II. Microwave Physics
A, Radio Frequency Spectra
1, Oxygen Absorntion Spactra at 5 mm,

3taff: Mr. J. 3, Iagersoll
Dr. C, Y. Meng
Mr, M., Y, P. Strandberg

Problem; Van Ylaeck has pointed out the preasence of avsorption of
electromrgnetic wavas in axygen due te magnetic coupling of the mclecular
rotational and aspin system. Measurements hy Beringer showed that this was indeed
the case, and the absolute value of the attamiation was maeasurad,

The present work hopes to rafinze the praliminary measurements of
Beringer to raveal the.fine structurs of this line (the composite absorption of
& nmumber of sharp lines which overiap at atmospharic pressure dua to rressure
urocacening) at low pressurss, and tc assiza absolute frequencies (for sacondary
frequency standards) %o thg individual components, Studies of lina breadth as
a function of pressur2 will be made to assizt in formulating pressurs broadening
theory.

Method: Ths method of measursmsnt is gquite simpls. Five millimeter
v.f. from a single source is divided betwsen two almosi agual lengths of wavsguldae,
AT the ontput end they are added in phase oppositior and hencz cancel each other,
thus with one arm evacuated there is no output from the receiver which those
arms feed. The evacuated arm 18 then filled with oxygen and the abaorption, or
unbalanceipawer, 13 read on ths raceiver outpust.

Components developad: For meacsurements at low pressures {narrow
absorption lines) extremely good fraquency stability'in the aslgnal scurce is neces-
sary. So a Pound %ype of r.f. stabllizer has been made at 1 cm., At present
Yeher A5022 (hizh voltage) local oscillaters working at about 1 cm, are used.
Attempts are baing made to have some 2K-33"s satisfactorily modifiad by Raytheon
to sxtend the avallabls frequancy range.

A silicon crystal frequency multiplier 1s used to obtain about 25 pwaits
of 5 mm r.f. The receiver 13 a superhetrodyne with a harmonic mixer using a second
astabilized A5022. The receiver senaitivit¢y 1a thought to he about 115 db belew
one watt, with a 4 mc/s wide 1.f.

Magic teds for 5 mm. have been made for dividing and recombiaing thas
sigrals in the comparison waveguide arms. _
Plumbing for 1 em. work 1s made by scaling the wavegulde and all dimen-

3l ana “rom the sxisting 1.25 em. componante.



Results: Meamrsments have been mada from about 5.40 $0 8.7 .,
hut the line predlcted in this region has not been found.

The measured absorption is self-consistent and chacks well with
Beriqger's results,

Preliminary indications in this region indicate that 2fr-resonance
abscrption followa a less than linear law.

The original method of taking data and changing fraquency has provad
%0 glve results too slowly. The plumbing has been rearrmngsd and rsedesigned in
vart to allow for more ranid mesasurements, It is thought that accurate dgta
must be taken at the rate of cne point an hour to make tha measurements practical
Thieg will include, of courss, retuning and readjusting time.

It should be noted that since the coupling i3 relatively weak (com-
parsi with slectric counling) this absorpiion ia spactrosccpically very weak;
¢vern though in terms of radio and radar ranges, or in terms of db/km 1t is quita
iarga. Therefors axtrems cars and sensitivity muast be used to iasurs relevancy

2f the data taken and to guard against spurious results.

2, Cassium Hyperfine Structure

Staff: Dr. A, Roberts
Dr,. L, 7. Raars
Pref, A, G. Hill

The object of “he experiment is to detect and study the abaorption
of nicrowave radiation in iransitions betwesn hyperfine structure states in
caezlum vapor.

Caesium vapor is introduced inio a resonant cavity which controls ks
frecuency of ® stablllzed mlcrowavs oscillator, If absorption takes placa in
she caesium vapor, ii is zxpected that a change of the resonant frequency will
occur. To detect this change tha oscilllator is heterodyned against ancther
oscillator at a slightly d.fferent frequency and the beat note detacted with a
rad‘ o recelver., The curreatly propossd procedura ia to modulais the caesium
absrrption by varyingz :ts “esonance frequency by means of an a.¢. magnetic fleld,
and to detact the fraquene;y modulation.

Stabilized oscillatore have been set up and are cpasnting. The ra-
cel-ar has been orevarad., Helmbolz colls for producing the extarngl magnetic
Tieid have been huils, A resonant caviiy it ble for :cntaining cassium vaps?
le -1 nrocess of conatrmesicn, Temmeraturs control sequipment Yor the resonani
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3, Holecular Beang

3taff: Prof, J, R, Zacharias
Mr. B, Cullington
Dr, B. Feld
Mr. R. Julian
Mr, D, Nagle

A laboratory is being constructed for reseerch in radio frequsney
spectroscopy of atomic and molecular bsama, It is proposed to atudy several
current problems which involve measuremesat of nuclear moments, spin, and hyper-
fine etrmeture Av'. Facliities are being provided so tha’i several molecular bsam
apparatuses may be operated at ornce.

The first experiment planned is %0 measure the nuclear spin and
magnetic moment and the hyperfine aiructare separation of Nazzn Three year Nazz
may bve produced by the Mg {(dc) reaction, and decaye by positron smigeion to Negz.
whoge spin ia lnown to be zerc, It appears that, using most of the conventional
methods of the mngnetic resonance mathod for atoms, an apparatus can be builg
with a deflection seneitivity of .06 Bohr magnetronsg which will reaquire 10C micre=
curies of Nazp' for three hours operaticn. This raepresents aboub four acurs bom-
bardment time for the cycletron, and hence 1% would appsar that e number of runs
can be made, Indeed Dr. B. Clarkecf the cyclaotron greup has informed us that he
has recently produced about 1.5 millicuries, which will be avallable for such
axperiments,

Construction work now in mrogress includes tha cutfitting of a room
%0 house a 28 v, 3000 amperes hour stcrages battery, and another to house charging
generators and mechanical vacuum pumps. Plumbiang parts for the fore-vacuum lines
ara being aszsembled and testad. Several circuits have been huilt for pressure
measurements, and one is now in use for testing of vacuum parts, The shop 1s now
fabricating magnet cores, coil forms, and varlous vacuum parts. )

The detalls of the main envelope ara now being finished by the draft-
ing room, and this job can scon begin in the shop. Detectors of seveoral types
are being developed, and the a=sociated amplifier circults are under study. Thes
work on the r.f, squipment has been deferred, since it is felt that it presents
no particular difficulty. .
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Mr. C. Y. Zavel

The following is & brief =zccount of the woerk which has bean dons
on gas discharge problems since the Basic Rasearch Group was orgenized. The
goal of the group working on discharge nroblems is first, to study the funds=
mental properties of electrical dlscharges in gasds which are sxcited by micro-
_wave power, and sacond, to add to the nresent Xnowledge of direct current and
low frequency alt¢ernating current discharges hy means of scme of the %tnchniques
which have been developed in thae Radiation Laboratory during the war.

In order to fill in certain gaps in the data taken by the group
working on T-R boxes during the war, and in order to familiarize ourselves
with the fundamental techniques of microwave measuremaents, the first project
atartad consisted of mensurements of power transmitted through a T-R box under
various conditions. A pulsed 10 cm., power source was sat up along with appro-
oriate measuring nnd monitoring devices. A variety of gases were used in the
T-R box, and in soms cases waisr vapor was added, since the presence of water
vapor i1s of conslder-ble 1mportance°in producing rapid recovery time in the T-R
box, The relative powers in the "apike" at the beginning of a power pulse through
the T-R box and the "flat", or equilidbrium power, during the major part of a
power vulse were otserved as a function of pressure and gas filling. The resultis
of these measirements will be included in the report of Radiation laboratory
Group 53.2,

Since it was felt that nev methods would be desirable in order w0
investicate most efficiantly the fundamentals of the microwave discharge, as
soon as the work on T-R bZoxes was well started, most of the data taking was turned
over to technicians and plans were begun for the investigation of dlischarges by
other %echniques.

An electrodeless discharge produced at microwave frequenclaes in a
resonant cavity has been studied, The cavity used is cylindrical and cscillates
in the mo.l mode in which the electric field is parallel to the axis and maximum
along the axis. The discharge takes place in a cylindrical glass tube coaxial
with the cavity., The tube dlameter is limited to the reglon of nearly uniform
field near the axis of the cavity., The cavity and discharge are excited with a

tunable contimious wawe J000 megacycle magmetron, The input admittance of the
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cavisy is meagured zs 2 Tunciion of power by standing wave technigus. The compiex
conductivity of the dlscharge 1s dstermined as a functiom of power from the
measured and computed constants of she cavity. The complex conductividy as g
function of power gives the veltage and currant characteristic of the discharge.
Yoltage and complex currsnt characteristics have been studied as a funciiom of
cavity dimensions, tube dimensions, and pressurs, A brief report of rreliminary
results will be given at the meetings of the Physical Society in April (M.A.
Herlin and S, C, Brown),

A second apvaratus is just being completed which will be used for measure-
ments of the behavior of electrons in a microwave alectrndeless discharge at power
levels below that necessary for the existence of a self-maintained discharge.
BElectrons will be suvplied by an external source and measurement of the change in
Q and resonant frequency will be mzde as 1n the case of the experiments described
above. However, instead of making measurements by means of the reflected power
from the resonant cavity, the power transmitted through the cavity will be measured.
A mell method will ve used which compares the power through two branches of the
iine from the power source. Through one branch the powser passes through inown
attenuators and through the other it passes through the cavity, thus allowling
measur~ment of characteristics o¢f the discharge within the cavity. The mull
Teasurements are achieved by rectifying the power through both bdranches with crystals
and comparing the sismals from the crystals on a null galvanometer. The attenu-
ation required to maintain balanee of the two signals ie measured ia such circum-
stance3 that the required information on changes in Q and resonant frequency 1s
obtained., OComstruction and preliminary calivration tests have been made on this
apparatus and 1t iz expected that mensurcments will socn be possible,

The theoretical aspects of the study of the fundamental processes which
cccur in microwave discharges have glso progressed rather well. The nroblem has
been formulated and the large amount of computing necessary to carry out the
numerical integrations is well underway. The few checks that have so far been pos-
8ible brtween the experiment and the theory have been encouraging. 4 third pard
of the gns dischargs program which is well under way is to be used to investigate
certain properties of the d.c., discharge in a Geiger-Muller counter by means of
microwave techniques. A Geiger-Muller counter has been constructed which can
act as a resonant cavity at 3 cm. wavelength. A scaling amplifier has also been
built to feed voltage mulses provortional to the motion of the positive ion
space charge sheath in%o both the video amplifier and the sweep trigger of an oscil-
loscope. Another oscilloscope, phased with the first, is fed by a 3 cm. radar
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ogcilicscops will measure the number of slectronz nresent in the counter dls-
charge a2 z function of time. By this means, the positive lone and the siacirons
in the discharge may be measured separately and at the same $ime, on two oscillo=
scopes.,

About 3 months time has been spent by one of the members of the group
in rebuilding the high speed oscilloseope belonging to the Labeoratory for Insuia-
tion Rssearch. This device is now in its final stages of reconstruction and
should be cnarating soon t0 measure the tMuiléd-up time of high power microwave
dlscharges,

2, Microwave Spark Breakdown

Staff: Dr. D, Q. Posin

An abstract has been sent to the Physical Sccliaety for the April meet-
ing in Cambridge, The title of the abstract is "Alecirical Breakdown in Alr at
Microwave Frequenciea" in whiclr; the effect on breakdown fiald sirength of sres=
surs, gap width, pulse width, and repetition rate are discussed,

Initial ionization and bresakdown field strength: Using a capsulas
of Co* on the outside of the waveguide a% varicus heights ahove a breakdown gap,
a curve has been obtained giving breakdown power ae a function of height of cap-
sule, The problem remains of interpreting Co® distance from the breakdown g8p
as a measure of initial intensity of ionization. Ths resulting curves show a
nearly linear relationship between the breakdown power and the height of the
capsuls,
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I1. €. Low Temper=zture Research
Staff: Prof. J. C. Slater
Prof. F. Bitter
. Prof. C. F. Squire
Prof. L, Tisza
Dr. J. R, Feldmeier
Dr. ¥, E. Henry
Mr. J. B. Garriscn
Mr. B. Maxwell
(1) Purpose and Scope of Investigations
The purpose of thls project 1s to investigate the proverties of matter
or temperatures near absolute zero with initial emphaeis on superconductivity at
microwave frequencies. (Among possible applications of this work would be the

use of high Q resonators for comstructing high stability oscillators, ete.)
The execution of this vroject was made possible by the construction of

a helium liquifier at M. I. T. Inltial deeigns were mnde by Profsssor Collina of
the Mechanical Bngineering Department and later development was carried cut by
him in cooperation with Professors Bitter and Squire of the Physice Depariment.

The microwave measurements program in the Electronics Iaboratory has
been carried on by Mecers., Garrison, Maxwell and Dr. Eenry under the direction
of Profescor Slater. )

(2) Progranm

The program as originally set up calls for the following linee of
development:

(a) Conductivities of various metallic conductors and super-
conductors are to be investigated at microwave frequencies by resonant
cavity techniques. Measurements are to be made over a range of tempera-
tures extending from room temperature dovn to liquid helium temperature.
Part of this problem is the development of special apparatus and tech-
niques for measuring hizh Q's with precision, including the design of
an improved spectrum analyzer. /

(b) Temperature control and measurement techngiues are to be
developed for the purpose of atabilizling the hellum. refrigerator
temperature at any desired level in the operating ranpe of 2 - 300°K.

(c) Measurement of nuclear magnetic moments at low temverstures
in the presence of high magnetic flelds. '
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{f tho prozram ousllnsd I (2), only parts (a) anA (b) have been
worxed on experimeanially as of %his writing. Measuring scuipmen’ has
been set up for measuremernt of §iz at x band, Although jechniaguer are
constantly belng improved 1t is believed that nresent methods are
ndeguate for moderately preclse measurement o'f N%s up to 50,000, The
present methed 1s escentially 2 refinement of the sonventlonal scheme
of measuring input impedances over the range of freguencies conizined
in the band width of the resonator. It is realized that this method
may be inadequate for Q's higher than about 50,000 and attention is
being given to other schemes as well.

Preliminary measurements have been made on an OFHC copver reaonator
at temperatures ranging from that of liguid nitrogen to boiling water.
The increase in Q for decreasiag temperature was not az large as would
be predicted on the basis of the increase in 4. c. conductivity, This
discrepancy 1s probably due to surface roughness effecta.

A technijue of casting resonant cavities in highly polished molds
is currently under ianvestigation. This apnroach is being used to cir-
cumvent some of the difficulities involved in obtaining high volishes
on the interior surfaces cof rescnant cavitizs, Thies method arvears %o
be especially promising for lead cavitles in view of the difficulty of
mechining and polishing very ductlle metals,

The first investigations of superconfuctivity will be made with a
lead cavity to be constructed by the method Just deseribed,

(b) The prodlem of temperature control and messurement has beén
attacked by Dr. Henry, using a refined resietance thermometrie tachnique,
The development of the necessary electronic circulis is in oroerese,

(¢) BHelium Refrigerator.

Helium was successfully liquified by Profs. Collines, Ritter,
and Squire early in February. After some preliminary teets at M. I. T,,
the refrigerator was moved to its permanent location in Bldg, P0 and e
now belng set up.
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{d) Tuaclser Momsnis.

Manpower Tor ewxperimental work has only recently become
available for item C of the program cutlined in {2). This work la
proceeding under the directiom of Prof, Bitler with Meeers, Posa
and Alpert assiasting.

II, D. TFerromagnetism at Microwave Frequencies.

Staff: Dr. C. Kitsel

There is at present no reiiable information cn what happens to the
permeability of ferromsgnetic materials such as iron and nickel at microwave
frequencies. It is known the$ up to at least 200 merscyclee these materials
exhibit their normal permeadility ( 100} as determined from measursments at
low frequencies such as 60 cycles alternating current. It is 2180 known from
the old measurements of Hagen and Bubens on infrared reflection coefficients
of metallic surfaces that the permeability of iron and nickel is substantially
unity at 1012 cycles/sec. The intermediate reglon wherein the transition ia
permeability occurs has only been explored with the primitive microwave
techniques available in 1935.

It is planned in this laboratory %o investigate this problem using
moderw microvave transmitters, A survey indicates that the sxpested effecis
of the "magnetic spectrum" are easily within the acope of present-day teghniques.
1t seemg likely that the mesmsurements will coneist in measuring the frequency

response of a coaxial resonant cavity; the central conductor of the coax
will be a fine wire of the specimen under investlgatilon.

A theoretical analyslis of the behavior to be expected has made
considerable progreses on the basis of the ralation between eddy current skin
depth and the size of the elementary ferromagnetic domains, Work on the
theory will contimie.

This problem offers promise of supplying a valuable tool for the
exploration of domain structure in ferromagnetic materialsr



