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OPERATION OF THE 1/4 SCP.LE MODEL BEVATRON, V 

E,. Je Lofgren 

October 25• 1949 

By the end of August most of tho urgently required answers had been givf?n by 

the 1/4 scale Bevatron and operations vrore reduced to one shifto BJr October 18 

regular operations were discontinued. During this final period the most important 

work was in connection with the new r.r. system including the effect of rof& rise 

timth Measurements were made of ·the frequency of the betatren oscilla'cionse 

Previously re;ported da~a such as the effect of tank pressure on beam vrore extended 

and improve cl., 

Radio Frequency System 

The. ne1-v accelerating system consists ef an oscillator vri th a ferroxculJe 

reactor dl1 iving s. self' tuning 200 w-att amplifier• The oscillator L nounted· at 

the magnet shunt and the reactor is immersed in a consta.n·t; tempera:ture oil batho 

A mangru1.in vrire of o.os ohm shunted by vrires of higher resistance m£,kes c. sihgle 

loop through the fe.rro:x:cube core and is connected directly across -Ghe OeOOl ohm 

magnet shunt., The fraction of the magnet currenb in the manganin ;;'rinc· provides 

a reactor saturating flux varying with magna'"; current., The slope· oi .,h'J l~ varia.., 

tion and its linearity is adjusted by changinr; tbc' c:ffective resister. c or t:'1e 

manganin wire and the L • C ratio of the oscillator" The correct starting 

frequency is achieved by .adjus'bing the constan·b current through an a.:.dliary 

saturating vrindinga In addition corrections car.! be nade to the freq :1cy curve 

.if necessary by current;s through this aw:::iliary Flinding derived fro11 i:,·..;; magnet; 

shmrl:io These corrections may be of the order of 6 percent,. The acc:-;,::.era·bion 

vol·tage may be varied up to 1900 vol~s P,~ak and a r:~'Ji.ltlc.ted povmr supply }:Jor.t,li t;,s 

changing the riso time and shape of the raf• enve > , : o 
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The essential difference be~~en this ana·the old system is that here a 

portion of the magnet current directly links to the oscillator reactor and only 

a correction is derived from a shunt voltage amplifier. In the old system the 

entire saturating current was derived from sugh an amplifier. In operation 

this results in very much greater stability, In fact the beam may be obtained 

in the morning without any adjustment of the previous day"s settingse 

Ro f 6 Rise Time 

We have varied the initial shape and rise time of the rof• envelope nnd 

have found that there is an optimum shape. It was possible to vary the rise 

time from 50 tJ.S to several ms and to have a linear rise~ a convex curve~ or a 

concave oneo The latter with a rise time about 825 tJ.s as shown in Fig. la gave 

a beam 75 per cent greater than any other shape• All other sha~es gave the same 

baron to about 10 per cent, bu·b one shape, Fig. lbei was used as the standard of 

comparison. If the controls were optimized with the standard shape and then the 

concave shape introduced the only significant change required was that th6''-A;ime 

from the start of injection to rofa on had to be decreased by 460 tJ.S from 1275 

{.LSo The steep rise in tho latter part of the curve was essentialtt Variations 

of more than + 5 percent in rise time ;;rould cause a discernible loss of beano 

R~ f e Voltage 

In Fige 2 the beam normalized to the value at maximum voltage is given 

as a function of rafa volts. The tank aperture \'!e,s 6 in. x 18 in,. The 

threshold is 600 volts which is in poor agreement vrith the calculated value of 

390 volts based upon a measured initial rate of rise of magnetic field of 

4f>3 gauss per millisecond s-.nd 8 0 8° between accelerating gaps o In this experi­

ment the rJe rise time curve had been adjusted to the optimum shape 
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described i.n the previous seGtion at the higher voltage• This shape m.ey no~ 

have been optimum at the lovmr voltages and may have caused the disagreements 

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

a function of rise time curve at alle 

Pressure Effects 

Investigations of the variation of beam with pressure at several final 

energies and for tvvo tarik apertt~es have been completedo The pressures are 

averages of the readings of Western Electric ion gages in each of the four 

pump manifolds using a calibration of 1044 mm0 per ~a at.lal6 ma• emission 

in the large aperture case and 10 .. 5 mm& per ~a at lltt6 ma., in the small 

aperture case4 The charge in the accelerated beam is measured with an 

integrator of t:qne constant 60 ms~ The curves are given in Fig41 3 and the 

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

Aperture · 
in inches 

Energy 

2 1/2 Mev 

4 li!ev 

6 1/2 Hev 

Betatron Oscillations 

Table I 

6 :X: 18 

2 eO • 1cr6 mmo 

le8· • lo-6 mm.· 

le7 " 10•6 mme 

9 :lt 26 

2a8 t1 10-6 rrun6 

2 .,1 e 10'""6 mme 

la7 & 10 ... 6 rom., 

H4 Re Crane has measured the oscillation frequencies of the injected beam 

in his synchrotron by applying a perturbing refe field perpendicular to the 

beamo At certain frequencies the amplitudes of oscillation are built up and 

the beam is loste We have carried out the same experiment using 18' inch 

square plates 7 inches. apart placed above and below the beam to e~=ci te the 
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vertical oscillations and 18 inches long by 6 inch high plates 19 inches apart 

to excite the radial oscillationso We could apply up to about 1200 volts refo 

at an adjustable frequency to these plateso At first the perturbing oscilla-

tor was left on at an arbitrarily set frequency and as the free oscillations 

passed thr~ugh this frequency the beam was lost if the vertical mode 1:vas 

excited or driven more rapidly into the collecting probe if the radial 

mode had been increasedo There ·were also complicated weaker harmonic 

responseso Later these 1vere avoided after finding out approximately ;,mat 

the fundamental frequency was and pulsing the perturbing oscillator on just 

bef~re the expected response. 

·since the oscillating ions are rotating with a frequency, r. one would 

expe0t perturbing frequencies, fp • f! rv,r vlhere rver stands for vertical 

or radial oscillation frequency. In 12 separate determinations at 7 different 

perturbing frequencies applied in the radial direction ~~ found that 

fp/f • Oo3l9 .! e023 remos.o In 8 determinations a:l:i 4 differen-t; frequencies 

applied in the vertical dire~tion we found 5: = Oel43 .!. e005 rql!l.·s·e For the 
f 

vertical oscillation vre also have one per'{;;urbing frequency for which 

f f • le86e 

Fro.m the relation betv;een perturbingp rotational. and oscillation 

frequencies vre can· tabulat~ the ratios fr· and fv, as shovvn in Table II 9 The 
T T 

theoretical values vrore calculated by Lloyd Smi th• 
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Measured 

Oo68 ! 002 r6ffi4S• 
deviation 

06857.! ~005 romose 
deviation 

Sensitivity to Controls 

Table II 

~heoretical value 

Oa67 

0.,86 
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Theoretical value not 
including effect of 
stray field 

Oe7l 

Oo875 

'The exper.iment to determine the sensitivity of the beam'to the controls 

whioh was briefly described in the previous report has been carried out with 

the smaller aperture. 6 in• x 18 in., and has been extended to include the 

slope 0£ the frequency-magnetic field relation• In every case after an 

optimum beam accelerated to about 6 Mev was obtained a single control was 

changed in each. direction until the beam was reduced by a factor of tvvoo, 

The results are given in Table III. 

Control 

Inflector voltage 

Pealcing transformer signal to 
injector 

Time of ref• on after start of 
injection 

Stcrbing frequency 

Slope of' the frequency-magnetic 
field curve 

Table III 

Nominal Value 

25o2 kilovolts 

Triggers at 
. 540 amperes 

lq28 ms 

1160 C.ttp~ 
gauss 

Change to reduce 
beam to 1/2 

+ Ool9;:; 
... Oe22% 

+ 24% 
>& 1~~ 

+ 632% 
- .34% 

+ o82~fv 
Ill! 1oO'i% 

As noted in the section on r-r. rise time the nominal value of the rofe on 

time is a function of rise time curve shape. The observations here were made 
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;·ri th a linear rise about 300 tJ.S longo In the last entry the nominal value of 

slope is calculated from the orbit dimensions. The changes -#ere determined 

by measuring the differences in magnet current at which the osc:Ulator wen·b 

through a frequency of 1 megacycle as the slope was moved from opJvimurn to 

values on the high and lov; side giving one-half the beam. It should be 

emphasized the good operation requires tolerances about 1/4. as great as these 

half valueso 

Efficiency 

The largest beam •·•hich has been accelerated to ·s Mev vrith a 6 x 18 

-11 inch tank aperture is 3.5 • 10 · coulombs. The injec·~ed beam measured at 

the exit of the inflector (see ucm. 452 1 Figa 3, for its dimensions) is about 

-9 11 ~a for 850.~s or 9 • 10 coulombs. The particle efficiency of the machine 

is therefore about 1/3 percent• Since in the final Bevatron the injection 

e~rgy vdll be high enough (about 10 Mev) to make scattering losses negligible 

and since the inflector tip need not increase in size vrhile the linear 

dimensions of the aperture go up by a factor 4 it is not unreasonable to expect 

a particle efficiency of the order of several percento 

The operators during this period consisted of Eo Lofgren, D. Nielson. 
,-

Rb Richter1 Re Robertson. and De Se1rell, The nevr radio frequency system 

was developed and installed by We Baker., Qe Kerns and J., Reidel. 

I11formation Division 
e ad/11 ... 11-49 
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