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Harmonics and Normal Modes of Vibration.
By THE EDITOR.

In his recent paper before the Wireless Section of the Institution of
Electrical Engineers, Professor Townsend emphasised the distinction between
these two entirely different things. They are so often confused that we feel
justified in returning to the matter. If an oscillatory system such as an
aerial with distributed inductance and capacity has an E.M.F. induced in
it by the current in a neighbouring circuit, and the frequency of this current
be varied, a number of frequencies will be found for which the current
produced in the aerial is abnormally large. Although it is usual to speak
of these frequencies as the third, fifth, etc., harmonics, they do not bear an
such simple relation to the fundamental frequency. It should be noted,
moreover, that if the source be a pure sine wave of any given frequency,
an oscillation of this frequency only will be set up in the aerial. The
frequencies at which abnormal response is found in the aerial correspond
to its normal modes of vibration, or in other words, correspond to stationary
wave distributions having a current node at the top and a potential node at
the base.

If such an aerial were coupled to a radio frequency alternator the E.M.F.
curve of which contained a pronounced third harmonic the current set up
in the aerial would consist of a fundamental and a third harmonic, that is,
one having exactly three times the fundamental frequency. This would
not, in general, correspond to the normal mode of vibration sometimes
called the third harmonic of the aerial. [f this were not so, the wave form
of the aerial current would undergo gradual changes.

The problem is not so obvious when the source is an arc or valve trans-
mitter, the frequency of which is controlled by the characteristics of the
aerial. If, however, it be assumed that each oscillation 1s of the same
wave shape—depending on the aerial and on the arc—all frequencies other
than exact harmonics of the fundamental are impossible.

It would be of interest to know whether, in an arc transmitter with tunin
inductance between the arc and the aerial and with the arc itself shuntcg
with a condenser as is now sometimes the case, any trace can be found of
one of the normal modes of vibration other than the fundamental with its
true harmonics. This cannot be tested on a dummy aerial with concentrated
capacity, but onlv on a svstem having distributed capacity.

LL
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The multivibrator of Abraham and Bloch is said to give a wave form which
18 rich in harmonics. What is meant by this statement ! If a circuit
consisting of a battery and a non-inductive resistance is closed for a very
short time, say a millionth of a second, with great regularity a thousand
times per second, the diagram showing ‘the current plotted to a time base
would consist of a number of narrow rectangular humps widely separated
from each other (Fig. 1).

0 ® sgconD
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Fic. 1.

Now this is a wave form very rich in harmonics. Although physically
there is nothing to suggest any frequency other than 1,000, the wave form
could be analysed by Fourier’s theorem into a steady current, a fundamental
sine wave with a frequency of 1,000 and an infinite number of harmonics
both odd and even. t}t is well to recognise that the currents obtained from
oscillating valve systems are only rich in harmonics in this sense.

In the case considered above a wavemeter tuned to a frequency of 20,(H))
would receive an impulse every twenty oscillations and then be left to itself
for a thousandth of a second. That 1t is being acted upon the whole time
by an infinite number of currents of different harmonic frequencies is really
nothing more than a mathematical fiction.

When one looks at the wave form of the voltage of an alternator and
recognises clearly a ripple of a definite frequency one sees that the harmonic
is present in a more real physical sense than in the above diagram.
Mathematically, however, the difference is due to the absence from the
voltage wave of the infinite number of harmonics which go to make up the
diagram given above.

A Method of Mensunng the Spemﬁc Inductive
Capacity of Air.”
By E. V. B. GILL, M.4., B.Sc.

The accurate comparison of the wavelength of two circuits enables various
measurements of capacity, inductance, etc., to be made, and one of the most
convenient methods of estimating the equalit}' of wavelength of two circuits
15 by the uel] knmm . beﬂ method ™ of reception.

* [-h:-.':t'wtd March jrd, 1y21.
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For the very greatest accuracy however a dlﬁ:ncu]t}f arises which can be
seen by cnnsi?;nng the beat method more closely. If two undamped waves
of wavelength A, Ay and frequencies n, n, are received slmuitanmusly on a
third circuit tha frequency of the Hudlhlﬂ note heard is n;, —n,. Thus if
A, is fixed and A, is varied from a value slightly larger than ;"»z to one slightly
less the note heard goes from high to low, disappears over a range, reappears
again and goes from low to high. The equality of wavelength occurs at
the middle point of this inaudible range, and this cannot be accurately
found owing to the great difficulty of telling where the sound dies away
and reappears. An alternative is to find A, in terms of A, for some point of
the audible range by estimating the frequency of the beat note n, — n, (this
was virtually the method employed by Pungs and Preuner —Physikalische
Zestschrift, December, 1919) which at once gives A, — A,.

The determination of a note frequency is however not easy and in any
case involves extra apparatus and for this reason it was thought worth
while to publish a simple method of producing the desired result and capable
of very considerable accuracy.

In this method there are various ways of arranging the apparatus but
only the actual one used will be described ; the object of the research being
to measure the specific inductive capacity of air, or other gases.

Arrangement of Apparatus.—Two entirely separate valve trans-
mitting circuits of the ordinary type were set up some distance from one
another, these circuits being referred to in what follows as a and b. A
third circuit ¢ was used as a receiver its inductance consisting of two coils
in series, the first coupled fairly tightly to a and the second to b.  All the

b
K K TO PUMPF aND
r L 1 PRESSUNLE GAUDE
A

a and b = Transmitters (valves, reaction coils, batteries, etc., not shown).
¢ = Crystal Receiver.

LiLa
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rest of this circuit except the coils and their leads was removed as far as
conveniently possible from a and b.

To prevent any chance of the circuit ¢ generating an oscillation no valves
were used in it but only a carborundum crystal, though probably this was
an excess of precaution. (Later a low-frequency amplifier was used after
the crystal.) This arrangement of apparatus fulfils the first requisite for
accurate work that the experimenter should be some distance from the
circuits @ and b as any near movement affects their wavelength; as it is,
wearing the telephones puts a variable earth on circuit ¢ which affects a
and b through the coupling coils and it is therefore better not to wear the
telephones but to make the signals sufficiently loud by a L.F. amplifier to

be read with the telephones on the table.

Effects Observed on Tuning.—If now circuit a be put at a certain
wavelength, ¢ tuned roughly to it, and the tuning of b then varied the
usual ascending and descending musical scale is heard with the inaudible
interval ; but instead of the * fringes” of the inaudible interval being
indistinct it will be found that as the note gets lower it turns into a rattle
of fairly high frequency and if the tuning is continued very slowly the fre-
quency of the rattle rapidly decreases (it can with care be adjusted to give
two or three “ ticks ” a second) disappears and reappears on the other side
of the inaudible range giving the same phenomena in the reverse order.

The disappearance of the rattle is very sharply marked and hence instead
of the old difficulty of trying to estimate where a sound becomes inaudible
we have a very simple and accurate method of telling when the wavelengths
of a and b differ by a definite amount.

The explanation of the preceding effect is not quite clear but it is probably
due to the fact that circuits & and b are coupled through ¢ and therefore
as b is tuned more closely to a the interaction between the circuits increases
with the result that the oscillations in one circuit (the weaker oscillator) are
quenched out and restarted a certain number of times per second, the stop-
ping and starting causing the rattle.

In the actual experiment the circuit b had two condensers in parallel
K, and K,. K, was an ordinary air type parallel plate condenser and was
enr:luscd in a l:u:]l jar, the connecting wires passed through a cork waxed
to a hole in the jar, from which the air could be removed by a pump. A
mercury pressure gauge was also attached to give the pressure.

K, was a very small condenser consisting of two coaxial cylinders, the
capacity of which could be varied by sliding the inner one in and out. The
actual size of this was not required hut only difference in capacity for small
movements. By always working with the inner one about half way in the
variation in capacity for a small movement could be calculated from the
simple formula as the edge errors will cancel. The calculated variation was
1-1 electrostatic units per centimetre.  The inner cylinder was moved
backwards and forwards by o screw of twenty turns to the centimetre.

In an actual experiment some particular size of the inductance in b was
selected. The bell jar was pumped to a low pressure and then a was roughly
tuned to b by the heterodyne method. The final adjustment was made on
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the condenser K, till the rattle was just on its disappearing point. Air was
then admitted to a and i1t was found that a fresh adjustment of K, was
necessary to get the rattle to the same disappearing point.

It is evident then, whatever the theory of the rattle, that the circuit b
must be electrically exactly the same in the two cases, 1.e.,, the change in
K, must have been equal and opposite to that of K,. But the change in
K, is due only to the specific inductive capacity of the extra air admitted,
the change in K, is calculable and therefore the specific inductive capacity
of air can be found.

By choosing different sizes of inductance the specific inductive capacity
can be found for various wavelengths, the actual wavelengths used were
920, 1,300, 1,760, 4,000 metres.

Sensitivity of Method.—The disappearance of the rattle was so
marked that it could be easily measmecf to one-quarter of a turn of the
screw motion of the condenser K;. This was equivalent to a movement of
80 of a centimetre of the inner cylinder or to lﬁﬂl E.5. units. The condenser
K, being 2 mmfd = 1,800 E.S. units this is equivalent to a variation of
ah{:ut 1 part in 100,000 of the total capacity (or in wavelengths a variation

of one in 50,000 can be measured).

Precautions Necessary. as speedily found that in dealing with
such small capacity variations any ﬁmaﬁ extraneous capacity would vitiate
the results. 'F'hf: chief source of trouble, viz. the operator himself has been
already referred to, even when far off it is desirable not to move about
much and it was necessary to turn the screw adjusting K, by a very long
ebonite handle.

Another possible source of error is the movement of the mercury up and
down the gauge when the pressure varies if the gauge is anywhere near b
and the gauge and pump were therefore about 10 feet from b and joined to
the bell jar by rubber tubing which had previously been cleared of occluded
gases.

All these precautions are however unavailing unless one can be certain
that an nsciﬂaling circuit emits waves which will remain constant to at
least 1 part in 50,000. It is not necessary to go through the experiments
to ascertain if this was so but the final result was that the only variation of
this order was due to the slow heating of the rheostat wires controlling the
filament currents and that when these were replaced by more substantial
wires with larger cooling surface the oscillating circuits came to an admirable
degree of constancy in about five to ten minutes. (The H.T. batteries
consisted of small accumulators.)

Calculation of Results.—If the dielectric constant of a vacuum be
taken as 1, then over the ranges of temperature and pressure used K—1 is
proportional to the density, Ig being the specific inductive capacity of the
air. The exﬁcnmcnt gives the variation in capacity of a 2 milli-microfarad
condenser when the air pressure is reduced from p, to p,, the temperature
remaining constant at #°. But the above law being true it is a simple
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matter to estimate what the capacity change would be if the pressure was
reduced by T60 and the temperature was 0°; for it is the above variation

multiplied by gpg}(ﬂi;?? and thus the specific inductive capacity of air
Z )
at ° and 760 mm pressure is obtained.

The following table gives the results for various wavelengths taking the
specific inductive capacity of a vacuum as 1.

They are the means of several consistent experiments and as these were
taken over various pressure ranges they incidentally confirm the law K—1
is proportional to density.

No particular reliance should be
laid on the last figure as it is not
claimed that these results are Wavelength. Diclectric Constant.
accurate to more than 1 per cent. I

|
|

Over the wavelengths used

therefore there is no reason to 920) metres l-lHH]ﬁ.EB |
suppose that any variation occurs Lo, l-ﬂl'lﬂﬁ::;
with wavelength. Previous values 1,760 " l-ﬂl.Hl'ﬁl-_H- |
found however for steady and not 4,000 " ‘ 1-00MG53

alternating felds are given in
Kayve and Laby’s tables as
1-000586 (at 1°-Klemencic, 1883).
1000576 (at 207-Tangl, 1908).

Attempts were made to see if the specific inductive capacity of air could
be altered by various methods such as the application of a magnetic field,
and the passage of a beam of light but such ef]fltcts if they exist are a good
deal less than 01 per cent. as no variation could be detected. The specific
inductive capacity was also independent of the electric force over a large
range, the oscillating current in b being varied from (-1 to 1-5 amps without
any change being detected, thus varying the electric force in the condenser
by the factor 15 makes no difference.

My thanks are due to Professor Townsend, F.R.S., in whose laboratory
these experiments were conducted.

Notation for Electron Tube Circuits.*

By F. H. DELLINGER,
Physicist, Bureau of Standards,

It has become difhcult to read papers on electron tube theory and applica-
tions because of the large numEar of quantities and circuits for which
symbols must be used, Narturally there has been considerable diversity
in the notation employed. This diversity is not so great, however, but that

* Recvived January 12th, 1g21.
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certain well-defined practices have become common, and it appears possible
to establish a reasonably consistent notation which may be employed as
a basis for all discussions on electron tubes. While there 1s no way of
avoiding an elaborate and complicated appearance in a set of notation which
aims to be useful in all sorts of electron tube discussions, the present paper
nevertheless has simplification in mind. Current practice and consistency
are retained as far as possible. Only parts of this notation will be used in
any one paper or discussion. A number of explanatory notes are given
after the definitions below.

e & — Instantaneous alternating E.M.F. in plate-filament and grid-
filament circuit, respectively. (The term * alternating ™
has the usual meaning of periodic, with average value
Zero.)

E,, E;, = Effective alternating E.M.F. in plate-filament and grid-filament
circuit, respectively. (The source of E.M.F. is indicated in
Fig. 1 as being inside the tube. The notation is not changed
if it is outside the tube, or the sum of E.M.F.’s outside and
inside.)

1y, 7y = Instantaneous alter-
nating voltage be-
tween plate and
filament, and be-
tween grid and
hlament, respec-
tively. (See Fig.
1)

Vy ¥V, = Effective alternating
voltage between
plate and fila-
ment, and be-
tween grid and
filament, respec-

tively. (See Fig. 1.)

ip, iy = Instantaneous alternating current to plate and to grid,
- respectively.
Iy, I, = Effective alternating current to plate and to grid, respectively.

Epm Egmy Vows Vymy Ipmy, Igm = Maximum values of quantities for which
the symbols without the subscript m indicate the effective
values.

r

e’y ¢ B, B, v, v, Vp,, V, & ¢/, 1, I,/ = Total values of
quantities for which the corresponding symbols above
indicate the alternating portions. (When a discussion deals
with total values extensively and exclusively, the primes
may be omitted, in such cases statements being made to
keep the reader clear as to which quantities are meant.)
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€y s oy, E"’l' Ty s ) pp ﬂ,l, ips Ty I by I”l — Fundamental
component of alternating quantities indicated by correspond-
ing symbols abowe. The subscript 1 may be written before
instead of after the main symbol if preferred, thus, Ep.
The subscripts for other harmonics than the fundamental
are similarly treated. (When a discussion deals with the
fundamental component extensively and exclusively, the
subscript 1 may be omitted, in such cases statements being
made to keep the reader clear as to which quantities are
meant.)

E., E;, E. = Direct EM.F. in filament circuit, plate-ilament circuit, and
grid-filament circuit, respectively.

Va Vi V. = Direct voltage between terminals of filament, between
plate and filament, and between grid and filament, respec-
tively. (Fp and V. are measured from that filament
terminal to which the tube circuits are connected. This is
ordinarily the negative terminal when D.C. is used to heat
the filament.)

Iy, I,/ = Direct current through filament at the negative and positive
terminals, respectively.

I, I. = Direct current to plate and to grid, respectively. (Note.—E,,
E, E, Vo Vi, Vo, I 1, Iy, I, are average values or the
readings of D.C. instruments. The values of Vy, Vo Iy, I,
are in general not the same when alternating current is
present as when 1t is not.)

I = Direct current through filament, with no space current flowing.
V = Direct voltage on filament, with no space current flowing.
I. = Emission current from filament.

AVy AV. —= Change in direct voltage between filament and plate, and
between filament and grid, respectively, when a signal
voltage is impressed on the grid of a detector tube.

Al,, Al, = Change in direct current to plate, and to grid, respectively,
when a signal voltage is impressed on the grid of a detector
tube.

P,, P, P. = Average power supplied by filament battery, plate battery,
and grid battery, or their equivalents, respectively.

Py P, P, = Average power consumed by filament, plate, and grid,
respectively.

R,, R, — Resistance inserted in series with plate and grid, respectively.
Loy = Inductance inserted in series with plate and grid, respectively.
X,, X, — Reactance inserted in series with plate and grid, respectively.
Z,. Z, = Impedance inserted in series with plate and grid, respectively.

UNIVERSITY OF MICHIGAN
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p; Ty = Internal output resistance and internal input resistance of tube.
(The term ** internal output resistance "’ means the resistance
in the tube between plate and filament.)

5 Ty 2g = Input capacity, input reactance, and input impedance of
tube, respectively.

Cyyy Cypy Cpp = Individual internal capacities between filament and grid,
between grid and plate, and between filament and plate,
respectively.

R, = Resistance of output oscillatory circuit of electron tube acting as a
generator. (The output oscillatory circuit is the circuit in
which the alternating-current power is produced and may
be utilised.)

in Io = Respectively, instantaneous and effective alternating current
in output device or output oscillatory circuit uf electron
tube acting as a generator. (When the current is not the
same in parallel branches of the output oscillatory circuit,
or when it is not the same at different points because of
distributed capamt}-’, it may be necessary to specify more
closely at what point the current is measured.)

€., E, = Respectively, instantaneous and effective alternating E.M.F,
in output oscillatory circuit of electron tube acting as a
generator. (When the current is not different in different
parts of the output oscillatory circuit, K, = Rol,.)

P, = Average Iguw:r output in output oscillatory circuit of electron tube

N = R.1.9).
f .
Im = ﬁ? = Mutual conductance of grid to plate.
[ #
Uiy 1
gp = = Internal output conductance of tube = .
o, Ty
al .
gn = ..I;:’- = Mutual conductance of plate to grid.
thy . 1
gg — +— = Internal input conductance of tube — --.
' (g Te
g = Amplification coefficient =§—‘“.
»
pa = Reaction coefficient = 9",
Te "
. 0t R
pr = Voltage amplification ratio = o = F

-E"l" K Rp -+' rp
(where = instantaneous voltage across Z,).
- - L] E‘?I.I
pi = Current amplification ratio = ,u-,".
Clg
pp = Power amplification ratio.
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It is to be noted that the symbols f, p, g, indicate alternating current
values ; while symbols @, b, ¢, indicate direct current values. This con-
vention is already in very extended use.

The use of ¥ rather than E is a matter upon which there will probably not
be unanimous agreement. Some writers prefer to use E both for impressed
or generated electromotive force and for potential difference (the reading of
a voltmeter). When this is done the two cannot be distinguished except
by the use of subscripts, and it would be unfortunate to complicate the
notation with additional subscripts. The need of the symbol ¥V to designate
potential difference is shown by its use by a great many writers on radio
and electron tube subjects. Some papers which do not use any distinction
in symbols between an impressed EM.F. and a potential difference are
harder to follow on that account.

The notation for harmonics is given (as suggested under definition of
fpp €ops etc.) by adding as a subscript the number giving the order of the

harmonic. This may be written either after or before the main symbol,
thus—Ey, or (K, The maximum value of amplitude of a harmonic is

indicated by the additional subscript m; but when the discussion deals
with the maximum values extensively and exclusively, the m may be omitted,
in such cases statements being made to keep the reader clear as to which
quantities are meant. For example, Ei';n can in such cases be abbreviated

1o E,&_

Too much stress cannot be laid upon the need of great care in keeping
distinct the instantaneous, effective, maximum, total, total alternating, and
the fundamental (or first harmonic) values of the various quantities. The
same symbol has been used for all of these in the writings of various authors.
This makes it difficult to read papers by different people. The present
notation provides separate symbols for all these but avoids cumbersomeness,
providing that the special subscripts may be dropped in cases where there
would be no confusion. Writers in particular branches of the electron tube
field may, on first thought, deny that all of these quantities need to be
provided for. Their necessity is apparent, however, when one considers
all of the various types of discussion which are btmg published. The
complete symbols for these various wvalues and the symbols to which
they may be abbreviated are shown in the following tabulation, for grid
current.

The symbols I, V, are used when considering the characteristics of the
filament purely as a filament. They are probably of use only in efficiency
studies on tubes.

The definitions of gm, ¢p, gn, gy are in accurdame with definitions given
by E. V. Appleton in the Rapto Review, Vol. 1, p. 368, April, 1920.

The n used in the symbol g, is arbltmrlh chﬂﬁen-—slmplv suggested by
the symbol m in g,. Slmllarlv the use of n in p, 1s simply by analogy in
the use of n in g,.

The symbol p, has sometimes been used for amplification coefficient. It
seems better to use the simpler symbol p for this quantity which is one of
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Alternating| Funda- | Harmonics |
Total. part of mental (6th, for |
Total. |Component®| example®). |
| - |
| . Instantaneous 1y 1y 13,1 1',5 |
| EqnmP!_e“ Effective i 5 1, I, I o
' otanon . ’
, Maximum IL,' | I, Tim I Tom
\_ ST Saka s [ e 5 )
Instantaneous ig 1y 1g gl
H ]
| Abbreviated  pgocrive B PR N I, I o
| : ] '
- Notation Maximum I, I § v, I, orl iy I 2

the principal fundamental properties of the tube, and to use subscripts upon
the p for related ratios.

[t will be found necessary to supplement this notation by the adoption
of additional conventions for certain kinds of discussions. This will be
necessary, for example, in diagrams having many tubes, in some cases of
parallel power supply, in plate or grid circuits having sources of E.M.F. both
inside and outside the tube, and in the case of coexistence of conductive and

capacitive current flow in the tube. In most of these cases additional
subscripts will be necessary.

Washington, D.C,, U.5.A,,
December 8th, 1920,

Clifden.
By H. J. ROUND,

Marcont Research Department.

The old spark transmitter at Clifden, which has been used for the Canadian
wireless service for some years, has never been very exactly described,
Figures, therefore, giving a few of the constants of the circuits will be of
value as they will enable a comparison to be made with those of the valve
transmitter now operating there.

The antenna has an effective average height of about 100 feet and is sup-
ported on wooden masts varying from 180 to 220 feet.

The length is about 2,600 feet, the average breadth about 1,200 feet, and

R

* The subscript denoting the order of the harmonic may be put in front of the main
symbol if desired, thus yig, sJgm.
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the number of wires is 32. The capacity is approximately 0035 micro-
farad.

The aerial resistance, using the old earth plates, was about 4-5 ohms at
5,7) metres. In comparison with many modern aerials it will be seen that

e e 4-1.-—-— e . -
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Two Views of Clifden Radwo Station.

the effective height is extremely small and also that the resistance is very
mm‘.dtmh]} greater than modern practice will allow.

The primary spark circuit has a logarithmic decrement of about 006 per
complete period, so that the loss i in the primary circuit is not great. The

Original from

UNIVERSITY OF MICHIGAN
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coupling value is about 1 per cent. An input of 80 to 100 kW from the
high tension D.C. machines at 10,000 volts gives about 100 amperes in the
antenna. This power can be increased up to about 150 kW if necessary.

The efficiency from input primary circuit power to the aerial power is
thus about 50 per cent.—but the radiated power is only about 1 per cent,
owing to the Em- effective height and high aerial resistance. This was
obviously a place for great improvement,.

Actually the total radiation may be considered larger if radiation in direc-

The New Valve Transmitting Apparatus at Clifden.

tions other than that of normal propagation were considered—but this
would seldom be of advantage at the receiving end.

A counterpoise earth of the new type, called the ** Earth Screen,” was
erected early last year and the actual resistance of the aerial has now been
reduced to 0-6 ohm including the loading coil, thus bringing the radiation
efficiency up to 8 per cent.

I'L 15 ]mped that the actual L‘H:J-L'iEHL'}' can be raised to 40 per cent. and

UNIVERSITY OF MICHIGAN
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experiments are being continued in this direction. The successful reduc-
tion of the aerial resistance to (-6 ohm decided the introduction of a valve
transmitter. Everything else was favourable to the plan. Direct current
up to 20,000 volts was available—the aerial had so small a loading coil that
very little change in the natural period of the aerial would be expected
durmg high winds. The station also had the advantage that its distance
from important short wave stations was sufficiently great to permit of a
plain aerial circuit, without the accompanying harmonics causing trouble.
This very cunsldcrahl}r simplified the arrangements to be made.

The whole of the apparatus for the change from spark to valve working
was taken out by passenger train—this was of course necessitated by the
difficulties of transport in Ireland, but it is actually a tribute to the sim-
plicity of the change to valves.

A valve panel of 12 Marconi MT2 valves was erected and put into opera-
tion. Owing to the shortage of valves, onl¥ 9 valves were used in the
initial tests and the accompanying figures were obtained with the 9 valves.

CLIFDEN VALVE SET TESTS.
September 12th, 1920,

Resistance of aerial : 0-7 ohm. (This has since been reduced.)
Wavelength = 5,600 m. Nine MT2 valves in use.
Total filament current : %) amperes at 20 volts. |

| Kilowatts. :
: : Efficiency Neg-
v Bl deld DR (o i Famer
. ‘ | _. Feed. I Al Current. :
[ i
| |
amps. Amps. !
1-55 117 7,700 | 119 | 96 80D per cent.|
1-85 140 9,500 . 17:5 11-3 69 3
2-2 ' 165 11,400 2001 19-1 76 -
2:TH 2N 14,0000 | 384 28 T3 ,,
303 222 15,400 | 467 31 3,
3-3 236 16,8000 | D28 39-2 742
3-52 250 18,000 | ) 43-7 13 -
|

The circuit in use is that shown in Fig. 1. It was found necessa
order to prevent exceedingly high potentials being produced while sign ng,
to shunt the signalling keys (which mcldenmﬂ}f are the same keys as those
used for the spark set) with a hlgh resistance and allow thr: valve set to
oscillate weakly during the spacing sign. The actual spacing current is
about one-tenth the signalling current but even this value is complained of

UMIVERSITY OF MICHIGAN
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by Canadian receiving stations and it will have to be considerably reduced
in the future.

Except on the mmpdranvelv rare occasions when the wind blows directly
across the aerial, Clifden’s wavelength is exceedingly constant and during
several hours wﬂrklng will not show a variation of 1 in 7,000, The usual
working current is about 180 amperes.
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Various improvements are being made now and others are projected but
at the moment the greatest improvement expected is that due to the instal-
lation at Glace Bay of a similar set. The new transmitter at Clifden has
now been working HIJLCEEth_H}’ for nine months and has provided valuable
information and experience in connection with the use of valves under
commercial conditions,

— — —— = —

The Nature and Nomenclature of Electric
Discharges.”

Different types of electric discharge have recently become known which
combine in each certain of the characteristics which formerly distinguished
the known types of discharge from one another (vacuum discharge, glow
discharge, arc, etc.).

For example, in the new neon arc lamp the discharge raises the temperature
of points of the cathode to incandescence and vaporisation as in an arc lamp ;
special means are adopted, however, to prevent the cathode products spread-
ing up the main discharge column in which one has consequently nothing but
electrons and ions of the rare gas at a low temperature as in a glow discharge.
In another case one has an artificially heated cathode in a gaseous space ; in
addition to the electrons emitted by the hot cathode, gas ionisation occurs
as in glow discharges, which increases the electronic current. Again, the

* From an article by W, Schettky in the Ir:mbr:fr fiir technische Physik, 1, p. 208,
September, 1920,

'---'!'!'_Z|I!'I-.'1| Troim
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positive ions on colliding with the cathode can cause a further emission of
electrons as in a glow discharge, or they may cause local heating of the
cathode and lead to a kind of arc discharge.

Under such circumstances it is a waste of words to argue whether any
discharge should be classed under one or other of the formerly distinguished
tvpes. To characterise a discharge it is necessary to state as many properties
of the phenomenon as can occur independently of one another.

The most obvious proposal appears to be, to state (1) the point at which
the discharge originates (cathode, gas or anode) and (2) the nature of the
cause which originates it (thermal or otherwise). (3) In addition to this it
should be stated whether the energy required to produce the electrons is
supplied from the discharge itself or from some external source.

(1) On this plan discharges would be divided into cathodic, anodic, or gas
path discharges, together with various combinations of these three depending
on the character of the discharge. (2) If in a cathodic discharge, the emission
of electrons is due to the heating of the cathode one could call the discharge
cathothermal. If, however, the electrons are produced at the cathode by
the incidence of a wave or of corpuscular radiation or by chemical action, the
name cathodrome might be applied (dpopos = a L:}urst} In the same way,
the pmdmtlﬂn of ions and electrons in the gas path could be called hodo-
thermal (vdos = path) if due to heat and hododrome if due to the incidence
of waves or of corpuscles or to chemical action. Although little 1s known of
such processes, the words anothermal and anodrome could be applied if
the discharge originated at the anode.

(3) To distinguish between the cases inwhich the energy required to produce
the electrons is supplied from the discharge itself and those in which it is sup-
plied from a separate source, the words auto and allo could be introduced.

Whether or not this suggested nomenclature be adopted, it is important
that some method be introduced whereby discharges can be correctly
characterised. -

The following are given as examples of the application of these suggestions :

The neon arc lamp—catautothermal and hodautodrome ;

Ordinary glow discharge—catautodrome and hodautodrome ;

Ordinary thermionic bulbs—catallothermal with more or less hodauto-
drome, catautodrome and catautothermal.

Discharge in flames — hodallothermal with hodallodrome effects due to
chemical reaction in the Hame and moreover in some cases hodautodrome
effects due to ionisation by collision in strong fields, a