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I. GENERAL PHYSICS RESEARCH

"1, Gloud Chember Program

Evans Hayward

Neutral Meson Experiment

,An‘experimant wes undertaken to try to detect the neutral meson which, accerding
to some theories, should be produced as _often as positive or negative TV-mesons. This meson
is supposed to heve a life of sabout 1012 seconds in which it decays into a pair of ¥ -rays,
each carrying sbout 80 Mev. We have tried to detect such a pair of ¥ -rays with a cleud ’
chember. The 380 Mev deflected awpartlele besm of the 184-inch cyclotron wes direscted et a
carbon target in the center of a cloud chamber (Fige 1). Presumasbly mesons, charged and
neutral, were made in this target. A 1/4" lead plate was placed on either side of the target
so thet the ¥ -rays would each produce a small showsr in the lead. Several runs were made but
nothing that could be clearly described as & pair of high energy ¥ ~rays was observed. The
mein difficulty seems to be that the g-particle beam produces secondaries in and near the
cloud chamber. These are observed as electrons and protons near the plates from which it was
hoped that the electron showers would come., This experiment has besn asbandoned until higher
energy particles are available.

Delayed Neutrons

The measurement of the energy distribution of the delayed neutrons from 017 has been
completed. When bombarded with 195 Mev deuterons, -the elements just above oxygen in the period
table yield delayed neutrons with a period of 4 seconds. The 4 second period is the half-life
“of the P-decay of N7, Following the decsy of Nl7 017 is left in an  excited state. It
immediately emits & neutron and becomss 016, The width of the energy level in 017 may ve
determined by messuring the neutron energleSQ This. has been done by measuring the ranges and
scatter engles of their reeoml protons in a hydrogen-filled cloud chamber. Neutron energies
less thgn 005 iev were not included nor were events that involved scatter angles greater
then 30 L/

Tracks of all ages have been included. The width of a track gives a rough estimate
of its age. ;It has been assumed that all ®new® tracks, those less than 0.l om wide, wers
produced by protons that traversed the cloud chamber after the expansion and that all those
wider than Ool cm passed through before the expansion. In obtaining the energy from the
proton range the expanded pressure was used for all "new® tracks and the compressed pressure
for all the rest. This seems justifiable because if_ the data are divided into groups corre-
sponding to different ages, all give essentislly the seme energy distribution. Figure 2 shows
the neutron energy distribution for the old and for the new tracks; the dotted histogrem
represents sharp tracks. More weight should be attached to the new tracks then to the old,
since their scatter sngles cen be measured to *1° whereas the old tracks were measured to only
30, The errors in the neutrcn energies have been estimated to be 167 for diffuse tracks
" end ¥29 for sharp ones e

Figure 3 is & histogrsm showing the actual numbers of neutrons in each energy

1nterval the total number being 391l. Figure 4 shows the energy distribution after being

c~~rected for the varistion of the scattering cross section with energy. The curve looks as

ugh the neutron has an energy of about 1 Mev but it should be pointed out thet the high

energy teil is real since it comes from proton recoils thet have energies as high as 1.7 Mev,
See Figure 5, The conclusion is thet the most probable energy for this neutron is 1,06 Mev
but that it can have as much as 1.7 Mev. 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 .of the chamber »
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t re producing the knock-on in the gas. The anergy level in 017 is either 07 Mey wide or
tuvre is indeed more than one level from which the neutrons may come.:

3

Deuterons

Some of the counter experiments of H. F. York led us to suspect that deuterons may

be produced when the 90 lMev neutrons interact with nuclei. Some of the cloud chember pictures
teken in connection with the n-p scattering experiment were examined. The curvatures of those
tracks thet origineted in the 5 mil aluminum window and were directed within ¥15° of the neutron
beem were measured. The histogrem in Figure 6 shows the energy distribution 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 pesk near 150 Mev. These
perticles have been identified as deuterons, because their curvatures are too small for protons
knocked on by neutrons of this energy and also because they appear %o be slightly more heavily
ionizing than other high energy tracks in the same region of the cloud chamber. This group mekes
up 20% of the %total number of particles. '

In order to male certain that deuterons were being observed, another experiment hesg
been started to measure the energy end angulaer distribution of the ionizing particles that come
out of carbon when it is bombarded by high energy neutrons. A 1/8" carbon target and e 1/4"
gless absorber were placed eight inches separt in a 22 inch cloud chamber (Fige 7). 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 thelr curveture on either
“side of the absorber. The magnetic fleld is 21,700 gauss so that errors in curvature measurement
are small. Only a few photographs have been snalyzed but these indicate that protons and deuter-
ons come out in practicelly equal numbers. There is also some evidence that H3, He3, end a-
‘Sarticles are also emitted. -
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2. Film Program’ -. . -

Eugéne Gardner

Meson Mass Measurements

A study is now in progress to find the masses of mesons produced by 380 Mev alpha-
particles in the 184-inch Berkeley cyclotron. Although the work has not yet been completed,
we cen describe the method and the apparatus and 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 range of the meson in photegraphic emulsion. If
we assume that the meson has a charge of one elsctron charge, then the classical formule for

the energy in terms of the radius of curvature ¥n the magnetic field is

o2

E =

7 (Ep)? (1)

2me

For the range in photographic emulsion there is an empirical range-energy relation of the form

E = kni™@pl . (2)

The vealues of k and n in this equation have been found by extrepolation from the values given
by Lattes, Fowler and C¥srl. From Equations (1) and (2) it is possible to find values of E
end m, since.all other quantities are known or measurable. A small reletivistic correction
is applied to the result. )

Description of Apparatus

" The mesons are produced when the circulating beam of 380 Mev elphe-particles strikes
en internal terget. The position of the target in the cyclotron is shown in Fige lo Photo-
graphic plates are placed as shown in Figse. 2 and 3. The target shown in Fige 2 is a "flat"
target used in early experiments. It was usually mede of carbon 1/16 inch thick. This type
of target has been superseded by the “ribbon" target shown in Fig. 3. The objection to the
flat target is that the distence from the plate to the point at which the meson originates is
not known accurately. The results given in this paper ere based on plabes exposed with ribben
targets. Ordinarily™the ribbon tergets are made of beryllium snd have & 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 & meson trajectory is cslculeted from the_position on the
plate at which the track is found and the direction which the track makes with the normal to
the edge of the plate. In Fig. 4, if AB is the distance from the btarget to the point at which
the meson track is found, then the radius of curvature e, is given by

= AB ) :
? 2 cos O : (8)

For en error QA ® in the measurement of 8, the corresponding fractional error in Q is given

Q?-r-taneAe . (4)
e . \
Thus the error in is smallest for small O, and the best tracks to use for mass determinabtion

are those which are approximately nommal %to the edge of the plate. Another advantage in using
tracks of small ® is that the corrections for the non~uniformity of the magnetic field are
gasier to make,
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A convenient arrangement for rejecting mesons whose trajectories make engles greater
aen about 10° with the normel to the edge of the plate is shown in Figo 5o When the plates
are exposed in this "channel®™ plate holder all of the meson trecks found can be used for mass
measurements and it is not necessary to study lerge numbers of tracks in order to find a few

which will be suiteble. The channel serves only %o reject unwanted mesons; its dimensions
do not enter the calculation of radii of ocurvature.

For mass measurements of positive mesons, the apparatus was arranged as shown in
Fig. 6s Mesons are received which leave the target in a direction opposite to beam direction,
the arrangement being similer to that described in an earlier paper2. As with the experiments
with negative mesons, a channel was used which accepted only those mesons whose trajectories
made small angles with the normal to the sdge of the plate. It was found that masses of both
heavy end light mesons could be measured with this apparatus.

In the early experiments it was customary to wrep the'phOE;graphic plates in black
peper or aluminum foil to prevent exposure to light. The mass measurements based on .wrappsed
pletes are unsatisfactory for the following reasonss

(1) 1If the mesons are scattered in the wrepping meterial, the measurement of © as
shown "in Fig, 4 will be in error, and hence there will be an error in the value of P calcu~-
lated from Equation (3).

(2) When the plates are wrapped, the position of the plates with respect to the
target is not known with precision. There is an uncertainty in the position of the plates
.inside the package, eand there is also an uncertainty in the p031tlon of the package as &
whole with respect to the target.

(3) 1In the case of the black papér the thickness is variable; and there is no way
to tell whether the meson went through a thick pert or a thin'part. This contributes to the
error in the measurement of the range. : :

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 dark, the only source of
illuminetion being a photographic safelight. The concrete shielding of the 184-inch cyclotron
provides a convenient enclosure which admits little light from the outside., We had very little
trouble with light-struck plaetes; spparently neither the arc of the cyclotron ion source nor
the random discharges from the dee provides enough light to spoil the plates.

The method of measuring the distence from the target to the meson traok is %o put
a fiducial mark on the plates at a known distance from the target. Distances are then measured
from the meson tracks to the fiducial mark. The fiduciel merk is put on by means of a "merker®
shown in Figs 7. The marker has a slit with a small light globe behind it. A metallic.contact
point C is at e known fixed distance from the slit. When the point C mekes electrical contact
with the ribbon target, the light globe is turned on for a few seconds. After the plates have
been developed end are viewed under a microscope, the fiducial mark is seen as & dark line.

Two different arrangements of plates have been used in connection Wlth plate holders
. of the type shown in Figs. 2, 3, 5, and 63

(1) Stacks of plates with each plate horizontal, as shown in Fig. 8. The mesons
Yer the edge of the emulsion. A piece of plein glass is ordinarily placed on the top of the
stack in order that the top emulsion will have a glass coveringe

(2). Plates inclined at engles of 5%r 10°, erranged so that mesons strike the top
of the emulsion. This is illustrated in Fig. 9. :
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. In order to show the order of magnitude of the numbers of trecks found per plate

v aave listed in Teble I epproximate values for the various types of exposures. The numbers
given correspond uo the use of plates with emulsion thiclness 100 microns and an exposure time

_»of 10 minutes with an elpha—ﬂartlcle current of the .order of 0.l microampere. ZExposures are

l -0rd;nar11y 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
" immersion)end en X6 eyepiece. ileson tracks are distinguished by & charactevistic grain density
change along the track and a characteristic wandering as&o¢iated with small angle scattering.

- This wandering mekes 1t necessary to measure the lemgth of the track in sections. The lengths

of sections of the track are measured by comparing them with a scale in the eyepisce, which
is oaslibrated by means of a stage micrometer. Sucoessive measurements of the range of the same
. track are consistent within sbout 1 per cent. : : S - o

Whon exposures are mede with the plates inclined as shown in Fige. 9 the mesohs enter
the emulsion through the upper surface, and there is no difficulty in deciding where’ the tracks
start. When the plates are exposed in a stack as shown in Fig. 8 the mesons enter the emulqlon
~at the edge, and o difficulty arises from the fact that the edge of the emulsion suffers &
contraction during processing. This contraction, illustrated in Fig. 10, results in & deforma—
tion of the meson track. The straight track ABC is distorted into the track ABD. The portion
?BG is of the order of 50 or 20 microns, resPectlvely, for the emulsions of thickness 100 or 50
microns. For tho measurements made for this peper we used the following convent;onu. The - lenﬂth
- of the meson is measured up to where the deformstiom starts. Then, by placing the scale parallel
~ ko the direction of the track in the lest non-deformed pert of the treck the range is extrapolated
on the assumption that the meson entered the emulsion et the point where the scale crosses the
edge of the glass. It is assumed that before processlng the emulsion actuelly was uniform up to
the edge of the glass. A comparison of results obtained-with plates of different emulsion thick=-
ness confirms the correctness of this asuumptlono< The jnclined plates avoid difficulties a53001-"
ated with the edges of the emulsion, and hence ere more satisfactory for range measurements than
. the stacked plates. The results given in this peper are all taken from inclined plates.. The
. adventage of the stacked plates is that the mesons are concentrated at the edge of the plate end
are therefore easier %to find. The density of mesons is about ten times as -lerge as for the
"inclined plates. This makes the stacked pletes useful for- survey experlments and order of meagni-
tude estlmateso ; :
. For plates run in the inclined position, %&Q angle which the meson traaectory makes .
‘ w1th ‘the normal to the edge of the plate is measured by setting a cross-hair in the eyepiece
_.parallel to the meson track at the point of entrange into the emulsion. The engle is then read
" on & goniometer. TFor stacked plates the angle is mpasured in the non-deformed region. The.
- results of successive measurements of the same traek are consistent to within about 1°. o

Preliminary Mass Values

Preliminary values for the meson masses are as follows:

Heavy negative meson: 285 mg )
Heavy positive mesen: 286 my e
Light positive meson: 216 mg v S
where my - is the mass of the electron. The value of”285.me'for_the mass of ‘the heavy negetive

[
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“on supersedes the value of 313 £ 16 m, given in an earlier pa.perg° When this study is
dpleted, it is hoped that the probable error of the mass determinations will be as low ss
¥ 2 per cent; however, the preliminary values given above do not have this accuracy.
The ratio of masses of heavy positive to light positive mesons is 1l.3l. This ratlo

is consistent with the assumption that a light particle (eogeg a neutrino or a gemma~ray) is’
given off when a heavy positive meson deceys into a llvht one o

References
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ous Types of Exposures

Type of Exposure

Heavy negative mesons
without channel

Heavy negative mesons
with channsl
Stacked plates

Heavy negetive mesons
with chennsl
Inclined plates

Total heavy positive
and light positive
mesons without channel

Total heavy positive
and light positive
mesons with channel

Diagream

Fig. 3

Figo 5
Plates stacked
as shown Fig. 8

Figo &
Plates inclined
as shown Fige. 9

Figo 6
without channel

Figo 6

Radii of Sides

Area of
Plate Used

of Channel’

oh

inches
inches

inches-
inches

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

3 inches x 1 mm
(leading edge
of plate)

1l inch x 1 mnm
(leading edge
of plate)

1 inch x 1 inch
(surface of
plate)

3 inches x 1 mm
(leading edge
of plate) '

1 inch x 1 mm
(leading edge
of plate)

Number of Mesons

~Per Plate

- 100=200

5=10

- 100-200

10-20

1/2=1
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N 3. Theoretical Physics

Robert Serber

The meeasurements of meson masses have led to the conclusion that the third particle
involved in W=t decay has zero mass. This leads us to try :%0 understend the phenomena with-
out introducing eny new particles, It is then possible, on the basis of what is now known,
to determine the spins of the mesons. The cepture of 1Y~ and ¢~ mesons can be written

(1) Pe T =
(2) P+ 7 ey Nty (¥ = neutrino)

In order to understend the lack of stars in @™ cepture it is necessary to suppose
e perticle” is emitted which carries off the energy. Since it is known that neither electrons .
nor ¥ -ray. are emitted, this particle must be & neutrino. Since Tr~ capture does produce stars,
it must be concluded thet an additionel particle is not involved in (1). It follows that the TV
hes spin zero or one, while the p has spin 1/2° The <Y~y decay must then be

(3) ALEEE SRR LV

The reactions (1), (2), and (3) are not independent, since (2) is obtained from the inverse
of (3), and (1)

The L decey then Takes the form
(4) Lo+ 2V,

and one would therefore expect & continuous electron spectrum. Calculation shows that this
spectrum is considerably concentrated towards the upper limit, which helps explain the conflict-
ing experiments on this subjecte The lifetime of the p agrees with P lifetimes if the same
coupling constant is used. .

On the basis of better experimental results, a revaluation of the cross section for
" meson production is in progress. Calculations on the production by 350 Mev protons are also
being worked on.

The letest conclusions on the n-p scettering 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 developed.

A model in which the nucleus is described as & sphere heving an absorption coefficient
and en index of re®+~- tion has been used to interpret% the experiments on scattering and ab-
sorptior of 90 Mev neutrons by nuclei., Using an ebsorption mean force path of between 4 end 5
x 1071 ¢n, end an index of refraction corresponding to a potential of 25 Mev, one calculates
the nuclear radii from the data on total cross sections. The results fit very well the relation
. R= 1037.Al/3 x 10713 om, The diffraction sdattering is fairly well reproduced, although the
* calculated scattering in the forward direction is about 15% low.

' Bevatron calculations have led to the conclusion that a reesoneble fraction of the
injecbed beam may be expected to miss the injector without any special improvements. The
dynemics of the beam near resonences is being investigated, snd does not look alarming. No
reason to change the n value has been uncovered.
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x Estimates of the production of deuterons by bombardment of nuclei with high ensrgy
1 rons indicate that perhaps 10% as meny high energy deuterons as high energy protons might
be expected. The angular distribution of the deuterons should be narrower than that of the .
protons, so that at small angles the numbers could be compar*ableo

’

.
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Nuclear Cross Sections For High Energy Neutrons As Measured With Bismuth Fission Chambers

i

N. Knable, J. DedJuren, B. Jo.Moyer

4

-

A summary of the measurements of total cross sections was given in the last quarterly
report, UCRL-L67. '
During the period of the present report efforts were directed toward evaluating the

ratiec of CVE to @7 for cerbon, copper, and lead; where 03 is the cross section for inelastic
collision, and @ 1s the total cross section.

The measurements consisted of simulteneous good geometry and poor geometry attenuation

studies, with the poor geometry set-up 'sc arranged that neutrons scattered at angles up to 45°
could be received by the detecting fission chamber. Figure 1 shows the experimentel arrangement.

} Cyclotron
_Bi Fission Chamber Monitor ;///Shielding

7
7

S Y i

/

PRESESE

\
$
\
|
\

) Bi Fission
Bi Fission Chamber Detector 10 &, Chamber Detector
' Concrete '

Discs of Abtenuating Materiel

High-Energy | o .
Neutron Beam . ' B
Cone from Target : ~ 40 ftv,__,_——~——~——4~—““““”"'—ﬂﬂ_—

Figure 1 ,
Plan View of Attenuation Experiments with Good and Poor Geometry

The 45° angle was chosen because studies of differential elastic scattering cross
sections have shown that essentially all the neutrons elastically scabttered by any thickness
of attenuater here smployed (up to 6") will lie well within & cone of 45° half-engle. A Bi
fission chamber with proportions as indicated in Fig. 1 (4 1/2" Plate Diam., 3 plates, 3/4"
plate separation) served as the first detector; end & similar one monitored the neutron beam
ir" usity es indicated., The good geomstry detector was of the same type as used in the earlisr

0., measurements.

By reducing the argon-CO; pressure in these chambers down to about 0.5 atm (from
a previous l.4 atm) it was possible to suppress the pulse sizes of protons, end alphas, and
of pile~ups of these, with respect to the pulse sizes of fission fragments. This has greatly

&



W .
UCRL~231

-14-

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
yleldlng as much as 80 counts/sec could be employed with good bias plateaus, (Because of the
‘pulsed §ature of the beam the 1nstantaneous counting rates are much hlgher» by a factor of
100-300 :

In interpreting the data it ig’ assumed that:s (1) eny elastically scattered neutrons
will still be detected by the poor geometry counter, end (2) any elastically scattered neutrons
will be sufficiently low in energy as to be below the threshold for Bi fission (~v50 Mev)

The tentative values for various measurements of the GZ/Cf% ratio, subgect to possible
corrections related to the validity of the assumptions involved are given in the following table.

. x1

Element Criﬁcwi (using previously meesured O%)
Carbon . ‘ , -460 ¥ ;016
: 0457 g 026 ] ' ' )
0434 2 023 - . 0225 t .008 barns
0454 g 022 . o »
' o431 £ ,024
Aluminum . 0421 & 014 <418 ¥ .015 barns
Copper : 0392 & ,005 2783 ¢ 013 bvarns
S - .39 £,04 - o
Lead o : - 40" % 01 1,77 % .08 barns
a . 040 g 0013 : -
'038 $-oOl

An experiment is about %o be perfermed to measure the dlfferentlal elastlc scattering
cross section for carbon., This, when. integrated, will prov1de a test of oon31stency of the
three measured values, Cs 05 » and CV
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5, High Ensrgy Particles Emitted During Neutron Bombardment of Various Nuclei

Herhert York

Experiments have been started to measure the angular and energy distribution of the
high ensrgy eharged particles emitted by nyclei during 90 Mev neutron bombaxdmento

To determlne both the energy and type of a secondary perticle, 1ts H,Q and range in
carbon are. simultaneously measureds The Hp is measured in the usual way by using a magnetb
with a variable field. The particle is degzcted by & counter telescope, consisting of four
proportional counters, placed at the point where the particle leaves the magnetlc field., Its
range is determined by either one of two methods.

The first involves placing an absorber A; in front of the first counter, end an
additional ebsorber Ap in front of the last counter. The first three counters ere operated
in coincidence and the last in anti- eolneldenceo Hence only particles with ranges betwsen
Ay and Ay are detected, ' S

The second method involves placing the absorber A, before the last counter, and then
de@ens1tlzlng this counter so that it only counts particles which just penetrate Alg and thus
delivering 1arge pulses in the last counter. S

Results so far are very tentative, but some qualltatlve features may be mentionsd
et-this time.

Both deuterons and protons have been found with energies from 25 Mev up to about
100 Mev. Other particles have not been found, but ars not excluded. The ratio of deuterons
to protons is greatest for a carbon target (compared to copper and lead, the only other targets
investigated). and larger at 10° than at 25°, these being the angles betwsen the neutron beam
and the emitted particles. The maximum ratio (for a carbon target and 100) is vaery roughly
two deuterons to three protonso For copper.this ratio 1s between 132 1/2 and 134 end fsr_
lead betwesn 135 and 1410,
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6o 90 Mev Neutron Differential Scattering Cross Sections

A. Bratenshl, R. Hildebrand, C. Leith, B. J. Moyer

The measurement of the angular distribution of elastically scattered neutrons from
Be, C;, Al, Cu, Ag, Pb, using es & detector proportional counters in coincidence detecting
recoil protons of energy greater than 60 Mev from 2 inches of paraffin has.been completsd. In
the engular range (€° end greater) we used e 3 inch dismster beem and spherical scatterers 2
inches or less in diemeter. To exbtend the meeasurements to smaller angles a beeam defining system
was developed which provided a beam 1 inch wide and 2 inches high, and scattersrs were used
which were larger in cross section than the bsam,

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

An ebsolute differential cross section measurement is plenned. Relstive differential
cross sections for the six elements already measured will thus be provided with en absolute
scale. The presentation of the deta gathered will be withheld until the next report, by which
time both relative and absolute differential scattering cross sections, and total elsstic
scattering cross sections, should be determined.

Considerable effort was given to establishing accurete and convenient methods of
aligning the target-collimator-scatberer-detector system. A photogrephic system has proved

- *to be rapid and sufflclently accurate,

-
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7. High Energy Gemma Rays From Cyclotron Target

B, J. Moyer, H. Fo York, R. ijrklund

There are ‘three processes which may yield photons of energy above usual nuclear
transition energies from tergets bombarded by the high-energy cyclotron beem. These are
(1) brehmstrahlung (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. If high energy geammas are found in sufficient number,
their origin might be inferred from & study of their energy distribution.

In order %o investigate this problem en electron pair counter was set up outside the
shielding in. line with the neutron beasm hole. The déuteron beam was run beckward, i.e., in
the direction which sends the high energy neutron beam awaey from the holse. . A small fraction
of the gemma photons originating at the terget may then come Through the neutron bsem'holedend
be detected. ' '

The peir counter consists of & magnet (pole area 12" x 30", gep 1 3/4"), e radistor
to originate the pairs, and four counter tubes operated in four-fold coincidence. This is
shown in plan view in Fig. lo The energy resolution of this first errangement is not high
because of the large breadth of the counters, but by operating the megnetic 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

“vélue at this meen detection energy, and decreasses uniformly to zero at the extreme energies

detectabls by virtue of counter size., The extreme range of energies detected is approximately

Ep £ o3 By, where E is the mean detection energy,

-

The following statements may'be nade about the early results thus fer obtained:

(1) Photons are observed from any cyolotron target employed (Be,.Cu Pb) extending
up to mean detectlon energles of ~100 Mev, :

(2) Between 30 Mev end 100 Mev the yield of photons falls regulerly with increasing
energy. Below 30 Mev the data are not at present cleara ,

(3) Pb gives a larger proportlon of counts at low energies (10693 belaw 30 or 40
Mev) then does Beo .

(4) The cross section for production of photons detected with a mean detection
energy of 70 Mev is of the order of 10“30 cml per ‘nucleus.

The counting rates are only of the order of one count per 100 seconds, end consequently
the emount of date thus far accumulated is ‘not lergeo
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8. Isotope Analysis

L. Tolmen, W. Crandall, W. Siri, B. J. Moyer
This quarterly period has seen the Nier Spectrometer brought into & convenient form
in which chart recorders trace simultaneous plots of ion beam current and magnetic flux density.

Certaln of the eomponentss end a discussion of some recent analyses are presented in
the follow1ng paragraphs and pictures.

The pictures in Figs. 1, 2 and 3 show‘the following featuress
Fig. 1
Diffusion pump and trap in foreground.
Upper end lower background show spectrometer tube. :
In center b.g. is seen the germenium crystal fluxmeter 1nserted between pole tipse

Figo 2

Preampllfler vacuum housing end magnetic shield in lower foregroundo ?ole tips
with germenium fluxmeter in upper portion.

Figo. 3.
, Control panels. Chart recorders for ion beam and magnetic field et near end.
.. Precision vernier voltmeter and ammeter for accelerating voltage and magnet current

built inte table.

Ion Beam Current Amplifiers

Two 100% feedback direct current smplifiers have been installed, u51ng “type %327 ube
preamplifier stages to measure the jon current collected on the adjustable slit and the collector
plate. Zero to ten millivolt Leeds end Northrup Speedomax recorders connected through a divider
to the output of the amplifiers allow =a permanent record of ion current coverlng a renge from
10‘15 o 3 x 10-11 amperes to be recorded.

The current amplification depends directly on the magnitude of the grld resistor in
the preamplifier stage end, since it is desired to measure an ion current of 10‘15 emperes, & .
resistance of 101 1l ohms has been used, The preemplifier must be operated in a vaecuum to insure

stable operation. To reduce disturbances from stray magnetic fields 2 heavy ‘iron housing has
been installed. : , : : .

To obtain satisfactory operation of the D.C. amplifier, it was found necessary to
carefully select the input tube end grid resistor. Background fluctuation could be reduced
by & factor of 100 or more through such a careful selection. Also polarization of certain of
the grid resistors introduced objectionable decey in the emplifier output. Using en R.C.A.
832" tube and a 100,000 Me gohm Victoreen resistor the background fluctuations were reduced
to 10715 enperes . These fluctuations eppear to come primarily from the tube and- further
j ovement in this direction may be enticipated.

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 shielding.
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§a*manium Fluxmeter

-

A megnetic field measuring device, utilizing the Hell Effect in a germanium crystal
has been installed and tested for sensitivity and stability. Figure 4 shows the mounting of
*the germanium.

Currents up to 40 millieamperes were passed through the germanium crystal and the
eo.mof. developed across the crystal was measured with a D.C. amplifier similar %o that used
for measuring ion currents in the mass spectrograph (Figure 5). A sensitivity of .l mvo/gauss
wes easily obteined with some instability in the output noted. It is believed that most of
the instebility erises from poor contact of the eum.f. collector knife edges on the germanium
and ultimetely & technique for soldering leads to the germanium crystal may have to be developed.

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

Ion Gauge

A new ion gauge supply was installed which, when set for maximum sensitivity, indicates
nominal pressures of 2 x 10=° mm. of mercury for the smallest scale division. By this criterionm,
nominal pressures of & x 10-8 mm, of mercury have been attained, with recorded ion currents of
the order of 10-14 emperes. The ion gauge is located on the pumping line between the diffusien
punp end the spectrometer tube, so the pressures recorded are not to be taken at face value
ag the conditions in the tube.

+Summary of Recent Mass Spectrogrephic Analysis

Carbon Semples. Seamples of COp collected from some specially grown algee were enalyzed to
ascertain whether any isotope enrichment could be observed. Expected relative abundances of
(C0y) 44, 45, 46 were calculated from published isotope ratios for carbon end oxygen. These
were then corrected for cepillary flow differences due to the method of introducing the semple
into the mess spectrograph from the sample system (Figure 7). A comparison of these calculated
percentagss with those determined from nommal Co, senples and algee seample showed no significant
differences.

Argon Samples. Samples of Argon used in the local menufacture of Geiger counter tubes were
enalyzed to determmine impurities present. Less than .002% of oxygenynitrogen end carbon dioxide
were present. '

Tin Semples. Semples of tin enriched by the calutron were enalyzed and a summary of the results
obteined are as follows;:

Percent Abundances of Iéotopes

Mess Number Normal Sn . Sn116 Semple Snyo4 Semple
115 o4 ol -
116 15.5 778 365
117 9.1 . 7.6 1.6
5 _ 118 2265 : 4,3 5.4
. 119 2.8 4.3 4.0
120 - 285 4.8 84,9
122 55 o5 44

124 6.8 -6 035
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Thése results indicate en enrichment factor of 19.1 for Sn1l63'ahd 14,1 for sni20;
1 ‘e ‘enrichnent fector is defined as the ratios : -

. P /_;'in.which‘P,‘Pfxs'percept abundence of isotope in question before
100-P - P , e
and after prbcessingo,r

No ‘evidence of hydrlde ions was seen, but there wes & background of residual ion beems
in this region which mey render the values of the less abundant isotope percentages somswhat
ineccurate. ‘For the purposes in hend it is not necessary to obtain more valid- analyseso

Flgures 8 end 9 show traces of background ion beams, and of beams used in the tin
enalyses, respectively. The latter was made in a test run with nonnal SnCl4o,

Mercury'Sampieso Two samples of mercury from the Bureau of Mines, reputedly enrlched respective-
ly in light end heavy isotope components Were analyzed, No. 51gn1flcant dev1at10ns from the
normal me reury spectrum were ebservedq : : o

Deuterium Mass Spectrographe The stainless steel spectrometer tube has been completed and '
tested for leeksq An oven has been wrapped about the tube and the tube has been mounted on
the collector and all water cooling lines 1nstalle§o A 10 liter D.P.I, dlffu51on pump with &
150 cm? trap’instelled and work is now in _progress on feedback emplifiers s1mllar to those in
use on the 8 ﬁnﬂh radius meass epeotregaapho . ' '

-
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Fipgure 8

This is a background run obtained from the mass spectregrapb
with the emplifier operating at meximum sensitivity. A slight
amount of the cadmium spectrum is present, dvue to silver solder
used in the construction of the spectrometer tube. The rapid
fluctuations sre due to the preemplifier stage, and the sudden
displacement at the right side of the page is due Yo the aubo-
matic calibration of the Specdomex recorders

ffigure 9

et S

This is & run mede with normal tin tetrachloride in the semple
system. The sensitivity of the amplifier circuit is one hundredth
that of the background run of FPigure 8. The tin spectrum, &s

well as the tin monochloride spectrum, cen be easily identified.
For @ more accuratbe determination of the heights of the peeks the
magnetic field would be swept at & slower rate to be sure the
recorder follows the input signal precisely.
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9. Scattering and Gther Studies

Emilio Segrg

-

Scattering of Elementary Particles

The neutron neutron scattering can not be attacked directly and as was pointed out
in the last quarterly report the study of dp scatterlng is a promising way to collect information
on this subject, An apparatus for measuring the scattering cross section elastically scattered
deuterons on an asbsolute scale as a function of the scattering angle has been perfected and
satisfactorily tested. No definite results from this apparatus are availsble as yet, but it
seems likely that the elastic scattering cross section in dp scatbtering is lower then predicted
in a theory by Goldberger and Chew, Phys. Rev., 74, 809 (1948). This point has a direct bearing
on the additivity of the n and p cross section in scattering experiments of protons or neutrons
on deuterons. The technique so far developed is versatile eand will allow the study of elastic
and 1nelast10 scattering of deuterons or other charged partlcles by all klnds of targets.

Decay Constant of Be

Thé experiment on the variation of the decay constent of Be’ in different chemiceal
compounds (UCRL~137) hes been renewed by comparing BeO with BeFp, The data show an effect
_— . - ‘ -] i - "L i ; ' '
. Aoxide S A fluoride = 0.005

More obseérvation time is needed however to obtain a reliable result,

Fission Studies

The work on the energy dlstrlbutlon of the fragments of 0338 and U235 Th and ‘Bl .
under 90 and 40 Mev neutron bombardment hes been partially completed and a separate report is
being written. - The main results are as follows: The distributions of numberiversus energy
show only one meximum instead of two as oceurs with low energy fission. The energy of this
meximum is very close to the average energy obtained in low energy fission, It is 75 Mev for
U238; 83 Mev for U235; and 80 Mev for Th, respectively. For Bi it is slightly lower - 71 Mev,
The energies correspond epproximately to the Coulomb energy of the two.fragments when in contact.
These results and the chemical evidence fevor a mechanism of fission according to which precti-
cally ell the energy of the impinging particle is  dissipated in evaporatlng neutrons, ‘and the
final- nucleus undergoing fission is only sllghtly excited, ‘-

We have also measured the flSSlon cross section 90 Mev neutrons with the following
resultss natural U Op = l.4 *0.25 x 10724 cm?; Th 1.0 * 0.2 x 10-2 4 cml; end Bi 0 = 0.05
* 0.01 x 10724 cm®., TFor 40 Mev nuetrons we obtained the following results: natural IJO'—
1,75 * 0.3 x 10-24 cn2; Tho;-105x02x10-24cm2 ¥

N : In order to measure fission cross sections using charged particles as proaectlles

we have tried to use a differential chember. The primary beeam crosses the two sections of

1 chember which are connected in opposition. In this way the ionization produced by the
beem cancels end it is possible to detect the fission fregments. Preliminary: eXperlments with
this method seem quite promlslng.
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10, P-P Scattering Experiments in the Linear Accelsrator

He Bradner

Photographic Plate Method

One thousend tracks have been tabulated in the first attempt to obtain thé angular
distribution of scattered protons. It is apparent that the background to be subtracted out
was not chosen corrsctly, end we are swaiting more runs.

Ionization Chamber Method

' Data has been obtained for a preliminary differential scattering cross section curve.
Spurious counts dus to neutron background recoils have 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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1l. Short Half Life Investigations in Linear Accelerator

Hs Bradner

Study of the half-lives of A125 end A126 via separated lig 1sotopes has been comoleted,

with the following results:
Half life of A1%5 = 7.3 * 0.2 sec,

Helf'life of A136 = 6.3 £ 0.2 sec.

Proton energg weas varied by meens of aluminum ebsorbers in order to obtain the rough ectivation
curves of A1°% and Al26 shown in Figures 1 and 2. Feather analysis of the positron emergies
yielded end points of approximately 3 Mev in agreement with allowed treansitions.

Thé 20-second half life of ¢10 reported by Sherr et al( ) has been conflrmed‘by
bombardment of separated BLO in the fonn of boron metal. A 2 Mev positron was found, as
reported by Sherr.

A new 3-second half life appearing from proton bombardment of N158 hes besn tentatlve-‘
ly as51gned to Cud8,

A very high energy positron activity of approximately .0l-second half life and 20.7
Mev threshold has been obtained by bombarding cerbon with protons, It is tentatively assigned
to le. The half life is ‘compatible with the assumption that the transition is allowed. The
exnerlmentally determined threshold is 400 kilovolts higher than would be permitted by the
proton-emission stability of N12 (using 11,015 for cll mass) but there is reason to questlon
the accuracy of the threshold meesurement.

-
(T, Sherr, H. R. luether, i, G. White; Phys. Reve,74, 1239 (1948).
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12, 1Inelastic Scattering of Protons

E. Martinelli

A photographic method is used to measure the energy distribution of inelastically
scetbered protons. The 32 lMev linsar accelerator is used as a source of protonse Eight plates
ere oxposed simulteneously at fixed polar engle, and the track lengths from 0-200 microns are
measured on each plate. With eppropriate aluminum ebsorbers between the target and each plate,
the energy distribution from 0-16 Mev or 16-28 Mev can be determined in one rune.

To determine the energy resolution of the camera, an exposure was made with 16 Mev
protons on carbon. The following energy levels of C12 were observed - 0; 4.8 ¥ .2; 10.0 £ .4
Mev. This confirms results obtained by Fulbright (private communication) et Princeton. The
width of the levels at half meximum were of the order of 1.0 Mev. The calculated width at half
meximum with the beam stopped down to 16 Mev is 0.7 lev considering only straggling in the
various absorbers, and the initiel spread of the beam. Experiments are being continued with

carbon and aluminume.
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13, The Detection of Light and Heavy Mesotropns Qutside the Tank

t

of the 184-inch Cyclotron

W. Panofsky

It is of general interest to make the mesons artificielly produced in the 184 -inch,
cyclotron available for general experiments outside the tanke. Thus far only photographic
techniques have been used in conjunction with the Berkeley meson work. By bringing the beeam
outside the tank it is hoped that cloud chamber, end possibly counter methods, may become
accessible to meson work. In addition the measurement of the lifetime of the v meson eppears
possible if long meson trajectories are obtalned.

The method discussed hers accomplishes the removal of the mesons from the cyclotren
tank by heving the mesons produced in a thin target struck by the 380 Mew alpha particle beam
enter & region of very weak magnetic field which permits them to leeve the tank aslong a path
of weak curvebture. The technical problem involved here is therefore to produce a magnetic
shield which reduces the field of the cyclotron from about 14,000 gauss to the neighborhood
of 1,000 gauss, and then introduce this shield within & very short distance from the circulat-
ing beam without disturing the dynamics of the beam itself.

The mein problem in the design of & magnetic shield of this type to operate in a

magnetic field of 14,000 gauss is a problem of saturation of the iron. This problem can be

" met only if the flux density in the iron only slightly exceeds the flux density in the surround-
ing field. This condition caen be met by using a shield whose major extent is perpendicular
to the direction of the field. If we approximate such e shield by an oblate spheroid, the

" mathematical analysis of the saturation and shielding behevior of such a body in an external
field cen be made. As a result of this analysis, it can be shown that e shielding ratio of
only 1.3 is obtainable for a shield of spherical geometry, while for a spheroidal shield of
axial ratio two %o one, 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 en external field of
14,000 gausso. The above calculations are based on-cold rolled steel., On the basis of these
celculations = shield wes designed in accordence with an axial ratio of four to one, bent
in the shape of the trajectory computed from a set of magnetic measurements. The resultant
overall geometry is shown 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 cyclotron. Figure No. 2 shows the magnetic field along the meson trajectory
with the magnetic shield. The disturbance produced by this shield is only 5 per cent at beam
radius. This disturbence 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, owing to the very variable saturation conditions near the channel
through which the mesons are passing. An intensity of mesons expected from the chennel is
therefore difficult to predict. However, a counting rate of 1,000 mesons per minute for a
beam current of 10=7 emperes of alpha particles is the best figure which can be calculated
from the data known thus far.

v Until now only four mesons have been detected inside the reentrant chember in the
cyclotron walle Two of these are light mesons and two ere heavy mesons. The fact that the
Bght mesons are also obtained through this channel lends additional support to the belief
that the light mesons are actuelly formed in the cyclotron target and are not produced by
disintegration in flight. The total time of flight in the chember is 10=8 second, end en
edditional 10~% second is obtainable in the reentrant chamber without any eadditiondl magnetic
chenges. If the T meson lifetime is therefore not in excess of 5 x 10~8 second, the measure-
ment of the lifetime should be possible in this geometry by a comparison of the numbers of W
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(v mesons as & function of distance along the meson trejectory. It is also planned to
w.dck the focusing properties of the magnetic channel by meens of one million volt alpha
perticles produced by a thick radiosctive alpha sample mounted on the regular cyclotron
_téarget positione
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II. ACCELERATOR AND CALUTRON OPERATION AhD WEVELOP””NT

- ! A 1. 184-Inch Cyclotron Operation

Jemes 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
vacuun system and manually operated through a clevron vacuum seele This switch was found necessary
for rapid chenge-over in operation from accelerating protons Yo accelerating deuterons, or
vice versae. In addition the width of the transmission line stub was made smaller so that it
would be the same as bthe dee stem. Chenge-over in operation from protons to deuterons or
alpha particles is expected to be a matter of minutes.

Rotary Condenser

The mejor trouble with the rotary condenser hes been the Openlng of water lesaks in
the vecuum system. These leaks have been the result of two difficultiess first, the” zircon
insulators, which support the rotor, have developed cracks allowing Water to pass into the
vecuunm system, end second, rubber gaskets have deformed enough to open leaks. Both of these
difficulties have a common cause, which is the high temperature reached in the rotor during
opereation.

- An abttempt to prevent bresksge of the insulators has consisted of increasing
clearances between the insulators and the metel parts so that expansion of the parts will not
strain the insulatorse A solution to the gasket problem seems to lie in the use of "O" ring
gasketse Thege gaskets seal & vacuum joint by virtue of the pressure on the other side of
the vacuume ‘

Magnet Pole Piece Cil Band

During the early stages of operation of the cycletron, it was found that the vacuum
tank pressure increased when the megnet was turned one The cause of the vacuum difficulty
seemed evident, when oll, presumably from the magnet coil cooling systemywas found seeping
out from the cracks between the pole pisce slabs in the vacuum system.

In en sttempt to determine whether this oil was the cause of the vacuum %trouble, a
steinless steel band with rubber gaskets was installed allaround the pole piece and covering
the space between two slabse Provision was made to pump on this volune by an auxilisry pumpe.
Results of this test indicated that & band of this type was not sabtisfactory, therefore a
program was gobtten w der wey to weld & steel band all sround the top pole piece in the vacuum
system during the installation of the proton unite.

4

Adagnetic Cones.

It has been known for some time that magnetic focusing of the ions in the center
of the cyclotron is necessary for optimum beam outpute Since there was some question whether
there was enough nmagnetic focusing in the 184-inch cyclotron, new steel cones werc made end -
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wstalled.s The cones in use for the past year, were six inches in diemeter at the base and
70 inches highs The new cones %tried were two Typess one had a base diameter of nine inches

end was Three inches in height, and the second a double cone having a base of six inches in
diemeter, and reaching & height of four inches, '

Neither of the two types of cones seemed to give eny improvement over the cones
thet hed been in use.

Telescoping Probe Extension

The present probe system in the 184-inch cyclotron does not allow the probe to reach
eny closer to the center of the cyclotron than about the 20 in. radius pointe However, it was
felt thet certain experiments involving current reading probes that could reach the center
were necessary. Therefore a telescoping probe tube was added to one of the present tubes so
that en extension of about 24 in., beyond the present limit was possible. 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 program. 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 & much larger effective length by mounting
pert of the equipment on the fixed tube and part on the extension and inserting into the tank
when the telescoplng system was collapsed.

"Beem Experiments

One of the aettempts to increase the .amount of besm obtalnable with the cyclotron
“consisted 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 ebove the normal
operating pointes This pulse was about 100 microseconds in lengthe In additiong this voltage
“pulse could be moved in time so that it could be placed anywhere in the fregquency moduleted
cycleeo .

No increase in beam was observed, but in addition no decrease in beem could be seen
even though the voltage pulse was moved over the whole frequency modulated cycles

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 dee,



2, 60~-inch Cyclotron
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Jo G. Hemilton, G. Bernard Rossi, James Fo Miller, William P. Ball,

Kenneth D, Jenkins, Kenneth Relf, Thomas M., Putnam Jr., Leland K. Neher

Operétion

There were available 3,672 hours of possible operating time from May to October, 1948

inclusively.

This time wes consumed as follows:

Bombardment Times

Deuterons
Alphas
Protons
TOTAL

Experimental Times

Qutage

Ion sources (1) open
16 (2) Water.cooled hood

C12 & Bio Acceleration

Do Co Filament heater

Microinterceptor target
Beam development (1) alpha
(2) deuteron
(3) proton
Dese tuning
Gas enalyzer
Magnet shims
North oscilletor tube characteristics
Beeam pattern
Vacuum tenk alignment

-Ion source gas line

Dee frequency measurements

Maintenance, check up, etc.
Enforced shutdown

Bombardment efficiency: 63.25%

Operational efficiency: 70.99% See Figure 1

6974 hrse
636.9 hrse
9884 hrsoe
232207 hrse.

Te7 hrse
31le9 hrse
19,0 hrse

864 hrs.

" 3369 hrs.
106.2 hrse
592 hrse
1748 hrse
17.7 hrse
290 hrse
502 hrso
1¢O hrsoe
8 hrso
10,4 hrso
100 hrSo
16.0 hrse.
284.2 hrs.

694 .2 hrse.
3709 hrse
3872.0 hrse

2322.7 hrse

(See below)

(See below)

(See below)

(see below)
284o2 hrse

367240 hrse
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. Bombardments . Durlng the perlod from May through September, 1948 there were 141 targets
bombarded on the 60" cyclotrons Of these, 67 were with deuterons, 52 with alphes and 22
with protons. The bulk of bombardments were made for groups connected with the University
of California Radiation Laboratory. Outside groups were represented by Argonne National
Laboratories, Un1vers1ty of Rochester, Uw So Navy (Hunters Pomnt) and the Unlver81ty of
Wyoming. , _ R >

Qutage Time. The most time-consuming outage item in the period was a forced shutdown occurring
in the early part of August. This was occasioned by & rupturg in the west R.F. 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 removed. | - '

Work completed during the shutdown included the replacement of the throat section

in the west dee stem liners, both top &nd bottom. During the assembly of the new sections,
the main W, R.F. clamp warped out of alignment, necessitating hard soldering the west U-house
in place at the time of installation, to minimize radiation. "Also installed at this time

were new thick-walled cooling lines in the new sections. ‘
’ Other work carried on during the repair included the installation of the new probe
sesembly, despite the fact that the probe has not been tested. ' This can be tested separately
. the drydock and installed at & later date. Effort wes made to flatten the lower tenk lining
“beneath the ion source. The area was heated to anneal and pounded into shape as well .as
possibleo The upper ion catcher was replaced bscause of the condition of bhe tungsten tip

and the appearence of impending water leeks in the coollng linea.
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( Anticipated bombardments requiring higher energy particles dictated en increase

. operating frequency. This required shortening the dee stems by movement of the shorting
spiders. In this manner, the frequency was changed from 11,395 m.c. to 11.62 m.cs This
repair was completed in 370 hours. A breakdown of time showed the followings

Disassembly 32.0 hrs
Repairing stem 13700 hrs
Assembly 49,3 hrs
Frequency measurements 7.0 hrs
Leak hunting - 89.6 hrs
Bake in 55.1 hrs

B70,0 hrs

Considerable time was spent (efter the system had been baked in) adjusting the
various paremeters. The deuteron beem was located without much difficulty but was peaked
at 8=10 pa with a power input of about 120 KFW. This was very poor from an overall efficiency
point of view., Repeated adjustments of source, magnet shims and dee yielded very little
response, with the exception of those made on the west dee horizontal. This dee carries the
ion exit chennel, Rspeatedlys it was found that when the exit dee was moved 7 divisions (1/4")
toward the tenk center, beam increases of a factor of epproximately 2 were realized. However,
centering the beam on the target through deflector adjustments wes impossible., Also, excessive
sparking and heating was noted in the narrow throat between the dees and the mein section of
the dee stems,

Efforts at adjustments to increase the beam at a fixed dee setting 1/4“ out from
*the position of natural meximum yielded little results. The central pyramidal shims were moved,
end the deflector, east dee and ion source were adjusted without appreciable increase in beam.
) A survey of magnetic field plots indicated that at the exlt radius, the field drop
off slope had increased from 5.3% to about 6% because of the higher field associasted with the
increased frequency. Thus, it wes decided that the frequency should be returned to the former
level of 11,350 meGo until such time thet peripheral field shims cen be designed and constructed
to decrease the drop-off at the exit radius and until more dee voltage is made available.

Evidence that the beam was not approaching the exit channel at a desirable angle
weas shown when the deflector was removed during the frequency lowering, Figure 2 shows the
section of the deflector adjacent to the exit strip. The dark pointed mark is en areas of deep
erosion which occurred down the channel sbout 1/4" beyond the exit strip. In other words, the
beem was striking the deflesctor at en angle instead of being tangent to it»- Because of this,.
the position of the source and dee center was checked., It was found that the center of the
Eest (feeler) dee was 1/4% off center along the line between the dees snd the source was about:
1/2“ off in the seme direction, 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 reference., However, the
dee weas apparently not assembled on center during the above mentioned overhaul end, hence,
induced ‘an erroneous position for the ion source. -

With the operating frequency lowered toc 11l.35 m.c. and the corresponding reduction
of 12 emps in magnet.field current, the beam output has been doubled. Average operating beem
JAntensities are now as follows: .

Alpha particles 5=6 {la
Deuterons 30-40 pa
" Molecular hydrogen

(for protons) 15-20 ya
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\ Source Development

Ion Sources. Weter cooled completely hooded source:; This source was designed %o provide
thé following features: ' :

l, Complete ion hood = this eliminates the need for a water cooled ion catcher

sbove the arc, thus providing for more freedom in adjusting.

2. Water cooled hood - to provide for dissipation of heat generated internally

by the arc end externally hy off-center high energy ion bombardment.

3. Arc shield - complets shielding of the ion arc with the exception of & 1" x 1/8"

opening facing the dee feelers. This feature lowers the ion loading of the oscillator

to a comparatively smeall amount. :

4, Collimated electron beam - a 1/4" collimating hole placed above the heated

tungsten filament provides electron c¢ollimation, increasing the ion arc density.

5. General cone shepe - this hes been changed from the bulky copper section (Fige 3)

to & cylindrical section 17/32" in diameter and 4-1/2" long (Fig. 4). This permits

a closer approach to the electric field forming feelers without denger of arcing

of the R.F. voltage from them. The use of this source has been very satisfactory.

Performence with deuterons and &alpha particles has been as good as with any other

type cone used., Howsver, with protons the erosion of the cone has been less and

the life of the source has been considerably longer.

6o Filament - in order to allow the close approach to the feslers mentionsd above,

it was necessary to place the collimating chamber off=-center in the direction of

the feelers. This required the use of a different type of filament 'than has been
- previously used. A 70 mil three-turn coil filement was previously used (Fige. 5).

This was modified as per Fig. 6.

3 o

P s

Fige 5 | Figo 6

With this new filement, adjustments appear to be less sensitive than before. Qther
bypes of filaments were tried to staebilize the arcs jumping from turn to turn and
to further define the area exposed to the arc (Fige 7). : :
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“°s System. From time to time, drastic differences in beam output have been noted with no
Jarent change in operating conditions. On these occasions, inspection revealed. smnll air
or water lesks contaminating the ges supply. In the case of thé use of Both deuterium end
hydrogen, the gas was produced by electrolysis. This system was under question with respect
to proton acceleration eand lead to the use of commercially bottled hydrogen. Before the use
of this commercial gas, 4-5 pa of protons was peak performance. Since this bottled gas has
been used, proton beams up to 20 pa have been realized. This same effect was noted with

bottled deuterium gas on one occasione

The gas system in use to trensport gas from the generators in the control room to
the vacuum tank consisted of & run of about 100 feetof 1/2" copper tubing. The pressure in
this system had been estimated at 300 pea (3 x 102 mm). This long tube did not lend itself
to fast outgassing or decontemination when changes in gas were made. During the above tests,
this line was by-passed and the gas wes injected through a 6 foot section of 1/2" copper.
Since bottled hydrogen is available commercially, it i1s now being used instead of the self-
generated gas., A new gas system has also been installed eliminating the long vacuum run to
the tenk. The present short vecuum run is adequately exposed for leak checking since small
leaks have been found to have a marked effect on beam intensities,

Identification Experiments with Heavy Ions

In the program to accelerate carbon or boron ions, there have been three runs with
the 60" cyclotron during the past quarter. The main attention has been paid to getting a
meens of detecting particles without ambiguity. Further, instrumentation was sought which
Wwould give quantitative data as a basis for adjustments and for the design of new ion sources
to produce the complete ionization required. ’
) An optical detection system was tried, using anthracene crystals in which the
emerging particles produced scintillations. These were picked up by a photomq%ﬁiplier tube
outside the magnetic field and gave pips on a synchroscope screen. While this method provides
a very fast counter; the pulses wvaried.so much in height that carbon ions could not be dis=
tinguished from alpha particles. The latter come from helium contemination in the tank and
resonate so closely above the carbon ions that it is difficult to separate theﬁo_ Even though
we inserted increeasing thicknesses of absorbing aluminum foils in the beam, 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). All pips were cleared by absorption path length equivalent to about 148 mg/cmz
Al, which corresponds closely to 36.8 Mev alphas. ’

A run was made next using en ionization chamber hooked up to an oscilloscope. This
was checked by substituting a photographic chember containing Ilford nuclear emulsions for
the ionization chamber when optimum besms were obtained. The ionization chamber gavée visual
results more satisfactory then those from the enthracene counter. Three components could be
found to the beam near Cl2 resonance:
' le a low-resonent portion, not affected by the deflector wvoltage,
even when turned to zero. It was cut out by about 30 mg/cng
2.. a component which, with the particular conditions of the day, could
be quite distinetly separated from the alphas, both by pip heights and
"megnet resonence, though the resonance curves overlap, the alphas
being higher. This component was absorbed by about 40 mg/cmz Al
30 Alphas, of normal absorption length.

N

o . The nuclear emulsions served to confirm the oscilloscope. Emulsions D=1 end E-1
were used, Wwhich should show only alphas or heavier particles. On one plate, exposed for five
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aconds to the full beam when the oscilloscope indicated cerbons well resolved from alphas,
ere are two distinct types of tracks. The heavy track being about 65 microns long (which

corresponds well with expected length of ebout 165 microns for 110 Mev carbons, when account

is taken of the fact that the absorption path length before entering into the photographic

-chember is about 28 mg/emz Al and the initiel range of the carbons at 110 Mev should be about

try was made for pll

49 mg/cm2 Al). The lighter tracks are sbout 330 microns long (epproximately correct for ealphas,
which should have an expected length of about 510 microns at 36.8 Mev. An energy of 36.8 Mev
corresponds to an aluminum ebsorption lengbth of 146 mg/om29 but it must be recalled that this
wes diminished by an equivalent path of 28 mg/cm? Al before entering the chamber). The ratio

of carbons to alphas was sbout ten to one, and a count of tracks along grid lines gives a
minimum estimate of the order of 70,000 carbons per second. See sketch in Fige. 8,

Another plate exposed to a 1/8" slit beam (Fig. 9) with the photographic plate placed
well back in the hope that the alphas and carbon besms would be separated by the magnetic field
efter their energy was degraded by the 28 mg/cm? Al leading to the chamber, gave no evident
separation., Here we tuned visually for en approximately equal ratio of aslphas and carbons,
but the normal alphas were sbout fifty times as numerous as carbons. This slit beem showed a
third component (epparently that observed on the oscilloscope) besides the normal alphas
(emulsion length of about 380 microns) and the carbons (65 microns path length). WNote that
the path length of the alphas here appears to be a little longer than in the other plate de-
scribed. This may be a real effect since Fig. 8 was at slightly lower magnet resoneance, but
more probably is not real and is due %o the fact that alphe tracks were too sparse at entering
the emulsion to be followed, 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 emulsion, the tracks ere
noticeably less dense in Fig. 8.

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 beem from the slite The tracks
Were light, of apparent density theat of alphas, but were shorter (verying widely, but averaging
around 120-160 microns). They had many more bends frop collisions, and their angle of track
in the emulsion was much more sharply bent in by the magnet, This third component was even
more numerous than the normal alphas. See Fige 9 for typical view at point A,

A supplementary motor-generator set was installed in the building previously housing
the 37" cyclotron, to permit going up to magnet resonance for c13(6+) ions. Such ions were
detected by the ionization chamber and by tracks taken in Ilfoprd nuclear emulsions. The range
of these ions was about 7 mg/bmz Al longer than that of clz2(6+ ions. Counts made along grid
lines of a plate exposed for 1 minute gave an estimate of only about 50 particles per second.
Compere this with the Cl2 beam in light of the fact that we used COo gas having the natural
distribution of carbon isotopes = 1,1% C13 = end that the magnetic field shepe et this high
resonance is theoretically very poor.

A run was made with BF; ges in an attempt to accelerate BlO(5+) ions. 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 deflector, which became progressively
worse. Thls sparking may have been caused by the nature of the gas used, since BFg with hydro-
gen gives HF, Indee? operation did not return to normal until a couple of days later. A
é*) ions, but no beam was observed at this hipgh resoneance,

The next run to be made will be an attempt to get quantitative datea with a Richardson
scaler with discriminator to cut out alphas and count only carbons. It is hoped & long snout

" will serve to cut out other then carbon and normal elphes.
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3 Effects of Peripheral Magnetic Shims on the lMagnetic Field

Purpose, It is expected that the operation of the 60" cyclotron cen be improved in several
ways by the proper shimming of the magnetic field. Three possible improvements may be es
followss

l. More energetic particles in the beam due to less dropping off of the field near
The periphery, giving a greater value of B to the particles as they enter the
deflector channel.,

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 regione. Thus, if a
more uniform magnetic field can be obtained by shimming, deflector opsration
may be improvede.

Description of the Shims. The shims used in.this test consisted of annular rings mede of
mild steel, They were 7/8" thick and had an outside diameter of 57 inches. They were built
in sections, which could be linked easily for repid installation. Fige 10 shows the general
assembly diegrem of these shims. They were constructed so that extra sections could be added
to the inside of the rings, thus varying their widths. Two widths were tried and meesured
in this determination., They were 3 l/é“inches and 5 1/? incheso For comparison, the field
was also measured without sny of the peripheral shims present.

Thé shims were tried in pairs. One ring was installed between the upper tenk cover
and the upper pole face, while a second one was placed between the lower pole face and lower
tank cover, as shown in Fige 1l. They were centered so that their axes coinecided with the
axis of the pole faces. '

In 2ll determinetions, the usual operation set of pyramidal magnetic shims, consisting
of & stack of four 1/16" circular plates of rapidly decreasing dismeters, was left in the center
between the -teank walls and the pole faces.

¥
L]

Procedure. The method of making the megnetic measuremsnts wes 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 tenk in the medien plane end lining it up with its exis parallel %o the magnetic field.

The coil was then roteted 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 determined.

- The uniformity of the magnetic field along the medien plane was determined in a

s~mewhat similer manner. However, instead of the flip coil, a search coil of known area wes
stituted. The coil was mounted on & car, which moved along six-foot tracks. This "box

cer" was provided with stops, so that this car (on which the coil was mounted) could be moved

in 1 ideh jumps. The search coil was mounted solidly on the car, so that its exis remained

parallel to the field during the determination. The schematic of the circuit used is shown

in Pig. 12,
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The runs were made'with the coil located in the median plene of the gap. It was
ved in the north-south direttion across the diemeter of the pole face . The runs extended .
-.om 26" south of the center to 44" north of the center.

Results. The results are found in Figures 13 = 18 end are plotted graphically in Figures 19
and 20. It is seen from these graphs that there is approximately a 0.5% less drop in field

at the 25 inch radius with the shims present than without them. Since the ensrgy of the
particles is proportional to the square of the field, this means a 1% gain in energy of the -
particles. This lower drop in field also means that more of the particles should stey in
phase. It is expected that this will increase the beem current. 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 them. It is expected that this
mey be more detrimentel then beneficiel to the operation of the deflectore.

In the presence of the shims, since the drop in field is very slow as one goes eway
from the center, the magnetic focusing is reduced over most of the trejectory. This would
tend to reduce the beam current. In the case of the full peripheral shims; 5 1/2 inches x
Z/B inch, there is actually a rise in the field, as one goes away from the center in & southerly
direction., This would indicate an actual magnetic defocusing of the beam, since the curvature.
is inwerd instead of outward in this region.

The expected decrease in beam due to lack of focusing out to 18 inches was noted
when actuel beam tests were made. The beam was reduced by a factor of sbout 10, A further
attempt to decrease the fell off in field et the exit strip will be made in the form of internal
shims. It will be possible to insert copper plated rings inside the vacuum, the shepe and

- size of which is to be determined by model testing. With this kind of shim, it should be

possible to decrease the percentage fall off of the field at the exit strip to 2 l/2a3 percent
and, hence, to obtain a considersble increase in beame ‘
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Figure 13
Shim Arrengemarik: Pyremid Magnet Current: 290 amps
Sensitivitys 35.461 gauss/cm. Medien Plane
Field in Centers - 15,395 gauss
Inches from Center Average Percent Total Percent Change
South Deflection Change
1 01 002 002
2 004 s009 2011
3 207 s016 2027
4 oll <025 0052
5 «L7 2039 - 091
6 019 2044 0135 !
7 021 «048 2183 [
8 024 +055 0238 ‘
9 025 2058 0296
10 028 <064 0360
11 028 064 <424
12 026 2060 484
13 026 +060 544
14 «25 2058 0602 |
15 +26 +060 0662
16 028 «064 0726
17 «30 «069 ' 0795
18 039 «090 .885
19 o5l o117 1.002
20 073 2168 1,170
21 l.12 2258, 1.428
22 1,74 0401 1.8294
23 2,84 «6564 2,483
24 4,54 1,046 3,629
25 7019 1,656 5,185 ,
26 11,04 20543 - Te728 :
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Figore 14
Shim Arrengements Pyrsmid Magnet Currents 290 emps
Sensitivity: 35.407 gauss/cm (A) ‘
70.718 geuss/cm (B) Medien Pleane
Field in Center: 15371 gauss _ :
Inches from Center = Average Porcent Total Percent
North "7 peflection  Chenge - Chenge
(A) 1 .00 «000 »000
2 003 0007 2007
3 208 +018 2025
4 oll 0025 2051
5 216 0637 «088 N
6 »19 044 - 0131
7 «20 «046 «177
8 023 2053 +230
9 025 ' 6058 +288
10 225 »058 0346
11 028 , «064 _ <410
12 030 o069 <479
13 030 0069 +548
14 . ' 029 «067 ' +615
15 024 »055 , 2670
16 031 071 0742
17 : 236 o083 2825
18 ; 044 101 0926
19 . 058 ' 2134 1,060
20 «34 ¢193 1,253
21 1,23 0283 1,536
22 1,90 0438 1,974
23 : 3407 0707 ‘ 20681
24 4,86 1,119 3.801
25 769 1.771 50572
26 11,45 20638 8,210
27 16636 30769 ' 11.978
~(B] 28 10481 2,073 16951
' 29 12,83 60903 22,854
30 _ 13,81 66354 ' 29,208
31 13,81 6354 350562
32 12,78 54880 410442
33 11.45 50268 46,710
34 9,99 4,596 51,306
35 8478 4,039 550345
36 7.77 30575 . 58 0920
37 6693 30188 620108
38 ‘ 65422 20862 64,970
39 ' 5073 20636 670606
40 5025 20415 70.021
41 4,86 20236 * 720257
42 4,60 . 2,118 740373
43 4432 1,988 760361
44 4,02 1,849 784210
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Pigure 15
Shim Arrengement; Pyremid + (3 1/2™ x 7/8") Peripheral
Sensitivity: 35.524 geuss/cm. Megnet Current: 290 amps
Field in Centéers 15,217 gauss Median Plene
iches from Center . Average ~ 'Percent Total Percent
’ South "~ Deflection ‘Chenge @ . Chenge

1- .00 «000 «000°

2 «00 ' «000 2000

3 .00 «000 «000

4 .02 ' 2005 ~ +005

5 .04 o009 014

6 004 2009 -- +023

7 «04 «009 0032

8 <03 007 <039

9 05 012 051

10 .02 «005 «056

11 .02 +005 ' .061

" 12 001 0002 - 0063

13 : 002 2005 .068

14 <08 0019 ‘ .087

15 .05 «012 - 099

16 .08 o019 0118

17 g#u 014 <033 0151

18 i ' 0’21 0049 200

19 ' ©37 .086 : 0286

20 «63 0147 2433

21 . 1l.08 0247 - 2680 1

22 : 1072 0402 19082

23 2.84 «663 10745

24 4.61 1,076 2,821

25 7625 1,693 . 4,514

26 - 11,10 24501 7,105
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Figure 16
Shim Arrenpement:; Pyremid + (3 1/2" x 7/8") Peripheral
Sensitivitys 35.524 gauss/cm (A) .
, 84,305 gauss/cm (B) Magnet Current 290 amps
Field in Centers 15,217 gauss ‘ Median Plene
Tnches from Cemter Average “Percent Totel Percent
North Deflection Change Chenge
| .(4) 1 00 - . +000 o000
2 001 002 2002
3 .01 002 004
4 03 007 011
5 06 014 0025
6 - 07 016 0041
7 05 012 0053
8 el 016 2069
9 , 06 0015 0083
10 oC7 - ,016 099
11 , 07 016 ‘ 0115
12 : 205 . 012 0127
13 : 209 - 6021 148
14 qu 0023 ’ 0171
15 06 014 0185
16 ¢12 . 028 0213
17 022 ~ .051 0264
18 ' 227 ,063 0327
19 . A3 ¢ 100 0427
20 ] BEERPYZ I o173 , 2600
21 . - 120 00 - - 4280 . - : 2880
22 a o 1485 . e4B2 ) T 1,312
23 J 807 L GTT . 24029
24 ~ T 4480 1,144 '. 3,173
25 L TeT9 . 1,819 . e 4,992
26 11,459 2,706 7.698
’ 27 : 16057 3.868 11.566
(B) 28 — T 9g22 5.108 16,674
29 . 10692, 6,050 - 22,724
30 , - 11s79 . 6eB32 1294256
31 y 11479 64532 - 35,788
’ 32 S 10.92 6050 41,838
33 9,77 5,413 : 47,251
34 : ~ 8456 4,742 , 51,993
35 Tebl 4,161 564154 .
36 6462 30668 : 59,822
37 © . 5490 8,269 63,091
38 : 523 2,898 _ - 65,989
39 a ' 4,82 24670 684659
40 . 4,40 24438 71,097
41 ’ 4,12 2,283 73380
42 3682 2,116 750496
43 . : 3053 1,956 770452

44 : 3034 : 1,850 794302
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Figure 17
Shim Arrengement: Pyramidal + (5 1/2" x 7/8") Peripheral
Sensitivity: 35.409 gauss/cm. Meagnet Currents 290 emps
Field in Center: 15.545 gauss Median Plene
Inches from Center Average Percent Total Percent.
South , Deflection Chenge Change
1 -.011 =,011 =005
2 -s014 -.025 =506
3 =007 -.032 =003
4 000 =032 200
5 -000 =5032 o00
6 »000 =,032 -00
7 +000 =,032 00
8 ~.002 - =.034 ' =o01
9 =,007 =,041 =403
10 =002 =043 ' =401
11 . @0005 . "’u048 ”QOZ
lz :0005 “’0,055 ' “5002
13 =002 @0055 "‘901
14 002 =083 - 601
15 007 =,046 203 =
16 018 5?’:@\028 . afOB
17 0032 004 «l4
18 »055 : 2059 024
19 »093 2452 o4l
20 2162 0B14 : o7
21 <269 2583 1.18
22 «435 1,018 1.91
23 2715 > 1,733 3.14
24 1.132 2,865 4497
25 14765 4,630 775
26 24665 70295 11,70
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Figure 18
Shim Arrengement: Pyremidal + (5 1/2" x 7/8") Peripheral
Sensitivity: 35.345 gauss/cm (A) lMagnet Current: 290 emps
‘ 70,699 gauss/cm (B) Kedian Plane
Field in Center: 15,478 gauss
Inches from Center Average Deflection  Percent Totel Psrcent
North Change Chenge
(A) 1 004 2009 +009
2 203 »007 016
3 204 «009 025
4 +05 0011 036
5 604 009 0045
6 s02 005 +050
7 01 002 6051
8 201 0000 2051
9 200 000 . 0052
10 01 ' 6002 0054
11 -0l 2002 056
12 004 »009 +065
13 00 000 085
14 : .00 000 s065
15 09 0,021 2086
16 o11 . 6025 0111
17 016 0037 0148
18 029 <066 0214
19 047 2107 321
20 79 .180 0501
21 1.26 288 789
22 2,00 0456 10245
23 3029 0751 1,996
24 5023 1.194 30190
25 8011 1,852 50042
26 12,02 2,745 7787
27 17007 30898 11,685
(B) 28 TI.29 50144 16,829
29 13027 6,046 22,875
30 14,31 66520 296395
31 14031 66520 350915
32 : 13,24 6,032 41,947
33 11.83 50390 47,337
34 10,38 4,729 52,066
35 9,08 ) 4,137 " 560203 -
36 8004 - 30663 59.866
37 7013 30249 63,115
38 639 2.911 66,026
39 5083 20656 680682
40 5035 - 2,438 71,120
41 . 4,96 20260 730380
42 4,63 2,110 750490
43 430 16959 77 0449

44 4,05 1,845 79 .294
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Ascillator "Tube Characteristics" and "Operating Efficiencies”

Thers sare meny reasons for taking the tube characteristics, although the primsry
interest is the oscillator efficiency. By having a continuous check upon the oscillator
.efficiency, the variations in beam current cen 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, it is necessary
to change only the oscillator input until the R.F. power is the same as it wes before. The
R.F., power output would be fixed by the heat dissipation of the dees. This peper will ccver
primarily a simple and repid method of calculating the R.F. power output with an ebsclute
accuracy of 3 percent and a comperison accuracy of less than 1 percent.

Tube Characteristics, The tube characteristies are obtained by placing a variable D.C. power
supply on the plate of the oscillator tube end biasing the grid to cut-off, The grid is pulsed
into the conducting region for 10 to 100 microseconds, at & rate of 60 cycles per second. By
varying the plate supply and the amplitude of the grid pulse, any grid and plate voltage can

be supplied during the pulse. A syncroscope is used to measure the instanteneous voltage or
currents on the tube ., The signals to the scope were teken from the dropping resistors (Fig.21)s
Rl grid current; R2 plate current; R5~R6 plete voltage; stR4 grid voltage ; and epplied %o

one of the vertical deflection plates of the scopes. As each signal is epplied; a second D.C.
voltage is applied to the other vertical deflection plate. At the time thet the trace gees
through zero, the voltage of the signal and the D.C. measuring voltage have the seme value. A
voltmeter is used te measure the D.C. voltage which in turn gives the instentaneous voltage of
.the signal at the time the trace went through zeroe. From knowing the value of the voltege
dividers and the resistance of the current resistors, all the instantansous values of voltages
and current in the tube at the time can be calculated,

The equipment consists of & 0-20 KV, 500 pa supply for the plate of the tubs. A

. bank of high voltage condensors (20 @fe.) are used to hold the plete voltege constant even
though 200 amperes are drewn momentarily. The resistor, R,, is varisble to 1, 2, or 4 ohms
depending on the current being read. The voltage divider Rg~Rg is 1003l end is frequency
compensated, '

The pulsing equipment uses two WL677 Thyretrons to obtain & square pulse. This
square pulse is epplied to the grids of eight 304°'s in parallel, which operates as a gabing
tube to apply the veriable 0-2500 volt, 500 pa grid supply to the grid of the main oscillator
tube. The grid supply elso has a bank of condensors (20 {f.) to maintain its voltage during
the pulse. All the grid current from the main oscillator tube.passes through the 304's which
sometimes totels 60 amperes. The grid current resistor Ry is 4 ohms and the voltage divider
Rz-Ry is 10:1 frequency compensateds, The nulse width was made variable so that a sufficient
time could eolapse for all transients to diseppear, so that all readings could be taken at =
quiescent condition,

The synchroscope is triggered by the grid voltage pulse such thet any given point
on the trace corresponds to the same time on eech of the four pulses. The signal selector
switch epplies 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 ussde

To obtain any constent current curve (e.g., plate current 10 amps.), Ry is set to
; ms end plate current measuring potentiometer to 40 volts. Starting at a low plate voltage
(approx1mately 500 volts) and observing the plate current pulse, the grid pulse is increased
until the trace passes through zero at the center. The grid voltege is then selected and the
grid voltage measuring potentiometer adjusted until the trace passes through zerc at the center.
Then the plate voltapge iswselected and the nlate woltege measuring potentiometer wd-iustod until

¥
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} trace pesses through zero at the center. The grid and plate voltages are recorded. The

procedure is repeated for increased plete voltages, for example, as every 500 volts at low
voltages and every 1000 volts at high veltagese

Oscilletor Efficiency. In calculating the operation of en oscillator, the following values
must be knowne

Lo Epp prlate supply voltage

2o B, bies voltage

3o Ep(l) peak R.F. plate voltage

4, Ek(l) peak Ro.F. cathode voltage

S50 Iy average plate current

6o I, average grid current

7o L (1) fundamental pesk R.F. plate current
8o I%(l) fundamental peak R.Fo grid current

When the above values are known, all powers end efficiencies can be calculated, such

P input power Epp x Iy \ (1)
P, bias power : E, x I, : (2)
P plate power Ey(1) % Ipen) * 065 (z)
Py . driving power | Ek(l) x (Ip(l) + Ig(l)) 065 (4)
. Pp plate dissipation Py =P - Py ‘ (5)
P, erid dissipation P, =P, -8 x ’I\p(l), %005 (6)
P cutput power ’ Py = Py ' (7)
n plate efficiency Pbb‘/ P, ' (8)
YXL \ oscillator efficiency Pbb / PL (9)

Of the eight fundemental quantities, only the first six are readily measured. The
fundamental psak R.F. plate and grid current cannot be measured directly. In some epplicatious,
it would be possible to measure these two currents by placing a wabtbtmeter in the plate and grid
circuit. However, this is hardly possible at 1l M.C. and 100 K.W. When the plate and grid
current follow any geometric lew, it is Possible to establish a ratio between the average and
fundemental R.F. currents. The plate current of a vacuum tube follows a "three halves power
curve" and the grid follows a square power curve, which makes it possible to calculate the RoF.
currentss The peak R.F. grid current does not vary more than 5% from 1.8 times the D.C. grid
current. When calculating the oubput of a self excited oscillator, such a large error in the
RoFo grid current will not affect the output power by more then 0.3 percent., Thus, it is rafs
to essume a ratio in the grid circuit to be 1.8, Such an assumption is not permissible in the

2te, as any error in the ratio of the DeC. to ReF. currents will be passed on to the snswer
---changed. A more elaborate system must be employsd if the total accuracy is to be less than
1.0 percent. Either a graphicael or analytical method can be used. The grephical method has
the edge on simplicity and spesed, is as accurate as the analytical and it will take into account
any irregularities that exist. The ratio of the RoF. to D¢Cs plate current approximates the
following equetion within 0.2 percent.
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: uEg = B
. Ip(1) 1067 + 0036 ¢ 7 7bb
Iy oF -8 (10)
g(1) p(1)
. The graphical method (shown in Figure 22) is the same as the above equation except

that it takes one more thing into account. Since the plate current only feollows = 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, the curves of alpha show a correction %o the value of K, which is half the ratio
of the D.C. to R.F. plate current. Two ordinates are shown on Fig. 22 that have not been dis-

cussed; The minimum plate voltage eP(mino) and the meximum positive grid voltage ® o(mexo)

These two voltages are easier and more accurate to measure than the R.F. plate and grid voltages
and they also have the property of having ground as a reference level which the R.F. volltages

do nots To use the graph, the plate and bias volbtages are used to find the point "@" and the
minimum plate end grid veltages are used to find the point "P". Using the straight edge of a
piece of peper, let the edge intersect the points "P" and "Q". Mark the points "P" end "Q" end
the point "R™ where the edge of the paper intersects.the line "C-C", Move the pepsr until the
point ®Q" lies on "A® and move point "P¥ until it lies on the line "B-B"®., Read from the K

lines at point "R" one-half the ratio.of the Do.Co to R.F. plate currents. If the point "P" lies
to the left of any dé. line, that value must be subtracted to get the ratioe.

Powsr output P = 'ﬁ x 'F‘: x '}\
’ P L g}(l) (1) g(1) g(1) N
= b ep(mino) - eg(maxo) ) x (K»m ) Ib (11)
. = (B, + ® o(max,) ) x 0.91,

Prom the tube characteristics, two items must be known, i.e., the amplification of
*the tube end the point (where a correction must be made to K) that the plate current deviates
from the 3/2 powsr curve., The oscillator filament power affects the current et which saturation
occurs. It would be necessary to have a chart for each value of filement voltage unless the
filement voltage is set high enough so that the plate current never reaches saturation. In this
case, there need be no correction of the value of K.

Several claims have been mede as to the accuracy of such & system. Each mesasurement
can be made to a certain accuracy and has a certain weighting factor.

Measurement  Error Weight(Eq. 11) Effective Error

E, 1% 010 «10%
I., 1% 1,00 . 1.00%
Ie 1% 020 «20%
®(nin.) 3% e:LQ . «30%

e(mex.) 3% .05 0 15%
K 1% 1.00 1,00%
Ig( 1) 5% \320 1000%

K By teking the effective error in equation 1l and finding the most probable erreor,
it is close to thres percent. The above errors are caused by the meters used to read the
“urrents and voltages except for the values of K and I (3). The error in the R.F. grid current
.88 been explained. The error in the value of K can be found from equation 10, The value
of W cean have a possible error of 20 percent and only affect the value of K by less than 1
percent. Even if the plate current followed directly with the grid voltege, the value of K
would only be in srror by 1 percent.



20

19

C ,
2000 1500 1000 500 20KV
\ {9 KV
L+ N
— ! | 7KV mﬁ
_— \ ™ \\\\ ,
. 16 KV
T \ Q| ¢
= A ~
ISKV
2KV 1.5KV 1KV
© B ™~—g. _uoov
® 18KV
(Vo) 8 ” r“epmin;.'.___
g . m O egmax. ..3_§.O—V_
o —
\ o 'B __2_'.(26
g | LN Lk s
) N -
© PL  _79.50KW
o \\)\,d E¢ _788%
(¢ 0]
o \\
00
. o X's)
K . 2 =5 KV
- kS
p ' T\
—a = _ | 4
. | /E‘ x 3
N r></ ‘ 2
0 5
) R |
| < \FT7 m |
0SC. RF. PONER GRAPH O %KV,V 0
7o) 1 | :
P. = (Epp ~€p(min—Cgmax XKally ° " 500V IKV
| —9(EC+ eg(mox)) 'C * m “_"'eQ(mox),———b
P | ~
L
b

FIG. 22

\3 16!



UCRL-231

=4 7=
Monclusion, 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 Lo fail for an inaccuracy of 3 percent. More important to the operation
is the accuracy between two consecutive calculations. Two consecutive calculations are only
incorrect by the error in reading the meters and in obtaining the value of K. Thus, it.is
safe to assume that for comparison of two calculations that they will be within 1 percent of

the true ratioe

Ro.F. Problems

ANALYSIS OF THE CYCLOTRON DEE CIRCUITS

Introductione The electrical circuit formed by the cyclotron dee stems and dees is shown in
Figo 230 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 oscillation, (b) the relative magnitude and phase of the currents flowing in the dee stems,
(e¢) the relative megnitude and phase of the two dee-to-ground voltages. The currents flowing
in the dee stems determine the voltages induced in the coupling 1dops for loops of a given
dimension. These determine the length of the tremsmission lines and their terminations, to
be used in coupling the main oscilletor to the dee circuits. This section is devoted to a
discussion of the behavior of the electrical circuit shown in Fig. 23,the electrical circuit
formed by the two dee-to-dee ground capacities, the dee-to-dse coupling capacity, and the two
inductances represented by the dee stems. All circuit parameters are assumed to be lumped
constantso

<

Determination of the Resonant Frequencies of the Cyclotron Dee Circuits. The resonant and
anti-resonent frequencies of the circuit shown in Fige. 25 mey be calculated (a) by setting

up the simultensous differential equations for the.circuit and solving them, (b) by writing
dwon the vector potential drops in accordance with Kirchoff?s laws, and (¢) by plotting proper
reactance and susceptence curvesl,

Method of Differential Equations « Losses Neglecteds Transform the circuit of Fig. 23 to the
equivalent circuit of Fige 2. The transformition fquations are?;

_C-l ‘#_62 °0=-C‘3

T, = ‘ -~
' C1 C3
' 111
G.+ G, +70
- 1 2 ¥ b
Cy = T (1)
e
-1 1
. . G+ T, + T, .
3 L
. o T,

. Everitt; W.L., "Communication Engineering®, 2nd edition, pp. 86=87, McGrew-Hill Book
Compeny, Inc., (1837), -

2. Ibid, po 36
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The currents i, end i_ are the same in both cases when the trensformations are

rried out in accordance with &quations (1)

The mesh equationsfareé ;
E - L @ % 9% . 0 (2)
1 gt o T
1 3
= 4 di
== - g_zt"’ o £ -0 (3)
tz G dt

Differentiating theses

9y . i
cy e = 20 (4)

= Ly - —- £=0 (5)
. C

Substituting the relations:

d.q:L
dt

dq2

= i (6)
at 2

into (4) end (5) gives:

L o Cs (7)

at?  Cy Cs ' . (8)
The solutions to equations (7) and (8) are of the form: g

Ii sin wit

n

1

i
2

Differentiating these, substituting into (7) and (8), end canceling out the common

12 sin wt (9)

1 1 i
lewz b F i = 2 = 0

Cl C3 C3 _ (10)
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2 (11)

Let

- (12)

. z
where W, snd ), are the individual resonent frequencies of mesh 1 and mesh 2, respectively,

(See Figire 24).

‘Rewrite equations (10) and (11) by substituting equations (12)s

2 _ 32 t2 ‘
w = 3 R e—
[l 0 le‘ll = (13)
- 3
b2 3 )
:‘:"’@b "’“’j Loip (14)
Cz
Divide (13) by (14) to eliminate the currentss L
. 2 2 —
w, -
. | 1 w L1 ) 05
1 . 2,2
= E"z "'w] Lo (15)
Expend equation (15) end collect coefficients of like powers of Ws
2 1 ,
w? -w? w2+ w2 + W2 W= ——m —— =0
. 1 2 1 2 L. L —C-2
: 172 73
The constant term may be rewritten as follows: o
2,2 . 2 o2 “1 % | 2 w2 (122
SR B B G CAPCN S A N
172 73 1 3 2 - (16)

];' ; ST,

where — = e o o o o , the coefficient of coupling. (16A)
T+ C3) (T + T,)

Meking this substitution gives the equation

w? - Eulz +w22j w? *%2'6\)22 G_ - k2J= 0 (17)
" which has the followingspositive roots:
2 2\ « 2 2\2 _ 2 .,2 - 12
' W= (wy® + Q%) tfw? * o ) I (18)

2
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If W; =) &4} , then equation (18) becomes
- , Weuh/TEk = W, 1 tke ) (19)

by the binomial expansion theorem.

]

. The frequency associated with the negative sign is the frequency at which the two
des=-to-ground voltages are 180° out of phase; the frequency corresponding to the positive
signe is the one at which the dee-to-ground voltages are in phase.

To determine W, and in terms of actual dee capacities, the relations expresssd
in equations (1) must be subst tuted into equations (12) The results are as followss
w2=£
1 - o
L, + C, (20)
'-'Cdzzz;]:__ i ! §1_~ ! e ! ' '
L{ ¢ +£1C3 L {C +#C | 1=/C3] # o0 L, (c_ ¢+ C 21
2. 2 C1+C5 ﬁ‘Q\E‘ 5[ (Ef) } .2 ( 2 3) (21)

The radian resonant frequencies W, and w,, therefore, correspond very closely
to the frequenciss to which the cyclotron is normally tuned. Grounding one dee, say the west
des, the frequency of the east dee circuit is given by

. ® w2l 1
Yoo, +cy)
1 ¥ b
T Grounding the east dee the resonant frequency of the west dee eircuit is given by
' w 2 - 1
2

Lz(c2 + 03)

TWhen tulighg- the cyclotron, the procedure is to adjust w, =), by alternately ground-
each dee and moving the spider corresponding to the dee circuit being tuned. The frequencies
given by equation (19) are the free-running frequencies. For high @ circuits they are very
nearly the same as the driving frequenciess

Determination of the Coefficient of Coupling. From equation (19)

W s Kk '
w W, (1% 2) _ (22)
therefors, h ,A
W # W (1«F (23)
W s e (1=3) (24)

Subtracting (24) from (23) and solving for k &ields“

DA ke A
P _ ah
The coefficient of coupling may be spproximated, therefore, by measuring these three frequencies.

- (25)
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“qterminatiohlof the Relative Magnitude and Phase of the Currents Flowing in the Dee Stems.

6 circuit in Figure 25 will be used for this discussion. All circuit parameters are con=-
sidered as lumped constantss

. L;t; I147 129 I3 = effective values of the mesh currents .
El’ E = effective values of the dee-to-ground voltages
CoLl
Q =T
Ry .
o - Wy
E = induced voltage from the coupling loop
Clgcz = dee~to-ground capgoities -
C = dee-to~dee coupling capaciby
ngL = inductences represented by the dee stems
R19R2 = resistances representing losses in the individual dee circuits

-°451'~3§~ (both circuits assumed to be tuned to seme frequency) -

Kirchoff's lew applied to each mesh gives three simulteneous linear equationss

1 1
JwL «»R # J— JI, 4 0.l +( J ——— = =5 (26)
<: 1 Twey 1 2 \ NC 3 \ :
)I *C )I =9-<—-- -a--——-4=-——)-r-1‘3~0 (27)
(0) 1 5 . l :
0)I, (= jwL, =R +J——-—~—.I4-(e=j--—)'I = 0 (28)
1 ( 22 wc) 2 we, / ®
_ , —2r -2
Consider the general expression
Z=R+ 3 (WL d.l.) (29)

This may be transformed into em expression 1nvolving the § of the circuit, the ratio of
frequencies, and the capacity:
R 1 :
ZS*—-—" szC v“#j*(«ﬁl&wl)
- WL Wwe we |

T ' | (30)
"“—‘[:L* J(Zf - l)J
We

Equation (30) may be wr;tten in & more useful form for this discussion:

po (1 . —-)a*z A | ' (31)
. e 8
Pawrite equatlons (26), (27) end (28), substltutlng (31) in (26) and (28);:

i j J
@ ~—>‘“62 I, = OeI *< ) 1, = ' (32)




* i+




The determinental forms of the three mesh currents are:

)

These equetions mey be solved by Créamerfs rule for the three mesh currentse

“’OQI + —

1

of the coefficients is:

J
¢

‘B

e

1

&

J
We
1

%

4

J
0 - —
we,
3 5 /1 1 1)
+ s— a-zs —_—— %
we \ ¢ c c
2 1 2 3/
J 3 - 3
pa— | u.__:>32 m/% ——
i @]
we, gnz we,
J
0 .
wcl
j- 5/1 1 1
= =A(_*-+-)
wC w\C C Cc
, 2 1" 27 3
J T ' J
—_— [K: m__;>32 - 1} _
2] & UD
0% % 4 %
.; ;
] -
We
1
j /1 1 1
0 = — % — —
w \¢g. .
: N 1.102 03
U B 3/ Wy
0 E
J
_ 0
we,
J
— | [1-=)¥* -1 0
c002 Q

.UCRL~231

1 a1 1 =52=
I+ (3 >I m——(—+—+—> I =0
)1 <wc 2 W\ ¢ ¢/ 3
1 - g 1 3
J I \s YR
== =1 I+ i— I, =0
we, e/ . we,

5]

(38)

(34)

The determinant

"

(85)

(37)

(38)
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e complex ratio I-l/I2 gives the relative mawnltude and phase of the circulating currents
.. the dee circuitss

S 2 1 1 1
) l(m——— < -1 —_— F ——
. ;E:_L_-g wz 02 ")2 %2 I:( ) } i: Ci1 C}2 03] (38a)

._12,,,'-_ . 1

W °1, %

The: phasﬁ angle ba*we@ﬁ zh _ﬁcurrents ig obtadnsd by taklng the ratlowof the imaginary
component to the real @omponent°

2 .
_%LM,J-*_J_.)
tan %)

ST

This may be rearranged to give the more useful form'

- [ Cq < o :l
s |1+ —[— )|
. - tan qD = - ‘ :
. _ | Q {1“52[1*03( C1 )
. E 2 -G \Cy *+C

3

When the frequency of the epplied voltage B is equal to the resonant frequency of the tuned
circuits, the relative phase of the two circulating currents is nearly 180 degrees. This means
that the current I; has a meximum positive value when I, has its meximum negative value, or
vice versa., Therefore, I is flowing in a direction opposite to that indicated by the arrow
in Figure 253 it is flowing so thet the polarity of Ep is opposite to that showm; or, in bther
words, so that El and Ez heve at every instant the same polarity. ;

The relative magnitude of the circulating currents is obtained by flndlng the absolute magnltude-

of equation (38&) : 2 1/
i c ' C’l‘ 2 C C.- 1/2

N C c- ] c c.

3 2 2 2 3

(40)

Determinetion of the Relative Magnitude and Phase of the Two Dee-to~Ground Voltages. The
expression for the two dee-to-ground potential drops are: (See figure 25)

{1 = Iz)
By s /™
1 :
We, (41)
(12 = I3)

E2 ﬁej e ———————C——" \
Wiy (42)
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‘e retio of the dee-to-ground voltaeges iss
By I, -1 ¢
3 .72
. — === - - (43)
J E I, ~1I C

Expending the determlnantal forms of the current equatlons (36), (37)9 and (38) and substituting
intc equabion (45)9 gives a complex expression for this ratios

K“’X .@ml} L S e L
:, Qz 3 ‘?3 GS Q@ 05 (44)
E, - 2 '
The relative phase of the two voltages is found by taking the ratio of the imaginery term
to the real terma

in

ten & = -

i : I ' ,
- f - coe (45)
: : 3
. L))

The relative magnitude of the dee-to-ground potentlal drops is obtained by flndlng the absolute
magnltud@ of equation (45).

. 3
.

N

CALIBRATION OF THE DEE VOLTMETER

»
Mothod cf Measuring the DeewtowGround Potentiale The dee voltage monitoring circuit is shown
in Figure 2Be The probe p located in the face plate is a coppsr disc ‘two inches in diameter
supported on a spark plug which is screwed into the tank face plate. This small plate faces
another plate five inches in dieameter which is mounted on the dee; the two plates are spaced
two inches epart., By utilizing a 1arge disc for one plate and a small disc for the other
plate, the effect of moving the dee is minimized since the probe p sees epproximately the.
same surface for small changes in dee positions

/'\\Hl% /f

Figo 26
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Two concentric tremsmission lines connect the probes located on the tenk face plete
v .o the indigeting circuit located in the control room. The indicating circuit is a simple
diode rectifier using a 6H6.tube. The meter is calibrated lineerly from 1-150 kilovolts and
is adjusted to read the pesk dee-to-ground voltage. A switch connected the meter to the
7 circuit desired. .

Callbrationyéf_the Dee Voltmeter. The Booster oscillator is used as & low voltage source
of radio frequency for calibration purposes since it is permenently connected to the system
_ end can be tuned from the control room. The procedure is as followss

A specislly built diode voltmeter is connected to the dee by removel of a port near
the terget chamber, The cap of the diode connects directly to the dee; ground @gonnection is

mede by e sharp knlfewedgee
I'l' 750
NIT

Geno Radio Vaocuum Tube Voltmster

== Diode VTVM
T 2.x 2/879

.-

to ‘ : . Fige 27

. The operator in the control room tunes the oscillator until the General Radio
Vacuum Tube Voltmeter* reads a meximum; by interphone, the operator at the dee is informed
exactly, - when to read the meter there. . The frequency and the two meter readings are recordede
;Ihe frequency is measured with a Philco Precision’ Frequency Meter Type BC~221Ns Three to
“Pive readings are taken, duplication of readings is easily obtaineds- This proceedure is cerried
out for both deesn

AThe next step is to check the GRVIVM readings and the other meter readings egainst
known standerds (Weston Model 430 and 434, for example). The number obteined by dividing
the actual dee voltage by the GRVIVM gives the dee-~to-ground voltage per volt on the GRVIVMo
When the tenk is sealed, pumped down, and the main oscilletor turned on, resdings on the
GRVIVM are again teken. The product of the meter reading by the ™dee-volts per volt" factor
gives the dee -to-ground voltage. The 1atest calibration followss. _

" ACTUAL DEE VOLTAGE GENERAL RADIO VTVM FREQUENCY
Uncorrected | Corrected _ Uncorrected jCorrected ,
East 320 peak 340 pesak 015 rms.- o175 114862 mos
320 peak 340 peak 015 rms. 2175 o
West 390 417 420 rms. 0222 11856 moo
. 350 | 417 ’ 220 rms. o
- From the date in the table: .
<+ EBasts 340 = 1376 peak volts - actual des voltage per peak on GRVIVM.
1.414(.175) , -
West: 417 = 1327 peek volts actual dee voltage per peak volt on GRVIVM.

(T-414)7-222)

FHoroafter referred to as GRVIVI,
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'n oscilletor ons east: GRVIVM = 55.5 volts rms.
u : west: GRVIVM = 64,0 volts rms.
Actual dee voltage: easts 1376(55.5) (1.414) = 108 KV.
wests 1327 (64) (1.414) = 120 KV,
4
The cables are then disconnected from the GRVTVL end connected to the indicabting
units 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 west,

Short Half Life and Bombarding end Measuring Equipment

Purposes &o. Studying the short-lived activities produced by cyclotron bomberdment .
bo Obtaining excitation curves for short-lived activities (e.g., the Wigner elements
at the light end of the table)

Equipment: The equipment at the present stage of development consists of three essential
partss 8. Target assembly

be Target transfer spparatus

Go Recording mechanism

Target Assembly. Mark I. (See Fig. 28) Consists of a copper box mounted on & stendard
eyclotron window assembly with & slide provided so that a target may be put into plecs and
held with a lateh, - Affer & short bombardment, the target carriage may be released and it will
drop from the box under its own weight. The semple may then be removed to the counter or
chemistry roome The minimum time from the end of hombardment to the counter is sbeout 6 seconds
so that this type of target can be easily used for periods of order of 10 sec or longer. There
is" no cooling provided for the target or window because of the usual short duration of bombard-
ment. However, the copper box is constructed so that the target may be bombarded in an atmos-
phere of helium to eliminate contemination from oxygen and nitrogen recoil activity whlch

has been found to be present in targets bombarded in airs

Merk IT. (See Figo. 29) Constructed on the same principle es Mark I, (Fig. 28), this terget.
assembly provides for pneumgtic treansfer epparatus for transferring the semple te the counter
cave, Also, a shubter is provided to control the length of bombardment so that more uniferm
end absolute data mey be taken, The shutbter timing is adjustable so that the length of bom-
bardment may be in the range of 0.1 to 3.0 seconds. Aluminum absorbers may be inserted in
 the shutter to give various beem energies for the determination of the general shape of the
excitation curve but, for more accurate data, another unit is being constructed (Mark IV).

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

-A special window assembly is provided to bring the target closer to the window for
proton bombardments. On the 60 inch, protons are obteained as molecular hydrogen (Ho*) which
bresks up on passing through a window into two 9 Mev protons. These protons will then have

a sharper radius of curvabure then the 38 Mev alphas and will hit the inside edge of the target
if it is at any distance from the foil. Initially, Mark II had a stendard window assembly and
~ ‘vecer which made the terget foil distence sbout 7 inches. This has been reduced to 4 inches
+ _h & new window assembly end, by increasing the deflector voltage, the beem is brought outb
feom the center line and strikes the center of ‘the target.

Mark III, Constructed for special gas bombardments, this target consists of a standard window
assembly with & chamber 4 inches in diemeter end approximately 12 inches long. The gas is fed



FIG. 28

MARK 1
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4he back end and brought out the front end (beem end). It then passes down & tube into-
the counter cave. A 1 inch dismeter aluminum tube approximately 4 inches in length provides
the volume of ges to be counted. This section is isolated by twc solenoid valves at the
mombnt counting begins. The estimated time for the gas to pass from the target to the counter
is ebout 1/2 second at about 20 lbs. pressure. The sluminum tube also ects as en absorber for
low energy beta activities.

Mark IV, Desgigned, but as yet not constructed, Mark IV will utilize the shutter end start
mechanism of Mark II but will provide a slit system %o define the beam so that it impinges
exactly on the center of the sample and prevents stray beam from hitting the carriasge or the
surrounding tube. This is essential if absolute data is to be obtained since the exact quentity
of beem striking the sample must be known. Also, a rotating wheel with aluminum absorbers

will be provided to permit a measurement of the beeam ensrgy,to be made prior to or after the
bombardment.

Transfer Apperatus. The transfer apparatus consists of a 1 inch inner diemeter pipe about

20 feet in length leading from the terget assembly outside the water barrier to the counter
cave. When the. shutter drops, it trips and air solenoid and the compressed eir shoots the
target carriage down the tube. The transit time is recorded on photographic paper by micro-
switches in the tube (see below). The time is in the range of 0.5-0.6 seconds. This can be
decreased by & few modifications of the equipment, but to date this has not been necessary
since it is possible to measure half lives as short as 0.1-0.2 seconds (eoge, At212 = .2 sec
alphe emitter). In order to insure a correct orientation of the carriage when it stops under
the counter (see Fig. 32), & speciasl head is mounted on the carriage which engages a key in
.the stop mechenism. &Also, a set of 4 springs in the tube slows the carriage down just before
it hits the key and prevents it from bouncing backe. The carriage is made of polystyrens since,
Mf eny strey beem hits it, the resulting sctivities will be known and are not in a renge which
will pbsepre any very shprt periodse :

Measuring end Recording Equipment. For measuring the activity, two counters are in use at
the present time for alpha end beta active samples. The alpha-counter is a methane counter
working either with or without a scale of 64 if desired; the beta counter is a thin window
counter (3 mg/em® mica) Scott type with a Richardson scaler (8 end 64). An enthracens counter
is also being installed at the present time, '

The counter cave consists of concrete walls 16 to 32 inches thick, lined with L/16
to 1/8 inch of cadmium and 4 inches léad. A cadmium lined paraffin door, which is removable
by the overheed crane; end e 3 inch lead door provide access to the counter end target carriage
stop mechanism. The cave:is located outside the 5 feet thick water tanks of the water barrier.
With the activity from "hot" targets nearby and from the cyclotron, the background count in
the cave is about. 2- counts per second.

_ ‘A Heilend; Recording Os»illogreph, Type A401R, and a mechanicel register are used

to record the data. The oscillograph consists of a bank of six galvanometers, a timing device
end a camera with.drive mobtors : The. cemera uses .a.photosensitive paper (Eastman #809) which
runs at a speed. of 7-8 inches per seconds The galvanometers put indivicual traces on the

paper end are now utilized.as.shown in Figure 33, .The timer is a vibrating, reed device
© Toviding 0.0l -sec markers on. the paper. . Co

. Theafrequency .response .of the.galvanometers sets an upper limit of aebout 400500

pulses per second or counting rates of 25-30,000 ¢/m without a scaler. This indicates that it
is edequate "to handle the full range of the present crystal counters with a scaler, and the
use of such & counter will meke better statistics available then is possible with the ordinary
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FIG. 32

COUNTER AND TARGET CARRIAGE STOP MECHANISM
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j tube. A€ present the equlpment is being used to look for and check the periods of
«»-Y and 014 and to obtain an excitation curve for Aﬁ 12, The half life of At212 was found
to be 0.2 secondso

¢
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GENERAL APPEARANCE OF TIMING PULSES ON THE FILM
¥ e , o .
Sélection of Exit Radius for the Cyclotron.

The Energy-Redius Graph. Recently the possibility hes been suggested of finding a better
beam current. st the seme energy, by decreasing the radius and raising the magnetic field of
the 60 inch cyclotron. The suggestion was based on the fact that for the seme energy, the
siope of the field(gg,deereases'as the field is raised. An enclosed greph, Fig. 34, shows

the relationS'betwégE Hy, r, and E for the magnet measurements of May 14, 1946, It wes also
Imown that the dee voltage required to accelerate the ion to a given energy is very sensitive
to the field slope. For example, a computation of the phase-resonance equation showed that
changing the field at the exit radius from 0.97 Ho to 0.95 required an increase in dee voltage
of 1.4 Vq,whefe Vo and Ho are present operating values. Consequently, the above suggestion
mekes it eppear thet the same energy could be obtained with less dee voltage, or with more
beam cu;rent for the same dee voltage (assum;ng an increase in Vo brlngs en increase in beam
current _ :

Evaluation of the Radius. To .evaluate this scheme means thet one must be able to answer the
general question on how to choose the exit radius for a cyclotron. The enclosed graph shows
that the 60 inch magnet cen @upport circular orbits with maximum energies up to 54 Mev alpha
. particles bub, in this region of meximum energies, the field is in the order of .94 Ho to .89 Ho.
The degree to which the maximum energy cen be epproached in a particle acceleration depends
the dee voltage. Using the phase equation, one could compute lines of constant dee voltage
v the energy-radius greph, and it would then be a simple matter to choose an operating energy
and radius. -We have asssumed that the oscillator frequency can be adjusted to match the ion
frequency. If the ions are to be deflected onto a target external %o the circular orbit, then
the radius choice is further restricted, because the ions are most easily deflected in the
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\gion of meximum energy for e particular field, (i.e., a small force at right angles to
. 8 orbit, will pull the ion into a region where repidly (Hr) becomes too small to support
a circular orbifs Thus, for a given magnetic field, we have a conflict between the dee voltage
end the deflector voltage. The dee voltage limits the maximum energy and the deflector voltage
or system sets a limit on the minimum energy which can be pulled out of its circular orbite.
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 greph, 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.

Conclusione In the above we have outlined how a combination graphicel-computing method may be
used to present the importent cyclotron parsmeters, and from which one should be able to choose
the bast exit radius. The computation of the valuss of dee volbage and deflector voltage for

a general graph such as is enclosed is rather long even with the aid of a small computing
machine, but it should be emphasized that the procedure is known and hes been used. At present,
there is not encugh computed data to specify the range of allowable radii for the 60 inch
cyclotron.
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o 3. Synchrotron
‘ Marvin Martin
-
\‘\\ The past quarter has been devoted to rebuilding the synchrotron in en ettempt

to correct the suspected reasons for failure to obtain a betatron beem. The three possible
causes are believed to be (1) lack of & setisfactory vacuum, (2) insufficient uniformity of
‘the megnetic field, eand (3) the existence of an insulating coeting on the vacuum chember
wells, Two of these troubles were corrected by installing the fused silica doughnut in place
of the plastic vacuum chember formerly used. A pressure lower than 105 mm. of mercury has
been obtained in the silica vacuum chamber which, according to betatron experience, 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 approximetely 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 compensetion for the azimuthal phase variations were tried and it was
discovered that most of the errors were introduced by & short lived residual field caused
by the necessity for flux crossing the plane of leminstions. The time reguired for this
residual field to become smooth weas 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 ellowing the intervel 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 ebove and below the gap have been used to smooth
out local variations in the field. These corrections have resulted in reducing the total
variations to .4 gauss at the time of injection (8 gauss). The peak magnet excitation has
‘been reduced to 5000 gauss in order to make this compensation easiere. Since resassembly of
the magnet with the above corrections, & considerable increase in the intensity of electrons
meking one revolution has been noted,

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

Further injector development has resulted in a gun which will hold 120 kilovolts
in the test tenko This gun will be installed in the synchrotron immediately eand should
- considerably improve the performence 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 will be made %o
observe a betatron beam by adjusting the betatron flux end making minor changes in the
azimuthal magnetic field variations. The resonsnt cavity and oscillator will not be
installed in the mgchine until after @ betatron beam hes been observed.
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" 4, Linear Accelerator

L. Alvare:z : R

The initial performance of the accelerator was described sonewhat over a year ago.

~.At that time, the operation was very erratic, and the beam current was about 10-11 empere.

The relisbility of operation now corresponds to that of an average cyclotron. 32 Mev protons
are available about 95 per cent of the time the Van de Graaff injector is operating, indicating
that the high frequency Bart of the accelerator is remarkebly free from trouble. The beam
current now averages 1077 ampere. A program to increase this 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, and (4) a new ion source is being
installed. (When the improvement factors of these four progrems are multiplied together,

the result is of the order of 103.)

- The main source of difficulty with the Van de Graaff has been repeated failure of
the direct current generator in the shell. During the past month this generator has been
replaced by & 400-cycle alternator. At the seme time, the machine, including the accelerating
column, is being thoroughly cleansd.







