TII. Modern Electronic Technicues Apolied to Physics and bnrineering

A. Studies Leading to the Desicn of a Microwave Accelerator.

Staff: Prof, J. C. Slater
Prof., J. C. Trump
Dr. J. Halpern
Mr. E. Everhart
¥r., 5. J« Mason
Mr. R. A4, Rapuano
Mr, J. R. Terrall
Y¥r. 4. E. Van Valkenburg

Problems which require study before one can aovly microwaves to the
acceleration of electrons ana prouons are:

1. The prcblem of counling energy from a 'nagnetrbn int> & high Q
cireuit.

2. The operation of many magnetrons into a cavity system such that
the sroper RF phase relationships are maintained between the severul magnetrons.

3. The coupling of many cavities together so that the coupled cavity
system will be excited in one desired moda,

4, The problem of space and phase focusing of charged particles
accelerated in a system of coupled cavities,

A systematic study has been berun of these problems separately with
tha ¢cal in mind of a linear tyve accelerator in the hundred millicn volt Teglon.
It would be hoped that suca 2 device would have advantages cver cyclotrons, beta-
trons, and synchrotrons in cost of construction and ease of utilizing the final
accelerated team of charged narticies. The following will indicate the manner in
which these probleris are being attacked, and the results so far obtained,

1. A tunabls high nower magnetron operating at 2 wave length of 10.7
crn. and pulssd at two microseconds has been ccupled to a cevity with unloaded Q
of 16,000 To prevent moding difficulties in the system, loss was imtroduced in
series with the cavity such that 20% of the tctal available power from the
magnetron was fad into this loss. The magnetron then locked to the cavity, and
with about & mezawatt of peak power produced, the electric field genersted in tn=
cavity was such as to oroduce a peak voltage of 2.2 million volts between tLop
znd bottom of cavity. The heieht of cavity was 5 cm. It seems rzasonable to
assune, then, that when & final assembly »f cavities is made, it will bte pcssi-
ble to couvle energy from a magnetron ints this system.

2, To study the locking of several magnetrons in phase; two magne-
trons have been coupled in parallel and fed into a matched load. Phase-locking
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the oower oubrut of this gystem will {in:lly cempars ~vith vhat 2a1 be cotzinad
from 2ach sube individually has yau lo ke mede.

3. A study is being madz of frenuengcy and shurt resistence oi re-
et raat zavities of such Jdimemsions as to be suitable for orot-n as well as
elzctron acceleration, 4¥ode ceparstion in 2 icng system or coupled cavities is
bsing studied as well as msthods of shifting mcedes in fregquency.

4, iLn elesctron gun 2apable of producing electrons with ensrgies up
be 200 kv is beinr assembled, and an analyzer for studying electron energy spectra
has been built. It is hoped soon to cend this electron beam through the cavity

B

describea above and to study oreoblems of phzse and spase focusing with this gun.

IiT. B. Ulirascnics Research Program.
Staff: Dr. C. Kittal
Dr. N. Z, Edlefsen
Dr. H. 3., Hunuington
dr. J. X. Galt
Yr, J. R. Pellam
The purpose of the ulirasonics researcu program is to develop the
arplications of radar technicues to the study of the mechéaical properties cf
solida, liguids =nd gases at high fraguencies. The two principal technical
devclopments in radar are comnected with pulse technique and microwave power
susclies, Pulse technicus applied 4o nltrasoniz work enables the convenient
and sccurate messurement of the velocity and absorption of sound waves in
dif ‘orent media, and to the possibility of detecting inhomogeneities in
maserials, Yicrowave power opens op for sclentific exploration the whele
reg_un in the acoustic spectrum beiween the frequency limit of pre-war studiss
ar sbout 100 megacycles znd the lower limit of thermal vibrations at about
100,000 nmegacycles. This wor: is asscciatad in oart with the work of the
Acoustics Laboratory under Frofs. Worse aad Bolt.

{1) Anolicstion of Pulse Technicuss to Ultrasonic Measurements

The idea in the determivstion of acoustic properties by pulse
Tezauremerts 1s to measure om 2 radar rance acope the elapsed time between the
apo.ication of an electrlcal pulse to a quartz crystal sound transmitter and
the nime the simal is returned to the dransmiiter from a reflecting plate, The
gimal strength is also measured. From the elapsed time and the round=-4rip
Gistance the velocity of sound is computad. Fram the variation in signal strength

with distance the attenuation is computed.
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The velocity and absorrtion of scurd at 19, 15, and 30 mc. in
variosus related organic liouids are te'ng measured to find the correlation with
the chemlcal structure of the liocuids. Ecuizment units designed for use in
radar trainers and in supersonic delay lines have been used in making the
measurements. Velocity measurements are mede to an accuracy of § parts in
10,200 and absorption to 2 parts in 100, in favorable cases. The best previoﬁs
absorption measurements are only reliable to about 50 varts in 100, so that the
pulse method is a particularly important tool in absorption measurements. Thus
far eleven liquids have been studied. This work is beine revorted on at the
Cambridge meeting of the imerican Physical Scciety and at the New York meeting
of the Acoustical Society of imerica.

Equipment is now being desirned for the purocse of studying the
acoustical properties of liquefied gases, includlng ligquid helium. The low
temperature phase of liouid helium (Liocuid Helium II} will be particularly in-
teresting because of its property of superfluidity and zero viscosity.

Some work has been :one on the possible application of acoustic
echo-ranging to the plotting of brain tumors. This is being carried on with
the advice of Harvard Medical School. .

A student of Professor P. W. Briﬂgman of Harvard is being trained
in the laboratory as a preliminary to a measurement program on the acoustic
propertles of matter under high oressures. This program, to be carried out at
Harvard, will utilize oulse methods at pressures up to 100,000 atmospheres.,

(2) Ultrasonics at Microwave Frequencies i

It 1= planned to try to drive quartz crystal transducers at both $

and X band frequencies. The S band work is somewhat further along. Here a 750

kilowatt pulsed power system is used, employing 2 rotary gap modulator with a
one microsecond pulse at a repetition rate of 400 per second.

Three possible ways by which vibrations may be detected are being
sbudied:

{(a) A cartridge containing a piezoelectric crystal with a fundamental
frecuency of 30 mc is inserted in the flat side of a wave guide. To one side of
the crystal a fused quartz rod is soldered. When the cartridge is placed in the
side of a tapered wave guide (tapered to obtain high electric fields across the
crystal) it may be possible to set up vibrations which will be transmitted
through the fused gquartz and then reflected back to the crystal, which in turn
will send a radar wave down the guide to the receiver.
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{b) Opticai examination of the cuartz roc for dilfracticn elrecis,
when excited either ty a wave guide or a rescnani cavity.

(e} A cavity hes been dzsigned similar in sume respects to a T-H
cavity in which the above cartridge may be inserted. It may be possible by
measvrements of the Q of the cavity to determine whether the crystal can be
set into vibration.

Equipment has been set up at X~band which meskes both high and low
power r.f, signals availasble at this frequency. It is expected that it will be
possible to scale to X-bend anmy successful S-band transducer design which may be
evolved.

A theorstical program on design considerations for transducers at
microwave frequencies has made considerable progress. An analysis has been
carried out on the problem of producing ultrasonic energy by coupling a piezo-
electric crystal into a resonant cavity, and driving the crystal at a high over-
tone of its natural freguency of vibration.

It turns out that the calculated rate of production of sound energy

5 watts

fer a voltage of one volt across a one cm thick crystal is about 8.8 x 107
per sc. cm., per sec, assuming that the oiezoelectric mechanism of quartz is
maintained at microwave frecuencies. A study of egquivalent circuits shows that
the maximum power output occurs for critical conditions of mechanical loading
of the czysté.l. For example, if the crystal fills the entire gap between the
condenser plates of a resonant circult it will impart energy most efficiently
if the specific acoustic impedance of the test specimen is 0.07 of that of
gquartz. By leaving a gap between the crystal and the condenser plates the value

of the critical loading may be varied at will.

ITI. GC. Hizh Speed Oscilloscope and Megnetron Moding

Staff: Mr. 0. T. Fundingsland
Mr. D. F. Winter

(1) High Speed Scope. This project was initiated under Radiation
Laboratory auspices- in October, 1944, The need for anm instrument to measure
times of the order of milli-microseconds became evident during an investigation
of the abnormal behavior of magnetron oscillators in pulsed radar systems. In
Particular there sesmed to be some correlation of the occurence of cathode
soarkine (and rf moding) in magnetrons which wsre subjected to voltage nulses
which oroduced plate current rise times 6f the order of 2 x ].0"9 seconds. The
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{.me neasurement was &n cxirapolaticn of the renge of measursments then possible
by ccplicated means inherently subject to errors.

The zccura’e measurement of "leading edge" effects was hiadersd by
‘ the scopes then available in two malor ways: {1) sweep smeed and (2) writing
speed. The first limitztion was removed by employing specially designed sweep
eircuits, the second by using a cathode ray tube built by A. B. Dulont in col-
laboration with the Radlation Laboretory. In gn experimental test set-up aweep
speeds of greater than 100 inches per microsecond and writing speeds upwards
of 200 inchses per microsecond have been obtained. '

4t present, progress is being made on the construction of two cabinet
models of this fast sweep scope. It is hoped that the first of thesec two dcopes
will se completely tested and ready for experimental application by 4pril 15,
1946, With present disposition of manpower the second scope is expected to be
comoletad about Septeomber 15, 1946,

(2) Proposed Research. The new high-speed scope offers the pos3aibility
of measuring high voltage and high current pulses which have durations of the
order of a few hundredths microszcond and rise times of the order of millimicro-
gseccnds. However, pulse attemuators of present design are not adeguate for
pulses shorter than O.1 microseecond. Our brelimina:y objectives are to develop
improved attenuators ¥which will cause minimum disturbance of the pulse generator
circuit, to devise improved methods of matching attenuators to cable and scope,

. and to ottain a ocuantitative evaluation of the fidelity of pulse response,(or

videc freocuency response) of the overall vievwing system. Ultimately, when the
characteristics of an improved viewing system have been determined, it would prove
desirable to perform brief survay tests with magmnetrons, gas discharge tubes, etc.
to determine the applicability of such direct viewing technloues to various problems
in piysics and engineering.

4 series-compensated R-C voltare wttemator ha= been conceived which is
expected to cause less disturbance of a pulser circuit than conventional capacitance
dividers. Also, the use of an L-R compensating network zt the cable input offers
the possibility of an improved video match to minimize cable reflections, Tests
vill be made to determine optimum values of these circuit parameters.

Direct pulse measurements of the characteristics of various samples

of vieving cable should be made. ] )
It may prove necessary to modify the design of R-C differontiators

for voltage rate-of-change measuremgnts and of coazial current viewing resistors.
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Certainly the recponse of these asutermators anc thzir alsturbaose of the palese
generator circuil should be investigwted for short pulse conditions,
Simalianeous measwrexsanss of voltage and current rulszs and of
+he % ume derivctive of voltege should ©e made to obtain cross-checks of the
several types of attenuators. 'This should be dome with rapidly rising pulses,
probably with a nagnetron load. ,
A 15 kv pulse generator will be adaptad to give rapidly rising pulses
at the LCCC ohm impedance level, and the various types of attemztors will be
calibrated and tested on both resistance and magnetron loads.
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Zxperiments .

Staff: Prof, ¥, S, Liviaz . iCu
Mz, X, Boyer
dr. L. Davig

Work 1s ander way on tarea major Jlefectlon problems sncomntered in
miclieer reaétious, Qminely:
1. Datsction of zamms aad heta Tays and measuremenrt of their
enersy. ,
2. Detaction 3f heavy charged particles in nigh bYackgrounds and
meggiremant of thelr enargy.
3. Datection aof neutrons.
In general, the deaign obdjectives are short reeclving tines (bost
prebebie minimum = 0.2 micro gec, ) and Past rocovary time to permii high back-
grourds. High pressures will bs used with the =dru peneiratiag raliation %2 insreasy
the icnizing efficisncy, and high flelds to znep collection time short. Alectiron
collection with high gain linear anplifiers 1s t2 be used throughoutl ~¢ eliminats
the prohlem of siow positive ion colisction. This wethod hae Deen tesited on stsadurd
countera and has been found o omerate satliefraetorily.
Gamma Ray Datection. A parailei grid sroporstional counter hae beea huild

for ths detectlon of gamma aud beta roys and is undsrgeing preliminary Sests,

It opar~tes satisfactorily in the ionizailon chanber reglon with alpha rays b
tests in the proportional range are awaltiag constructlon of a purifier for the
£11ling zas., Thia chamber is Assignad tc operats up %o tweniy atmosphers ressure.
Investigation of its coperasicn a3 a2 Seiger counter wili elsc be invassigated.

Heavy Particle Detection. A pracisicn miltipls rlate chamber using

paralilzsl geocmetry for detsction and energy mensurement 9f heavy chargzd particlses
will Le ready for test this week,

Output puless proportional in awolltude to thegpacifle lonization aj
thres s eparate intervals along the orih ars obtained from the chamber, These three
ountputis aré amplified and compared in & cirsult so tnat en cutput pulse 1s obsained
only wien the ionization has a predetermined valus at sach of the three points
selactad, That is, the Bragg curve of a vatticle to which the couaier will respond

zan te 3st into the cainter.

The pressure in the chamber 18 adjusted go that the path ends at the
proper point and tha 3ragg curve iz Fehermined by two attenuvator setiings,

This device 18 expsctad %o b3 very useful in such experimen%is as doter-
mining the number and snergy of protons prodaced when a tarsat ls bombarded with



a deuteron baam in the cyclotron. There is also a possibility of using it to
datect low mass mesons.

A single multiple plate ionization chamber, using cylindrical
geometry, has also been constructed and is being prepared for tests,

High Velocity Electron Detectors, The methods descrided for
msasurement of heavy charge particles are not apnlicable for electrons as thelr
light mass and corresponding high velocitias rasult in very sparse ionization.

.The use of pra<sures sc high that window thickness would axclude the slectrons
would be required. Work has been done elsewhsre using silver chloride as a
detector in the dark at liquid air temperatures (requiring perlodic reactivation).
The datection in this case is performed through a process similar to the photo-
conducting process,

Dr. P. C, Brown of this Lahoratory has dons work on the phote-
electric properties of silicon crystals at room temperatura, finding a rather
high efficiency in the short infrared, It is hoped that by using these crystals,
measurement of slectrons may be possible, if the snergy requirement per electron
production is sufficiently low to offset the highar noiase figurse. Both effacts
are expected, but which will be of the larger magnitude is not’'yet known. The
high drift velocity (400 méters per second) as measured by Dr., Brown and the high
density of a solid are very vital factors in a detector for electrons.

1 Neutron Detectors. As the deuteron-neutron reaction iz one of the
mora probable occurring when deuterons are the hombarding particles, an instru-
ment to detect the number and energy of neutrons is of prime interest., Neutroas
can of themselves cange no observable affects on matter, but secmidary processes
such as collision recoil or maclear renction can be observed. An instrument
for measurement of neutrons of ensrgy in the one-half million volt to twenty
million volt range is being constructed. By measuring the ionization produced
by a hydrogen nucleus struck by an incident neutron the energy of the nsutron
may be found 1f collisions in the forward direction only are considered.

Glyceral trystearate that has been vacuum distilled is plated onto
a thin metal plate by a vacuum evaperation procesa., This is the source of the
nydrogen miclei. When incident neutrons strike this material the protons travel
through a collimator (to obtain forward motion only) into the high pressuras
lonization region. The total charge collected by the plates of the ionization
chamber is amplified as a pnlse and amplitudes selscted by a pulse height discri-
minator. In this way the numbar vs. snergy curve for neutrons may be datermined.

The chamber is now comnleted as well as the vacuum distillation
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apvaratus and the svaporation chamber. The circuitry is completed and high pres-
sure gas purifiers are now being awaited. - Use of chargal particles and a 1/4 micro-
second pulsed X-ray tube will be used to determine elaectron attachment and drift
velocities (collection time). Mr, Bridre of the Cosmic Ray Research Group will
Zive us considerable help on this phase of the nroject as they are inter~sted in
the use of high pressure equipment fir cosmic ray work. Vacuum equipment has
been assemhled to evacuate the distiliation anmaratus, the evaporator, X-ray tuba,
and the chambers for pure gns filling.

The use of high pressures (200 atmospheres) will necessitate rather high
collection voltages so that lees than one microsecond collection time may be-
encountered. This requires the construction of an r.f. power supply sinmilar to
that used in the RCA electron microscope but of lowar current drain. The supply
will be 01l filled and givg 100 microamperas at 40 kv, with less than one milli-
volt ripple, Parts for such a supply are now being collected.

The use of yulsed cyclotrcen with slow neutron counters for measurement
of velocities under one-half million volts is heing considered but will not be
started until the need is felt,

iII, E. Measurement and Control of De-ionization Time in Thyratrons.

Staff: Mr, F, M, Verzuh -

Prof. H, B, Edgerton (Adviger)

The initial stages of this work ware davoted to the construction of the
experimental set-up and the associated measuring equipment such as resistance-
compensated dividasrs, constant-temperature bath, ste.

The most satlsfactory arrangement for measurement of de-ionization time
(heroafter referred to as %) is shown below:
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Tha thyratron T1 in the figure is the tube under %est. Application
of a variably-delayed triggerto the srid of T1l initiates the dlischarge of a
constant pulse of currsnt from the PFN, througn the anon-~inductive load =and T1.
At some later variatly-delayed time, a trigger 1s applied fo the grid of T2
{charging tube), This allows the network to chargs up, By sufficlently raducing
the time interval betwesn applicatlion of triggers, a point is reached at which
time de-ionization of Tl has not been completed and Tl goes 1nto continual con-
duction, The time interval betwsen csssation of conduction in Tl and the miai-
mum time $2 at which plate voltase may be reapplied to T1 without it going iato
continual conduction is Jdefined as the de~ionization time of the tubs.

Preliminary mensurements were confined $0 the hydrogan thyratrons
3C45 and 4C35. The valua of ¢ a is dependent upon apnlied grid tlas, thyratron
current, grid cireult parameters and gas pressurse. The value of tg for the 3045
varies from 2 = 24 microseconds depanding upon the above factors. Similar tesgts
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on the 4035 gave values of ¢ d ranzing from 10 to 40 microseconds.

In order to consider the affects of the nature of the enclosed gas
upon ¢ a’ various mercury thyratrons are under test. I, this case an accurate
contrael of the condenmgtion temperature of the mercury, which governs the gas
pressure, 1s essential to minimize erratic behavior. A constant-temperature
01l bath 1s usecd for this purpose., The value of td for the PG67 varles from
30 - 50 microsaconds. Other tubes which have been tested are the KUS27 and the
G617,

Some of the remaining factors which strongly influence the value of
4 q are the slectrode zeometry and oriemtation, gpecifically, the grid-anode
dietance, grid~cathode distance, areas of electrodes, the grid hols radius and
the volume of the plasma dischargs. There 1g some question as to the best
approach in the evaluation of the effects of thess parameters. Commercially
available tubes provide some information on thig; however, it seemg that axperi-
mental tubee in which only one variable, e.g. grid-cnthode distanca, is varied
would best provide quantitative. data which may be intelligently interpreted.

It 18 felt that this method of measurement of t; under dynamic zon-
ditions is superior to methods which are essentially static condition measure~
ments. The obvious similarity of the above circuit to that used in line-typs
modnlators is evident, and therafore the value of td thus obtained should be an
accurate indication of the maximum operating frequency of the thyratrons.

III. P. ZExperimentation in Photoelectric Spectrophotometry

Staff; Dr. B. Chance

Apparatus 1s baing developed for the mafsurement of a changs of
intansity of absorption at 380 and 470 4 with the response speed of 0.0l ssc.
and a sensitivity of one part in losu This apparatus i1s to be used for bie-
physical experimentation on the mechaniam of reaction of enzymes responsible
for cellular respirntion,' But the apnaratus design requires a caraful study
of the limitations of highly asenslitive photoelectric methods, and is, there-
fors, useful for gensral sxperimentation along these lines, The vartous aspects
of the rasaarch follow: '

Spectral Intervals, The spactral shift to be measured represents a
30 3» shift of a band 50 |2 wide at nearly constant intensity. Measurements ars
then made differantially by balancing the outputs obtained from two spectral
intervals, each approximately 30 u wide and centered at the wavelengtha corras-
ponding to the initial (380 ) and final(420 p) positions of the absorption band.
Corning glas=: filters give spactral intervals of desired width with a reasonable
optical efficiency.
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Lignt Sourcs. Comparativs %2383 have Yesn meds of the sultabilisy

of tungsten and mercury are sources for this purpose, Under s partlcular sat

of conditions, the light output from a Weatinghcuse S=4 marcury arc was approxi-
mately 3 times that obtalned from a typs C-8 axclter lamp. Operation of ths
tungsten filament at 50% greater than the ratei voltage will give a light output
roughly equal %0 that obtainable from the 100 watt mercury arc. A reasonabla
life 18 expected, sultable for the experimental conditions. It is hoped in fur-
ther experimentation %0 use the 1 kilowatt watar-cooled arc and also the Western
Union Zirconium arc lamps. On the other hand, the stabilization of the intensity
of these sources 1s not as straightforwvard as that of the tungaten filament .

Light Source Stabllization. The sensitivity required cannot be obtalned
from a light source operated from unstabillzed power lines., A siraightforward
method of stabilizing the light intensity is by photocell control, A breadbcard
model of this has been based upon the amplifying circults of the next secilon.
The spectral characteristic and high intrinsic sensitivity of the S-4 surface
make it highly desirable for these murposes. No attempt has been made to employ
electron miltiplier photocells in place of the ordinary high vacuum type, as the
published figurms on photo-sensitivity for the maltipliers is roughly 1/3 that
of the ordinary type. As sufficiently large light intenaities are used to maks
the intrinsic vhoto-sensitivity the limiting factor and not the thermal asgitation
noise of the input circuit, the ordinary tubes are more zuited to these needs.

Amplification Techniques. A survey of availsble amplification tech-
nigues has been made. Direct coupled amplifiers have been rejected becauss of
two important difficulties: (1) drift (2) flicker or "island emission" nocise.
Wnile considerably improved circuits ara available for d.c. amplification, drift
rates on the order of several 4v/min ars the best presently obtalnable. For
operation at the desired value of sensitivity and bandwidih, %he full scale
output must correspond %0 a signal of 10 microvolts, thus giving a drift equal
to the full acale in several mimutes. The other camaideration, flicker nolse
in the first stage, would reduce the resolution obtainable by a considerable
factor,

For this reason, carrier amplification schemes have been tested, first,
using the Brown Sonverter at 80 cps. because of its established stability, and
later employing direct modulation of the photocoll supply voltage at higher
frequencies. Satisfactory 60 cycle _/amplifiers have been made having noise levals
which are roughly in accord with the theoretical velues in view of the input
impedance and bandwidth emplayed. For example, peak noise voltages of 0.2 Av
were obtainad with a bandwidth of 40 cps. YFor these purposes plug-in types of
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suhminisvirs tute amwlifiers and twin-? acisciive cizculzs have heen smployed.

Performance Datz, We data have been obtalasd with ths complete

apparatius operating at peak performsncs, bat several fragmentary bite of infor-
mation zive some indication that ithe desired ond mey ve achlaved. For exampls,

a breadboard light control circuilt and mhotocell smplifier oversiing at the
dssired spectral intervals nae given an overall dr” % rats measured at the

sutput of the photometer corresponding 3¢ 1 parzt in 13,000 per mimute. It is
belisved $hat the required factor of improvement of i€ may bs 2aslly obtained

%y more carefully tuilt apparatus, ns these axperiments were made with lnadequats
slactrostatic shielding and lmproper conirol of the bandwidth of botl %the
measuring and light conisrol cireuits, The signal %o noise ratio under these
conditions psrmitted ar intomsity diserimination sf one part ia 60,000,

Summary. & sensislve photoolactric- spectrophotometer operating
differentially beitween the bands of 380 and 420 u is under construction, With
preliminary designs of light comtral and measuring circuits using type (-8
exciter lamp, a sensitivity of ona part in 60,000 and a stabllity of 1 part in
13,000 per mimite of the differential imtensity betwsen the two speciral inter-
vals was obtalnable., Future work 1s directed towards the completion of an
enginserad design of the present apparatus and the investigation ol more intense
light sources. )
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III. G. Liguid Filled Chamber %o be Used in the Photogramhing of Very Wigh
ergy Ionizing Particles

Staff: Dr, ¥, H. Bostick

The praaminent utility of a hlgh pressure Wilaon cloud chamber in
atudying the creation and decay of meesons and nesocinted mrocassaa ie commen
knowledge to physiciste acsuainted with cosmic raye an? nuclesr nhenomena.. The
bullding of a high pressure cloud chamber ls a difficult, expensive and time
consumning englneering feet,

The alm of this particular project 1s to creave in a llouid bubdles
of gas or vapor along the path of an ionizing particle, thereby rendering the
path of the particle visidle. A liquid filled chomber desligned to accompliah
this process will dbe called, for lack ¢f a better name and becanse of the aptness
of tha colloquialiem, a "fizg chamber.'

The various proposed achemes for créating tha budbbles hav?e been des~
eribed ia a hecucgraphed nots entitled Fizz Chamber, W. H. Boatlck, December 15,
1945, The apoaratue which is now being buils is designed to reduce suddenly
the pressure on = liquid by opening a valwve which permits the alr: (at atmospherie
pressurs) abova the liguid to flow into an evacusted chamber. It 1s haped thati
the pubbles may be formed of the liguid’'e vmoor rather than by gae coming out of
solusion, becauso the former process obviates the necssslty of redissolving gas
in ihe chamber before sach successive release of pressure. The apparatus has
now been in the shop for iwo weeks and the machine-work ie about one-third completed.

Obviously, 1f the aumber of lons formed in the llouid by ionizing
particles ars to be a large percentage of the %o%al number of ions in the lignid,
the amount of disecciation im the liquid muet be vanishingly small. The conductlvisy
of normal hexune given by the International Critiesl Tableg is ¢'<1 x 10"mohm”1cm’1,
and it ie stated that the conductivity is reduced when the chamber is covered by
a "lead mantl»>." At 760 mm Hg pressure normal hexene boils at 68° C, and at 186 mm
pressurs, it boils at 20° C, The chamber which has been designed in this project
will provide a sudden change in pressure from 7€0 mm to gbout 76 mm, It 1s hoped
that ths liguid hexane will vaporizz aleng che path of lonizing cosmic ray particles
which penetrate the chamber approximatzly coincident with the release of preseurs.

4 elenring field will, of course, be uszed %o clear the chamber of unwanted
ions which sre “ormed during the %ime bHetween pressure raleases.

Pending the completion of the machine work, library work 1s being carried
out. Two irteresting German papers isve been uncoversd on the embryonic build up

of zicitisnel poasse In supsgrseiuratod ayrlems.
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III. H, Synchrotron Project
Staff: Prof. I. A, Getting
Mr. B. Battey
Mr.. J. S, Clark
Mr. B, Cork

Note: This project has been transferrsd (with personnel) to the
Laboratory for Nuclear Science and Engineering,

A joint venture for the production of high energy Beta and Gamma rays
vas set up by the Electronics Laboratory and the laboratory for Muclear Science
and Engineering -~ Jamuary 1, 1946, A study was made of the known and suggested
methods for producing high energy electron bheams. It was concluded that the
induction generator, commonly referred to »s the Betatron, was the most successful
existing plece of equipment. FHowever, the high cost of such a machine for extremely
high energy particles, 300 mev and above, and the difficulty resulting from radiativs
losses at energies in excess of sbout 200 mev, indicated the desirability of
investigating the Synchrotren. The Synchrotron, sugmested independently by V. Vekalar
in the Journal of Physics, USSR, 2, 153, 1945, and E. W, McMillan in the Physical .
Review, 68, 143, 1945, showed promise of attaining energles of the order of one
billion volts and costing less to mamufacturs., Therefore, it was decided to develop
and build a Syachrotron.

A design fTigure of 150 miilion elestron volts was chosen rathar arbitrarily,
rspreéanting a reasonable compromise between the usefulness of the device and the cost
of the firat developmeat. 4 preliminary design figure indlcates that this requires an
AC magnet weighing approximately 30 tons and a 12,000 kva condenser bank. The orbit
dlameser is one meter abt a magnetic fisld of 10,000 gawss. A high frequency
oscillator at 95 me is required as the primary source of power for the electron beanm.
it is estimated that approximately 2.% Xw will be required at this frequency.

The following points have been reached as of March 15, 1946:
1. The deasign constants of the magnst have been settled.

2. Drawings and specifications of the magnet have been prepared and
submitied to twe companies for bids.

3. Permlssion to use Room 24-.041 for the inetallation has been
obtained.

4, Modifications of the room have begun to provide affice space and
a concrete mat 20" x 20¢, 1000 lbs., sq. foot loading.
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5. Heasursments have been mrdy on two itypes of cavities at 100 mc.

6. & declaicn wae made %0 ne2 a single tude triode in an oscillator

gimilar %v the light-house type 2f cavity osecillator,

7. & bonik of condeneers origlaally intended for use by the Army in
nigh% aerlal photcgrivhy has heszn zecursd {through the efforte of
Profasscr 3Idégerion;.

3. & eteal rack with enclosur:s and coocling facillties has besn
dealgnad and consractzd for,
3. Work hss begun on the desizn cf self-gynchronocus timing circuits.
13, An investigetioa has bDesn started on the use of ignitroas for
cuntrolling single cyels cperation: involving the flow of 3000 amm. atb
7 k7,
On or ibout Mereh 1., 1946, a decision was renched betwaen Frofescors
Saration, Dirvecsar of cae Flasutronies lsdorasary: and Zacharias, Direclor of the
inborasery for Nuclear 3cience and Inginssring that the nature of ths project
fitted more clozely into the pregrzam of toe .aberatory for Nuclear Science and
Bnginearing., Therafors, the projec’ was ireasferred wholly to the Jurisdiction

of that isbaratery



