency-megnetic field relations In every case after an
optimum beam accelerated to asbout 6 Mev was oblained a single control was
changed in eaclw;_ direction until the beam was reduced by a factor of twoe,

The results are given in Table IIIs

Teble III
‘ ‘. - Change to reduce
Control Nominal Value beam %o 1/2
Inflector voltage 2582 kilovolts + 2%
Peaking trensformer signal to Triggers at + 0419%
injeotor ' 540 amperes - 08227
Time of rgfe on afber stert of 1428 ms T+ 24%
injection ) w 19%
Sterting frequency . 380 KeCa + 832%
S - 03475
Slope of the frequency-magnetic 1160 capasa + o827
Pield curve gauss e 14077

As noted in the section on refe rise time the nominal velue of %the refp on
time is a function of rise time curve shape, The observations here were made

-
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with a linear rise about 300 us longe In the last entry the nominal value of
slope is calculated from the orbit dimensionse The changes were determined
by measuring the differences in magnet‘current at which the oscillator went
through a frequency of 1 mogacycle as the slope was moved from optimum to
values on the high and low side giving one-~half the beome It shoulﬁ-bé
emphasized the good operabtion requires tolerances about 1/4las groat as these

half valuesae

Efficiency
The largest beam which has been accelerated to'6 Mev with a 6 x 18

11 coulombse The injected beam measured at

inch bank aperture is 345 ® 10~
the exit of the inflector (see UCRL 452, Fig.b3, for its dimensions) is aboub
11 ga for 850 .Uus or 9 & 16“9 coulombse The particle efficiency of the machine
is therefore about 1/3 percents Since in the final Bevatron-the injection
and since the-inflector tip need not increase in size while the linear
dimensions of the apefture go up by a factor 4 it is not unreaspnable to expect
a particle efficiency of the order of several percente

The operabors during this period consisted of Ee Lofgren, De Nielsong
Re Richter, Ras Robertsone and De Sewslly The new radio frequeﬁéy system

was developed and installed by We Baker, Qe Korns and Jes Reidels

Information Division
ead/11l=11=49



" R.F PEAK VOLTS

R.F. PEAK VOLTS

2000

1000

2000

1000

R.F. RISE TIME CURVES

200 US/cm—>

Al

}-——825#3———-‘

RBE'HME
FIG. 1(A)

100 Us/cm —>

| I 50 US
fntg———
RISE TIME

FIG. | (B)

14254 -1



NORMALIZED BEAM -~ .

o2l

» o

t

ook .
;bj+ﬁ.yi
fxs%fi?f 

*03F¥f

o . L .
.o . e e
. - *

1 NS ]

. " AGGCELERATED BEAM VS. R.F. VOLTS

. 400 -~ 8OO " 1200 - 1600
~ + 'RF PEAK VOLTS

*

. F16.2

2000

14255-1



"o

1079

10~10

\\\\ B - | 6"x 18" APERTURE
NNl | © 50 MILLISEGCS (2.5 MEV) ]
NN ~© x- 100 MILLISECS (4.0 MEV)

N Mol 4 200 MILLISEGS (6.8 MEV)
\ AN S e o o =
N e o ' ’

I T I T —T7 I ]
ACCELERA.TED BEAM VS. TANK PRESSURE FOR TWwWO7]
APERTURES AND THREE ACCELERATION TIMES m

-——"9" x 26" APERTURE T

}

(71p] -
m
=
o .
R |
3
o|c)-'ll —
| -
= i
W S
s ]
-
10712 —
| 3
Al
|
-
4
o-13 L
>0 I 2 3 4 5 6 7 8 9 10
PRESSURE — mm Hq x I0°
cinr = 14256~ 1



