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I o GENERAL PHYSICS RESEARCH 

Evans Hayward 

Neutral Meson Experiment 

UCRL=23l 
;.,4= 

An exper~ent was undertaken to try to aetect the. neutral meson which9 according 
to some theories 0 should be produced as often as positive or negative 1i'=mesons., This meson 
is supposed to have a life of .about lo-12 seconds in which it decays into a pair of 7f =rays f) 
each carrying about 80 Mevo We have tried to detect such a. pair of 7f =rays with a cloud 
chamber., The. 380 Mev deflected a=particle beam of the 184-inch cyclotron was directed at a. 
carbon target in the center of a cloud chamber (Figo 1) o Presumably mesonsll charged and . 
neutral 9 were made in this targeto A 1/4" lead plate was placed on either side of the target 
so tl:iat the ?J=rays would eac~ produce a. small shower in the lea.do Several runs were made but 
nothing that could be clearly described as a pair of high energy l,! =rays was observedo The 
main difficulty seems to be tJ:J.at the a~particle beam produces secondaries in and near the 
cloud chamber.o These are observed as electrons and protons near the plates from which it was 
hoped that the electron showers would come o This experiment has been abandoned until higher 
energy particles are availableo 

Delayed Neutrons • 

The measurement of the energy distribution of the dela.ye.d neutrons from ol7 has been 
completedQ When bombarded with 195 Mev deuterons, the elements just above· oxygen in the period 
table yield delayed neutrons with a period of 4 secondso The 4 second period is the half~life 

· ~ ?f th~ ~=deeay of Nl7 o Follo!dng the decay of Nl7~ .ol7 is left in an .exoi~ed ~tate o _It 
linmed:ta.tely emits a neutron ~d be.comes ol6., , The WJ.dth of the energy level 1n QJ.7 may be 
determined by measuring the n~ut:ron energies o This has been done by measuring the ranges and 
scatter angles of their re.coi;I< protons in a hy:~og~n~filled cloud chambero Neutron energies 
less than 0()5 Mev were not included nor were events that involved scatter angles greater 
than 30°o J . 

Tracks of all ages have been includedc The width of a. track gives a rough estimate 
of' its ~geo 

1
It has been asstW.ed that all 19newm~ trficks 8 those less than Ool em wide.9 were 

produced by protons that 'traversed the clo1,1d chamber after the expansion and that all those 
wider than Ool em passed through before the expansiono In obtaining the energy from the 
proton range the expanded pressure was used for al~ 11new11 tracks and the compressed pressure 
for all the resto This seems..justifiable because if_ the_data are divided into groups corre~ 
spending to different a.gesv all give essentially the same energy distribution., Figure 2 shows 
the neutron energy distribution for the old and for the new tracks~ the dotted histogram 
represents sharp trackso More weight should be at~ached to the new tracks than to the oldD 
since their scatter angles can be measured to !1° whereas the old tracks were measured to only 
!3°o The errors in the neutron energies have been estimated to be !~ for diffuse tracks 
and !2% £or sharp oneso 

Figure 3 is a histogram sho1rlng the actual numbers of neutr~ns in each energy 
··intervalll the total number being 39lo Figure 4 shows the energy distribution after being 
~"~""rected for the variation of the scattering cross section with energyo The curve looks as 

ugh the neutron has an energy of about 1 Mev but it should be pointed out that the high 
energy tail is real since it comes from proton recoils that have energi~s as high as lo7 Mev., 
See Figure 5o The conclusion is that the most probable energy for this neutron is 1.,06 Mev 
but that it can have as much as lo7 Mevo The lower energy end of the curve is not so clearcut 
since the recoils responsible for it may be produced by neutrons that scatter first from the 
walls ~f the chamber 



UCRL-231 

-5-

1: re \}reducing the knock-on in the gas. The energy level in ol7 is either 0.7 Me:v wide or 
th_.re is indeed more thaJ.l. one level !'rom which the neutrons may come.· 

Deuterons 

Some of the counter experiments of H. F. York led us to suspect that deuterons may 
be produced when the 90 Mev neutrons interact viTi th nuclei. Some of the cloud chamber pictures 
taken in connection with the n-p scattering experiment were examine do The curvatures of those 
tracks that originated in the 5 mil aluminum window and were directed within ±15° of the neutron 
beamwere measured. The histogram in Figure 6 shows the energy distributio~ of 186 particles 
under the assumption that they are all protons. The energy distribution of the incident neutrons 
that was obtained in the n-p scattering experiment cannot explain the peak near 150 Mevo These 
particles have been identified as deuterons, because thei-r curvatures are too small for protons 
knocked on by neutrons of this energy and also because they appear to be slightly more heavily 
ionizing than other high energy tracks in the same region of the cloud chamber. This group makes 
up 20% of the total number of particles. 

In order to make certain that deuterons were being observed, another experiment has 
been started to measure the energy and angular distribution of the ionizing particles that come 
out of carbon V\Jb.en it is bombarded by high energy neutrons. A 1/811 carbon target and a 1/411 

glass absorber were placed eight inches apart in a 22 inch cloud chamber (Fig. 7)o The particles 
that· come out of the carbon ·and go into the absorber are being investigated. If they have 

.. enough energy to traverse the plate, then their mass is determined by their curvature on either 
~side of the absorber. The magnetic field is 21,700 gauss so that errors in curvature measurement 
are small. Only a few photographs have been analyzed but these indicate that protons and deuter
ons come out in practically equal numbers. There is also some evidence that H3, Ha3, and a ... 

"particles are also ami tted. •· 
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Eugene Gardner 

Meson Mass Measurements 

A study is nmv in progress to find the masses of mesons produced by 380 Mev· alpha
particles in the 184-inch .. Berkeley cyclotron. Although the vmrk has not yet been completed, 
we can describe the method and the apparatus an.d give some preliminary mass values •. 

The method consists of measuring the radius of curvature of a meson trajectory in 
the magnetic field of the cyclotron and the rane;e of the meson in photographic emulsion. If 
we asswne th~t the meson has a charge of one electron charge, then the clas.sical formula for 
tne energy in tenns of the radius of curvature in the magnetic field is 

e2 
-~2 (Ho)2 

2mc \ 
E = (1) 

For the range in photoe;raphic emulsion there is an empirical range-energy relation of the form 

E = • (2) 

The values of k and n jn. this equo.tion have been found by extrapolation from the values given 
by Lattes, Fowler and dhrl. From Equations (1) and (2) it is possible to find values of E 
end m, since all other quanti ties are knovm or measurable. A small relativistic correction 
is applied to the resulto 

Description of Apparatus 

The mesons are produced when the circulating beam of 380 Mev alpha-particles strikes 
an internal targeto The position of the target in the cyclotron is shown in Fig. 1.. Photo
graphic plates are placed as shown ·in Figs. 2 and 3. The target shown in Fig. 2 is a ltflat" 
target used in early experiments. It vms usually made of carbon 1/16 inch thick. This type 
of target has been superseded by the 11ribbon" target shovv'Tl in Fig. 3. The objection to the 
flat target is that the dis,tance from. the plate to the point at which the meson originates j.s 

not known accurately. The results given in this paper are based on plates exposed with ribbon 
targets. Ordinarily'-the ribbon targets are made of beryllium and have a cross section of 1/32 
inch by 1/16 inch, the 1/16 inch dimension being in the direction of the beam • 

. The radius of curvature of a meson trajectory is calculated from the_position on the 
plate at which tho track is found and the direction which the track makes with the normal to 
the edr;e of the plate. In F'iG• 4, if AB is the distance from the target to the point at which 
tho meson track is found, then ·the radius of curvature E», is given by 

AD (3) 
2 cos e 

For an error t;..e in the measurement of 9, the corresponding fractional error in ~ is given 

M. =tan e A e 
(> • (4) 

Thus the error in ~ is smallest for small e, and the best tracks to use for mass determination 
c~re those Vfhich a.re approximately nonnal to the edr;e of· the plateo Another advantage in using -~~ 

tracks of small 9 is that the corrections for the non-uniformity of the magnetic field are 
easier to make. 
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. . A convenient arrangement for rejec'j:;ing mesons whose trajectories make angles greater 
.1an about 10° with the normal to the edge- of the plate j.s shown in· Figo 5o When the plates 

are exposed in this "channel ft plate holder- all of the' meson tracks' found can be used for mass 
measurements and it is not necessary to study large numbers of tracks in order to find a few 
which will be suitable., The channel serves only to .reject unwanted mesons; its dimensions 
do not enter the calculation of radii of curvatureo 

For mass measurements of positive mesons, the apparatus was arranged as shown in 
Figo 6o Mesons are received which leave the target in a direction opposite to beam direction, 
the arrangement being similar to that described in an earlier paper2o As with the experiments 
with negative mesons, a channel was used which accepted on~y those mesons whose trajectories 
made small angles with the normal to the edge of the plateo It was found that masses of both 
heavy and light mesons could be measured with this apparatuso 

In the early experiments it was customary to wrap the -phot~graphic plates in black 
paper or aluminum foil to prevent exposure to lighto The mass measurements based on.wrapped 
plates are unsatisfactory for the foll~ing reasons: 

(1) If the mesons are scattered in the wrapping material$ the measurement of e as 
shown ·in Figo. 4 will be in error, and hence there will be an error in the value of f) calcu-
lated from Equation (3)o \ 

(2) When the plates are wrapped~ the position of the plates with respect to the 
target i~ riot known with precisiono There is an uncertainty in the position of the plates 

~ . inside the package, and there is also an uncertainty in the position· of the package as a 
whole with respect to the targeto 

(3) In the case of the black paper the thickness is variable; and there is no way 
to tell whether the meson went through a. thick p,art or a thin' parto This contributes to the 
error in the measurement of the rangeo 

For the measurements described in this paper the plates were used 'without wrapping. 
The plates were put into the cyclotron while the room was nearly darkD the only source of 
illumination being a photographic safelighto The concrete shielding of the 184-inch cyclotron 
provides a convenient enclosure which admits little light from the outsideo We had very little 
trouble with light-struck plates; apparently neither the arc of the cyclotron ion source nor 
the random discharges from the dee provides enough light to spoil the plateso 

The method of measuring the distance from the target to the meson track is to put 
a fiducial.mark on the plates at a known distance from the targeto Distances are then measured 
from th~ m.eson tracks to the fiducial marko The fiducial mark is put on by means of a "marker" 
shown in Figc 7. The marker has a slit with a small light globe behind ito Ametallic.contact 
point C is at a known fixed distance from the slit. When the point c makes electrical contact 
with the ribbon target, the light globe is turned on for a few secondso After the plates have 
been developed and are viewed under a microscope, the fiducial mark is seen as a dark line. 

Two different arrangements of plates have been used in connection with plate holders 
of the type shown in Figso 2, 3, 5, and 6: 

(1) Stacks of plates with each plate horizontal, as shown in Fig. 8o The mesons 
.tar the edge of the emulsion. A piece of plain glass is ordinarily placed on the top of the 

stack in order that the top emulsion will have a. glass covering. 

(2) Plates inclined at angles of 5°or 10°, arranged so that mesons strike the top 
of the emulsion. This is illustrated in Figo 9o 
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In order to show the order of magnitude of the numbers of tr4cks found per plate ' 
1,. .1ave listed in Table I approximate values for the various types of exposures o The numbe:r:s 
given correspond ·:_.o the USf'l of plates With emulsiQn thickness 100 microns and all exposure time 

,.of ,10 minutes with an alpha-particle current of the order of 0,1 microampere Q Exposures are 
ordinarily limited to about this lenGth in order that the background of proton and alpha-particle 
tracks will not interfere seriously with the study of the meson tracks. 

Study of the Plates 

, The plates were examined under the microscope with a 2 mm apochromatic objective _(oil 
itnrnersion) and en X6 eyepiece" J:,Teson tracks are distingu~shed by a charactedstic g;r'ain density 
change along: the track and a characteristic wandering as$o6tated with small angle scatteringo 
This. wandering makes it necessary to measure thf? length of the track in sections.. The lengths 
of sections of tho track are measured by comparing them with a scale in the. eyepiece~ which 
is calibrated by means of a stage micrometero Suc~ssi~ measurements of the range of the ~rune 
track are consistent within about 1 per canto 

When exposures are made with the plates inclined as shown in Fige 9 the mes6hs e:r{ter 
the emulsion through the upper surface, and there is n!) difficulty in deciding where.\the tracks 
starto ·when the plates are exposed in a stack as. shown in Fig. 8 the mesons enter t_ll.e emulqion 
at the edge, and c~ difficulty arises from the fact that the edge of the emulsion suffers a ·· 
contraction durint; proce;:c;singo This contraction, illustrated in l:'igo 10, results in a deforma
tion nf ·the meson tracko The straight track ABC is "distorted into the track ABD~ The port"ion 

,.BC is of the order of 50 or 20 microns, respectively, for, the emulsions of thickp.ess 100 or_50 
microns. For thr:; measurements made for this paper we ustd the following cortventionG . The length 
of the meson is measured up to where the deforni.ation starts o Then, by plac~ng the s,cale 'pa,rallel 

-~"l+o the direction of the track in the last non-defoM®d p~rt of the track the range is extraJ?olated 
on the assumption that the meson entered the emulsion at ~he point where th€1 s.cale crosses the 
edge· of the glass. It is assumed that before proc$B~ing ·the emulsion actu.allJr' was unUorm 1,1p to 
the edge of the glass. A comparison of results obtp.irl,ed .with plates of different e;nu,lsion thick
ness, confirms the correctness of this assumptionq. t.ehe ?;.Lclined plates avoid d1fficu;Lties associ
ated with the edges of the emulsion» and hence' are nio~ satisfactory for range measurements than 
the stacked plates e The results given in this paper are all taken from inclined pl::;.tes o Tl1e' 
{l.fivantage of the stacked plates is that the mesons are concentrated at the edge of the plat~ and 
are therefore easier to findo The density of mesons is about ten times as ·.large as for the· 
inc).ined plates., This makes the stacked plates .useful for survey experiments and order of magni
t"Qde estimates .. 

For plates run in the inclined pos.i tion, ~ angle wh;ich the meson trajectory makes 
With the normal to the edge of the plate is measura4 by setting a oross-hai.~ in the eyep~ece 

. parallel to the meson track at ·the point of entra.t:~:P~ into the emulsiono The angle is then read 
on a goniometer. For stacked plates the angle is ~asur0d in the non-deformed region. The. 
N,sults of successive measurements of the same tra~ are consistent· to within ;::>.bout 1° 0 

Preliminary Mass Values 

Preliminary values for the meson masses are a$ follows: 

Heavy negative meson: 
Heavy positive meson: 
Light positive meson: 

285 me 
286 m

6 
216 me 

'!: 

-,. 

where ffie ·is the mass of the electrono The value of 285 !lie· for the mass of :the heavy 'nege.tive 
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~on supersedes the value of 313 ! 16 me given in an earlier paper3.. When thi.s study is 
.• tpleteds it is hoped that the probable error of the mass determinations wi.ll be as low as 

+ 2 per cent; however~ the preliminary values given above do not have this accuracy. 

The ratio of masses of heavy positive to light posjtive mesons is le3lo This ratio 
is consistent with the assumption that a light particle (e.g.s a neutrino or a gamma-ray) is 
given off when a heavy positive meson decays into a light one. 
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Table I. Numbers of Mes'ons Found in Various Types of Exposures 

Type of Exposure 

H0avJT negative mesons 
without channel 

Heavy ne ga ti ve mesons 
with chann3l 
Stacked plates 

Heavy negative mesons 
with cha.nn31 
Inclined plates 

Total heavy positive 
and light positive 

~mesons without channel 

Total heavy positive 
and light positive 
mesons with channel 

Diagram. 

Fige 3 

Figo 5 
Plates stacked 
a.s shown Fig .. 8 

Figo 5 
Plates inclined 
as shown Fig .. 9 

Figo 6 
without channel 

Figo 6 

\ 

Radii of Sides 
of· Channel.·: .. 

... 

2-l/2 inches 
3-1/2 inches 

2-1/2 inches 
3-1/2 inches 

1-3/4 inches 
2-3/4 inches 

Area. of 
Plate Used 

3 inches x 1 mm 
(leading edge 
of plate) 

l inch x l rrun 
(leading edge 
of plate) 

1 inch x 1 inch 
(surface of 
p la.te) 

3 inches x 1 rrun 
(lea. ding edge 
of plate) 

l inch x 1 mm 
(leading edge 
of pb.te) 

Number of 
Pel" Plate 

100 ... 200 

5-10 

100-200 

10-£0 

1/2-1 

Mesons 
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3o Theoretical Physics 

Robert Serber 

The measurements of meson masses have led to the conclusion that the third particle 
involved in 1f ~p. decay has zero mass o This leads us to try :to understand the phenomena with
out introducing any new particleso It is then possible» on the basis of what is nm~ knowns 
to determine the spins of the mesonso The capture of 1Y- and p.~ mesons can be written 

(1) 

(2) 

p + 

p + p. ("''I = neutrino) 

In ord~r to understand the lack of stars in p.- capture it is necessary to suppose 
a particle' is emitted which carries off the energyo Since it is known that neither electrons 
nor l' =ray'... are emitted, this particle must be a neutrinoo Since 1"(~ capture does produce stars9 
it must be concluded that an additional particle is not involved in (l)o It follows that the~ 
has spin zero or one» while the p. has spin l/2o The ~-p. decay must then be 

(3) 

The reactions (lL (2)D and (3) are not independents since (2) is obtained from the inverse 
of (3L ·and (1);, 

~ The p. decay then takes the fonn 

(4) 

and one would therefore expect a continuous electron spectrumo Calculation shows that this 
spectrum is considerably concentrated towards the upper limit» which helps explain the conflict
ing experiments on this subjecto The lifetime of the p. agrees with p lifetimes if the same 
coupling constant is usedo 

On the basis of better experimental results 9 a revaluation of the cross section for 
meson production is in progresso Calculations on the production by 350 Mev protons are also 
being worked ono 

The latest conclusions on the n-p scattering is that tensor forces can be included 
without seriously disturbing the agreement with experiment~ though they are certainly no help. 
Accurate methods of calculating p-p scattering have been developeda 

A model in which'the nucleus is described as a sphere having an absorption coefficient 
and an index of rA+>,.. .. - tion has been used to interpret the experiments on scattering and ab
sorptior: of 90 Mev neutrons by nucleio Using an absorption mean force path of between 4 and 5 
x lo-13 em, and an index of refraction corresponding to a potential of 25 Mev 9 one calculates 
the nuclear/radii from the data on total cross sectionso The results fit very well the relation 

. R "" lo37 A1 3 x w-13 cmo The diffraction seattering is fairly well reproduced» although the 
• calculated scattering in the forw-ard direction: is about 15:fo lowo 

Bevatron calculations have led to the conclusion that a reasonable fraction of the 
injec:·ted beam may be expected to miss the injector without any special improvements o The 
dynamics of the beam near resonances is being investigated» and does not look alar.minga No 
reason to change the n value has been uncoveredo 
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•· Estimates of the producti OJ:). of deutE;~rons by bombardment of nuclei with high energy 
1. ;rons indicate that perhaps 10% as lila.ny high energy deuterons as high energy protons might 
be expected~. The angular distri buti 9n q,f the ~eu.terons should be narrower than that of the 
'protons a so that at s~all angle~ the nwl:lers ooulj be comparable o 

,. . 

,;_ .. ·. 
> • I 

'·, 

~·: ~.' ~· \ 

. ,:,. 
-~ ·. t· 
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Nuclear Cross Sections For High Energy Neutrons AE Measured W~th Bismuth Fission Ch~b~~~ 

N. Knable 9 Jo DeJuren~ B. Jo Moyer 

A sU1n.1nary of the measurements of total cross sections was given in the last quartHrly 
report~ UCRL-16?g 

During the period of the present report efforts lfirere directed toward evaluating the 
ratio of _a-; to ~ for carbons copper, and lead; where ~ is the cross section for inelastic 

.l "' . . l 
collision.~> and O"'t is the total cross sectiono 

The measurements consisted of simultaneous good geometry and poor geometry attenuation 
studies!! wi·th the poor geometry set-up so arranged that neutrons scattered at angles up to 45° 
could be recei -;red by the detecting fission chamber" Figure 1 shows the experimente.l arrangemento 

----------
~----

High-Energy 
Neutron Be run 
Cone from Target 

~Bi 

1) 

Fission Chamber Monitor 

-- ---- -

Bi Fission Chamber Detector 

Discs of Attenuating Material 

r------------ .-.I 40 fto 

Figure 1 

10 fto 
Concrete 

Plan View of Attenuation Experiments with Good and Poor Geometry 

Bi Fission 
Chamber .Detector 

The 45° angle was chosen because studies of differential elastic scattering cross 
sections have shown that essentially all the neutrons elastically scattered by any thickness 
of attenuator here employed (up to 6") will lie well within a cone of 45° half-angle. A Bi 
fJssion chamber With proportions as indicated in Fig., 1 ( 4 l/2n Plate Diamo» 3 plates, 3/ 4~« 
p1ate separation) served as the first detector; and a similar one monitored the neutron beam 
ir· nsity as indicatedo The good geometry detector was of the same type as used in the earlier 
(),., illeasurements o 

By reducing the argon-C02 pressure in these chambers down to about Oo5 atm (from 
a previous lo4 atm) it was possible to suppress the pulse sizes of protons, and alphas~ and 
of pile-ups of these~ with respect to the pulse sizes of fission fragmentso This has greatly 
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lieved the problem of discrimination between the types of events; counted and allowed operation 
_"' considerably greater beam intensities than were here-to-fore possible. Beam intensities 
yielding as much as 80 counts/sec could be employ~d with good bias plateausQ (Because of the 

•pulsed nature of the beam the instantaneous count~ng rates are much higher~ by a factor of 
100-300). 

In interpreting the data: it i:( assumed that~ (1) any elastically scattered neutrons 
will still be detected by the poor geomet;ry counters end (2) any elastically scattered neutrons 
wi 11 be sufficiently low in energy as to be below the threshold for Bi fission (-50 Mev) o 

The tentative yalues for various measurements of the ~i/~t ratio 8 subject to possible 
corrections related to the validity of the assumptions involved are given :i,.n the following ·table. 

-~~l_(Ji; 
cr't 

(using previo1,1sly measured O"t) Element 

Carbon .460 • ,016 
o457 + o026 .. 
.. 434 <flo o023 '"' o225 ± oOOS barns 
o454 + "022 .. 
o43l + ,024 .. 
.421 + o014 .. e418 + GQ15 barns Aluminum 

o392 ~ .005 ... Copper .,783 + o013 barns ~ 

1;)39 <(1. 
*04 .... - . 

o40 
. .. 

oOl ... 1 .. 77 + o05 barns -Lead 
o40 + oOl~ <;;> 

· o38 .. oOl "!> 

cross 
three 

An experiment is about to be performed to measure the differential elastic 
section for carbono Tfl.is 9 when -i~tegrated~ vvill provide .a test of consistency 
measured values~ at~ O'p ap.d ~19> . 

• 
/ 

scattering; 
of the 
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5o High Energy Particles Emitted During Neutron Bombardment of Various Nuclei 

Herbert York 

Experiments have been started to measure the angular and energy distribution of the 
high energy charged particles emitted by m~clei' during 90 Mev neutron bombardmen.tQ 

To determine both the energy and type of a secondary particle, its Hp and range in 
carbon are. simultaneously measurede The Hp is measured in the usual way by using a magnet 
with a variable fieldo The particle is de~ected by a counter telescope~ consisting of four 
proportional counte:rs 9 placed e.t the point where the particle leaves the magnetic fieldo Its 
range is determined by either one of two met4odso 

The first involves placing an EJ..bsorber A1 in front of the first counter, and an 
additional absorber A2 in front of the last counte:ro The first three counters are operated 
in coincidence and the last in anti-coincidenoeo Hence only part~cles with :ranges between 
A1 ~~d A2 are detectedo 

. The second method involves placing the absorber A1 before the last counter 9 and then 
desensitizing this counter so that it only counts particles whtch just penetrate A1 .~~ and thus 
delivering large pulses in the last countere 

Results so far are very tentative, but some qualitative features may be mentioned 
at -this time~ 

Both deuterons and protons have been found with energies from 2.5 Mev up to about 
100 Mevo Other particles have not been founQ. 8 but are not excludede The :ratio of deuterons 
to protons is greatest for _a carbon target (compared to copper and lead.!> th~ only other targets 
investigated). and larger at 10° than at 25() ~ these being the angles between· the neutron beam 
and the emitted pe.rticleso The. maximUm ratio (for e. carbon target and 10°) is very roughly 
two deuterons to three protons o For copper_ this ratio is between lz2 1/2 a11~ ls4., and for 
lead betti\Teen ls5 and lglOo · 

- t 
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6. 90 Mev Neutron Differential Scattering Cross Sections 

A. Bratenahl» R9 HildebrandJ c. Leith~ B. J. Moyer 

The measurement of the angular distribution of elastically scattered neutrons f'rom 
Be, c, Al~ Cu 2 Ag~ Pb, using as a' detector proportional counters in coincidence detecting 
recoil protons of energy greater than 60 Mev from 2 inches of paraffin has. been oomp1At"7d. In 
the angular range (E: 0 and greater) we used a 3 inch diameter beam and spherical sca.tter.ers 2 
inches or less in diameter. To extend the measurements to smaller angles e. beam defin.mg system 
was developed which provided a beam 1 inch wide and 2 inches high, and sce.tterers we:re used 
which were larger in cross section than the beam. 

We have yet to measure the attenuation of the neutron flux by these sce.tterers in 
order that the self attenuation correction can be applied to the measurements of scattered flux& 
This experiment is not completed. 

An absolute differential cross section measurement is planned. Relative differential 
cross sections for the six elements already measured will thus be provided with an absolute 
scale. The presentation of the data gathered will be withheld until the next report~ by which 
time both relative and absolute differential scattering cross sections~ and total ele.stic 
scattering cross sections~ should be determinede 

Considerable effort was given to establishing accurate and convenient methods of 
aligning the target-collimator-~ce.tterer-detector system. A photographic system has proved 

· •to be rapid and sufficiently accurate. 
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7., High Energy Gamma Rays From Cyclotron Target 

B. J. Moyer~ H. Fo York$ R. Bjorklund 

There are three processes which may yield photons of energy above usual nuclear 
transition energies from targets bombarded by the high-energy cyclotron beam. These are 
(1) brelunstrahlung (2) excitation of high:...energy nuclear levels- such as the dipole oscillation 
described by. Teller and Goldhaber (3) decay of charged or neutral mesons~ if they are formed~ 
and if they yield photons upon decay·o If high energy gammas are found in sufficient number, 
their origin might be inferred from a study of their energy distributiono 

In order to investigate this problem an electron pair counter was set up outside the 
shielding in line. with the neutron bearn-holeo The deuteron beam was run baokward.'9 ioe•s in 
the direction which sends the high energy neutron beam away from the hole·-·. A small fraction 
of the gamma photons originating at the target may then come through tne neutron beam·; holac1 and 
be detected., 

The pair counter consists of a magnet (pole area 12" x 30" ~ gap 1 3/4n) s a radiator 
to originate the pairs s and four counter tubes operated i:p. four-fold coincidence o This is 
shown in plan view in Figo 1.. The energy res.olution of this f'irst arrangement is not high 
because of the large breadth of the counters~ but by operating the magnetic field at chosen 
values up to 14~000 gauss» the mean detection energy can be adapted to photons up to 100 Mev. 
At a given value of magnetic field the detection efficiency vs. energy of photon has a maximum 
~value at this mean detection energy, and decreases uniformly to zero at the extreme energies 
detectable by virtue of counter size o The extreme range of energies detected is approximately 
Em ± o3 ~D where Em is the mean detection energyQ .. 

The following statements may be made about the early results thus far obtained: 

( 1) Photons are observed from any cyclotron target employed (Be, . Cu& Pb) extending 
up to mean detection energies of -100 Mevo 

(2) Between 30 Mev and 100 Mev the yield of photons falls regularly with increasing 
energyo Below 30 Mev the data are not at present clear. 

(3) Pb gives a larger proportion of counts at low energies (ioe.s below 30 or 40 
Mev) than does Be o 

( 4) The cross section for production of, photons detected with a mean detection 
energy of 70 Mev is of the order of l0-30 cm2 per·nucleuso 

The counting rates are only ~f the order of one count per 100 seconds~ and consequentlJ 
the amount of data thus far accumulated is not large o 

! • 
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' OUTLINE OF MAG. POLES 

PLAN VIEW OF PAIR COUNTER 

Fig. 1 

Aluminum absorbers to suppress background counts due to low energy electrons. 
fl 

os Thick Pb block for absorbing out the pair counts. 

ra Radiator {usually this is a .010" Ta sheet). 
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8o !sotope Analysis 

L. Tolman, W. Crandall$ W~ Sir.i~ B. Jo Moyer 

This quarterly period has seen the l'Jier Spectrometer brought into a convenient form 
in which chart recorders trace simultane-ous plots of ion beam current and magnetic flux density~ 

\ 
Certain of the components» and a discussion of some recent analyses are presented in 

the following paragraphs and pictures o 

.. 

The pictures in Figso 1$ 2 and 3 show the following featuresg 

Fig. l 

Diffusion pump and trap in foreground. 
Upper and lower background show spectrometer tube. 
In center be go is seen the germanium crystal fluxmeter inserted between pole tips o 

Figo 2 

Preamplifier vacuum housing and magnetic shield in lcrwer foreground. Pole tips 
with germanium fluxmeter in upper portion. 

Figo 3o 

Control panelso Chart recorders for ion beam and magnetic field at ne~ end., 
Precision vernier voltmeter and ammeter for accelerating voltage and magnet current 
built into tableo 

Ion Be am Current .Amplifiers · 

'fwo 100% feedback direct current amplifiers have been installed, using'type ~32n tube 
preamplifier stages to measure the ion current collected on the adjustable slit ~d the collector 
plate. Zero to ten millivolt Leeds and Northrup Speedomax recorders connected through a divider 
to the output of the amplifiers allow a permanent record of ion current covering a range from 
10~15 to 3 x lo-ll amperes to be recordedo 

'rhe cprrent ampli'fication depends directly on the magnitude of the grid resistor in 
the preamplifier stage and, since it is desired to measure an ion current of lo-15 amperes 6 a 
resistance of 1011 ohms has been used$> The preamplifier must be operated in a yacuum to insure 
stable operationo To reduce disttiriJances from stray magnetic fields a heavy iron housing has 
been installed. 

To obtain satisfactory operation of the D.Co ampHfier.!> it was fo·und necessary to 
carefully select the input tube and grid resistoro Background fluctuation could be reduced 
by a factor. of 100 or more through such a careful selectiono Also po~arization of certain of 
the grid resistors introduced objectionable decay in the amplifier outputo U$ing an R.,C.,A. 
032 00 tube and a 100~000 Megohm Victor~en resistor the background fluctuations were reduced 
to 10~ 15 a!llperes o These fluctuations appear to come primarily from the tube and further 
.~ ovement in this direction may be anticipatedo 

The collector end of the mass spectrograph tube has been completely re-wrapped ·with 
copper shielding bonded to the preamplifier housing to insure good electrostatic shieldingo 
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GP""'maniurn Fluxmeter 

A magnetic field measuring device~ utilizing the Hall Effect in a germanium crystal 
has been installed and tested for sensitivity and stabilityo Figure 4 shows the mounting of 

•the germaniumo 

Currents up to 40 milliamperes were passed through the germanium crystal and the 
e om of. developed across the crystal was measured .with a DoC. amplifier similar to that used 
for measuring ion currents in the mass spectrograph (Figure 5)o A sensitivity of ol mva/gauss 
was easily obtained with some instability in_the output noted. It is believed that most of 
the instability arises from poor contact of the eem.f. collector knife edges on the germanium 
and ultimately a technique for soldering leads to the germru1ium crystal may have to be developed. 

The e.m.f. developed across the crystal was found to be linear with the magnetic field 
applied (Figure 6). Further tests will be needed to determine its applicability to alternating 
fields o 

Ion Gauge 

A new ion gauge supply was installed which, when set for maximum sensitivity, indicates 
nominal pressures of 2 x 1Q=9 mm. of mercury for the smallest scale division.. By this criterion, 
nominal pressures of 5 x 10-8 mm. of mercury have been attaineds with recorded ion currents of 
the order of lo-14 amperes. The ion gauge is located on the pumping line between the diffusion 
pump and the spectrometer tube~ so the pressures recorded are not to be taken at face value 

• a~ the c ondi ti ons in the tube • 

• Summary of Recent Mass Spectrographic Analysis 

Carbon Sampleso Samples of co2 collected from some specially grown algae were analyzed to 
ascertain whether any isotope enrichment could be observed.. Expected relative abundances of 
(COz) 44v 45~ 46 were calculated from published isotope ratios for carbon and oxygen. These 
were then corrected for capillary flow differences due to the method of introducing the sample 
into the mass spectrograph from the sample system (Figure 7)., A comparison of these calculated 
percentages with those determined from normal co2 samples and algae sample showed no significant 
differences" 

Argon Samples. Samples of Argon used in the local manufacture of Geiger coun~er tubes were 
analyzed to determine impurities present. Less than .002% of oxygen,nitrogen and carbon dioxide 
were present. 

Tin Samples., Samp1ep of tin enriched by the calutron were analyzed and a summary of the results 
obtained are as follows: 

Percent Abundances of Isotopes 
Mass Number Normal Sn sn116 Sample sn120 Sample 

115 o4 Gl 
116 15.,5 77 .. 8 3.,5 
117 9.,1 7o6 1,.6 
118 22 o5 4o3 5.4 

r: .. 119 9.,8 4.3 4 .. 0 
120 28e5 4o8 84o9 
122 5 o5 o5 .44 
124 6.,8 o6 .35 
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These results indicate im enrichment factor of l9el for Sn116s· ~ 14el for snl20; 
·e enrichnl.ent factor is defined as the ratio: ' 

p' 1-100-P9 . . . 
. p 

·. · ·wo .. p 
; ·in which P, P~ ~ percept abundance of isotope in question before 

.; 
'\ 

and aftet, processing., /\ 

No evidence of hydride ions was s~el;l; but there was a background of residual ion beams 
in this region which may render the values of the less abundant .isotope percentages somewhat 
inaccurate o For the purposes in hand it is not necessary to obtain more valid analyses c 

Figures 8 and 9 show traces of backgroutl.O. ion beams D and 9f beams used in the tin 
ana.lyses.9 respectively. The latter was made. in a test run with noqnal :SnC14 o. 

Mercury Sa.mpleso Tvm samples of mercury from thl3 Bureau of Mines, reputedl.y E)nriohed respec'tive
ly in light ~d heavy isotope components were a.ne.ly~ed 9 N9 s ignifiqant deviat~ ons. from the 
normal mercu:ry spectrUifl were Ob$e:rved 11 · · 

Deuterium Mass Spectrograph, The stainless steel spectrometer tube has been c(?mpleted and 
tested for le aksq An oven has been wrapped i:!.bout the tubE! and the tube has been mounted on 
the collectof and all water cooling li~es installe~~ A 10 iiter D.P.I. diffusion pump with a 
150 cm2 trap installed and work is now _in, progres:;: on feedback amplifiers similar to those in 
use on the 6 ~h radius mass :tpeot~o~ph 0 
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Figure 8 

This is a backcround :run olltnined from tbe mass S=!ectrograph 
with the amplifier operating at maximwn sensitivity. A sHght 
amount of the cadmium spectrum is present, due to silver solder 
used in the construction of the spectrometer tube~ The rapid 
f1uctuati ons e.re due to the pree.mplifier stage, and the sudden 
displacement at the :right side of the page is due to the auto
mutic calibration of the SpeGdomax recorderQ 

Thi~> is a run mrJ'!.e v:i th nor£llal tin tetrs.chloride in the sample 
system. The sensi tivitv of the ampl:Lf'iel~ circuit is one hundredth 
that of the background run of Figure 8. The tin spectrum, as 
VITElll as the tin monochloride spectrum, can be easily identified. 
For a more e,ccurate determination of the he i fhts of the peaks the 
magnetic field would be swept at a slower rate to be sure the 
recorder follows the input signal preci selyo 
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9. Scattering and Other .Studies 

Emilio Se gr~ 

Scattering of Elementary. Partic~es 
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The neutron neutron scattering can not be attacked directly and as was pointed out 
i~ the last quarterly report the study of dp scattering is a promising way to collect information 
on this subject. · An apparatus for measuring the scatteripg cross section elastically scattered 
deuterons on an absolute scale as a function of the scattering arigle has been perfected and 
satisfactorily tested.. No definite results from this apparatus are available as yet, but it 
seems likely that the elastic scattering cross section in· dp scattering is lower than predicted 
in a theory by Goldberger and Chew, Phys. Rev .. , 74, 809 (1948) o This point has a direct bearing 
on the additivity of the n and p cross section in-scattering experiments of protons or neutrons 
on deu·terons ~ The technique so far developed is versatile and will allow t}1e study of elastic 
and inelastic scattering of de4terons or other charged particles by all kinds pf targets. 

Decay Constant of Be7 

The experiment on the variation of the decay constant of Be 7 in different chemical 
compounds (UCRL-137) has been renewed by comparing BeO with BeF2 ~ The data show an effect 

.. ' /\oxide i\ fluoride = 0,.003 
~ 

More observation time is needed however to obtain a reliable result .. . . 
Fission Studies 

The work on the energy distribution of th.e fra.gmer:tts of .u238 and u235, Th and Bi 
under 90 and 40 Mev neutron bombardment has been partially compl~'l;ed and a ·~eparate report is 
being written. The main results are as follows: The distribut~ons of number ::versus energy 
show only one maximum instead of two as occurs with low en~rgy fission.. The energy of this 
maximwn is very close to the average energy {:,btained in low energy fissiono It is 75 Mev for 
u238; 83 Mev for u235; and 80 Mev for Th, respectivelyG For Bi it is slightly lower - 71 Mev .. 
The energies· correspond approximately to the Coulomb energy of the two fragments when in contact. 
These results and the chemical evidence favor a mechanism of fission according to which pre.cti
cdly all the energy. of the impinging ~article is, dissipated in e:vaporating neutrqns,' ~;md the 
final nucleus undergoing fission is only slightly excitedv 

We have also measured the fission cross section 90 Mev neutrons with the following 
resul'l:;.s: natural U Of= 1.4! 0.25 x w-24 cm2; Th 1 .. 0 ± Oo2 x w-24 cm2; an4_ Bi Of = 0 .. 05 
! 0.01 x lo-24 cm2., For 40 ~ev nuetrons we obtained the following results: natural \J~= 
1.75! 0.3 x lo-24 cm2; Th Of ; 1.05 x 0.2 x lo-24 cm2. 

~ In ord~r to measure fission cross sections using charged particles as projectiles 
we have tried to use a differential chamber. The primary be6lli crosses the two sections of 
1 chamber which are connected in oppositiono In this way the ionization produced by the 
b~am cancels and it is possible to detect the fission fragments., Preliminary ·experiments with 
this method seem quite promising. 
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10. P-P Scattering Experiments in the Linear Accelerator 

H. Bradner 

Photographic Plate Method 
----·--~---~---------------

One thousand tracks have been tabulated in the first attempt to obtain the angular 
distribution· of scattered protons. It is appare.nt that the background to be subtracted out 
was not chosen correctly, and we are awaiting more runs. 

Ionization Chamber Method 

Data has been obtained for a preliminary differential scattering cross section curve. 
Spurious counts due to neutron background ;recoils huve been reduced to 10 per cent of the 
total counts by gating the scalers to be operative only during the "on" time of the R.F. 

( 
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11. Short Half Life Investigations in Line !:\'r Accelerator 

H& Bradner 

\ 
Study of the half-lives of Al25 and Al26 via separated Mg isotopes has been completed1 

with the following results: 
Half life of Al25 ~ 7.3 ! 0.2 sec. 

sec. 

Proton energy was varied by means of aluminum absorbers in order to obtain the rough activation 
curves of Al25 and Al26 sh~rn in Figures 1 and 2. Feather analysis of the positron energies 
yielded end points of approximately 3 Mev in agreement with allovmd transitions. 

The 20~second half life of clO reported by Sherr et al(l) has been confirmed by 
bombardment of separated BlO in the fo:nn of boron metal. A 2 Mev positron was found, as 
reported by Sherr. 

A new 3-second half life app.earing from proton bombardment of Ni58 has been tentative.
ly assigned to cu58. 

A very high energy positron activity of approximately .Ol~second half life and 20.7 
Mev threshold has been obtained by bombarding carbon with protons~ It is tentatively assigned 
to.Nl2. The half life is 'compatible with the assumption that the transition is allQwed. The 
experimentally detennined threshold is 400 kilovolts higher than would be pennitted by the 
proton-emission stability of Nl2 (using 11.015 for ell mass) but there is reason to question 
th!3 accuracy of the threshold measurement. 

( 1) 
R. Sherr, H. R. Muether, M. G. White; Phys, Rev.,~, 1239 (1948). 
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12D Inelastic Scattering of Pro,tons 

E. Martinelli 

A photographic method is used to measure the energy distribution of inelastically 
scattered protonso The 32 Mev linear accelerator is used as a source of protons. Eight plates 
e.re exposed simultaneously at fixed polar angle, and the track lengths from 0-200 microns are 
measured on each plate. 'VVith appropriate aluminum absorbers betvveen the target and each plate, 
the energy distribution from 0-16 :Mev or 16-28 Mev can be determined in one run. 

To determine the energy resolution of the ca:nera, an exposure was made with 16 Mev 
protons on carbon. The following energy levels of cl2 were observed - 0; 4o8 ! .2; 10.0 t .4 
Mevo This confirms results obtained by Fulbright (private corrununication) at Princeton. The 
width of the levels at half maximum were of the order of loO Mevo The calculated width at half 
maximum vn th the beam stopped down to 16 Mev is 0 o7 I'dev considering only straggling in the 
various absorbers, and the initial spread of the beam. Experiments are being continued with 
carbon ru1d aluminumo 

. . 

. . , 
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13., The Detection of Li~:;l~·:~ and Heavy Mesotrop.s Outside the Tank 

of the 184-inch Cyclotron 

w .. Pa.nofslC'J 

It is of general interest to make the mesons artificially produced in the 184~inch 
cyclotron available for general experiments outside the tanko Thus far only photographic 
techniques have been used in conjunction with the Berke ley meson work. By bringing the be am 
outside the tank it is hoped that cloud chamber., and possibly counter methods, m~y become 
accessible to me0on work. In addition the measurement of the lifetime of the 11' meson appears 
possible if long meson trajectories are obtainedo 

The method discussed here accomplishes the removal of the mesons from the cyclotron 
tank by ha.v~ng the mesons produced in a thin target struck by the 380 Mev· alpha particle beam 
enter a region of very weak magnetic field which parmi ts them to leave the tank along a path 
of weak curvature. The technical problem involved here is therefore to produce a magnetic 
shield w-hich reduces the field of the cyclotron from about 14,000 gauss. to the neighborhood 
of l$000 gaussp and then introduce this shield within a very short distance from the circulat
ing beam without distur ling the dynamics of the beam itself .. 

The main problem in the design of a magnetic shield of this type to operate in a 
magnetic field of 14~000 gauss is a problem of saturation of the irono This problem can be 

~met only if the flux density in the iron only slightly exceeds the flux density in the surround
ing fieldo This condition can be met by using a shield whose major extent is perpendicular 
to the direction of the fieldo If we approximate such a shield by an oblate spheroid, the 

• mathematical analysis of the saturation and shielding behavior of such a body in an external 
field can be made.. As a result of this analysis, it can be shown that a shielding ratio of 
only le3 is obtainable for a shield of spherical geometry, while for a spheroidal shield of 
axial ratio t;vro to one 9 the shielding ratio of three to one is obtainable; while for an axial 
ratio of four to one, the shielding ratio of 30 to one is feasible, in an external field of 
14 8 000 gausso The above calculations are based on·cold roll~d steel. On the basis of these 
calculations !3. shield was designed in accordance with an axial ratio of four to one J bent 
in the shape of the trajectory computed from a set of magnetic measurements o The resultant 
overall georaetry is shovm in Figure No. 1. It is seen that the curvature of the mesons enter
ing is greatly decreased in the shield, permitting the mesons to enter the reentrant chamber 
in the side of the cyclotrono Figure No. 2 shows the magnetic field along the meson trajectory 
with the magnetic shield. The disturba.nce produced by this shield is only 5 per cent at beam 
radius. This disturbance is compensated by a set of magnetic shims fastened to the pole of 
the cyclotron. Unfortunately it is not possible to calculate the focusing properties of the 
meson shield theoretically, ov.ring to the very variable saturation conditions near the channel 
through which the mesons are passing. An intensity of mesons expected from the channel is 
therefore difficult to predict. However~ a counting rate of 1,000 mesons per minute for a 
beam current of w-7 amperes of alpha particles is the best figure which can be calculated 
from the data knovm thus far. 

. Until now only four mesons have been detected inside the reentrant chamber in the 
cyclotron wall. Tvm of' these e.re light mesons and two ar.o heavy mesons.. The fact that the 

• 

·;;ght mesons are also obtained through this channel lends additional support to the belief 
·that the light mesons are actually formed in the cyclotron target and are not produced by 
disintegration in flighto The total time of flight in the chamber is lo-8 second~ and an 
additional w-8 second is obtainable in the reentrant chamber without any additional magnetic 
changes • If the 1T' meson lifetime is therefore not in excess of 5 x lo-8 second» the measure
ment of the lifetime should be possible in this geometry by a comparison of the numbers of 1r 



. . 
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~mesons as a function of distance along the meson trajectory. It is also planned to 
1.-..dck the focusi~g properties of the magnetic channel by metms of one· million volt alpha 
particleJ ;produced by a thick radioactive alpha sample mounteQ. on the regular cyclotron 
tttrget position. 

; 
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II. ACCELERJJ.TOR .PJID CALUTRON OPERATION Alm DEVELOPTif.:'.:lJT 

1. 184-Inch Cyclotron Operation 

James Vale 

Proton Conversion 

Modifications to the proton conversion unit have been made as a result of the radio
frequency tests. One of the major changes was a multiple contact switch mounted inside the 
vacuum system and mr;11ually operated through a crevron vacuum seal. This switch was found necessary 
for rapid c.hange-over in operation from accelerating prqtons to accelerating deuterons, or 
vice versa. In addition the width of the transmission line stub was made smaller so that it 
would be the same as the dee stem. Change-over in operation from protons to deuterons or 
alpha particler:; 5.s expected to bo a matter or-minutes. 

Rotary Condenser 

The major trouble 1tvi th the rotary condenser has been the op~ming of vmter leaks in 
the vacuum system. These leaks have been the result of tvJO diff'icul ties: first, the-' zircon 
insulators, which support the rotor, have developed cracks allowing water to pass into the 

~ v,acuum system, and second, rubber gaskets have deformed enough to open leaks. Eoth of these 
difficulties have a common cause, which is the high temperature reached in the rotor during 
opere.ti on. 

An a·ttempt to prevent b_re!'J.kage of the insulators has consisted of increas inr 
clearances betvlfeen the insulators ,fllld the metal parts so that expansion of the parts Viill not 
strain the insulators • A solution to the gasket problem seems to lie in the use of 110 11 ring 
gaskets. The;;e g;askets seal a vacuum joint by virtue of the pressure on the other side of 
the vacuum. 

Magnet Pole Piece Oil Band 

During the early stages of operation of the cyclotron, it was found that the vo.ouwn 
tank pressure increased when the magnet was turned on. The cause of the vacuum dif'f'icul ty 
seemed evident, Vlhen oil, presumably from the magnet coil cooling systen~v.ras found seeping 
out from the craclr..s between ·the pole piece slabs in the vacuum system. 

In on o.ttemp:t to determine whether this oil was the cause of the vacuum trouble, a 
stainless steel band with rubber gaskets 1Nas installed all around the pole piece and covering 
the spr~ce betw·een two slabs. Provision was made to pump on this volwne by G.n auxiliary pump. 
Results of this test indicated that a band- of this type was not se.tisfactory, the:cefore a 
progrem vias e;ott0n m der way to vrold ~:~ steel band all t1.round the top pole piece in the vacuum 

,• system during th0 installation of the proton unit • 

. _ .iagnotic Cones. 

It has been. knovm for s orne time that mag..11.etic focusing of the ions in the center 
of the cyclotron is necessary for optimum been output. Since there was some question vrhether 
there ·oms enough trll''-l~netic foc.using in the 184-inch cyclotron, new steel cones vvero made and 
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'lstalledo The cones in use for the past year, w·ere six inches in diameter at the base and 
ro inches high.,. The new cones tried were two types: one had a base diameter of nine inches 

and was three inches in hei ght.l> and the second a double cone having a base of six inches in
qiameter$ and reaching a height of four incheso 

Neither of the tvro types of cones seemed to give any improvement over i:ihe cones 
thD.t had been in use o 

Telescoping Probe Extension 

The present probe system in the 184-inch cyclotron does not allow the probe to reach 
any closer to the center of the cyclotron than about the 20 ino radius pointo However, it was 
felt that certain experiments involving current reading probes that could rea.<(h the center 
were necessaryo Therefore a telescoping probe tube was added to one of the present tubes so 
that an extension of about 24 ino beyond the present limit was possible o This extension can 
be controlled after insertion of the probe into the tank. 

A further use for this probe was found in the meson research programo The length 
of material that can be inserted in the cyclotron tank is limited by the probe air lock. With 
this probe extension it was found possible to get e. much larger effective length by mounting 
part of the equipment on the fixed tube and part on the extension and inserting into the_ tank 
when the telescoping system wa._s colla.psedo 

~Beam Experiments 

One of the attempts to increase the -~1ount of beam obtainable with the cyclotron 
c'onsisted of increasing the dee voltage during injection time. This rise in dee voltage was 
obtained by pulsing the oscillator plate voltage to about fifty percent above the normal 
operating pointo This pulse was about 100 microseconds in lengtho In addition, this vol tag~ 

. pulse could be moved in time so th9:t it could be plaoed anywhere in the frequency modulated 
cycleo 

No increase in beam was observed" but in addition no decrease in beam could be seen 
even though the voltage pulse was moved over the whole frequency modulated cycle.:. 

This point is of interest theoretically because in the past it was felt that loss 
of beam would result if voltage spikes were present on the deeo 

.. 
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2o 60-inch Cyclotron 

Jo G. Hamilton 8 Go Bernard Rossi, James Fo Miller, William Po Balla 
Kenneth Do Jenkins~ Kenneth Relf, Thomas Mo Putnam Jro, Leland Ko Neher 

Operation 

There were available 31 672 hours of possible operating time from May to October, 1948, 
inclusively .. This time was consumed as followss 

Bombardment Time: 

Deuterons 
Alphas 
Protons 

Experimental Time: 

Ion sources (1) open 

TOTAL 

1 
(2) Water.cooled hood 

C 1~ & Bio Acceleration 

Outage: 

Do C .. Filament heater 
Microinterceptor target 
Beam development (1) alpha 

(2) deuteron 
(3) proton 

Dee tuning 
Gas analyzer 
Magnet shims 
North oscillator tube characteristics 
Beam pattern 
Vacuum tank alignment 
Ion source gas line 
Dee frequency measurements 

Maintenance, check up. etc .. 
Enforced shutdown 

Bombardment efficiency: 63 .. 25% 
70 .. 99% Operationa1.efficiency: See Figure 1 

697 .. 4 hrs .. 
636.9 hrs .. 
988 .. 4 hrs .. 

2322 .. 7 hrso 

7.7 hrso 
3lo9 hrs o 

2322.7 hrso 

19 oO hrs o (See below) 

8e4 hrso 
33.9 hrs .. 

106 .. 2 hrs .. 
5 .. 2 hrse 

17.8 hrs. 
17 .. 7 hrso (See below) 
2o0 hrso 
5o2 hrso 
1 .. 0 hrso (See below) 

o8 hrs 0 

10 o4 hrs o 

1 .. 0 hrso 
16.0 hrs .. (See below) 

284.2 hrso 284o2 hrso 

694o2 hrso 
370 .. 9 hrs .. 

3672 .. 0 hrs o 3672 oO hrs. 
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Ma.y June July. Aug;o Sept. 

Figo l 

• Bombardments o During the per~od from May through September.~>; 1948 9 there were 141 targets 
bombarded on the 60 11 cyclotrono Of these., 67 were With deuterons» 52 with alphas and. 22 
with protonsg The bulk of bombardments were made for groups connected with the University 
of California Radiation Laboratory. Outside groups were represented by Argonne National 
Laboratories!> University of Roohesters Uo So Navy (Hunters Point) and the Uni"le;rsity of 
Wyoming. 

Outage Time.. The most time-consuming outage item in the period was a forced shutdown occurrir;tg 
in the early part of August. This was occasioned by a ruptur~ in the west RoFo stem throat 
about 6" from the R.F. connection to the dee. Due to the fact that the rupture was associated 
with the water cooling line~ the decision was made to remove the stem and replace with heavy 
gauge copper. This occurred on August 2., 1948. The machine was completely dismantled and 
the west stem lines removedo 

Work completed during the shutdown included the replacement of the t.hroat ·section 
in the west dee stem liners» both top and bott-omo During the assembly of the new sections» 
the main W. R .. F. clamp warped out of alignmentl> necessitating hard soldering the west U-house 
in place at the time of installation./ to minimize radiation o ·Also installed at this time 
were new thick-walled cooling lines in the new sectionsQ 

Other work carried on during the repair included the installation of the new probe 
~'""Sembly» despite the fact that the probe has not been tested. This can be tested separately 

~·· the drydock and installed at a later date.. Effort was made to flatten the lower tank lining 
·beneath the ion source. The area was heated to anneal and pounded into shape as ·well :as 
possible. The upper ion catcher was replaced because of the condition of t{le tungsten tip 
and the appearance of impending water leaks in the cooling line. 
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Anticipated bombardments requ1r1ng higher energy particles dictated an increase 
operating frequency. This required shortening the dee stems by movement of the shorting 

spiderso In this manners the frequency was changed from llo395 m.ce to llo62 moe. This 
r.ep_air was completed in 370 hours o A breakdown of time showed the fol;L.owings 

Disassembly 32o0 hrs 
·Repairing stem 137.,0 hrs 
Assembly .49o3 hrs 
Frequency measurements 7o0 hrs 
Leak hunting S9o6 hrs 
Bake in 55ol hrs 

370o0 hrs 

Considerable time was spent (after the system had been baked in) adjusting the 
various parameterso The deuteron beam was located without much difficulty but was peaked 
at 8=10 \-La with a power input of about 120 KV7 o This was very poor from an overall efficiency 
point of viewo Repeated adjustments of source~ magnet shims and dee yielded very little 
response 9 with the e:xception of those made on the west dee horizontal o This dee carries the 
ion exit channelu Repeatedly" it was found that when the exit dee was moved 7 divisions (1/4") 
toward the tank center 9 beem increases of a factor of approximately 2 were realizedo However, 
centering the beam on the target through deflector adjustments was impossibleo Also~ excessive 
sparking and heating was noted in the narrow throat betV'J-een the dees and the main section of 
the dee stems o 

Efforts at adjustments to increase the beem at a fixed dee SE?tting l/41a out from 
.. the position of natural maximum yielded little resultso The central pyramidal shims were moved~ 

and the deflectors east dee and ion source were adjusted without appreci~ble increase in beem~ 

A survey of magnetic field plots indicated that at the exit radius; the field drop 
off slope had increased from 5o~ to about e,1o because of the higher £ield associated with the 
increased frequel?-CYo Thus!> it was decided that the frequency should be returned to the former 
level of llo350 m.co until such time that peripheral field shims can be design~d and constructed 
to decrease the drop-off at the exit radius and until more dee vol t~ge is made available" 

Evidence that the beam was not approaching the exit channel at a desirable ang~e 
was shown when the deflector was removed during the frequency loweringo Figure 2 shows the 
section of the deflector adjacent to the exit stripo The dark pointed :inark is ap. area of deep 
erosion which occurred down the channel about l/4 11 beyond the exit strip. In other words.l) the 
beem was striking the deflector at an angle inste(l..d of being tangent to it~o· Because of th,is,. 
the position of the source and dee center was checkedo It was found that the center of the 
East (feeler) dee was l/41e off center along the line between the' dees and the source was about· 
1/2'8 off in the same directiono It had been found previously that the beam was better when 
the source was off center and it had been lined up with the dee as a referenceo However~ the 
dee was apparently not assembled on center during the above mentioned overhaul _and~ hence, 
induced ·an erroneous position for the ion source,. 

With the operating frequency lowered to 11.,35 m.c. and the corresponding reduction 
of 12 amps in magnet,field current» the beam output has been doubledo Average operating beam 

.;.ntens i ties are now as follows~ 
Alpha particles 
Deuterons 
Molecular hydrogen 

(for protons) 

5-6 p.a 
30-40 p.a 

15-20 p.a 



FIG. 2 

DEEP EROSION ON SECTION OF DEFLECTOR ADJACENT TO EXIT STRIP 
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1 Source Development 

Ion Sources o Water cooled completely hooded source~ This source was designed to provide 
tha following features: 

lo Complete ion hood - this eliminates the need for a water coolGd ion catcher 
above the arc 9 thus providing for more freedom in adjustingo 
2 o Water cooled hood - to provide for dissipation of heat generated internally 
by the arc end externally "Y off-center high energy ion bombardmento 
3o Arc shield - complete shielding of the ion arc with the exception of a 1 11 x l/8" 
opening facing the dee feelerso This feature lowers the ion loading of the oscillator 
to a comparatively small amount.. · 
4o Collimated electron beam - a l/4 11 collimating hole placed above the heated 
tungsten filament provides electron collimation~ increasing the ion arc density o 
5o General cone shape - this has been changed from the bulky copper section (Figo 3) 
to a cylindrical section 17/32 11 in diameter and 4-1/2 11 long (Figo 4)., This permits 
a closer approach to the electric field forming feelers without danger of arcing 
of the RGFo voltage from themo The use of this source has been very satisfactoryo 
Performance with deuterons and alpha. particles has been as good as with any other 
type cone usedo However 9 with protons the erosion of the cone has been less and 
the life of the source has been considerably longero 
6o Filament - in order to allow the close approach to the feelers mentioned above~ 
it was necessary to place the collimating chamber off~center in the direction of 
the feelers o . This required the use of a different type of filament 'than has been 
previously usedo A 70 mil three-turn coil filament was previously used (Figo 5)o 
This was modified as per Fig .. 6o 

, 

Figo 5 Fig_o 6 

With this new filament 9 adjustments appear to be less sensitive than beforeo Other 
types of filaments were tried to stabilize the arcs jumping from turn to turn and 
to further define the area exposed to the arc (Figo 7)., 

\__ Collimating Hole 

Figg 7 
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-., Systemo From time to times drastic differences in bean1 output have been noted with no 
_Jarent change in operating conditions o On these occasions 9 ins::>ection revealed. srnnll air 

or water leaks contaminating the gas supplyo In the case of tn.e: ·US.e ·of.:riotlf deute'l!'·fum and 
hy!lrogenv the gas was produced by electrolysis o This system was under question with respeut 
~o proton acceleration and lead to the use of commercially bottled hydrogeno Before the use 
of this commercial gas 9 4-5 ~a of protons was peak performanceo Since this bottled gas has 
been used 9 proton beams up to 20 ~a have been realizedo This same effect was noted with 
bottled deuterium gas on one occasiono 

The gas system in use to transport gas from the generators in the control room to 
the vacuum tank consisted of a run of about 100 feet of 1/2" copper tubingo The pressure in 
this system had been es.timated at 300 ~a ( 3 x w-2 mm) o This long tube did not lend itself 
to fast outgassing or ,.decontamination when changes in gas were madeo During the above testss 
this line was by-passed and the gas was injected through a 6 foot section of l/2" ooppero 
Since bottled hydrogen is available commercially$ it is now being used instead of the self
generated gaso A new gas system has also been installed eliminating the long vacuwn run to 
the tanko The present short vacuum run is adequately exposed for leak checking since small 
leaks have been found to have a marked effect on beam intensitieso 

Identification Experiments with Heavy Ions 

In the program to accelerate carbon or boron ions 9 there have been three runs with 
the 6011 cyclotron during the past quartero The main attention has been paid to getting a 
means of detecting particles without ambiguityo Further$ instrumentation was sought which 
1wuld give quantitative data as a basis for adjustments and for the design of new ion sources 
to produce the complete ionization requiredo 

An optical detection system was tried9 using anthracene crystals in which the 
emerging particles produced scintillationso These were picked up by a photom~+tiplier tube 
outside the magnetic field and gave pips on a synchroscope screeno While thiz fuethod provides 
a very fast counter~ the pulses :vari_ed .so much in height that carbon ions could not be dis~ 

tinguished from alpha particles o 'il1e'1atter come from helium contarninati on in the tank and 
resonate so closely above the carbon ions that it is difficult to separate the~o Even though 
we inserted increasing thicknesses of absorbing aluminum foils in the berun» no visual effect 
could be detected in the pips (such as intensification of the heights of carbon pips at the 
end of the Bragg curve and the cutting out of the carbon particles before the alphas were 
extinguished)o All pips were cleared by absorption path length equivalent to about 148 mg/cm2 
A~, which corresponds closely to 36o8 Mev alphaso 

A run was made next using an ionization chamber hooked up to an oscilloscopeo This 
was checked by substituting a photographic chamber containing Ilford nuclear emulsions for 
the ionization chamber wheri optimum beams were obtainedo The ionization chamber gave visual 
results more satisfactory than those from the anthracene countero Three components could be 
found to the beam near cl2 resonance: 

lo a low-resonant portion9 not affected by the deflector voltage 9 

even when turned to zeroo It was cut out by about 30 mg/cm2; 
2o. a component which~ with the particular conditions of the dayp could 

1 . be quite distinctly separated from the alphas~ both by pip heights and 
magnet resonances though the resonance curves overlap 9 the alphas 
being highero This component was absorbed by about 40 mg/cm2 Al; 
3o Alphass of normal absorption lengtho 

The nuclear emulsions served to confirm the oscilloscopeo Emulsions D-1 and E-1 
were use~ which should show only alphas or heavier particleso On one plate 9 exposed for five 
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~conds to the full beam when the oscilloscope indicated carbons well resolved from alphas~ 
.ere are two distinct types of trackso The heavy track being about 65 microns long (which 

corresponds well with expected length of about 165 microns for 110 Mev carbons 9 when account 
is. taken of the fact that the absorption path length before entering into the photographic 

.chamber is about 28 mg/cm2 Aland the initial range of the carbons at 110 Mev should be about 
49 mg/cm2 Al);, The lighter tracks are about 330 microns long (approximately correct for alphas 9 

which should have an expected length of about 510 microns at 36e8 Mev. An energy of 36.8 Mev 
corresponds to an aluminum absorption length of 146 mg/cm2 9 but it must be recalled that this 
was diminished by an equivalent path of_28 mg/cm2 Al before entering the chamber). The ratio 
of carbons to alphas was about ten to one 9 and a count of tracks along grid lines gives a 
minimum estimate of the order of 70 9 000 carbons per secondo See sketch in Figo So 

Another plate exposed to a l/8" slit beam (Figo 9) with the photographic plate placed 
vrell back in the hope that the alphas and carbon beams would be separated by the magnetic field 
after their energy was degraded by the 28 mg/cm2 Al leading to the chamber9 gave no evident 
separationo Here we tuned visually for an approximately equal ratio of alphas and carbons 9 

but the normal alphas were about fifty times as numerous as carbonso This slit beam showed a 
third component (apparently that observed on the oscilloscope) besides the norm~l alphas 
(emulsion length of about 380 microns) and the carbons (65 microns path length)o Note that 
the path length of the alphas here appears to be a little longer than in the other plate de
scribedo This may be a real effect since Figo 8 was at slightly lcrwer magnet resonance 9 but 
more probably ~s not real and is due to the fact that alpha tracks were too sparse at entering 
the emulsion to be foll~ved9 since@ in general~ they could not be traced up in the emulsion as 
far as the surface grains. Although the two plates were of the same emulsion9 the tracks are 
noticeably less dense in FigQ So 

The third component had been bent by the magnet to fall over all the portion of the 
film lying on the inside of the path cut out by the normal beam from the slitQ The tracks 
Were lights of apparent density that of alphas$ but were shorter (varying widely9 eut averaging 
around 120-160 microns). They had many more bends fro~ collisions 9 and their angle of track 
in the emulsion was much more sharply bent in by the magnet 9 This third component was even 
more numerous than the normal alphas a See Figo 9 for typical view at point Ao 

A supplementary motor-generator set was installed in the building previously housing 
the 37" cyclotron 9 to permit going up to magnet resonance for cl3(6+) ionso Such ions were 
detected by the ionization chamber and by tracks taken in Ilford nuclear emulsions o The range 
of these ions was about 7 mg/cm2 Al longer than that of cl2(6+J ions. Counts made along grid 
lines of a plate exposed for 1 minute gave an estimate of only about 50 particles per secondo 
Compare this with the cl2 beam in light of the fact that we used C02 gas having the natural 
distribution of carbon isotopes ~ lol;fo cl3 = and that the magnetic field shape 'at this high 
resonance is theoretically very pooro 

A run was made with BF3 gas in an attempt to accelerate Bl0(5+) ionso There was 
fair visual evidence of a small boron beam on the upper side of alpha resonance~ but cyclotron 
operating conditions were poor!} due to sparking of the deflectors which became progressively 
worse. This sparking may have been caused by the nature of the gas used~ since BF3 with hydro
gen gives HF., Indee<}.l! operation did not return to normal until a couple of days latera A 
try was made for Bll\o+) ions!) but no beam was observed at this high resonance9 

The next run to be made will be an attempt to get quantitative data with a Richardson 
scaler with discriminator to cut out alphas and count only carbons o It is hoped a long snout 
will serve to cut out other than carbon and normal alphaso 
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~ Effects of Peripheral Magnetic Shims on the Magnetic Field 

Purpose. It is expected that the operation of the 60" cyclotron can be improved in se'veral 
-ways by the proper shinuning of the magnetic fieldo Three possible improvements may be as 
follows 2 

lo More energetic particles in the beam due to less dropping off of the field near 
the periphery9 giving a greater value of B to the particles as they enter the 
deflector channelo 

2. Larger beam currents due to more uniform magnetic field throughout the trajectory. 
This should make it possible for more of the particles to stay in phase throughout 
their trajectories and require less dee voltage to obtain the same beam., 

3. Smoother operation of the deflector ~ it is suspected that the smoothness of 
deflector operation and the life of the deflector insulators is closely related 
to the uniformity of the magnetic field in the deflector region., Thus@ if a 
more uniform magnetic field can be obtained by shimming9 deflector operation 
may be improvedo 

Description of the Shimso The shims used in.this test consisted of annular rings made of 
mild steeL They were 7/8 18 thick and had an outside diameter of 57 inches o They were built 
J.n sections 9 which could be linked easily for rapid installationo Fig. 10 shows the general 
assembly diagram of these shims., They "Were constructed so that extra sections could be added 
to the inside of the ringss thus varying their widthso Two widths were tried and measured 
j_~ this determinationo They were 3 l/2 1'inches and 5 1/2 incheso For comparison» the field 
was also measured without any of the peripheral shims present., 

The shims were tried in pairso One ring was installed between the upper tank cover 
and the upper pole faces while a second one was placed between the lower pole face and lower 
tank covers as shown in Figo llo They were centered so that th~ir axes coincided with the 
axis of the pole faceso 

In all determinations 9 the usual operation set of pyramidal magnetic shims$ consisting 
of a stack of four 1/16" circular plates of rapidly decreasing diameters~ was left in the center 
between the tank walls and the pole faces. 

Procedureo The method of making the magnetic measurements was as follows: The absolute magni
tude of the magnetic field was determined by putting a flip coil of known area in the center 
of the tank in the median plane and lining it up with its axis parallel to the magnetic fieldo 
The coil was then rotated through 180° about an axis perpendicular to the axis of the coil., 
The electrical impulse generated was measured with a General Electric Fluxmeter., The fluxmeter .... 
deflection was then compared with a deflection from a calibrated Hibbert Magnetic Standard» 
and the magnitude of the magnetic field in the center of the_ tank was thereby determinedo 

The uniformity of the magnetic field along the median plane was determined in a 
P~"'lewhat similar mannero However» instead of the flip coil.!! a search coil of known area was 

stituted., The coil was mounted on ?- carp which moved along six-foot trackso This "box 
c·ar" was provided with stops 9 so that this car (on which the coil was mounted) could be moved 
in 1 irtch jumps. The search coil was mounted solidly on the car 3 so that its axis remained 
parallel to the field during the determination~ The schematic of the circuit used is shown 
in Fig. 12., 
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The runs were made•''wi th the coil located in the median plane of the gap o It was 
ved in the north-south direiYti on across the diameter of the pole face o The runs extended. 

__ om 26 11 south of the center to 44 19 north of the centero 

~ ~esultso The results are found in Figures 13 - 18 and are plotted graphically in Figures 19 
and 20o It is seen from these graphs that there is approximately a Oo5% less drop in field 
at the 25 inch radius with the shims present than without themG Since the energy of the 
particles is proportional to the square of the fields this means a 1% gain in energy of the 
particleso This lower drop in field also means that more of the particles should stay in 
phaseo It is expected that this will increase the beam currento Since the slope of the graph 
is steeper with the shims than without them~ a greater curvature of the magnetic field in 
the deflector region is indicated with. the shims than without themo It is expected that this 
may be more detrimental than beneficial to the operation of the deflectoro 

In the presence of the shims 9 since the drop in field is very slow as one goes away 
from the centerD the magnetic focusing is reduced over most of the trajectoryo This would 
tend to reduce the beam currento In the case of the full peripheral shims 9 5 1/2 inches x 
7/8 inch» there is actually a rise in the field 9 as one goes away from the center in a southerly 
directiono This would indicate an actual magnetic defocusing of the beam$ since the curvature 
is inward instead of outward in this regiono 

The expected decrease in beam due to lack of focusing out to 18 inches was noted 
when actual beam tests were madeo The beam was reduced by a factor of about lOo A further 
attempt to decrease the fall off in field at the exit strip will be made in the form of internal 
~h~ms o It ·will be possible to insert copper plated rings inside the vacuum.!> the shape and 
size of which is to be determined by model testingo With this kind of shim,l) it should be 
possible to decrease the percentage fall off of.the field at the exit strip to 2 1/2=3 percent 
anft 9 hence» to obtain a considerable increase in beam~ 

. . 
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Figure 13 

Shim Ar:tYang~mrttc~ Pyramid 

Sensitivity: 35o461 gauss/em. 

Field in Centers · 15,\) 395 gauss 

Inches from Center Average 
South Deflection 

1 oOl 
2 o04 
3 o07 
4 oll 
5 ol7 
6 .,19 
7 o21 
8 o24 
9 o25 
10 o28 
11 o28 
12 o26 
~3 o26 
14 c25 
15 o26 
16 o28 
17 o30 
18 o39 
19 c5l 
20 o73 
21 1 .. 12 
22 lo'74 
23 2 o84 
24 4o54 
25 7o19 
26 11o04 

Magnet Current& 290 amps 

Median Plane 

Percent Total Percent Change 
Change 

o002 o002 
o009 oOll ' o016 ;,027 
o025 o052 
o039 - o091. ; 

o044 ol35 l 

J 
o048 ol83 t 

-o055 o238 
o058 o296 
o064 o360 
o064 o424 
.,060 .,484 
'0060 o544 
o058 o602 1 

e060 o662 
o064 c726 
&069 o'795 
o090 c885 
oll7 lo002 
&168 lol'70 
o258, lo428 
c40l lo829 • 
o654 2o483 

lo046 3c529 
lo656 5 0 185 
2c543 '7 e728 

) 
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Figure 14 

Shim Arrangement& Pyramid 
Sensitivity: 35o407 gauss/am (A) 

70.718 gauss/em (B) 
Field in Center: 15 o371 gauss 
Inches from Center ... ·. Aver~ge 

North · · · · Deflection 

(A) 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

(B) 28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

oOO 
.03 
o08 
o1l 
ol6 
.19 
o.20 
o23 
.25 
o25 
o28 
o30 
o30 
.29 
.24 
.31 
.36 
o44 
.sa 
o84 

1.23 
lo90 
3c;07 
4o86 
7.69 

llo45 
16o36 
l0o8l 
12.83 
l3o81 
13.81 
12.78 
11.45 

9o99 
8.78 
7.77 
6.93 
6.22 
5o73 
5.25 
4e86 
4 .. 60 
4.32 
4.02 

Magnet Currenta 290 amps 

Median P1 ane 

Percent 
Change 

.ooo 
o007 
o018 
o025 
Oe37 
.044 
o046 
.053 
.o58 
o058 
.064 
.069 
o069 
o067 
~&055 
o071 
o083 
olOl 
el34 
ol93 
o283 
e438 
.707 

1.119 
lo771 
2.638 
3o769 
4oSI73 
6e903 
6oZ54 
6.354 
5·.aso 
5.268 
4.596 
4.039 
3.575 
3o188 
2o862 
2o636 
2.,415 
2o236 ~ 

2oll6 
1o9·88 
1.849 

Total Percent 
Change 

oOOO 
o007 
o025 
o051 
o088 
.131 
o177 
.230 
.. 288 
.346 
o410 
o479 
.548 
9615 
o670 
o742 
.825 
o926 

1o060 
1o253 
1o536 
1.,974 
2o681 
3o801 
5o572 
8o210 

llo978 
16.951 
22.854 
29.208 
35o562 
41.442 
46o7l0 
51o306 
55o345 
58o920 
62.108 
64.970 
67 .. 606 
70 .. 021 
72.257 
74.373 
76.361 
78.210 
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Figure 15 

Shi~ Arrangement: Pyramid + (3 1/2" x 7/8") Peripheral 

Sensitivity: 35.524 gauss/cmo Magnet Current: 290 amps 

Field in Centers 15$217 gauss Median Plane 

Inches 1'rom Center Average 'Percent Total Percent 
South Deflection ·Change Change 

1 .. oo .ooo .ooo . 
2 .oo .ooo .ooo 
3 .oo .ooo oOOO 
4 .02 o005 .005 
5 o04 .009 o0l4 
6 .04 o009_. -· o023 
7 o04 o009 o032 
8 .03 .007 .039 
9 .05 o012 .. 051 
10 .,02 .,005 o056 
11 .02 o005 o061 
12' oOl .,002 .. 063 
13 .02 o005 .. 068 
14 .o8 o0l9 .,087 
15 .. os o012 o099 
16 o08 o019 oll8 
17 •• ol4 o033 ol51 
18 .21 ..049 o200 
19 .37 .086 o286 
20 o63 ol47 .433 
21 1 .. 06 .247 o680 J 

22 1.72 .402 lo082 
23 2 o84 o663 lo745 
24 4 .. 61 lo076 2 .. 821 
25 7.25 le693 4 .. 514 
26 ll.lO 2o59l 7ol05 
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Figure 16 

Shim Arrangement: Pyramid + (3 1/2'' x 7/8") Peripheral 
Sensitivity; 35~524 gauss/em (A) . 

84o305 gauss/em (B) Magnet Current 290 runps 
Field in Centers 15,217 gauss Median Plane 

Inches from Center Average Percent Total Percent 
North Deflection Change Change 

"•• oo(~) 1 oOO oOOO 
' 

oOOO 
2 oOl o002 o002 
3 o01 o002 o004 
4 o03 o007 oOll 
5 oOtl o014 o025 
6 o07 o016 o04l 
7 o05 o012 o053 
8 .,C '7 o016 <'!069 
9 o.06 .o015 o083 

.-. 10 o07 o016 o099 
11 o07 o016 oll5 
12 o05 o012 ol27 
13 o09 o02j. .148 
14 910 o023 ol'tl 
15 o06 o0l.4 ol85 
16 9'12 , '!028 ,213 
17 .ao22 o05l o264 
18 '1#27 ,063 o327 
19 ~3 p;l.OO 0 427 
20 . Jf74' ql7~' ·o690 
21 1~20' 

. ' f.2HO , o880 
22 ·19.85 !1432 lo312 
23 3~07 ~7-1..7 " 2.029 ' 

' 
4"90 1ol44 3,.1.73 24 

25 7~79 1,819 ) 4o992 
(/' . 

26 ll~59 2 o706 7 e698 
27 16o57 3o868 llo566 

(B) 28 - '1 9 ~22 '59108 l6 o674 ---"'"' 
29 · J,.Oo92 6,050 22o724 
30 U~t79 .6~53.2 '29~256 

31 •. 11 o'79 6~$32 359788 
' 

. 
32 l0o92. 6o050 41!>838 
33 9977 5o413 47o251 
34 8c;.56 4o742 51o993 
35 7'!51 4el61 56ol54 
36 6&62 3o668 59o822 
37 5.~90 3 o2_69 63o09l 
38 5.,23 2o898 65o989 
39 4982 2~670 68o659 
40 4_o40 2A38 7lo097 
41 4o12 2a283 73o380 
42 3i>82 2 oll6 75o496 
43 3o53 lc.956 77o452 ' 

44 3o34 la850 79e302 
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F'igure 17 

Shim Arrangementg Pyramidal + (5 1/2" x 7/8") Peripheral 

Sensitivitys 35o409 gauss/em~ Magnet Cur!r'entg 290 amps 

Field in Centerz 15o545 gauss Median Plene 

Inches from Center Average Percent Total Percent. 
South Deflection Change Change 

1 -oOll =.,011 =o05 
2 ~o014 =o025 =n06 
3 -o007 -o032 0 o03 
4 oOOO ~o032 qOO 
5 aOOO ~"0032 .,00 
6 cOOO =o032 oOO 
7 . 0000 =o032 oOO 
8 -o002 ""'o034 =oOl 
9 =,'?007 =o04l ""o.03 
10 ""o002 -a043 -qeOl 
11 ""'o005 ~o048 =o02 
12 =o005 = o.053 =o02 
13 ""'o002 =,055 ~oOl 

14 .,002 .,.,05Z oOl 
15 .r007 "'<>046 o.03:. 
16 a0l8 ioot;~,Q28 <t'OS 
17 a032 .J)04 ql4 
18 o055 o059 o24 
19 1'093 .,152 o4l 
20 9162 q3l4 .,n 
21 ~269 o583 lol8 
22 o435 lo0l8 1 o91 
23 Q1l5 l . .p '733 3()14 
24 1~132 2o865· 4q-97 
25 1~765 4,.630 7~15 
26 2i665 7 o295 llo70 
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Figure 18 

Shim J.rrangementg Pyramidal + (5 
Sensitivity: 35o345 gauss/em (A) 

1/2 11 x 7/8n) Peripheral 

· 70o699 gauss/em (B) 
Field in Center: 15.9 478 gauss 

Inches from Center Average Deflection 
North 

(A) 1 o04 
2 ' o03 
3 o04 
4 o05 
5 o04 
6 o02 
7 o01 
8 o01 
9 oOO 
lO o01 
11 oOl 
12 o04 
13 oOO 
14 oOO 
15 o09 
16 oll 
17 o16 
18 o29 
19 c47 
20 o79 
21 1.,26 
22 2o00 
23 3o29 
24 5o23 
25 8o11 
26 l2o02 
27 17 o07 

(B) 28 lJ.oG~ 

29 13o27 
30 14o3l 
31 l4o31 
32 l3o24 
33 llo83 
34 10o38 
35 9o08 ... 
36 8 .. 04 
37 7ol3 
38 6 .. 39 
39 5o83 
40 5c35 
41 4o96 
42 4o63 
43 4.,30 
44 4o05 

Magnet Currentg 
Median Plane 

290 8.'1lpS 

Percent Total Percent 
Change Change 

o009 o009 
o007 o016 
o009 .,025 
o0l1 o036 
o009 o045 
.. 005 o050 
o002 ·o05l 
cOOO o051 
oOOO o052 
o002 c0 54 
o002 o056 
.. 009 o065 
oOOO · a065 
oOOO o065 
o021 o086 
o025 o1ll 
o037 ol48 
.. 066 o214 
ol07 .321 
ol80 o501 
o288 o789 
o456 1o245 
o751 lo996 

1.,194 3o190 
1 .. 8&'2 5o042 
2 o745 7o787 
3o898 llo685 
5ol44 16o829 
6o046 22 o875 
6o520 29o395 
6o520 35c915 
6o032 41c947 
5o390 47o337 
4o729 52o066 
4o137 56o203 · 
3o663 59o866 
3o249 63.,115 
2c9ll 66o026 
2.,656 68o682 
2 ,,438 7lel20 
2o260 73.,380 
2cll0 75o490 
1o959 77e449 
lo845 79o294 
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"'~,:;ciHator 'vTube Characteristics" and !!Operating Efficiencies 111
• 

There are many reasons for taking the tube characteristics 9 although the primary 
i~terest is the oscillator efficiency. By having a continuous check upon the oscillator 

.efficiency9 the variations in beam current can be made independent of the oscillator. The 
oscillator was built to withstand powers many times our present power. So~ when making 
adjustments on the cyclotron which cause the oscillator efficiency to change 9 it is necessary 
to change only the oscillator input until the RoF~ power is the same as it was before. The 
R.F. power output would be fixed by the heat dissipation of the dees. This paper will cover 
primarily a simple and rapid method of calculating the RoFo power output with an absolute 
accuracy of 3 percent and a comparison accuracy of less than l percento 

Tube Characteristicso The tube characteristics are obtained by placing a variable D.C. power 
supply on the plate of the oscillator tube and biasing the grid to cut-offo The grid is pulsed 
into the conducting region for 10 to 100 microseconds~ at a rate of 60 cycles per second. By 
varying the plate supply and the amplitude of the grid pulse 9 any grid and plate voltage can 
be supplied during the pulse., A syncroscope is used to measure the instantaneous voltage or 
currents on the tube o The signals to the scope were taken from the dropping resistors (Fig.21); 
R

1 
grid current, R

2 
plate current; R5~R6 plate voltage; R

3
-R

4 
grid voltage > and applied to 

one of the vertical deflection plates of the scopeo As each signal is applied 9 a second D.C. 
voltage is applied to the other vertical deflection plate a At the time that the trace goes 
through zero 3 the voltage of the signal and the DoCo measuring vol ta.ge have the same value. A 
voltmeter is used to measure the DoCo voltage which in turn gives the instantaneous voltage of 

. the signal at the time the trace went through zeroo From knowing the value of the voltage 
dividers and the resistance of the current resistors@ a.ll the instantaneous values of voltages 
and current in the tube at the time can be calcula.tedo 

The equipment consists of a 0-20 KV~ 500 ~a supply for the plate of the tubec A 
. bank of high voltage condensers (20 ~o) a.re used to hold the plate voltage constant even 

though 200 amperes are drawn momentarilyo The resistorll R2 D is variable to 1 8 2D or 4 ohms 
depending on the current being rea.do The voltage divider R5~R6 is lOOgl and is frequency 
compensatedo 

The pulsing equipment uses two vVL677 Thyra.trons to obtain a. square pulse. This 
square pulse is applied to the t;rids of eight 304~s in parallel» which operates a.s a gating 
tube to apply the variable 0-2500 vol tD 500 j.La. grid supply to the grid of the main osci llat.or 
tubeo The grid supply also has a bank of condensers (20 j.Lfo) to maintain its voltage during 
the pulse o All the grid current from the main oscillator tube .. passes through the 304! s which 
sometimes totals 60 ampereso The grid current resistor R1 is 4 ohms and the voltage divider 
R3-R4, is 10 g 1 frequency compensate do The nulse width was made variable so that a sufficient 
time could elapse for all transients to disappear@ so that a.ll readings could be taken at a 
quiescent condition., 

The synchroscope is triggered by the grid voltage pulse such that any given point 
on the trace corresponds to the same time on each of the four pulsesa The signal sGhH}'Gor 
swi.toh applies the bucking voltage to the scope in the correct direction and connects the 
voltmeter to each voltage as selected so that only one meter need be usedo 

To obtain ru1y constant current curve (eogo, plute current 10 mnps.) 9 R1 is set to 
, liDS and plate current measurinl potentiometer to 40 volts c Starting at a low plate voltage 
~approximately 500 volts) and observing the plate current pulse 9 the grid pulse is increased 
until the trace passes through zero at the centero The grid vol ta.ge is then selected and the 
grid vol ta.ge measuring potentiometer adjuntecl until the tro.ce passes through zero at tho center o 

Then the plate voltap.;e is soleoted and tho nla.to volta.f;c moc,su:rinc potantiometer ::~d"iustnd nnt.il 
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~ trace passes through zero at the centero The grid and plate voltages are recorded. The 
procedure is repeated for increased plate voltages» for example 9 as every 500 volts at low 
voltages and every 1000 volts at high voltages., 

Oscillator Efficiency o 

must be knowng 

lo Ebb 
2., Ec 
3o Ep(l) 
4o Ek(l) 
5o Ib 
6 .. Ic 
'to ?:Cl) 
8o g( 1) 

In calculating the operation of an oscillator 9 the following values 

plate supply voltage 
bias voltage 
peak RoFo plate voltage 
pe 9.k R oF o cathode voltage 
average plate current 
average grid current 
fundamental peak RoFo plate current 
fundamental peak R9Fo grid current 

1\lhen the above values are known 9 all powers and efficiencies can be oalcule.tedp such 
as g 

pbb input power Ebb X Ib ( l) 
) 

Po bias power E0 x Ic I'~) \I(, 

pb plate power Ep(l) x Ip(l) X Oo5 (3) 

pd driving powe.r Ek(l) X (Ip(l) + Ig(l)) Oa5 (4) 

p plate dissipation pbb = pb = p (5) 
p d 

1\ 1\ 
(6) p grid dissipation pd = p ~ Ek x Ip(l) X·Oo5 

g c 

PL output power pb = pd ( '7) 

~ plate efficiency pbb I pb (8) 

Y'\L oscillator efficiency pbb I PL ( 9) 

Of the eight fundamental quantities 9 only the first six are readily measured., The 
fundamental peak RoF o plate and grid current cannot be measured directlyo In some applications 9 

it would be possible to measure these two currents by placing a wattmeter in the plate and grid 
circuito However 9 this is hardly possible at 11 MoCo and 100 KoWo Vv11en the plate and grid 
current follow any geometric law9 it is possible to establish a ratio between the average and 
fundamental R.F o currents o The plate current of a vacuum tube follows a nthree halves power· 
curvet! and the grid follows a square power curve 9 which makes it possible to calculate the R.F. 
currentso The peak RoFo grid current does not vary more than 5% from loS times the DoCo grid 
currento When calculating the output of a self excited oscillator 8 such a large error in the 
R,oFo grid current will not affect the output power by more than Oo3 percento Thus 8 it is rafe 
to assume a. ratio in the grid circuit to be 1G8o Such an assumption is not permissible in the 

1.te~ as any error in the ratio of the D .. C. to RoFc currents will be passed on to the answer 
-., .. changedo A more elaborate system must be employed if the total accuracy is to be less tha.'1 
LO percento Either a graphical or analytical method can be usedo The graphical method has 
the edge on simplicity and speed 3 is as accurate as the analytical and it will take i.nto account 
any irregularities that existo The ratio of the RoF., to D"C" plate current approximates the 
follovnng equation within Oo2 percento 



"' lo67 + Oo36 A 

uEg(l) 

=46= 

( 10) 

~ The graphical method (shown in Figure 22) is the same as the abova equation except 
that it takes one more thing into account., Since the plate current only follows a 3/2 curve 
as long as a. space charge exists~ as soon as saturation sets in the curve begins to slope off., 
In Figo 22 9 the curves of alpha show a. correction to the value of K9 which is half the ratio 
of the DoCo to R.F., plate currento Two ordinates are shown on Fig. 22 that have not been diss, 
cussedg The minimum plate voltage eP( " ) and the maximum positive grid voltage e , . ) • 

m~no g\max .. 
These two voltages are easier and more accurate to measure than the RoF o plate and grid voltages 
and they also have the property of having ground as a reference level which the R.F. voltages 
do not o To use the graph 9 the plate and bias voltages are used to find the point n~!\l and the 
minimum plate and grid voltages are used to find the point U!pn.. Using the straight edge of a 
piece of paper!) let the edge intersect the points ttptu and ruQoa o Mark the points 11P'8 and '9Q11 and 
the point nR11 where the edge of the paper intersects_ the line tuc~cw. Move the paper until the 
point !UQ,'1 lies on '8A19 and move point "P111 until it lies on the line tuB= BtU o Read from the K 
lines at point '9Rwu one~half the ratio_ of the DoCo to RoFo plate currents. If the point 18P 19 lies 
to the left of any 0- line 9 that value must be subtracted to get the ratioe 

~ /'.. ,..., A 
Power output PL ~ Ep(l) x Ip(l) ~ Eg(l) x Ig(l) 

"" (Ebb ~ ep(mino) = 
6 g(maxo) ) x (K = 0...) Ib (ll) 

= (E0 + eg(maxo) ) x Oe9lc 

From the tube characteristics 9 two items must be knawn 9 ioeo 9 the amplification of 
~be tube and the point (where a correction must be made to K) that the plate current deviates 
from the 3/2 power ourve o The oscillator filament power affects the current at which saturation 
occurso It would be necessary to have a. chart for each value of filament voltage unless the 
filament yoltage is set high enough so that the plate current never reaches saturation. In this 
case 9 there need be no correction of the value of Ke 

Several claims have been made as to the accuracy of such a systemo Each measurement 
can be made to a certain accuracy and has a. certain weighting factor. 

Measur"ement Error Weight(Eqo 11) Effectiv~ Error 

Ebb 1% loOO loOO% 
EG 1% olO .. 10% 
I~ 1% loOO loOO% 
Ic 1% o20 020% 
ep(min.,) 3% .10 .30% 
~g(max,) 3% o05 ol5% 

1% L.OO loOO% 

Ig(l) 5% Q20 loOO% 

By taking the effective error in equation 11 and finding the most probable error.!> 
it is close to three percent. The above errors are caused by the meters used to read the 
'U.rrents and voltages except for the values of K and Ig(l.) o The error in the RoFo gri.d current 
.as been explained~ The error in the value of K can be found from equation lOo The value 
of ~ can have a possible error of 20 percent end only affect the value of K by less than 1 
percent. Even if the plate current followed directly with the grid voltage 9 the value of K 
would only be in error by l percent~ 
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r.onclusiono The absolute accuracy of the oscillator efficiencies is not the most important 

·.ng as it only affects the heating of the dee circuits through the power delivered to them. 
1ne dees are not going to fail for an inaccuracy of' 3 percento More important to the operation 
is the accuracy between tw-o consecutive oaloulati ons o Tw-o consecutive calculations are only 
in~orrect by the error in reading the meters and in obtaining the value of Ko Thus, it is 
safe to assume that for comparison of tw-o calculations that they will be within 1 percent of 
the true ratio., 

RoFo Problems 

ANALYSIS OF T"ff8 CYCl,OTRON DEE CIRCUITS 

Introduction., The electrical circuit formed by the cyclotron dee stems and dees ir: shown in 
Figo 23o The important factors concerned for proper operation of the radio-frequency system 
of the cyclotron which depend directly upon the dee circuit constants are; (a) the frequency 
of' oscillationD (b) the relative magnitude and phase of the currents flowing in the dee stemsa 
(c) the relative magnitude and phase of the two dee-to-ground voltageso The currents flowing 
in the dee stems determine the voltages induced in the coupling loops for loops of a given 
dimensiono These determine the length of the transmission lines and their terminations~ to 
be used in coupling the main oscillator to the dee circuitso This section is devoted to a 
discussion of the behavior of the electrical circuit shovna in Figo 23~the electrical circuit 
formed by the two dee-to-dee ground capacities 9 the dee-to-dee coupling capacity~ and the tv;o 
inductances represented by the dee stems o All circuit parameters are assumed to be lumped 
constants o 

Determination of the Resonant Frequencies of the Cyclotron Dee Circuits., The resonant and 
~ti=resona.nt frequencies of the circuit shown in Figo 23 may be calculated (a) by setting 
up the simultaneous differential equations for the_circuit and solving themD (b) by writing 
dwon the vector potential drops in aQcordance with Kirchoff~s laws~ and (c) by plotting proper 
reactance and susceptance curveslo 

Method of Differential Equations ~ 

equivalent circuit of Figo 2., The 
Losses Neglectedo Transform the 
transformation equations are2: 

1 1 1 
ol + o2 + o3 

l 

1 

l 

circuit of Figo 23 to the 

(1) 

Everitt9 Vf.,Ls~ "Communication Engineering" 11 2nd edition" ppo 86~87 9 McGra.w=Hill Book 
Company9 Inco 9 (l937)o 

2o Ibid9 po 36 
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The currents 11 and 1
2 

are the same in both cases when the transformations are 
~ried out in accordance with equations (1)o 

The mesh equations· areg di _ q, _ qoz 
E - L1 -=.1 - _._ - __..._ = 0 

dt cl c3 

Differentiating theseg 

= ~= 9.2 -/L di2 
0 --= 

- - 2 
c3 c2 dt 

d2il d_ql 1 dq3 ~ 
Ll---=- -= --~= 0 

dt2 dt ·c1 dt 03 

dq2 1 dq3 1 =----- -=-- -'- = 0 
·dt c2 . dt c3 

Substituting the relations: 

-= 
dt 

into (4) and (5) gives~ 

i = i 
1 2 

The solutions to equations (7) and (8) are of the for.mg 

i = I sin wt 
2 2 

(2) 

( 3) 

(4) 

(5) 

( 6) 

(7) 

(8) 

(9) 

Differentiating these 3 substituting into (7) and (8)» and canceling out the common 
\tor sin. wt gives the tw-o exp(ressions: 1 1 ) 12 

-L1w
2 

+ = + =- 1
1 

= ~ "" o 
c1 c3 c

3 
(lo) 
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( 11) 

( 12) 

where UJ1 and w
2 

are the individual resonant frequencies of mesh 1 and mesh 28 respectively» 
(See Figure 24)o 

·Rewrite equations (10) and (11) by substituting equations (12)3 

(; 2 = w2 J1 i "" i2 . c 1 11 -
- c3 

.. 

il ~2 _ w~ ~i2 -"" 
03 

Divide (13) by (14) to eliminate the currentss 

(wl2 = w~ 
1 

11 03 
= 

1 ~22 -W~ 12 
c3 . 

Expand e~uation (15) and collect coefficients of like powers of Ul: 

w 4 = w2 G 2 + cW ~ + w 2 w 2 = 1 "" o . Cl . 2 1 2 1 1 -c 2 
1 2 3 

The constant term may be rewritten as follows: 
1 

IJ.)., 2 tl!L 2 = "" W. 2 W 2 
-~l. -~ L 1 C 2 - l 2 

1 2 3 

(13) 

(14) 

( 15) 

where 

1 -JI-' c __ c ___ _ 
k = 1 2 

..) cl + c3) ( c2 + c3) 
e o o o o ~ the coefficient of coup lingo ( l6A) 

Making this substitution gives the equation 

w4 = ~2 + Wz~ ·~2' + ~2 cJ22 0 ~ ~)= o 

~··which has the following positive roots: 

2 

(17) 

(18) 
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If w1 ""~ a ~ 9 then equation (18) becomes 

().)., ~ -vllf"k "" t()O (1 :!: f ~ ooo) (19) 

by ~he binomial expansion theoremo 

The frequency associated with the negative sign is the frequency at which the two 
dee=to-ground,voltages are 180° out of phase, the frequency corresponding to the positive 
sign<: is the one at which the dee-to-ground voltages are in phase o 

To determine c.v1 and L.U, in terms of actual dee capacities~ the relations expressed 
in equations (1) must be substi~uted into equations (12)o The results are as followss 

2 1 E l l l --~-~ 1 

wl ""'Ll c
1

+C2C3 :~ ~1 +c3 [1=(~) +oJjJ .. ~ t
1

(c
1

+C) (20) 
. C2+c3 1. c2 J· 3 - -· 

(U2 
2 

1 

-(~) • .~~ ~ (C2

1

• C3) (21) 

The radian resonant frequencies w1 and w2 .ll therefore j) correppond very closely 
to the frequencies to which the cyclotron is normally tunedo Grounding one dee 9 say the west 
dee 9 the frequency of the east dee circuit is given by 

' • 
,. 

Grounding the east dee the resonant frequency of the west dee circuit is given by 

When tumng;~ the cyclotron,\) the procedure is to adjust (A)J. ""w
2 

by alternately ground
each dee and moving the spider corresponding to the dee circuit be1ng tunedo The frequencies 
given by equation (19) are the free-running frequencieso For high Q circuits they are very 
nearly the same as the driving frequencieso 

Determination of the Coefficient of Couplingo From equation (19) 

II k % wo (1 + 2) 

<..UL • t-J ( 1 :;, k) 
0 2 

Suotraoting (24) from (23) and solving for k yields 

. 1c ., wh ~ t.UL · 
. . (]) 

0 
The coefficient of coupling may be approximated9 therefore 2 

(22) 

(23) 

(24) 

(25) 

by measuring these three frequencieso 
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~qtermination of the Relative Magnitude and Phase of the Currents Flowing in the Dee Stems • 
. e circuit in~Figure 25 will be used for this discussion. All circuit parameters are con= 

sidered as lumped constants~ 
• 

Let; I~:e 

~ .. ~ ·: 

!2.9 I3 
:ml I E2 

~1 

= effective values of the mes.h currents 
= effective values of ~a dea~to-ground voltages 

Lt>Ll 
=~. ·· .. 

E = induced voltage from the coupling loop 
c1ac2 = dee-toRground capacities 

c3 = dee-to-dee coupling capacity 
L19L2 = inductances represented by the dee stems 
R1aR2 = resistances representing losses in the individual dee circuits 

o=# =.t- (both circuits asswned to be tuned to same frequency)'. 
""'o ·'to · 

Kirohoff~s law applied to each mesh gives three simultaneous linear equations: 
l l 

(~ jwL1 ""R1 + j- )r + O"I +c .. j -)I 1101 -E (2'6) 
We l 2 . (\)C 3 

l . 1 ' 

' l . - l ~ l l 1 j ·' 
(27) (- j~) I~+ ~ jwc )r2 +(~ + ;- +~ ):J~3 ~ o 

.... l. 2 l 2 3 

. G l ). ( 1 ) ( 0) I + ~ j I.IJL "' R + J- . I + ... j- I = 0 
1 . 2 2 we 2 we 3 

. ~- 2 
Consider the general expression 

~ = R + j (WL .. ...!..) 
~we 

(28) 

(29) 

This may be transformed into an expression involving the ~ of the circuit9 the ratio of 
frequencies 11 and ·the capacity: 

R l l 
~ =- o t.}Lc o- + j- (jLC- 1) 

4>L _ we we _ 

~ .. 2::_[~ ... j(~2 .. l~ 
we ~ J 

(30) 

Equation (30} may be written in a more useful form for this discussion: 

. Z:= J._ f(l ~ -.jJo2 "" 11 
we·~~· ~) . 

nqwrite equations (26) 8 (27) and (28)s substituting (31) in (26) and (28) 3 

2_[f;_ ,2._\\0 2 ... l J r1 -- Ooi
2 

+( j ')I ;:., +E 
-we, \: A) wo 3 

""1 . 1 

( 31) 

(32) 

0 



'. 

\ 
\ 
\ 

\ 
I 

\ 
~ '-

• •• 1.. -

• , ' 

- 'l.,.-



UCRL-231 
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t 1 ) ( 1 ) -u: 1 <J j- Il + j- I +- I = 0 
we 'we 2 c 3 

1 - 2 1 2 3 

j ~ _ ~Jr2 1] + ( j~) I =Ooil + I2 = 0 
we (A)e 3 

2 2 

These e·qua.tions me.y be solved by Cramer 1 s 
of the coefficients is: 

rule for the three mesh currentso 

~cr [ ~- ~)~2 r] 
j 

+-
we 

1 

0 

0 

j 

we 
2 

~~=~)t2 -~· 
lVC Q 

2 2 

j 
+ --

-we 
1 

. ( 1 _ _:__-
W. C 

1 

j 

The deter.minantal forms of the three mesh currents are: 

[ D "" 
3 

0 

0 

j 

we 
1 

j 

we 
1 

[0 
j 

we 
1 

0 

0 

j 
0 

r.ucl 
j <C<<) 

j, IG -~){f~ -1] 
~, w c2 L\ ~2 -- -·---- -·-·~---··-------

E 

0 

j 

we
2 

~cJ0 <J t 2 

- 1] 

1' 2. 3 

j 

we 
2 

j 

k1C1 

0 

0 

-52= 
(33) 

(34) 

The determinant 

s D 

(35) 

(36) 

(37) 

(38) 
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:e complex ratio r1/r2 gives the relative magnitude and phase of the circulating currents 
_J. the dee circuits~ 

1 

-·<3 

1 

~- ~)~2 ~ [_:_· 1 

:J =-- -+ 
ri' c2 cl c 

(38a) 2 

l 

2 . 
c2 c w/ 1 

This may be rearranged to give the more useful form: 

[ C3 ( C1 )J 2 
1 +-

0 c c + c (39) 

f 
2 1 3 

tan "" 

(1 
= 02 ll .~c 01 )J Q 

2 . c2 c + c 
- 1 3 

v'Vhen the frequency of the applied voltage E is equal to the resonant frequency of the tuned 
circuitsD the relative phase of the two circulating currents is nearly 180 degreeso This means 
that the current r1. has a maximum positive value when I2 has its maximum negative value 8 or 
vice versa" ThereforeD r2 is flowing in a direction opposite to that indicated by the arrow 
in Figure 25~ it is flowing so that the polarity of E2 is opposite to that shown» or 9 in ~ther 
words 9 so that E1 and E

2 
have at every instant the same polarityo 

The relative magnitude of the circulating currents is obtained by finding the absolute magnitude 
of equation (38a) g. 

~ [[~- ~2)G ~
2 

[ ~2 0 c1 ::)rj 1/2 ·Il c ) + (/ ="62 ' + -- l +- + 
I2 c' . Q. c 

3 2 '2 2 (40) 

Determination of the Relative Magnitude and Phase of the Two Dee=to=Ground Voltageso The 
expression for the two dee-to=ground potential drops ares (See figure 25) 

( Il .:, Is)' 
El "" j .~ 

wc1 (41) 

' {Iz = r3) 
Ez ""~j----

(42) 
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= I3 
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Expanding tne 
into equation 

detet'minanta.l forms of the currant ~quations (36L (37-L and (38) and substituting 
(43) 9 gives a complex expression for this ratio~ 

rrl-~ ~)~ ~ ~' = 1] ._:l_. c2 c2_G • c~~2 
E1 , ~ L\ 03 \: ) ~2 °3 ""~3 °s 

j 
+-

~2 ( 44) 

~--(2~---

The relative phase of the two voltages is found by taldng the ratio of the imaginary term 
to the real ter.mg 

' 
tan e 

. ( 45) 

The relative magnitude of the dee-to=ground potential drops is obtained by finding the absolute 
magnitude of equation (45)o 

' ' 
CALIBRATION OF THE DEE VOL~mTER . . 

Method of Measuring the Dee..,to-Ground P~tentiai'~· -The dee. voitage monitoring circuit is shown 
i'n Figure 26o ' The probe .p located ih the face plate is a copper disc two inches in diameter 
supported on a spark plug which is screwed into the tank face plateo This· small plate faces 
another plate five inches in diameter which is mounted on the dee; the two plates are spaced 
~~o inches apartc By utilizing a large disc for one plate and a small disc for the other 
plate 9 the effect of moving the dee is minimized since the probe p sees approximately the. 
same surface for small changes in dee position .. 

RG l3U 
75.!\ 

~·-· 

Fig., 26 

~6H6 
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Tw<> concentric transmission lines connect the probes located on the tank face plate 
~ -~ the indioating circuit located in the control roomo The indicating circuit is a simple 

diode rectifier using a 6H6, tube o The meter is calibrated linearly from. 1=150 kilovolts and 
:i.~ adjusted to read the peek dee-to= ground voltage o A switch connected the meter to the 

-)circuit desi:redo 

Calibration. of: the Dee Voltmete:ro The booster oscillator is used as a low voltage source 
of radio frequency for calibration purposes since ·it is permanently connec~d to the system 
and can be tuned from the control room.. The proced1,1re is as followss · 

.A specially built diode voltmeter is connected to the dee by removal of a port near 
the target chamber., The cap of the diode connect:;; directly to the dee J gzoound Qonnection is 
made by a sharp knife-edgeo 

Diode VTVM 
2.:x: 2/879 

75fi 
NIT 

Fig .. 21 

Geno Radio Vacuum Tube Voltmeter 

•· The operator in the control room tunes the oscillator unti 1 the General Radio 
Vacuum Tube Voltmeter• reads a maximum; by interphone, the operator at the dee is informed 
exactly~ whj3n to read the meter thereo .·The frequency and the two meter readings are recorded:0: 
~The freq~ency is measured with a Philco Precision· Frequency Meter Type B~21N~;Y Three to 
five readings are taken; duplication of readings is easily obtained.. This p~oeedure is carried 
out for both deeso 

.The next step is to check the GRVTVM readings and the other meter readings against 
known st~dards (Weston Model 430 and 434~ for example)o, The number obtained by dividing 
the actual dee voltage by the GRVTVM gives the dee-to-ground voltage per volt on the GRVTVMo 
When the tank is sealed9 pumped down9 and the main oscillator turned on . ., readi,ngs .on the 
GRVTVM are again takeno The product of the meter reading by the ~dee-volts per volt" factor 
gives the dee-to-ground voltageo The latest calibration followss. 

\ 

ACTUAL DEE VOLTAGE GENERAL RADI 0 VTVM FREQUENCY 
Uncorrected Corrected Uncorrected Corrected 

East 320 peak 340 peak 015 
. 

ol75 11~852 rms o • me" 
320 peak 340 peak ol5 rmso ol75 . 

West 390 417 120 rmso o222 11~~56 mch 
390 

' 
417 o20 rinSe 

From the data in the table: 
-' Eastg 340 , 1376 peak :val ts - actual dee voltage per peak on GRVTVMo 

Io4l4( al75) 
West: ~~~4~1~7~~~ = 1327 peak volts actual dee voltage per peak vol~ on_GRVTVMo 

( 1.,414)( o222) 
*Hereafter referred to as GRVTVMc 
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.n oscillator ons east: GRVTVM = 55 .. 5 volts rmso 
:; westg GRVT'Vbi - 64o0 volts rms .. 
Actual dee voltage~ eastg 1376(55.,5) (lo414) ~ 108 KVo 

westg 132'7 ( 64) (lo414) ~ 120 KVo 

" The .cables are then disconnected from the GRVTV1I and connected to the indicating 
unit~ the calibrating potentiometers are adjusted so that the desk meter reads 108 KV when 
switched to the east and 120 KV when switched to the westo 

Short Half Life and Bombarding and Measuring Equipment 

Purpose g ao Studying the short-lived activities produced by cyclotron bombardment o 
bo Obtaining excitation curves for short-lived activities (eogo~ the Wigner elements 

at the light· end of the table~ . 

Equipmentg The equipment at the present 
parts~ ao Target assembly 

bo Target transfer apparatus 
Co Recording mechanism 

stage of development consists of three essential 

Target Assemblyo Mark Io (See Figo 28) Consists of a copper box mounted on a stm1dard 
cyclotron window assembly with a slide provided so that a target may be put into place and 
held with a latch., ·After a short bombardment 11 the target carriage may be released and it will 
Clrop from the box under its own weighto The sample may then be removed to the counter or 
chemistry roomc9. The minimum time from the end of bombardment to the counter is about 6 seconds 
so that this type of target ce,n be easily used for periods of order of lO sec or longero 'rhere 
ls·no cooling provided for the target or window- because of the usual short duration of bombard= 
mento However9 the copper box is constructed so that the target may be bombarded in an atmos~ 
phere of helium to eliminate contamination from oxygen and nitrogen recoil activity which 
has been found to be present in targets bombarded in airo 

Mark IIo (See Figo 29) Constructed on the same principle as Mark 1 9 (Figo 28L, i;his target. 
assembly provides for pneum,ttic transfer apparatus for transferring the sample to the counter 
cave o Also~ a shutter is provided to control the length of bombardment so that more uniform 
and absolute data may be takeno The shutter timing is adjustable so that the length of born= 
bardment may be in the range of Ool to 3.,0 secondso Aluminum absorbers may be inserted .in 
the shutter to give various beam energies for the determination of the general shape of the 
excitation curve butB for more accurate data9 another unit is being constructed (Mark IV)o 

To give the record of the length of bombardment 3 microswitches are activated by 
the shutter and the signals are recorded on the same film that. records the data (see below)o 

. A special window assembly is provided to bring the target closer to the window for 
proton bombardments., On the 60 inch8 protons are obtained as molecular hydrogen (Hz+) which 
breaks up on passing through a window into two 9 Mev protons., These protons will then have 
a sharper radius of curvature than the 38 Mev alphas and will hit the inside edge of the target 
if i.t is at any distance from the foilo Initially9 Mark II had a standard window assembly and 

oacer which made the target foil distance about 7 inches o This has been reduced to 4 inches 
,h a new window assembly and, by increasing the deflector voltage~ the beam is brought out 

ffom the center line and strikes the center of the targeto 

Mark IIIo Constructed for special gas bombardments 9 this target consists of a standard window 
assembly with a chamber 4 inches in diemeter and approximately 12 inches long, The ge.s is fed 
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~he back end and brought out the front end (beam end)o It then passes down a tube into 
the counter oave, A 1 inch diameter alt.uninum tube approximately 4 inches in length provides 
the volume of gas to be countede This section is isolated by two solenoid valves at the 
~om~nt counting begins. The estimated time for the Gas to pass from the target to the counter 
is about .l/2 second at about 20 lbs o pressure o The aluminum tube also acts as an absorber for· 
low energy beta activities. 

Mark IVo ·Designed~ but as yet not oonstructed8 Mark IV will utilize the shutter and start 
mechanism of Mark II but will provide a slit system to define the beam so that it impinge~1 
exactly on the center of the sample and prevents stray beam from. hitting the carri£cgo or the 
surrounding tubeo This is essential if absolute data is to be obtained since the exact quantity 
of beam striking the sample must be known., AlsoD a rotating wheel with aluminum absorbers 
will be provided to permit a measurement of the beam energy, to be made prior to or after the 
bombardmento 

Transfer Apparatuse The transfer apparatus consists of a 1 inch inner diameter pipe about 
20 feet in J.ength leading from the target assembly outside the water barrier to the counter 
caveo When the. s~utter drops 9 it trips and air solenoid and the compressed air shoots the 
target carriage dOwn the tubeo The transit time is recorded on photographic paper by micro
switches :in the tube (see below) .. Thl3 time is in 'tihe range ·of Oo5=0o6 secondso This can be 
decreased by a few wodifications of the equipment 8 but to date this has not been necessary 
since it is possible to measure half lives as short as Oel-Oo2 seconds (eogo~ At212 ~ .2 sec 
alpha emitter)o In order to insure a correct orientation of the carriage when it stops under 
the, counter (see Figo 32)'9 a special head is mounted on the carriage which engages a key in 
the stop meohanis!Ilo Also 9 a set of 4 springs in the tube slows the carriage down just before 
it hits the key ~d prevents it from bouncing backe The carriage is made of polystyrene since 3 

~f any stray peam hits itD the res~lting activities will be knovm and are not in a range which 
will pbsQ~e ~y very s}tprt' periods 0 

Measuring and Recording Equipment;. For measuring the activityi two counters are in use at 
the present time for alppa anq beta active samples .. The alpha·counter is a methane counter 
working either With or witho~t a scale of 64 if desi-red, the beta counter is a thin window 
counter (3 mg/cm2 mica) $cott type with a Richardson scaler (8 and 64)o An anthracene counter 
is also being installed at the present timeo -The counter cave consists of concrete walls 16 to 32 inches thick$ lined with 1/16 
to 1/8 inch of cadmium and 4 inches leadc A cadmium lined paraffin door~ which is removable 
by the overhead crane~ ,and· a. 3 inch lead door provide access to the counter and target carriage 
stop mechaniSI!lo The cave;; is located outside the 5 feet thick water tanks of the water barriero 
With the activity ·from "hot'~ targets nearby and from the cyclotron» the background count in 
the cave is about .. 2· .counts per secondQ 

' u 

A Heiland1 Recording Os0illograph~ Type A401R 9 and a mechanical register are used 
to record the datae The oscillograph- consists of a bank of six galvanometersj) a ti.ming device 
end a camera with. drlve motpr:o ~The. c:aznera uses a.photosensi tive paper (Eastman 4/=809) which 

):uns at a speed. Of 7~8 inches per second~ The galvanometers put indi vid<;~al traces on the 
paper and are· now utilized.as. shown in Figure 33o The timer is a vibrating" reed device 
·~-oviding 0 .,01. sec markers on. the paper& . 

.. 
, The,J.frequency .response. of .the. galv·anometers sets an upper limit of about 400~500 

pulses per sec~d or counting rates of 25-30,000 c/m without a scaler.. This indicates that it 
is adequate·~o handle the full range of the present crystal counters with a scaler" and the 
use of such a counter will make better statistics available than is possible with the ordinary 

' ' , r· .,, ~, _, .. ' ... ' 
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tube o At present the equipment is being used to look for and check the periods of 
and ol4 and to obtain an excitation curve for At212 o The half life of At212 was found 

to be 0 o2 seconds 0 

• 
1-

Coujltar· p plses I ,· 
I I ! I I 

' +- l ~ 

! 
. ~ .. 2 I I ! b 

I ! Shu "tar s part r ;· I I I I .. I 

! .' I ! I I I I l .1.• 

I I ! I Mou ~e sto ! I 
l ! ! 11 r--

I I -. ! 
5 i 0 

f l Shu "te:r open 
I 

L f \ i I 
I ·.:. 

I 
.. ! ! I l· I -. 

starJ:_l 
I -. I . I I 

ctosed l ' I ! I 
I Shu ~tar Mous f 'TraAsit time 

l !\ l : ap:groxo 16 sec 

rl ' 

S cc··tJer i 
I l I ! l ! I 

I 1 \ 

I 
I I 

I 

_L ___ I 
[· 

' ' I I I ( 
! I 

I I I I i I I I 
I . I l 

Figo 33 

GENERAL APPEARANCE OF TIMING PULSES ON THE FILM 
ir 

S;;lection of .Exit Radius for the Cyclotrono 
:· .· 

The Energy=Radius Graph.. Recently the possibility has been suggested of finding a better 
"beam current. at the same energy .• by decreasing the radius and raising the magnetic field of 
the 60 inch cyclotrono The suggestion was based on the fact that for the same energy~ the 
slope of the field~ decreases as the field is raisedo An enclosed graph, • Figc 34$ shows 

the relations betwe8J1 H9 r 9 and E for the magnet measurements of May 14 9 1946., It was also 
known that the dee voltage required to accelerate the ion to a given energy is very se'nsi ti ve 
to the field slope" For example 9 a computation of the phase-resonance e.quation showed that 
changing the field at the exit radius from Oo9.7 Ho to Oo95 required an increase in dee voltage 
of 1 o4 Vo, where Vo and Ho are present operating values o Conseauentlyv the above suggestion 
makes it appear that the same energy could be obtained with less dee voltage~ or with more 
beam current for the same dee voltage (assuming an increase in Vo brings an increase in beam 
<~urrent) o 

EvHluation of the Radius~ To evaluate this scheme means that one must be able to answer the 
general question on how to cho.ose the exit radius for a cyclotr,ono The enclosed graph shows 
that the 60 inch magnet can Sll.ppo:rt circular orbits with maximum energies up to 54 Mev alpha 

I 

I 

I 
f 

l 
! 

. particles but8 in this region· ·of maximum energies" the field is in the order of c94 Ho to .89 Hoo 
the degree to which the maximum energy can be approached in a particle acceleration depends 

the dee voltage o Using the phase equation., one could compute lines of constant dee voltage 
-,h ..• ' the energy.,radius graph 9 and it would then be a simple matter to choose an operating energy 

and radiuso We have assumed that the oscillator frequency can be adjusted to match the ion 
frequencyo If the ions are to be deflected onto a target external to the circular orbit~ then 
the radius choice is further restricted 9 because the ions are most easily deflected in the 
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\gion of maximum energy for a particular fieldj) (ioee" a small force at right angles to 
•• ~ orbit 0 will pull the ion into a region where rapidly (Hr) becomes too small to support 
a circular orbi~o Thusll for a given magnetic field.!> we have a conflict between the dee voltage 
and the deflector voltageo The dee voltage limits the maximum energy and the deflector voltage 

I 

'~r system sets a limit on the minimum energy which can be pulled out of its circular orbito 
The exit radius must lie within the overlapping energy range. The deflected ion path has 
been computed graphically for the 60 inch so one in principal could show lines of constant 
deflector voltage on the energy-radius graphs assuming a given deflector geometry. The esti
mated direction and qualitative magnitudes of lines of constant deflector and dee voltage 
have been sketched on the graph., 

Conclusiona In the above we have outlined hcrw a combination graphical-computing method may be 
used to pre"sent the important cyclotron parameters» and from which one should be able to choose 
the best exit radiuso The computation of the values of dee voltage and deflector voltage for 
a general graph such as is enclosed is rather long even with the aid of a small computing 
machine 9 but i.t should be emphasized that the procedure is known and has been usedo At present, 
there is not enough computed data to specify the range of allowable radii for the 60 inch 
cyclotrono 

.... 
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3. Synchrotron 

' 
Marvin Martin 

~: "'-,,_ The past quarter has been devoted to rebuilding the synchrotron in an attempt 
to correct the suspected reasons for failure to obtain a betatron beam. The three possible 
causes are believed to be (1) lack of a satisfactory vacuum, (2) insufficient uniformity of 
the magnetic field, and (3) the existence ofan insulating coating on the vacuum chamber 
walls o Two of the sa troubles were corrected by installing the fused silica doughnut in place 
of the plastic vacuum chamber formerly used. A pressure lower than lo-5 mm. of mercury has 
been obtained in the silica vacuum chamber which 9 according to betatron experiencell should 
be entirely adequate in this machine. The inside of the doughnut has been carefully coated 
with a palladium film giving a surface resistivity of approximately 20 ohms which is 
recommended by those experienced in betatron operation. 

The adjustment of the magnetic field has proved to be a very difficult problem. 
Numerous methods of compensation for the azimuthal phase variations were tried and it was 
discovered that most of the errors were introduced by a short lived residual field caused 
by the necessity for flux crossing the plane of laminations. The time required for this 
residual field to become smooth was greater than a half period of the 60 cycle magnet 
frequency. Considerable improvement, however, was possible by using the first half-cycle 
for injection, thereby allowing the int~rv.al between magnet pulses (nine 60-cycle periods) 

, for this residual field to decay. In addition to the substantial gain made by using the 
-' first half-cycle.~~ a number of radial wires above and below the gap have been used to smooth 

________ out local variations in the fieldo These corrections have resulted in reducing the total 
' ~ variations to o4 gauss at the time of injection (8 gauss). The peak magnet excitation has 

'been reduced to 5000 gauss in order to make this compensation e~sier. Since reassembly of 
the magnet with the above corrections, a considerable increase in the intensity of electrons 
making one revolution has been noted. 

··, 

Recent experiments have been concerned with the problem of investigating a 
phosphorescence in the enthracene-lucite detector. It is now believed that this phospho
rescence results from electron bombardment of the luci te- rod. A new detector has been 
made in which the lucite is protected from electron bombardment and will be tested in the .-
immediate future. 

Further injector development has resulted in a gun which will hold 120 kilovolts 
in the test ta.nko This gun will be installed in the synchrotron immediately and should 
considerably improve the performance of the machine since during observations to date, it··· 
has been noted that increased injection energy has greatly increased the signal amplitude 
for one turn electrons. 

Following installation of these improvements, additional attempts wi 11 be made to 
observe a betatron beam by adjusting the betatron flux and making minor changes in the 
azimuthal magnetic field variations. The resonant cavity and oscillator will not be 
installed in the machine until after a betatron beam has been observed. 
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) 1 
' Lo .Alvarez 

The initial perfonnanoe of the accelerator was described somewhat over a year ago. 
'~t that time 9 the operation was very erratic~ and the beam current was about w-11 ampere. 

The reliabili·ty of operation now corresponds to th.at of an average cyclotrono 32 Mev protons 
are available about 95 per cent of the time the Van de Graaff injector is operating8 indicating 
that the high frequency-~art of the accelerator ~s re~arkab~y free from troubleo The beam 
current now averages 10 ampereo A program to 1ncrease thls by a factor of 100 or more 
now under way involves four features: (1) The focusing grids have been made more transparent, 
(2) the duty cycle of operation is being_ increased~ (3) the entering ions are being bunched 
into a smaller phase angle by radiofrequency techniques 9 and ( 4) a new ion source is being 
installedo (When the ~mprovement factors of these four programs are multiplied together., 
the result is of the order of l03o) 

The main source of difficulty with the Van de Graaff has been repeated failure of 
the direct current generator in the shello During the past month this generator has been 
replaced by a 400=cycle alternatoro At the same time~ the machine 9 including the accelerating 
columnD is being thoroughly cleanedo 
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