. AN ABSTRACT OF THE THESIES OF

o

Miller, Willigm 4, PR LK for the-)ﬂdlg-_in -shyaicd .uaz

- —— - - e e - ———

(eme) (Degree) (Major)

- —

—-.-——-——-—-—@-_-_—g----—.—_——...—-——-—.-u-—_----—.—--.——-——e———'-—-————_-—

.__.__._.._—._--_-—a-—-s-n—---—-——.-.-—-_-———-—-—e--—n_--_p

- e e

Ahstract Approved te-———-

This paper describes a new ultra-high frequency radio
oseillator by means of which it was possible to obtain wave-
lengths as short as 4.9 mm.

The wavelengths were messured with a diffraetion grating,
a radio frequeney thermocouple, end a high sensitivity
D'Arsonval galvanometere.

The effect of changes in grid voltage, plate voltage,
and filament emission were studied. It was found that by
verying the grid voltage alone from 15 volts negative %o 45
volts positive the wavelength changed from 7.0 cm to 0.5 cm.
The plate voltage exerted an influence upon the wavelength but
not to such & marked degree. The filament emission not only
affected the wavelength but also the power output as well,

All these effects support the premise that the thermi-
onic tube in the case discussed is ecting as an electronic

osecillator of the Barkhausen-Kurz type.
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A NEW MICRO-WAVE GENERATOR

INTRODUCTION

Since the ultra-high frequency portion of the radio
spectrum has been found to be of use, not only for com-
munication (10) but also for spectroscopic analysis (2),
considerable attention has been concentrated upon the means
of producing continuous wave oscillations at these frequen-
cies. See Bibliography (1-12).

There exist at present but two types of oseillators
capable of producing these continuous ultra-high frequen-
cies, now (ca. 1934) known as microwaves, namely Barkhsusen-
Kurz oscillators (1) and magnetron oseilletors (12).

In the first mentioned type of oscillator the grid of
a triode having concentric ecylindrical elements is made
~positive while the cathode is kept at zero potential and
the plate at either zero or a slightly negative voltage.
This type of oscillator has been made to produce weak
oscillations in the 5 cm region.

In the magnetron oscillator a diode (usually with the
anode split in two or more segments) is mounted in a magnetic
field in such a way that the.magnetic field is applied
parallel to the longitudinal axis of the tube elements.
Thus far this oscillator has proved to be the best both as

to efficiency and shortness of wavelength. However it is




generally recognized, as indicated by the following guota-
tion, that the limiting dimensions of a tube for this pur-
pose have been nearly reached. "One of the smeller tubes,
which had.an anode radius of 0.027 cm and a Lecher wire
system about 4 mm long produced waves 1l.13 cm long, with
870 volts on the anode and a magnetic field of 11,000
gauss." (2)

A thorough search of all the available literature
revealed thet at the time this investigation was started
the shortest continuous wave that had been produced with
thermionic tubes was 1.13 cm.

Some thought was given to the possibility of combining
these two types of oscillators by using a triode thermionic
tube in a magnetic field. Such an experiment was attempted
and the results obtained were far better than anticipated,
the minimum wavelength produced being 0.49 cm with a power
output comparable to that of a Type 45 thermionic tube in a
regenerative oseillator on 5 meters.

By using the eircuit shown in this report and a tube
especially designed and built for this purpose there is no
reason why it should not be possible to attain wavelengths
in the region usuelly referred to as the far infra-red.

Although the author has made no attempt to use the
oseillator herein described, either as a means of communi-

cation or in the field of infra-red spectroscopy, it is his




belief that the oscillator mentioned will provide a useful

and versatile tool for research in these fields.




APPARATUS, PROCEDURE, AND DATA

The spparatus used consisted of the tube, the magnet,
and the device for measuring the wavelength. The thermionie
tube was an o0ld French tube, pre-war model, type number
unknown. The electromagnet was one which was capable of
produeing a field strength of 3.5 kilogansses across an air-
gap of 5.5 cm between pole pieces 1.5 cm in diameter with a
direct current of 6 amperes. The wavelengths of the several
frequencies were measured by means of avgratlng spectrometer.
The oscillating doublet was placed at the focus of a eylin-
drical parabolic reflector. Two diffraction gratings were
ugsed at different times. Both were made of strips of
transformer iron with an air-gap equal in width to that of
the strip in order to eliminate spectra of even order. In
one the gtrips were 5.5 cm wide in the other 2.5 cm. Spec-
tral energies were measured by means of a radio frequency
thermocouple and high sensitivity D'Arsonval galvanometer.

The oscillator and detector together with the necessary
auxiliary spparstus are shown on page 5 with the parts being
labelled as follows:

A--Motor-generator set for anode poten%ial
B-~Thermionic-Tube (French, pre-war, type unknown)
C--Electromagnet

D--Lecher wire system and pick-up loop

E--Parabolic reflector






F--Diffraction grating

G--Thermocouple shield, grounded by wire

H--Telescope

I--Ammeter in the electromagnet cireuit with
rheostats in the rear of it for varying the
current in the electromagnet

J--Table, holding the following instruments, in
background--from left to right--plate millism=-
meter and plate circuit voltmeter, in the
middle also from left to right, grid circuit
galvanometer, grid potential voltmeter, voltage
divider, and "B" battery for supplying the grid
bias; and in the foreground, from left to right
the filament circuit ammeter and rheostat.

The grating spectrometer is shown on pages 7 and 8. The
various perts are labelled on the photograph (page 8) as
follows:

A--Parabolic reflector

B--Grating

C--Grounded thermocouple shield
D--High sensitivity galvanometer
Page 9 shows the apparatus connected for taking data
for the static characteristic of the triode in a magnetiec
field. These curves shown on pages 10, 11, 12, and 13 were
taken with the plate voltage, grid bias voltage, and filament

current constant while the magnetic field strength was varied




E
l OScILtArIvG
BAsE D
; - 0 OscutAaroe
T O e R s > |1
K =5 s
\ |
O : KLrFLECTOR
I'\D/FFPACTION
LDETeECTOR —%s GRATING

@

Waveme7ee Derans

NA=(A+B) Siv @







ﬂccrewzamrr\

d

Wieine  DiuceAaM Foe
OBTAINING THE
CraeacTerIsTIC CURWES

=11
ABer




10

/4 N\ | i S
L © /NOBMAL CHAGACTERLS ~
\ 7/ CueuEs
/2
\ LEGEND
\ Dfs= O voLrs
/0 @L;=5 wurs
®FL¢=-/0 rotrs
@f =15 vars
D \

\\ | Opcparme  Conorrrons|—

mt\
/{@

\4\ L£p=250v
// =0 60aA.

2

S =

H=/nn Var.

LaTEe CurrENT —MA.

N

k el

oz

o# 06 08 10 2 I#
/7 (FreLo S rrENGTH)—HILOGAUSS.



/4 I 1( -
s ABNORMAL CHARACTER -
/3 % = \L /S77C C‘UE{&J :
oW \ LEGEND
OXWE D, Ls=+5 ¥
/g
i G O F. =2
/! \ ®fF¢= O
@Ea =—~5_k
/0 ‘l \ ©,£a:'/0k
?\ \ @,fo='/5u
g | \ @,EG:—/9M
11
; i \ | Operarive Comorrions |
& Ep=250u
\ v/ ngSA.
. TRW\ gof,./
X A '\ =IND. VAR
ST
L6 \ 'R
2 . A
Q \ \
Y 59£6 Ler
S \X
N4 ,‘
< \
3 12 N
3 )
é
/ o
5 0 a/ az 03 04 05

/o (FIELD STRENGTH)— HILOGAUSS.

11




1 1 | |
Noema Crueac-
TERISTIC CULES
|

LEGEND
DEs=-5u

@ﬁ; =-/0u
®F, =-15v

£p=400 v
1:=0.60A
£ =/PeAam
/o =Der lor
1 =/no.vae

\ OpeRATING CONDITIONS

e 3
I

Q

ALare Cueeenr — VA

w Q)
e

i \'\*ﬁ“ﬁ

0 oz 04 o6 o8 /.0 L L4
H (FieLp STRENGTH)— Kit 0Gauss,




0 ABNOBMAL (HARAC-
J 5 TERISTIC CURVES
z@éf;t LEGEND
= \0\ @ fo = +/0veLrs
e & ‘C\;,\ @ Ls =tE rars |
24 z A @ Ls =6 vors
;: \x @ Lo =t wurs
ce e A ® Lo =tZ vars
WO, VA ©® Ls=0 vars | |
5 M\\Q \ \ @ Le=5 vors
/8 Ee =0 votrs |-
§/6~0\\ \’\ ‘\ \‘\\ ® L. =75 vars
| \
7 ;
é \Q\ \ Orerarmve CoNDITIONS
&/Z £ = 400 v
O r =0.65 A
i /0 Lo = aram
‘}E p =Der Var
Q’:’ 8 \ /A = /nvo. Vae
& A
4
; 4
™~4
O5——@7 07 &3 QaF a5 06 or

13

H (Freco STrRENG TH)— HiLoGAUsS



14
from zero to the point at which it prevented electrons from
reaching the plate (cut-off).

The apparatus was then connected as shown on page 15
where the following procedure was found necessary for
successful operation as an ultra-high frequency oscillator.
Pirst the filament was heated and the grid bias appl;ed, then
the plate voltage was applied and brought up to the value
desired, and, finally the magnetic field strength was slowly
increased from zero to the point where the plate current :
stopped decreasing and suddenly incressed. At this point
there is a noticeable change in the deflection of the gal-
vanometer in the grid eircuit, and a deflection of- the ther-
mogelvanometer in the detector circuit (page 15)« The
latter deflection was made a meximum by carefully varying
the current flowing through the electromagnet.

When this had been done the oseillator was operating
in its most stable state, giving maximum output at the best
efficiency.

A measurement of wavelength was made in the following
manner: first, angle © (psge 16) was made equal to zero;
then the arm was moved in & clockwise direction in equal
aroitrary steps, until the third order spectrum emnergy pesak
was passed, (see page 16), then the arm was rotated in a
counter clockwise direction back through the position 6 = 0

(position of central meximum); then the thermocouple arm was
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17
moved further in the same direction (counter clockwise)
until the third order spectrum peak was passed, after which
the thermocouple arm was moved back in a clockwise direction
to the position of central maximum. Galvanometer readings
were taken at each step. This procedure allowed every point
to be checked twice during & run and each run was duplicated
at some other time to check the results.

These data were then plotted as shown on pages 16, 18,
and 19. From these curves the position of the first order
peak was carefully determined and the angle © carefully
measured with an accurate protractor. The wavelength of the
oscillations was then computed by meens of the equation,
(see 11),

nd= (A + B) sin ©
where n, the order of the spectrum, is unity (in this ecase),
and A + B is the grating constent, and is equal to 11 cm for
the grating used in determining the longer wavelengths and
5 em for that used with the shorter wavelengths.

The author realized that there should e some attempt
made at collimation of the energy impinging on the thermo=-
couple. This was to be accomplished by mounting the thermo-
couple at the foouslof another cylindricel parsbolic reflec-
tor, however, unfortunately, the tube in use at the time was
burnt out due to the necessity for large over-voltages on
the elements for the production of the shortest wavelengths

obtained, thus bringing the investigation to a elose, since
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20
it was impossible to replace the triode used.

The thermocouple used was one of the hot-wire type,
shown on page 21. It consisted of two copper sheets, A,
which were connected with & nichrome ribbon, B, to which was
soldered & smell chromel wire, C, and & small copel wire, D.
The couple was mounted on a piece of fiﬁer board, E. The
thermocouple was then swathed in cotton snd put into the box,
C, page 8, which was grounded. The thermocouple was con-
nected to the galvanometer, D, page 8.

Since these experiments were condncted slmost directly
bencath the antenna of broasdeesting station KOAC, 550 ke,
1000 watts, particular attention was given to shielding. No |
difference in operation or measurement could be detected
whether KOAC was in operation or not.

Before the grating spectrometer was constructed, at-
tempts were made to detect the presence of any oseillations
between 2500 meters and 1 meter by meesns of & General Redio

wavemeter, and from 1 meter to 10 c¢m by means of a Lecher

wire wavemeter. Both attempts were unsuccessful.
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THEORY

The theory of the Barkhausen osecillator has been very
completely studied by F. B. Llewellyn, (5) (6) (7), of The
Bell Laboratories.

The Barkhausen oscillator consists of a filamentary
cathode, surrounded by a cylindrical grid which in turn is
surrounded by & cylindrical plate. The grid is operated at
& high positive potential while the plate is opersated at
the same potential or a slightly lower one than the cathode.
Generally, although not necessarily, the plete snd grid are
connected by an external tuned cireuit, consisting of in-
ductance and capacitance. This tuned circuit need not be
external to the tube but may consist of the internal csapaci-
tance and inductance of the tube elements and leads.

Suppose that a transient is started in the tuned
circuit by some external means, say the application of a
voltage. Then if the forces produced on the moving elec-
trons by this transient deliver energy to the electrons, it
will die out, whereas if the moving electrons supply energy
to the transient it will be built up. The necessary energy
is furnished by the grid battery in increasing the kinetie
energy of moving electrons; the transient exists as a con-
tinuous oscillation of the period of the moving electrons.

In the absence of a transient an electron emitted from

the cathode will be attrscted to the grid, and in so doing




will drew energy from the grid battery. After passing

through the grid mesh the electron travels on, but gradually
slows down until it comes to a stop before reaching the
plate; during the flight through the grid-anode space the
electron has been delivering energy back to the grid supply.
Then as the electron retraces its path through the grid-
anode space it again draws energy from the grid voltage
supply, and on passing through the grid mesh delivers
energy back to the grid battery until it has stopped its
motion toward the cathode. The same process is then repeat-
ed., However, oscillstions, in the sense of electromagnetic
vibrations, do not teke place, because the emnergy transfer
from grid battery to the electron is exactly balanced by the
energy transfer from the electron back to the grid battery,
resulting in a system in perfect dynamical equilibrium.
However, when the transient is introduced into the tuned
eirecuit, conditions are considerably changed. For the
reasons described apove, the grid potential alternates with
the swinging of the electrons back and forth through the
grid mesh. Therefore, the resulting forces acting on elec-
trons that start from the cathode at different times in the
alternating-current cycle, will be quite different. For
example, let us suppose that an electron starts out just at
the time when the alternating force is acting in the same
direction as the steady potential of the grid battery. The
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alternating force increases in intensity as the electron
moves along, then decreases to zero, reverses direction and
opposes the motion, and finally completes the cycle by be-
coming positive again. At the instant the electron passes
through the grid there is a reversal of force on the elsc-
tron due to the fact that the grid is now behind the elec-
tron instead of in front of it. As the electron moves
toward the plate the alternating force decreases to zero and
then reverses. Therefore, it is seen, the force due to the
alternating current supplies energy to the electron through
both halves of the cycle and since this energy must be
supplied from the transient the transient will soon die out
and oscillations cease.

Let us examine an electron which leaves the cathode &
half-cycle after the one just discussed. It is easily seen
that in this case the alternating force opposes the motion
of the eleetron, but cannot stop it since the alternating
force is never as great as the force due to the constant
grid potential. Therefore, the eleetron is actually doing
work against the alternating force, delivering emergy to the
transient in the external circuit. Due to the faet that
this delivery of power to the transient slows down the elec-
tron, the electron will pass through the grid after the re-
versal of direction of the alternating force. When passage

through the grid mesh again reverses the direction of the
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steady force, the electron will continue to supply energy to
the transient. This electron will return to the grid-
cathode space at such a time that it will start back on its
Journey through the grid mesh at the same time that other
favorable electrons are leaving the cathode. This results
in a concentration of electrons in the tube-spaces; these
feed energy to the‘transient, the energy being supplied by
the grid battery, and resulting in oseillations of the
Barkhausen type.

In practice the operating conditions modify this
process somewhat. For example, space charge around the
cathode results in the production of more harmful electrons
than beneficial ones. Thersfore cathode space-charge satu-
ration is to be avoided. Space-charge concentration sround
the plate results in a phase shift between the grid poten-
tial and the alternating potential which in general tends
to raise the oseillation frequency.

In the case of the oscillator with which this report
deals, it is fairly safe to say, for reasons which will
appear later, that the oseillator is in effect a Barkhsusen
oseillator, and that the theory as stated fits the case at
least qualitatively.

In order to check the assumption that the oseillator

described is an electronic oscillator, computations were

made by means of equation (2) below.,
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Hollman (3) gives an equation for wavelength of the

oscillations of a Barkhsusen-Kurz oscillator, which is as

follows;
‘ d_E d_ E
DT o e S S X L SR R (1)
VEg Eg - Ea

Whers A is the wavelength,
Eg is the grid voltage,
Ea is the plate voltage,
da is the diameter of the anpde,
and dg is the diameter of the grid.

This equation is not directly applicable to the present
oscillator on account of the difference in the ecircuits.
Instead of using a high positive potential on the grid of
the triode to provide power for the transient by means of
the motion of electrons, the power is supplied by & high
positive potential on the anode, while the to and fro move=-
ment of the electrons is caused by the magnetic field. The
latter part of the above assumption is true, since Hull (4)
has shown that at the cut-off condition the electrons
leaving the cathode describe paths which are approximately
cerdiodal in shape, returning to the cathode at approxi-

mately the same place from which they left. Equation (1)

becomes;
A= 1000 . 45 B, - 4, E,

- | ——— (2)
UEa Ea - Eg
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Computations with Equation (2) yield a set of values
which when plotted to the same scale lie parsllel to and in
excess of the values of wavelength determined experimentally.
This spparent non-fitting of experimental dats and computed
values is to be expected however, for Equation (1) is an
empirical equation somewhat modified by the assumption that
the alternating current is very small, which is not true for
the oscillator being described. A correction factor is
needed to take account of the large megnitude of the alter-
nating current, (8) (9).

From the above discussion it seems logical to assume
that the oscillations are due to the sction of & moving
cloud of electrons, in which the electron transit time is
proportional to the period of the oseillations, rather than
due to some feed-back or regenerative condition.

There are several advantages in using a high positive
plate potential and a magnetic field rather then a high
positive grid potential to produce the oseillations. The
plate is capable of dissipating more energy than is the grid.
Higher potentials can be used. Space charge around the
cathode is prevented; with the magnetic field space-charge
saturation in the cathode space is not attained except for
extremely high values of filament current because the me g-
netic field keeps the electron clouds in rotation sbout the

cathode at such speeds that the electrons are thrown out of
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the cloud by centrifugal force. However, for high cathode
emission the electrons are supplied much faster than the
field strength requisite for oseillations can remove them.
This accounts for the flattening out of the curve on page

29,
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DISCUSSION

On pages 10 and 12 are shown some curves of plate
current plotted against magnetic field strength, at various
values of grid bias voltage. These curves are identical in
shape to those obtained from the two-element tube used &s a
magnetron. It is interesting to note that the value of grid
bias, although it changes the maximum wvalue of plate current
and the slope of the curves, does not affect in any way the
value of the magnetic field strength at cut-off. However,
this is to be expected, since, according to Hull (4), space-
cherge has no effect upon the cut-off value of the magnetic
field, Fherefore, since both the space-charge field and the
field due to the grid potential are electrostatic in nature,
naturally if one has no effect upon the cut-off value of the
magnetic field, neither will the other. Thus the experi-
mental curves shown On pages 10 snd 12 substantiate Hull's
reasoninge. These curves will be referred to as "normel"
characteristic curves.

The curves on pages 11 and 13 will be called "abnormal"
characteristic curves., At every irregularity, either in the
trend of a single curve or in the crossing of one curve by
another, ogcillation is taking place. The irregularities in
the abnormel curves are accounted for by the fact that os-
cillations take place, not at a definite single value of

magnetic field strength, but over & small range of values.
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Naturally there is some optimum point in this band at which
the oscillation energy will be & maximum. This will give
rise to & curve of the same shape and character as & reso-
nance curve. In fact, because the magnetic field strength
is an integral part of the osecillatory circuit, this curve
may be called a resonance curve.

Let us take for discussion curve 5 on psge 1l. At
zero value of field strength the plate current has a value
of 7 ma determined by the grid bias alone. As the magnetioc
field strength is gradually increased, the plate current
decresses in a normel manner until a field strength of 150
gauss 1is reached, when, due to the circuit conditions being
right for oscillations, the tube starts oscillating and there
is an abrupt change in curvature; the plate current no
longer follows the normel curve but, due to the interlocking
effect present in all osecillators, follows the resonance
curve, mentioned previously. This results in s secondary
maximum csusing the curve to beccme irregular; but as dis-
cussed above this irregularity is not inherent in the char-
acterigtic curves themselves but is due to the superposition
of two curves, namely, the normel characteristic curve and
the oscillation resonance curve.
The same reasoning may be applied to the crossing of

two or more curves, for if at one value of the grid bias no

oseillations occur, and if at another value close to that
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for the non-oscillatory case, the tube does oscillate, it
is perfectly possible that due to the resonance curve the
plate current may be raised to such a value that the two
curves may cross once or, depending upon the descending
slope of the resonance curve, twice or even three or four
times.

The presence of these oscillations is easily detected
by use of the detector shown on page 15.

The curves shown on pages 16, 18, and 19 were obtained
by plotting gelvanometer deflection against angular position
of the thermocouple. ZEach curve shows, very definitely (a)
the central maximum of energy which is present in sll trens-
mission diffraction gratings, (b) the meximum of energy
present in the first order spectrum, end (c) the general
upward trend of the curve as the galvanométer approaches the
third order peask of energy. .

The differences in the position of the first order
peeks shown on pages 16 and 18 is due to the fect that the
grid bissing potential was different for esch run.

Attention is particularly called to the symmetry of
these curves about the central axis. This symmetry, while
not absolutely necessary for asccurate wavelength measure-
ment, is convenient for it adds to the ease of determining
the angles to be measured. If the resonance curves are not

symmetrical about the central axis, one or both of two
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things may be wrong. Either the grating is not perpendicu-
lar to the incident beam, in which case it is necessary to
measure the angle of incidence and use the value determined
for the computation of the wavelength, or, during the con-
gtruction of the wavemeter, the grating has been mounted in
such a position that a large absorbing space is presented to
the beam at the center or zero position. The former case
wes found to be the more prevalent of the two and called for
careful adjustment of the grating until it was normal to

the incident beam. The latter source of error was recog-
nized early in the work and easily avoided thereafter.

The resonance curves on page 19 are curves obtained
from the diffraction grating wavemeter when the tube was
oscillating with different values of plate voltage.

These curves have been called resonance curves because
they are similar in shape to those that would be obtained by
the use of a conventional resonsnt ecircuit.

The resoneance curves for change in wavelength with
change in filament current are not shown in this report
because the curves are of the same form as those shown on
pages 16, 18, and 19. The curves on the above pages are
included in the belief thet they supply sufficient evidence
that oseillation is taking place and that continuous waves
are being emitted.

The curve, page 34, shows the effect of plate voltage
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on the wavelength of the oseillations produced by the tube.
There is a very striking similarity between this curve and a
curve showing the effect of grid woltage on the wavelength of
a Barkhausen-Kurz oseillator. This similarity is due to the
similarity of mechanism of oscillation between the two dif-
ferent types of oscillator.

4s shown in the notation on the curve, it is also
necessary to change the field strength of the electromagnet
& slight emount for each change in plate voltage. This must
be done to apply the proper torque to the electrons so that
& considerable portion of those emitted may never reach the
enode at all but be returned to the cathode.

The curve, page 26, is a curve obtained by plotting
wavelength against grid voltage with constant plate voltage
and filament current. This eurve also has the same shape
as the grid voltage-wavelength curve of a Barkhausen-Kurz
oseillator. However, a glance at the scales of the curve
Will show that there is a vast difference bpetween the two,
for the curve on page 36 shows a much larger control over
the wavelength of the oscillations then does a similar curve
for the Barkhausen-Kurz oscillator. This is probably due
to the fact that in the osecillator shown on page 15 the grid
potential functions in much the same way that it does or-
dinarily, as a controlling potential.

It was also necessary in this case to increasse the
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magnetic field strength with each increase of grid potential
in the positive direction. The reason for this may be
easily seen from the curves of either page 11l or page 13.

As the grid voltage is changed the tube operates upon a
different abnormal characteristic curve and in so doing
requires a change in the field strength to again make the
plate current a maximum. The change in field strength is
very slight, however, amounting only to between 25 and 50
gauss.

The curve shown on page 29 gives the relation between
filament current and wavelength. Since the space-charge
saturation in the cathode space is dependent upon the fila-
ment emission, this curve shows the relation between space-
charge and wavelength.

It would appear at first sight that this curve shows
& relation contrary to the accepted idea that space-charge
safuration in an electronie oscillator is harmful, but this
is not the case; because, with the high positive potential
~on the anode and with the magnetic field which keeps the
electron clouds in motion throughout their existence, the
building up of a large space-charge near the cathode does
not occur. Thus, as the filament current is increased, up
to a certain limit, the power output will increase and the
wavelength will decrease. However, as the filament current

is increased beyond this limit the magnetic field camn no
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longer keep all the electrons in motion resulting in the
building up of space-charge near the filament with a
consequent slowing down of the action described above and
the flattening out of the filament current-wavelength curve
as shown on page 29.

That the power output does increase with increased
filament current and the corresponding decrease in wave=-
length, is shown by the fact that with the filament current
at 0.66 amp the deflection of the thermogalvanometer, page
15, was equivalent to 30 milliamperes, whereas when the
filament current was increased to 0.755 amp the current
in the thermogal venometer was over 115 millismperes. This
increase cannot be due to resonance as the loop short-

circuiting the galvanometer was 30 centimeters long.
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SUBJECTS FOR FURTHER INVESTIGATION

A glance at the curve on page 1l suggests several
applications. One of these, and perhaps the most interest-
ing, is the possibility of using & triode to measure the
strength of the carth's magnetic field. Another is the use
of this property of the triode to measure the msguetic
field of magneto-striction and thus snalyse internal stresses
in steel I-beams, channel-iron, etec. A third is that of
using this oscillator in =z transceiver for secret communi-
cation between two points when there is an unobstructed path
between them. In connection with this suggestion it may be
remarked that since the grid voltage controls the wavelength
to such a marked degree, it should be possible to obtain pure
frequency modulation of the output by applying the modulat-
ing voltage to the grid of the oscillator.

Further work on this oscillator with a different triode
leads the author to believe that for maximum efficiency the
anode should either be made from some non-magnetic material
or operated above the Curie point.

Investigations with a type 10 tube (with tantalum
anode) in this circuit, show that it is possible to produce
wavelengths so short that there is considerable difficulty

in the measurement of wavelength and power.
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CONCLUSIONS

The results attained in the work reported show that:

l. The oscillator described in this report is an
electronic oseillator, closely related to the Barkhausen-
Kurz oscillator.

2« It has a much higher power output than any other
electronic oscillator operating at these frequencies.

3. The general theory of electronic oseillators may
be extended to fit the case herein described, at least
qualitatively.

4. A strong magnetic field aspplied along the longi-
tudinal axis of & vacuum tube will reduce space-charge
saturation around the cathode.

5. Much shorter wavelengths than those reported in this
thesis can easily be obtained by decreasing the size of the
elements; work along this line has been started.

6« For wavelengths below 10 cm Lecher wires no longer
form an adequate means of measuring wavelength.

7. The diffraction grating spectrometer is an
admirable instrument for measuring these osecillations as
it is easily constructed, highly eccurate, and rapid in
manipulation.

8 Owing to the near linearity of some of the char-
acteristic curves, the tube can probably be used as an in-

strument for measuring field strengths.
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8. (&) It should be possible to mske a triode which
would measure the snomelies in the earth's magnetic field.
8+ (b) In all probability a special tube could be
constructed in such a menner that it would be sensitive
enough to give a qualitative measure of the internal strain

of a steel member under stress.
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