


DEPOSIT~D BY THE FACULTY OF . 

GRADUATE STUDIES AND RESEARCH 

------ ---

M= GILL 
UNIVERSITY 

LIBRARY 
ACC. NO. DATE 





" GENERATION AND RECEPTION OF 

ULTRA SHORT RADIO WAVES " • 

by 

w. H. Moore, B.Sc. 

Thesis submitted to the Faculty of 

Graduate Studies and Research, McGill 

University, in partial fulfilment of 

requirements for the degree of 

Master of Science • 

May, 1932 • 

1. 



2. 

TABLE 01!, CONT.hlNTS • 

l?age 

Table of Contents •••••••••••••••••••••••••••• 2 

I. Introductory • 

( i) • Historical Introduction ••••••••••••••• 4 
( ii). Reason for this Research • • • • • • • • • • • • • 8 

(iii). Definition of Ultra Short Waves . ·• . . . . 10 

( iv). Acknowledgments ••••••••••••••••••••••• 11 

II. Review of Previous Developments • 

fi). Early Experiments •••••••••••••••••••• 12 

(11). Types of Valve Oscillators ••••••••••• 13 

(iii). Frequency Determination •••••••••••••• 20 

(iv). Power Obtainable ••••••••••••••••••••• 21 

(v). Reflectors and Beam Systems •••••••••• 23 

III. Theoretical Considerations • 

{1). Types of Oscillatory Circuits •••••••• 24 

(ii}. Errors in Lecher Wires Wavelength 
Measurements ••••••••••••••••••••••••• 29 

(iii). Sizes of Coils and Condensers Required ·31 

(iv). Another Type of Wavemeter •••••••••••• 32 
(v). Predetermination of Wavelength of 

Barkhausen-Kurz Oscillations ••••••••• 33 



Table of Contents • (cont.) 

Page 

IV. Experimental • 

(a). Investigations on Normal Types 
of Oscillations • 

(i). Oscillation Inaicators ••••••• 40 

(ii). Wavelength Measurements...... 42 

{iii). Transmitting Oacillators ••••• 50 

( iv). Receivers • • • • • • • • • • • • • • • • • • • . 66 

(v). Beam Reflectors.............. 71 

(vi). Transmission an• Reception 
Tests • . . • • . • . . . . . • • . • • . • . • . . . 73 

(b).Investigations on Barkhausen-.Kurz 
Oscillations • 

(i). Preliminary Repetition of 
Earlier Work • • • • • • • • • • • • • • • • • 

(i1). Ultra Short Wave Wavemeters • • 

(ii1). Barkhaueen-Kurz Oscillators • • 

(iv). Brief Reception Teste •••••••• 

79 

83 

86 

96 

v. Discussion on Barkhausen- Kurz Oscillations •• 104 

VI. Resume of Results Obtainea • 

(i). Summary on Ultra Short 
Wavelength Measurements • • • • • • • • • • • • • 109 

( 11). Summary on Transmission 
of Ultra Short Wav•s • 

(a). Noraal Types of Oscillators 0 1 1 1 

(b). Barkhausen--Kurz Oscillators • 112 

(iii). Summary on Reception of' Ultra 
Short Waves . . . . . . . . . . . . . . . . . . . . . . . . . 112a 



3a. 

Table of Contents • (cone.) 

Page 

VII. Future Work and Possibilities.............. 113 

VIII. Bibliography • • • . • • • • • • • • • • • • • • • • • .. • • • . • . . • . 116 

IX. A.ppeni1x . • • • • • • • • • .. • • • . • • • • • • • • • • • • • • • • • • • • 1 19 

Reprint of Paper in Journal or Franklin Institute • 

Reprint of Paper in Canaaian Journal of Research o 

.. . . • • • 



4· 

I • INTRODUCTORY • 

(i). Historical Introduction • 

The communication of intelligence between remote points 

on the earth's surface without the aid of connecting wires 

was developed from a fantastic dream in the minds of visionary 

theorists and optimistic experimentalists into a practicable 

working possibility in the closing five years of the 

nineteenth century • Credit for the final developments made 

at that time must go to Marconi, but his work was the 

culmination of a long series of investigations carried out 

by Clerk-Maxwell, Preece, He~.tz, Branly, Lodge, Tesla, 

Popoff, Righi, and many others, all of whom were responsible 

for theoretical or experimental advances wh'ich brought 

one step closer the goal finally reached by Marconi • 

The distance over which signalling was accomplished 

without wires was rapidly extended from a few hundred yards 

to hundreds of miles • The feat of spanning the Atlantic 

wirelessly was first achieved by Marconi on December 12th, 1901. 

The transmitters used at this time consisted of large spark 

coils directly connected to an aerial and ground, while 

receivers utilized coherers similarly placed directly 

between aerial and ground • Wavelengths of the damped 

electrical oscillations thus produced were of the order of 

one to two thousand metres • 

Early in 1902 Marconi succeeded in receiving signals 

from Poldhu at distances up to 2099 miles while on board 

a liner en route to New York • It was noticed on this trip 
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that signals could not be heard beyond 700 miles during 

daylight, greater distances being covered only at night • 

Marconi found that by increasing the length of the waves used 

the effect of daylight could be overcome • On this account 

further developments tended towards the use of greater and 

greater wavelengths to cover the ever increasing distances 

demanded • 

During the following twenty years communication 

between points thousands of miles apart was carried out by 

means of wireless stations of increasing size and power, 

employing wavelengths up to as high as thirty thousand 

metres and powers as great as 500 kilowatts • Spark coils and 

high frequency alternators were superseded for transmission 

purposes by the thermionic vacuum tube, invented by Flaming 

and improved by de Forest • The early methods of reception -

coherer. magnetic detector, electrolytic detector, crystal 

detector, and others - were rendered obsolete by the application 

of the vacuum tube to reception • 

Signalling was done by means of codes consisting of 

various combinations of dots and dashes, as in landline 

telegraphy, but developments in wireless telegraphy were 

closely paralleled by the development of various systems of 

wireless telephony • The human voice was heard across the 

Atlantic Ocean for the first time in November, 1906, when 

tests being carried out by R. A. Fessenden between Brant Rook 

and Plymouth were overheard by wireless operators at 

Maorihanish, Scotland • 
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The longer wavelengths were used for signalling over 

long distances while for communication over short distances 

equipment was developed using wavelengths down to 200 metres • 

Wavelengths shorter than this were considered to be of but 

little value, and their use was confined mainly to laboratory 

demonstrations and amateur experimentation • 

About the year 1922, however. it began to be generally 

realized that the very short wavelengths, below one hundred 

metres, had rather remarkable properties as regatds transmission 

over long. distances. Investigations carried out by !!arconi 

and others demonstrated that these very short waves could be 

used successfully for communicating over distances up to the· 

greatest found on earth • Furthermore the amount of power 

necessary was but a small fraction of that required for 

similar distances when using long waves • During the past 

decade, therefore, energy has been concentrated on the 

development of wireless systems using short waves down to as 

low as 10 metres in length • 

When the long range possibilities of short wavelengths 

below one hundred metres began to be appreciated, interest was 

greatly stimulated in the development of directional types of 

radiating systems • Radio transmitters concentrating their 

energy in a narrow beam radiating in one definite direction rathet 

than broadcast in all directions as heretofore, became a 

practical possibility • Before this time the wavelengths generall~ 

used had been so great as to prohibit the use of reflecting 

systems, due to the large size necessary, and so directive 

radiators had not received much attention • Stations intended 

for broadcast services do not, of course, employ reflectors, 
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but for long distance point to point communication purposes the 

use of beam reflectors for both transmission and reception has 

become quite general in modern high power short wave stations 

Their use occasions a great saving in the amount of power 

required, since the energy otherwise broadcast uselessly in all 

directions is concentrated in a narrow beam pointing in the 

single direction in which it is wanted • 

The behaviour of waves in that part of the general 

spectrum lying between the shortest wavelengths generally used 

for radio commu.nication and the longer wavelengths in the 

heat band is not very well known even to-day • Indeed it is 

only within the last five years that the gap has been closed 

and this part of the spectrum investigated for the first time 

by the extension of radio waves downwards and heat waves 

upwards in wavelength • Oscillations produced by electromagnetic 

means were obtained on shorter and shorter wavelengths and 

those produced by therm~l methods were obtained on longer 

wavelengths, until finally there was a small frequency band 

over which experimental investigators were able to produce 

osci llat t'ons by either electric or heat methods • 

The main attraction for the use of radio waves of the 

order of a few centimetres in wavelength lies in the 

possibility of using reflecting beam radiating and receiving 
. 0 

systems of very small dimensions • The range of communication 

possible when using waves of this order of magnitude was not 

known a few years ago, nor had the development of methods for 

their production and reception progressed very far • This was 

largely due to the faot that such work as had been done gave 

somewhat unpromising results, and indicated that these very 
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short wavelengths were valueless for communication purposes 

over any except extremely short distances • 

The dissertation contained in the following pages is 

concerned with an investigation into the problems involved in 

the generation and' reception of these very short waves, a few 

centimetres to a few hundred centimetres in wavelength • 

(ii). Reason for this Research • 

The work described in this dissertation was commenced 

in 1926 at the instigation of Dr. L.V.King, of the Physics 

Department, McGill University, and investigations were carried 

out by the author for the National Rese~rch Council of Canada 

during the snmmers of 1926 and 1927 • These early experiments 

were, for the most part, performed in the laboratories of the 

Royal Canadian Corps of Signals in Ottawa, with the assistance 

of Major w. Arthur Steel, and, during the first part of the 

work, Lieut. K. G. McCullagh of the R.c.c.s. 
The later experimental work on Barkha.usen-Kurz 

oscillations, by means of which the highest frequencies were 

produced, was carried out by the author in the Electrical 

Engineering Department at 11cG111 University during the 

academic aessione1929-1930 and 1931-1932 . 

The initial investigations were commenced with the 

following specific objective in mind • It was desired to 
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obtain a high frequency oscillator from which could be radiated 

sufficient power to enable reliable transmission to within ~ 

distance of twelve miles or so • The radiation was to be 

confined to a narrow beam of a sufficiently short wavelength 

to enable the use of a directional radiating system which 

would be continuously rotatable • This last requirement 

necessitated the use of an extremely short wavelength in order 

that the reflecting system might be reduced to dimensions 

comparable with an ordinary large size searchlight, such as 

is used in lighthouses • 

The intention was to use this short wave beam as an 

adjunct to the usual searchlights in marine navigation • A 

fixed signal was to be emitted by the beam transmitter, 

which would @e continuously sweeping about in every direction 

by slowly rotating • At the same time a higher wave transmitter 

operating on the more usual frequencies was to be sending out 

automatic telephone signals-from some such source as a 

phonograph, which would give the direction in which the beam 

was pointing at eaoh instant • The two transmitters were to be 

properly synchronized so that when the beam was pointing in 

any direction the radiotelephone broadcast would tell what 

that direction was • Thus a s~ip obtaining its bearing from 

two or more of these stations could determi~~ ita position by 

res~ction, knowing the location of the transmitters • To 

obtain this service the shtp would require but a simple short 

wave receiver to receive the directional signal, in addition to 

its ordinary radio equipment which would serve to receive the 

radiotelephone broadcast • Thus it would be possible for 

small craft to make use of this system of direction finding 
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where it would not be economically feasible for them to 

carry the present type of complicated and expensive direction 

finding equipment • 

In commenclng the later work on Barkhausen-Kurz 

oscillations it was hoped to develop an oscillator which could 

produce several hundred watts output on a wavelength of fifty 

centimetres or less, and to investigate reception on these 

wavelengths at whatever distances were found to be attainable, 

using various types of beam transmitters and receivers • It 
' 

was also hoped that further qualitative and quantitative 

information on the production of oscillations of very high 

frequencies might be obtained • The phenomena observed at 

frequencies of the order of one thousand megacycles are not 

at all well understood as yet, and the accumulation of data 

and the development of technique in methods of producing these 

frequencies appears to be well justified • 

(iii). Definition of Ultra Short Waves • 

The term short waves is a rather indefinite one, and 

has generally been considered to mean wavelengths of less 

than one hundred metres • It is a purely relative 1 term, of 

course, and when we say ultra short waves, we use an even less 

definite term, of the second order of relativity, so to speak • 

At the Hague Conference held in September, 1929, it 

was decided by international agreement to adopt officially the 

following nomenclature for the classification of wavelengths : 
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Long ••••••••• •. • • • • 3000 metres and upwards • 

Medium ••••••••••••• 200 - 3000 metres • 

Intermediate ••••••• 50 - 200 metres • 

Short •••••••••••••• 10 - 50 metres • 

Ultra Short • • • • • • • • 10 metres and less • 

The scope of the work covered herein is confined to 

the ultra short wave band, and deals mainly with the 

shorter wavelengths down to one metre and less • 
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II. BEVIEW OF PREVIOUS DEVELOPllliNTS • 

(i). Early Experiments • 

The production of very short electromagnetic waves 

is not at all a recent development • In Hertz's original 

experiments in 1888 he employed one oscillator which operated 

on a wavelength of 60 centimetres • This particular oscillator 

consisted of two copper sheets each 40 centimetres square 

and 60 centimetres apart connected to, two pol.ished gilt balls 

two or three centimetres apart • Spark coil excitation was 

used to set the system in oscillation, and the wavelength 

determined by calculation from the mechanical dimensions 

of the circuit • 

Lodge in 1890 obtained oscillations in a single 

metallic sphere five centimetres in diameter, but found it 

much easier to obtain oscillations with larger spheres • 

Sir J. J. Thomson has shown that the oscillations from pole 

to pole of a charge upon a conducting sphere causes radiation 

of wavelength equal to 1.4 times the diameter of the sphere • 

Thus in the case of Lodge's five centimetre sphere the 

wavelength was seven centimetres • 

Niohols and Tear in 1923 published the results of 

some work in which a method of obtaining electrical oscillations 

was developed by which wavelengths down to 1.8 millimetres 
' were produced • In this system the oscillator consisted of 

two tiny tungsten cylinders which formed the electrodes of 

an oil-immersed spark gap • In tbe particular oscillator with 

which the 1.8 millimetre waves were obtained these cylinders 



were 9·2 millimetre in length and 0.2 millimetre in diameter 

separated by a gap of 0.01 millimetre • The system was exoited 

by applying a potential of 30,000 volts at frequencies of 

500 to 1000 cyc-les to the oscillator, a water resistance, and 

a condenser, all in series • A radiometer type of receiver 

was nsed • 

The longest heat waves so far measured had a 

wavelength of about 0.3 millimetre • Thus there remained a 

gap to be explored of from 0.3 to 1.8 millimetres to complete 

the spectrum between heat and electromagnetic waves .(1923). 

Within the last few years experiments carried out by 

a number of investigators have resulted in the closing of thi·s 

gap, and over a narrow overlapping band of wavelengths it is 

now possible to produce oscillations by either heat or 

electrical methods • This work has been done mainly by 

extending the lower limit of electric waves, as it is found 

that above about 0.3 mill~etre in wavelength oscillations 

are more easily produced by electrical than by thermal 

methods • Glagolewa~Arkadiewa has obtained waves down to 

0.082 millimetre in length by electrical means • She used as 

oscillators finely divided metallic particles suspended in 

a viscous oil • A coating of the resulting gummy mixture was 

applied to the sar~aoe of a wheel rotating between the 

s~arking electrodes • 

(ii). Types of Valve Oscillators • 

Turning now to electron tube oscillators we find that 

investigations have been carried out along a number of lines. 



with a view to producing electrical oscillations of shortest 

possible wavelength • 

It has been found by a number of experimenters that 

stable oscillations may be obtained down to about two metres 

1n wavelength using standard types of vacuwn tubes and simply 

reducing the constants in conventional types of oecillating 

circuits • Below about two metres major difficulties begin to 

appear • High power tubes can no longer be used because the 

dimensions of the valve elements themselves are sufficiently 
' great, even though the external oscillating circuit be reduced 

to the smallest possible mechanical dimensions, to maintain 

the natural period of the circuit at some value possibly in 

the neighbourhood of three or four metres • One is thus 

compelled to use low power valves, usually either five or 

seven and a half watt transmitting valves, or else receiving 

valves • 

By removing the four prong base of a standard 20la 

type vacuum tube and connecting a small 0.001 microfarad 

fixed condenser between the grid and plate leads as close as 

possible to the glass envelope, a short wave oscillator is 

obtained which will give wavelengths down to below one and 

one half metres (Fig.l) • This circuit is really the familiar 

ultraudion circuit, the oscillating circuit being reduced to 

the capacity of the fixed condenser in series with the internal 

grid-plate capacity of the valve and the inductance of the 

two shQrt 1traight wires, each possibly and inch long, making -
connections with the grid and plate • 

In an oscillator of this type the oscillations are not 

very stable and the wavelength is not variable since the 
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MESNY ULTI(A SHOI(T WAVE CIRCUIT. 
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tuning of the circuit is fixed at a value deter.mined largely 

by the internal interelectrode capacity of the valve • By 

extending the length of the grid and plate wires and moving 

the fixed condenser up and down these wires the wavelength 

may be varied and adjusted , but this immediately increases 

its length to two metres or more • 

The push-pull circuit developed by Mesny has been 

widely used in experimental work, and produces somewhat more 

stable oscillations than the above circuit, as well as 

allowing greater control at shorter wavelengths • This circuit 

uses two vacuum tubes whose grids and plates are paralleled 

through inductances, the centre tap of each of which is 

connected to the filament (Fig. 2) • The grid and plate 

inductances usually take the form of parallel straight wires 

joined by a shor~ing bridge • With this circuit stable 

oscillations may be obtained down to below three quarters of 

a metre, and the wavelength can be varied by sliding the 

bridges along the grid and plate wires • 

Positive potentials are applied to the plates in these 

oscillators, and either grid biassing batteries, grid leaks, 

or simply a straight wire connection to the filament is used • 

Oscillation takes place and is produced in the usual way 

as in circuits operating on the longer wavelengths, the 

wavelength being determined by the values of inductance and 

capacity in the eEternal circuit, and also by the fixed 

grid-plate capacity of the particular tube in use • 

In an article written by c. R. Englnnd43 in the 

Proceedings of the Institute of Radio Engineers, a 

considerable amount of experimental work is described in 
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which the conclusion is reached that with ordinary 

commercial vacuum tubes now on the market the lower limit 

attainable is a wavelength of about one and a half metres • 

This agrees with the investigations carried out by the author 

for the National Research Council of Canada • The types of 

circuits employed were mostly more or less conventional 

circuits with the inductances and capacities reduced to 

very small values • 

A distinctly different type df high frequency 

oscillator was developed by Barkhausen and Kurz about the 

year 1920 • The usual plate and grid potentials were reversed 

in polarity, a high positive voltage being applied to the 

grid and a small negative or zero voltage being applied to 

the plat·e (Fig. 3) • It was found that this connection could 

be used to produce extremely high frequencies, wavelengths 

of the order of one half metre and less being obtained • 

The explanation was that the oscillations took place 

entirely within the tube, and consisted of pure electron 

field vibrations about the grid • The hot filament emitted 

clouds of electrons in the usual way, and these electrons 

were drawn at a high velocity towards the positively 

charged grid • A large proportion pass through the grid 

spaces, .are repelled by the negative anode, again attracted 

through the grid, and repeat the process • Thus the frequency 

of oscillation is largely determined by the time required 

for the individual electrons to traverse the interelectrode 

spaces • This in turn depends on the applied field, 

so that the frequency is considerably affected by the 
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potentials used • No external oscillating circuit is used and 

the oo natants of the external circuit do not affect the 

wavelength generated • The amount of energy radiated by an 

oscillator of this type is, as might be expected, a very small 

quantity and has not usually been considered to be of value 

except for measuring purposes • 

In experimenting with the Barkhausen-Kurz type of 

oscillations two other investigators, Gill and Morrell~, found 

a third type of oscillation produced • Using a circuit of the 

Barkhausen variety, having positive grid potentials and 

negative plate potentials, oscillations were obtained having 

the properties of the usual type of circuit in which regeneraticn 

builds up oscillations in a resonant circuit • In the 

Gill·Morrell experiments the values of inductance and 

capacity in the external circuit control the frequency, 

whereas in Barkhausen-Kurz circuits they do not • Wavelengths 

obtained are considerably lower than those obtained with 

the first type of circuit in which positive plate 

potentials are used • 

Another system which has been investigated for the 

production of very high frequency oscillations uses the 

magnetron vacuum tube • It is found that a two element vacuum 

tube may be made to_ generate oscillations under_ certain 

circumstances • If the anode consists of a circular cylinder 

with the cathode a long straight wire filament at its centre, 

the superimposition of an electromagnetic field of uniform 

strength with its direction parallel to that of the filameht 

w111, if the field is strong enough, prevent electrons from 

the filament from reaching the plate, and they will move in 
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circular orbits whose diameter is less than that of the 

plate • It is found, however, that there is sometimes a small 

radio frequency current flowing to the plate which may be 

detected on hot wire meters • Japanese investigators have used 

this fact to obtain some promising developments in the 

production of very short wavelengths • Okabe12 describes the 

production of a minimum wavelength of 5·6 centimetres, using 

a magnetron oscillator • 

{1i1). Frequency Determination • 

When a circuit has qeen obtained which gives stable 
. 

oscillations at high frequency, the problem still remains to 

find out exactly what this frequency is • In the case of the 

oscillators of Hertz, Lodge, Niohols and Tear, and other 

extremely high frequency oscillators of that type, the frequency 

was determined by calculation from the measured constants of 

the circuit • This can be done with whatever type of oscillator 

is used, b~t it is usually desirable to have some convenient 

method of accurately d~termining wavelengths by comparison 

with some calibrated variable standard • The usual method of 

loosely coupling a calibrated circuit, consisting of a known 

value of inductance and capacity to the oscillating circuit, 

can be satisfactorily used down to about two metres • The 

indication of resonance is obtained either from a thermocouple 

or hot wire instrument in the wavemeter circuit, or from the 

deflection of the plate current meter in the oscillator circuit 

as the two circuits come into resonance • However, the 

mechanical dimensions of the capacity and inductance of this 
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type of wavemeter become very small when the wavelength is 

below about two metres , and it is difficult to calculate the 

values of inductance and capacity with accuracy • 

Another method of measuring these short waves is to 

use the arrangement devised by Lecher • A pair of parallel wires 

is coupled to the oscillator and standing waves produced • A 

sho.rting bridge on these Lecher wires is slid backwards and 

forwards and indicates the position of the nodes or antinodes 

of the standiQg waves • The wavelength is thus determined by 

direct measurement of the distances between these points • The 

Lndicatlona of nodal points may be obtained either by observing 

the deflection of the plate current meter in the~~ oscillator 

or by using a thermocouple, neon tube, or other indicating 

device directly in the shorting bridge on the Lecher wires • 

Wavelengths down to a few centimetres in length may be readily 

measured with the Lecher wires type o·f waveihet_er • 

(iv). Power Obtainable • 

In the oscillators of Hertz, Lodge, and Nichols and Tear, 

the amount of power radiated is extremely small • Very delicate 

receivers can give measurable indications of reception up to 

distances of only a few metres • With what we shall call the 

normal type of valve oscillating ctro~ita, that is, those in 

which oscillations are bu11t up at the natural period of the 

circuit by the regenerative action of an electron valve, the 

maximum power available is of the order of a fraction of a watt 

on these minimum wavelengths, since to produce waves as low as 

100 centimetres the smallest type of receiving tubes must be used. 



With Barkhausen - Kurz types o£ oscillators the amount 

of power obtained has, so far, been ve~ small, since low power 

valves have been used in the experiments • The Gill - Morrell 

type of oscillations have been obtained with considerable intensit~ 

as compared with Barkhaueen - Xurz oscillations, but the 

maximum amount of power involved is still a matter of but a 

few watts • 

The magnetron oscillator was originally developed on 

a high power scale, tubes having been d~signed to operate at 

~ower freauencies with an output of many kilowatts • As the 

frequency 1s increased, the dimensions of the tube must be 

decreased, so that less power can be used • However, at a 

wavelength of 40 centimetres sufficient oscillating energy can 

still be produced (probably a few watts ) to enable reaiable 

signals to be heard at a maximum distance of one kilometre • In 

this particular experiment, described by H. Yagi46 , single 

~Bertzian resonators were employed at both transmitter and 

receiver, with the addition of a parabolic reflector and collector 

at the transmitter and receiver respectively • A system of 

director chains and wave canals, described by Yagi, was also 

employed with a very marked improvement in results • These 

consist of a series of Hertzian resonators, that is, simply 

full or half wave vertical antennae, mounted along the axis 

of the parabola of the reflector • The r~oeiver consisted of a 

crystal detector at the centre of the Hertzian resonator with 

a three stage amplifier for the modulation frequency • A 

Barkhause~ type of receiver has also been employed with 

somewhat better results in detecting modulated waves in the 

neighbourhood of 1.5 metres • 



(v). Reflectors and Beam Systems • 

An extensive series of investigations carried out at 

Tohoku Imperial University, Sendai. Japan, has demonstrated 

the practicability of using parabolic reflectors and wave 

directors on wavelengths below five metres • The above 

experiment on forty centimetres by the same investigators 

shows that the types of reflectors and directors already 

developed can be employed to advantage~ in conjunction with 
I 

oscillators producing waves less than 100 centimetres in 

length • 



III. THEORETICAL CONSIDERATIONS • 

( i). Types o-f Oscillatory Circuits • 

A general review will now be made of oscillatory 

circuits in use on the normal wavelengths at present used for 

communication purposes • An attempt will be made to dete~ine 

on a theoretical basis which of these circuits should be 

most likely to prove adaptable to the production of wave

lengths of the order of one metre • 

Undamped oscillations consist of an unlimited s•rtes 

of waves of constant and undiminishing amplitude, and, in the 

simplest oase, of constant frequency • An electrical disturbance 

in any part of a valve circuit, for example making or breaking 

the filament circuit, may produce oscillations of electric 

charges, that is, of electrical energy, about the circuit, 

Unless cert~ln conditions hold, however, this oscillating 

energy will rapidly be dissipated in the resistance of the 

circuit in the form of heat, and also of radiation ; that is, 

the oscillations will have a high decrement or attenuation • 

If by some means we find it possible to reduce this attenuation 

to zero, the oscillations will build up to some maximum value, 

determined by the losses in the circuit, and will persist with 

constant amplitude at this value • These are what are called 

continuous waves, or undamped oscillations • They are produced 

in vacuum tube circuits by adding sufficient energy to the 

oscillator.r circuit to compensate for the losses in it • This 

is possible due to the "negative resistance" character ist1c of 

the valve, which renders it possible by feeding back energy 

from another circuit to the oscillatory circuit, to reduce the 



effective resistance to zero, so that oscillations of constant 

amplitude persis,t indefinitely • 

Returning this energy from the plate to the grid circuit, 

in the case of the ordinary th~ee-electrode valve, is 

accomplished by coupling the two circuits together • There are 

two general methods of coupling possible, namely capacitative 

coupling and inductive coupling • These two types of reaction 

are illustrated 1n Figs. 4 (b) and (c), respectively • 

c., I' CoLPlTTS. HARTLEY 

~I .::~~ 

@1 ~§]~c,, I " 
~:~ 

I L, L: I 

c. '· 

L .. c (. 
L 

( (1) (b). ~c) 

FtG 4 

In Fig. 4(a) reaction between output a.nd input circuits 

is obtained through the mutual induction of the two coupled 

circn.its • The condenser across either one of the inductances 

may be omitted without making impossible the phase 

relationship between the grid and plate circuits required to 

produce oscillations • The necessary condition is that the 

plate current and grid potential must be as nearly in phase as 

possible • In the diagrams shown, C , C ~· and Cgf are the 
pg P"'-

small interelectrode capacities between plate and grid, plate 

and filament, and grid and filament respectively • 

Considering the plate circuit L2C2 as the oscillating 

circuit and the grid circuit L1C1 as equivalent to a generator 

representing the effect of the grid circuit potential 
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variations on the plate cironit, the frequency of oscillatiam of 

the circuit of Fig. 4(a) is given by 

f=_!_~ 
'l. tJt L"l--C-z-

where r is the resistance of the circuit L2C2, and rp is the 

plate circuit resistance of· the valve • Neglecting these 

resistances, since the ratio ::. is usually very small, we find 
rp 

f • 

and to obtain the shortest wavelengths this must be a maximnm, 

so that LC must be a minimum • 

The oscillation circuit of the Colp1tts circuit of 

Fig. 4(b) is LC1C2 , and of t~e Bartley circuit of Fig. 4(c) 

is L1L2C , neglecting the interelectrode capacities • The 

manner in which the constants of these circuits may be varied 

is limited by the fact that the grid and plate circuit LC values 

must be in proper proportion to each other to maintain 

oscillations • Also the amplification constant of the 

particular valve used is a determining factor in fixing these 

constants. Considering the Hartley circuit, for instance,.it 

may readily be shown that for tubes having a high amplification 

factor, L1 should be approximately equal to L2 , while for low 

~tubes the best condi ti.ons for oscillation require L2 to be 

considerably smaller than L1 • It is also found that, other 

things being fixed, there will be an optimrum value for M, the 

mutual inductance between input and output circuits • 

Considering the equivalent circuit diagrams of Fig. 

4(a), (b), (c). which show represented the 1nterelectrode 



capacities, we see that these capacities produce a number of 

oscillation circuits in addition to the main resonant circuit • 

In addition to producing parasitic oscillations these also 

affect the frequency of the main oscillation circuit, changing 

it from its simple LC value to a somewhat lower value, or 

higher wavelength, due to the small added capacities • In the 

Hartley circuit, the capacity between grid and plate is simply 

ln parallel wlth the oscillatory circuit capacity C • The g•' 

and p-f capacities are not so important, as they are smaller in 

value than the ~-p capacity, and affect the grid and plate 

circuits separately, not the reaction between tham • 

In considering the modifications necessary to produce 

the highest possible frequencies it may be seen from these 

circuits that, in the limit, the C and L of the oscillatory 

circuit reduces to the 1nterelectrode capacity of the valve alone 

and the inductance of the connecting leads • A circuit 

L 

(a) 

'j"' 
I 
I 
I 
I 

(b) 

F\G.S. 

particularly adaptable to the production of very short 

wavelengths 1s that of Fig. 5(a) , sometimes called the 

•ultraudion" circuit • Reducing the inductance to the 

smallest possible values results in the circuit of Fig. 5{b), 

where tbe leads themselves comprise the inductance of the 

oscillatory circuit • The condenser is in series with the 
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grid•plate capacity, which is really the limiting factor, 

since it is of verY small value • In practice the impedance of 

the external capacity is so small as to be negligible in 

comparison with that of the grid-plate .capacity, since it is, 

in fact, found to be a necessary condition for oscillation that 

the condenser C be of much greater capacity than Cgp' that is, 

of lesser reactance • Thus the particular virtue of the 

ultraudion circuit for the production of very short waves lies 

in the fact that it makes use of the internal grid-plate 

capacity of the valve as the main capacity of the oscillatory 

circuit • 

The theoretical problems involved in designing a 

receiver for wavelengths in the neighbourgood of one metre are 

largely included in the case of the oscillator for these 

wavelengths • A one metre oscillator having the characteristics 

of stability of frequency and continuous wavelength control 

over its range, may be converted into a satisfactory receiver • 

It may also be pointed out that since the power required on one 

metre in the receiver need only be sufficient to produce an 

audible beat note, a good receiver operating on a fundamental 

of considerably higher wavelength should be satisfactory for 

oU9 metre reception if it can produce a harmonic on that 

wavelength • Oscillators operating on a harmonic may also be 

used for transmission on very short wavelengths, of course, 

but are not very satisfactory since they are so inefficient, 

most of the power of necessity being produced at the 

fundamental frequency mf the circuit • 

A wavelength of one metre is a fr.equency of 

300,.000,000 cycles per second •. Ordinary beat frequency 



reception requires that the beat note be kept within about 5000 

cycles of zero beat to remain reasonably audible, so that the 

transmitted frequency must be kept steady to within 10,000 cycles. 

This means stability of frequency to within o.oo~ %at one 

metre wavelength • This percentage stability is greater than 

that of many long wave transmitters, so that it is not likely 

that beat frequenow reception will prove satisfactory for very 

short waves unless some form of modulation is used • 

(ii). Errors in Lecher Wires Wavelength Measurements • 

In measuring wavelengths by means of Lecher wires it 

may be necessary to know the relationship between the spacing 

of the parallel wires and the natural frequency of the parallel 

wire circuit, and also whether the resistance of the wires 

appreciably affects the velocity of the waves, since if it does 

it will affect the wavelength measurements • The inductance at 

high frequencies of parallel wires is given by 

L = 4 1 loge 2D 
lr 

and the capacity is given by 

c = 1 

4 v2 loge 2D 
ar 

e.m.u., 

where 1 • length of each wire in ems. 

D = distance apart in ems. 

d = diameter of wire • 

v : velocity of waves in ems. per sec. 



Hence, L C - 4 1 loge 2D • 1 - T 
4 v2 loge 2D 

-a-

• 12 • 
v2 

from which it is seen that the wavelength is independent of the 

diameter and distance apart of the wires • Hence the spacing of 

the Lecher wires is unimport•nt • This is only true so long as 

other oonductors are at a distance from ~he wires which is large 

compared to their diameter and distance apart • 

The .slight retardation of the waves due to the 

resistance of the wires is usually negligible • The expression 

for the velocity of waves along wires when the resistance le 

not negligible is 

where R and L are the effective resistance and inductance in 

consistent uni~s, per unit length of the wires • The following 

data give the approximate dimensions for the particular case 

of the Lecher wires described in the Section on Barkhausen -

Kurz oscillations • 

R ""' 2.2 X 10.-4 ohms per cm. -
- 2.2 X 105 e .m. u. per cm. -

D - 4 ems. -
d - 0.1 cm. -
L • 4 log8 

2 X 4 - 0·845 e.m.u./cm. o.l -



Bence, 

Thus the apparent change in length of the measured standing 

waves on the Lecher wires due to the slower velocity caused by 

the resistance of the wires, is quite negligible in the case 

considered • The error of less than one· part in one hundred 

million is far beyond the accuracy attainable in the actual 

measurements of the lengths of the standing waves • 

(iii). Sizes of Ootls and Condensers Required • 

To obtain some idea of the values of inductance 

and capacity required in a wavemeter for ultra short waves of 

the order of one metre in length, a representative case will be 

calculated • It is also desirable to have some idea of the 

mechanical dimensions of the coils and condensers which it 

will be necessary. to use • Suppose the induc$a.nce to be used 

is a single turn coil of one inch diameter • Then, 

L 

where, R: radius of turn to centre of conductor in ems. 

r = radius of cross section of conductor in ems. 

In this case, R: 1.27 ems. 

r = 0.1 am., say, 

so that , 

L 



= 42.1 ems. : 42.1 x 10-9 henry = 0.0421 miorohy. 

To obtain a wavelength of one metre with this inductance 

requires a capacity whose value may be determined from 

A : 1.884jLC metres, 

where , L : inductance in microhenries • 

C : o•pac1t7 in micromicrofarads • 

Hence, using above value of L , 

A )-z_ ' (,.~J 
\ 

( -----------

c = - 0 ·04-'1-\ t .. ¥¥4- . L 

- 6.69 micromicrofarads • -
This is about the minimum capacity of the smallest available 

rotating plate type of variable condenser • The General Badio 

Company Type 368a midget variable condenser has a maximnm 

capacity of 15 mmfds. and a minimum of perhaps 5 or 6 mmfds., 

so that apparently it should be possible to build the usual 

coil and condenser type of wavemeter for use on wavelengths 

down to at least one metre • 

(iv). Another Type ofWavemeter. 

It should be possible to use a single turn 9f wire 

without any condenser to determine wavelengths, resonance being 

observed by the effect on the plate current meter produced by 

introducing the coil into the immediate neighbourhood of the 

oscillator • MacDonald has shown that the natural wavelength 

of such a single turn circular coil, broken to form a gap at 

one point, is 7·95 times its diameter • 

Thus a one metre wavemeter of this type would consist 



of a eo il 100 
7·95 

-- 12Dcentimetres, or 5 inches in diameter • 

(v). Predetermination of Wavelength of 

Bark.hausen - Kurz Oscillations • 

When Barkhausen and Kurz44 developed their system of 

producing ultra short wave oscillations by means of valves to 

which were applied high positive grid voltages and zero or small 

negative plate voltages, they obtained an approximate formula 

for calculating the wavelengths of the oscillations so produced • 

In developing this formula they assumed that the space charge 

might be neglected, that the valve electrodes were plane 
. 

surfaces, and that the distance between grid and filament was 

equal to that between grid and plate • Their formula, based on 

these assumptions, is as follows : 

"'-= 
where~ is the wavelength in ems., d8 the diameter of the anode 

in ems., and Eg the grid potential in volts • The cathode and 

anode are both at zero potential • 

Hollmann9 has developed this ,relationship -by considering 

the more general case of oscillating electrons moving within 

the valve in an alternating field rather than in a stati.onary 

field • Then by reducing the value of the potential produced 

by the alternating field to zero. the relation simplifies into 

that given by Barkhausen and Kurz • Hollmann's derivation is 

as follows • 

If in the oaloulation we consider instead of the 
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stationary retarding field an alternating field, we may expect 

theoretically a change in the eleotrnn motion and with it a 

change in the frequency • The complete period is given as the 

time spent by an electron in the grid-anode and the grid-cathode 

spaces • It will be assnmed that both spaces are equal, so that 

calculation need be carried out for one space only • 

Assumptions 

(1). Anode and cathode p~tentials are zero • 

(2). The grld is located midway between anode and cathode; 

that is, d8 : d0 • d-. 

(3)• The electrodes are plane • 

(4). Space charges are disregarded • 

(5). The oscillation produces an alternating potential 

only at the grid; -.E0 = Em e in(wt + +) • 
The steady applied grid potential : Eg • 

Then the electromotive force in the interelectrode space is 

V -- Eg + ~in(wt + +l 
d 

' • • • • • • • • • • • • • • • ( 1 ) • 

and the equation for the motion of an electron is found as 

follows, assttming the electron to obey the law of Newtonian 

mechanics that force equals mass times acceleration • 

In this case the force experienced by an electron of 

mass m and charge e , moving in an electrostatic fi•ld of 

intensity V, is equal to Ve •. Hence Ve : - ma , so that from ( 1), 

- e • 
Eg + Em sin(wt • f) 

d 
-- • • • • • • • • • • ( 2 ) • 
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Assume that the electro·n enters the interelectrode 

space at time t = 0 , with velocity v0 , and that at this 

instant also x = 0 • Then from (2) by double integration we 

can obtain the distance"xnt~om the grid of the electron at 

any instant • This is found as follows : 

_e.. E_, + Ew. ~(..,t+{l) 
-

cl 
,. .. 

S ~- ~- ~ -~ · !f ~(wt1c~\} ctt -J cl~)= 0. 

_ £: . E1 • t + ...£.. . E ;""' c...tY..\ ( wtt- <\)) - ~ = f5 . 
'V\'\ J: w 'V\'1 a-. ~ 

.•. Substituting t = 0, and x : 0, when v : v0 , 

-- e.. E~ ~~ ~ - -
W'VV\ J_ 

@ e_ E 
....:.. "\..} 0 -f. ~. ~cp. 

~VV\ J_ 

E"" .c=~(wt-t-.p) - ~. E:J . t 
d._ Wl c.l 

+ '\.) 0 
- ~ _E~-~~· 

WY"Yl cL 



Integrating again , 

1 k =I~~ '=i ~~t-t{>) J.t _ J ~- ~ t cLt. 

-+- Juo clt - s ~ E""' . ~ <(). clt . 
WYV\ L 

~-t K ~ ~ . ~· ~~t+~) _ ~ . ~. !.., + '-~J: _ e . E.,..t"""cQ· 
w"'""' J., 'Wl J:, 1. w~ £L 

.r 

.. K-==-... . 

• •• General expression for 'X" is 

~ . E . t f'l,.+" t + ~ . E f s.:.,.. ~t-t-<(>)- t.-..-c(> _ ~1?. 
~ =. - ~et ~ If " Yl'lcL ~ l w~ w w"' J 

•••••••••••••••••••••••• (3) • 

A simple solution a£ this equation for ••t" is 

possible with the following assumptions : 

(1). The frequency of the alternating field is 

deter-mined by the electron frequency • Therefore, 

if we make x = 0 in Eqn. {3), we get the time "t" 
which corresponds to a half period • For a 

half period , wt : 1( • 

(2). At the timet : O, that is, at the instant of the 

passage o·f the electron .through its meshes, the 

grid receives a negative charge, as most of the 

electrons strike the grid • At this instant, 
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therefore, E0 has its maximum negative value, 

that is, ; must be equal to - ~ • 
2 

Then, since wt : '1( , and + = - ~ , the duration of a semi-period, 
2 

~. is obtained from (3) as follows : 

- 2 E""' ) T _ "\Jo . 

~~)"' 

• • • • • • • • • • • • • • • • • • • ( 4) • 



To evaluate v0 • consider the relation 

t mv2 = .Fx • 
In this case F = Ve,·and x - d • -

• t mv2 • Ve.d • • • 

• V= I 2 ed • V • • • 
·m 

Substituting the value of V from {1), and putting t = 0 and 

~ : « , we have , 
l -~ 

= ~2. ~ \ E:J +E.., ~Lw.0-1)] 
= ~1..-~·(Ej-EYYl). 

Hence. v 0 : j £-· _g,(,Eg :- .i!lm) • • • • • • • • • • • • • • • • • • • • • • • • (5). 

If in (4) we substitute th.e value of v
0 

and of the 

potential in volts, we get the wavelength from 

~ a et • c.21r ·····················~· {6). 

S u.b s tit ut 1 ng ( 5 ) in ( 4 ) , and ( 4 ) 1 n ( 6 ) • we have , 

A._ ~ ~ . '2 . j ~ . 'L (_ Ef E~) 

:a_ l ~ - 2 !:') 

-- ~-re t o'o "' '1. ,c Si SE :rE.... . cl 

~ 1< ~ ( E~ - 4:_:-) J\ cf 



\ '.2. Si I 0\
0 

SEj -Ew. . cL~- . 

~ 'n"s.._to?l'\08 (Ej=-4!:') 

JE;rc:,. L 
E - 4- E-.., 

d t1("' 

~-.cL 
c _ 4E.., 
\..-~ ~IV 
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so that, • 
4040/Eg-Jm • d 

gma. c- •• • • • • •. • (7) • 
:· (!..·" 

4 Em Eg- _....,.. 
~ 

1\" 

Replacing the electrode space "d 11 by the anode 

diameter "da" , where d : d8 by the original assrumption of ....... 
4 

equal spacings between electrodes, and taking the case where 

~ • 0, it la found that 

.. -
4040 j Eg - 0 • ~ 

4 

4 • 0 

1(-z-

1010 • da 
= -----

which is the equation given by Barkhausen and Xurz • 

ems., 
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A wavelength ·formula a1m1lar to that of Hollmann has 

been deveioped by Soheibe (48) for the case of a tube having 

cylindrical elements • Scheibe's formula is as follows ; 

where ]\._ = wavelength in ems. 

c 

e 
ii 

= 3 x 1010 oms./sec. 

= 1.765 x 107 e.m.u.jgm. 

Vfg =-grid potential w1 th respect to filament in volts • 

Vrp =plate potential with respect to filament in volts. 

r 0 =-filament rp1us in ems. 

r 1 =grid radius ia ems. 

r 2 :::plate radius in ems. 
,..:..,.J'X- 1.

t(x)~ x~ e~du • 
0 .... x:l)C.. -\V 

g(t) = xe D e du • 

A table of values of these two functions is given in the 

Appendix ' p.l}4 ) • 

A formula developed by Rostagn154 attempts to express 

the wavelength in terms of the volume enclosed by the grid

plate surfaces, and the electron density at the srid • 

Rostagnl's formula is as follows : 

A=~ _ 3·3~:~o~~ 

where e and m are the charge and mass of an electron , v the 

volume enclosed between grid and plate , and N the number of 

electrons in statistical equilibrium between grid and plate • 
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Since N is a function of both filament cUrrent ana grid 

potential, this formula indicates that A iepenis upon both 

ot these factors • The quantity v 1nclu4es the length of the 

electrodes as a factor, in addition to their spacing, hence A 
is also a function of the length of the electrodes • Rostagni 

states that this formula 'agrees well enough" with experience • 

All of the above formulae were aevelopea for the case 

of oscillations in high vacuum tubes • Jonescu53 has aevelopea 

a wavelength formula based upon the assumption of the presence 

ot ionized gas in the tube • This formula is : 

; j ~- ~-~~ 
A== 

c.. 

where c 1s the velocity of light, : the ratio of charge to 

mass of an electron, K is a constant for the gas present, V is 

the gria potential, and r the grid radius • The gas constant 

K is equal to 91(r2• Ne , where N is the number ot positive 
V 

ions around the grid • Hence, substituting this value for K, 

Jonescu's formula may be re-written ; 

c.... 

This is similar in form to Rostagni's relationship, but N 

now represents positive ions instea4 of electrons, and the 

d.imensions of the tube elements· ~io _not appear • 



IV • EXPERIMENTAL • 

The objective in the following series of experiments 

was the obtaining of an oscillator operating on a wavelength of 

less than one metre with an output of at least sever~l watts • 

Oeclllators producing wavelengths of three or four metres were 

looked upon as preliminary steps • and therefore were not 

further developed unless they showed promise of producing 

much shorter wavelengths • 

{a}.: Investigations on Normal Types of Oscillators • 

(1). Oscillation Indicators • 

Soma method of determining when any circuit is 

oscillating is a necessity in this work • The radiation meter 

in the antenna circuit is not sufficient, as it is not always 

desired to have an antenna connected to the oscillator when 

experimenting • This is an unreliable indication in any case as 

a circuit may oscillate and yet not produce appreciable radiation 

either because of the aerial system being out of tune or 

because of poorly adjusted coupling between antenna and 

oscillator; or the radiation mew not be a measurable quantity 

due to insufficient sensitivity in the radiation meter • 

A wavemeter may be used if it is known that the 

oscillator wavelength is included in its range, or the Lecher 

wires described below may be used • A neon tube indicator such 

as is used for testtng automobile spark plugs will also indicate 

oscillation by glowing when one end is held close to or touched 

to any part of the oscillating circuit • If it glows too 
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brightly, though, it m~ be ruined due to puncture of the 

glass cell at the point of contact • On the other hand unless 

the radio frequency potential 1s about 50 volts or more a 

neon tube will not glow at all, e~en though the circuit is 

carrying a heavy current • 

One positive means of determining whether a circuit 

is oscillating or not is to place a high frequency ammeter of 

the hot wire or thermocouple variety:1n any part of the closed 

oscillatory circuit • This has the disadvantage that it may • 
• 

and in short wave work it was found certainly would, upset the 

tuning and possibly increase the wavelength appreciably 

because of its ~eads • In spite of tl.ds fact this method 

provides one of the best indications of whether or not a 

circuit is oscillating when testing it for the first time, 

the actual wavelength at which oscillation takes place being 

for the moment a minor consideration, so that the added 

induc-tance of the meter and its leads does not matter • 

The plate circuit milliammeter also proyides a very 

useful means of indicating commencement or cessation of 

oscillations • There is usually a marked drop 1n plate current 

when a valve· beg~na to oscillate and a corresponding increase 

when·it stops oscillating • These variations can be observed on 

the plate current meter as the tuning of the circuit is 

altered to stop and start oscillations • When the oscillating 

energy is very small this is about the only means available 

for indicating oscillations • 



{11). Wavelength Measurements • 

Lecher wires were found to provide a very convenient 

means of determi~ing wav~lengths • The oscillator is coupled to 

a pair of parallel wires upon which it produces a series of 

standing waves • Various devices may be used to indicate the 

.location on the Lecher wires of the current nodes of these 

waves, and their length may then be obtained by direct 

measurement of the distances between the nodal points thus 

found • 

The Lecher wires used in these tests were set up as 

shown in Fig. 6 • The wires were made of seven strand cable of 

#22 bare copper wire, each 14 ft. long and mounted 5 ft. 9 ina. 

above the floor on supporting stands • Pyrex strain insulators 

were used at each end • It was later found that solid wire is 

more satisfactory than the stranded wire, as accurate 

adjustments of the sliding bridge can be made on it more 

easily • 

The coupling coil L consists of a two turn coil 4" in 

diameter • c2 and ~ are 3 plate variable condensers with a 

capacity range of about 10 to 40 mmfda. These condensers were 

mounted j11st above the single shelf on one of the Lecher wires 

stands, with 15" spacing between them and Leads 15" long from 

them to the wire a • 

A vacuum tube indicator was used with a milliammeter 

in the plate circuit to "indicate when the aborting bridge was 

located at a node on the standing wave • The grid leak and 

condenser were 2 megohms and 150 mmfds., respectively • The 

milliammeter hai a range of 0 - 0.5 m.a., and the valve used 
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was a UV-199 with 67i volts on the plate • The plate voltage 

was not critical but with a meter of the above range 67t volts 

gives sufficient deflection to be easily read, the normal plate 

current being about 3·5 m.a. This apparatus was mounted on a 

bracket on the Lecher wires stand about 10" below the wires, 

with the batteries on a second shelf just below the first • 

F se:.. 6 . 

The method of operation is as follows : 

The oscillator is loosely coupled to the Lecher wires 

b~ placing it about 6 inches or more from the coil L • With the 

shorting bridge removed tune the wires by varying the condensers 

c2 and "3 , until the plate milliammeter deflection is ·a 

minimum • This will indicate that the grid of the valve ia the 

indicating circnlt is at or near a voltage antinode or loop 

of the standing wave, thus causing the plate current to 

decrease • Tuning the wires alters the potential distribution 

along the wires so as to brt~ the loop to the grid. The 

shorting bridge is then placed on the wires and adjusted until 

the milliammeter again kicks back to a minimum deflection ; 

the bridge is now located across the points of minimrum voltage, 



that is, the nodes of a standing wave, so that it does not 

short cir on1 t any voltage between wires • The 0.0005 micro

farad fixed condenser shown in the bridge is not essential 

and was not always used, but it sometimes gave slightly 

sharper indications than a straight wire bridge • Thus if two 

such points b~ located as described, the distance between 

them will be one half the wavelength • 

A number of alterations were later made in the Lecher 

wires system • The stands illustrated in Fig. 6 were moved 

farther apart •. extending the wires to a length of 30 feet 
. 

to enable a greater number of standing waves to be obtained, 

thus providing a check on results and allowing greater 

accuracy • With the shorter wires usually not more than three 

points were obtained, the wavelengths being rather longer than 

had been expected when the Lecher wires were first set up • 

The vacuum tube indicating circuit was removed 

completely, and a thermocouple galvanometer placed in the 

shorting bridge to act as an indicator • The maximum deflection 

of this meter now indicated when the bridge was located at a 

current loop o·n the standirg wave, since at this point 

maximum current will flow • The variable condensers were also 

removed from.the other end of the wires, and a single wire 

tapped from the middle of the two turn coupling coil • Then, 

instead of loosely coupling the wires to the transmitter, this 

tap was simply connected to the oscillating circuit with any 

length of lead wire required • 

The distance between the two outside points should 

represent a complete wavelength and the third point should be 

exactly midway between the other two if the wave is 
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symmetrical • What actually happened was that the third point 

was nowhere near half way between the two outer points, but 

was usually about one third to one quarter of the distance 

between them • One set of readings was obtained with the two 

distances equal, thus indicating a symmetrical wave having no 

prominent harmonics • This was exceptional, however, Fig. 7 

FIG .7. 

illustrating what was apparently obtained in the majority of 

cases • The deflection points appear at the current loops of 

of the wave, using a thermogalvanometer in the bridge as an 

indicator, being alternately large sharp indications, and 

smaller broadly tuned one • These are just the sort of results 

that were obtained with the Lecher wires, so it seems that the 

waves produced so far have been distorted by harmonics into 

more or less this irregular form • The three points obtained 

on the 14 ft. wires were not enough to verify this fact • With 

the 30 ft. wires, however, several standing waves could be 

obtained, and the successive long and short distances were 

fonnd to check each other very closely • 

The following are the measurements of four standing 

waves of mean wavelength 1.885 metres obtained with the 30 ft. 



46· 

Lecher wires 6 ft. 2.3 ins. 

6 If 2.2 n 

6 n 1·7 n 

6 u 2.7 tf 

These distances all agree within less than one percent of 

their mean value • 

The wires were next set up using solid #16 gauge copper 

wire instead of the 7/22 stranded wire. as it was found that 

the bridge did not slide sufficiently smoothly on the stranded 

wire to_give accurate results. They were first coupled to the 

transmitter by shorting the wires at one end as shown in 

Fig. 8(a) and running a feeder to the middle of this jumper 

from the same point on the transmitter as the antenna feeder • 

This did not give any indications on the thermogalvanometer in 

the sliding bridge, however. so a single turn coil about 3" in 

2_&ft. 

~ E +~ (a). 

~ e : (b). 

~- ' : (c). 

FaG.S 

diameter was bent into the end jumper connection as shown in 

Fig. 8(b), to produce a voltage difference between the wires • 

This arrangement gave readable deflections at each standing 

wave • 

It was noticed that when the connection between the two 

wires was broken there was sufficient pottntial difference 
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betweem t~e•• due to their capacity, to give a distinct shock 

on touching both at once • The scheme illustrated in Fig. 8(o} 

was therefore tried, namely to leave one wire open and connect 

only the other to the transmitter • This worked very well and 

gave good defleatlans • It did not give zero deflection of the 

thermogalvanometer between nodal points, however, there being 

always a certain amount of voltage between the wires • 

Several wavemeters using tuned circuits and galvanometers 

to indicate resonance were also constructed for use on very 

short wavelengths • Calibrations were obtained for these 

meters by means of Lecher wires and the oscillators described 

later • 

One wavemeter wae constructed as shown in Fig. 9, using 

a Weston Model 425 thermogalvanometer as the indicating device • 

The capacity was a. 

three plate variable 

Fa~.9. 
condenser with a range 

of 9·3 to 39.06 mmfds., 

and was in series with 

a coupling coil 

consisting of a single 

turn coil 3n in diameter 

The wavemeter was 

mounted as shown on a bracket 16" long, the leads being kept as 

short as possible and the condenser dial mounted on the end of a 

9" extension shaft of bakelite to reduce body capacity effects • 

The range of this wavemeter as calculated from an estimated 

value of the in:du..ctance and the measured value of capacity, 



should be from 2.72 to 5·57 metres • 

By.placing the wavemeter of Fig. 9 so that the plane 

of the coupling coil was horizontal and thus parallel to the 

plane of the loop formed by the grid wires and bridge in the 

oscillators using the Mesny circuit, the deflection for any 

given w~velength could be very greatly increased • This coil, 

which now consisted of a single turn 2t ins. in diameter , was 

therefore bent into the position shown in Fig. 10, in order to 

get maximum coupling, when necessary to obtain a reading, 
' 

without turning the wavemeter on its side • 

Before being calibrated experimentally from the Lecher 

wires this co-11 was removed and replaced by a straight wire 

inductance • The wavemeter now consisted of simply the 

condenser and ther~g~lvanometer connected by as short leads 

11 eJ Ullt-----~~~ 

Fsc..ll. 

as posstble, as shown in Fig. 11 • Using the Lecher wires and 

one of the oscillators, this wavemeter was calibrated and its 

range found to be from 1.15 to 2.35 metres • 
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Another wavemeter, shown in Fig. 12, was built and 

calibrated • Tuning was done by means of two General Radio Co. 

Type 368 vernier condensers of 50 mm£ds. maximum capacity • A 

Weston Model 425 thermogalvanometer was used as the indicating 

device • The meter and two condensers were all connected in 

series, the leads constituting the inductance • 

FIG. I 2.-

A graduated dial was attached to one of the condensers, 

the other retaining the knob and pointer supplied with it • A 

namber of ranges could thus be obtained by setting the one 

condenser in any given position and calibrating the wavemeter 

over the range of the dial on the other • A stud connected to 

the stator of the first condenser and mounted on the panel as 

shown, allowed this condenser to be shorted out by turning the 

pointer on the knob onto this stud, the pointer being connected 

to the rotor • 

The range with one condenser aborted in this manner 

was found to be about 1 3/4 to 5 3/4 metres, as calibrated on 

the Lecher wires, and also as checked by comparison over the 

top of this range with the General Radio Type 458 wavemeter • 

With this condenser set at its maximum capacity instead 

of being shorted. the range is about li to 3i metres • Very 
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little reduction in wavelength was obtained by decreasing the 

capacity of this condenser below its maximum setting, and the 

calibration curve becomes very flat, giving a very small 

wavelength range and broad tuning • 

(111). Transmitting Oscillators • 

The first osci.llator tested used the circuit shown in 

Fig. 13, and was expected to operate at a wavelength of about 
' 

1.5 metres • T~e aerial system consisted of two similar 

lengths of #8 square copper wire, each 14 3/4 inches long, 

i.e. one quarter wavelength • They were mounted directly on 

the terminals of a hot wire ammeter, supporting themselves 

vertically upwards and downwards as the antenna and counterpoise 

respectively • Coupling to the oscillator was effected by a single 

lead to the antenna side of the radiation meter • 
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The radiation meter used was a 0 - 0.5 ampere hot wire 

ammeter • A Weston the~ogalvanometer was also tried in its 

place, since it was of lower resistance • The inductance L was 

a half turn of 3" diameter of #14 bare copper wire supported 

by the condensers C1 , c2 • These condensers were cut down to 



51· 

13 plates , giving a maximnm capacity of about 100 mmfds. The 

valves used were B.T.H. "B" valves, of which several were tried, 

a Marconi-Osram VT-la, and a UX-20la • The filaments were sttpplied 

their rat~d currents from a 6 volt storage battery • A d.c. 

generator supplied the plate voltage, wh!bh was varied from 

300 to 700 volts with the tubes used • Sockets were used with 

all tubes • A variable grid leak of from 0 to 10 megohms was 

first used, and was later replaced with a resistance box which 

permitted a variation from 0 to 10,000 ohms • The circuit was 
' also tested with the grid leak shorted , and with and without 

a radio frequency choke coil in series with the positive lead 

of the plate supply • 
' With all of these variations no indications whatever 

were obtained on any of the radiation meters used • No glow 
.. 

could be obtained anywher~ about the oscillating circuit with 

a Westinghouse neon tube spark-plug tester • Lecher wires and 

a wavemeter also failed to indicate any oscillations • 

The next oscillator circuit tested was that of Fig. 14 • 

The inductances LP • Lg consist of the two halves of a 4" bare 

copper wire loop • A 0.003 mfd. fixed condenser was connected 

between two of the ends of this loop, the other two being 

connected across the stators of the variable condenser , this 

latter connection serving to support the coil • The condenser 

CpCg was a Cardwell 17 plate variable condenser cut down to 

form two sections as shown • A three element condenser ls thus 

formed consisting of one rotor rotating between two ~eparate 

stators • 

A U.X-201a, a B.T.H. "B", a VT-la, an AT-SO fifty watt 



valve, and several UV-20la valves were plaoed in turn in this 

circuit, but it could not be made to oscillate • The B.T.H. "B" 

valve was then again placed in the circuit and the half ampere 

Lp 

1---1 
c === R 

L9 
------------~----------~ 

hot wire radiation meter replaced by a 115 m.a. the~mogalvanometer. 

When the plate voltage was raised to about 850 volts, so:.,that 

the plate current increased to 30 m.a. , a radiation of about 

40 m.a. was obtained • The "B" valve was then replaced with a 

UV-20la • With a plate cu.rrent of abont 40 m.a. the radiation 

now increased to a maximum of 300 m.a. This valve could not 

however, wit~tand the high plate voltage necessary to maintain 

the plate current, and wonld not rematn in steady oscillation 

for more than a few minutes at a time • Of the other 201& valves 

then tried, the ones whlch gave any radiation were those 

drawing about 40 m.a. plate current • 

More power is required to produce oscillation at these 

short wavelengths than is the case at longer wavelengths, though 

it was found that o~ce oscillation had started the plate current 

could be considerably reduced without causing the oscillations 

to cease • It was possible to decrease the plate current from 

the 40 m.a. necessary to commence oscillations, to about 30 m.a. 

bJ reducing either plate voltage or filament current, without 



53. 

stopping oscillation , although the antenna current varied in 

proportion to the plate current • 

The transmitter of Fig. 13 was again assembled, this 

time using a WX-210 7i-watt transmitting valve and a 5000 ohm 

grid leak • Usually it was necessary to dra• 45 to 50 m.a. plate 

current to begin oscillation, though it would sometimes remain 

oscillating when the plate current was reduced to as low as 35 

m.a. The half turn induct.ance was mounted between the two 
.. 

variable condensers as illustrated in Fig. l5(a) • The maximttm 

wavelength obtai.ned using no aerial was 4·27 metres, but the 

circuit would not oscillate with the condensers at their minimum 

capacities, 'the ·lowes~ wavelength~'at~which it would oscillate 

being 3•91 metres • 

{b) 

(o) 

F, c.. IS. 

It was thought that the wavelength might be lowered by 

shortening the leads of the inductance • The half turn coil was 

therefore removed from its position as shown in Fig. 15(a) and 

replaced as in (b),between the two condenser stators • The 

maximum wavelength as indicated on the Lecher wires was now 4.06 

metres and the transmitter could be made to oscillate at the 

minimum capacity of the tuning condensers • 

Several methods of coupling the oscillator of Fig. 13 

to the antenna system were tried , The various arrangements 
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are shown in Fig. 16 • All three methods gave some radiation 

but the maximum current in the antenna ammeter w~s obtained 

with connection {c) • The antenna and counterpoise, each 35i" 
long, were then gradually cut down to 29", this length giving 

beet results, the maximum antenna current being 0.11 ampere 

from a UX-20la valve • The single coupling wire in (a) must 

be connected to the grid end of the coil • 

__r:--

(a) {c) 

L __ _ 
Fa c.. l6. 

A Weston 0 - 1.5 amp. thermoammeter connected in the 

oscillating circuit showed that the circul•ting current went 

up as high as 0.8 ampere when using the UX-201a in this 

transmitter • 

Fig. 17 illustrates another transmitting circuit which 

was set up and tested, though without results • The inductances 

L1 L2 are single turns 3 inches in diameter with centre taps 
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connected as shown, and shunted by 3 plate variable condensers • 

The grid leak resistance is 5000 ohms • UX-20la valves were 

used, each drawing about 45 m.a. at 250 volts. The min~um 

wavelength of this transmitter should be approximately 2.5 

me·tres • A thermoammeter was placed in the oscillating circuit 

between one end of L1 and c1 to indicate oscillation, but no 

deflection whatever was obtained • 

An oscillator using the circuit shown in Fig. 18 was 

then assembled:~ ~and ,per formed very well • UX-201a valves, 

drawing a total. of 80 - 90 m.a. on the plates, gave a maxim~ 

current of over 1.5 amperes in the oscillating circuit • This 

was indicated by a 0 • 1.5 amp. thermoammet·er connected on one 

,, ' 
I I ', / 

.sooocu 
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side of the sliding bridge on the grid wires • The grid and 

plat·e inductances were simply parallel wires mounted as shown • 

A 5000 ohm grid leak was used • 

This oscillator was then set in operation with the 

bridges across the grid and plate wires set at about half way 

along them • After measuring the wavelength on the Lecher wires 
. ' 

the outside ends of the grid and plate wires were cut off at 
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the bridges, to determine i~ the capacity between them had 

any effect on the wavelength, even though it were aborted by 

the bridge • The wavelength was then measured again and was 

found to have become possibly a centimetre shorter on a 3t metre 

wavelength • Thus in this case these ends have practically no 

effect on the oscillat~ng circuit • 

With grid and plate wires 16 and 29 inches long, 

respectively, and with the ammeter in the oscillating circuit 

as shown in Fig. 18, the maximum and minimum wavelengths 

obtainable were 3·94 and 2.96 metres respectively • By removing 

this ammeter and its leads, shown dotted in the sketch, and 

replacing them with a straight wire bridge shown in full lines 

in the sketch, the minimum wavelength as measured on the Lecher 

w6res was reduced from 2.96 .to 1.885 metres • 

Two AT-50 valves were then tested in place of the 

20la valves in this transmitter , and when the sliding bridges 

were moved almost to the ends of the wi-res, the wavelength being 

then about 3 metres, the circuit began to oscillate • The 

oscillatory circuit current was 0.6 amp. The minimum wavelength 

at which these tubes could be made to oscillate was 2.72 metres, 

as measured on the Lecher wires • 

These valves were then replaced by two 250 watt Marconi

Osram VT-lB valves • The grid and plate wires used were 23 and 

29 inches long, respectively, both paita being spaced 2t inches 

apart • No oscillations could be obtained, even with the 

bridges set at the ends of the wires ao as to give the maximum 

wavelength • A three turn coll 3i ins. in diameter was connected 

acress the ends of the plate wires in place of the straight wire 

bridge, the positive high tension connection being tapped off 

the middle of this coil ,,. -The circu.i t now oscillated at 4.88 
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metres as measured on the Lecher wires, and the tank circuit 

current was over 1.5 mnps. 

The AT-50 valves were next connected in this circuit, 

and the plate wires replaced with the three turn coil connected 

directly between the plates • This arrangement would not 

oscillate, but when the plate wires were replaced in addition 

to the coil but without the bridge, an oscillatory current of 

0.6 ampere was obtained • The addition of the capacity produced 

by the two parallel 29 inch wires in parallel with the three 

turn coil increased the wavelength suffici'ently to allow the 

circuit to oscillate • These plate wires were then again removed 

and replaced by an air condenser composed of two 2 inch square 

~rass plates spaced 3/4 inch • The circuit still oscillated at 

about 3.1 metres as indicated on the wavemeter • 

From this it is clear that the reason the circuit of 

Fig. 17, which is the same as the above arrangement, would not 

operate is that the values of capacity and inductance used 

were too small for the type of valves used, which would not 

oscillate at so low a wavelength u.nder these condi tiona • 

The transmitter of Fig. 18 was reassembled and mounted 

permanently on top of a table 22" by 36" • The grid wires were 

12 ins. long spaced 2i" apart, and the plate wires 18n long 

with the same spacing • The apparatus was arranged as sh•wn in 

Fig. 19, the valves being mounted upside down and connections 

made directly to the pins, no sockets being used • 

When an aerial one metre long and suspended vertically 

between floor and ceiling, was coupled .to ·this transmitter, a 

maximum radiation of 160 m.a. could be obtained at a wavelength 

of 2 metres , with the two UX·20la valves drawing a total 



of 90 m.a. on the plates • The antenna was connected to the 

oscillator as shown with a lead about 4t ft. long , and the 

radiation ammeter connected in the centre of the antenna • 

~ 
Rheostat 
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Operating the above antenna, one metretlong, at ·a 

wavelength of two metres, the current and voltage distribution 

along the wire are as shown in Fig. 20 • Voltage feed was used 

f I (a. '2.0-

1 
and so the feeder had to be connected at either end of the 

antenna, that is, at the point of maximum voltage • The current 

is a maximum at the centre so the meter was inserted at that 

point • 



A maximum radiation of 0.24 ampere could be obtained when 

the plate voltage was increased to give a plate current of jus~ 

over 100 m.a. The UX-20la valves wo~ld not stand the necessary 

voltage,however, and s~opped oscillating almost immediately • 

Two UX-210 valves were placed in this transmitter and 

the same antenna used • At a wavelength of 1.9 metres with 205 

m.a. at 475 volts on the plates, a radiation of over 1.6 amperes 

was obtained, the plates of the valves just turning a dull red • 

Assnming from the condition of the plates that the 210 valves 

were operating at an efficiency of 60%, the antenna resistance 

is found to be about 23 ohms • 

Maximttm radiation was obtained with the feeder connected 

to the top of the antenna and hanging so as to make an angle of 

about 60'0 with it • It was fo~nd that with 1.0 ampere in the 

antenna the current in the feeder was 0.17 ampere • 

The UX-210 valves were found to oscillate with the grid 

leak open ctrcuited. the plate current under that condition being 

20 m.a. at 450 volts • An extremely feeble wavemeter indication 

was obtained at about 1.4 metres • The fa~lty grid leak was 

screwed to the table and so there was a very high resistance 

path through the wood, this being sufficient to permit the 

valves to oscillate • 

The antenna feeder was then taken off the grid side and 

attached to one of the plate binding posts on the bracket 

supporting the valves. as shown in Fig. 21 • With the grid 

leak aborted and the plate voltage increased to 750 volts, the 

plates drawing 135 m.a., a radiation of 0.42 ampere was 

obtained at a wavelength of about 2 metres • The plates turned 

somewhat red with thls load, especially the one not tapped 
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to the antenna • Putting in a 5000 ohm grid leak permitted the 

plate voltage to be increased to 900 volts, the plates drawing . 

F1c..Z\. 

95 m.a. and remaining cool • The radiation was now 0.53 ampere • 

With a plate current of 90 m.a. at 840 volts and uslng a negative 

grid bias of 67 volts, the radiation was 0.38 ampere • By 

decreasing the bias to -22 volts the plate current. increased to 

130 m. a. at 780 volts and the radlation increased to 0.43 

ampere, but the plates heated up • 

The most satisfactory operation can therefore be 

obtained by the use of a grid leak of the proper resistance • 

Using the 5000 ohm leak the plate voltage was increased to 

1050 volts, the radiation going up to 0.6 ampere at the same 

wavelength of 2 metres • The plate current was 140 m.a. 

The parallel plate and grid wires of the transmitter of 

Fig. 19 ~ere then removed and replaced by short jumpers 

composed of clips sprung directly across the plate and grid 

binding posts of the valve shelf, as shown in Fig. 22 • The 

transmitter now radiated 0.1 ampere at 1.3 metres, the antenna 

being one half wavelength long, i.e., 0.65 metre • This was 

with a plate current of about 50 m.a. at 500 volts a.c., and 

the plates remained cold • When the plate current was increased 

to 100 m.a. by increasing tne voltage to 750, the radiation 
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went up to over 0.3 anpere b~t the plates became excessively hot • 

Flc..ZZ. 

·The bases of the two UX-210 valves were then removed and 

the valves replace_d with their plates and .grids connected by 

very short leads • By this means it WaB ~O»ed to reduce the 

wavelength con~;?iderably, bu:t it was found that the circuit would 

no longer oscillate • 

The ultraudion cir cult , shown in Fig. 23, was now 

returned to in an attempt to produce shorter wavelengths than 

had so far been obtained • A VT-la valve was first used with a 

Sangamo .00015 mfd. condenser connected directly to the grid 

and plate pins of the valve by leads 3/4 inch long • A UX-210 

and a UX-20la with their bases removed were also used again in 

this circu.i t • The minimum wavelength obtained with the UX-210 

was 0.865 metre, wtth the UX-20la 0.80 metre, and with the 

VT-la 0 • .850 metre • These wavelengths were measured on the 

lecher wires, but as will be seen below an error was made in 

using the L~cher wires due to the presence of harmonics, so 

that actually the above wavelengths should be doubled • The 

shorter waves were in all probability present, but as the second 

harmonic of the higher wave fundamental • 

In the diagram of Fig. 23 the oscillating circuit 

consists of the grid-.plate capacity of the valve in series 

with the external capacity and the inductance of the leads 



between them • Thus the intereleotrode capacity is the main 

factor in determining the frequency of osclllation • This is 

the reason why the VT~la operated at a wavelength lower than 

the other valves, even though its base was not removed to 

shorten the leads, this valve having a plate-grid capacity of 

about half that of the UX·20la • 

The base was then removed from the VT-la valve to 

determine at just how low a wavelength this valve could be made 

to oscillate, but sufficient energy output could not be 

obtainett to give readings on the Lecher wires, so that this 

wavelength was not found • The valve did oscillate, however, 

a Sangamo .003 mfd. condenser being used between grid and 

plate with 1100 volts 60 cycle a.c. on the plate, and using 

a 120,000 ehm grid leak • Oscillation was indicated by a very 

slight deflection of the radiation meter, which was a Weston 

0 - 115 m.a. thermogalvanometer in the middle of an antenna 

about 15 inche~ long voltage fed from the grid • The shortest 

measured wavelength obtained with the VT•la valve was 1.1 metres • 

Condensers of various ~~pacities between .00015 and .01 

miorofarad were tried between the plate and grid of a VT-la 

valve in this circuit • The wavelength remained constant as 

closely as could be read on the wavemeter, while maximum radiation 

was obtained ·using a plate - grid condenser of about .001 mfd. 

capacity • The radiation remained very nearly constant however 

for any value of capacity between .0001 and .01 mfd. It was 

found that the circuit would not oscillate if one of the 

condenser leads in the oscillating circuit was much longer than 

the other, that is, if the grid and plate circuit inductances 

were too much unbalanced • Altering the length of these leads 



by as little as a millimetre produced a measurable change 

in wavelength • 

A deForest "H" valve, a special short wave valve rated 

at 150 watts input, w,s then tested in the ultraudion circuit 

to determine its lowest practicaile operating wavelength • 

The circuit used is shown in Fig. 23, the grid leak resistance 

Ova~ LIP 
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being varied from 0 to 120,000 ohms and the plate voltage from 

1100 to 1500 volts. a.c. The lowest wavelength· obtained was 

about 2t metres, or about double the minimum wavelength 

Qf the VT•la • 

In calibrating one of the wavemeters by means of an 

oscillator and Lecher wires, resonance points were observed on 

the wires at points approximately midway between the half wave 

points, indicating the presence of a second harmonic • The 

indications on the ther.mogalvanometer of the sliding bridge on 

the Lecher wires were in most cases much smaller at these 

harmonic points than at the nodal pQints of the fundamental 

standing wave • However at a wavelength of about 2t metres there 

were four nodal point indications for each standing wave on 

the wires, the ~acing and galvanometer deflection being 

approximatel~ the same at all points • This was known to be 

a 2t metre wave because it was reached by beginni~g with the 



oscillate r at a wavelength around 5 metres who·se length could 

be determined accurately and checked, and then gradually 

decreasing it • The lt metre second harmonic is therefore present 

and is almost as strong as the fUndamental wave • In the earlier 

work with the ultrauiion the fUndamental was considered to be 

a lt metre wave, and when in measuring shorter wavelengths, the 

harmonic disappeared, the distance between each two nodal points 

on the Lecher wires was assumed to represent a full wavelength 

instead of, as it actually was, a half wavelength of the 

fundamental • There was, very probably, a second harmonic 

present at each wavelength measured, but 1 t was not of sufficient 

strength at wavelengths below 2t metres to give any indication 

on the Lecher wires thermogalvanometer • 

The action of the receiver,as described later,in receiving 

signals when tuned to 2i, 3t, and 4t times 1.6 metres, as well 

as integral multiples, indicates that the 0.8 metre wave which 

was thought to be the fundamental, was actually present and 

being radiated by the oscillator, but as a second harmonic of 

the 1.6 metre fundamental, this being the true wavelength to 

which the transmitter was tuned, in this case, rather than 0.8 

metre as thought when first experimenting • 

Using antennae of the dimensions shown in Fig. 24 with 

a VT-la valve in the ultraudion circuit operating at a 
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wavelength of li metres, the antenna current in each case was 

as shown 1n the figure • The readings were obtained on a 

current squared scale, so that power is directly proportional 

to them • Considering the radiation resistance in case (b) to 

be double that in (a), we see that this transmitter gives the 

same power output at the second harmonic or 3/4 metre 

wavelength as at its fundamental li metre wave • When the 

length of the antenna is increased from one quarter of lt 
metres to one half, thus allowing the li metre wave to be radiated 

as well as the harmonic, the power output at 3/4 metre becomes 

much less, most of the output being at the fundamental 

lt metre wave • 

Being reasonably certain at this stage that a fair 

amount of power could be fed into an antenna at a wavelength 

of 3/4 metre, from a transmitter operating at a fundamental 

of 1{ metres, it was decided to proceed with the construction 

of a li metre transmitter, using a VT-la valve as the source of 

oscillations, and radiate its second harmonic by using a 

selective radiating system tuned to 3/4 metre • 

The complete oscillator and power supply was assembled 

tn one case as shown in Ftg. 25, both filament and plate being 
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supplied with alternating current from two transformers mounted 



66. 

with the remainder of the apparatus and fed through a lamp 

cord and plug which could be connected to any 110 v. 60 cycle 

source • 

The antenna is clipped on to the grid lead through the 

aperture in the t~ of the case, it being intended to use a 

3/4 metre half wave antenna, that is, an antenna 3/8 metre in 

length • 

A grid condenser was not used, as it was found th~t 

increased radiation was obtained without it • The radio frequency 
' choke coils ~ere maae of #16 bare copper wire wound with one 

quarter inch diameter, and were self supporting , no winding 

former being used • The grid and plate choke coils consisted of 

about 15 turns each and the filament coils 10 turns • 

Using a single straight wire .antenna 3/8 metre long with 

a Weston Type 425 thermocouple galvanometer connected in the 

centre as the radiation meter, a radiation of over 115 m.a. 

was obtained from a Marconi-Osram VT-la valve in this transmitter 

without overheating the plate of the valve • Considerable 

variation in operation was observed in testing a number of 

valves in this transmitter, some supposedly similar valves 

giving much less radiation than others, and at the same time 

drawing more plate current and heating more rapidly • 

\ 

(-1 v} • Re oe i ve ·rs • 

The first receiver constructed used the circuit shown 

in Fig. 26 • The antenna was a single wire about seven fe·et 

long suspended vertically between pyrex insulators • A UX-20la 

valve was used • Cl ·is a variable condenser with a range of 
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approximately from 15 to 100 mmfds. It is in parallel with 

an inductance consisting of a 3" diameter coil of three turns • 

.... 
I 
I 

_I 

F, ea. CZfO. 

o2 is a 250 mmfd. fixed condenser and o3 a three plate variable 

condenser • The antenna series condenser o4 consists of two 

brass plates 2" square separated 3/4" in air • The grid leak 

R is variable up to a maximum of 10 megohms • A radio frequency 

choke coil of 112 turns of fine wire wound in a single layer 

on a 3/4" diameter cardboard tube, was connected in the positive 

pla_je battery lead • 

The receiver was tested using 22t and 45 volts on the 

plate of th~ UX-20la valve, but would not oscillate with either 

voltage • Bearing in mind that the transmitters had at first 

failed to oscillate because of insufficient plate current, it 

was thought that this might possibly be the case with the 

receiver. though at the higher waves the U.X~?Ola oscillates 

readily as a. detector with 22-i volts on the plate.·::tThe--plate 

potential was therefore increased to 67t volts and this was 

found sufficient to allow the tube to oscillate over all of 

the tuntng range except about five degrees in one spot • The 

plate voltage was then·increased to 90 volts and the tube could 



be made to oscillate over the complete tuning range of 

approximately 3 to 7 metres • 

68. 

The three turn inductance was no_w removed and replaced 

by a 2 turn coil 3i" in diameter, but the receiver would not 

now oscillate even with 90 volts on the plate of the valve • 

The 3-plate reaction condenser was replaced by an 11-plate 

condenser, and this now enabled oscillation to take place over 

all but a degree or two in one spot on the dial • One turn, half 

turn. and quarter turn coils of 2" diameter were then connected 
I 

in place of the two turn coil • The receiver could be made to 

oscillate over the complete range of all of these when a 

150 mmfd. fixed condenser was connected in parallel with the 

11-plate reaction condenser • 

One stage of audio amplification was added to this 

receiver and the UX-20la valves replaced by WX-199 valves • 

The tuning condenser was tnen replaced by one of 100 mmfds. 

maximum capacity thus giving slightly broader tuning, as the 

tuning previously had been entirely too sharp when using the 

250 mmfd. condenser • There were now two points on the tuning 

dial at which the receiver could not be made to oscillate 

but these were removed by snorting out a pott1on of the choke 

coil • 

The oscillating circuit of the receiver is made up as 

shown in Fig. 27, so that the wavelength range should be about 

from 4 to 7t metres • This was checked experimentally and the 

calculated range found to be approximately correct • Signals 

from the ultraudion oscillator were heard at several points on 

the receiver within this range • An explanation is therefore 

necessary as to how reception conld be obtained at wavelengths 
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of one or two metres with this same receiver • 

When this receiver was being used to receive signals at 

wavelengths much below 4 metres it was not producing an audible 

beat note by oscillating close to the transmitted wavelength • 

What actually too,k place was that the receiver oscillated at a 

wave whose length was such that one of its harmonics was at the 

transmitted wavelength and was of sufficient strength to 

produce a beat note with it • Thus 0.8 metre is the 5th, 6th, 

7th, 8th, and 9th harmonic of 4.0, 4.8, 5.6, 6.4, and 7·2 metres, 

respectively, all. of which wavelengths lie within the range of 

the receiver and may produce the required harmonic • 

Some ~xperiments were then carried out to investigate 

this explanation • On a test made with the transmitter operating 

at about 77 centimetres the signals were heard on the receiver 

at 0, 20, 35, 55, and 77 on the 0 - 100 tuning condenser dial, 

the reaction oondenaer not being varied • These settings 

represent the waves whose 5th, 6th, 7th, 8th, and 9th harmonics 

are at 77 centimetres, that is, the receiver at these dial 

settings was tuned to 3.85, 4.62, 5·39, 6.16, and 6.93 metres • 

This agrees with the receiver's estimated wavelength range • 

The signals were of about equal intensity at all except the 

7th har.monic, which was considerably weaker than the others • 

Thus even if the true fundamental of the transmitter is at 1.54 

metres, as other tests indicate, and the 77cma. is a second 

harmonic, the 77 centtmetre wave must actually be present since 

beat notes could not otherwise be obtained on the receiver at 

odd multiples of 77 ems. 

An attempt was then made to construct a receiver which 

would operate with its fundamenial wavelength in the neighbourhood 
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of one metre • The ultraudion circuit shown in Fig. 28(a) was 

first tested • A 250 mmfd. variable condenser was connected 

o-s,.,.. 

(b). 

f \ ~.7.,7. (Cl). 

between grid and plate of a UV-199 valve by~:leads about three 
' .. 

inches long, a 0 - 5 megohm variable grid leak being used and 

90 volts on the plate • This circuit could not be made to 

oscillate, so the Armstrong circuit shown in Fig. 28(b) was 

investigated • The grid and plate inductances in this circuit 

are similar, consisting of single turn coils about one inch in 

diameter, shunted by 3-plate variable condensers • The condenser 

across the grid coil had one fixed plate removed, reducing its 

capacity considerably • This circuit was tested with and without 

the .00015 mfd. grid condenser and 0 - 5 megohm leak , but it 

also refused to osc~llate • It is more satisfactory, because of 

the difficulty in obtaining suitable variation in tuning wh~n 

the inductance is so small, to use the previons method of receiving 

the very short wave signals, that is, to uae a receiver whose 

fundamental is not at the transmitted wavelength but is a 

multiple of it, so that the receiver operates by the harmonics 

of ita fundamental beating with the received wave • 

As the harmonic method of reception proved quite 

satisfactory, no further investigations were carried out towards 

developing receivers which would tune to wavelengths around 

one metre or leas • 
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(v). Beam Beflectors •.,, 

In order to concentrate the maximum amount of energy in 

the desired direction of transmission, and also to emphasize the 

second harmonic as much as possible and suppress the fundamental 

of the oscillator, it was decided to develop some type of 

reflector antenna to be used with the 1.5 metre osci lla.tor whose 

second harmonic it was desired to transmit • To this end some 

beam projectors w~re built to produce directional radiation 

at 0.75 metre wavelength • 

A parabolic reflector was built of the form illustrated 

in Fig. 29 • The antenna is located at the focus of the parabola, 

the reflector wires about its periphery, and wave director wires 
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along its main axis • The projector was designed to operate at 

a wavelength of 3/4 metre • All wires are 3/8 metre long, or 

one half wavele~th, thus giving a low angle of radiation, and 

tending to prevent radiation of the lt metre wave • With the 

exception of the antenna, all wires are mounted between strips 

of celluloid one inch wide by one sixteenth inch thick, this 

serving both as insulation and mechanical support • The antenna 

itself is mou.nted between small bakelite blocks screwed to the 

wooden framework • All wires are of #16 gauge bare copper • 



Another wave projector was built Of the form shown in 

Fig. 30 • In this case the antenna consisted of ei8ht vertical 

wires spaced 4" apart, and one half wavelength long for operation 

at 3/4 metre wavelength • Reflector wires were mounted behind the 
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antenna on the same framework as shown, the separation between 

the two rows of wires being 4" while the spacing between wires 

of the reflectur was 2" , half the spacing o£ the antenna wires • 

No attempt was made to obtain the phase displacement between 

antenna wires which would give the same effect as the parabolic 

reflector, as is done in the Marconi directional antenna • 

The antenna wires were connected as shown in Fig. 30, 

thus ensuring exactly the same length of path from the feeder 

connection to each wire • Both antenna and reflector wires 

were again mounted between strips of celluloid attached to the 

wooden supporting framework, each end of the wires being 

simply hooked through holes drilled in the celluloid • 

In both of these wave projectors all reflector or 

director wires are entirely separate from each other with no 

electrical connection between them, each w.ire being a stngle 

vertical 116 gauge copper wlre insulated at both ends by the 

celluloid mounting strips • 

The results obtained with these beam reflectGrs are 

described in the following section • 



(vi). Transmission and Reception Tests • 

The empirical "rn audibility system for estimating signal 

intensities is used in this section when comparing strengths of 

received signals • By this system various degrees of signal 

strength are denoted as follows ; 

rl. faint signals, just audible • 

r2. weak signals, barely readable • 

r3. weak signals, but readable • 

r4. fair s1 gnal s, easily readable ·• 

r5. moderately strong signals • 

r6. strong signals • 

r7. good strong signals, readable through interference. 

r8. very strong signals, audible several feet away • 

rg. extremely strong signals • 

The first communication tests were carried out with the 

receiver and transmitter on the first and fifth floors respective!~ 

of the same building • The transmitter, that of Fig. 18, was 

adjusted to a wavelength of about 2.5 metres, using 50 watt 

valves • Signals could be heard on the receiver of Fig. 26 

with any of the four tuning coils, but apparently they were 

due to the commutator ripple. for when a filter circuit 

consisting of a 25 henry choke and two 1 mfd. condensers was 

placed in the plate generator leads, the signals disappeared • 

When the receiver was moved back to the same floor of the 

building as the transmitter, signals could again be heard 

with the filter still connected • 

Using UX-210 valves in the transmitter of Fig. 19 

an extremely sharply tuned continuous wave wn1stle could be 
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obtained with t~e receiver of Fig. 26 • The note was very 

unsteady, however, the signals being quite unreadable • The 

wavelength changed sometimes so that the receiver had to be 

retuned, although the transmitter had not been altered • 

The receiver and transmitter were then moved out into 

the country and set up in the field to determine at what 

distance communication would be possible with the appatatua 

in ita present stage of development • 

The transmitter was mounted immediately inside the 

door of a small .building housing a long wave radio station, 

and located in a field just east of Ottawa • A vertical antenna 

was mounted just outside the door with the lead-in running 

through the open doorway • When first set up the lead-in passed 

approximately 4" from the door jamb, but after changing the 

position of the apparatus to allow the lead-in to pass through 

the centre of the opening, it was found that the antenna 

current had almost doubled in value • It was also noticed that 

by placing one's hand in the immediate vicinity of the antenna 

feeder, the antenna current ~ould be reduced from 1.0 to about 

0.5 ampere, but that no such effect was produced by similarly 

approaching the antenna itself • These effects are due to ~='-· 

the distribution of the standing wave altering as the position 

of surrounding objects changed • 

The wavelength used was 1.91 metres but was not steady, 

and shifted considerably at all times • The received signals 

had a swinging and fading note, mainlJ because of this • It 

was found that by increasing the length of the recelving aerial 

from one quarter wavelength to one half wavelength, a 

considerable increase in signal strength resulted • 
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With the receiver 200 yards from the tra.nsmi tter the 

signal strength was about r5 , The antenna current was 0.8 amp. 

This signal strength remained quite constant until a distance 

of about half a mile was reached • The oscillator was not quite 

in resonance with the antenna, however, and was now retuned to 

bring it into resonance thereby increasing the radiation to 

1.1 amperes • This cha~ged the wavelength slightly, and when 

the receiver was brought in tune again the signals were 

considerably louder , being about r8 • 

At a distance of 1 mile signals were picked up with 

strength r'J, using for the receiving aerial an 18n length 

of #8 square copper wire • At li miles the best signal strength 

was still r7, the note being very mushy • Using a 7ft. 

a•rtal ru~ing 30° above horizontal, the signal strength at 

this distance was r7 to r8 • At 2 miles it had dropped to r6 , 

while at 4 miles signals had just disappeared • 

Weather conditions were fair during these tests, with 

slight rainfall for a short time • The teste were all made in 

daylight, between 3 and 5 p .m. , and the time ef year was the 

middle of Septembe.r • 

The foregoing testa did not yield overly promising 

results but they were sufficiently encouraging to be followed 

by tests on a 3/4 metre wavelengt~ • The transmitter of Fig. 25 
was used with various antenna systems • The receiver used 

was that of Fig. 27, the apparatus being assembled on a base 

beneath which was a sub-base with just enough space between 

the two to carry the batteries • 

Using a vertical straight wire three eighths of a 

metre long as the transmitting antenna, signals were obtained 
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on the receiver up to about 100 feet distance • With this 

same antenna turned into the horizontal, signals could only be 

heard at about half this distance,iue probably to upward 

reflection by the earth • No increase in signal strength was 

noted when using the Marconi type reflector in place of the 

single wire antenna, and no directional effect was obtained 

with it • 

With the ~arabolic reflector as the transmitting antenna 

system signals were heard over about the same range as before, 

that is, within a radius of about 100 feet in any direction 

from the transmitter • The signal strength was greatest with 

the axis of the reflector parabola at right angles to the 

direction of the receiver, instead of being greatest when the 

parabola was pointing towards the receiver • This indicates 

reflection of the lt metre wave due to the wire· in the position 

"B'! shown in Fig. 31, acting as a reflector, since it is one 

quarter of 1t metres behind the antenna "A" • The other wire 

"C" , however, wonld have an equal tendency to produce reflection 

in the opposite direction, eo that the two effects ought to 

balance out • The remainder of the wires on the parabola should 

have practically no reflection effect if the oscillator is 

operating at 1.5 metres only, and in any case would have no 
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tendency to strengthen 75 centimetre signals in the direction 

shown in Fig. 31 • 

With straight wire vertical antennas 3/4 metre long on 

both receiver and transmitter, so as to obtain operation at lt 

metres, signals could only be heard up to the same distance as 

before • It was thought that the received energy might perhaps 

be coming directly from the oscillator instead of being radiated 

by the antenna • To determine whether the antenna itself was 

actually radiating or not, some tests were .carried out with tt 

disconnected from the transmitter • It was found that whereas 

with a vertical transmitting antenna 3/8 metre long, signals 

were heard up to about 50 yards, when this antenna was removed 

signals could only be heard up to about 10 yards, which is 

sufficient eviience that the antenna fs a useful part of this 

transmitter • 

The VT-la valves did not stand up very well in operation 

at these very short wavelengths, even though operated with the 

plate at a low temperature, i.e.,just beginning to turn a dull 

red with the valve oscillating continuously • One valve failed 

by the filament fracturing suddenly • It was noticed that the 

filaments evinced a strong tendency to bow out at the middle 

due to the attraction of the plate • This was especially evident 

whenever the plates became very hot, the filament finally 

touching the grid and thereby further increasing the plate 

current by sb)rting the grid leak and stopping the oscillations • 

The spiral construction of most of the VT-la. filaments allows 

considerable straightening out and lengthening of the filament 

as it tends to be drawn towards the plate, and it may touch the 

~rid before it actually breaks • One valve failed immediately 
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after it was put into the socket • The filament jumped to the 

grid and adhered to it. so that the valve was rendered usaless 

as an oscillator, although the filament would still l~ght • 
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(b). Investigations on Barkhausen-Kurz Oscillat~ons • 

(i). Preliminary Repetition of Earlier Work • 

Before commencing the work on Barkhausen-Kurz 

oscillations some of the oscillator circuits previously 

described were again assembled and tested·. The object was to 

find the lowest practicable wavelength of available valves in 

ordinary circuits, and also to overlap with these oscillators the 

longest wavelengths produced by Barkhausen-Kurz oscillators • 

It was intended to begin with an oscillator the 

wavelength of which could be measured on a General Radio Co. 

Type 358 five meter wavemeter • As a result of the experience 

gained in the previous work it was possible to estimate 

approximately the wavelength of a given circuit from its 

mechanical dimensions • By using the calibrated Type 35·8 

wavemeter the accuracy of the first wavelength measurements 

obtained could be relied upon • Then by developing oscillators 

of continually decre~s1ng-wavelength it should be possible 

to calibrate some form of wavemeters over the complete range 

of wavelengths produced, from 5 metres down to the shortest 

waves obtained • By constantly checking the wavelengths it 

was hoped to avoid that pitfall of some of the earlier 

investigators, including the writer, of mistaking a harmonic 

for the fundamental frequency • 

The ultraudion circuit of Fig. 1 was used in the first 

oscillator assembled • The base of a Marcont-Osram "R" type 
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receiving valve was removed and this valve placed in the 

circu1 t • The oscillator assembly is shown in the p·hotograph • 

l'lg .• 32 .A Sangamo 0.001 mfd. condenser was used as 

the grid-plate bridging condenser and could be moved along the 

parallel grid and ·plate wires shown. to change the wavelength • 

Positive plate potentials of up to 180 volts were applied. and 

the grid-filament connection made direct and then through a 

0.0.005 mfd. condenser and 1 megohm leak, but no indications of 

oscillation were obtained on the plate circuit milliammeter or 

with a neon tube .• 

A UX-20la valve was then tested in the same circuit and 

oscillations obtained on about 3•5 metres • A 1 meg. grid leak 

with no grid condenser was used and a 0.001 mfd. Sangamo 

grid-plate. condenser at the end of 5" straight wires connected 

to the valve socket terminals • Oscillations were indicated 

by the plate current milliammeter deflection when the G. R. Co. 

wavemeter was tuned to the bottom of its range • 

This oscillator was again tested, using the M-0 uRn 

valve, and was finally persuaded to oscillate by increasing 

t·he filament current to 0.72 ampere, with 270 volts on the 

plate • The plate - grid condenser was located near the end 

of the parallel wires • The valve would not. oscillate with 

I_f : 0.7 am:p. or Ep : 200 volts with the condenser in this 

position·, but when it was moved to the end of the wires, thus 

increasing the wavelength of the circuit, oscillations could 

be obtained with somewhat lower filament current • The circuit 

would not oscillate even though If was increased above its 

normal value of 0.7 ampere, if the bridging condenser was 

brought within about 4t' of the valve end of the wires • 
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Oscillations were indicated at 45° on the G.R.Co. Type 458 

wavemeter using a s~raight wire jumper in a double plug unit 

(shown as "B" in Ftg.43) as the inductance • This represents 

a wavelength of 1.83 metres ~ 

Oscillations were later obtained down to 1.79 metres 

with the receiving "R11 type valve in the oscillator of Fig. 32 • 

The shortest wavelength which this valve will produce in this 

type of circuit, using a small grid-plate condenser such as the 

Sangamo, is thus about 1 3/4, metres • 

A UX-852 (75 watt) valve was then connected in the 

ultraudion circuit with 500 volts from "B~ batteries on the 

plate, a 0.0005 mfd. grid-plate condenser, and a 50,000 ohm 

grid leak, but no oscillations were produced • The plate voltage 

was now increased to 1400 volts from a d.c. generator • A 5 

megohm grid leak was used and a 0 - 500 mmfd. Car~well Condenser 

connected directly to the plate and grid leads • Oscillations 

were obtained on 6i metres, as indicated by the wavemeter • 

The plate current was 70 m .• a. and the filament current 3.2 amps. 

the grid~plate condenser being set at its minimum c~paclty • 

With Ep = 1250 volts, Ip = 74 m.a., lf = 3·25 amp., 

and using three 0.0001 mfd. Sangamo fixed condensers connected 

in series by as short le.ada as possible between grid and plate 

of the UX-852 -valve, oscillations were obtained on 2.1 metres • 

The short wave limit of the U.X-852 valve in an oscillatory 

circuit of this type is therefore approximately 2 metres • 

An ultraudion oscillator otroutt was now assembled with 

a de-based UX-210 valve • A 0.0005 mfd. condenser was connected 

to plate and grid by 1" leads as close as possible to the glass 



envelope of the valve • A 10 megohm grid leak was used and choke 

coils inserted in grid, plate and both filament leads • With 

Ep = 400 v., Ip : 5 m.a.., and If :· 1.1 amp., strong oscillations 

were obtained on a wavelength of 1.8 metres • The short wave 

limit of the UX-210 valve in this type of circuit is thus about 

1 3/ 4/metres • This is the same result as was found previously 

in the earlier work • The limit can be further reduced by using 

special condensers of extremely small mechanical dimensions 

inserted inside the valve stem, but without this elaboration 

the practical lower limit is about 1 3/4 metres • 

(11). Ultra Short Wave Wavemeters • 

A series of wavemeters was constructed and calibrated 

over the entire range of wavelengths produced • These are 

illustrated in Fig. 4?• and their calibration curves given in 

Plates I and II • They are labeled A, B, C, and D in order of 

decreasing wavelength range • The first two, A and B, used the 

condenser of the Gene~al Radio Co. Type 358 wavemeter with 

special coils • The inductance of wavemeter "A" consisted of a 

rectangular coil 2-! 11 x i" of #10 solid copper wire mounted on a 

double plug unit which fitted the jacks of the condenser • The 

"B" inductance consisted of a similar plug unit with a straight 

wire jumper connected between plugs • 

Another wavemeter was built using a General Radio Co. 

Type 368a micro condenser, maximum capacity 15 mmfds., with a 

rectangular co 11 1 3/8" by li" as the inductance • Its rang.e 

was found to be too high, however, beirg almost all included in 

that of wavemeter "B", so the inductance was reduced to a 



straight wire 1~ n long • This was wavemeter "0" • The two outer 

rotor plates of a second G. R. Co. Type 367a miorocondenser were 

removed, leaving only one inner plate rotating between the two 

stator plates, and the condenser so formed used in wavemeter "D" 

The soldering lug on the stator was turned towards the rotor 

shaft and a blob of solder placed to join the rotor bearing to 

this lug • Thus rotor and stator were aborted through this 

solder, which formed the inductance • This last wavemeter could 

not be completely calibrated, as the shortest wavelengths 
' 

produced did not cover the bottom of its range • Its calibration 

curve is shown in Plate II • 

The Lecher wires used to calibrate wavemeters A and B 
If 

were those shown in Figs. 39 and 40 • At shorter wavelengths 

these we~e inconveniently and unnecessarily large, as several 

standing waves could be obtained on much shorter wires and the 

already calibrated wavemeters could be used to ensure that the 

wavelength measured was the fundamental and not a harmonic of 

a higher wave • The Lecher wires used to calibrate wavemeters 

c--,an.d D were made of two 35" lengths of #10 sol id bare copper 

wire supported by a valve socket at one end and a thermocouple 

and mic:z-oammeter at tl:e other • The wires were s:paced lt" apart 

by these supports, which can be seen quite clearly in Figs. 

41 and 4? • 

The thermocouple required 50 m.a. in the heater element 

to produce a full scale deflection of 114 mioroamps. on the 

galvanometer • No deflection was observed on this meter at any 

time, the ctr~ent in the Lecher wires apparently being extremely 

small, so that this meter could not be used to indicate the 

nodal points of the standing waves • The method used to locate 



these points was to observe the sh~rp kick or change of current 

in the plate milliammeter as the shorting bridge was slid along 

the wires through each of these points • It is interesting to 

note that it was found possible to obtain resonance maxima and 

minima on the plate milliammeter simply by sliding the finger 

along one of the Lecher wires • Oscillations actually ceased at 

the minima, so great was the absorption of energy • The same 

result was obtained by sliding the finger along the grid or 

plate wires • 

Several methods were employed to couple the Lecher wires 

to the osoill a tor • In one method a wire was connected between 

the grid or plate terminal of the oscillating valve and one end 

of the Lecher wires through a small capacity • A second method 

was to put a loop about the valve and connect it to the empty 

valve socket which supported one end of the wires • Both of 

these methods produced a deflection in the plate circuit 

milliammeter when the sliding bridge ( a grid leak mounting 

with a brass shorting rod, shown in Fig. 4_2 ) was located at a 

nodal point of the standing wave, but the deflection was 

very small and sometimes uncertain • Another method, the one 

usually adopted, was to run a short feeder wire from the valve 

to one of the Lecher wires, one end of the feeder wire being 

clipped on to either grid or plate terminal of the valve socket 

and the other to the end of one of the Lecher wires,as shown 

in Figs. 41 and 4? • This method, though not quite so accurate 

as the others, proved to be the most satisfactory in giving' 

readable de~lectlons, and was therefore generally used • . 
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(iii). Barkhause~~~ttrz Oscillators • 

Oscillations of the usual type had now been produced 

of sufficiently short wavelength to overlap the upper wavelength 

limit of the Barkhausen-Kurz type of oscillations • Attention 

was therefore turned to Barkhausen oscillators, and it was hoped 
.-... ~~ 
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to obtain an unbroken range from those wavelengths already 

produced down to the lowest to be obtained • 

The first Barkhausen-Kurz oscillator circuit tested was 

that of F1g•33(a), using a UX-210 valve with its base removed • 

No results were obtained except a red hot grid and grid 

currents of over 100 m.a. 

A U.X-210 valve was next put into the circuit of Fig. 

33(b), with a 0-250 m.a. hot wire ammeter between grid and 

plate in series w1th two 0.001 mfd. -fixed condensers • Parallel 

wires 3 ft. long spaced It ins. apart were connected to the 

grid and plate • The ammeter and condensers formed a bridge 

circuit across these w~res and could be slid up and down them 

to any position ies1red • Negative plate voltages of 0, 22t, 

and 45 volts were applied and grid voltages of from 22i to 

270 volts positive • The grid current was over 100 m.a. at 

90 volts and burnt out a 250 m.a. hot wire meter st_:.200 volts • 

but no ·indications of oscillation were obtained • 

(a) 
F ,c..33. 

(b). 

~ 
I 
I 



Further tests were made on this oircn1 t with a UX-210, 

a UX-20la. and several "R" valves, with plate voltages of 0, 

-22i, and -45 v •• grid potent1ala up to 270 volts positive, 

and filament currents up to considerably over rated values • 

When the grid side of the parallel wire circuit was made or 

broken at the bridge contact. very slight deflections were 

obtained on the thennocouple meter in the bridge • They died 

away immediately, however, and so were due to transient surges 

rather than continuous oscillations • No indications of 

oscillation were obtained • 

The above "R" valves all had helical filaments • A 

trFotos" valve of the same type but w1 th a straight wire filament 

was then tested, but with the same lack of results • It was 

thought that possibly the reason for the failure of the 

American UX-20la and UX-210 valves to oscillate lay in the 

fact that they had V-sh~ped filaments, and that the European 

"R" valves with straight filament at the centre of a concentt1o 

cylindrical plate and grid. might be more successful in 

producing oscillations, since the Barkhausen action somewhat 

resembles the magnetron oaoillatlon, and the magnetron requires 

a symmetrically constructed plate and filament • However, a 

WD-12 peanut valve having cylindrical electrodes also failed 

to give Barkhausen oscillations, although of similar conatructio~ 

to the "R" valves • 

In all the Barkhausen circuits tested so far, no meter 

was placed in the plate circuit, as it was expected that a 

deflection of the grid meter would occur to indicate the 

commencement of oscillations • It was now found that this was 

not so, any change in grid current occurring upon commencement 
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of oscillations being quite too small to be observable • A 0 - 1 

milliammeter was inserte-d in the plate circuit of the Fotos R 

valve in a Barkhausen~Kurz circuit and immediately it. was found 

that oscillations were being obtained, wavemeter C producing a 

sharp deflection in this meter when tuned to resonance • 

Barkhausen oscillations were first observed with this 

Fotos straight filament "R" valve • The wavelength measured on 

Lecher wires was 81.8 centimetres • This was carefully checked 

to make sure that it was the fundamental and not a second 
' 

harmonic of a 163.6 cm. wave • No deflection whatever could be 

obtained with the wavemeter tuned to multiples of 81.8 ems.-, 

so this was certainly the fundamental • 

The UX-20la and UX-210 valves were now tested under 

similar conditions but could not be made to oscillate • 

The Fotos straight filament nR" valve was then set up 

in the Barkhausen oscillator shown in the photograph of Fig. 41 • 

The grid voltage was varied from 22t to 225 volts and the plate 

voltage left at zero • Values of grid and plate current were 

read over a range of variation of filament current, and graphs 

of these quantities plotted for each value of plate voltage • 

The curves are given in Plates III to XIV, and the data in 

the Appenclix • 

A nttmber of very striking facts immediately stand out 

from these curves • It will be observed that in each case 

oscillations are indicated by a sharp peak in the plate current 

curve, but that no such peak is produced in the grid current 

curve • The grid current curves, shown in Plate III, are, 

as might be expected,of the same form as normal plate current 

curves taken with positive plate voltages • The reason why 



they do not all coincide at the lowest filament currents is that 

the _grid current milliammeter could not be read accurately at 

the bottom of its range • Also the curves were taken on different 

days. and the valve characteristics were found to vary somewhat 

from day to day • It is possible that· there were slight kinks in 

the grid current curves during oscillations which it was beyond 

the accuracy of the meter to record • The plate current was 

always very small. a microammeter being required to reoor[ it • 

Plate IV shows the plate current-filament current 

characteristics for positive grid voltages 'of 22t. 45, and 67t 

volts • As the grid voltage is increased the plate current 

decreases (except at "resonance" values) as might be expected 1 

since the higher the potential of the grid for a given filament 

emission the more electrons will be attracted to it and the 

fewer will reach the plate • The plate current did not reach a 

saturation value for any grid voltage or filament current used • 

In Plate V the grid voltage was 22t v. and no oscillations 

were obtained • When the voltage was increased to 45 the curve 

of Plate VI was obtained, showing a sudden increase of plate 

current at If = 0.6 ampere • It was found that the hwmp in the 

curve indicated the presence of oscillations of wavelength 

140 ems., but that at valu.es of filament current on el ther 

side of the hump no oscillations were produced • Thus in this 

case the Barkhausen oscillations only occurred within the 

extremely narrow range of filament current of abou.t 15 m.a. 

The middle of this range was at 0.6 ampere, which is 

considerably below the normal filament current for the valve 

of 0 •7 a.mpere • 

Similar graphs were obtained for each of the other oases 
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and are shown in the other plates • Plates VIII and IX show 

two curves taken under the same conditions, both with Eg : 90 v. 

but taken on different days • These illustrate the wlde 

variations which sometimes occur from day to day, due possibly 

to throwing off of the occluded gases by the tube elements 

when .heated • 

The general form of these curves is of an exponential 

type, as shown in Plate I} ~rising very steeply as the filament 
~( 

current is increased beyond the normal rated value • When the 

grid voltage is sufficiently high to produce oscillations, in 

the case of this valve about 25 volts or more, a very sharp 

and sudden increase of plate current takes place at certain 

values of filament current, and it is he~e that oscillations 

take place • This maximum occurs at higher values of filament 

current as the grid voltage is raised, the frequency of oscill

ation also increasing • 

The following table shows the decrease in wavelength 

as the grid voltage is increased, f1l.aaeiit-:current'·being 

adjusted to give maaimum plate current in each case : 

• • • 

• • • 

45 

140 

90 

116 

112-i 

107 

135 

100 

157t 

97 

180 

81 

202t 

69 

225 volts. 

63 ems. 

The decrease in wavelength with increasing grid voltage is 

seen to be fairly uniform,with the exception of one or two 

values • One cause of wide variation in results was the fact 

that the valve heated up very quickly at the higher grid 

voltages, so that readings taken while the valve was hot or 

after it had been in operation some time did not check with 

readings taken under similar circttmstances while the valve 
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was cold and had been standing idle for several days • 

At the higher grid potentials there are two and in some 

cases three "resonance" peaks in the Ip - If curve • It was 

found that the oscillations had the shortest wavelength at the 

peak of lowest filament current • The triple peaked curve of 

Plate XII could not be reproduced several days later under the 

same circumstances, only two peaks appearing, the smallest 

being absent • The peaks move to the right as the grid voltage 

is increased, that is, higher filament current is required to 

produce oscillations at higher grid voltages • This is due to 

the fact that, as mentioned bef9re, the normal or non-oscillating 

plate current becomes less as the grid voltage increases, so 

that the filament emission must be increased to produce 

osci 11 at ions • 

At the highest grid voltages used the grid became white 

hot, thus supplying a secondary emission current to the plate • 

The plate current could be reduced by applying negative plate 

potentials, but this reduced the oscillations to zero if the 

negative plate voltage was sufficiently great • In Plates 

XV and XVI a further. Ip maximum was observed at h~gher filament 

currents but as the grid became nearly white hot and the 

normal filament current was considerably exceeded at these 

values, no readings were taken • 
• 

The whole Ip - If curve is more to the right when the 

valve filament is first lit, and the peak slowly shifts to the 

left after the valve has been in operation awhile • 

An interpretation of these results is giveri in a later 

section • 

Several Osram "R" receiving valves were now tested in 



t}J.e Barkhausen-Xurz oscillator of Fig. 41, to see if they would 

produce oscillations of higher frequency than the transmitting 

type "R" valves heretofore employed • With 225 volts on the grid 

in series with a 3000 ohm protective resistance these valves 

oscillated satisfactorily on about 66 ems. wavelength • This is 

about the same wavelength as is obtained with the other valves 

under the same conditione • 

A nttmber of UX-20la and UV-201 valves, a UV-200, and a 

102-D valve were again tested in the same B-K circuit, with 

225 volts on the grid, but no oscillations were obtained with 

any of them • These valves all have M- or V-shaped filaments • 

Some experiments were·-tben carried out on variations 

of the original circuit • 

The condenser bridge across the grid and plate parallel 

wires of Fig. 3-3Cb) were omitted, leaving the circuit as in 

Fig. 34. The choke coils making connections with the grid and 

F I Ci-34-

plate wires were fastened to an inverted grid leak mounting 

whi eh could be slid along the wires, the springs of the 

mounting keeping contact with the wires, as shown in Fig. 41 • 

It was found that oscillations could still be obtained with 

the Fotos straight filament nRu valve in this circuit, the 

wavelength being about 60 - 70 ems. Osoillationa were also 
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obtainea when the filament polarity was reversei, making the 

posit·i~e :filament battery terminal the common connection • The 

curve of Plate XVI was taken unaer the above con41tions • The 

difference between the curves ot Plates XV an• XVI, taken with 

ana without the bri•ge, respectively, is not any greater than 

ooula be accounte4 tor by the variations from 4ay to aay in 

resu~ts obtaine4 from iaentical arrangements • One point of 

interest is that the wavelength was the same for both peaks of 

the aouble-peake4 curve ot Plate XVI, whereas in the other 

multiplewpeaked. curves ·the wavelength d.ewreased. at the lower 

values of filament current • Oscillations were unstable, however, 

at the higher values of filament c~rrent in Plate XVI as the 

·valve became much overheated, so that the wavelength 

measurement here was not very reliable • 

The parallel gri« an4 plate wires of the circuit of 

Fig. 34 were now removed., leaving only the Fotos "R" valve in 

its socket with the choke coils at each terminal, as shown in 

Fig. 42 • Oscillations were obtained as before, showing that 

the gri4•plate conaenser and its connecting parallel wire 

circuit aid not pro4uce the oscillations • The wavelength 

remained the same as with the wires • 

An ol4 war-time G.E.Co. AT-25 valve was then tested in 

the last type of Barkhausen-Xurz circuit • This valve was of 

similar construction to the "R" 

valves previous~y used, but the 

Fig. 35 cylind.rical plate was not mounted. 

concentrically with filament and 

gr14, being offset as shown in 
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Fig. 35 • The tilaraent was not straight but a spiral • 

Oscillations were obtained on a wavelength of 158 ems., but 

they were very weak and unstable, dying away in a tew minutes o 

Some tests were then carriea out on two UX-222 screen-

gr14 valves in the Barkhausen-Kurz e1rcu1t shown in Fig. 36 • 

This type of valve has a strai~ht filament at the eenter of 

cyl1n4r1cal electroies • The screen-grid was usei as the gr14, 

and the circuit was tried. with and. without the 0.001 m.td. grid.

plate conaenser • Gr14 potentials up to +300 volts were appliea, 

with zero plate voltage, but no 

(MOKO, lOO "TURNS, r DIA"'· oscillations were obtained from ----1 
:~::::o.ootpw:o. 

I R.(.A. UX·ltt. either valve • 

The same valves were then 
\. 

testea using the control grid as the 

I_-- grid and the screen-grid as the 

Fig. 36 plate • A plate (screen-grid) current 

ot 15 microaaps. was obtained, whereas in the first case no 

plate current was obtainea • Again no oscillations were 

proauce&, however • 

In Graer to calibrate the "D" wavemeter over the 

lower half of its range it was attempte4 to obtain oeo1llat1ons 

dawn to about 40 ems. in wavelength with the "Fetoa" valve in 

the B-K circuit • Grid battery voltages up to +780 volts were 

appl1e4 and negative plate voltages up to -10 volts • Due to 

a protective series resistance in the gria circuit, when a 

battery voltage of 780 v. was appliea the gr14 current was 

11aite4 to 100 m.a., while the veltage actually being applie4 

to the gri4 was but 500 volts • Even this was too much tor the 

valve, however • No results were obtaine4 except a rea hot 
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plate, a white hot grid., anti a blue glow clue to ionization, 

but no oscillations were producea • 

Various arrangements of grid-plate wires, grid~plate 

conaenser, grid voltage, plate voltage, and filament current, 

were tried, but the lowest wavelength obtained was so.e 
centimetres, proaucei by the oscillator of Fig. 42 using the 

Fotos valve shown in Fig. 41 • 

Through the courtesy of the Northern Electric Company, 

Limited, a number of specially iesigne4 valves were construct&i • 

Dimensional aetails and other data concerning their physical 

characteristics were accurately ascertained. d.uring manufacture o 

It was expectei. that the results obtained. with these valves in 

Barkhausen-Kurz circuits would verify or disprove the 

explanations given for the results obtained previously with 

other valves • An extensive series of tests and experiments 

was carried out with them, but the final result was the s~ne 

in every case ~ no oscillations could be proiuce4 • These 

valves were iesigned with the requirements •f Barkhausen-Kurz 

oscillators in mina, but the &egr~e of vacuum obtaine4 was not 

as high as that in the "R" valves • All of the special valves 

were ••gassyt• and. tended. to become ionized. at comparatively 

lew v~ltages • This may have been the cause of their failure 

t0 proiuce oscillations .·Some of them ha4 tungsten filaments 

ana some barium ani strGntiua oxiae ooate4 platinum filaments • 

Since they failed to generate Barkhausen-Kurz 

escillations, no further aesoription of these valves or of 

the experiments carried out with them will be given here o 
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Several more R valves were pr0curea at this time, since 

this was the enly type with which any success had been obta1ne4 • 

Further investigatiGns were now carriea out with these valves • 

The case of pure Barkhausen~Kurz oscillatiens as 41stinct from 

Gill~Morrell oscillations was concentratea up~n, inasmuch as 

no external grii·plate oscillatery circuit was connectea to 

the valve o It was hopei to fini some correlation between the 

semewhat aiscoraant f1n4ings of other investigators in this 

fiela , ana tG aetermine to what extent the wavelength f~rmulae 
' 

given in Section III (v) are applicable • 

A coaplete set ef plate current ana gria current versus 

gria voltage curves for various values ar filament current up 
~ 

to the rated. filament current of 0.7 ampere were,first taken 

for one of the valves • These curves are given in iP.l,.tes XVIr- XVIII. 

Wavelengths were aeasurei whenever esc1llat1•ns appeared, the 

values being 1ncluaea in the curves • It is seen ~bat the 

appearance Qf oscillations is accoapanie4 by a markea peak in 

the plate current curve, but that unless the emission, that is 

the filamen~ current, is sufficiently great oscillati0ns will 

not comaence,however great the gr14 potential • Also the 

slight 4epressi~n in the gria current ourv& auring esoillations, 

which was prea1cte4 but net observe& in the previous exper1aents, 

(see p.89), is quite eviaent here • 

In the abeve ana in the following experiments the 

circuit use4 was that shown in Fig. 36a • No external grit-plate 

circuit was connectea to the 

~ ~L valve • The plate was jo1ae4 by 
r-\g.v~a. 

short leaas through a meter 

a1rectly to the filament • 
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A list er the R valves usei in the following 

investigations is given below, together with their internal 

ataensioaa, ana gria-plate capacities aeasure4 at 1000 

cycles per secon4 • 

Valve Plate Grid. G-P Oap. 

Length Diam. Raci. Di&Il. Rad.. 

1 • Osraa /J33391 

2.0sraa /110356 

3.0srai1 #51238 

1 • 5oms. 1 • Ocm. 0. 5 0 .45om. 0.225 4. 86JI~as. 

1.5 1.0 o.5 o.~s 0.225 s.46 

1.5 t.o o.s ~.45 0.225 $.•6 

4.0sraa #47186 1.5 

5.0sram #6465 1.5 

6.0sraa #55464 1.5 

7.0essor #45215 1.5 

a.oaram #52283 1.5 

9.Ceesor 116049 1.5 

10.Fotos 1.4 

11 .Ecliswan #1505 1 ~5 

1 .o 

1.0 

1.0 

1.0 

1. 0 

1.0 

0.9 

1 .o 

0.5 0.45 

0.5 0.45 

o.s 0.45 

0.5 0.45 

0.5 0.45 

0.5 o.s 

0.45 0.45 

o.s 0.45 

0.225 6.06 

0.225 4.26 

0.225 5.46 

0.225 4.62 

0.225 5.16 

0,25 5.46 

0.225 4.44 

0.225 5·76 

These valves were pl~ce4 in succession in the 

Barkhaueen-Kurz oscillator circuit ef Fig. 36a and characteristic 

curves obtained tor each or them unier various coniitiene • 

In the tlrst set or curves, shown. in Plates XIX to XXIX, 

values of grii ourrent, plate current, and wavelength versus 

gria veltage, were taken with fixei filament current and 

plate veltage • 

A s1a1lar aet of curves was then taken at constant 

grii voltage ana varying filament current • These are shown 

in Platea XXX to XXXIV an4 cerreapeni to the curves given in 
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the earlier Plates V to XVI • The values of gria voltage chGsen 

were these which lay about the a1iile of the regiens of 

escillatiens 1naicatei by the first set et curves ' Plates XIX 

to XXIX ) • 

These curves show that oscillations occur in iefinite 

~e&1ons" • The wavelength varies in some regular fashion fer 

a tiae aa the grii petential is continuously increasei, ani then 

euiaenly Jumps te seme other very iifferent value • In some oases 

this new value is a subaultiple of the pr.evious one,but not 

always • The wavelength then varies uniformly again until 

another critical gria potential le reachei, when again it Jumps 

abruptly to a value of still an~ther aagn1tuie • Sometimes only 

two regions are teun4 with a gap in between, no oscillations 

occurring at intermeiiate grii potentials where the seceni 

region weuli appear • 

In general oscillations de not appear until saturati~n 
or 

·ia reachei in the valve, closely approachei • One exception 
"' 

te this rule is notei, however, in the case of the Fotos valve 

( Plate :XXVIII ) , which commences to oscillate long bef&re 

saturatien is reachea • 

The general oon41tion 0f escillat1Qn 1n4icatea by these 

curves is as tellews • As saturation is approaohei in the valve 

oac1llat1ons first appear , the wavelength being in the 

neighbourhood of 140 ems. As the grii potential is 1ncreaeea, 

the filament current remaining constant, the wavelength 

aecreases until it reaches abeut 115 ems. Here it euaienly 

irops te about half of the latter value, ana then continues te 

aecrease as the gria potential is further increase& • When the 

grii potential has reachei apprex1aately 80 volts, the 
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wavelength now being 50 ome., a thira region af oscillations 

appears and the wavelength euaaenly Jumpa te 80 ems. or so • 
~ 

• 
Thereafter it tlr•ps but a few centiaetree until the .srli 

petential reaches 120 velts or a&re, when asoillations finally 

cease • As the grla potential is still further 1ncreaaei beyend 

this thira regien et oscillations, ne more regiens are 

1nauguratea no matter hew high the petential is raiaei • With 

some valves there is no plate current except iuring esoillatiens, 

while with others there is aGme plate current at all gria 

voltages but it rises t• a markea peak auring escillations • 

The slight irep in gr18. current corresponiing to the peak in 

plate current ie quite eviaent in the curves • 

The three regiens of oscillation are particularly well 

teplctei in the curves of valve #10356, Plate XX • The seoGna 

region is missing in the other valves • In some cases the thira 

region 1e greatly exten~ea, particularly in the oase af the 

Fot•a valve, Plate XXVIII, where. both first ana eeo$na regions 

are absent • The tw• Cesser valves, theugh apparently similar 

to the ether R valves, failei to proauee oaeillat1ens • One of 

thea arew aeae plate current, the other none • 

Soae of the valves were gassy and gave erratic reeults • 

This waa eviiently the case with valve l47186,wh~s• curves 

( Plate XXII ) are especially irregular • In this case the 
' 

plate current reveraea at tiaes iue t0 pesitive gas iona being 

teraei ana tlewing to the plate • 

The ir0pping grii current characteristic ef Plate XXI 

was aue to the fact that the filament current fell off to 

0.692 ampere at the last of the reaa1nga • 

The gr1i ani plate current versus filament current 
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curves ef Plates XXX to XXXIV are similar to those taken 

earlier with the Fetos valve • They 1ni1cate that the 

wavelength et the thiri oscillatiea region is practically 

iniepenient of filament current, while wavelengths in the 

first two regions :: qb&Q6f.-~ with increasing f11Ulent current • 

(iv). Brief Reception Teste • 

A receiver of the Barkhauaen type was assemblea using 

an Oaram "R" type receiving valve in the circuit Gf Fig. 37 • 

The Barkhausen oscillator fro• which 

Fig. 37 

it was hepea to receive signals 

uaea a similar valve o The receiver 

couli not be ma&e t$ oscillate, and 

no signals ceuli be heara at 15 

feet frea the eeclllater • The 

oscillator waa now meiulatea by means ef a buzzer ceuplea ~· 

the plate circuit, but again nothing was heari • 

A crystal receiver cena1st1ng of a pair et 2QOO ohm 

telephones acress a crystal ietector ana with two 30" lengths 

of wire as antennae, was asaemblei and testei but with ns 

results frea the buzzer modulatei oscillator • 

A turther receptien teat between a telephony 

moaulate4 "R" valve eaoillater and a similar receiver was 

carriei out . A pair of telephones ani a microphone transformer 

were connected in series in the plate circuit ef each oscillator, 

so that eaoh oscillater oeaptiaea beth transmitter ani 

receiver, ani weula have allewei auplex conversations if 

cemaunication ha4 been establiahea • Neither transmitter was 
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heara by the other receiver, however, aa1nly iue te the 

a1ff1culty in eynchrenizing frequencies • With valves ef 

autficieatly eiailar character1et1ce, a4Justea te the preper 

operatiag potent1ale, thie aethoi ef meiulatien ani reception 

eheuli prove feasible • Beth eeo1llatGr ana receiver were 

lecatei in the same room iuring the above testa, with no 

intervening ebJecte • 
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Fig. 39 

Fig. 40 
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V • DISCUSSION ON B!ftKHAUSEH-KURZ OSCILLATIONS • 

The theery ef these eeci1latione given .bY Barkhauaen 

ani Kurz, ana exten4ei by Hollaann, Scheibe, Gill ani Merrell, 

ani others, ioee net explain the extraoriin&rJ effects which 

were ebtainei in th1e investigation • The usual explanation of 

a eleua of electrons oscillating back ani forth between filament 

ana plate, acceleratei by the attraction of the grii, is 

insufficient to explain why the oscillations ehoul4 occur at 

several aefinit~ values of filament current ani not in between 

these values • Breit36 4escribes the proauction of oscillations 

by a methoi somewhat similar to that usei by the author, but he 

obtains oscillations within only one narrow range of filament 

current, while in the author's experiments oscillations were 

toun4 to take place over several very narrow ranges of filament 

current each about 15 to 20 m.a. wi4e • No satisfactory 

explanation is founi by Breit, although several possibilities 

are suggestea • The effect somewhat resembles the numerous 

resonance potential& which are found in gaseous iischarge tubes • 

The valve• usei in these experiments were all high vacuum 

tubes 1 however • 

The several regions of oscillation which occur as the 

grid potential is variea with fixei filament current, also ao 

not appear to be amenable to explanat.1on from the simple B-K 

theory • The Barkhausen~Kurz formula indicates a single 

continuous wavelength curve as shown in Plate XXXV, p.103J • 

The curves obtainei experimentally are each a1v14ed into several 

aiscrete sections, and these ao not coinciae with the B-X curve • 

The explanation does not lie in the presence of Gill-Uorrell 
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oscillations. with an external tunei circui-t resonant at 

several frequencies, since there is no external tunei circuit • 

Nevertheless it will be seen from the following that 

the existing theory is a4equate to explain the experimental 

results obaervea, the complete explanation being a combination 

ot the various proposei theories • 

The first region of oscillations, commencing at gria 

potential& in the neighbourhood of +45 volts, is a region of 

pure electronic (Barkhausen-Kurz) oscillations, and takes place 

in the filaaentaplate space • It follows' the B·K wavelength 

relationship reasonably well, as can be seen from an inspection 

of the curves in this region in Plate XXXV • The curves ao not 

ooinciae, however, the experimental wavelengths being about 8% 
shorter than those calculate4 froa the BAK formula • This is 

explaine& by the tact that the B-K formula is not strictly 

accurate tor valves with cylin4r1cal electro4es, since it was 

aerive4 for the case of plane electroaes, thereby simplifying 

the calculations but 1ntro4ucing an error when applied to the 

cylin4rieal case • If the constant in the formula is 

empirically aoa1t1ea to make the calculatei and experimental 

values of wavelength agree for some arbitrary value of Eg, it 

will be touna that substituting this new value of constant in 

the formul~ will give a wavelength curve which agrees very 

closely with experiaent • This value of constant is later founa 

to be the value aer1vea theoretically by Soheibe in his formula • 

The secon4 region of oscillations consists of pure 

electronic oscillations taking place in the filame~t-gr1a apace • 

•avelengths are consiaerably less than half those of the first 

region, hence they cannot be haraonics of the first region • 
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By substituting the gr14 4iameter tor the plate 4iameter in the 

BQK toraula we tin4 that calculatea wavelengths agree with 

exper1aental as closely as in the first region • Experimental 

values are again slightly shorter than those caleulatei, for the 

same reason • 

The thiri region of oscillations consists of G1ll~Morrell 

oscillations, with the grii an• plate eleotroies forming the tuned 

circuit • This is why the wavelength in this region is so nearly 

constant, merely •ropping a little as the grid. p·oten tial is increae 

aei (see Plate XXXV) insteai of following the B·K curve • It was 

at first thought that the resonant circuit might consist ot the 

parallel wire leatls between the electrod.es anti the valve pins, but 

a calculation of the inauctance of theae leads gave a value of 

0.09 aicrohy. This in combination with the measurea griieplate 

capac1 t,y gi vea a wavelength of 60% higher t·han that observed. • 

Hence the "external" tunecl circuit d.oes not inclucie the lead.a, but 

conaiata only of the grii an4 plate elements themselves • 

Several isolatei wavelength values will be notea in Plate 

XXXV • These were instances of oscillations occurring at single 

critical values of gria potential • Oscillations in these cases 

were unatable an4 teniea to die away • At the values of gr14 pota 

e~tial at which oscillations ehange4 from one region to another 

coniitions were alao unstable, the wavelength ten41ng to Jump from 

one region to the other • 

Plates XXX to XXXIV show that the wavelength of the thira, 

or Gill•Morrell, region is practically iniepenient of filament 

current, as woulQ be expectea , since it is fixea by the natural 

perio4 of resonance ot the gria-plate system • The gassy valve, 

#47186, is again erratic, however • Wavelengths in the 

Barkhausen-Kurz regions d.o vary with f-ilament current, but 
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not in a regular marultir, aom&t1mes ~eor&asing (&.g. valve #1505) 

ana sometimes increasing {e.g. valve #10356 with Eg=52.5v.) 

with increasing filament current • The increase in wavelength 

or iecr•aae in frequency as the filament current is 1noreasea, 

agrees with some calculations maie by F.W.Sears41 • In an 

analytical investigation of Barkhausen-Kurz osoillationa, Sears 

finas that the effect of increasing space charge is to aecreaae 

the frequency • Since the space charge is proportional to the 

filament current, this finaing is in agreement with some of 

the experimental results of _the author • 

Wavelengths calculate& from Scheibe's formula lie along 

a curve similar in form to that or Barkhausen-Kurz, but are 

in closer agreement with experimental values. This,is to be 

expeotei since the Barkhausen-Kurz formula was ievelopei for 

the ~1mpl1f1ea oase of a valve with plane eleotroaes, whereas 

the Scheibe formula was developed for cylindrical electrodes • 

All ot the R valves investigated have the cylinQrical type of 

electrode structure • Since all of the quantities in the 

Soheibe formula are constants for a given valve, except the 

·gri4 voltage, this formula can be written in the same form 

~s the B-K formula, the only aifferenoe being that the constant 

which has a value of 1000 in the B-K formul-. has a value or 

944 in the Scheibe relationship . 

The Rostagnl wavelength formula (see P·39a} is not of 

much value since the quantity N, the nwaver ot electrons in the 

griauplate space, is aiffioult to evaluate accurately • If N 

is consiaerei to be 4irectly proportional to I8 , then the 

wavelength calculate4 from this formula woula vary very little 

with Eg, since Ig increases but slightly beyond the saturation 
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value • On this account 1t was thought that this formula 

might be applicable to the oscillations of the thira region, 

but this prove4 not to be the case • 

Jonescu's formula (see P·39b) oouli not be applied 

to the cases investigate« here since nothing was known of the 

gas content of the valves • If K, the gas constant, is 4eterm1nei 
I 

experimentally to make the formula fit an experimental value, 

this formula then becomes iientioal with that of Barkhausen-Kurz. 

Wavelengths found experimentally for the gassy valve 

#47186 iii not agree with the formulae, as can be seen from 

Plate XXXV • The thira region wavelengths were similar to those 

of the other valves, however, thus providing aiditional ev14ence 

to verify the fact that wavelengths in this region are controlled 

by a tuned circuit • The ionized gas renders the electron 

oacillations quite erratic, but ioes not affect the frequency of 

the resonant gria-plate circuit • The erratic results in the 

first two regions indicate that the wavelengths of oscillation 

in valves containing an appreciable amount of gas cannot be 

represented completely by a formula as simple as that of Jonescu • 

Since there was no aethoi of measuring any alternating 

potential Eo whieh may have been proauced at the grid, Hollmann's 

variation of the B•K formula (see p.,9) was not made use of. 

The insertion of appropriate values of E0 in Hollmann's formula 

woula allow theoretical curves to be obtainea which wouli more 

closely agree with each in41viaual experi•ental curve • The 

presence of this alternating potential at the grii is another 

cause of variation in the exp~riaental curves of the pure 

Barkhausen-Kurz regions • 
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VI. RESUME OF RESULTS OBTAINED • 

A great amount of detail has been gone into in this 

diasertation,.and a lot of time has been spent in recounting 

unsuccessful experiments as well as those which yielded results • 

It was considered best to cover all the work done as completely 

as possible, and to provide a permanent record of it • The 

difficulties which arose time after time due to apparently 

inconsequential details make quite cle~r the importance of 

not neglecting any of trhese • 

The following sections summarize and discuss the 

results obtained and the conclusions drawn from the 

investigations described herein • 

(1). Summary on Ultra Short Wavelength Measurements • 

It was found entirely practicable to construct 

wavemeters using rotating plate type condensers for use in 

measuring wavelengths down to below 50 centimetres • Calibration 

can readily be done by means of Lecher wires • The main point 

to be observed is that the condensers must have very smoothly 

running bearings which do not allow any side or end play • 

Ordinary commercial midget variable condensers allow the 

plates to jump slightly without changing the dial reading, so 

that accurate calibration is not possible • Where extreme 

precision is not required they are satisfactory, however • The 

wavemeter inductance for the shortest wavelengths degenerates 

into the shortest possible connection between the condenser 

plates • 
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Lecher wires were shown to provide a satisfactory means 

of determining wavelengths of the order of 5 metres and less • 

The most convenient arrangement is to use the Lecher wires as a 

primary standard and the usual type of absorption wavemeter as 

a secondary standard from which series of measurements can 

be made rapidly • It is important to make the wires long enough 

to obtain several standing waves • This is in order to increase 

the accuracy by taking the average of a number o.f half wave 1 engths, 

and also to provide an indication of the presence of prominent 

harmonics • 

Various methods of coupling Lecher wires to oscillators 

were investigated • Where the output of the oscillator is several 

watts or more, the best method is to couple loosely a single turn 

coil to the oscillator inductance and run a lead from the coil 

to the wires • Nodal point indications can then be obtained very 

conveniently by sliding a sensitive thermocouple and galvanometer 

along the wires and observing the deflections • 

Where the energy produced by the oscillator is extremely 

small, as in the case of Barkhausen-Kurz oscillations, it is 

necessary to determine the nodal points by observing the 

deflection of the plate current meter as the shorting bridge 

is slid along the wires • In this case the coupling coil can be 

placed about the valve itself • 
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The shortest wavelength pro4ucei was 50 centimetres • 

It required. the backgroun~ of all the previous work ~efore this 

wavelength was finally reaohea and oouli be reliet upon to 

be the funaamental of the oscillator which protucea it • The 

power available on this wavelength was but a very small fraction 

of a watt • The oscillator was of the Barkhausen-Kurz type • 

The objective aimea at in the initial investigations 

(see p.S) was the tevelopaent of an oscillator which oouli be 

used to transmit signals over a iistanoe of 12 miles on a 

wavelength of the orter of too ems. or less • While this specific 

obJective was not reaohei, a certain amount of success was 

nevertheless attainei • It was suoceeie4 in receiving signals on 

a wavelength of 1.9 metres up to a iiatanoe of 2 miles. If 

further tests hai been oarriei out with the larger transmitting 

valves on wavelengths of 3 or 4 metres, reception woula 

aoubtless have been obtainea at the aesirei iistance, since 

other investigators have since successfully communicatei over 

much greater aistances using wavelengths of this orter • It was 

ieairea in these investi~ations to obtain as short a wavelength 

as possible, however, ana ao no further work was &one on the 

longer waves other than to pro4uce ana measure them • 

Results obtainea with reflectors were inconclusive, aue 

to the tact that they were usea with oseilla~ors operating at a 

multiple of their resonant wavelength • The energy pro4uoea 

by the oscillator on the requ1rei haraoni~ was insufficient to 

give a noticeable airectional effect troa the reflector • 
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It was founi that oscillators of the usual types may 

reaaily be mo41tie4 to proauoe ultra short waves town to about 

4 metres in length without ra41oal changes other than retucing 

the inauctance an• capacity ~o small values • By exercising 

especial care in keeping all leats aa short aa possible ani 

using a circuit, such as the ultrau4ion or Mesny, which is 

particularly well aaaptet to the proauct1on of very high freq

u•ncies, small American valves may be mate to oscillate aown 

to about 2 metres in wavelength • European valves, aue to their 

lower interelectroae capacity, will go somewhat lower then this • 

!he shorter wavelength liait of these circuits with stand.ara 

commercial valves la a little unier one metre • However, this 

is possible only with small valves, ani then only by removing 

the valve bases and using coniensers of very small mechanical 

aimensions • No wavelength control remains, •ue to the necessity 

of reaucing everyth~ng to the smallest possible 41mQns1ons • 

(b). Barkhausen~Kurz Oscillators • 

The proauotion of short wavelengths by the metho4 of 

Barkhausen and Kurz was invest1gate4 • It was fauna that this 

metboi enablea much shorter wavelengths to be obtainea than 

coula be proaucei by the usual type of oscillator h;aving high 

positive plate potentials o Only certain types of valve will 

proauce oscillations by this metho~, i.e., those having straight 

or nearly straight cylinirical or spiral cathoiee at or near 

the centre of cylinirical griia ana anoiee, a~though not all 

eymmetr1.Q·al structure valves of this type will proauce 

Barkhaueen oscillations • No larg• valves of thi~ kini wer~ 

available to carry out high pow•r testa with this type of circuit • 
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The filament of the valve is not necessarily of tungsten 

as some writers have statei, since B-K oscillations were obtainea 

with a UY·227, which has an iniirectly heatea oxiie coatea cathoae, 

but tungsten le greatly to be preferrea iue to its more uniform 

emission • Small amounta of gas in the tube will not prevent 

oacillatione, but tena to make them erratic • 

Existing theories of the mechanism of Barkhausen~Kurz 

oscillations were 1nveat1gatea ani the various wavelength formulae 

checkea against the experimental results Obtainei • It was shown 

that the several wavelength formulae coult be reiucei to the 

same form as the original Barkhausen-Kurz formula • This original 

relationship was founi to holi approximately for true electron 

oac1llat1ons, but it was founa that Gill-Morrell oscillations 

also appearei even when no gr14 to plate Lecher wire system was 

connectea to the valve • The proauotion of G-M oscillations unier 

these circumstances is explainea • 

(1i1)e Summarz_on Reception of Ultra Short Waves • 

It waa founi aivisable for reception purposee on less than 

100 centimetres wavelength to use a receiver operating on a 

fun .. amental of 4_metres or more rather than to a:t,j;empt to obtain 

one operating on a funaamental of one metre or less • Harmonics 

of the receiver tunaamental proauce a beat note with the receivea 

sign~l, giving satisfactory re.ception ana at the same time 

allowing the receiver to be tunei over a w1ie range ~ Some form 

of moiulation shoula be ~eei in the transmitter to permit 

satisfactory receptio~, as it is i1ff1oult to obtain a high 
I 

aegree of stability of frequency on wavelengths of the orier or 
one metre or less • All apparatus shoula be mountea absolutely 
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r1g1a ana no vibration of valves or oscillatory circuits 

ahoula be possible • 

The f1eli of Barkhausen~Kurz type r•ceivera was not 

1nvest1gatea very completely, ana it la possible that receivers 

ot~this variety may be much more satisfactory than the usual 

type for reception below one metre • Later 1nvest1gat1ona 

by Okabe52 1na1cate that this is so • 
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VII. FUT~ WORK AND POSSIBILITIES • 

It is suggested that in future work on ultra short 

waves, it may be profitable to investigate the action of high 

power vacuum tubes in Barkhausen-Kurz circuits • Valves of 

one to five or ten kilowatt rating should give considerable 

power if they can be made to oscillate in a circuit of this 

nature, and would greatly facilitate reception and distance 

tests • 

The use of directive radiating systems has been 

investigated to some extent elsewhere with very promising, 

results, and would undoubtedly provide a profitable field for 

further investigations • The same is also true of directive 

receiving systems • 

Investigations are being carried out by the General 

Electtic Company and others on the magnetron oscillator, but 

in this, as in every other type of oscillator so far 

investigated, it is found that by the time a wavelength as 

low as fifty centimetres is produced, the power available has 

been reduced to but a fraction of a watt, or at most to a 

very few watts • 

It would seem advisable, therefore, to give more 

attention to the production of wavelengths of this order by 

means of high power oscillators operating at a multiple of 

this wavelength, and then emphasizing the desired harmonic and 

suppressing the others • Whether any work has been done or 

not in this direction is not known, but it seems that it might 

prove a field worth investigating • 
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As regaria the present applications and future 

possibilities of these high frequencies of the orier of 500 

megacycles, there is at present no practical use being maie 

of them • One possibility is their use as a airection finiing 

aia to nav1Aat1on, either water or air, this being auggestei 

by the fact that the size of a complete iirective transmitter 

ana reflecting antenna system is comparable with the 

4iaensiona of a large size searchlight • 

Consiierable interest has been aroused in aeaical 

circles lately aa to the possibilities of using intense fielis 

of frequencies of this orier for the treatment of certain 

malaiies, usually by the production of artificial fevers • 

Some work in this iirection is now in progress in a number 

of laboratories, ani investigations are being carriei out on 

the effect of these frequenciea on various solutions, such 

aa blooi aolutione • Investigations are also being maie59 on 

the selective heating effect of various frequencies,with a 

view to the proiuction·of localized temperature rises in 

particular parts without affecting eurroun41ng parts • 

A few years ago the General Electric Company built a 

five aetre oscillator using about ten kilowatts, which 

proiucet some remarkable effects o Meters in the neighbouring 

rooms were burnt out; a staniing arc waa proiucea at the eni 

of a single roi in resonanoe with the transmitter; sausages 

couli be cookea by simply hanging them over this roa; 

observers notea that their boay temperature rose an• founa 

that the temperature of the blooi hai actually been maie 

to riae slightly • 
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A report was recently publishei 51 of tests matte by the 

International Telephone ana Telegraph Coapany in which high 

quality two-way telephony was carriei out across the English 

Channel on a wavelength of 18 centimetres • Three iimensional 

parabolic reflectors were usea for seniing ana receiving at 

both end.a, ana the power raiiatei was about half a watt • 

Pree4om from static ani rating is claimei • Similar results 

have also been achievea by Marconi in Italy, where iuplex 

telephony was carriea out over twenty five miles of open water 

on a wavelength of 50 centimetres • 

Bearing these facts in mini, it will be of interest to 

observe what phenomena are proiucea when we obtain a few 

kilowatts of high frequency energy oscillating on a fifty 

centimetre wavelength o 
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VIII t. APPENDIX • 

1 • Calibration of Wavemeter 11 A " , consisting of 

condenser of General Radio Co. Type 358 wavemeter 

and rectangular coil inductance, 2-i" x 3/4" • 

Scale Reading. Wavelength. 

5·00 1.955 metres. 

7·5 1•991 

11.0 2·07 

2 o •. o 2.255 

28.5 2.489 
' 

39·0 2.768 

53·5 3·140 

65·5 3·368 

75·0 3·591' 

86.0 3·774 

93·1 3·937 
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2 • Calibration of Wavemeter n B " • 

consisting of General Radio Co. Type 358 wavemeter 

condenser and straight wire plug-in inductance • 

Scale Reading • Wavelengt_h • 

7·80 121.9 ems. 

15·5 135·9 

25· 151.2 

33· 164•0 

38. 172.0 

52· 195·5 

58·5 207 .o 

71·5 224·5 

80.5 ?38.0 

93. 255·5 

95·5 258.0 
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3 • Calibration of Wavemeter " C " • 

consisting of General Radio Co. Type 368a., 0-15 mmfd. 

variable condenser and li"long straight wire 

inductance • 

Scale Reading • Wavelength • 

go.o 151· ems. 

87·5 149· 

77. 138. 

68. 125·5 

57· 115.6 

45· 102.9 

38·5 95·3 
28.5 83.8 

25· 81.3 

19· 72·4 

15. 66.1 

13·5 64·7 

12·5 62-9 

8. 55·9 



122. 

4• Calibration of Wavemeter n D n • 

5· 

consisting of General Badio Co. Type 368a , 0-15 mmfd. 

variaple micro-condenser with two outer rotor plates 

removed, and blob of solder between rotor and stator 

as inductance • 

Scale Reading • Wavelength • 

97·
0 6g. ems. 

84. 66.1 

72· 62·9 

48. 55·9 

36· 50.8 

Fotos R valve • Eg = 22t volts. 

EP • 0 volts. Rg : 6000 ohms in series with 

grid battery • 

G - P bridge 76 ems. from socket • No oscillations • 

0.5 amp. o.o microamp. o.o m.a. 

·55 2. 1. 

• 6 6. 2 • 

.65 14· 2. 

·7 28. 2. 

·73 40· 2. 



6. Fotos R valve • Eg : 45 volts • 

Ep = 0 volts • Rg : 6000 ohms in series with 

grid battery • 

Wavelength = 140 centimetres • 

0.5 amp. o. microamp. 0.5 

·55 2. 1. 

·58 3· 2. 

·59 4· 3· 
.6 20. 3· 
• 602 10 • 3· 
.61 8. 4· 
.62 8. 4· 
• 64 10 • 4·5 
.66 13· 4·5 
.68' 17. 5· 

·7 22. 5· 

·72 28. 5· 

123· 

m.a. 
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7· Eg: 67·5 volts • Wavelength = 130. ems. 

·5 amp. 0. microamp. ·5 m.a. 

·55 1. 1. 

.6 3·5 3·5 
• 62 7· 6 • 

.625 50· 6.5 

.63 100. 7· 

.632 110. 7· 
• 64 50. 8 • 

• 65 10. 8 • 

• 66 11. 8 • 

• 67 13 • 8. 

• 68 15. 8 • 

·1 20. 8. 

·12 25. 8. 
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8. Eg = 90 volts. Wavelength = 115.6 ems. 

This curve was taken several days later than 9 • 

·5 amp. o. microamp. 1. m.a. 

·55 1. 1.5 
.6 4· 4· 

• 62 6 • 6. 

• 63 7· 8 • 

-635 8. 9· 

• 64 90 • 9· 

• 645 200 • 10. 

.647 250· 10.5 

• 65 200 • 11. 

• 655 150 • 11.5 

• 66 90 • 11.5 

• 67 11 • 12. 

• 68 12. 12 • 

.6g 15· 12.5 

·70 17. 12.5 

·71 20. 12·5 

·72 22. 12·5 

·7 4 30· 13. 
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9· Eg = 90 volts. Wavelength : 146 ems. 

·58 amp. 0. microamps. 6. m.a. 

·59 o. 7·5 
·598 50· 9· 
.6 lOO. 9·9 

.607 140· 10. 

.608 lOO. 10.2 

.€)1 50· 10.5 

.621 5· 11. 

.64 5· 11.5 

.66 6. 11.5 

.68 10. 11.5 

·7 12. 11.5 

·72 18. 12. 

·74 24· 12. 



10. E : 112t volts. g 

·5 amp • 

·55 
.6 

• 65 

• 659 
.66 

• 666 

• 67 

.68 

• 6g 

·7 
·72 

·74 

127. 

Wavelength= 107. ems. 

0. microamp. o. m. a. 

1. 1. 

2. 3· 
8 • 11 • 

9· 14· 

190. 14· 
210. 15 • 
180 • 16. 

lOO. 16.5 

11. 17 • 

13. 17. 

17. 17 ·5 

22. 17·5 



11. Eg = 135· volts. 

·5 amp. 

·55 

.6 

• 65 

• 66 

.661 

• 665 

• 67 

• 672 

• 675 

• 68 

• 69 

·7 

·71 

·72 

·73 

128. 

Wavelength = 100. ems. at 

higher peak, and 

= 85. ems. at 

lower peak • 

0. microa.mp. 0.5 m.a. 

o. 1. 

2. 4· 
6 • 12 • 

30 .• 15. 

50. 15·5 

7· 17 • 

8 • 18. 

100 • 18.5 

200 • 19·5 
240 • 20. 

150 • 21. 

~0. 22. 

13. 22.5 

15. 22·5 

18. 23. 
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12. Eg = 157i volts • 

Wavelengths : 97, 82, and 69 ems., at highest, middle, 

and lowest filament currents, respectively. 

If Ip Ig 

·5 amp • o. microa.mp. o. m.a. 

·55 o. 1. 

.6 2 • 4· 
• 64 3· 10. 

.645 5· 11. 

-651 20. 12 • 

• 655 10. 13· 

.656 5· 13· 

• 66 6 • 16. 

.665 1· 17. 

• 667 7· 18 • 

• 669 20 • 18.5 

• 67 60. 20 • 

• 677 190 • 20.5 

.68 20. 22 • 

• 683 9· 24· 

• 6g 190 • 26. 

• 696 220 • 27. 

·7 170. 27 ·5 

·706 100. 27.6 

·714 13. 28. 

·72 13. 28.5 

·73 17. 29· 

·74 18. 29. 



13. Eg = 180. volts • 

Wavelengths : 89 and 80 ems. at higher and lower 

If resonance points • 

•5 amp. o. microamp. o. m.a. 

·55 o. 1. 

.6 1. 4· 

.65 4· 13. 

• 68 B • 23 • 

• 681 9· 24· 

.683 50· 25· 

.684 100. 25·5 

• 688 260 • 27. 

.69 140· 28. 

.692 10. 29· 

• 695 10 • 30· 

·7 150. 32· 

·707 190. 33. 

·71 170. 33·5 

·72 50· 35· 

·725 15. 35·5 

·74 18. 36· 



14 • Eg = 202t volts. 

Wavelength : 67 ems. at lowest filament current Jeak • 

·5 amp. o. 

·55 1. 

.6 2 • 

• 65 4· 
• 665 10. 

• 67 200 • 

.68 750. 

.685 450. 

• 69 200 • 

• 692 10 • 

·7 250· 

·702 180. 

·708 580. 

·72 280. 

·747 20. 

I p 

microamp. 

I 
g 

0.5 m.a. 

1. 

4· 

14· 
20 • 

20 ·5 

24· 

27·5 

29·5 

30·5 

35· 

36· 

39· 

40·5 

44· 



15. Eg = 225. volts • 

Wavelength : 63. centimetres • 

·5 am:p • o. microamp. o. m.a. 

·55 o. 1. 

.6 1. 4· 

.65 2. 14. 
' 

• 67 6 • 20. 

-673 7· 21. 

.68 350. 24· 

.695 1000. 31· 

·7 700. 35· 

·705 10. 40. 

·71 800. 44· 
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16. ~g : 225 volts. 

Wavelength = 67 ems. at both points of oscillation • 

·5 amp • 0. microamp. o. m.a. 

·55 o. 1. 

.6 1 • 4· 

• 65 4· 15· 

.68 10 • 27. 

• 687 11. 31· 

• 6g 120 • 32· 

.6gB 400. 36· 

·7 180. 39. 

·704 15· 42. 

·71 450. 44· 

·72 630· 47. 

·73 580. 49· 

·74 1200. 52· 



!able of Values of t(x) ana g(x) in Aiolt Soheibe's 

wavelength termula (p.J9a) • 

X f(x) 

o. o. 
0.1 0.00993 

0.5 .21228 

o.a .42568 

1 .o ·53808 

1 .2 .60872 

1.5 .64237 

g(x) 

o. 
0.010 

.289 

.998 

2.03 

4.088 

12. 190 

1 .8 .63419 40.36 
~ 

2.0 .60268 98.01 

3.0 ·534 

4.0 .516 - -
s.o .510 - -
7·0 .504 .., -
00 .soo - -



!' . 

. ' ,. . . . . - .. .. ··-~~''''' ........ ~.. .. . .. '- ----·~~:-;·· -~-~ 

- --

ULTRA SHORT RADIO WAVES 

by 

W. H. MOO RE, B.Sc. 

REPRINTED FROM THE JOURNAL OF THE F'R.ANKLIN INSTITUTE, 

VoL. 209, No. 4, APRIL, 1930. 

11 



ULTRA SHORT RADIO WAVES. 

BY 

W. H. MOORE, B.Sc., 

Physics Department, McGill University, Montreal, Canada. 

INTRODUCTORY. 

The term short waves is a rather indefinite one, and has 
generally been considered to mean wave-lengths of less than 
one hundred meters. It is a purely relative term, of course, 
and when. we say ultra short waves, we use an even less definite 
term, of the second order of relativity, so to speak. 

At the Hague Conference held in September, 1929, it was 
decided by international agreement to adopt officially the 
following nomenclature for the classification of wave-lengths. 

Long. 
Medium. 
Intermediate. 
Short. 
Ultra short 

3000 meters up 
200-3000 meters 
so- 200 meters 
I o- so meters 

less than IO meters. 

The scope of this paper is confined to the ultra short wave 
band, and deals mainly with wave-lengths of the order of 
one meter or less. 

EARLY EXPERIMENTS. 

The production of very short electromagnetic waves is not 
at all a recent development. In Hertz's original experiments 
in 1888 he employed one oscillator which operated on a wave
length of 6o centimeters.1 This particular oscillator con
sisted of two copper sheets each 40 centimeters square and 6o 
centimeters apart connected to two polished gilt balls two or 
three centimeters apart. Spark coil excitation was used 
to set the system in oscillation, and the wave-length deter
mined by calculation from the mechanical dimensions of the 
circuit. 

Lodge in 1890 obtained oscillations in a single metallic 
sphere five centimeters-in diameter, but found it much easier 
to obtain oscillations with larger spheres. 2 Sir J. J. Thompson 

473 
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has shown that the oscillations from pole to pole of a charge 
upon a conducting sphere causes radiation of wave-length 
equal to 1.4 times the diameter of the sphere. Thus in the 
case of Lodge's five centimeter sphere the wave-length was 
seven centimeters. 

Nichols and Tear 3 in 1923 published the results of some 
work in which a method of obtaining electrical oscillations 
was developed by which wave-lengths down. to 1.8 millimete~s 
were proquced. In this system the oscillator consisted of 
two tiny tungsten cylinders which formed the electrodes of an 
oil:..immersed spark gap. In the particular oscillator with 
which the 1.8 millimeter waves were obtained, these cylinders 
were 0.2 millimeter long and 0.2 millim€ter in diameter, 
separated by a gap of 0.01 millimeter. The system was ex
cited by applying a potential of 30,000 volts at frequencies of 
soo to 1 ooo cycles to the oscillator, a water resistanc'e, and a 
condenser, all in series. A radiometer type of receiver was 
used. 

The longest heat waves so far measured have a wave
length of about 0.3 millimeter. Thus there remained to be 
explored a gap extending from 0.3 to 1.8 millimeters, to com
plete the spectrum between heat and electromagnetic waves. 

Within the last few years experiments carried out by a 
number of investigators have resulted in the closing of this 
gap, and over a narrow overlapping band of wave-lengths it is 
now possible to produce oscillations by either heat or elec
trical methods. This work has been mainly dcne by extend
ing the lower limit of electric waves, as it is found that above 
about 0.3 millimeter in wave-length oscillations are more 
easily produced by electrical than by thermal methods.4 

Glagolewa-Arkadiewa has obtained waves down to 0.082 

millimeter in length by electrical means. 5 She used as oscil
lators finely divided metallic particles suspended in a viscous 
oil. A coating of the tesulting gummy mixture was applied 
to the surface of a wheel rotating between the sparking 
electrodes. 

TYPES OF VALVE OSCILLATORS. 

Turning. now to electron tube oscillators we find that 
investigations have been carried out along a number of lines 
with a view to producing electrical oscillations of shortest 
possible wave-length. 
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It has been found by a number of experimenters that 
stable oscillations may be obtained down to about two meters 
in wave-length using standard types of vacuum tubes and 
simply reducing the constants in conventional types of oscil
lating circuits. Below about two meters major difficulties 
begin to appear. High power tubes can no longer be used 
because the dimensions of the valve elements themselves are 

FIG. I. 

O·OOIJ.I.FD. <.ONDE.NSE~. 

-r-
.I 
I 

I ME'G. I 2.00 V. I 

GRID LtAK I 
I 
I 
I 
I 

ULTI2AUDION 05CILLATOR. 

sufficiently great, even though the external oscillating circuit 
be reduced to the smallest possible mechanical dimensions, to 
maintain the natural wave-length of the circuit at some value 
p.ossibly in the neighborhood of three or four meters. One is 
thus compelled to use low power valves, usually either five or 
seven and a half watt transmitting valves, or else receiving 
tubes. 
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By removing the four prong base of a standard 201a type 
vacuum tube and connecting a mall 0.001 microfarad fixed 
condenser between the grid and plate leads as close as possible 
to the glass envelope, a short wave oscillator is obtained which 
will give wave-lengths down to below one and one-half meters 
(Fig. 1). This circuit is really the familiar ultraudion circuit, 

FIG. 2. 

MESNY ULTK'.A SHO~T WAVE CIRCUIT. 

the oscillating circuit being reduced to the capacity of the 
fixed condenser in series with the internal grid-plate capacity 
of the valve and the inductance of the two short straight wires, 
each possibly an inch long, making connections with the grid 
and plate. 

In an oscillator of this type the oscillations are not very 
stable, and the wave-length is not variable since the tuning 
of the circuit is fixed at a value determined largely by the 
internal interelectrode capacity of the valve. By extending 
the length of the grid and plate wires and moving the fixed 
condenser up and down these wires the wave-length may be 
varied and adjusted, but this immediately increases its length 
to two meters or more. 
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The push-pull circuit developed by Mesny has been widely 
used in experimental work, and produces somewhat more 
stable oscillations than the above circuit as well as allowing 
greater control at shorter wave-lengths Fig. 2). This circuit 
uses two vacuum tubes whose grids and plates are paralleled 
through inductances, the center tap of each of which is con
nected to the filament. The grid and plate inductances 
usually take the form of parallel straight wires joined by a 
shorting bridge. With this circuit stable oscillations may be 
obtained down to below one meter, and the wave-length can 
be varied by sliding the bridges along the grid and plate wires. 

Positive potentials are applied to the plates in these oscil
lators, and either grid biassing batteries, grid leaks, or simply 
a straight wire connection to the filament is used. Oscillation 
takes place and is produced in the usual way as in circuits 
operating on the longer wave-lengths, the wave-length being 
determined by the values qf inductance and capacity in the 
external circuit, and also by the fixed grid-plate capacity of 
the particular tube in use. 

In an article written by C. R. Englund 6 a considerable 
amount of experimental work is described from which the 
conclusion is reached that with ordinary commercial vacuum 
tubes now on the market the lower limit attainable is a wave
length of about one and a half meters. This agrees with the 
investigations carried out by the author for the Research 
Council of Canada during the summers of 1926 and 1927. 
In these experiments an oscillator was obtained working on a 
wave-length of less than one hundred centimeters, but by the 
time the wave-length is reduced to a value as short as this, the 
oscillating circuit has been reduced to the smallest possible 
mechanical dimensions, almost no variation or control of 
frequency is possible, and the oscillations are sometimes none 
too stable. The types of circuits used were mostly more or 
less conventional circuits with the inductances and capacities 
reduced to very small values. The oscillating circuit induc
tance usually degenerated into straigh~ wire leads joining a 
small capacity to the grids and plates by the shortest possible 
route. 

A distinctly different type of high frequency os.cillator 
was deve~oped by Barkhausen and Kurz about 1920. 7 The 

VOL. 209, NO. 1252--33 
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usual plate and grid potentials were reversed in polarity, a 
high positive voltage being applied to the grid and a small 
negative or zero voltage being applied to the plate (Fig. 3). It 

I 
I 
I 

I 
I 
I 
I 
I 

FIG. 3· 

CII(CUIT FOR THE PI<.OVUCT\ON Of BARKHAUSHt-KUIU. 

AND Ct\LL-MO~RE.LL 05CILLATIONS 

was found that this connection could be used to produce ex
tremely high frequencies, wave-lengths of the order of one-half 
meter and less being obtained. The explanation was that the 
oscillations took place entirely within the tube, and consisted 
of pure electron field vibrations about the grid. The hot fila
ment emitted clouds of electrons in the usual way, and these 
electrons were drawn at a high velocity towards the positively 
charged grid. A large proportion pass through the grid spaces, 
are repelled by the negative anode, again attracted through 
the grid, and repeat the process. Thus the frequency of 
oscillation is largely determined by the time required for the 
individual electrons to traverse the interelectrode spaces. 
This in turn depends on the applied field, so that the ~req uency 
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is considerably affected by the potentials used. No external 
oscillating circuit is used and the constants of the external 
circuit do not affect the wave-length generated. The amount 
of energy radiated by an oscillator of this type is, as might be 
expected, a very small quantity and can scarcely be considered 
to be of value except for measuring purposes. 

In experimenting with the Barkhausen-Kurz type of 
oscillations two other investigators, Gill and Morrell, found a 
third type of oscillation produced.8 Using a circuit of the 
Barkhausen variety (Fig. 3)! having positive grid potentials 
and negative plate potentials, oscillations were obtained hav
ing the properties of the usual type of circuit in which regen
eration builds up oscillations in a resonant circuit. In the 
Gill-Morrell experiments the values of inductance and capac
ity in the external circuit control the frequency. Wave
lengths obtained are considerably lower than those obtained 
with the first type of circuit in which positive plate potentials 
are used. 

Another system which has been investigated for the 
production of very high frequency oscillations uses the 
magnetron vacuum tube. It is found that a two element 
vacuum tube may be made to generate oscillations under 
certain circumstances. If the anode consists of a circular 
cylinder with the cathode a long straight wire filament at its 
center, the superimposition of an electromagnetic field of uni
form strength with its direction parallel to that of the filament, 
will, if the field is strong enough, prevent electrons from the 
filament from reaching the plate, and they will move in circu
lar orbits whose diameter is less than that of the plate. It is 
found, however, that there is sometimes a small radio fre
quency current flowing to the plate which may be detected 
on hot wire meters. Japanese investigators have used this 
fact to obtain some promising developments in the produ.ction 
of very short wave-lengths. 9 A minimum wave-length of 5.6 
centimeters was obtained. To get the shortest possible 
waves the anode diameter had to be reduced and this· decreased 
the intensity of the oscillations. It was found that the wave
length could be calculated approximately from the semi
theoretical formula}.. = 2ct, where c is the velocity of light and 
t is the time taken for an electron to travel across the anode-
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cathode space. A receiver of the Barkhausen type was 
employed. 

FREQUENCY DETERMINATION. 

When a circuit has been obtained which gives stable 
oscillations at high frequency, the problem still remains to 
find out exactly what this frequency is. In the case of the 
oscillators of Hertz, Lodge, Nichols and Tear, and other ex
tremely high frequency oscillators of that type, the frequency 
was determined by calculation from the measured constants 
of the circuit. This can be done with whatever type of oscil
lator is used, but it is usually desirable to have some con
venient method of accurately determining wave-lengths by 
comparison with some calibrated variable standard. The 
usual method of loosely coupling a calibrated circuit, consist
ing of a known value of inductance and capacity to the oscil
lating circuit, can be more or less satisfactorily used down to 
about two meters. The indication of resonance is obtained 
either from a thermocouple or hot wire instrument in the 
wavemeter circuit, or from the deflection of the plate current 
meter in the oscillator circuit as the two circuits come into 
resonance. However, the mechanical dimensions of the 
capacity and inductance of this type of wavemeter become 
very small when one gets down to about two meters. Using 
a General Radio Company vernier condenser having five 
semi-circular plates about one and a half inches in diameter, 
maximum capacity 15 micromicrofarads, to obtain a wave
length of two meters would require an inductance of a single 
turn coil approximately one inch in diameter. . It is obvious 
that to produce any measurable indication of resonance with 
an oscillatory circuit of similar dimensions, quite tight coupling 
must be employed between wavemeter and oscillator. This, 
of course, introduces errors into the readings, and it can readily 
be seen that the constants necessary to obtain a wavemeter of 
this type to measure waves 100 centimeters or less in length, 
would require impracticably small values of inductance and 
capacity. - By far the most satisfactory method of measuring 
these short waves is to use the arrangement devised by Lecher. 
A pair of parallel wires is coupled to the oscillator and standing 
waves produced. A shorting bridge on these Lecher wires is 
slid backwards and forwards and indicates the position of the 
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nodes and antinodes of the standing waves. The wave-length 
is thus determined by direct measurement of the distances 
between these points. This type of wavemeter is not as sim
ple as it may sound, if very accurate results are desired, but 
a number of refinements can be introduced. The indications 
of nodal points may be obtained either by observing the 
deflection of the plate current meter in the oscillator, or by 
using an indicating device directly in the shorting bridge on 
the Lecher wires. If the latter method is used, a small cor
rection must be introduced due to the effect of the thermo
couple, neon tube, or other indicating device used in the 
bridge. Wave-lengths down to a few centimeters in length 
may be readily measured with the Lecher wires type of wave
meter. 

POWER OBTAINABLE. 

In the oscillators of Hertz, Lodge, and Nichols and Tear, 
the amount of power radiated is extremely small. Very 
delicate receivers can give measurable indications of reception 
up to distances of only a few meters. With what we shall 
call the normal type of valve oscillating circuits, that is, those 
in which oscillations are· built up at the natural period of the 
circuit by regenerative action, the maximum power available 
is of the order of a fraction of a watt, since to produce waves 
as low as 100 centimeters, the smallest type of receiving tubes 
must be used. 

With Barkhausen-Kurz types of oscillators the amount 
of power obtained. has, so far, been very small, since low power 
valves have been used in the experiments. It would seem 
that greater power might be obtained by the use of high power 
valves in a circuit of this nature. The Gill-Morrell type of 
oscillations have been obtained with considerable intensity, 
as compare~ with Barkhausen-Kurz oscillations, but the 
maximum amount of power involved is still a matter of but a 
few watts. Here again there appears to be room for investiga
tion with high power vacuum tubes. 

The magnetron oscillator was originally developed on a 
high power scale, tubes having been designed to operate at 
power frequencies with an output of many kilowatts. As the 
frequency is increased, the dimensions of the tube must be 
decreased, so that less power can be used. However, at a 
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wave-length of 40 centimeters, sufficient oscillating energy 
can still be produced (probably a few watts) to enable ·readable 
signals to be heard at a maximum distance of one kilo~eter. 10 

In this particular experiment the actual wave-length employed 
was 41 centimeters and the anode voltage 1 ,ooo, with goo cycle 
modulation. Single Hertzian resonators were employed at 
both transmitter and receiver, with the addition of a parabolic 
reflector and collector at the transmitter and receiver respec
tively. A system of director chains and wave canals was also 
employed with a very marked improvement in results. These 
consist of a series of Hertzian resonators, that is, simply full 
or half wave vertical antennre, mounted along the axis of the 
parabola of the reflector. The receiver consisted of a crystal 
detector at the center of the Hertzian resonator, with a three
stage amplifier for the modulation frequency. A Barkhausen 
type of receiver has also been employed with.somewhat better 
results in detecting modulated waves in the neighborhood of 
1.5 meters. 

Modern investigators have been able to obtain a consider
able amount of power on centimeter waves by the use of high 
frequency sparks, and in one case a radiation of fifty watts 
on a wave-length of 28.6 centimeters has been obtained,11 

using shock excitation from high frequency sparks. 

REFLECTORS AND BEAM SYSTEMS. 

An extensive series of investigations carried out at Tohoku 
Imperial University, Sendai, Japan, have demonstrated the 
practicability of using parabolic reflectors and wave directors 
on wave-lengths below five meters.10• 12 The above experiment 
on 41 centimeters by the same investigators shows that the 
types of reflectors and directors already developed can be 
very readily employed, and with great advantage, in conjunc
tion with oscillators producing waves less than 100 centi
meters in length. 

POSSmiLITmS. 

As regards the present applications and future possibilities 
of these high frequencies of the order of soo megacydes, there 
is at present no practical use being made of them. One 
possibility is their use as a direction finding aid to navigation, 
either water or air, this being suggested by the fact that the 
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size of a complete directive transmitter and reflecting antenna 
system is comparable with the dimensions of a large size 
searchlight. 

Considerable interest has been aroused in medical circles 
lately as to the possibilities of using intense fields of frequen
cies of this order, for the treatment of certain maladies. 
Some work in this direction is now in progress, and investiga
tions are being carried out on the effect of these frequencies on 
various solutions, such as blood solutions. 

A couple of years ago the General Electric Company built 
a 5 meter oscillator using about ten kilowatts, which produced 
some remarkable effects. Meters in the neighboring rooms 
were burnt out; a standing arc was produced at the end of a 
single rod in resonance with the transmitter;_ sausages could 
be cooked by simply hanging them over this rod; observers 
noted that their body temperature rose and found that the 
temperature of the blood -had actually been made to rise 
slightly. 

Bearing these facts in mind it will be of interest to observe 
what phenomena are produced when we obtain a few kilowatts 
of high frequency energy oscillating on a fifty centimeter 
wave-length. 
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The Effect of Drawing on the Temperature Coefficient of the 
Electrical Resistivity of Constantan. R. S. ]. SPILSBURY. (Jour. 
Sci. Instr., Nov., I929.) The author has found the temperature 
coefficient of electrical resistance of commercial constantan (copper
nickel) wire to vary from a positive value of 6o millionths per 
degree Centigrade to a negative value of 8o millionths. To get 
wire with a coefficient not greater than Io-6 a search had to be 
made for a sample meeting this requirement. Composition ar~:d 
heat treatment together do not fix the coefficient. A wire having 
a negative coefficient of 4-6 was drawn down from .03 in. to .004 in. 
and then annealed at 8oo° C. Its coefficient, measured at inter
mediate diameters gradually sunk to - 26-6 per degree. Another 
sample having a positive coefficient of sB-6 when its diameter was 
.036 in., upon being drawn to .004 in. and annealed at 6oo° C., 
suffered a reduction of its coefficient to 3I-6 per degree. In both 
cases the effect of drawing was to reduce the value of the coefficient. 
Whatever the cause may be it is not due_ to the production of a 
surface layer during annealing because cleaning the surface with 
emery paper causes only a slight change in the coefficient. "The 
principal practical deduction is that where fine wire is required it 
is necessary to start with material of positive coefficient. This is 
somewhat unfortunate, as the bulk of the commercial material 
shows a negative value." G. F- S. 

The Rate of Transformation of Radium D. MRs. PIERRE 
CURIE AND Miss IRENE CURIE. (J. de Phys. et le Rad., Nov., I929.) 
The time required for radium to diminish to half of its original 
quantity is taken as I 6 ·5 years. This was obtained from a study 
of the rate at which polonium formed in radium D initially free 
from it. For fifteen years from April, I9IO, to January, 1926, 
observations have been in progress .bearing on the period in question. 
From these results the conclusion that the previously adopted 
period is too small and that it is at least 19 years. 

In a paper recording experiments made by herself but by a 
different method Miss Irene Curie obtains about 23 years as the 
half-period. The cause of the two different results, 19.5 years and 
23 years is not known. G. F- S. 
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A PARTICULAR CASE OF HIGH FREQUENCY 
ELECTRON OSCILLATIONS1 

BY. W. H. MooRE2 

Abstract 
In experimenting wi~h o~cillators operating at wave-lengths of 100 cm. and less, 

an unusual case of osctllatwns was observed. With high positive grid potential 
and ~ero ~l~te potential in a three-electrode valve, oscillations were produced at 
c~rtam cnttcal values of filament current. The frequency of oscillation was 
highest at the lowest filament current. An explanation of the effect is suggested. 

Introduction. 

Several distinctly different methods have been developed for the production 
of short radio waves of the order of 100 cm. or so in wave-length. Oscillations 
in resonant circuits tuned to the desired frequency can be produced by spark 
coil excitation. Some types of conventional triode valve oscillatory circuits 
may be modified to oscillate at these very high frequencies. The magnetron, 
a device consisting of a diode vacuum tube upon which is superimposed a 
magnetic field, was originally developed for use at ordinary power frequencies, 
but has proved very successful in producing high frequencies of the order of 
500 megacycles. A circuit arrangement using three-electrode vacuum tubes 
with high positive grid potentials and zero or small negative plate potentials, 
was found by Barkhausen and Kurz (1) in 1920 to produce oscillations at 
wave-lengths in the neighborhood of one metre and less. 

These various methods of producing oscillations have not proved equally 
adaptable to the different portions of the short wave-length end of the radio 
spectrum. Oscillations at wave-lengths of one and one-half metres and more 
are most satisfactorily produced by means of the three-element vacuum tube, 
used in circuits which take advantage of the negative resistance characteristic 
of the valve to return energy, through some form of coupling, from the output 
to the input circuits. The magnetron oscillator covers an overlapping field 
of usefulness which extends down to waves of five centimetres or so in length. 
Barkhausen oscillators have been successfully developed for waves of from 
150 cm. down to a few centimetres in length. For the shortest radio waves yet 
measured, between a few centimetres and a fraction of a millimetre in wave
length, spark excitation of small metallic particles has been the only successful 
method of production as yet devised. 

This paper describes some experimental work carried out by the writer while 
investigating the Barkhausen type of oscillator, operating at wave-lengths 
between 50 and 150 cm. 

1 Manuscript received February 28, 1931. 
Contribution from the Departnunt of Electrical Engineering, McGill University, Montreal, 

Canada. A summary of this paper entitled "Centimetre Radio Waves" was presented before the 
Royal Society of Canada, in Montreal, May, 1930. 

2 Engineer, Transmitter Development Department, Marconi Company, Montreal. 
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Barkhausen-Kurz Oscillations 

A number of workers have investigated Barkhausen oscillations since they 
were first discovered. The circuit generally employed for their production is 
that shown in Fig. 1, or some modification of it. The wave-length obtained 
with this type of circuit does not depend upon the external circuit, but is deter
mined by the particular valve used and the amount of positive grid potential 
applied to it. 

---r----
1 
I 

I 
I 
I 
I 
I 

FIG .. 1. Circuit for generating Barkhausen-Kurz 
oscillations. 

The explanation given by 
Barkhausen to account for 
the production of oscillations 
under these circumstances 
was as follows. The electrons 
emitted by the filament are 
attracted by the positively 
charged grid. Some of these 
electrons actually strike the 
grid, but most of them pass 
through the grid interstices. 
They are now acted upon by 
the repelling force of the neg
ative plate, towards which 
they are moving, and by the 
attractive force of the positive 
grid, away from which they 
are travelling. Both of these 
forces tend to retard the elec
trons, and will eventually re
duce theirvelocityto zero, and 

then cause them to accelerate in the opposite direction. On returning through 
the grid spaces and moving towards the filament, the electrons will then be 
decelerated by the negative space charge or cloud of electrons about the 
filament. Thus again their velocity will be reversed, and the oscillatory 
motion about the grid repeated. The period of oscillation of this electron 
cloud will therefore be determined by the grid potential, which controls the 
velocity of the electrons, and by the distance between electrodes, which 
determines the length of the traverse. This, briefly, is a qualitative explanation 
of the mechanism of Barkhausen oscillations. 

Apparatus 

The circuit used in obtaining the curves appended to this paper is that 
shown in Fig. 1. A "Fotos" R type valve, of European manufacture, was used 
throughout these tests. It had a straight tungsten wire filament, with a 
helical grid and cylindrical plate mounted symmetrically about it. A number 
of other valves, both European and American types, were tried but most of 
them refused to oscillate in the Barkhausen circuit. Of those that did oscillate, 
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the Fotos valve was the only one which was really satisfactory in producing 
stable oscillations which could be reproduced readily over a considerable range 
of wave-lengths. 

The valve was mounted in a socket in all the experiments. Choke coils 
consisting of about 100 turns of No. 30 copper wire wound on half-inch wooden 
dowel pins, were connected in plate, grid, and filament leads, but their effective
ness is somewhat doubtful. Two parallel wires, each 35 in. long, were con
nected to the grid and plate terminals of the valve socket, and supported at 
their far end by the terminals of a second valve socket, which was used only as a 
support for these wires. An inverted grid-leak mounting could be slid to any 
position along these wires, and its springs were used to carry the connections 
from the plate and grid choke coils to the parallel wires. , 

In earlier experiments a small fixed condenser was used as the sliding bridge 
on the plate-grid wires, but this was not connected when the curves given in 
this paper were taken. In later experiments the parallel wires themselves 
were also omitted and the grid and plate choke coils connected directly to the 
valve socket, oscillations still being obtained as before. 

! o-u.\."1 
==== 
+ 

(a} 

FIG. 2. Circuits used in first experiments. 

+ 

(b) 

! 
I 
I 
I 

~ 

Wave-length measurements were made by means of a Lecher wire system, 
and also by means of several small wave-meters calibrated against the Lecher 
wires. Resonance was indicated by a deflection on the plate current meter 
when either Lecher wires or wave-meter was coupled sufficiently closely to the 
valve and tuned to the wave-length of the oscillations. 

When once a certain band of wave-lengths had been covered by the oscillator 
it was found very convenient, for further work within that band, to use a wave
meter previously calibrated from the Lecher wires, instead of using the wires 
directly for all wave-length determinations. The lowest range w_ave-meter 
constructed covered a range of from 45 to 70 cm. in wave-length. This parti
cular meter consisted of a General Radio Company Type 368a microcondenser 
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with the outer two of the three rotor plates removed. The soldering lug on the 
stator was turned towards the rotor shaft and a globule of solder placed between 
the end of the lug and the metal bushing carrying the rotor. This globule of 
solder comprised the inductance of the wave-meter. 

Several other wave-meters were. constructed and calibrated by means of 
Lecher wires and Barkhausen and other oscillators. The wave-length range 
covered by these meters was from 45 cm. to over 4 metres. This provided at 
the top of the band covered a considerable overlap over the bottom of the 
range of a General Radio Company Type 358 short wave wave-meter. The 
overlap permitted a convenient check on the measurements made. 

This series of wave-meters .is of par
ticular interest inasmuch as it permit
ted a positive check to be maintained 
at all times on the wave-lengths pro
duced. The fundamental wave-length 
of oscillation of any particular circuit 
could always be ascertained definitely, 
with no possibility of mistaking a har
monic for the fundamental. It was 
a common error in early work of the 
author and of others to mistake, for 
instance, a 75-cm. wave indicated on 

o-zoo /"""'PS Lecher wires, for the fundamental, 
whereas this was actually the second 
or higher harmonic of a true funda
mental of 150, 225, or even 300 cm. 
It was mainly a matter of taking the 
requisite amount of care to determine 
which was the true fundamental, of 
course, but it was an extremely FIG. 3. Modified circuit used in later 

experiments. 
simple matter to be in error by a 

factor of two or three. By utilizing a series of wave-meters covering from the 
shortest waves produced up to four or five metres, it was possible to determine 
very rapidly whether a 75-cm. wave whose presence was indicated, was a 
harmonic of a higher wave-length fundamental, or. was itself the fundamental. 
The accuracy of these wave-ineters is no greater than the accuracy of the 
Lecher wires from which they are calibrated, but their usefulness lies in the 
fact that they indicate but one wave-length at a time, will seldom indicate a 
harmonic at all unless its intensity be very great, and in any case can imme
diately be tuned to double or three times the wave-length to determine whether 
a higher wave is present or not. 

Preliminary Experiments 

The first tests were carried out with the circuit of Fig. 2 (a). No indications of 
oscillation were observed, however, the only effect produced being over
heating of the valve due to excessive grid current. The valve used was a 
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UX-210 with its base removed. A 0-100 m.a. meter was connected m the 
grid circuit. 

A Marconi-Osram "R" valve was then tested in the circuit of Fig. 2 (b). 
T~o s.angamo 0.001-microfarad condensers were connected between plate and 
gnd With a thermocouple and microammeter connected between them. Choke 
coils were connected in plate, grid, and filament leads as shown. The grid 
potential was varied from 22.5 to 300 volts positive, and the plate potential from 
0 to 45 volts negative, but no current was observed in the 0-75 microampere 
meter connected across the thermoj unction. 
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A UX-210 valve was next put into this circuit. The grid current was greater 
than 100 m.a. at 90 volts, but no indications of oscillation were obtained on 
the bridge thermocouple meter in the grid-plate circuit. A 6000-ohm resistor 
was connected in series with the grid to limit the current at the higher voltages. 

When the grid side of the parallel wire circuit was made or broken at the 
bridge contact, very slight deflections were obtained on the thermocouple 
meter. These deflections, of the order of 10 or 15 m.a., died away immediately 
and no constant readings could be obtained. They probably were due to 
transient oscillations set up in raising the grid to the potential of the battery. 

The R valves used heretofore had helical filaments. A Fotos valve of the 
same type but with a straight wire filament was then tested, but with the same 
lack of results. It was thought that possibly the reason for the failure of the 
American UX-201a and UX-210 valves to oscillate lay in the fact that they 
had V-shaped filaments, and that the European R valves with a straight 
filament at the centre of a concentric cylindrical anode and grid, might be 
more successful in producing oscillations, since the Barkhausen action some
what resembles the magnetron oscillation, and the magnetron requires a sym-
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metrically constructed plate and filament. This appears to be the case, as the 
UX-201a and UX-210 valves could not be made to oscillate in Barkhausen 
circuits while the R valves eventually could. However, a WD-12 valve having 
cylindrical electrodes also failed to produce Barkhausen oscillations, although 
it was of similar construction to the R valves. 
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In all of the Barkhausen circuits tested so far, no meter was placed in the 
plate circuit, as it was expected that a deflection of the grid meter would occur 
to indicate when the circuit began to oscillate. It was now found that this 
was not so, any change in grid current occurring upon commencement of 
oscillations being quite too small to be observable. A 0-1 m.a. meter was 
inserted in the plate circuit of the Fotos R valve in a Barkhausen circuit and 
immediately it was found that oscillations were being obtained, the wave
meter producing a sharp deflection in this meter when tuned to resonance. 

The wave-length measured on Lecher wires was 81.8 cm. This was carefully 
checked to make sure that it was the fundamental and not the second harmonic 
of a 163.6-cm. wave. No deflection whatever could be obtained with wave
meters tuned to multiples of 81.8 cm., so this was certainly the fundamental. 
In this particular case the bridge on the grid plate wires was placed about SO cm. 
from the valve socket, and the following readings were recorded: 

Ip 
0.6 m.a. 

Ig 
35.0 m.a. 

Ij 
0.68 amp. 

Ep 
0 volts 

Eg 
+112.5 volts 

Io 
Om.a. 

] 0 was the reading of the thermogalvanometer in the grid-plate wires bridge. 



A CASE OF HIGH FREQUENCY ELECTRON OSCILLATIONS 511 

~he Fotos strai~ht filament R valve was then set up in the Barkhausen 
oscillator. The gnd voltage was varied from 22! to 225 volts and the plate 
vol~ag.e left at zero. Values of grid and plate current were read over a range of 
vanatlon of filament current, and graphs of these quantities plotted for each 
value of plate voltage. (See Fig. 4-13.) 
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Peculiarities Observed 

A number of very striking facts immediately stand out from the curves of 
Fig. 5-13. It will be observed that in each case oscillations are indicated by a 
sharp peak in the plate-current curve, but that no such peak is produced in the 
corresponding grid-current curve. The grid-current curves (Fig. 4), are, as 
might be expected, of the same form as normal plate-current curves taken with 
positive plate voltages. They do not all coincide at the lowest filament cur
rents because the grid-current milliammeter used could not be read accurately 
at the bottom of its range. Also the curves were taken on different days, and 
the valve characteristics were found to vary somewhat from day to day. It is 
possible that there were slight kinks in the grid-current curvesduring oscillation 
which it was beyond the accuracy of the meter to record. The plate current 
was always very small, a microammeter being required to register it. 

Fig. 5 shows the plate current-filament current characteristics for several 
positive grid voltages. As the grid voltage is increased the plate current 
decreases (except at "resonance" values), as might be expected, since the higher 
the potential of the grid for a given filament emission the more electrons will 
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be attracted to it and the fewer will reach the plate. The plate current did 
not reach a saturation value for any grid voltage or filament current used. 

\iVhen the grid voltage was 22! no oscillations were obtained (curve C, 
Fig. 5). When the voltage was increased to 45, curve A of Fig. 5 was obtained, 
showing a sudden increase of plate current at a filament current of 0.6 ampere. 
It was found that the hump in the curve indicated the presence of oscillations of 
wave-length 140 cm., but that at values of filament current on either side 
of the hump no oscillations were produced. Thus in this particular case the 
Barkhausen oscillations occurred only within the extremely narrow range of 
filament current of about 15 m.a. The middle of this range was at 0.6 ampere, 
which is considerably below the normal filament current (0. 7 ampere) for this 
valve. Similar graphs were obtained for each of the other cases and are 
shown in the other figures. 
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Fotos R valve. Ep = 0 
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volts. A =67 cm. at peak 
of lowest IJ. 

The general form of the Ip- I1 curves is somewhat of an exponential type, 
rising very steeply as the filament current is increased beyond the normal 
rated value. When the grid voltage is sufficiently high to produce oscillations, 
in the case of this valve about 25 volts or more, a very sharp and sudden 
increase of plate current occurs at certain values of filament current at which 
oscillations take place. This maximum occurs at higher values of filament 
current as the grid voltage is raised, the frequency of oscillation also increasing. 
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Th: .decrease in wave-length as the grid voltage is increased, other factors 
remai.ning c~nstan.t, is illust:ated in Fig. 14. It is seen to be fairly uniform, 
p~actlcal~y ~Ine~r In fact, with the exception of a few points. One cause of 
Wide va~Iatwn I.n results was the fact that the valve heated up very quickly 
at the higher gnd voltages, so that readings taken while the valve was hot or 
after it .h~d be:n in operation some time, did not check with readings taken 
~nder similar circumstances while the valve was cold and had been standing 
Idle for several days. 
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It will be noted that at the higher grid potentials there are two and in some 
cases three "resonance" peaks in the Ip- I 1 curve. It was found that oscilla
tions at the several peaks were of different wave-lengths, shortest wave-length 
occurring at the peak of lowest filament current. The triple peaked curve of 
Fig. 9 coultl not be reproduced several days later under the same conditions, 
the smallest peak not appearing. The peaks move to the right as the grid 
voltage is increased, that is, higher filament current is required to produce 
oscillation at higher grid voltages. This is probably due to the fact that, as 
mentioned before, the normal or non-oscillating plate current becomes less as 
the grid voltage increases, so that the filament emission must be increased to 

produce oscillations. 
At the highest grid voltages used the grid became white hot, thus supplying 

a secondary emission current to the plate. This plate current could be reduced 
by applying negative plate potentials, but this reduced the oscillations to zero 
if the negative plate voltage was sufficiently great. In Fig. 12 and 13 a further 
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lp maximum was observed at higher filament currents, but as the grid became 

excessively hot and the rated normal filament current was considerably below 

these values, no readings were taken. 
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FIG. 14. Variation of wave-length with grid potential. 
Oscillator using B-K circuit with Fotos R 
valve. Ep =0 volts. 

The whole I p- I1 curve 
is more to the right when 
the filament is first lit, and 
the peak slowly shifts to 
the left after the valve has 
been in operation awhile. 
The effect produced is as 
though the filament current 
increased slightly as the 
valve warmed up. Thus 
this creepage may cause 
the plate current either to 
increase or decrease, de
pending upon the side of 
the peak to which the fila
ment current is adjusted. 
The curves shown in the 

figures were taken under steady state conditions, that is, the valve was allowed 

to warm up before any readings were taken. 

Further Experiments 

The Fotos straight filament R valve was later placed in the circuit of Fig. 

2 (b) and the condenser bridge across the grid and plate parallel wires omitted, 

leaving the circuit as in Fig. 3. It was found that oscillations could still be 

obtained with this circuit, the wave-length being about 60 to 70 cm. Oscilla

tions were also obtained when the filament polarity was reversed, making the 

positive filament battery terminal the common connection. The curve of 

Fig. 13 was taken under these conditions, and it is evident that the removal of 

the condenser bridge did make some change in the circuit. However, the 

difference between the curves of Fig. 12 and 13, taken with and without the 

bridge, respectively, is not any greater than could be accounted for by the 

variation from day to day in results obtained from identical arrangements. 

The wave-length was the same for both peaks of the double-peaked curve of 

Fig. 13 whereas in the other multiple-peaked curves the wave-length decreased 

at the lower values of filament current. Oscillations were unstable, however, 

at the higher values of filament current in this case, as the valve became greatly 

overheated, and the wave-length measurement here was not very reliable. 

The parallel grid and plate wires of the circuit of Fig. 3 were then removed, 

leaving only the Fotos R valve in its socket with the choke coils at each ter

minal. Oscillations were obtained as before, showing that the grid-plate 

condenser and its associated parallel wire circuit did not produce the oscillations. 

The wave-length remained the same as with the wires. 
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Discussion 

The explanation given by Barkhausen for this type of oscillation does not 

explain the effects observed in the experiments outlined here. The usual ex

planation of a cloud of electrons oscillating back and forth between filament 

and plate, accelerated by the attraction of the grid, is insufficient to explain 

why the oscillations should occur at several definite values of filament current 

and not in between these values. Breit (2) describes the production of oscilla

tions by a method somewhat similar to that used by the author but he obtains 

oscillations within only one narrow range of filament current, while in the 

author's experiments oscillations were found to take place over several very 

narrow ranges of filament current each q.bout 15 to 20 m.a. wide. No satis

factory explanation was found by Breit, although several possibilities wyre 

suggested. The effect seems to resemble somewhat the numerous resonance 

potentials which are found in gaseous discharge tubes. The valves used in 

these experiments were all high vacuum tubes, however. 

The change in wave-length as the filament current is increased and another 

point of oscillation is reached is insu.fficient to permit considering that oscilla

tions now take place between grid and plate, or between filament and grid, 

instead of between filament and plate as at first. Also the wave-length in

creases with increasing filament current instead of decreasing, as would be the 

case if oscillations took place between grid and plate or filament and grid. 

This increase in wave-length or decrease in frequency as the filament current is 

increased, agrees with some theoretical calculations made by F. W. Sears (9). 

In an analytical investigation of Barkhausen oscillations Sears finds that the 

effect of increasing space charge is to decrease the frequency. Since the space 

charge is proportional to the filament current, this finding is in agreement with 

the experimental results of the author. The experimental results of most other 

investigators (1, 4, 8) disagree with this, however, and indicate the reverse to 

be the case, that is, frequency increases with increasing filament emission. It 

is possible that two distinct types of oscillation may occur, even under similar 

conditions, the effect of variation in space charge being opposite in the two 

cases. 
If it is considered that the oscillations which occur at the lowest value of 

filament current take place in the interelectrode space between the plate and a 

layer at some distance from the filament, a possible explanation of the increase 

in wave-length with increasing filament current may be given. As the initial 

~velocitv of the electrons leaving the filament is increased by raising the filament 

current, they tend on rebounding from the plate to penetrate farther and farther 

into the cloud of electrons forming the space charge between filament and grid. 

'Thus the path travelled in each cycle of oscillation increases in length, so that 

:the time taken for each oscillation becomes greater and therefore the wave

!length increases. This does not explain why oscillation takes place only at 

(iefinite filament currents. Possibly the grid and plate elements act as tuned 

circuits, resonant at certain fixed frequencies whose values are determined by 

rthe capacity between the two, which is in turn dependent on the number of 
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electrons moving about in the interelectrode spaces. Thus if we consider the 
grid and plate each to have definite values of inductance, with which is asso
ciated the capacity between them, then this system will be resonant at some 
specific frequency. If the natural period of the system happens to correspond 
to the periodic time of a large number of the electrons travelling back and 
forth between filament and plate, stable oscillation of the electron cloud will 
be set up. If the filament current is now increased, the periodic time of both 
the electrons and the grid-plate circuit will be altered, so that they will no 
longer be in resonance and continuous oscillations will not be produced. As 
the filament current is further increased another point may be reached where 
they will again come into resonance and set up and maintain oscillations. 

At the higher filament currents the electron cloud is denser, which means 
that the interelectrode capacity is greater and hence the wave-length corres
pondingly greater or the frequency less. This is what was actually found to be 
the case experimentally, the highest frequency occurring at the lowest filament 
current. The above explanation appears adequate, therefore, to fit the facts. 

The author's results explain the action of an "electronic ampli-detector" 
described by K. Okabe (7). Okabe found that when using a receiver with a 
circuit of the Barkhausen type, the intensity of the received signal increased 
from zero to a sharp maximum and then decreased to zero again as the filament 
current of the receiver valve was varied from 0.62 to 0.63 ampere. The valve 
being in oscillation within this narrow region of filament current, as described 
herewith by the author, would explain the increased sensitivity of the receiver 
over the range of oscillation. The graph of received signal intensity versus 
filament current given by Okabe corresponds closely to the form of the author's 
I p- I 1 curves. 
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