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Editorial
The Production of Ultra-short Waves

GREAT amount of attention is being

paid to this subject. During the last

few months the English, American and
German technical journals have all contained
articles deseribing experimental work directed
to the elucidation and surmounting of the
difficulties which are encountered in the
production of a considerable amount of
power at wavelengths in the neighbeourhood
of a metre.

A paper entitled *“ Vacuum Tubes as High
EFrequency Oscillators,” by Kelly and Samuel
of the Bell Telephone Laboratories, was
published in the November number of Elec-
trical Engineering (Amer. Inst. of Elec. Eng.),
and Wagne~ and Hollmann have a paper on
the same subject in the December number of
Elektrische  Nachrichten Technik.  These
papers deal with the three well-known
methods, viz.: the ordinary negative-grid
method, as employed for lower frequencics
but with suitable modifications, the positive-
grid or Barkhausen-Kurz method, and the
magnetron method. It with the ordinary
negative-grid method the frequency is pro-
gressively increased by reducing the capaci-
tance and inductance, with the usual type

of valve, the output and ethciency are not
seriously affected until the wavelength is
reduced to 20 or 30 metres, but beyond this
they fall ofi rapidly, and at a wavelength of
2 or 3 metres the valve refuses to function
as an oscillator.

There are several causes for this limitation.
There are the increased losses in the valve
at the higher frequencies, combined with
the fact that as the external inductance and
capacitance are reduced and fnally elimin-
ated, the valve elements form an increasingly
important portion of the circuit. A further
cause is the transit time of the electrons in
the valve which begins to become com-
parable with the period of the oscillation.
To reduce the inter-electrode capacitance
the electrodes should be made small and
far apart, whereas to increase their thermal
dissipation theyv should be made large, and
to reduce the transit time of the electrons
they should be close together.

The design thus becomes a matter ol com
promise and beyond a certain point each
design is only suitable for a relatively narrow
band of frequencies if the best results are to
be obtained {rom it. By reducing the length
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of the cylindrical anode but fitting it with
external cooling fins, by carrying the elec-
trodes on their connecting leads without any
other support, and by bringing these leads
in at three ditferent points of the bulb, the
inter-electrode capacitances were reduced to
a quarter of their previous values and the
valve was able to give an efficiency of 25 per

lag. 1.—Ixperimental valves for ulira-short waves.

cent. at a wavelength of 2 metres with an
output of yo watts. Its limiting wavelength
was I.5 metres.

By reducing the size of the clectrodes and
bringing thent closer together, thus keeping
the capacitances much the same but reducing
the transit time, the limiting wavelength
was reduced to 0.75 metre, whilst the ethci-
ency at one metre was about 16 per cent.
with an output of about 2o watts. This
valve was described by Fay and Samuel in a
paper before the recent U.R.S.I. conference.
The same workers have gone even further,
and by doing away with the pinch and care-
fully designing the very small elements ol the
valve, especiallyv the squirrel-cage grid, they
have produced a valve with a limiting wave-
length of 40 cm. and an output of 6 watts
per valve at a wavelength of 6o cm. with 14
per cent. efficiency. These results were
obtained with two valves in a push-pull
circuit. The limiting factor was not anode
heating but grid heating due to its proximity
to the cathode, and special precautions had
to be adopted to cool the grid.

Valves with still smaller clearances were
made with which an output of one watt was
obtained at a wavelength ot 25 cm., corre-
sponding to a frequency of 1.2 % 10°, but they
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are not to be regarded as commercial articles
at present. ‘They are shown in Fig. 1.

Where very little power is required, as for
reception, very small valves have been
evolved capable of oscillating at a frequency
of 10% (A = 33cm.).

They have plane elecirodes, the cathode
being oxide coated and indirectly heated.
Their size can be judged from the photograph
(Fig. 2}, where two of them are shown beside
an ordinary receiving valve.

The Positive-grid or Barkhausen-Kurz
Method

Here the grid is at a high positive potential,
whilst the anode potentialis about the same as
that of the cathode. The frequency is prim-
arily determined, not by the constants of the
external circuit, but by the time taken by the
electrons to fly from the cathode through the
grid to the neighbourhood of the anode,
where they reverse and retrace their path and
return through the grid. In the ordinary
arrangement a lLecher wire circuit s
arranged, one wire of which is connected to
the anode and the other to the cathode, and
to obtain optimum effects this circuit should
be tuned to the {requency of the oscillating
clectrons by sliding the short-circuiting
bridge to the correct position. If well de-
signed the seal at which the Lecher wires
leave the bulb forms the other nodal point

Fig. 2. —Ultra-shor! wave
receiving valves conipared
with one of novmal size.

of zero P.D., thus eliminating dielectric loss
at this point. The engineers of the Bell
Laboratories have developed a valve with a
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spiral grid which acts as an oscillating coil,
the length of wire in the coil bearing a lixed
relation to the wavelength. In this case the
Lecher wires are not connected to the anode
but to the two ends of this coiled gricl.  This
tvpe of valve was employed in the 17 cm.
cross-Channel micro-ray  link  Dbetween
Lympne and St. Inglevert. Such tubes have
produced oscillations at a frequency ot
3 X 109 (A = 1ocm.). Theefticiency obtained
with the Barkhausen-Kurz positive-grid
method of producing oscillations never ex-
ceeds about 6 per cent., and this method is
comparable with the negative-grid method
only for very short wavelengths of about
socm. or less. A series of valves with spiral
grids ranging from outputs of several watts
at 6o cm. dewn to fractions of a watt at
12 cm. all worked at efficiencies of about
1 per cent.

The * Magnetron >’ Oscillator

The simple cylindrical diode in an axial
magnetic field has been largely replaced by
the split-anode magnetron devised by Yagi
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and Okabe. A peculiar discovery was that
the action of the valve was improved by
giving the magnetic field a slight tilt away
from the strictly axial position. Still better
results are obtained by keeping the magnetic
field axial, and skewing the radial electric
field by means of end plates maintained at a
positive potential. Although much higher
frequencies have been obtained with the
magnetron than with either of the other
methods, the necessity of providing a power-
ful magnetic field is a serious disadvantage.
The highest frequencies obtained are about
3x 10 (A= 1cm.) whilst an output of
2.5 watts has been obtained at 3x10°
(A = 10Cm.).

Both the papers referred to above give
very extensive bibliographies ol the subject,
although one of the most complete biblio-
graphies, referred to in both papers, was
given by Megaw, whose papers in the 1933
Journal of the Institution of Electrical
Engineers gave a very thorough critical
review of the whole subject.

G. W.0. H.

Comparison of Radio-frequency Standards
B.B.C. Co-operation with Three Transmitters

OR some time the International Union for

Radio Research has organised special radio

emissions for the international comparison
of standards of frequency. Among the Institutions
assisting in this work are the National Physical
Laboratory, Teddington, and National l.aboratories
in the U.S. A and in several countries of Europe.

In the comparisons of standards of frequency,
agreement to one part in 10 million has been at
tained.  During the work differences have been
noted in the modes of arrival of the emitted wave,
and on the occasion of the next international trans-
mission during the night of 12-13th March, 1935,
it is hoped to obtain the co-operation cf persons
and institutions possessing suitable apparatus 1o
assist in the study of these differences.

The intercomparison of standards of frequency
is made by sending out a very stcady frequency
from a radio transmitting station, the valuc of
which can be measured at anv place equipped
with the necessarv apparatus. The actual measure-
ment is made by observing ‘‘ heats' between
two frequencies which are very nearly equal.

Observations of ditferences in mode of arrival can
bhe made without requiring a local source ol steady
frequency. A comparison of the modulations arriv-
ing by the two carrier frequencies can be made
by means of a low voltage cathode ray oscillograph

supplied from the radio receiving apparatus, which
must be free from distortion.

On the occasion of the next emission (12-13th
March, 1935) the B.B.C. will modulate Droitwich
and the Scottish Regional and Scottish National
Stations simultancously with the frequency of
1,000 cycles per second. A great part of Iingland
will be in the ““ fading " area of the Scottish Stations,
and it is for physical observations, among which
" fading ”’ is an important phenomenon, rather
than for quantitative measurements, that the two
Scottish Stations are being provided. The main
emission will last continuously for an hour and a
halt, preceded and followed by shorter ones for
subsidiary purposes.

The National Bureau of Standards, \Washington,
U.S A, is co-operating by a special emission of a
frequency of reference ol 3 million cycles per
second. This is expected to be accurate to 1 cycle
per second, and to be of sutticient intensity to be
received satisfactorily in ILurope.

In order to make best use of this opportunity it
is requested that persons and institutions having
suitable oscillograph apparatus will assist by making
observations. More detailed information can be

had on application to Dr. 2. H. Ravxer
National  Physical  Laboratory Teddington,
Middlesex.
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The Interaction of Radio Waves*

By V. A. Bailey, M.A.,

D.Phil.,, F.Inst.P., and

D. F. Martyn, Ph.D., A.R.C.Sc., F.Inst.P.

1. Introduction

HE first evidence that the waves from
a wireless emitter might be influenced
during their transmission by the
radiations from a second emitter appears to
have been obtained by Tellegen.! He
observed when listening in Holland to the
signals of the Beromunster broadcasting
station in Switzerland, that the programme
of the Luxembourg station could be heard
faintly. The wide separation of the wave-
lengths of these stations (461 m. and 1,190 m.
respectively) ruled out the obvious explana-
tion of interference due to receiver imper-
fections, while the geographical situations of
the stations and receiving site, which lie
more or less on a straight line, with Luxem-
bourg in the middle, suggest strongly that
the interference was being produced above
Luxembourg in that part of the Kennelly-
Heaviside layer which must be mainly
responsible for the reflection of the Bero-
munster signals received at Eindhoven. This
hypothesis has since been supported by a
nummber of further observations published in
the correspondence columns of World Radio.
In every case the distance between the
receiver and the station whose signals are
being observed is sufficiently great to ensure
that a downcoming wave {rom the ionosphere
is mainly responsible for the signal heard,
while the interfering station is invariably
situated somewhere between the receiver and
the station observed. It seems certain
therefore that the waves from the two
transmitters interact in the ionosphere. It
is proposed here to give an account of the
mechanism by which this interaction can
occur. At the recent London meeting of the
U.R.S.1. Dr. Van der Pol gave an account?
of some measurements which had been macde
upon the interference from Luxembourg.
These measurements will be used in order
to make quantitative tests of our theory.
* M.S.iaccepted by the Editor jz;rﬁmr_\' 8th, 1934.

2. Non-linear Relationships in the Ionosphere

It is well known that two oscillations are
incapable of exerting a mutual influence
upon one another unless both act upon a
non-linear device, that is, an element whose
response is not proportional to the applied
force. For example, the phenomena of
cross modulation in receivers, the apparent
demodulation of a weak signal by a strong
one, the automatic synchronisation or
“ pulling-in ”’ of two oscillators, and the
production of heterodyne or beat tones, are
all phenomena which depend for their
existence upon the presence of a non-linear
device, usually a thermionic valve having a
curved grid volts-plate current characteristic.
It is patural therefore to seek for some
non-lincar characteristic in the reflecting
properties of the ionosphere. The latter
influences radio waves in several ways. In
the first place, by virtue of its refractive
properties it is capable of so bending the
waves which reach it that they return to
carth. Secondly, by virtue of its conducting
properties, it partially absorbs the incident
radiation, so that only a fraction, though
often an appreciable fraction, of the incident
energy is so returned. Thirdly, owing to the
presence of the earth’s magnetic field, the
ionosphere is capable of splitting up an
incident ray into two or more rays of different
velocities, and possessed of characteristic
polarisations.

Now the observed phenomena suggest
that it is the intensity of the Beromunster
signal which is being affected by the Luxem-
bourg station, so that we first examine the
absorbing properties of the ionosphere,
though bearing in mind that the other optical
properties of the ionosphere. may exert an
appreciable but smaller influence on the
apparent intensity of the Beromunster
signal. It will, however, appear in the sequel
that it is possible to explain quantitatively
the phenomenon of the interaction of waves
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by consideration of the absorptive properties
alone.

The ionised layers of the ionosphere may
be considered to consist of air at a very low
pressure in which free electrons move at
random, with a mean velocity of, say,
u cm. per second. From time to time each
electron collides with a neighbouring mole-
cule and an interchange of energy may
occur. We shall denote by v the average
nuinber of such collisions made per second
by each clectron. In the absence of an
applied electric field we may suppose
that thermal equilibrium exists, so that
3 mu? =% MU? according to the Principle of
Equipartition of Energy, where m and 3
are the masses of an electron and molecule
respectively, and U is the mean velocity
of agitation of the molecules.

The reflecting power of the ionosphere
depends upon its electrical conductivity,
and would be 100 per cent. if the ionised
layer were a perfect conductor. Now it is
not difficult to show?® that the reflecting
power of an ionised layer of the type we
are considering is nearly inversely pro-
portional to ». If then the layer is possessed
of non-linear properties, that is, has a con-
ductivity which wvaries with the applied
electric force, then we should expect v,
and hence* #, to depend upon the applied
electric force. A great many observations
have long ago been made in the laboratory
by Professor Townsend and his associates,
which show that this is indeed so. The
explanation may be put quite simply. Under
the influence of an applied field of force
the electrons rapidly acquire, on the average,
additional kinetic energy. The balance of
cnergy between the electrons and molecules
is therefore upset. The velocity u increases
to a limiting value at which the average
energy transferred to a molecule at a
collision is equal to the average energy
gained from the field during the mean frec
time of an electron. The etfect of an applied
clectric field is therefore to increase u, and
hence », and so to decrease the reflecting
power of the ionised layer. The greater the
applied ficld the greater will be the reduction
in the reflecting power of the layer. So if
the applied field be modulated, this modula-
tion will be unpressed upon any radio wave
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reflected from the part of the ionosphere
affected.

The more rapid the modulation the less
time there is for a variation of v from its
average value, and so the less is the amplitude
of such a variation. Consequently the
modulation impressed on the reflected radio
wave will be less for higher frequencies of
modulation than for lower frequencies.

A simple quantitative discussion is given
in the Appendix, which shows that for a
given intensity of emission the impressed
modulation is inverscly proportional to
V/f2 + R2, where R is independent of f.

The theory further shows that the first
harmonic of the modulation is also impressed
on the radio wave and that this harmonic
is weaker and inversely proportional to

V4f* 4+ R2.
3. Quantitative Expression of the Impressed
Modulation

So far we have outlined in qualitative
form alone the explanation of the non-linear
property of the ionosphere and its effects in
giving rise to the phenomenon of the inter-
action of radio waves. It is now neccessary
to give quantitative expression to our
theory. This requires consideration of such
important factors as (¢) the presence of the
carth’s magnetic field, (b) the extension of
Townsend’s ideas to high frequency electric
fields combined with a constant magnetic
tield, and (c) the theoretical extension of
Townsend’s measurements to low field
strengths. The complete theory, taking
account of these factors, has been published
elsewhere?, and it will suftice here to quote
only the following conclusion : 1f M’ be the
coefficient of the impressed interfering
modulation, then*

(p? + 0t Cv2Z:M
(p? w2)2\/f2 + GHE 4 Q22
where p is the angular carrier-frequency of
the interfering transmitter 7,

fis the angular modulation-frequency of 7,

w = He/m,

H, is the component of the earth’s mag-

netic ficld perpendicular to the electric
vector in the wave from 17,

M'=4.6 x 101%

* For u /v, where / is the mean iree path.

* \Vithin certain specified limits.
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Z is the root mean square value of the
electric intensity due to 7',

M is the coefficient of modulation of the
emissions from 7T,

v is the collision frequency in the absence
of electric forces,

G and ¢ are constants cqual to 26 X 104
and 1.2 X 10™ respectively,

9.0 X 10718(p2 + w?)?

Q @2 — w22 b
and C is a factor depending upon the fre-
quency of the wanted signal from the

second emitter 7, the length of the path
of this signal through the ionosphere, and the
density and gradient of ionisation in the
ionosphere.

It 1s clear that w may not be regarded as
a constant, since it will change continuously
in value as the wave from 7', is bent over in
the ionosphere. It will have a maximum
value ol nearly 107 for European conditions,
and a minimum value of zero. For values
of w nearly equal to p the formula does not
apply, but this condition can hold only in
such limited regions of the ionosphere that
they do not contribute appreciably to the
impressed modulation. The evaluation of w
over the path of the wave is further com-
plicated by the fact that the electric vector
in the wave takes an orientation defined by
the magneto-ionic theory at each point of
the path. We shall thercfore make use of
Van der Pol’s measurement of the coefficient
M’ in order to derive the effective average
value of w.

Several deductions may be made from the
above formula for M’. In the first place, it
is to be noted that the iimpressed modulation
varies as /2, the term ¢(JZ2 in the denominator
being usually small compared with /2 It
follows that the interference experienced is
nearly proportional to the power of T,
Secondly, the interference is proportional to
M, the coeflicient of modulation of the
interfering station. Again, the interference
is proportional to »2, and so should be most
marked at times when the ionosphere is
low, as for example near sunrise and sunset,
in the daytime if signals be audible, or during
the night at times of abnormal ionisation in
the E region of the lonosphere. TFinally it
is to be remarked that, as previously men-
tioned, the impressed modulation varies with

March, 1933
the modulation frequency of 7';. In general
G%? is considerably less than /2 so M’ is
roughly inversely proportional to f. The
impressed programme is therefore distorted,
the higher modulation frequencies being
relatively weak. This prediction from our
theory® has been fully confirmed by Dr.
Van der Pol’s recent measurements.

He finds that the modulation impressed
upon the Beromunster (7°,) carrier wave by
the Luxembourg (7;) emitter has a value
7.5 per cent. at a frequency of 100 cycles per
second, and that it falls to 1.2 per cent. at
800 cycles per second.

These measurements allow us to calculate
the value of v at the I/ region of the iono

sphere.  Thus we have
(27 X 100)%* 4 0.8 X 107%1% 1.2°
(27 X 800)2 + 6.8 X 10762 7,52

so that v = 2 X 10% collisions per second.

Having determined v it is now possible to
obtain an estimate of the average value of
w from the above expression for M’

Tor the Luxembourg emitter it may readily
be shown that Z has a value about 2z x 104
volts/cm at the ionosphere. We may
further write Cv = 1, corresponding to an
average value of 30 per cent. for the reflection
coeflicient of the ionosphere. Substituting
these numbers we find w = 3.4 X 10% This
appears to be a reasonable mean value for
w, which may have a maximum value of 107
as indicated above.

It is to be pointed out that these calcula-
tions have been made on the assumption
that cQZ2 is small compared with f2  TFor
Luxembourg this assumption Is not quite
justified, owing to the very high power of
that station, and a small correction must be
applied to the values deduced above. This
may be done now that the approximate
values of w and v are known. Utilising these
approximate values we can solve again for v.
When this is done the corrected value of »
comes to 1.9 X 10° collisions per second.
This value is in good agreement with that
deduced by Chapman® from considerations
based on the kinetic theory of gases, and is
also in good agreement with the values
deduced from consideration of the absorp-
tion? of radio waves in the ionosphere.
Such agreement is very satisfactory, and
suggests that measurements of this nature
may cventually provide the most satis-
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factory means for the determination of »
in the regions of the ionosphere.

Another necessary consequence of our
theory may be briefly mentioned. An
emitter of the power and wavelength of
Luxembourg, which produces an appreciable
disturbance in the ionosphere, must neces-
sarily have its own modulation distorted
during transmission through the ionosphere.
An observer listening to Luxembourg at such
a distance that only the skv wave is receiv-
able should therefore find a distortion* of the
Luxembourg programme. This effect should
be readilv observable in England and will be
shown by the relative weakness of thelow
notes in the received programme. It should
also be evident in many parts of the British
Isles on the transmissions of the new Droit-
wich long-wave emitter.
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Appendix
We suppose lor simplicity that the mean f{ree
path 7 is constant, v << < p and that there is no
magnetic field present.
The work w, done by an alternating electric
force E V2/Zsin pt on an clectron traversing a
free path 7 is proportional to

S e dx
where x is the displacement of the electron in the
direction ol E and e is the clectronic charge. Thus

mx — [fe — \V 2Zesin pt,

i.e.,
dv — (V'2e/mp)Z cos pt . dL.

Thus w; is proportional to Z2. The average work
w done on an electron over a mean free path is
necessarily similarly related and so we may set

w (lz2
where ¢ is a constant.

Let g denote the proportion of its own energy
4 mu? lost by an electron on the average at a
collision with a molecule. The number of collisions,
or of iree paths, occurring in an interval of time dé
is vdt, so, in this interval,

the work done by the field wvdt,
the loss of energy in collisions — g(} smu*vdt,
the increase of kinetic energv a(l mu?).

* Beyond ahout 150 kilometres this distortion
should diminish as the distance increases.
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Applying the principle of the conservation of
energv, and sctting u lv, we then obtain the
equation

Z:—{—égv'-’ aZ? .. . .. (1)

where a = o/m!i?, and so 1s constant.
1 g, and v, arc the steady values of g and v
respectively corresponding to « constant amplitude

V27 4 then dvy/dt = o and so
Y gove’ = aZy® - k4 - (2
If, in (1), Z is a modulated amplitude given by
7 — Zo(1 + M sin fi)

then, if M be sufficiently small, or if f be sulficiently
large, v will ultimately oscillate steadily about the
value vy by a small amount dv, and Igv® will
ultimately oscillate about the value }gov,’ by the
small amount R . dv where

d p
Ev-o (1gove®) - B Ly (3)

Subtracting {2) from (1) we thus have
:i (4v) + R . dv = aZ P(2M sin ft + M*<in® ff)
Ignoring the harmonic term on the right, we thus
find that
dv— 2MZE Gni—) .. W)
\/f“’ + R2
where tan ¢ = f/[.

The final intensity E, of a second wave 7, which
has traversed the same region of space is a tunction
of v, and so we may set

Iy F(v) Flvy + 4v)

Since dv is small we find by Taylaor’s theorem
that
. 3 D B S
Ey — Flvy) + F'(vg)  dv =4+ uj'-z- < ﬁsm (ft—¢)
where A, B and IR are independent of f.

\We thus conclude that Ty is a modulated wave
whose coefficient of modulation is inversdly pro-

portional to \/;- R
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“ ‘ 7 ACUUM Devices in Research and Industry ™
is the subject of a conference, to De held
in Manchester from March 25th to 3oth

next, under the auspices of the Institute of Physics,

and the President of the Conference is Prof. W. L.

Bragg, Sc.D., F.Inst. P, F.R.5. Membership is open

to all interested without fee. The subjects chosen

for lectures inclnde ** Applications of Fhotoelectric

Cells,”” ** The Cathode-Ray Oscillograph in Research

and Industry,” and ‘* High-Tension Vacuum Tube

Devices in  Research and Industry.”  Further

particulars may be obtained from the Secretary of

the Institute of Phyvsics, 1, Lowther Gardens,
l.ondon, S.3W.7.
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Oscillations in a Split Anode Magnetron®

Mechanism of Generation
By K. Posthumus

(Natuurkundig Laboratorium, N. V. Philips, Glocilampenfabrieken Eindhoven, Holland).

Summary

HOUGH many publications have
recently appeared in which the prob-
lem of the mechanism of magnetron

oscillations has been studied to some extent,
there is still no simple physical interpreta-
tion of the more or less complicated pheno-
mena (see e.¢. Fig. 3) available.

Megaw! distinguishes Dbetween *“elec-
tronic ' oscillations and ““ dynatron ’’ oscil-
lations.

In the first kind the frequency can be
expressed in terms of the static angular
velocity of the electrons, that is, the angular
velocity at which the electrons move under
the influence of the combined action of the
static electric and magnetic fields. As is
well known from former publications?, this
angular velocity is approximately constant
throughout the electron path and equal to

H%ﬂ this according to Okabe? being equal to

hall the angular {requency w = 2#f of the
oscillations which are generated under the
condition that H is near the critical value.
This critical value of H is the magnetic
held strength which is just high enough to
cut off the anode current under static con-
dition and is given by the equation

e 8V,
mooy,?

where V, is the anode potential and r, the
anode radius. The efficiency of this kind
of oscillations is rather low.

The second kind is explained by the
presence of a static necgative resistance,
under certain conditions of the magnetic
fieldstrength. When a potential difierence
is set up between the two anodes of a split
anode magnetron, the current going to the
anode of lower potential increases, the current
to the other anode decreases, which con-

H?

* MS. accepted by the Editor, November, 1934.

i Co 8. Megaw, Jrn. Inst. Ll Eng, 72, 313,
326, 1933.

A W. Hull, Phys. Rev., 18, No. 1, 1921.

3 K. Okabe, P’roc. Inst. Rad. Lng., 17, 652, 1929.

dition makes oscillations possible when an
oscillating circuit of suitable damping is
connected between the anodes. From this
explanation it follows that the frequency of
these oscillations should be determined by
the circuit only, and there should be no
lower limit to this frequency.

During our own experiments we met with
a third kind of oscillations, which, as we will
see, could be called rotating field oscillations,
where a preferred frequency is determined
by the magnetic fieldstrength and the anode
potential, as in the first case, but this fre-
quency is found to be nversely proportional
to the magnetic feldstrength.

The magnetic fieldstrength in this case is
generally very much above the critical
cut-off value aforementioned, the efhiciencv
is excellent and may reach 60 to 70 per cent.

Much advantage is obtained by raising
the number of anodes to four; under the
same conditions with regard to potential
and magnetic field the frequency generated
by the four-plate magnetron 1s twice as
high as in the case of a two-plate magnetron.
The two anodes opposite to one another are
internally connected so that only two leads
enter the tube. Special precautions have
to be taken for the construction, however,
in order to obtain full advantage of the
remarkable properties of this four-plate
magnetron.  Though some results were
arrived at with an eight-plate magnetron,
the oscillations obtained were in this case
very weak and critical.

A brief theory of this type of oscillation
follows, which explains the diverse facts
observed.

Theory of Rotating Field Oscillations

When once an oscillatory potential differ-
ence is present between the anodes, {or this
oscillating condition to be permanent, it is
necessary that energy be taken from the
source ol anode potential and transferred to
the oscillating circuit. This is possible
when electrons can reach the plates with a
velocity less than that corresponding to the
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d.c. potential of the anodes. Now it is a
well-known fact that when oscillations occur
for which the time of one oscillation is com-
parable to the time of transit of an clectron,
the velocity of the electron can be widely
different from the wvelocity corresponding
to the potential at its momentary position
in the space. It is, for instance, well-
known?, that electrons can bombard the
filament with considerable cnergy, causing
this filament to emit secondary electrons
in such a large quantity that the mean anode
current during oscillations may exceed the
static saturation current.

We shall, therefore, study the electron
paths in detail, in order to find tlie conditions
under which electrons may reach the plate
with considerably less energy than that
corresponding to the plate potential.

\We assume the magnetron to have & pairs
of plates, and further we will base our
calculations on the supposition of a rotating
electric field with k pairs of poles. In reality
we have a simple alternating field, with &
pairs of poles, but we can always resolve this
into two rotating fields rotating in opposite
senses. We will neglect the rotating field,
rotating oppositely to the static angular
velocity, and only consider the other com-
ponent. Later on it will be made plausible
that this procedure is admissible.

In the absence of oscillations we have a
radial electric fieldstrength F, independent
of 6, and inversely proportional to ». When
the oscillations are present we have an addi-
tional oscillating radial fieldstrength and an
oscillating tangential ficldstrength.

We can put the first equal to R,¢,(k6) . sin
w!, ¢ being some periodical function with
a period z=. In the same way the tangential
component is equal to T4, (£0) .sinwt. R and
T are functions of » only. The oscillating
potentials are supposed proportional to sin wt.

For the sake of simplicity we suppose
$, and i, to be simple harmonic functions,
so that the radial as well as the tangential
alternating fields can be split into two
circular rotating fields. The two of the four
rotating ficlds rotating in the sense of the
static angular velocity are represented by

R$(k -+ wt) and T(k6 + wl).

I and T are again functions of » only,
¢ and ¢ are simple harmonic functions.

tE.C.S. \Icgax\ Nature, 131, 269, 1933.
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The two simultancous differential equa-
tions, determining the path of an electron,
neglecting space charge, aro'2

ax ‘dO\2 e e
u’ﬂ_y cﬁ> F}Tt Hm di + R¢(k9+wt)
1d/,d0 ¢ dr .
r d/( dz) ) M’(w + @
We ncew examine whether a solution is
possible, in which

. . da

B = — w! | a, while jw|»
dt |

The physical meaning of an electron path
defined by this equation is, that the clectron
moves around with approximately the same
angular velocity as the rotating fieid, but
its position relative to the line of maximum
fieldstrength  of the rotating field wvaries
slowly and is given by the angle a.
In this case we may write :

dx ew? (4 }w (4
a7 e re +Hm mR¢>(a) ()
dr w e dr
g i Hpa T - O
The second equation can be transformed to :
dr Tid(a)
i me )
ek
The first equation can be integrated to :
dr\? an\* . ajw? e
<d1‘> —\db/, 0 =70 <ké - H'm@)

t2(V,—Vy) i+ 2 c—quS(a)d;

or on the supposition that #,, Iy and (dt>

can be neglected :

(dr\ 72,«» +He<;;) 2V, _I_o.Jng()d,

\ k2
()
V, being the d.c. potential, and the integral
/R¢(a)dr being taken along the path of the
electron considered.
The combination of equations (3) and (4)
yields :

T(;I(a) - 2?—72<a):+H_8 w>
mw k mk
—2=S—H

ek

e e B
t2Ve— 42 JR¢(a)dr L 3)
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R not being absolutely necessary for the c«
ception of the picture of the synchronous
motion of the electrons (IFig. 1), we consider
at first only 7" and put R =o.

Y(a) is a function of sinusoidal character
and the group of electrons which we describe
here moves in a spiral path, synchronously
with the rotating electric field, but a (the
angular distance from a line of reference
moving synchronously with the rotating
field) slowly increasing and decreasing, in
order to keep the equation (5) satisfied,
while 7 may be any prescribed function
of 7.

It is clear that for the electron motion to
be stable it is necessary that a be such that
the electrons are astern of the antinodal
line of the rotating field, where (@) is a
maximum, the sign being such that the
tangential force acting on the electrons is
retarding. A momentary increase of angular
velocity brings in this case the electron into

ELECTRONS

ZONE OF MAXIMUM
TANGENTIAL FIELD
Zm

Tig. 1.

a region where Ty(a) is stronger, so that the
original angular velocity is restored.
The right-hand side of equation (5)

vanishes for » = 0 and must have a positive
2

an , .
value for » z o, as dtl must remain posi-

tive. The smaller this value is, the smaller
T may be chosen, which increases the chance
of oscillations building up. Now it is clear
that, when the value of the right-hand side
of equation (5)is > o forv = r,, the leue
is positive for any other value of 7, as 17,

a logarithmic function of .

We define

/dr\2
P=y “k2+H )+2V \d”

The energy of an electron reaching the anodes

WIRELESS
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s given by the equation :
rdn 2 A6\2
my:=gm| (5 ) -}
ot =im () +(7)

w? € w

morlt—+ v 2H-— L+ V, —

|: B2 mk “mJ
$m@Q by definition.
If all electrons should follow similar
paths, then the cnergy taken from the
d.c. potential source per electron is el’,,
the kinetic energy transformed into heat at
the anode is } m(Q), so the efficiency of the

oscillations would be equal to

Ve —4mQ
7]"1 L e
n, must theretfore be considered as a maxi-

mum limit for the efficiency.
We now define

razHc,.‘l;’SL 8V, (H, = the critical cut-off
value of H)
H w
= 7 g
H. Tug =
e
1% -
.z = 4,
Then
P — v*[x? 4 2xz + 1]
Q = vo?¥[24% + 21z + 1]
V.24
“m 50 L
Nom o 1
e :
Va m

In Fig 2 are plotted P and Q as functions
Yo, “ for different values of z.
We see directly from the equation for the
efficiency 7,,, that only negative values of x
are to be considered.

Magnetic Field above the Critical Value
Z > 1.

All frequencies below the values for which
P vanishes are theorctically possible; for
these latter frequencies the conditions are
the most favourable, because P 1s as small
as possible (low T) and 79,, is as high as

possible. On the other hand (2;)} 1s zero and
N a

therefore a somewhat lower frequencv may
be obtained more casily. In any case the



March, 1935 THE
frequency for which P vanishes is the maxi-
mum frequency which is possible.

These values of w are obtained by equating
P’ to zero:

X~ 2¢xz+ 1 =0

X 2+ V221
/ I
z 4 zy\ I o
and, as z2» 1 v
10
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cent. for x -
and vanishes for x —

0,5, then decreases again
1, where also P = o.

The (requency for which x = - 0,5 can
be generated with large efficiency. In the
original variables this frequency is equal to :

w 2V
i 3, = Z
k v H.,
w 2V,
3 T, 2
/\/ Y. H(‘T

1 1 T
X¥=—2z+ z(I — | =—1%
zz2> *
(This approximated curve
would appear in lig. 2, as 5
Q - 2x%s and P = x%v? £
L ° ) g
wliilst the exact curve s is o o

RADIAL VELOCILTY SQUARED

Q=x%y2and P—o. Forzy»1
both curves determine prac- ]
tically the same frequencies).

In that case

l
Ojma

) I
Mm % — 222;

SO very near to 100 per cent.

When we go back to the _
original quantities, we get : |
o,
rw o H, g’
kv, 2H 10
r2ugtH?,, = 10 V2 20
w von. El
k 2r,H Sf
TOTAL VELOGITY |
ol —4Va 1 sauvareo |
0% er T —60
704
a3 2V 470
k v, 2H 80
The upper frequency limit is i
inwversely proportional to H, for =5 _1.5:3?"“
a J4-plate magnetron the [re-
quency is twice (hal of a two-
plate magnetron. In general Fig. 2.
a frequency near to this )
limit is obtzined with max. energy and The equation
efficiency. \We now proceed to the case : v
. . w 2V,
Field Strength Roughly Equal to Critical P 7 2H

Field Strength z — 1

As |x| increases, I” decreases, 7, first in-
creases but reaches a maximum value of 50 per

therefore yields also for H -= H,. the fre-
quency which is most likely to occur.
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Tor the special case of z =1 we can also
write
w

k

For a two-plate magnetron (k¢ = 1) the fre-
quency is L of the frequency of the “ elec-
tronic”’ oscillation, for a four-plate mag-
netron the frequency is half the frequency of
the ““ electronic *’ oscillation.

There are, however, when z = 1, circum-
stances that favour the generating of higher

When

[4
- 1l
4 c1m

o w o
frequencies. A approaches the static

. e
angular velocity %H”;ﬁ" not only P

diminishes, but also the denominator of the
left-hand side of equation (5) decreases,
which two circumstances co-operate to make
the necessary 7 smaller. It is therefore
to be expected that a frequency near to the
static electronic frequency will be readily
generated, but never with large efficiency.

When we construct the magnetron with
a short-circuit near to the anodes, which
prevents the lower frequency from being
generated, it is easy to get higher frequencies
when this short-circuit aforementioned tunes
the magnetron to these frequencies.

In this way we obtained A = 20 cm and
A =28 cm under conditions where the
expected wavelength would be about three
times these values. We consider these
results as harmonics of the regular wave-
length, as we will see later on. In Lig. 2

1 .
the x must be taken equal to “ 7, instead

3k °

of equal to wr_,,. IFor these two valves the

k
representing points are then :

A=2z2ocm x=0,68 2=1,05 Q =0,500,°
A=28cm x=0,49 2=1,15 () =0,357,°

These values lie in the neighbourhood of
curve s in Iig. 2, which supports the theory
that these oscillations are to be regarded as
harmonics of the normal frequency. For the
valve which produced A =28 cm we ob-
tained the fundamental wavelength of 84 cm
in the same conditions as to anode tension,
ficldstrength, etc. when the short-circuit
near to the anodes was omitted. However,
the wavelength of 6o cm could not be
obtained.

WIRELESS ENGINEER
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When we plot the results by different
writers for ‘‘ electronic oscillations ™’ in the
same way, regarding them as third harmonics,
we also get representing points near to those
stated above. Therefore it is not to be
excluded that our “ third harmonic’’ oscil-
lations are in reality ‘‘ clectronic oscilla-
tions ”’ or the inverse may be true.

Magnetic Field below Critical Value z < v

The curve for z = } shows that oscillations
are possible with approximately the same
frequency as the upper frequency limit for
z = 2, but much less efficiency, while also
P is higher. So, if any, but feeble oscilla-
tions are to be expected.

We will now discuss some experimental
results to see whether they can be made to
fit into the above theory.

Experimental Results

Fig. 3 shows curves taken from a four-
plate magnetron, the d.c. anode current is
plotted as a function of the magnet current.
The anode tension was 1,500 volts, 7, = 0,5
cm, & = 2. The critical fieldstrength H, is
therefore 520 gauss, which corresponds to
0,73 amp magnetising current.

The circuit consists of two Lecher wires,
connected to the two lead-in wires of the
magnetron, each lead-in wire is connected
internally to two opposite anodes. The
bridge where also the anode feed is con-
nected, remains in a fixed position through-
out this test. A glowlamp is connected
between the Lecher wires at a small distance
{rom the bridge and also remains unchanged
during this test.

When the field is slowly increased, at first
oscillations on a wavelength of 54 cm start
at a field current of 0,9 amp, which is indi-
cated by a strong increase of d.c. current,
to a value above the saturation current (see
Megaw?). This wavelength is such that the
distance Lecher bridge-anodes is effec-
tively 7.

The oscillations die down at a magnet
current of 1.05 amp. and immediately
therealter the anode current leaps upward
again, while oscillations are measured of a
wavelength of 72 cm, the distance bridge-

anodes now being 35 effectively.

These oscillations continue until ¢ = 1.72
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amp. and are followed by a third oscillation
on 126 cm wavelength, beginning at 7 = 1.90,

the length of the circuit now being 2)\

effectively.

The oscillations continue until 7 = 2.35
amp. When the field current is again slowly
decreased, the three wavelengths appear
again, but the magnet currents for starting
and ceasing of the oscillations are different.

Further, there is a range of oscillations
below ¢ = 0.9 amp., where the d.c. value of
the anode current is not stable, but oscillates
in a low frequency.

WIRELLSS
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When we determine the point of inter-
section of this line p with the curve S, we
get a wavelength A = 35 cm, which is also
proved experimentally to be the shortest
wavelength which could be generated by
this mniagnetron, and also the necessary
fieldstrength is found equal to approxi-
mately 1.15 H,., which was to be expected
from Fig. 2. :

ers

Theoretical Assumptions Compared to
Practical Conditions
In order to arrive at the above simple
theory of the “‘ rotating field oscillations,”

100r . the most important
- gof T simplifications were the
Et{,’ 80[- H] following :
§§ or E I. The radial com-
ws SOr \1 V ponent R of the rotat-
83 5o ' ing field is neglected. 1t
3 4or is possible by making use
o2 30 - . of the relation between
s 2 ST SR
10} Rand T: =7+,
g '3 1 75 B 35 25 . 20 o7 )
_,Jcsm ‘>\=72ch N o following from Gauss

D.C. THROUGH FIELD COIL
Fig. 3.

In order to see whether these phenomena
fit into our theory, we first calculate the x
for the three different frequencies.

w 4V,
As k xr(ﬁH“.
we get the following table
A=54ecm w = 3510° x— 038

Oscillations possible between z = 1,44 and

1,23 and stable throughout this range
A=72cm w= 206,2.10% x = 0.285

Oscillations possible between z = 1,94-1,44

Stable between 1,90-1,57
A 126 cm 15.10% x = 0,105

Oscillations possible between z = 3,26-2,00.
Stable from 2,88-2,60

These experimental results are now also
plotted in Tig. 2. We sce thar for all
three frequencies the upper limit of H coin-
cides with the theorctical upper limit,

ar - ..
= 0. The lower limit

dat

of H is found experimentally to be given by
the line p, which corresponds to & maximum
etficiency of 65 per cent.

w =

curve S, for which

IN AMPERES

theorem, when an
assumption for T or R
as a function of r is
made, to solve the integral equation (5)
and so determine the path of the electron
a = f(#) relative to the antinodal line of the
rotating field. In view of the already
exeellent agreement between experiment and
simplified theory, no big 1mprovement
is to be cxpected from this procedure,
apart from the lack of generality by
the arbitrary assumption of T as a function
of r.

I1. The inverse rotating field is neglected.
The electrons remain during the whole time
of transit near to the line of maximum
tangential field of the rotating field moving
in the same sense, the inverse rotating field
gives alternative acceleration and retarda-
tion in such a quick succession that these
actions are averaged out and only the in-
fluence of the first rotating field is efficient
on an average. It is clear that therefore
the angular velocity will not be constant,
as would follow from the simple theory, but
oscillates around the average value derived
in the simplified theory, the angular velocity
decreases during the periods that both
rotating fields add, and increases during the

B



132 THE WIRELESS ENGINEER

periods that both fields are in opposition
and the resulting tangential field vanishes.
IIT. The deviation from the simple
sinusoidal form of the oscillating field and
therefore the deviation from a circular
rotating field by the components is neglected.
When the electron is near to the anodes, the
tangential force is only acting during the
small time-intervals during which the elec-
tron is facing the gaps between the anodes.
The tangential field is therefore only
important during these periods. Hence also
odd harmonics of the fundamental oscillation
corresponding to the angular velocity of the
clectron are possible. When e.g. the electron
moves with an average angular velocity w,
it must pass the successive gaps between
adjacent anodes during the retarding phase
of the electric field. This is possible when
the alternating potential of the anodes has

w o o
the frequency o, Oran odd harmonic of this
T

frequency.

In fact, it ias been possible to obtain some
watts ol energy from two magnetrons of the
same dimensions as the magnetron of I'ig. 3,
but having two anodes, on wavelengths of
28 c¢cm and 20 cm respectively. In these
magnetrons the leads to the anodes were
bridged internally at very short distances
from the anodes, in order to diminish the
resistunce of the oscillating circuit. The
conditions of anode voltage and magnetic
field corresponded to a normal wavelength
ol three times the measured values.

Witl the same angular velocily of (he elcc-
lroms w, 1! is (herefore possible to oblain an
angular frequency of the oscillalions :
fundamental fre-

quency
large cfficiency

w by using two plates [
2w by using four plates l

third harmonic

3w by using two plates small efficiency

Anode tension and magnetic field, as well as
dimensions, can be equal in these cases, the
last case, however, is very critical in opera-
tion and tilting of the magnetic field may be
necessary. The frequencies of 28 cm and
20 cmn in the above example were well in
excess of the static electronic frequency ol
A= 40 cm. Until now, no harmonic f{re-
quencies of a four-plate magnetron were
detected ; this mayv be due to the fact that
in a four plate inagnetron the internal con-
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nection between opposite anodes is not
sufficiently short for these high frequencies.

Another fundamental difference Dbetween
the four-plate and the two-plate magnetron
is caused by the fact that the tangential
fieldstrength near to the filament is much less
in the first case, assuming the same alterna-
ting potential. \When the magnetic field is
large compared to the critical fieldstrength,
and therefore the electrons are confined to a
small area round the filament when no
oscillations are present, the starting of the
oscillations is only possible in the four-plate
case, when either the axis of the static
magnetic field is made eccentric, or the
filament system is more or less eccentric.
For example, very good results are accom-
plished with one curved filament or with two
filaments on both sides of the centre line.
TFor the same reasons more than four anodes
give no satisfaction until now. I‘or opera-
ting conditions in the neighbourhood of the
critical fieldstrength a central position of the
filament, however, is better.

The standard four-plate magnetron-valves,
constructed according to these principles,
are able to yield either an output of 40-8o
watts on wavelengths {rom 6o-150 cm with
rapidly diminishing output to about 5 watt
at A =45 cm and central magnetic field,
or an output of 30 watt at A = jo cm, slowly
diminishing to about 10 to 20 watt at 150 cm,
under the condition that the central axis
of the magnetic field must be eccentric to
the anodes for the longer wavelengths. The
first type has eccentric, the second type
centric filament system.

Often an efficiency of more than 50 per
cent. is obtained.

The longer wavelengths are obtained at
the stronger magnetic fields.

Still one concluding remark has to be made:

When from equation (5) the necessary
tangential force is calculated for a certain
CI: much below H, )
So constant oscillations are only possible
with large amplitude. This leads to curves
of the kind of I'ig. 3, where the oscillation
on A = 120 cm is possible when z lies between

,20 and 2,06, but can only start from static
conditions for z intermediate between 2,88
and 2,60. The exact nature of the transient
phenomena f{rom static to oscillatory con-
ditions is still wanting explanation.

, large values are found.
N
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The Design of Class-B Amplifiers

By C. J. de Lussanet de la Sabloniere

(Natuurkundig Laboratorium, N. V. Philips, Gloeilampenfabrieken, Eindhoven, Holland)

Conterts :
I. Intraduction.
II. Calculation of the output of an L.I'. amplitier.
(a) General observations.
() Relation between output and D.C. anode
voltage.
(¢) Relation between output and type of valve.

(d) Relation between output and anode dissipa-
tion.

(¢) Adjustment for minimum grid current.

(f) Circuit containing output transformer
condenser and choke.

(g) Greuit containing normal output trans-
{ormer possessing leakage inductance and
stray capacity.

I1I. Calculation of the output of an H.I°. ampliter.
IV. Summary.

L. Introduction

S an introduction, a brief survey of
the properties of class-I3 amplifiers
will be given.

Class-B amplification is applied in two
ditferent forms: as L.J*. amplification or as

sequence the average efficiency measured
over the total period of operation is much
higher.

Low-frequency Amplification.

The circuit employed is shown in Fig. 1.
As 1s well known, class-I3 amplification is
characterised by the fact that the grid bias

V, is adjusted to such a value that the anode
current is just about cut off when there is
no A.C. grid voltage (Iig. za). Contrarily
to the assumption made by somie, no limits
will be imposed on the magnitude of this
voltage. Eventually, the amplitude may
be larger than the bias, in which case grid
currents occur. These currents are rather
strongly variable with varying A.C. grid
voltage. To avoid distortion cansed by this
variable load on the preceding stage, it will
often be advisable to connect an absarbing
resistance between grid and flament, thus
reducing the effect of the grid currents.
If, by means of the input transformer, a
sine-shaped A.C. voltage having an ampli-

amplification of modulated H.F. energy. tude v, is applied to the grid of cach valve,
the anode current curve of ecach valve will
assume the form of a series of semi-sinusoids
A having an amplitude 7, (FFig. 2b).  The effect
Vs e of these anode currents, passing through the
| W2
| V2 Ry la A
"5 Vé Wi A’g — &
2 "/\_/\.__’/\_Lva
SAVAVE
Fig. 1. .7 Ve .
In both cases the advantage over 2 B e
the conventional method of linear >
undistorted amplification (class-A) eaoa v
is better efficiency and  hence =%
sreater output. Asa further advan- (a) (b)

tage of the L.IF. amplifier the lact

should be mentioned that the input

energy is very small, so long as no A.C.

voltage is applied to the grids. As a con-
* MS. accepted by the Editor August, 1934

Fig. 2.
primary windings of the output transformer
1s such that a purely sinusoidal current
having an amplitude 7, is produced in the
B2
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secondary winding. The curvature of the
characteristic shown in Fig. 2a causes a
slight deviation from the pure sinusoids (sce
Tig. 2b, upper curve). These deviations,
however, will neutralise each other in their
effect on the current produced in the second-
ary of the transformer, provided care is

taken that the voltage V, is equal to the
value, indicated by the intersection of the
produced straight part of the static char-

la

X //a

=
L ) Vva__Va’,-Va
TFig. 3.

acteristic with the V -axis. For the purpose
of calculation the output transformer will
be assumed to be an ideal one, viz., one in
which the resistance, the leakage inductance,
the natural capacity and the magnetisation
current can be neglected. For frequencies
ranging from Ioo to 5,000 cycles this is
practically true for all L.I'. output trans-
formers. It will further be assumed that
the amplifier is loaded with the ohmic
resistance R, as shown in Fig. 1.

The current z, of the secondary circuit
will produce at the terminals of this resistance
an A.C. voltage of the amplitude v, = 1,R,.
If the number of turns of each of the primary
windings of the transformer be w, and the
number of turns of the total secondary w,,
then the amplitude of the A.C. voltage in
cach of the primary windings (which corre-
sponds to the A.C. anode voltage per valve)
will be :

'Uath“z .. o (1)
and the equivalent load resistance in the
anode circuit of each valve will be

_[wr?
Re=()R .. .. (@

It should be kept in mind that in a push-
pull class-A amplifier the external resistance
per valve is
w2
R,=2(-1)

—
wo/
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as in this case the curves of the primary
currents are complete sinusoids.

The output of the amplifier, measured at
the resistance R,, amounts to 3 7,0,. The
output per valve W will be one-hall of this,
or

W =1iws =110 -- - {3)

As the resistance R, is a purely ohmic one,
it not onlv gives the ratio of the amplitudes
v, and 1,4, but also of the momentary values
of voltage and current so long as anode
current 1s flowing. The working line of a
valve plotted in a V7,/, — diagram is there-
fore a straight line which intersects the

V., — axis at the point for which V, =V,

(V, is the D.C. anode voltage). This is
shown in Fig. 3. Ifor this line

cot o = R, a ew (3)

As a result of the curvature of the static

characteristics, both valves will operate

simultanecously for a fraction of the cycle.
The above is therefore not absolutely correct,
and the working line is slightly curved as
indicated by the dotted line in Fig. 3. For
reasons already mentioned we can, however,
ignore this and reckon with a purely straight
line.

Haigh-frequency Amplification.

Whereas in the case of L.I7. amplification
two valves were Iin principle required in
order to avoid distortion in the output
circuit, this is not necessary with H.I'.
amplification on account of the tuned anode
circuit. It i1s only for the fundamental of
the anode-current curve that this circuit
presents a large resistance R, (corresponding
to an ohmic resistance) (Iig. 4). The
amplitude ¢, of this fundamental 1is

Fig. 4.

according to a Fourier analysis, equal to:

1o = ¥, - - (3

The amplitude of the A.C. anode voltage
v, will then be:

v, = 1R, = $1, R, .. 2. (6)
and the output 11" :
W = %iova = i’juva s t (7)
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The ratio of the amplitudes v, and i,
amounts to 1R, Although this is not as
obvious in the present case as it was in the
case of L.F. amplification, this ratio holds
good for all corresponding niomentary values
of voltage and current, at any rate so long

CQNST'

W

Va

Va=Va
Fig. 5.

as anode current is flowing. The working
line plotted in the V,[ -diagram, therefore,
is a straight line as in IYig. 3, the only differ-
ence being that :

cota =1 R, o )
II. Calculation of the Oufput of an L.F.
Amplifier

(a) General Obscrvations.

The output of an L.I'. amplifier is given
by equation (3). It is possible to determine
the locus of the upper ends of the working
lines for equal output in the I,/ -diagram.
In order to do this, we put equation (3) in
the following form :

4w . o R C))

This corresponds to an equilateral hyper-
bola whose asymptotes are the 17,-axis and
a line perpendicular to it, passing through
peint V., =V, (Iig. 5). By successively
assigning different values to the output and
hence to the parameter IV in equation (g),
we obtain a set of hyperbolae. In Tig. 6
such a set of hyperbolae is shown in the
VI ,-diagram of the Philips valve MC 1/50
tor a value of V, = 1,000 V.

Various items which are of importance
for designing the amplifier can casily be read
from these curves; for instance, the maxi-
mum output that can be obtained at a given

V, and a given A.C. grid voltage, and the
corresponding value of R,. An interesting
casc 1s the one in which the grid current is

invu

WIRELEESS ENGINEER 135

just nil (Point 7?). The figure also shows
directly how the output alters when another
value of R, is chosen. Furthermore, we
see what limits are imposed on the cutput
by permissible distortion with varying ad-
justment. 1f, for instance, the working
line extends as far as the region in which
the static characteristics come closer and
closer together (e.g., in Fig. 6 at about
100 W output), the peaks of the semi-
sinusoids of the anode current become
flattened, with the result that a current with
flattened shape of curve is produced in the
secondary circuit as well. It is true that in
that case the output may no longer be
calculated from the peak values of the current
and voltage according to ecquation (3),
so that the graphical calculation with the aid
of the ‘hyperbolae will not be absolutely
correct neither, but in practice this hardly
involves any limitation of the possibilities
ol application of this method, because the
region in which distortion occurs will
naturally be avoided as much as possible.

700 ’

MCVs0

600}

500

200

100}

200 400 600 800  1.000ValV)

Fig. 6.

If the resistance R, is given, whilst R,
is determined in the above manner, the
required ratio of the output transformer
will, according to equation (2), be given by :

Wy \/ﬁz
lﬂl a }eu

(o) Relation between Ouipul and D.C. Anode
Voltage.

(10)

If some other value of 17, is taken as basis,
the set of hyperbolae will have to be shifted.
An obvious method is therefore to draw this
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set of hyperbolac on a separate sheet of
transparent paper so that it can be made
serviceable for all other D.C. voltages by
simply shifting the paper.

The important question as to how the
output depends on V, in different cases
can in this wav be immediately answered.

(¢) Relation between Outpui and Type of
Valve.

In order to do the same with a larger
valve, we would require a different set of
hyperbolae. 1t is, however, possible to use
the same set by simply multiplying the
stated values of the output by a certain
factor. We can now choose the scales of
the valve characteristics in such a manner
that this factor will always be a round figure.
Its value can be stated on each character-
istic sheet. In this way the sheet showing
the set of hyperbolae will be serviceable
for all valves.

(d) Relation between Ouiput and Anode Dissi-
pation.

A very important value for the limitation
of the output is the anode dissipation 1V,
which is equal to the difference of input and
output per valve. Since the mean value
of a series of semi-sinusoids as per Iig. zb

la

. I. . .
1s equal to —1¢,, the input per valve is
w

ia V4 The dissipation will thus be :
I. o
Wa _ﬂ'l,, V,— %%{Uu (II)

l;xactly as has becn done for the output,
it is possible to determine the locus of the
ends of the working lines for constant values
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of W, We therefore convert equation
(11) into:
"‘.u 747_ —17(1 Uy ) = 4Wa (12)

A glance at I'ig. 7 will show that this is
a set of equilatcral hyperbolae having as

\L—‘7OG
a=25W |s0 75
)

MC/s0
Y600t —— S S
\ \W=icoW B0 60 40 |20
! V\‘ v/\/// AN
=100 60/ %o/ ‘20l !t o
s00) YB7OOE 2N B0 300 20l ]
\ -20
\
< 400\ |
=
mE Iy -
300 <o |

200] -60-
00| | -80
/
(EUSEPrETes!
1,000 500 © 200 400 600 800  L,00O Va(\[)

Fig. 8.

asymptotes the V,axis and a line per-
pendicular to it, passing through point

Vﬂ—hc -1V,

1l

It should be noted that the coefficient
of the entity on the right-hand side of
equations (g) and (12) has the same value.
This means that the set of hyperbolae for
determining the output is exactly equal
to the one for determining the anode dissipa-
tion. Thenumbers on the scales of the hyper-
bolae hold good for this case too, and what
has been said above regarding the multiplica-
tion factor will also hold good for this case.

If we wish to change over to a different

value of 17, the hyperbolae sheet will have
to be shifted accordingly. A practical
method is to make a graduation in the
negative direction on the V,-axis of the
VI, -diagram of a valve, which must be

™
positive direction.

This has been carried out in I'ig. 8 which
gives an example of the simultaneous use
of the two sets of hyperbolae. In practice
two separate transparent sheets will De
used, giving far greater clearness and easier

\ o
(4 — 1) times as great as the one in the
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reading than the figure might lead one to
suppose.

This figure at once shows in what manner
the output is limited by the maximum per-
missible anode dissipation (in this case 75
watts) and what adjustments should be
selected under specific conditions.

(e) Adjustsnent for Minimum Grid Current.

When using a class-B amplifier up to
positive values of the grid voltage, there will be
a load on the preceding stage during a brief
part of the cycle as a result of grid current.
It is known that, unless this stage is amply
dimensioned, this may ecasily give rise to
distortionn. It is therefore desirable to
minimise grid current and especially its peak
value. The sets of hyperbolac also answer
the guestion as to what adjustments will
give the lowest grid current for a given
output.

The maximum positive grid voltage during
a cycle is indicated as v, ,,, (this is therefore
equal to w, — V,), whilst the minimum
anode volfage, occurring at the same time

(which is equal to V, — v,), is indicated as
v We define :

@ min. -

vq max.
a = - 30 8 I3
va min, ( .>

From a set of grid current characteristics
it can be seen, if v, ,,, and v, 4, are of the

(@ not much

magnitude
smaller than 1), that the corresponding grid
current is not determined mainly by v, ..,

same order ol

but by the relation a. As the current
increases with increasing «, this entity must
be as small as possible.

If, however, v, .. is small compared to
Uy o (@ small compared to 1) the grid
current will be mainly determined by vgpyx.-
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We will investigate the first case more
closely and therefore we will use an apoproxi-
mation of the set of characteristics of the
triode, expressed by the following linear
equation :

I

I = -

a Ri

The meaning of the constant term A is
shown by Ifig. 9.

(l‘Vy +V, ) (I4>

Ve

(2)

Fig. 10.

By substituting (13) in (14), we find the
anode current corresponding to v, .. and
v that is to say, the amplitude 7, :

. I )
ba = Rl (./J'ava min, _* Uyt woin. A) . (15)
If: B =1+ pa
the equation becomes :
: 1
ta ﬁ (B'Uu min. A) (I())

2

This equation can likewise be shown in the
1" I~diagram of the wvalve. If 8 is kept
constant, it will indicate the loci of the ends
of all working lines, having the same fJ
(Fig. 1oa). For different values of g onc
will obtain a set of curves as shawn in Fig.
10b. In this connection the following should
be noticed : the smaller the value of the
parameter B, the smaller will be the angle of
inclination of the curve. All the curves
pass through point P with cobrdinates
A
R’
equation (14), the static characteristic for
V, =0 will after prclongation also pass
through this point.

From the condition already mentioned for
minimum grid current (smallest possible
value of a and hence also of ), we can draw
the following conclusion in view of the
above : For a given output, the adjustment

0, — As can easily be deduced from
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giving the minimurn grid current will be the
one that is determined by the tangent point
of the tangent from the point P to the
hyperbola considered. Point I’ can easily
be found by prolonging the straight part of
the static characteristic for 17, = o.

Of course the above method will not hold
good with sufficient accuracy unless the
valve characteristics in the region of the
desired adjustment can actually be replaced
by straight lines with a sufhcient degree of
approximation.

v -
| TA2/20,000 |
o —‘* TTW skW
1
Vg =700V | 600
i | -

12 Vg (kV)

Tig. 11.

When dealing with the second case, how-
ever (v, m,. small compared to v,,.), the
smallest grid current for a given output will
occur at such a point of the hyperbola which
rclates to the smallest grid voltage.

Tig. 11 gives both cases for the Philips
valve T4 12/20,000 with V,—=8 kV and
W = 5 kW. Yoint Q possesses the minimum
value of a, point R the minimum value of
Uy max. Lhis minimum value of a amounts
to about o.1, the value of « for point R
amounts to about 0.2. Both numbers are
still small compared to 1, so that in this
example the smallest grid current will occur
in point R.

For the sake of a clear drawing, the output
of 5kW was chosen quite low. Generally
one will have to deal with much larger
values, resulting in larger values of «. The
adjustment for minimum grid current then
moves gradually towards the tangent point
of the tangent from point P. At all events,
one can say that the wanted adjustment
will never be found to the right of this point.
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() Circwit  containing Quipui Transformer
Condenser and Choke.

This circuit, well known in the case of
class-A amplifiers, is illustrated by Fig. 12.
The capacity of the condenser and the self-
induction of the transformer and choke are
assigned such values that resonance will
occur at a certain frequency located in the
lowest part of the frequency spectrum. This
renders it possible to give the frequency
characteristic of the amplifier a more favour-
able trend in this region than would be the
case with an output transformer alone.
For this resonance frequency the external
resistance R, for a valve is not, as formerly,
given by equation (2), but has another value
which 1s likewise a purelv ohmic one. For
high frequencies, at which the rcactance of
the condenser is practically nil, whilst that
of the choke is practically infinite, this
equation, however, will still hold good.

The above also becomes apparent when
all impedances are reduced to the primary
side of the transformer. An ordinary high-
pass filter of one#V-section is then obtained
consisting of two inductances in shunt
separated by a serics capacity. This filter
1s between the valve and the loading resist-
ance.

These two special values of I, correspond
to two different working lines. An example
of this, chosen at random, is given in I'ig. 13.
The working line p belongs to the resonance
frequency, the line ¢ to a high frequency.

-

As in both cases the A.C. grid voltage is
assuined to be the same, the ends of p and ¢
will be located on the same static char-
acteristic; for p the output per valve will
now be W whilst for ¢ it will be 1V,. Tor
the A.C. voltages v, and v, respectively,

Tig. 12.
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which occur at the loading resistance K,,

equation
v

W,
v,

(17)

applies.

This quotient, which indicates the value
of the frequency characteristic of the ampl-
fier for the resonance frequency, may thus
be greater than 1. Contrary to circuits like
that of I'ig. 1, by means of which 1n practical

Wp Wq
la
p Vg,= consT.
: q
Va.
Vn=Va
Fig. 13.

cases the low notes are always amplified less
than the higher ones, it will thus be possible
to obtain the opposite result by selecting the
right values for the self-induction and capa-
city. In this way a loss in the low notes in
other stages of the amplifier may be com-
pensated for.

The method employed with the set of
hyperbolaec shows clearly whether a wvalve
is more or less suited for this circuit and how
great the ratio defined by equation (1) may
approximately be. If the static character-
1stics chiefly run parallel to the part of the
hyperbolac entering into consideration, then
the valve is less suitable for this purpose
(compare Ifigs. 6 and 11).

(9) Circurl containing Normal Output Trans-
forimer, possessing Leakage Indiuclance
and Strav Capacilv.

The circuit is given by Fig. 1, with this
difference, that now the stray eapacities of
the primarv and the secondary windings
and the leakage inductance of the output
transformer are taken into consideration.
IFor high frequencies, and after reducing all
impedances to the primary side of the trans-
former, an ordinary low-pass filter is ob-
tained, consisting of one =-section (two
capacities in shunt and one inductance in
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series). This filter also is between the valve
and loading resistance.

For a certain resonance frequency in the
higher part of the frequency spectrum, the
external resistance R, also possesses a purely
ohmic value, not defined by equation (2).
Thus everything which has been said before
about the maximum obtainable peak in
amplification also holds good for this case.

III. Calculation of the Output of an H.F.
Amplifier

In the introduction it has been pointed
out that these amplifiers also show a straight
working line. Moreover, equation (7) which
determines the output is entirely identical
with equation (3), which does the same for
L.F. amplifiers. Irom this it can be con-
cluded that, for the purpose of calculation of
the cutput, we mav use exactly the same
sets of hyperbolae, whilst all that has already
been stated regarding the relation between
output, D.C. anode voltage, type ol valve
and anode dissipation and regarding the
adjustmient for minimum grid current will
be applicable here without alteration. A
difference will occur only in the method of
dctermining the resistance R, ; for this we
apply equation (8) instead of equation ().

The H.IF. class-B system only being used
in the case of modulated high-frequency
amplification, it should be remembered that
the word output naturally means the output
in the modulation maximum. If we wish
to know the output of the carrier wave, this

- I

amount must Dbe multiplied by 0 mpe
{m = modulation depth). This can, more-
over, be effected just as well with the aid of
the set of hyperbolae, viz., by shortening the
working line down to the carrier-wave
adjustment. The length of this line must
for this purpose be multiplied by a factor

1 .
. This graphical solution offers the

1+ m grap
advantage of enabling us to read at the same
time the anode dissipation for the carrier

wave adjustment.

IV. Summary

The calculation of the output and anode
dissipation, the determination of a given
adjustment, in a word, the whole designing
of a class-B amplifier as far as the electrical
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data are concerned, can be carried out
graphically in a very simple manner by
making use of the following.

The working lines in the V, I -diagram,
both for L.F. and for H.F. amplifiers, are
straight lines which cut off from the V ,-axis

a section equal to the D.C. anode voltage V,
(Fig. 3). The connection between the angle
of inclination of such a line and the value
of the external resistance R, is in the first
case given by equation (4) and in the second
case by equation (8). If the loading re-
sistance R, (Iig. 1) 1s known in the first case,
then the required ratio of the output trans-
former will follow from equation (10).

The loci of the ends of these lines giving
equal output are equilateral hyperbolae
(Iig. 6). The origin of the axial system of
this set of hyperbolae is situated on the
V.-axis, at the point 1V, = V.

The loci of the ends of the above-men-
tioned lines giving equal anode dissipation
are perfectly identical equilateral hyper-
bolae (Fig. 8). The origin of the axial
svstem of this set of hyperbolae is situated
on the negative part of the V -axis, viz., at
the point IV, = — <$ - I)Va. To facilitate
location of this point, a separate graduation
has been provided.

In order to render both sets of hyperbolae
serviceable for all anode voltages, each of
them has to be drawn separately on a sheet
of transparent paper. Moreover, this gives
easier reading than is the case if everything
is combined on one sheet as in Fig. &.

These sets of hyperbolae also hold good
for larger valves when the figures marking
the hyperbolae are multiplied by a certain
factor. By correctly choosing the scale of
the VI, diagram for these valves, we can
make this factor a round figure, which has
then to be indicated on the diagram in
(question.

These two shects make it feasible to reply
immediately to the following questions :

(1) How great may the maximum output
be without causing distortion ? [For this
purpose the working lines must not extend
as far as the region in which the static
characteristics come closer and closer to-
gether.}

(z) What is the maximum output for a
given D.C. anode voltage and a given A.C.
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grid voltage and how great must the external
resistance be for these maximum values?
A special case is the one in which the grid
current is just nil. [Example point P in
Iig. 6.]

(3) How great is the output at a ditferent
value of the external resistance? and how
does the output generally depend on the
A.C. grid voltage ?

(4) How does the output depend on the
D.C. anode voltage ?

(5) How does the output and the required
external resistance depend on the anode
dissipation, and in particular: How are they
hmited by the maximum permissible anode
dissipation ?

(6) What adjustment gives the minimum
grid current at a given output? [If the
entity a defined by equation (13) does not
deviate too much from 1, the setting is
determined by the tangent point of the
tangent from point P in Fig. 11 to the
corresponding hyperbola (Point ). DPoint
P is found by prolonging the straight part
of the static characteristic for V, =o. Ifa
is small compared to 1, however, the setting
is determined by the point on the hyperbola
relating to the smallest grid voltage (Point
R in Tig. 11)).

(7) The circuit shown in Tig. 12 in L.I
amplifiers is intended to amplify the lowest
frequencies in the frequency spectrum just
as well as or cven better than the higher ones ;
in contrast to what is the case with the
circuit shown in Fig. 1, in which the amplifi-
cation of the lowest frequencies is always
less than that of the higher ones. In this
connection there are two different working
lines (Iig. 13) : p for the lowest frequencies
and ¢ for high frequencies. The ratio of
the amplification of the former to that of
the latter is then found from equation {17).
The set of hyperbolac at once shows the
best choice for these two working lines, and
approximately which frequency character-
istic can be obtained (compare Iigs. 6 and
1I).

(8) When in the circuit shown in Iig. 1,
the stray capacities and the leakage in-
ductance of the output transformer are
taken into consideration, the same applies
to the higher frequencies in the frequency
spectrum, as has been said about the lower
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in 7. Thus there are also two different
working lines, from which the maximum
obtainable peak in the amplification can be
derived.

The first six points are applicable both to
LT, and to H.I'. amplifiers. The output
mentioned in these questions refers in the
case of L.F. amplification to the output per
valve at maximum signal strength, and in
the case of H.I'. amplification to the output
in the modulation maximum. If, on the
other hand, the carrier wave adjustment is
wanted, the working line must be shortened

. I .
(multlply by TTm where i 1s the

modulation depth>.

In order to carry out the above-mentioned
method of designing, Philips Laboratory has
compiled a set of detailed characteristic
sheets for all Philips transmitting valves.
To these sheets are added the two sets of
hyperbolae drawn on celluloid.

Remark.—Much of what has been de-
scribed in this article can also be applied
with suitable modification to class-A amplifi-
cation. The set of hyperbolae for the
determination of the output, therefore,
will often be useful in this case also. The
origin of the system of codrdinates should
then coincide with the midpoint of the
working line, and the values for the out-
put given on the sheet be multiplied by two.

Correspondence

Letters of techmical intevest are always welcome.

In publishing such communicalions the Editors do

not mecessarily endorse anv lechnical or geneval
stalements which they may contain.

Receiver Performance Data
T'o The Editor, The Wiveless Lngineer

Sir,—The warning sounded (in your issue for
January) by H. L. Stoakes against taking the
accuracy of standard signal genecrater values too
much for granted is timely. But the main ground
of his criticism seems to be composed of a hazy
understanding of the conventions employed in such
measurements.

Letween the attenuator output terminals of
the generalor and the input terminals of the re-
ceiver a dummy aerial is connected; and Mr.
Stoakes rightly infers that the voltage delivered to
the receiver depends on the nature of the input
circuit. His error is in getting perturbed about
this fact.

An aerial is not regarded as a part of the types
of receiver under discussion, and it is therefore
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necessary to assume a  standard aerial. It is
possible that an aerial of different constants would
suit some particular tuning circuit better; but
as the designer has no control over the type of
aerial which will actually be used it is perfectly
legitimate to make all tests with an agreed standard
type.

When the generator is set, say, to give 1oouV,
nobody supposes that roouV exists across the input
terminals of the receiver. T1f the designer likes to
make a low impedance input, which brings down
the voltage, and then steps it up to his tuned
circuit—why, let him !

The suggestion by Mr. Stoakes that if the atten-
uator impedance were lowered it would damp the
cireuit nnder test is quite erroneous, for the dummy
aerial resistance is chosen to be 25 ohms, including
the attenuator resistance. The only trouble is that
which occurs if the attenuator resistance is not
constant, and particularly if it exceeds 25 ohms,
for it is then not possible to fulfil the standard
conditions. This is true of a certain popular model
of generator at the larger outputs, and it is necessary
to bear this in mind when interpreting results.

With Mr. Stoakes’ advice to try an independent
indication of modulation depth I entirely concur.

Bromley, Kent. M. G. SCROGGIE.

Book Review

Radio Round the World
By A. \W. Haslett. Published by the Cam-
bridge University ’ress, London and Cambridge,
pp. 196 and 22 diagrams and 7 plates. Price

58. net. 1934.

It is frequently difficult to conceive a title
indicative of the scope of a wireless book, especially
one on ‘" popular " lines. The author of this new
book has been fairly happy in his choice since more
than half of the volume is devoted to the discussion
of wave propagation.

The treatment is essentially popular and the
presentation is always that of the journalist who
has a story to tell. T'or example, in several places
the presentation was obviously influenced by the
“ story ”’ aspect rather than by the chronological
or technical sequence that the scientist would
most probably have adopted. Nevertheless, the
story 1is interestingly told and the book gives a
good popular account of the present state of our
knowledge of propagation, including an account
of the many factors now known to influence the
‘" ionosphere.”” Incidentally the word ‘' iono-
sphere ” is carefully avoided throughout the
volume, while no reviewer could refrain from
comment on the somewhat naive reference (p. 68)
to " Dr. W. H. Eccles and Mr. H. Morris-Airey,
both English amateurs.”

The latter part of the book is definitely mis-
cellaneous in character, dealing with television,
the medical eifect of high-frequency radiations,
radio and safety at sea, radio in war (a somewhat
speculative chapter) and radio and the weather
forecaster.

The new volume is not a text-book for the
technician, but is a very readable story for the lay
reader who wishes a general picture of the world-
wide travel of radio waves. J. F. H.
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Continuously Evacuated Valves and their
Associated Equipment
Paper by C. R. Burch, B.A., and C. Sykes, Ph.D,, M.Sc., read before the

Wireless Section, L.EE.,

Abstract

N their introduction the authors point out that

the idea of a continuously evacuated valve is

as old as the art of valve-making, for every
valve is continuously evacuated unless and until
it 1s sealed off from the pumps. Development of
demountable valves, however, had to wait for
developments in vacuum technique. The discovery
of the possibility of operating a condensation pump
without the necessity of expensive refrigerants led
to the development of the valves and associated
apparatus described in this paper.

While condensation pumps can reduce the pres-
sure of permanent gas to a negligible value, they
cannot reduce the pressure of the vapour of their

Ig. 1.—Tvpe O, condensation punip.

own working tluid below that corresponding to the
vapour-pressurce of the tluid at the temperature of
the water-jacket of the pump. A liquid capable of

on February 6th, 1935

Fig. 5. —~Pumping plant.

being boiled at rveduced pressure without de-
composition, but 1,000 times less volatile than
mercury, offered a solution for the production,
without refrigerants, of a vacuum adequate for
valve exhaustion. In experiments on distilling
lubricating oil in a molecular still it was found that
the o1l contained constituents which had to be
healed to temperatures varying {rom room tem-
perature to 330" C. to develop the same vapour
pressure as that of mercury at room temperatures.
Details of the process of distillation are given in
the paper. It is also pointed out that the demount-
able valve involves a jointing material of very low
vapour pressure, and that suitable substances were
found to remain as undistillable residues when
petroleum jelly or bitumen werve distilled as com-
pletely as possible in the molecular still.

The authors’ design of condensation pump for
use with the oil is shown in IYig. 1. The electric
heater A boils the oil in B at a pressure of o.r to
o.2mm. The vapour issuing from the up-take

* The authors’ original figure numbers are adhered tothroughout
this abstract.

WWW-americanradiohistorv-com
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pipe C is deflected by the cowl ), to form a blast
downwards. This strikes the water-cooled con-
densing surface at E and carries with it those gas-
molecules which happen to enter the vapour blast.
The condensed oil runs buack to the boiler, so that
the process is continuous. Dectails of the design
are fully discussed in the paper. In order to make
the pumping gear as robus! as possible the authors
developed metal pumps and taps described in the
paper, and these are con-
nected together, using
copper piping and conical
unions; the appearance
of the apparatus being
shown in Fig. 5.

The construction of the |
clectrode system and sup-
port of the triode Tvpe
330 A is shown in Fig. 7
(¢) and (d). This valve
can be used to take an
input of 50 kW at 10,000V
on a wavelength of 1om
with reasonable efficiency.

The filament is fitted
into a base which can be ‘
screwed into the filament J
leads, consisting of a solid '
copper rod R, and a con-
centric tube T; which are
connected to the two
copper flanges R! and T1.
A short tube S; of either
porcelain or silica is used
to insulate the flanges
one from the other. The
active part of the grid G
is mounted in a copper
base which is connected
by means of screws to the
grid tube C. The grid
flange C! is insulated from
the lower filament flange
T and the anode flange
A by suitable lengths of
insulating tubing S, and
S3. The various flanges
contain water-cooling
passages so that the joints
can be kept cool. After
grinding, the flanges carry-
ing the filament and grid,
together with the neces-
sary silica or porcelain

Eitamert
ﬁ—v

—%
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tubes are assembled to-
gether and tightly
clamped. The anode D,
machined from a solid
block of copper, is sup-
ported by an insulating
tube Sy, directly above
the oil-ditfusion pump. The two joints are also
made using bitumen and are semi-permanent.
The joint normally broken when a filament is
renewed is that marked  J. A series of water-
cooling channels i1s machined in the anode and
very satisfactory cooling is maintained. Apart
from the difference in external form (to simplify

T'ig. 7 (¢}).—Filament-grid assembly.

143

assembly) the fact that the grid and filament
structures must be interchangeable calls for @ much
more robust structure than is normally used in
valve design. For example, the structure of
I'ig. 7 (¢) appears very massive when compared
with the usual tvpe of welded stricture, but
experience has shown that the requisite rigidity
and interchangeability are only obtained by such
construction

Q
,g N
H———Q Q Ny
=
2
| B

"'

77
777,

“

YN

2,
77

Fig. 72(d).-—Anode.

The paper gives details of the process of ** con-
ditioning "' the valve before it goes into service,
conditioning being effected both by treatment of
the electrodes and by high-voltage A.C. treatment
for ‘“1lash arc.”” Altogetiher the replacement of
filaments in a pair of valves, the evacuation and
conditioning can be finished comfortably in_6 hours.
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No conditioning is required if the valves have been
shut down under vacuum, and consequently under
working conditions no further treatment after the
mitial one is required.

Once the valves have been put into service a
certain amount of inspection and maintenance

Fig. 8 —Two Tvpe 330 valves on pumping plant.

work on joints and pumping equipment 1s necessary.
Occasionally 1t 1s desirable to add sealing compound
to a joint or union. The phosphorus pentoxide
should be changed as soon as it becomes badly
discoloured or wet.

The paper gives details of performance of several
demountable valves that have been made * viz.

{a) lwo valves operating as a 10,000-cycle
generator to energisc a 20-1b. h.f. furnace; z0 45 kW
at 12,000V d.c.

(&) One valve used in the GBR 50 kW stage as
exciter for the 500 kW stage, 16,000 cvcles; 0.8 A
at 7,000 V d.c.

() Two valves used in the 60 k\W stage of the
GBS short-wave transmitter, 16 to 40 metres;
30 kW at 10,000V d.c.

Discussion

Mr. A, J. Girr, who opened the discussion,
congratulated the authors on their technique
The pumping process had proved perfectly satis
factory 1n operation, after a few early troubles.
The 50 kW wvalve and the two smaller valves

* I addition to the 500 KW valve originally made and described
by Col. AL S, Angwin, fourn. {.L ], 1931, vol. T0, p. 33.
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referred to by the authors had now been n use
for 1 to 2 years. The PPost Othice were also concerned
with demountable screened-grid valves for power
amplification and two of these were now in use at
Leafield. An advantage oi the demountable valve
was the degree to which it could be overrun.

Mur. B. 5. GossrLinG considered that the authors'
description of the pumping arrangements put the
matter on a very sound basis. He then proceeded
to a lengthy comparison between the demountable
valves and existing sealed-off valves. The recon
struction of the sealed-oft type was less expensive
than at first sight appeared, since use was made of
much of the machined materials and parts in the
reconstruction. The sealed-off valve now had a
good life. He concluded with the suggestion that,
on account of time of repair, a set up of demount
able valves should have a stand-byv spare of sealed-
off valves, which in these conditions of verv
occasional use would have an extremely long life.

Mr. H. L. I\irkE raised a nunber of points of
technical detail, ¢ g, the effect of leads in the case
of short and ultra-short waves, the existence ol
secondary emission, etc. He also referred to the
high value of demountable valves in experimental
work.

Mr. A. S. Giesox said that he had had recent
experience of the authors’ oil pumps, and found
that thev definitelv gave a vapour pressure much
lower than mercury condensation and liquid
oxvgen. He thought the demountable valve was
interesting and useful in powers above 500 k\W,
but not bclow.

MR, WarrEN referred to early experiences with

the first demountable valve at Rugbv, and to
various details of construction in relation to
maintenance.

Mr. WarLroy raised a few queries as to opcerating
conditions at Rugby, e.g, peak voltage, whether
modulated or not, filament life, etc.

The Industry

CHESON colloidal graphite, suspended in
A suitable liquids, is already widely used for the
lubrication of moving parts in receivers, etc ,
and in the making of resistors.  In connection with
television, it has now been found highly suitable
for forming an internal conductive coating on the
bulbs of cathode ray tubes, and is so used 1 the
new lidiswan hard tube. 1'or this purpose, graphite
in water (known as Aquadag) is emploved ;
practical information on the subject appears in
Technical Bulletin, No. 19r1.1, issued by . G.
Acheson, I.td., Thames louse, Millbank, London,
S.W.r.

The new Yerranti factorv at Moston, Lancs
(about a mile {rom the present \Works) has a tloor
area of 200,000 square feet and is to be devoted
entirely to the manufacture of Fervanti radio
apparatus, including valves.

Working demonstartions of the functioning of
Belling-T.ee anti-interference devices are given
at the British Industries Fair on the firm’s stands
(at Olympia, No. G38, and at Birmingham, C736).
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PROPAGATION OF WAVES

649. ON THE STRUCTURE 0F THE IoONISED LAYER
OF THE ATMOSPHERE (loNospirrg).—Th.
Jonescu and C. Mihul. (Cowptes Rendus,
3rd Dec. 1934, Vol. 199, No. 23, pp. 1301~
1303.}

“ Detailed analysis of the results of our researches
on ionised gases has led us to the cenclusion that
the free electrons present in our tube possess a
velocity smaller than that given by the accelerating
potential.  Its value is a function of the pressure
of the gas; it indicates that there is no thermal
cquilibrium between the electrons and the mole-
cnles, and that the velocity is the same for all the
electrons ; in consequence, the velocities are not
dastributed according to Maxwell’'s law. This
analysis has allowed us to verify quantitatively the
formulae (1) giving the dielectric censtant ¢ and
the conductivity o . . . . Starting from these
results we have set ourselves to calculate the
retlection of electromagnetic waves in the upper
layers of the atmosphere, on the assumptions :
(a) that the time interval between two collisions of
an electron, in a given region of the atmosphere, is
the same for all the electrons ; (/) that the electrons
are animated with a velocity greater than that
demanded by the thermal equilibrium between the
electrons and the gas molecules; and (¢) that
there is only one ionised layer in the atmosphere,
whose electronic density .V varies with the height
in a continuous manner without presenting any
mwinima or maxima in the region of the atmosphere
where the reflection of waves is obse-ved.”

Referring  to the diagram embodying their
results, the writers say : ' These gurves reproduce
perfectly the appearance of the phenomena
observed. The consequent deduction is that the
discontinuities found experimentally are only
apparent, and that the levels of real reflection vary
in a continuous fashion. Moreover, the reflections
are not total but partial, and this explains why, as
a general rule, the reflected energy is smaller than
would be expected if there were always total re-
flection. The calculation indicates that the total
reflection is merely a particular case realised at the
moment when one passes from one level to another ;
this is in agreement with observation. The ranges
of frequency reflected by a given laver are functions
of the density and of its variation with height.
Fer N increasing only slowly with height, multiple
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reflections observed for a certain
wavelength.

« Itisobserved on the diagram that for frequencies
superior to the frequencies of the discontinuities
there are two pronounced levels of reflection

(branches a’ and #” of our curves).” See also 650.

650. THE PRroPAGATION oF [Short' ELECTkIC
Waves 1 ExruaNaTioN or EcHoErs [includ-
ing Long-Delay Echoes: ‘' Canals” of
Minimum Velocity].—Th. Jonescu and C.
Mihul.  (Comples Rendus, 1oth Dec. 1934,
Vol. 199, No. 24, pp. 1389-1391.)

“ We have shown [see 649] that the experimental
results obtained in studyirg the normal reflection
of electric waves can be explained if one assumes a
continuous and increasing distribution of the
ionisation N with the height 4 and if one takes into
account the ratio /7T in the calculation of the
index of refraction # and in that of the coefficient
of extinction % ; in this ratio 7 represents the time
between two collisions of an electron with the
molecules, and T" the period of the wave in question.
In this Note we propose to explain, for the same
conditions of ionisation, the great range of short
waves and the phenomenon of echoes.

““ Having given that di/dh << o, the waves with
oblique incidence will be totally reflected by the
phenomenon of mirage. Tor rays at glancing
incidence, the summits of the trajectories find
themselves close to the lower limit of the ionosphere ;
as the incidence increases, the summits mount
higher and higher until they arrive finally at the
height of the level where partial reflection occurs

may be

for normal incidence. At the same time their
range, about 2o000km for glancing incidence,
decreases to zero for normal incidence. Varying

the wavelength, it is seen that for A > rocm
reflection always takes place in the region where
7 < T  For wavelengths between 100 and 7¢.37m
the summits, for each wavelength, are confined
between the lower ionosphere limits and an upper
limit at the height where 7" << 7+ < 2T. For wave-
lengths between 79.37 and 69.34m, this limit is at
the height where 27 < 7 < 37.

““ The range of these waves is always compara-
tively small (< 2000km) cxcept for those rays
which have their summits quite close to the heights
where 7 is a whole multiple of T (r = [1). For
these heights, special for each wavelength, the
conditions are such [dn/dh — o and 4 = o] that a
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wave-train with its summit there follows such a
layer (r =T} to infinity, being able to make
several jowrnevs round the earth. In these layers
the energy of the wave is only lost by despatches,
in small quantities, down to earth. These layers
are, in fact, veritable canals by which the cnergy
ol the waves is transported to great distances.
These canals have another remarkable property :
that at their heights the signal velocity has minima
values. For the canals of a certain order p this
velocity diminishes as A becomes greater, and tends
towards zero when A approaches the value for which
reflection at normal incidence takes place exactly
at the height where 7 = p7° . . . . If for a certain
A the ionosphere has several canals (small A), this
velocity decreases with their order. Thus for
A = 60.33m there are 3 canals: 7 =T with
v =c¢/1.29; 7= 2T with v = ¢j2.24; and r = 37
with v = ¢/93. Such a wave can circle the earth
(40 ooo km) by thesc three routes, in 0.173, 0.299,
and 12.7 seconds respectively, so that two short-
delay and one long-delay echo might be observed.”

After elaborating this point and the possibility
of concentrating the signals into one of the available
canals, the writers mention that while V has been
assumed proportional to -, “in actual fact the
variations of N are more complicated : it must
pass through a maximum, so that there will be
some waves (the shortest) which will pass right
through for angles of incidence near the normal,
and will only be reflected (by mirage action) for
sufficiently large angles. For these waves there is
a zone of sileuce around the transmitter, but since
the absorption in their passage up to the canal
height decreases with A, they are specially valuable
for long-distance transmission. The above theory
demands very small values for 7. Thus for
A = 75m normal reflection takes place at 220km.
The value of 7 at this height requires the pressure
here to be above 3 x 107 mm ng, with the electron
velocity not very different from that of light. . .
These clectrons are evidently not duc to ionisation
by ultra-violet light: they must come directly
from the sun. . . .’

651. Stort Wave EcHors AND Tentativie Ex
PLANATION OF THESE PHENOMENA —A.
Turpain. (Comptes Rendus, 20th Nov. 1934,
Vol 199, No. 22, pp. 1190-1192.)

A note on the geometrical ray paths and numkter
of reflections required for transmission irom Geltow
to Rio, assuming pure retlection from an ionised
laver at various heights. The lengths of path and
time intervals are worked out and compared with
observation, though no very accurate agreement
is obtained. The writer is in favour of an ex-
planation on the basis of pure refiection and thinks
that the refraction theory of Baker and Rice
(Journ. Amer. Inst. Llect. Eng., June, 1920, Vol. 43,
pp- 535 and 571) makes too many assumptions.

652. ON TUE TRANSFERS OF MODULATION IN THE
Hreavisipe LaveErR [Interaction of Wireless

Waves].—Y. Rocard. (Comples Rendus,
26th Dec. 1934, Vol. 199, No. 26, pp.
1601-1603.)

In 1929 it was reported that an increase in the
etfective current at the bottom of the Croix d’Hins
aerial from 500 to 7o0a produced a very marked

March, 1935

increase in signal strength at Saigon : the writer
investigated the possibility that this result might be
due to an apparent change in dielectric constant
in the Heaviside layer caused by an increased
velocity of the clectrons under the influence of the
waves, increasing the number per second of the
collisions with the molecules. What is now known
as the *“ Luxembourg Effect ” scems to be a related
phenomenon, and the writer therefore gives his
mathematical analysis. He finds that it V, the
electron velocity in the layer due to thermal
agitation, is around 10000 m/s, the wveclocity V7,
which a free clectron would take up, under the
action of a field due to an aerial of effective
height 200m at a distance of 200km with an aerial
current of 2004, would be 2500m/s, which is not
negligible compared with V. * The diclectric con-
stant of the upper atmosphere depends, for its
average value for any given frequency, on all the
waves of identical or ditterent {requencies which are
passing there. It is also modulated by the beats or
direct modulations of these various waves, by the
intermediation of the quantity V,? which figures
in it [equation 4] and which introduces the beats
and modulations of the various currents . The
intensity of reception can be not proportional to
the intensity of transmission when the variations
of the cffective dielectric constant under the in-
fluence of the wave itself have a critical character
(transition from long-wave régime to short-wave).
The intensity of reception depends in particular
on the power of the other transmissions -whence
the possibility of certain special ‘ fadings’ due to
this cause.”

Thus the transfer of modulation from one carrier
to another appears explained, and also the vana-
tion of tlhis effecct with the intensity of the waves
involved. On the other hand the special effect noted
by van der Pol and van der Mark, that the depth
of modulation transferred is the weaker the higher
the frequency of modulation, is not explained
directly and needs a deeper study of the modi
fication of the layer by an incident wave, and of
the time constant intervening in the transforma
tion into thermal energy of the energy communi-
cated to the electrons by the wave. * The point
of view of Jonescu and Mihul must also be taken
into consideration, according to which the free
clectrons in an ionised gas are not in thermal
equilibrium ' [see 649, above].

653. THE ““ LuxiMBoUrG Errect ” [and Its Suy-
gested Explanations]. ~Gehne.  (Funktech.
Monatshefte, November, 1934, No. 171, p.

436.)

654. EXPERIMENTS ON THE REFLECTION IN THE
UppPER ATMOSPHERE OF TraINs oF HiGniy-
DampPiep Wavis, —C. Gutton, Galle and
Joigny. (L’Onde [Llec., December, 1934
Vol. 13, No. 156, pp. 485-492)

A long Comptes Rendus Note on these tests was
dealt with in 1934 Abstracts, p. 607. The present
paper ends with a discussion of the differences in
the action of sinusoidal and highly damped waves
and the likelihood that such differences, and not
electronic resonance, might account for the results
obtained.



March, 1935

655. A I'rEQUENCY RECORDER [Semi-Continuous,
for Simultaneous Recording of Several
Frequencies : for Low or High Frequencies,
with Application to Ionosphere Investiga-
tions, Monitoring of Radio Stations, etc.].—
D. F. Martyn and H. B. Wood. (Journ.
Inst. Eng. Ausiralia, October, 1934, Vol. 0,
No. 10, pp. 332-336.) Developed for the
modified frequency-change echo method
(1931 Abstracts, pp. 29-30). See also 894.

656. DENsITY OF THE UPPER ATMOSPHERE |from
30-150 km] CALCULATED FrOM TwWILIGHT
PuHENoMENA [and the Confirmation of the
Lindemann-Dobson  Results].-—F.  Link.
(Comptes Rendus, 2nd Jan. 1935, Vol. 200,

No. 1, pp. 78-80.)

. " SHORT-WAVE COMMUNICATION OVER Dis-
TANCES OF  100-I 000 KILOMETRES "
ErraTUM.— Iolesnikov. (L’Onde  Elec.,
December, 1934, Vol. 13, No. 156, p. 544.)
See 1934 Abstracts, p. 572.

. ExXPERIMENTAL  INVESTIGATIONS ON  NIGHT
ErrEct rropucing D.F. Errors.——Borko-
wetz : Hagen. (See 761.)

. TRANSMITTING AND REcEIvING TESTS WITH
UrLTra-SHORT WAaVES [3.1m: Distances
up to 4-5km].—W. Moller: Hamburg
Television Union. (Funktech. Monatshefte,
November, 1934, No. 11, pp. 439-446.)

The transmitter, with its direct-coupled vertical
aerial tuned to the third harmonic (with about
220 ma aerial current) was badly situated in a
room in a large building of the big town. The
receiver was in a motor car, with 1 and 2 metre
aerials of Litz wire: no carth was made to the
frame, nor was a counterbalance used. Some of
the results were as follows :

No atmospheric disturbances were noticed, even
during a thunderstorm. Passing beside a tramway
caused no interference. Ncar the transmitter it
was found that increasing the distance produced at
first an increase in signals. Blocks of houses caused
local fading. A cross street in the direction of the
transmutter brought up the strength, as did also the
moving of the receiver farther from the block of
houses, out of their “ shadow.”” Although a view of
the transmitting point was never necessary, it was
a great advantage to have an open field in front of
the receiver in the direction of the transmitter.
Under and behind groups of trees the signals
decreased considerably. Daylight and darkness,
sunny and cloudy weather, all had no effect. Signals
could often be increased by altering the slope of the
receiving aerial. In general, over the tested zone,
signals were of completely sufficient strength.

The transmitter employed the well-known three-
point connection, suitably adapted to ultra-short
waves (Fig. 2). Of three modulation methods
tested, the Heising (paraliel-valve, '* choke control )
method gave the best results, but grid modulation
was nearly cqually good. Anode modulation was
unsatisfactory. The receiver was developed from
the three-point ultra-audion circuit (Fig. 11: see
also 724) improved, for these very short waves, by
the direct coupling of the aerial, and the series
connection of the tuned-circuit condenser, shown in
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Fig. 12. Usually, however, super-regencration was
added {Fig. 13). Details of this last circuit are given.

A special scries of tests was devoted to the con-
parison of transmitting aerials ol three types: the
direct-coupled third-harmonic aerial used in the
main tests, a dipole with feeder, inductively coupled
to the oscillator, and the Fuchs flywheel-circuit
vertical acrial (0.46)) of Fig. 16. The latter aerial
gave the best results, closely approached by the
dipole : the direct-coupled X aerial was distinctly
inferior. All the acrials were vertical : no decision
has yet been reached as to the relative merits of
vertical and horizontal aerials, though there seems
to be evidence of some slight superiority of the
latter.

660. NoTES ON THE ULTra-HicH-FREQUENCY DX
Work [New York/Hartford 350Mc/s Con-
tact with Directive Aerials : Apparent Well-
Defined Correlation between Signal Strength
and Relative Humidity : etc.|.—R. A. Hull.
(QST, December, 1934, Vol. 1%, No. 12,
pp- 8-9.)

661. AURORA HAS NoO NOTICEABLE LEFFECT oON
Rapio Receprion 1IN ARCTIC CIRCLE.-
R. Moe. (QST7, December, 1934, Vol. 18,
No. 12, p. 13.) In an article on the vovage
of the schooner *‘ Morrissev.”

662. THE Loss REsiSTANCE o HiaH-FREQUENCY
CoxpucTors.—Kaden. (See 883.)

663. STUDY OF EMERGENCE ANGLE AND PrOPAGA-
TI0N P’aTis or Sersmic Waves [Travel-Time
Formulae]. —M. Ewing and A. P. Crary.
{Physics, October, 1934, Vol. 35, No. 10,
pp- 317-320.)

AN InvErsy BoUNDArRY VALUE PROBLEM IN
SrismoLocY [Information Obtainable from
Analysis of Wave-Form © Theoretical Paper].
—C. L. Pekeris. (Physics, October, 1934,
Wol. 5, No. 10, pp. 307-316.)

064.

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

665. Tur LIGHTNING FLASH AS SOURCE OF AN
AtmosrHERIC.—E. V. Appleton and F. W.
Chapman. (Na/ure, 22nd Dec. 1934, Vol. 134,
p. 968.)

The writers use a string electrometer or cathode-
ray oscillograph to follow the evolution of an
atmospheric wave form, and find that, while the
most frequent type of lightning discharge takes
place in a single “ step,” the next most irequent
type consists of two or three components, so that a
thundercloud moment is frequently destroyed in a
series of partial discharges. Atmospherics also have
a tendency to occur in groups and two examples of
this are shown in T'ig. 1. The intermittent type of
discharge appears to resemble the periodic sparking
of a Wimshurst machine connected to a [evden
jar. The charge i1s regarded as pouring into the
head of the discharge channel and reaching a
certain critical value before discharge takes place.
Replenishment takes place at a constant rate until
the same critical value is again reached.

C
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666. ON THE NATURE OF LIGHTNING DISCHARGES.—
H. Norinder. (Journ. Franklin  Insi.,
December, 1934, Vol. 218, No. 6, pp. 717—
738.)

A preliminary account of the experimental
methods of this work was referred to in Abstracts,
1928, p. 517; for further developments see 1930,
p- 581, and also p. 520 {Ackermann). Iiigs. 1 and 2
here show the cathode-ray oscillograph system
used. This paper contains an analysis of 290
oscillograms of lightning discharges, of which visual
observations were also made when possible. Fig. 3
shows the antenna circuit; a horizontal wire was
used as the antenna. A sinusoidal time base with a
time sweep of 20 or ropusec. was used to observe
rapid field changes, while a general survey was made
with a sweep of 1ofusec. Oscillograms with
the latter are reproduced in Tigs. 4—5 and show the
phenomenon of successive partial discharges.
Figs. 7-11 reproduce, in linear time scale, some of
the most typical records. One of the most important
results is that a lightning discharge, observed as one
distinct flash, consists of several partial impulses
with different time intervals varying from 200 usec.
to 3o0o00pusec. Both vertical and horizontal tlashes
were observed ; the former were mostly unipolar
and of positive sign, the latter had a pronounced
double polarity. All partial discharges with a
pronounced long duration were positive. Typical
partial discharge variations are reproduced in
Figs. 15-17. Calculated field variations caused by
typical lightning discharges are shown in Figs. 18-zo.
Time intervals are given in tables 1-3. Tig. 21
illustrates the maximum field changes in relation to
the distance of the discharge channel.

667. \ NEW METIIOD OF RECORDING ATMOSPHERICS
FOR THE IFORECASTING OF StormS [as used
by Tamanrasset Polar Year Expedition].
R. Faillettaz. (Comptes Rendus, 26th Dec,
1934, Vol. 199, No. 26, pp. 1647-1648.)

The 1.f. output of the receiver 1s rectified and used
to charge a condenser; the charge on this con-
denser determines the grid potential of a triode
whose anode current actuates a ‘‘ dotting > milli-
ammecter-recorder. The condenser is discharged
periodically, e.¢. once a minute. Thus each dotted
point gives a value based on the amount of energy
stored in the condenser by the atmospherics over
a period of time under the operator's control.
The equipment is so sensitive that atmospherics
can be recorded on short waves, which is specially
advantageous for metcorological purposes. Thus
the writer obtained atmospheric records on 60 and
300m waves, differing greatly in their form from
the more usual records on long waves.

668. ON THE SOURCES OF ATMOSPHERICS AND
TueiR LocaLrisaTioN [Review of Gonio-
metric and Non-Goniometric Methods].
R. Burcau. (Comptes Rendus, 2nd Jan.
1935, Vol. 200, No. 1, pp. 82-84.)

Regarding goniometric methods, the special
advantages of the ' differential opposition ” and
the ** blocking opposition’ principles are com-
pared : in the latter method relays are so employed
ihat one frame can only record an atmospheric if
the other frame receives no atmospheric : in the

{former method not only the apparent direction but
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also the intensity of the field can be recorded. The
two methods can be combined for special purposes.
Regarding non-goniometric methods the writer has
cmployed (az) nocturnal atmospherics, (b) the
sunset ‘‘ crevasse,” (¢) variations with wavelength,
and (d) rapid rotation of near sources. Lugeon's
methods are referred to. These and other non-
goniometric methods are at present chiefly valuable
in assisting in the interpretation of goniometric
records.

669. LIGHTNING STORMS AND FIRES 1IN THE
NatioNaL Forests oF OREGON AND WAaSH-
INGTOXN [with Data of Usual Times, Rate of
Movement, etc.].—W. G. Morris. (/:/ec.
IEngineering, December, 1934. Vol. 33,
No. 12, p. 1676 : summary only.)

MurtipLE LIGHTNING STROKES [Successful
Oscillographic Recording on Power Lines :
up to 12 Successive Discharges: as Close
Together as 1 Cycle (on 60-Cycle System)
and as Far Apart as 9.5 Cycles].—I. B.
McLachron. (Flec. Engincering, December,
1934, Vol. 53, No. 12, pp. 1633-1637.)

670.

671. Tve IpEa oF IMPURITY IN  GLOBULAR
LigutNiNg.—E. Mathias. (Comptes Rendus,
19th Nov. 1934, Vol. 199, No. 21, pp. 1083~
1086.)

672. CURRENT/VOLTAGE CHARACTERISTICS OF HIGH-
PotEnTIAL, DIRECT-CURRENT BRUSH AND
Grow DisciiarRGEs [from Pointed and
Spherical Electrodes] IN ATk AT ATMOSPHERIC
PrEssURE.—]. Zeleny. (Journ. Franklin
Inst., December, 1934, Vol. 218, No. 6,

PPp- 685-699.)

EXPERIMENTAL INVESTIGATIONS REGARDING
THE  APPLICABILITY OF LICHTENBERG
FIGURES TO VOLTAGE MEASUREMENT. -
M. O. Jorgensen. (Ingeniirvidemskabelige
Skrifter, A No. 37, 1934, 39 pp. and Plates :
in English.)

673.

IMPULSE AND 60-CYCLE STRENGTH OF AIR.—
Bellaschi and Teague. (Llec. Engineeving,
December, 1934, Vol. 53, Ne. 12, pp. 1638—
1645.)

675. ON a CrLass or NATURAL MOVEMENTS OF
Viscous TFLUIDS CHARACTERISED BY A
MixmmiuMm  oF  DissipATED  PowEkR as
in  Atmospheric Circulation]. — Dedebant,
Schereschewsky and Wehrlé. (Comptes
Rendus, 3rd Dec. 1934, Vol. 199, No. 23,
pp. 1287-1289.)

674.

. ON THE CaUSE OF THE Variations or Cox-
DUCTIVITY OF THE AIR IN GROTTOES.
Dauzére and Bouget. (Comptes Rendus,
26th Dec. 1934, Vol. 199, No. 26, pp. 1045—
1646.) Lollowing on the work referred to
in 1934 Abstracts, p. 262.

. Cosmic RADIATION AND STELLAR EvOLUTION
[Cosmic Ray Ions emitted from Heavier
Stars].—H. J. Walke. (Nafure, 5th Jan.

1935, Vol. 135, p. 36.)
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678. ELEMENTS IN EARTH'S CRUST FORMED BY
Cosmic Ravs [from Iron and Nickel].-
G. N. Lewis. (Sci. News Letter, 8th Dec.
1934, Vol. 26, No. 713, p. 356.)

A Tarory orF THE ORIGIN OrF CosMIiC Ravs
[Magnetised Charged  Spherical Earth
attracts Cosmic Corpuscles].—L. G. H.
Huxley.  (Phtl. Mag., November, 1934,
Supp. No., Series 7, Vol. 18, No. 122,
PP- 971-983.) See also 64 of January, and
680 below.

A Crrricisy [of the Mathematical Assump-
tions] or Dr. L. G. H. HuXLEY's THEORY
oF THE ORIGIN oF Cosyic Ravs—A. F.
Stevenson. (Phys. Review, 15th Dec. 1934,
Series 2, Vol. 46, No. 12, pp. 1111-1112.
See 64 of January, and 679, above.

679.

680.

. ULTRA-PENETRATING CORPUSCLES OF THE
Cosmic RabpiaTioN.—Auger and Ehrenfest.
(Compies Rendus, 20th Dec. 1934, Vol. 199,
No. 26, pp. 1609—1611.)

. ANALYSIS OF THE COSMIC RADIATION AT
Hicn ALTITUDE.—Auger and Leprince-
Ringuet.  (Comples Rendus, 22nd Oct.
1934, Vol. 199, No. 17, pp. 785-787.)

ON THE STUDY OF CoSMIC RAYS AT THE GREAT
ALTITUDES [Portable Counters give Smaller
Values than lonisation Measurements].—
S. N. Vernoff. (Phys. Review, 1st Nov.
1934, Series 2, Vol. 46, No. 9, p. 822.)
Results agree with those of Johnson (1934
Abstracts, p. 434: * Coincidence Counter
Studies ).

THE REeLATION oOF THE DPrivary Cosmic
Rapiation 7o THE PHENoOMENA OBSLERVED
[Increase of Intensity with Altitude due to
Increased Number of Secondaries].—
W. I'. G. Swann. (Phys. Review, 1st Nov.
1934, Series 2, Vol. 46, No. 9, pp. 828-829.)
See also 65 of January.

MAGNITUDE oF Cosmic Ray Bursts [Esti-
mated Total Energy 6 x 1o''eV].—A. H.
Compton.  (Nature, 2gth Dec. 1934, Vol.
134, p. 1006.)

A PrecisioN REcorDING CosMIic-RAY METER.
—Compton, Wollan and Bennett. (Review
Scient. Instr., December, 1934, Vol. 5, No.
12, Pp. 415-422.)

. CountErR  CALIBRATION AND Cosmic-Ray
INTENSITY [Average Specific lonisation
100 + 3.7 Ion Pairs per cm Path of Ray].—
J. C. Street and R. H. Woodward. (Phys.
Review, 15th Dec. 1934, Series 2, Vol. 46,
No. 12, pp. 1029-1034.)

TransitioNn ErreEcTs IN THE CosMic RADIA-
TION [Air to Lead Transition indicates Lower
Equilibrium Ionisation under Lead].—]J. C.
Strecet and R. T. Young, Jr. (Phys.
Review, 1st Nov. 1934, Series 2, Vol. 46,
No. g9, pp. 823-824.)

TransitioN Errects 1v THE Cosmic RADIA-
TioN [Parallel with Variations in Shower
Intensity].—J. C. Street and R. T. Young,
Jr.  (Phys. Review, 15th Nov. 1934, Scries
2, Vol. 46, No. 10, p. 938.) Abstract only.

083.

084.

685.

636.

688.

0689.
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690. InvEsTIGATIONS ON CosMic-RAvy CORPUSCLES
[Absorption lxperiments show Gradual
I'nergy Loss: Production of Secondary
Electrons, Existence of Gamma-Component].
-—H.  Kulenkamptff. (Physik. Zeitschr.,
1st Dec. 1934, pp. 996-997.} See also 691.

IxvEsTIGATIONS ON Cosmic Ray CORPUSCLES
[using Two Vertical Counters and Iron
Screens of Varying Thickness].—H. Kulen-
kampff. (Zeiutschr. f. tech. Phys., No. 12,
Vol. 15, 1934, pp. 572-573.) See also 692 ;
also c¢f. 1934 Abstracts, p. 263 (Hummel,
Ackermann). Also 690, above.

CoUNTER MiASUREMENTS oN Cosmic-Ray
Corpuscres [Effect of Absorbing Layers :
Probable Ilxistence of Ultra-Gamma Radia-
tion Component].-——H. Maass. (Physik.
Zeitschr., 1st Nov. 1934, Vol. 35, No. 21,
pp. 858-861.)

TaE ABsorrTiON oF CosvMIC RADIATION IN
Various MaTertaLs [Pb, Fe, Al C, H,O,
Hg : Improbability of Fresence gf Gamma-
Radiation].—H. Tielsch. (Zeitschyv. f. Physik,
No. g/10, Vol. 92, 1934, pp. 580 -614.)

ANALYSIS OF THE ABSORPTION CURVE FOR
Cosaic Rapiation [Elimination of Residual
Tonisation by Differentiation of Curve].—
B. Gross. (Zeitschr. f. Physik, No. 11/12,
Vol. 92, 1934, pp. 755-758)

THE REeSOLVING PPowEr 1N COINCIDENCE
RecistraTioNn [of Cosmic Rays] WITH
Series-CoNNECTED CoOUNTERS [Importance
of Gas Filling, Electrode Material and Treat-
ment].—J. N. Hummel. (Physik. Zeitschr.,
1st Dec. 1934, Vol. 35, No. 23, pp. 997-999 :
Zeitschr. f. tech. Phys., No. 12, Vol. 15, 1934,
PP- 573-575.)

Di1scHARGE ForuMs 1N A CYLINDRICAL COUNTER
[of Cosmic Rays]. II.—S. Werner. (Zeit-
schr. f. Physik, No. 11/12, Vol. 92, 1934,
Pp. 705-727.)

THE DARK PRE-DISCHARGE CURRENT AND THE
AcCTION OF THE CYLINDRICAL DISCHHARGE AT
ATMOSPHERIC PRESSURE AS A COUNTER.
A. Jodlbauer. (Zeifschr. f. Physik, No. 1/2,
Vol. 92, 1934, pp. 116 142.)

PROPERTIES OF CIRCUITS

SkiNn  ErrFEct IN LAYERED CYLINDRICAL
ConpucTtors.—H. Kruse and O. Zinke.
{(Hochf:tech. u. Llek:.akus., December, 1934,
Vol. 44, No. 6, pp. 195-203.)

““ Recently Fischer [Abstracts, 1933, p. 576] and
Strutt [ibid.] have dealt with the formal calculation
of the a.c. resistance for the special case of a solid
cylinder with a coat of different conductivity. The
important point however is not the pure mathe-
matical solution with the help of Bessel and Neu-
mann functions, but the derivation of formulae
which are simple and make possible a rapid numeri-
cal evaluation. The work of Ekelét [1933, pp.
323—324] comes nearer to this end, and his approxi-
mate formula for slight skin effect can be converted
to the form here developed [though that for large
skin effects differs irom the results now obtained].
In the present work the formal solution of the

C2
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differential equation is merely used to bring the
concentric tube conductor into the calculation
section VI B]. For numerical calculation formulae
are used which constitute a direct solution of the
ditferential equation. 1y this method the round-
about use of approximate solutions of the Besscl
and Neumann tunctions is avoided.”

The results are summarised as follows: * The
determining factor for the skin effect is the value
of the penetration depth . The evaluation of the
current densities and magnetic field strengths in
cylindrical conductors, as functions of radius, is
carried out for slight skin effect (s < ¢, where s is
the thickness of the outer coat) and for large skin
effect (s > 1), and enables the total resistance to
be calculated. It is found that with great skin
effect in the outer conductor the resistance depends
little on the core material and can be calculated
as if the current flowed through an effective cross
section given by circumference and penctration
depth.  Only when the penetration depth / in the
coat is greater than the thickness s of the latter
does the core material take part in the current con-
duction. In this case a close approximation of
the total resistance is obtained by paralleling the a.c.
resistances of coat and core. The collection of
formulae given in section VI [not V as printed
allows the calculations to be carried out for any
stratified cylindrical conductor; formulac are in-
cluded for feeders with core and coaxial tube
return.’

699. ON THE QUasSI-PERIODIC SOLUTIONS OF THI
EguaTtioNns oF Nox~-Linear MECHANICS,
and Ox THE StUupy oF THE Cask oF RE-
SONANCE IN PROBLEMS oOF NON-LINEAR
Muchavics.—Kryloff and Bogoliubott.
(Comptes Rendus, 26th Dec. 1934, Vol. 199,
No. 26, pp. 1592-1593: 7th Jan. 1935,
Vol. 200, No. 2, pp. 113-115.)

700. Nox-Lixrar DeprenbpuNcE~—F. W. Gundlach.
(Funktech. Momaishette, November, 1934, No.
II, pp. 431—435.) Rectification : generation
of harmonics: formation of sum- and
difference-tones : demodulation : cross-talk.

701. INFLUENCE OF THE INITIAL CHARGE OF THE
CONDENSER ON THE TRANSIENT PHENOMENA
OBTAINED ON THE EXCITATION OF A FERRO-
REsoxaxT Cikcuir.—E. Rouelle. (Comples
Rendus, 10th Dec. 1934, Vol. 199, No. 24,
pp. 1386-1388.) Continuation of the work
referred to in 388 of February.

702. Somk DROPERTIES [Attenuation, Resonance]
or SIMPLE ELECTRICAL AND MECHANICAL
OSCILLATING SYSTEMS AND THEIR ClARAC-
TERISATION.—J. Fischer © Spiath. (dich. f.
Llekirol., 12th Dec. 1934, Vol. 28, No. 12,
pp. 774-783.)

This paper consists of further elucidation of a
paper by Spath (1934 Abstracts, p. 317) and gives
in particular a more complete account of what is
meant by attenuation and resonance both for forced
and for free oscillations.

703. UNDAMPED LLECTRIC OSCILLATION AND LEC-
TRICAL INSTABILITY OF A TRANSMISSION
SvsTEM. — Goto and others.  (Kes. of lhe
Electvotech. Lab., Tokvo, No. 266, 1934, 85
pp : in English.)
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704. Tue GrapPuicaL DETERMINATION OF Re-
SULTANT AND INrUT RESISTANCES IN Con-
pLix Circutrs.—H. Reppisch.  (Funktech.
Monatsheftz, December, 1934, No. 12, pp.
471-473.) Continuation of the article re-
ferred to in 1934 Abstracts, p. 557.

705. ON THE FuUNCTIONING oOF A  DISTORTING
EceveENT [Behaviour of a Circuit composed
of Sinusoidal Generator, Distorting Llement
and Constant Resistances].-—C. Budeanu.
(Comptes Rendus, 26th Dec. 1934, Vol. 199,
No. 26, pp. 1595-1600.)

706. SPHEROIDAL Fuxctions [Solutions of Ditter-
ential Equations occurring in Filter Pro-
blems].—J. A. Stratton. (Phys. Review,
15th Nov. 1934, Series 2, Vol. 46, No. 10
p- 938.) Abstract only.

707. TuE Crass B AmrLirier: Userur Ourput
GREATER  THAN  ANODE  DIsSSIPATION :

GrROUNDS FOrR THE HiGH EcoNowy OF THE
Crass B AmprLiriER.—K. Schmell.  (Funk-
tech. Monatshefte, October, 1934, No. 10, pp.
3%9-392))

Comparison of the equations 4 and 14 shows that
the useful output of the Class A amplitier is only 50 ¢,
of the input, while this value rises to ;8579
for the Class B amplifier. But this is not the chief
advantage of the latter system: equation 15
shows that the ratio of its useful output to the
maximum anode dissipation is 246%, compared
with 50% for Class A, so that with Class B a given
useful output can be obtained with two wvalves
whose maximum anode dissipation is only one-tifth
of that of the corresponding Class \ valves. Thus
an amplitier for an undistorted output of 6o w
would require, for Class A, a valve with 120 w anode
dissipation, whereas for Class B two push-pull
valves each of 12w dissipation would suftice.

708. Circuir THEORY oN NEw Linus.—Hatschek
(See 751.)

TRANSMISSION

709. INVESTIGATIONS ON Barkiavsex-Wurz Oscit -
LATIONS [Experimental Work, particularly

on the Inergv Relations: Hollmann's
Theory only Applicable to Small Ampli-
tudes: etc.].-—I". Herriger. (Telefunken-
Zeit., October, 1934, Vol. 15, No. 68, pp.
5-16.)

Author’'s summary (—Txisting theories for the

explanation of the B.-K. " clectron dance’ oscil-
lations are examined criticully. Moller’s theorv
of anode- and phase-sorting [Abstracts, 1930,
pp. 627-628 : see also Helmholz, 1933, p. 390 ; also
Lidler, 1933, p. 211, whose assumptions, however,
allow only for anode-sorting and not the phase-
sorting which—with the usual cylindrical elec-
trodes—is shown to play a decisive part! is found
suitable for the elucidation of energy questions.
The energy relations are thoroughly investigated
experimentally and compared with Moller's theory.

By the development of a special valve with a
“ straight through ” system [Lecher wire system
traversing the bulb and connected to concentric
grid and anode with axis parallel to the wires,
cathode led out downwards at right angles; grid
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and anode voltages applied externally at one end
of Lecher pair] it was possible to develop com-
paratively large outputs (4 5w at socm). The
introduction of a ' measuring cathode ” into this
special valve [fused into the bulb on the opposite
side to the main cathode leads, and lying at o.3mm
from the anode] enabled the alternating potential
of the anode with respect to earth to be measured
directly in a compensation connection. [Other
points in the design are : main cathode of tungsten,
so constructed as to be of comparativelyv open mesh
and yct to stand a dissipation of 8o w: valve
dimensions such that at normal 50 cm wavelength
potential nodes are formed near the fused entrances
of the Lecher wires, thus reducing dielectric loss :
the design is such that no choking coils are needed
in the cathode circuit].

The production of maximum output depends on
the condition that the natural frequency of the
external circuit should agree with the swinging
frequency of the elcctrons. Tor a change of grid
potential the wavelength corresponding to maxi-
mum ouiput changes according to the Barkhausen
relation  A*. I/, — const. For an increase of
emission current a slight increase in wavclength
occurs owing to the increased space charge. The
h.f. potential, under the best conditions of coupling,
bears a fixed ratio to the grid potential and is
independent of the amount of emission. At no
load there is an automatic limitation of h.f. potential
through the ” sorting ” mechanism [for which there
i1s an optimum value of h.f. potential, so that when
this is exceeded the ** sorting " deteriorates and the
oscillations diminish].

The eificiency is practically independent of the
grid potential and thus of the wavelength. The
maximum output is given when the negative anode
potential has a quile definite ratio to the grid
potential (V,/-V, = 8). ‘The h.f. potential between
anode and earth is then about equal to the negative
anode potential. In this optimum condition a
combined anode- and phase-sorting process takes
place. TFor maximum outputs the saturation zone
must be worked in [ Just as the space-charge
cloud swings by the cathode, as many electrons as
possible should enter this cloud: but if one is
working in the space-charge zone there 1s a decrease
in emission current when the cloud is close to the
cathode ”’]. In the valve with ‘* straight through ”’
system [as already described] the Lecher system,
when loaded with useful resistance, serves for
transterring the output energy, whereas with the
system unloaded it looks after the correct phase
adjustment.

710. ON THE Ust or MAGNETIC TIELDS FOR THE
PropucTion oF ULTRA-SHORT \WAVES [and
the Development of Split-Anode Magnetrons
and Transmitters for g7o-120cm  and
3.5 4.5m Wavelengths]|.—NM. Ponte. (L’Onde
Elec., December, 1934, Vol. 13, No. 156,
PP 493-523.) _

In his discussion of methods of tnodulation the
writer includes modulation by way of the magnetic
field.  Where this field is produced by air-cored
coils the hyvsteresis difficulty is avoided, but even
then, if the amplitude, frequency curves are to be
correct, the variations of current in the coils must
be independent of {requency, which involves com-
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plications. Dut it may be advantageous, especially
in telegraphy, to use a “ combined ” modulation,
which can be made to give a high efficiency ; or
it can be so arranged as to give a practically con-
stant radiated power in spite of the anode potential
varying for some rcason or other (mains fluctua-
tions, etc.). Finally the writer mentions a pheno-
menon of abnormal increase ol anode current
occurring, for a given anode potential, when the
magnetic ficld approaches the value for instability.
The anode current may rise to 20% above the
saturation value measured in the absence of the
field : the effect is probably due to a bombardment
of the filament by electrons returning to it with a
velocity not equal to zero. Methods of avoiding
this effect are given.

711. ULTrRA-SHOorRT-Wave TransmitTtek, Hutn-
Kuou~ Circutt [Wavelengths down to about
4m.—W. Moller: Hamburg Television
Union. (Funktech. Monatshefte, October
1934, No. 10, pp. 303-395.) Cf. €59.

712. VALVES AND CIrcuITs ror ULTRA-SHORT
Wavis BELOW 3 MeTres.—Kelly  and
Samuel. {See 748.)

713. BRARKE-FIELD CIRCUIT FOR THE GENERATION
or Micro-WavEs.——R. Bechmann. (German
Pat. 600 151, pub. 17/7/34 1 Hochf:lech. u.
Elek:akus., December, 1934, Vol. 44, No. 6,
p. 213 and Fig. 2))

A stronger generation is produced if an a.c.
potential, approximately 180" out of phase with
the a.c. potential of the brake electrode 4, is applied
to the auxiliary control grid 2 between the positive
grid 3 and the cathode.

714. A NEW SYSTEM OF SIMULTANEOUS GRID AND
PLaTE MopuratioNn.—T. Hayasi. (Rep. of
Rad. Res. in Japan, July, 1934, Vol. 4, No. 2,
pp. 57 60)

“In the conventional constant-voltage modula-
tion the grid of the amplitier tube is maintained at
a negative potential by means of a bias battery or
by a high-resistance leak. The present method,
however, makes use ot the plate/cathode voltage
drop of the modulator tube as the grid bias of the
amplifier tube, resulting in grid modulation in
addition to the normal plate modulation . . .
The input power required for a given depth of
modulation is decreased : valve keying free from
click is possible: the frequency characteristic is
better than with the Heising system, no modulation
choke or other circuit element being required with
value dependent on frequency.

715. THE SimurtaNeous Excitatiox ofF Two
FregueNcies IN ONE VALVE.—M. Lattmann
and H. Salinger. (L.N.T., November, 1931,
Vol. 11, No. 11, pp. 384338.)

NMogel has already investigated the simultaneous
excitation of two stationary reaction-coupled
oscillations (Abstracts, 1928, p. 401), but his circuit
introduced unnecessary complications and the
writers’ circuit (I'ig. 1), in which the two frequencies
are cqually strongly coupled, seems to be simpler. A
phase-changing device is inserted in the anode
circuit of the oscillating valve; it passes all fre-
quencies, but cach member (there are four) rotates
the higher frequencies through 180° compared with
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the lower ones. There are thus two medium fre-
quencies for which the total phase rotation amounts
to 180 and 540° respectively and the phase con-
dition for the rcaction is fulfilled. The amplitude
condition can also be satisfied. Adjustment of
the grid bias prevents grid current flowing.

The oscillation onset is then calculated following
Kautter (1934, p. 206), and Iig. 2 illustrates the
practical production of two frequencies. Oscillo-
grams are shown in Figs. 3, 4, 5, all taken with the
middle point of the oscillation at the lower bend
of the valve characteristic. 1°ig. 4 shows the effect
of strong reaction, .and I‘ig. 5 the onset of the oscil-
lations. If the oscillation mid-point is on the linear
part of the characteristic, the oscillations cannot be
simultaneously excited. A thcoretical explanation
of this is given.

RECEPTION

716. THE AMPLIFICATION OF PROGRAMME TRANS-
IENTS IN Rabpio ReCEIVERS.—G Builder.
(Jowrm. Inst. Emg. Australia, October, 1934,
Vol. 6, No. 10, pp. 325-331.)

Here the word ‘‘ programme * includes sound,
television, telegraph signals and so on. “ Design
has, so far, been concentrated mainly on the
attainment of a specified frequency characteristic
of the equipment as defined by the amplitude of
the response to sustained sinoids, without reference
to the phase changes which occur. It is possible,
however, that cquipment designed in this way . . .
may yvet lack something in fidelity of programme
reproduction, since programme c.m.fs must neces-
sarily be largely transient in nature. The design of
equipment with reference to its transient char-
acteristics may perhaps be necessary in the further
improvement of the technique of programme re-
production. It is the purpose of this paper to
indicate the information already available on this
subject, and to investigate further the response of
typical valve circuits to programme transients.
In some cases the circuit analysis is approximate,
if the full equations are very complicated, but the
approximations used give, for the usual cases met
with in practice, a very close account of the be-
haviour of the circuits. . . . It is usually true [in
accordance with the ‘‘theory of equivalence’’]
that if a network has a uniform frequency/amplitude
response characteristic for all frequencies, the
response to a transient is perfect. Design considera-
tions, however, are generally such that a uniform
frequency-response characteristic is only aimed at
for a limited range of frequencies, so that it is
necessary to investigate the effect of this limitation
on transient response.”

The results of Carson and Zobel, of Oatley
(Abstracts, 1931, p. 504), and of Jackson (1932, p.
280) are discussed where relevant; they are in
agreement with those of the writer : on the other
hand, results given by Smith (1933, pp. 509 510)
‘“ are incompatible with the methods adopted in
this paper, in that they are contradictory to the
general theory of equivalence.”

The writer deals in turn with programme-fre-
quency amplifiers  (resistance-capacity, choke-
capacity and transformer couplings), low-pass
filters, the highly selective tone-corrected receiver,
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and coupled circuits and band-pass filters for
carrier frequencies. For his earlier discussion of
transient distortion see the appendix of his paper
on ionosphere investigations (1934, p. 86).

717. NoTE oN THE I’owER CoNSUMED BY RECTI-
FICATION IN A DiopE.—]. Marique. (L’'Onde
Elec., November, 1934, Vol. 13, No. 155,
pp. 458.)

The writer calculates the mean alternating power
consumed by a rectifying circuit analogous to those
used in receivers : namely a diode in series with a
resistance shunted by an infinite capacity. He
shows that the apparent resistance varies within
wide limits with the amplitude of the voltage to be
rectified, for diodes used in reception which follow
the 3/2 power law at any rate over a wide range.
For very small amplitudes the apparent resistance
is equal to the internal resistance of the diode at
its initial point of functioning. The external series
resistance is not then directly involved, except in
fixing this initial point. With a Marconi double-
diode-triode and a series resistance of 47 ooo ohms
the internal resistance at the initial point was
only 85000hms. Tor larger amplitudes (e.g.
above 1 volt) the apparent resistance takes on a
high value which decreases, as the amplitude
augments, towards a value half that of the external
series resistance. Finally, for amplitudes such
that the diode characteristic may be regarded as
a straight line, the ratio of apparent resistance to
external series resistance depends on the internal
diode resistance and may be more than or less
than 1/2, as shown in table 1.

718. ConsIDERATIONS OoN DETECTION [particularly
the Taults of Diode Detection and the
Superiority of Grid Detection with Additional
Space-Charge Grid : Llimination of Con-
denser by Di-Phased Detection, with Benefit
to Highest Frequencies].—M. Chauvierre.
(L’Onde Elec., December, 1934, Vol. 13,
No. 150, pp. 524-532.)

The merits claimed for diode detection * are
rendered illusory ” by the fact that the actual
characteristics have a pronounced curvature at the
bottom end. Morcover, the diode is generally
followed by a 1Lf. valve which is really better
qualified to detect than to amplify (such as a h.i.
pentode connected as a 1.f. resistance stage), with
the result not only of distortion (amplified in the
final stage) but also of a second detection in phase-
opposition to the first, due to the almost inevitable
passage of a certain amount of r.f. to the L{. stage.
Thus the cvil effect of double detection, found with
grid rectifiers when anode-bend detection becomes
superposed, is brought about. In receiving tele-
vision with a diode detector followed by an E 446,
the writer found that on removing the diode the
image continued but in a reversed condition :
““ this proves the illusory qualities of the detection
when used according to current practice.”

Thus the diode detector is only advantageous it
used with strong r.f. potentials and followed by a
Lf. stage free from rectifying properties. Ior small
r.f. potentials it has no advantage over a good grid
detector; so it is often proposed to suppress the
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first 1.1, stage and use more r.f. amplification. The
objection to this is pointed out, and the writer goes
on to maintain that the true solution, whether for
grid detection or diode detection, is the use of an
auxiliary grid next the filament to disperse the
space charge and give an almost ideal detection
characteristic. But there seems nc need for a
separate diode, for a properly designed grid detector
starting from this basis should do all that is
necessary : the d.c. component, for instance, can
be used for AVC just as with a diode. The writer,
for example, uses a hexode E 448 connected as
in Fig. 6 which gives much better results (Fig. 5)
than a diode detector followed by an [ 446
although the Lf. stage amplification is only 0o
instead of r1oo, this is made up for by the greater
sensitivity of detection owing to the sharp bend
of the characteristic. The first grid is the space-
charge grid, the second the control, the third the
screen and the fourth the suppressor. No doubt
still better results would be obtained with a
specially designed valve.

The detection and reproduction of the highest
frequencies is of great importance in high-fidelity
reception and still more in television, where
frequencies of the order of 100000 cfs have to
be ‘dealt with. The difficulty arises from the
necessity of providing a condenser which will pass
the high frequency, this condenser shunting the
charging resistance of the diode. The system
resistance-capacity in parallel constitutes a charging
impedance whose value diminishes with the fre-
quency, and also forms a system with a time
constant which is opposed to good functioning on
neighbouring {frequencies superior to this time
constant. Since the condenser cannot be diminished
indefinitely, the resistance must be decreased ; but
this decreases the detection coefficient of the
detector stage and may lead to the nccessity for
an additional amplifying stage. If, however,
di-phased detection is employed the detecting
condenser can be completely eliminated, for if the
centre tap on the inductance is properly sclected
the potential there is zero. Then the reproduction
of the highest frequencies presents no difficulty,
since the leakage capacities are reduced to those
between leads, which can be reduced to a minimum
by a skilful disposition of components. This
solution is applicable to commercial double diodes,
but the extra space-charge grid should of course
be introduced. Or a double-grid valve such as
was made by Fotos, in which cach grid has the
same relations with regard to the cathode, would
be satisfactory. A similar valve, indirectly heated,
is the recent Wunderlich valve for di-phased
detection : the writer considers that a valve of
this type, with the addition of a space-charge grid,
would give better results in sensitivity, linearity
and high-frequency reproduction, than the majority
of known systems. But, unluckily, ** the study of
receiving valves is no longer going on in France.”

719. Diopr Derecrors [Conditions for Distortion-
less Operation on Deeply Modulated Signals -
Load Circuit moditied so that A.C. and D.C.
Loads are Equal]l—]. B. Lovell Foot.
(Wireless World, 28th Dec. 1934, Vol. 33,

PP 547-548)
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720. Tn ANODE-BEND DETECTOR wWITH RETRO-
ACTION [Smooth Adjustment, when Grid Bias
is obtained by Cathode-Lead Resistance].—
E. Bottke : Ruhrmann. (Funkiech. Monal-
shefte, October, 1934, No. 10, pp. 395-396.)

Ruhrmann (1934 Abstracts, p. 323) discusses
retroaction as unsuitable for anode-bend detectors
because of the harsh and unstable oscillation thres-
hold due to the change in slope. The present
writer, replacing the bias battery by a cathode-
lead resistance to give the grid bias, found that the
retroaction adjustment became particularly smooth,
and was combined with a certain degree of auto-
matic fading compensation. He discusses the
causes of this, and in Fig. 3 gives a special circuit
which should be free from a defect of the simple
cathode-lead resistance : here, by the use of two
resistances K; and K,, the grid bias is built up of

a constant component and a component which

varies with the amplitude of the grid swing.

721. INCREASED SENSITIVITY WITH THE REGENERA-
Tivie  Detector  [for CW. Telegraphy :
Advantages of Heterodyne over Autodyne
Reception].—R. De Cola. (QST, December,
1934, Vol. 18, No. 12, pp. 24-26.)

722, SIRUTOR, A NeEW Correr-OXIDE RECTIFIER
[for R.F. Circuits in Broadcast Receivers].

(E.T.Z., zoth Dec. 1934, Vol. 55, No. 51, pp.
1255-1256.) See also 1934 Abstracts, p. 562.

723. REsisTaNCE-COUPLED AMPLIFIERS [Practical
Design Details]. —W. T. Cocking. (Wireless
World, 11th and 18th Jan. 1935, Vol. 36,
pp. 26—28 and 64-66.)

RECEIVERS FOR ULTRA-SHORT WavEs [Audion
and L.¥. Pentode for 7 m Television Waves,
and ‘‘ Ultra-Audion” and L.F. Stage for
Waves around 3 mj].—W. Moller. (Funk-
tech. Monaishefte, December, 1934, No. 12,
pp- 473 476.) The * ultra-audion” con-
nection has the LC circuit between grid and
anode, as in the ** three-point ”’ transmitting
circuit. See also 659.

725. THE BRAKE-AUDION IN THE BRroaDCAST

BanD.—G. Schweitzer : Hollmann. (Funk-
tech. Monaishefte, November, 1934, No. 11,
pp. 421—423.) Simplification of Hollmann’s
papers (Abstracts, 1933, pp. 621-622;
1934, P- 205 ; see also 1934, p. 381—three).

724.

MopierN RErFLEX CirculTs [using the H.F.
Pentode with Diode, or lIfading Hexode
with or without Diode: as embodied in
1934/35 German Receivers]. —E. Schwandt.
(Funktech. Monatshefte, December, 1934,
No. 12, pp. 477—479.) ' Practically all the
2-valve and most of the 3-valve super-
heterodynes used the reflex circuit” : ¢f,,
for example, Wireless World, 31st Aug. 1934.

. CORRESPONDENCE ON THE DESIGN OF A SuPLR-
HETERODYNE RECEIVER [Reduction of Back-
ground Noise by Immediate Change of
Frequency by Separate Heterodyne as Strong
or Stronger than Signals: etc.]. —Couppez
and others. (L'Onde Elec., December, 1934,
Vol. 13, No. 156, pp. 542-544.) Prompted
by an article on the type “ Ik-80 " Receiver
(422 ol February).

726.
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728. THE SUPER-PRINCIPLE [the Present Position of
the Superhetcrodyne Receiver : Methods of

Generating the I.I'. Oscillations and the
Choice of the I.F.]—R. Rechnitzer. (Funk-

tech. Monatsheﬂe,_ September, 1934, No. 9,

PP 337-341.)

729. Livmits To AMPLIFICATION [Thermal Agitation,
Shot Eftfect, etc.: Survey].— Johnson and
Liewellyn. (See 756.)

730. A SIXTEEN-VALVE RECEIVER [9—565 and 850—

2000 Metres: ‘‘\lidwest Radio Corpora-
tion ”’].—P.Besson. (L’Onde Elec., December,
1934, Vol. 13, No. 156, pp. 533-54I.)

731. THE SUPER-Syxcurovox 6-35 Typr 3677 OF
THE Rapio LL. ESTABLISHMENT [19-50,
200-580 and 1 000-2 000 Metres].-—P. Abadie.
(L’Onde Elec., November, 1934, Vol. 13, No.
155, PP 477-484)

732. Higa-QuaLiITY PENTODE Two-VALVE RE-
CEIVER For A.C. Mains.—H. Sutaner.
(Funitech. Monatshefte, December, 1934,

No. 12, pp. 487-492.)

. Rapio Broabcast REcrkIVERS [Variable Selec-
tivity, Easy Interchange of Valves, and
‘ Rejectostat ” Teatures: Tables of Prin-
cipal 19034 Types].——]. S. Jammer and L. M.
Clement. (Llec. Conunwnication, October,
1934, Vol. 13, No. 2, pp. 115-124.)

. THE DrsicN oF BroapcasT RECRIVERS FOR
Motor BoaTts, SaiLing Boats, Etc. O.
Nairz.  (Funkiech. Monaishefie, December
1934, No. 12, pp. 479-480.)

. THE GrREAT GErRMAN RaD1o EXHIBITION, 1934.
E. Schwandt. (Funhtech. Monatshefte,
September, 1934, No. 9, pp. 341-359.)

THr 1934 Paris RapIO KEXHIBITION, and
SoME  NotES  oN  Rapio  ExuisiTions
ABROAD. —(L’Onde IElec., November, 1934,
Vol 13, No. 155, pp. 467473 and 474-476.)

. A\ Rapro Bogy [Unusual Causes of Fluctuating

Signals and Interference: Intermittent
Contacts in Re-Radiating Pipes : Contacts
with Pipes in Same Conduit as Water Pipe
serving as Earth: etc]-—I. G. G. Davey.
(Wirveless World, 11th Jan. 1935, Vol. 36,
PP 35-36.)
738. Ravio INTERVERENCE FROM HIGH VOITAGE
SvystEMs.—E. A, Smith.  (Jowrn. Frankiin
Inst.,, December, 1934, Vol. 213, No. 6,
pp. 653-663.)

The special sources of interference here discussed
are pin and suspension type insulators. A standard
pin type insulator is considered as the dielectric of
a condenser of which one plate is the conductor
and tie wire, the other plate being the pin. Con-
sideration of the charging current flowing into the
condenser shows that interference can be much
reduced by overcoming resistance to its flow.
Reduction of capacity can be attained by good
insulation of the power lines and perfect contact
between conductors, tie-wires and insulator surfaces.
Other details of insulator design are described.
Suspension type insulators are then discussed ;

7306.
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they should be free from causing interference under
ordinary conditions, but cotter kevs on the clevis
type insulator are sometimes at fault. Suitable
design will prevent this. Wet or dirty insulators
cause much disturbance. Fig. 1 gives a curve
showing the attenuation of radio interference when
propagated along a transmission line, in wet and
dry weather. I7ig. 2 shows the effect of attenuation
at right angles to the transmission line. Tor
various papers on the subject see 1934 Abstracts,
P- 439, 1-h column—three ; also 739, below.

739. Discussiox oF PAPERS ON Various Typrks oF
Line InsuLaTORs [including the Subject of
Radio Interference].--(Llec. Engineering,
November, 1934, Vol. 53, No. 11, pp. 1531
1541.)

740. Rapio INTERFERENCE FrRoM ELEcCTRrRIC RaIL
WAYS  AND  Tramwavs.- [ Lofgren.
(Teknisk Tidskrift, 1st Dec. 1934, Vol. 64,
No. 48, Supp. pp. 177-184.)

AERIALS AND AERIAL SYSTEMS

741. RapiaTioNn PowER AND CURRENT DiIsTRIBU
TION OF A STRAIGHT AERIAL.—G. Hara.
(Hochf:tech. w. Elek:akus., December, 19234,
Vol. 44, No. 6, pp. 185-193.)

““ Previous theoretical treatments (e.g. those of
Pistolkors, Abstracts, 1929, p. 329: the journal
year should read ‘1929°’; Bechmann, 1931,
pp- 96—97 ; Tani, 1932, pp. 167 and 285; Carter,
1932, p. 585; and Hara, 1933, p. 624) have dealt
with the special case where the aerial has a standing,
sinusoidal current distribution with the same
wavelength in the conductor as in space . . .
The formulae used in practice, and well known in
the literature, for the value of the radiation resist-
ance are calculated on the above assumption of a
current distribution which in actual fact never
exists ; they hold, therefore, only approximately.
In the present work it is sought to determine the
radiation power [of a straight vertical aerial excited
by an incoming wave or a local em.f.] under the
condition of the true current distribution.”

Part 1 considers the distribution in a simple
receiving aerial.  This distribution cannot be
determined on the basis of a single sinusoidal
standing wave ; all sinusoidal standing harmonic
waves must be taken into account. The treatment
of these harmonics and their mutual radiation
resistance is based on a method whose theoretical
foundations will be gone into more closely in a
separate paper. The curves of Figs. 2a-d and
equation 16 show that if m =~ 1 (where m = 2//})
the fundamental wave is predominant ; for m == 3,
on the other hand, the third harmonic ; and so on.
This shows that for the predominant harmonic in
any particular case there is resonance: the pre-
dominant harmonic is therefore entitled the
‘“ resonance "’ harmonic. But besides the resonance
harmonic there are a number of other harmonics
present, only less marked. In the case of resonance,
which is the important practical case, a first
approximation can be obtained by taking the
‘“ resonance '’ harmonic alone, but the determina-
tion of the current distribution is the more accurate
the more harmonics are taken into the calculation.

Taking the simplest and most important case of
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i 1 (resonance condition for the fundamental)
the writer applies the theory to the first approxi-
mation of a straight-wire receiving aerial ; then to
the second approximation (fundamental and third
harmonic) and finally to the third {fundamental
with third and fiftth harmonics), all for a given
tield strength, a given 20m wavelength, and a
wire diameter of 1.35mm. He considers the
three cases m = 0.96, 0.98 and 1.00 respectively.
Fig. 3 shows how the effective value of the current
at the centre of the aerial (i.e. at the antinode)
varics with s, the curves 1, 2 and 3 corresponding
to the first, second and third approximutions.
It is seen that the current values at the antinode
in the two latter cases are only slightly below that
calculated from the fundamental alone. Fig. 3
also shows that if, for a varying aerial length,
resonance is defined as the condition of greatest
current at the antinode, it does not occur exactly
at the hali-wavelength (m = 1} but at a rather
smaller length—in this case about 39 smalier.

Part I1 considers the current distribution of a
simple transmitting aerial, dealing with it in a
similar way, and obtaining similar results, namely
that for the representation of the current dis-
tribution in the resonance region it is suflicient in
practice to take the sinusoidal, standing-wave
distribution of the ‘‘ resonance ”” harmonic. Here
again / need not be equal to »A/2. The numerical
example shows that in the resonance condition the
third harmonic is represented by rather less than
59% of the fundamental, and the frfth by rather
less than 2.5%.

Part III deals with the radiation power and
radiation resistance, on the basis ol the current
distribution results thus obtained. It is shown
that these quantities are dependent on the ratio
of aerial length to exciting wavelengtii. which for
the exact resonance point is not a whole number.
Thus, for the particular aerial and 2¢ m wavelength
previously taken, the condition for resonance
(defined as the condition in which the ‘“‘resonance’”
harmonic has no imaginary component in the
radiation resistance) corresponds to m = 0.9695 ;
i.e., the resonance length 9.695 m. The writer
creates a ‘shortening percentage’ v, where
v = (1 — m/n).100% ; 1n the case quoted the

shortening percentage’’ of the resonance length
is 3.05%. Thus the * shortening percentage”
involves the order, #, of the * rescnance’ wave;
the curves of I'ig. 6 show that it also depends on
the exciting wavelengih and on the wire diameter.

Formula 34, for the radiation resistance of an
aerial In resonance, is somewhat complicated ; but
the curves of Fig. 6 show that the equation R, = f(»)
is nearly linear, so that the simple approximate
formula 39 can be employed for practical purposes.
This involves, besides v, a ' shortening coetiicient
a whose values are given for # = 1 (0.01%) to
9 4 (0.050). The value of v is most conveniently
obtained from experimental data. It is seen that
for the selected aerial a shortening of length by
3.059% effects a reduction of radiation resistance by
5.5% —'“a result which would hardly be expected
at first sight.” The paper finishes with experi-
mental confirmation of the theoretical results; a
4.25m wave was used. The calculated and
measured resonance lengths of the experimental
half-wave vertical receiving aerial are given in
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Tig. 9, for increasing heights above ground of the
transmitting aerial : the wavy form of the curve
is due to the effect of the ground, and the mean
value (dotted straight line) can be taken as the
resonance length without the ground etfect. This
gives v = 3.87%, whercas the calculated value
15 3.85.

742. THE ErrFECT oF MpETAL Masts, ETC., ON THE
FizLp PatTErN or HorizoNTaL DiroLk
ArriaLs.—E. W. Sanders. (QS7, December,
1934, Vol. 18, No. 12, pp. 33-34.)

743 COMPARATIVE TEsts ON THREE AERIALS FOR

ULTRA-SHORT (3.1m) WavEs.—Moller. (See
659.)

744. COAXIAL COMMUNICATION TRANSMISSION
Lings.—Schelkunoff. (See 811.)

=45, WIDE-BAND TRraxsuIssioN OVER CoaXiaL

Lines.—Espenschied and Strieby. (See 810.)

A Rrcessep Rop CoxbucTor For R.F.
CURRENTS, ESPECIALLY Apriats.—H. O.
Roosenstein.  (German Pat. 600 oct, pub.
16.7.34 : Hochf:tech. u. Elek:akus.,
December, 1934, Vol. 44, No. 6, p. 214))

A special current distribution along the con-
ductor is obtained by hollowing out the cylindrical
surface into a succession of long cup-like recesses
(of length A/4) surrounding the central core. Such
a conductor may be used as an aerial with special
radiating properties, or as a filter for r.f. currents.

740.

747. PREVENTION OF RADIATION FROM I'EEDERS
By IxTropuctioNn oF CLosELy CoOUPLED
CoiLs wounND IN SaME SeNsE—I. Gerth.
(German Pat. 592 184, pub. 2.2.34:
Hochitech. w. Elek:akus., December, 1934,
Vol. 44, No. 6, pp. 214-215.) Thus blocking
currents of similar phase in the two lines
and passing those of opposite phase.

VALVES AND THERMIONICS

748. Vacutm Tures as [Ultra-] Hicn-FREQUENCY
OsciLLaToks [Special Valves, Oscillators and
Amplifiers, for Wavelengths below 3 m:
Circuits, Theory and ILimiting Factors].
M. J. Kelly and A. L. Samuel. (Elec.
Engineering, November, 1934, Vol. 353
No. 11, pp. 1504-1517.)

Among the special valves discussed and illustrated
are those described by McArthur and Spitzer
(Abstracts, 1932, p. 93). by Fay and Samuel (1934,
p. 503, where a short summary only was available),
and by Thompson and Rose (1934, p. 94) ; also the
“ spiral grid ” types as used on the Lympne/St.
Inglevert service.

749. Low-PowEkRrR [10-Watts Anode Dissipation]

ScREENED PENTODE TRANSMITTING TUBES.
(OST, December, 1934, Vol. 18, No. 12,
pp- 34 and 78)

-5¢. Tue Crass B AnrLirier : GROUNDS For ITs
Hicu Economy.—Schmoll.  (See 707.)

. [Valve] Circutr THEORY ON NEw LINES
Valve ‘“ Constants” no Longer Constant
but Variable according to Circuit Con
ditions|—P. Hatschek : Bartels. {(Funilech.
Monaishefte, December, 1934, No. 12, p. 469—
471.) Based on Bartels’ work on retroaction
(395 of February}).

-3
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752. TueEory or MuLti-ELECTRODE TUBES.—
H. A. Pidgeon. (Elec. Engincering, Novem-
ber, 1934, Vol. 53, No. 11, pp. 1485-1498.)

753. THE SimuLTtaNikous ExcitatioNn or Two
FREQUEXNCIES IN ONE VALVE.—Lattmann
and Salinger. (See 715.)

754. RatixGs oF INDUsSTRIAL ELEcTRONIC TUBES
[High-Vacuum, Gas- and Vapour-Filled, and
Photoelectric : and the Factors influencing
Their Rating].—O. \W. Pike and D. Ulrey.
(Ilec. IEmgineering, December, 1934, Vol. 53,
No. 12, pp. 1577-1580.)

5. THE Crran-Up oF Various GASES BY Mac-
NEsiUuM, Carcium AND Bariuvm [Study of
 Contact-Gettering ” in Vacuum Vesscls].—
A. L. Reimann. (Phil. Mag., December,
1934, Series 7, Vol. 18, No. 123, pp. 1117—
1132.)

756. LIMITS TO AMPLIFICATION [Survey with
Bibliography].—J. B. Johnson and F. B.
Llewellyn. (Elec. Engineering, November,
1934, Vol. 53, No. I1, pp. 1449-1454.)

Thermal agitation : shot eftect and flicker effect
without space charge : with space charge : ions in
the space charge, causing anode-current fluctua-
tions : noise in commercial tubes : other sources of
noise (a.c. cathode-heating, vibration, poor insula-
tion, faulty resistances) : signal/noise ratio.

~7
w
w

757.- MEASUREMENT OF SHOT \VOLTAGE USED TO
DeEpuck THE MAGNITUDE OF SECONDARY
Turermionic  Ewmission.-—E. B. Moullin.
(Proc. Roy. Soc., 1st Nov. 1934, Scries A,
Vol. 147, No. 860, pp. 100-118.)

This paper contains a review of the theory of the
shot cffect and a description of the experimental
procedure adopted, with illustration by measure-
ment of the eclectron charge. The ditfference
between the number of primary and secondary
electrons is measured by the anode current; the
sum is deduced from the shot voltage so that cach
component can be evaluated separately. * Some
deduced curves of primary and secondary current
are shown for two types of valve working in the
dynatron condition . . . a complicated system of
emission occurs when the grid and anode are nearly
at the same potential ”’ ; this is not discussed here.

758. TrRansiTiON 0OF ELECTRONS FROM METALS
INTo DirLeEcTtrICS [Decrease of Work Func-
tion compared with Vacuum/Dielectric
Value].--N. Kalabuchow. (Zeitschr.  f.
Physik, No. 1/2, Vol. 92, 1934, pp. 143-147.)

Soprum
AT INCANDESCENT

759. TH: INDEPENDENT IONISATION oOF
AND CAESIUM VAFPOUR
TuNGSTEN AND RHENIUM SURFACES.-
Alterthum, Krebs and Rompe. (Zeifschy. f.
Physik, No. 1/2, Vol. 92, 1934, pp. 1-18.)

The production of ionised atoms of ~a and cs

is found to be 20 and 50% at an ke surface and 8.5
and 45% at w. The tempcrature dependence of
the ~Na/w production is correctly given by the
well-known Langmuir formula, but the cs/re and
cs/w productions ar¢ much smaller than those
predicted theoretically. Some possible reasons are
discussed.
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760. INVESTIGATIONS WITH THE KUNSMAN ANODE
[Mixture of Iron Oxide, Aluminium Oxide
and Alkali Salt: Ion Currents emitted with

Changing Velocity].—G. Gille. (Ann. der
Physik, Series 5, No. 4, Vol. 21, 1934,
PP- 443-456.)

The anode is a thermionic source of positive
alkali ions (see IKunsman, Science, Vol. 62, 1925,
p. 269; Journ. Framklin Insi., Vol. 203, 1927,
p. 635). This paper investigates a velocity anomaly ;
the alkali ions, emitted thermionically and accele-
rated constantly, appear to change their most
common velocity as the temperature of the ion
source increases. Caesium ions were investigated
with a velocity monochromator (mass spectrograph)
and the work function was measured by Kunsman'’s
method. The velocity was found to be constant
from 650—900° C, to rise by 0.5 v between goo-
1100° C and to be constant from 1100-1300° C
This is explained as due to a change in the work
function, and is probably connected with changes
in the iron present in the cathode.

DIRECTIONAL WIRELESS

761. EXPERIMENTAL INVESTIGATIONS ON NIGHT

ErrecT ProDUCING  DIRECTION-FINDING
Errors: Parts I axp I1.—G. Borkowetz :
A. Hagen. (Hochf:tech. w. ILlek:akus.,

November and December, 1934, Vol. 44,
Nos. 5 and 6, pp. 174-178 and 181-185.)

The principle of the automatic minimum recorder

is as follows (I'ig. 2): the r.f. energy received on
the regularly swinging frame (or goniometer search
coil) 1 is taken via the screencd coupling 2 to a
high-quality receiver 3 and here heterodyned so
that a note of about 1 cooc/s reaches the input
transformer of the auxiliary unit 4, where the
rectifying and amplifying first valve is so negatively
biased that for zero signal no anode current tiows.
A signal produces an anode current which creates
a voltage drop in the resistance I, : this drop is
so directed that it gives a strong negative bias to
the ““ reversing ”’ valve RI 134 and thus blocks it.
As the frame passes through a minimum this
blockage is removed and a current pulse (increased
by the positive bias V,) passes through the milli-
ammeter to the electro-chemically acting recorder 5.
An opposing battery V3 stops the chemical action
directly the pulse ceases: it is protected against
short-circuit, in case of paper breakage, by the
resistance W3 The frame is swung through 130
or 360° and is mechanically coupled to the recording
stylus so that this travels across the width of the
paper, which is moved on through 1/3 mm at each
dead point of swing. The lengtk of the ' minimum ”’
mark depends on the quality of the minimum and
on the total received energy ; from the position of
its mid-point the bearing of the minimum can be
obtained, so that in the absence of night etfect the
successive marks form a broad straight line along
the length of the paper, usually down the middle,
while during night fluctuations this line deviates
by amounts between + go® (parallel lines recorded
simultaneously along the paper, also by electro-
chemical means, represent angles of swing of 20°
or 40° according to whether the *“ swing ’* is 150" or
360°). Time marks are provided by a clock. As a
rule there are 6 swings (12 bearings) a minute, but
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sometimes a double speed is used. With a special
apparatus using a goniometer 153 bearings a minute
can be made successfully (see later).

With 1 to 4 portable equipments on these lines
systematic investigations on thc night errors of
medium- and long-wave broadcasting stations were
mmade. \When two receivers were spaced only about
1/1oth of the wavelength (120m for the Konigs-
wusterhausen wave), identical curves were obtained
(Fig. 6). This applied equally to frames and
goniometers :  when a unilateral arrangement
{frames and vertical aerial) was used the only
difference was that the variations were only about
half as great as with the ordinary figure-of-eight
characteristic—as would be expected on the
Eckersley theory. Other methods of reducing night
error will be dealt with in PPart I1. When the two
receivers were used to record simultaneously two
stations on neighbouring wavelengths and in
practically the same spot (e.g. Paris Radio on
1 724m and laris Eiffel on 1446 m) the two
curves were quite different. Simultaneous records
of various stations were compared, and it was found,
for instance, that Huizen (1 875 m) regularly
varied considerably less, and much later, than
Konigswusterhausen (1 634.9 m).

When three receivers were arranged at intervals
of 1.50 to 4A (2—7 km for Kénigswusterhausen)
more or less on a line pointing to the station, the
three records were similar but showed certain
ditferences in amplitude and also displacemenis in
time, ranging from 2 minutes for a 2 km spacing
to 6 minutes for a 7 km spacing. Such temporal
displacements were entirely absent on some
evenings, and on any particular evening might
decrease gradually to zero. These results, showing
a phenomenon which the writers believe not to
have been reported before (except in Dicckmann’s
preliminary announcement—1932 Abstracts, p. 287),
were checked by arranging momentary breaks in
the transmission, producing lines right across the
width of the paper on all three receivers simul-
taneously. At spacings of 15A all resecmblance
between the curves had quite disappeared.

Tests on the 260-680 m broadcast band showed
that owing to the much more rapid variations the
equipments employed for the long waves were
inadequate even at the double speed. The special
high-speed equipment (153 bearings per minute)
was therefore developed. The setting-in and dis-
appearance of night error was similar to what was
observed on the long waves. The succession of
4+ 9o° crrors, linked with strong fading, was
about ten times as close as with the long waves,
but between whiles the true daylight bearing could
often be distinguished, which was not the case
with the long waves. A comparison between
Figs. 9 and 10 shows what remarkable frequency
and extent of variations can occur on certain nights,
on these waves as well as on the long waves:
Fig. ¢ gives the normal type of result, whereas
Fig. 10 (North Regional, on a winter’s night when
simultaneous and independent height measure-
ments by Dieminger showed unusual fluctuations
of the Heaviside layer) shows the abnormal.

In the application of the above methods to the
examination of systems for avoiding night errors,
dealt with in Part II (Hagen, pp. 181-185), the
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Adcock system, apparently in its early form with
raised receiver cabin, is first treated briefly (cf.
Dieckmann, Abstracts, 1932, p. 287). Section III
describes tests with a frame aerial with its plane
at an angle to the vertical. “‘ If one assumes that
the downcoming angle of the space wave is de-
pendent only on the distance betwcen transmitter
and receiver and the height of the reflecting layer,
then with Grifeifing as receiving point and Ké Wu
[A = 1 632 m] as transmitter a single reflection at
a 100-km high layer should give a downcoming
angle around 22°. " If a frame, whose plane makes
an angle of 68° with the vertical, is periodically
swung through 360°, two minima occur, and on
the above supposition it may be expected that in
one case, where the frame is sloped away from the
transmitter, only the normal day bearing would be
obtained : while in the other, where it is sloping
towards the transmitter, the usual wandering of
bearings would occur.” Fig. 3 shows the equip-
ment, and in Fig. 4 each strip shows the two
minima, the upper track representing the position
sloping fowards the transmitter. The frame-plane
slopes (starting at the top record) range from 20°
to $0° from the vertical. The greatest dilierence
between the night variations of the two minima
occurs with the 80° slope ; this difference, however,
does not remain constant but may alter with time.
The writer states that *“ a reduction of night error
occurs throughout these four record strips in the
lower minimum track, i.e. when the frame-plane
slopes away from the transmitter.” But other
records show - - although only occasionally —a
diminution when the frame is sloping fowards the
transmitter. The energy relations in the two
minimum positions are very dissimilar : often only
one minimum is recorded. Since the difference of
the variation-amplitudes is the greater, the greater
the slope of the frame, the space wave would appear
to come down almost vertically ; “ the downcoming
angle is, however, not constant since [as already
mentioned] the difference in the variations is not
constant in the same strip and a reduction of error
can occur in either of the two minimum positions.”

Section IV describes tests in which the energy
values received on 3 dipoles at right angles to cach
other (vertical, longitudinal, and across—the two
last being suspended about 10 m above the ground)
were recorded on a multiple ink-writer and the
resulting curves compared with the simultaneous
minimum-variation records. The C-component,
responsible for night error, atfected only the cross
dipole. The inclination of the [ vector of the
ground wave to the horizontal, due to the earth
resistance, was balanced out by a suitable in-
clination of the longitudinal dipole. The vertical
dipole could be replaced by a horizontal frame
tuned to K6 Wu, or by a vertical frame in the
position of day-time minimum for K6 Wu. In
Tig. 7 the black line across the minimum record
represents a short stoppage of K& Wu transmission
at 201 43 (in July). lmmediately after this there
is seen a marked decrcase of cnergy in the vertical
and longitudinal dipoles, to well below the day
value, and an increase in the cross dipole : simul-
taneously violent bearing fluctuations, up to - 90 7,
are seen. All the records show similar results:
directly the energy in the vertical or longitudinal
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dipoles sinks below the day value, the night
variations occur, which may far exceed -- 9go° so
that often the two minima of the 360°-swung
{frame appear interchanged. Errors of -- 50° and
over are always accompanied by strong fading :
" large errors never occur when the vertical
dipole yields more energy than by day. An effect
of the abnormally polarised C-component on the
bearing error cannot be noticed so long as a vertical
acrial yields more energy than by day.” The
energy measurements with the alternative frames
mentioned earlier show that the night-time energy
in a tuned horizontal frame is generally much
lower than that in a similar vertical frame arranged
at the day minimum for the transmitter.

The sloping-frame measurements of section 11T
suggest an almost vertical arrival of the space
wave. Energy and directional minimum tests
(section V) were thercfore made with a frame
arranged in the day minimum position but swung
through 180° about a horizontal axis at right angles
to the direction of the transmitter, so that by day
it was always at a minimum position and gave no
record, while at night it received the abnormally
polarised component of the space wave. At about
sunset a clear minimum appeared at a nearly
horizontal position, corresponding to an almost
vertically descending space wave ; on many nights
this angle of descent seemed to remain constant,
so that the minimum recorder gave a fairly constant
bearing, in spite of the irequent appearance of
fading. But on other nights numerous strong
fadings occurred, accompanied by minimum
variations up to 180°.

Section VI deals brietly with the * Knall-Peil
system (“ Knall " may here be translated as a
‘clap”) in which the more usual long dash is
replaced by a 1-1.5 second signal (see Part I,
Borkowetz). No improvement as to night error
was found, errors up to + 9o° being recorded with
the 1-second dots as with the 6-second dashes.
“ It must be noted, however, that in these tests
both transmitter and receiver were on the ground.”
The signals were provided by the Fiirth aerodrome
station and by an aeroplanc on this aerodrome.

The L vector of a wave incident on a surface of
infinite conductivity must be perpendicular, so that
at such a surface no abnormally polarised fields
can be formed. Section V1I deals with tests based
on the above fact, a frame aerial being swung
periodically over a highly conductive surface made
up of soldered galvanised plates and netting, of an
area of 190 sq. metres. The minimum records thus
obtained were compared with those from a frame
of the same dimensions 150 metres away in the D.F.
tower. The conducting-surfiace records showed a
decrease in night error of from 1:-18%.

762. DirkctioN FINDERS: PRINCIPLES UNDER-
LYING THE DISIGN OF SPACED AERIALS.
R. H. Barfield. (Llectrician, 7th Dec. 1934,
Vol. 113, No. 2949, p. 742.) Summary of
LI E. paper.

763. Tur UsE oF FRAME AERIALS FOR DIRECTION

Finpixg.—P.  Hermanspann.  (Fumnhtech.
Monatshefte, November, 1934, No. 11,
Pp. 424—430)

Short survey. “ Minimum ” finders (and the
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effective heights of their aerials : correction curves :
ctc); ““maximum” and direct-reading finders ;
night errors (including the Adcock system).

764. CompINaTION oF TFRrRAME AND DIPOLES TO
ELIMINATE BEARING ERRORS DUE TO SPACE
Wave.—R. Hell. (German Pat. 601 904,
pub. 27.8.34: Hochfiech. w. Llek akus.,
December, 1934, Vol. 44, No. 6, p. 215.)

Notr
Jan.

765. A Rapro BEACON AT SOUTHAMPTON :
FroM THE “‘ TimMES”  (Nature, 5th
1935, Vol. 135, p. 17.)

ACOUSTICS AND AUDIO-FREQUENCIES

766. THE AcousTics oF CONCERT AND [3rRoaD-
CASTING S1UDLOs  [Optimum  Reverbera-
tion Time|—G. von Békésy. (EN.T.,
November, 1934, Vol. 11, No. 11, pp. 369-
375)

This paper describes experiments on the most
favourable reverberation time of music studios, and
its frequency dependence. The court and the chief
studio of the broadcasting station at Budapest are
first described ; the frequency dependence of the
latter’s reverberation time was measured with an
automatic arrangement due to E. Mever (1930
Abstracts, pp. 512-513) and is shown in Fig. 2 for
various degrees of covering of the walls; it de-
creases rapidly with increasing frequency, whereas
that of the court, which gave a much better tone-
colour, changed but little with frequency (I'ig. 1).
Various experiments with studios of different sizes
are then described; a reverberation time, in-
dependent of frequency, of 0.7 sec. was found best
for studios of 180 m® and 400 n?®: 0.3 sec. was the
optimum value for 2 ooom3. Experiments with
observers in a studio of 2 000 m3 are described ; it
was difficult to obtain reliable observations when
tlie number of absorption units in the studio was
gradually increased or decreased, owing to hys-
teresis cffects in the observers’ sensations. This is
illustrated in Table 1, which gives the actual
remarks made by the observers in a typical experi-
ment, and by Tig. 3, which gives reverberation-
time/frequency curves for best reproduction.
FTigs. 4 and 5 give similar curves for a small
orchestra and for one of normal size. No real
difference was found acoustically between Wagner's
and Mozart’s music. Fig. 7 shows the dependence
on volume of the most suitable reverberation time,
independent of frequency, and Fig. 8 the optimum
increase of reverberation time corresponding to a
given decrease in sound intensity, which may be
made to compensate to some extent for a sound of
insufiicient intensity in a large studio. Fig. g
shows changes in loudness of execution with the
reverberation time : great artists are more sensitive
to this than are ordinary musicians.

767. THE AcousticaL INSULATION OF  AlR-
CoxD1TIONING FANS AND SHAFTS [and the

Use of Baffle Chambers, “ Katelit” and
* Korfund " Plates, etc.|.—1I. Katel. (Génie
Civil, 24th Nov. 1934, Vol. 105, No. 2,

pp- 482483
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768. THE [Rapid] MEASUREMENT OF THE Co-
LFFICIENT OF ABSORPTION OF SOUND-
Insvrating MaTer1ALs [Coated Cube with

Internal Loudspeaker and Microphone:
Constant Intensity Principle: Some Re-
sults]. H. Fontaine. (Génie Civil, 24th

Nov. 1934, Vol. 105, No. 21, p. 490.)

769. MEASUREMENTS ON DvNaMIC [Moving-Coil]
Hicu-Power LoupsrEaxkrs.—O. Schifer.
(Fumktech. Monuishefte, October, 1034, No.10,
pp- 385 388)

Recent high-power types have brought loud-
speakers into the field of electricai machinery
by the possession of efficiencies in no way inferior
to those of very small electric motors, and have
thus opened up new paths in the design calculations
of their associated amplifiers. The writer dis-
cusses the matching conditions and shows how all
the important measurcments can be carried out
with simple equipment, with the accuracy required
{or practical purposes; he illustrates his test by
measurements on the Dietz and Ritter loudspeaker
“ Maximus’’ and their improved * Imperial 111.”
He siresses the result that it is impossible to choose
a suitable output transformer simply from the
impedance of the loudspcaker measured at onc
frequency. Attention must be paid to the curve of
apparent efficiencies and to the changes caused by
the primary winding of the transformer; and the
transformation ratio must be so chosen as to give
the greatest average efficiency. Morcover there is
the possibility of influencing the tone, svithin certain
limits, by under- or over-maltching, and of limiting
the lower cut-off point by the choice of the output
valve.

770. A TRANSPORTABLE 10-WATT PUBLIC ADDRESS
System.—C. B. De Soto. (QS7, December,
1934, Vol. 18, No. 12, pp. 18-20 and ¢8,
100, 101.)

771. TRaNSVERSE CURRENT ‘Carbon] MICROPHONE
[Constructional Details| - D. W. Heightman.
(Wireless World, 11th Jan. 1935, Vol. 36,
pp. 29-30.)

772. ELiCTRICAL DYNAMOMETER FOK VERY SMALL
TorcEs [especially for Gramophone-Ncedle
Friction Measurements].—Ii. €. Wadlow.
(Elec. Review, 17th Aug. 1934.)

773 MaGNETIC RECORDING IN German] Broab-
casTING.—H. ]J. von Braunmiihl. (Funkiech.

Monalshefte, December, 1934, No. 12,
PP 453486
774. SOUND - ON - F11.M  REPRODUCTION  WITHOUT

BackGrouND Noise [American Modification
of Amplitude Process: Sound Track Trans-
parent on Opaque Background: Half-
Waves recorded Separately, in Two Stag-
gered Tracks, giving Greater Available
Width] —(Funktech. Monatshefie, September,
1934, No. 9, pp. 360-301.)
[Note on] IxstiTuTioN of ErLECTRICAL EN-
GINEERS' LiBrary oF Souxp Fims [and
Address by Sir Oliver Lodge| —(Nature,
5th Jan. 1935, Vol 135, pp. 11-12))

775-
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776. DISPERSION OF SOUND IN ACOUSTIC FILTERS.
E. Grossmann. {(Ann. dev Physik, Scries 3,
No. 4, Vol. 21, 1934, PP- 433-442.)

The theory of sound filters is given, on the lines
due to Waetzimann and Noether (1932 Abstracts.
p. 406, r-h col), and the dispersion is measured
experimentally by a comparison of the Kundt's
dust figures in a smooth glass tube and in a glass
filter tube (Figs. 1 and 2). Fig. 3 shows the
theoretical and 1neasured values of the ratio
(velocity of sound in smooth tube)/(velocity in
filter) and the corresponding attenuation charac-
teristic of the (high-pass) filter. Tigs. 4 and 5
show curves for other filters; Fig. 6 shows the
microphone current as a measure of the sound
pressure at the end of a smooth tube and a bhigh-
pass filter. Good agreement between theory and
experiment was found throughout.

777. ABSOLUTE MEASUREMENT OF SOUND INTENSITY
By Tue ** PPuLL-Ix ” (Mitnahme) METHOD.
K. Teodorchik and E. Sekerskaia. ([ournal
of Teck. Phys. [in Russian: see 913], No. 5,
Vol. 4, 1934, pp. 1009-T013.)

The “ pull-in’’ method was discussed in a
previous article (ibid., 1932, Vol. 2, p. 112). The
present paper describes the apparatus used, which
comprises a light movable rod controlled by a steel
spring with adjustable tension and carrying a light
membrane of the piston type and two small arma-
tures each associated with an electromagnet. The
windings of these magnets arc connected to the
input and output circuits respectively of a valve
amplifier. The sound to be measured is produced
by a loudspeaker connected in the output circuit of
the amplifier, which is driven by a variable
frequency a.f. oscillator.

A formula is derived enabling the sound pressure
on the membranc to be calculated from the fre-
quency band-width over which the pull-in effect
takes place and the amplitude of the auto-oscilla-
tions of the system. The latter is measured by
observing through a microscope the edge of a razor
blade mounted on the rod. The band-width of the
pull-in effect is measured by one of the following
methods : (@) by direct listening through tele-
phones; (b) by observing the needle of a milli-
ammeter in the grid circuit of the last stage of the
amplifier, or (¢) by observing through the microscope
the vibration of the rod.

A series of experiments was carried out to show
that the band-width is inversely proportional to the
amplitude of the auto-oscillations. The intensity
of sound during these experiments was maintained
constant and the amplitude of the anto-oscillations
varied by means of a shunting resistance in the
output circuit of the amplifier. It was next shown,
by varying the intensity of the sound (bv means of
a potentiometer in the loudspeaker circuit), and
keeping the amplitude of auto-oscillations constant,
that the band-width is proportional to the pressure
of sound on the membrane. Curves are given
showing the results obtained.

It is stated that the instrument has proved
suitable for measuring sound intensities down to
0.3 bar and that these measuremenis are not
affected by acoustic interference from other sources
(e.g. loud conversation, motor noise, etc). The
time taken in determining the band-width is 1 to 2
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minutes. The drawback of this instrument is its
narrow range (200 to ;oo c/s).

778. UTILITY OF THE NOISE METER IN QUANTITY
PropucTION.—\V. k. Johnson. (Gen. Ilec.
Review, November, 1934, Vol. 37, No. 11,
Pp- 504-508.)

. DEciBEL MEeTER [for Radio Interference,
Gramophone Recording, Radio Relay Moni-
toring, etc.].—Salford Elec. Instr., Ltd.
(Journ. Scient. Inslv., November, 1934,
Vol. 11, No. 11, p. 368.)

. MEASUREMENT OF NOISE FROM POWER TRANS-
FORMERS, and MEASUREMENT OF NOISE
¥ROM SMalLL Motors.—A. P. Fugill: C. G.
Veinott. (I-lec. LIngineeving, December,
1934, Vol. 53, No. 12, pp. 1603-1608
and 1624-1628.)

781. PORTABLE NOISE MEASURING APPARATUS.—
Metropolitan - Vickers Company.  (Journ.
Scient. Insty., October, 1934, Vol. 11, No. 10,
PP- 332-333.) Based on the work dealt with
in 185 of January.

782. Trarric NoisE [Modern Intermittent Noise
with Quick Rate of Change is Objectionable].
P. J. H. Unna. (Nature, 15th Dec. 1934,

Vol. 134, p. 937.)

783. ON THE MECHANICAL-ACOUSTICAL BEHAVIOUR
or ELecTrICAL MACHINES [Causes, Measure-
ment, Identification and Reduction of
Machine Noise].—E. Liibcke. (Zeitschr. {.
lech. Phys., No. 12, Vol. 15, 1934, pp. 652—
660.)

A STUDY OF AN ELECTRICALLY MAINTAINED
VIBRATING REED AND ITS APPLICATION ToO
THE DETERMINATION oF YOUNG'S MoDULUS.
—Parr II. EXPERIMENTAL.-—E. G. James
and R. M. Davies. (Phil. Mag., December,
1934, Series 7, Vol. 18, No. 123, pp. 1053—
1086.)

For Part I see 458 of February. Details are given
of an a.c. generating circuit, free from harmonics ;
of a Rayleigh bridge for measuring inductance and
resistance ; of the experimental method used, and
of the accuracy of the observations. The frequency
was measured by the bridge referred to in 1934
Abstracts, p. 48 (Davies). Many experimental
curves are given for amplitude and motional
impedance as functions of pulsatance ; for apparent
resonance pulsatance as a function of magnetising
impedance and size of air gap; and for instability
effects. The value found for Young’s modulus
agrees well with previous values and the method is
found capable of an accuracy of about 1 in 1000,
It is found to be quite conceivable that ‘‘ the
indications of a frequency-meter of the reed type
may be accurate for small amplitudes of vibration
and vet be inaccurate for larger amplitudes.”

784.

785. THE MAGNETOSTRICTIVE OSCILLATION OF
CHrapn1 Prates.—R. C. Colwell and E. A.
Bryant. (Jouwrn. Franklin Inst.,, December,
1934, Vol. 218, No. 6, pp. 739-748.) The
full paper, a summary of which was referred
to in 1934 Abstracts, p. 278.
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786. THE VELOCITY OF PROPAGATION OF SOUND IN
QuarTz—A. de Gramont and D. Béretzki.
(Comptes Rendus, 3rd Dec. 1934, Vol. 199
No. 23, pp. 1273-1274.)

If a quartz plate cut with its faces perpendicular
to an electrical axis is made to vibrate in a half-
wave mode along this axis, discrepancies of about
20% are found between the observed frequency
and that calculated from the Newtonian formula
thus Hund’s empirical formula gives a velocity
5740 m/s instead of the theoretical value 5.440.
These discrepancies are sometimes wrongly attri-
buted to impurities in the crystal : the form of the
specimen may influence the velocity, but variations
thus produced hardly exceed 2-3%. The fact is
that Newton’s formula only applies if the diameter
of the plate is small compared with its thickness,
i.e. compared with the half-wavelength of the
supersonic wave ; and this relation does not occur
in piezoelectric plates. The present writers have
investigated the conditions in which the velocity
of sound in the quartz can be defined with precision,
so that the resonance frequency can be calculated :
they find that the velocity is variable and may take
a scries of values (in their tests, between 4748
and 6094 m/s) each value corresponding to well
determined conditions. They took a plate of very
pure quartz, perpendicular to a binary axis, and
cut from this a series of long equal bars of differing
orientation with regard to the optical axis. The
table shows how the propagation velocity along the
electrical axis (i.e. perpendicular to the primitive
plane of the plate) starts at Gogq m/s for a bar
cut at an angle 0° to the optical axis, decreases
to 4745 for an angle of 30°, increases again to

5992 at 100° and rises to 5725 at 160°. The
bar dimensions were 4.5mm X 4.5mm X 21.5
mm.

On the other hand they were able, by keeping a
constant thickness but varying the other dimen-
sions, to obtain bars giving the same frequency
whatever their orientation: “a plate of quartz
reconstituted so as to respect these relative pro-
portions presents among other propertics the
remarkable one of supporting a tension some
ten times higher than that which would be
tolerated by a circular disc. This special form
applied to piezoelectric plates has allowed their
range to be ecxtended on the side of very high
frequencies.”

787. EXPERIMENTAL  INVESTIGATIONS ON THE
OsCILLATIONS OF SINGLE CYLINDRICAL CRYS-
TALS AT HigH Lrastic PREQUENCIES [50 to
1 000 kefs : Velocities of Various Modes of
Oscillation of Cylinders of Zn, Cd, Sn].
H. Schoenecck. (Zeitschr. f. Physik, No. 5/6,
Vol. 92, 1934, pp. 390-406.) See also
Réhrich, Abstracts, 1932, p. 466; also
Giebe and Blechschmidt, 1934, p. 9g.

788. THE DETERMINATION OF THE SPECIFIC HEAT
or GasEs AT HIiGH TEMPERATURES BY THE
Souxp VELociTy MeTHOD [using Vibrations
tfrom Piezo-Quartz Cryvstal]. T.——~CarBoxN
MonNoxinE.——G. G. Sherratt and E. Griffiths.
(Proc. Roy. Soc., Series A, 15th Nov. 1934,
Vol. 147, No. 801, pp. 292-308.)
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2%9. AN EXPERIMENTAL  DETERMINATION  OF
TULTRASONIC ABSORPTION AND REFLECTION
COEFFICILNTS 1N AIR AND IN CARBON
Dioxipk.—R. W. Curtis. (Phys. Review,
1st Nov. 1934, Series 2, Vol. 46, No. 9,
pp- 811-815))

In ‘the frequency range between 88 and
1000 ke/s, the absorption in air is found to increase
with the square of the wavelength, as required by
classical theory; in co, a sharp maximum at
zbout 9% kc/s is obtained. The reflection co-
efticient” (brass reflector) decreases with increasing
frequency for both gases.

790. Somt  [Demonstration] EXPERIMENTS IN
Kunspr's Tusrs witH HicH FREQUENCY
Sounnp Waves.—O. Brandt and H. Freund.
(Zeitschr. f. Physik, No. 5/6, Vol. 92, 1934,
pp. 385-389.)

707. NEwW OPTICAL METHOD FOr THE STUDY OF
THE ABSORPTION OF SUFERSONIC \WAVES BY
Liguips.—E. Baumgardt. (Comptes Rendus,
toth Dec. 1934, Vol. 199, No. 24, pp. 1383~
1385.)

792. INFLUENCE OF THE ELECTROLYTES ON THE
FORMATION AND THE STABILITY 0F METALLIC
CoOLLOIDS PRODUCED BY SUPERSONIC WAVES.

M. Reggiani. (Compies Rendus. 7th Jan.
1935, Vol. 200, No. 2, pp. 123-125.)

“ Voice CoLouR PROFILES "’ IN THE OSCILLO-
orars Tuse [Circular Patterns photographed
on Cinema Film from Rotating Oscillograph
Tube : Classified after the Bertillon System].

—Panconcelli - Calzia.  (Funktech. Monals-
hefte, December, 1934, No. 12, pp. 481-483.)

New REeESEarCHES ON THi TIMBRE AND
Loup~ess oF [German] Vowrrs.—E.
Thienhaus. (Zeitschr. f. tech. Phys., No. 12,
Vol. 15, 1934, pp. 637-041.)

795. A FrReQUENCY METER FOR VisUarL TuxiNg
[Pitch Difference measured by Counting the

Flashes of Neon Tube: Measurements on

794.

Various Musical Instruments].—A. Ditt.
(Journ. Scient. Instv., December, 1934,
Vol. 11, No. 12, pp. 377-379.)
796. THE INFLUENCE OF LOUDNESS ON THE
APPARENT PrrcH.—O. Vierling. (Zeitschr. f.
tech. Phys., No. 12, Vol. 15, 1934, pp. 041—
643.)
This phenomenon, dealt with by Zurmihl

(Abstracts, 1931, p. 272) is not often met with, but
with the introduction of electro-aceustic pianos,
with their very large range of volume, it assumes
importance. Thus if such a piano is tuned accur-
ately with an ordinary piano, at equal volume
levels, the new piano will sound very much out of
tune with the old type when it is played much
more loudly, although the effect is not found when
the notes are struck simultaneously —only when
struck in succession. The writer has therefore
investigated the phenomenon for himself: he
finds that the pitch difference, at various fre-
quencies, increases with increased difference in
volume : for a volume difference of 50 Phon there
is, at 200 c/s, a lowering of pitch of the loud note
by as much as 5% ; this decreases steadily as the
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frequency rises, to about 1% at 1300c¢/s, and
disappears at still higher frequencies. See also
Stevens, 1934, p. 567, and Vrijdaghs, same column.

797. ThE Trautoxium [Electrical Properties].
P. Kotowski and W. Germann. (IZN.T.,
November, 1934, Vol. 11, No. 11, pp. 389—
399.) )

For a description of this instrument see 1933
Abstracts, p. 628 (Germann). The present paper
discusses its clectrical properties. Figs. 2 and 3
show its front panel and circuit respectively and
Fig. 4 gives the calculated ' trip ”” {requency as a
function of the grid bias. Linear scales extending
over 3} or 4 octaves can be attained by making
use of the curvature of the valve characteristic
shown in Fig. 5. The ' trip " oscillation diagram
is given in Figs. 6 and 7. The decoupling circuit
is shown in Fig. 9. The rest of the paper gives
circuit decrements, frequency curves, and curves of
changes in “ trip 7 frequency, and discusses the
constancy and touch of the instrument.

798. THE  ELECTRO - AcousTicaL  OrRGaN.—O.
Vierling. (Zeitschr. V.D.I., 20th Oct. 1934,
Vol. 78, No. 42, pp. 1217-1219.)

799. A NEw ErecrricaL OrcaN.—H. Boucke :
Vierling and Kock. (Funktech. Monatshefle,
November, 1934, No. 11, pp. 437438.)

800. THE DETERMINATION OF THE STIMULUS/

SENSATION RELATION FOR AUDITION FROM
DaTa oN THE MINIMUM PERCEPTIBLE
CHaxgrs or INTENsITY.—H. Davies. (Phil.
Mag., November, 1934, Supp. No., Series 7,
Vol. 18, No. 122, pp. 940-949.)

801. THt LocarisaTion OoF PURE ToxEs.—Stevens
and Newman. (Proc. Nat. Acad. Sct.,
November, 1934, Vol. 20, No. 11, pp. 593—

596.)

S802. DiscussioN ON ‘' STABILISED | FEED-Back
AwpLiFiers.”—H. S. Black. (I‘lec. Lu-
gineeving, September, 1934, Vol. 53, No. g,
pp. r3rr-1312.) Tor previous discussions
see 1934 Abstracts, p. 323.

803. ‘ FORTSCHRITTE DER PHYSIKALISCHEN UND

TECHNISCHEN AKUsTIK 7 [Sccond Edition :
Book Review].—-I'. Trendelenburg. (/ouin.
Scieni. Instr., October, 1934, Vol. 11, No. 10,
p- 338)

PHOTOTELEGRAPHY AND TELEVISION

804. DistorTiON IN TELEVISION oF MovVING OB-
jEcts.—O. B. Lurie. (Journ. of Tech. Phys.
[in Russian: see 913], No. 4, Vol. 4, 1934,
PP 792-795.)

The two fundamental cases of a rectangle moving
in a direction (a) parallel and (#) perpendicular to
the direction of movement of the scanning beam
are examined separately. In the first case the
rectangle sutfers angular distortion on reproduction
and becomes a parallelogram, but has the same
height as before. In the second case the rectangle
is either shortened or elongated, depending on the
relative signs of the velocities of the rectangle and
of the scanning line, but remains rectangular. It is
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shown that in each case the distortion produced,
t.e. the ratio of the displacement to the vertical
dimension of the picture, is inversely proportional
to the length of that side of the * frame ' which is
perpendicular to the direction of movement of the
scanning beam. It is therefore recommended that
the scanning of moving objects should always be
made in a direction perpendicular to the longer
dimension of the {rame.

It is suggested that distortion (as defined above)
up to 5% is (uite permissible in practice. In the
case of rotating objects the angular distortion
between two consecutive frames should, with the
present state of the technique, be not more than
about 1 since otherwise stroboscopic effects
will appear.

805. THE PosITioN oF TELEVISION, ACCORDING TO
T LATEST TESTS oF THE GErRMAN PosT
OFrice : THE REecEpTiON TESTS ON THE
BrockeN: Rapio ExHIBITION REPORT.
Banneitz:  Scholz: Kette. (Funktech.
Monatshefie, October, 1934, No. 10, Supp.
PP- 49-30: 50-3I: 5I1—00))

“ The whole of Germany could be provided with
ultra-short-wave] television by 20-25 stations by
making use of the Brocken and other mountains
and, for flat country and cities, high towers. A
station on the Brocken should have a range of
1oo-150 km. The recent reception tests on the
Brocken from the Witzleben transmitter (180 lines,
vision on 6.7 m) showed the possibility of modulating
a Brocken transmitter from the Berlin station over
an us.w. link, although the transportable receiver
employed did not give sufficiently perfect reception
for that purpose. The field strength on the Brocken
was o.rmv/m + 50%. Tests in all type of
weather, by day and by night, showed that with
full modulation of the transmitter the signal/noise
ratio was always sufficiently great for the inter-
ference (chiefly heterodyne background noise) to
have no effect on the image quality. But for
modulating a Brocken transmitter the ratio would
need improving—by r.f. amplification, more efficient
receiving aerials, decrease of background noise by
the use of more suitable valves, ete.

806. SHORT - RaNGE  TesTs oN  ULTRA-SHORT
(3.1 m) Waves.—Moller. (See 659.)

807. TELEVISION AND THE CINEMA [and the Future
Use of Films for Television for the sake of
" Artistic Completeness ’].-—Dallas Bower.
(Wireless World, 28th Dec. 1934, Vol. 35,
PP- 550 552)

808. Ux1rorM Firm  TRANSPORT—A NECESSITY
FOR Goop TrLE - CINEVATOGRAPIIY. 12
Hatschek. (Fumktech. Monatshefte, Decem-
ber, 1934, No. 12, Supp. pp. 69-70.)

MecuanrcaL  TELEVISION  RECEIVERS FOR
HrGH Nuwmprrs orF LiNEs [Possibilities of
the Double Nirror Helix, Spherical
Single Helix, and a Combination of the Two,
giving 360 Lines].—F. von Okolicsanyi.
(Funltech. Monatshefte, December, 1934,
No. 12, Supp. pp. 6;-69.)

809.
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810. WIDE-BAND TRANSMISSION OVER COANIAL
LiNgs [for Multiplex Telephony or Tele-
vision : Band Wilths of 1000 kc/s or more
transmitted over Long Distances : Phoenix-
ville Tests].—LIL Espenschied and M. E.

Strieby. (I:lec. Engincering, October, 1934,
Vol. 53, No. 10, pp. 1371-1380: [Jec.
Comnunication, October, 1934, Vol 13,

No. 2, pp. 159-172: Bell S. Tech. Journ.,
October, 1934, Vol. 13, No. 4, pp. 654-679.)
Sec also 811.

S811. CoaxtaL  ComMUNICaTION  TRANSMISSION
l.ines [Non-Mathematical Discussion of
Lines for Bands of 1 Mc/s and more].--S. A.
Schelkunoff.  (Llec.Engineering, December
1934, Vol. 53, No. 12, pp. 15921593 )

The technical possibilities have been discussed
by Espenschied and Strieby (see 810) and a com-
prehensive mathematical treatment was given bv
the present writer (435 of February).

812. THE AMPLIFICATION OF PROGRAMME TRANS-
IENTS IN  Rapio ReckiveErs.— Builder.
(See 716.)

813. CONTRIBUTION TO THE CONSTRUCTION OF
CatHoDE-RAY TUBEs witH HicH Vacuum

FOR TELEVISION AND MEASURING PURPOSES.

M. von Ardenne. (Hochf:lech. u. Elek:akus.,
November, 1934, Vol. 44, No. 5, pp- 166-173.)

The requirements of extremely high working
constancy, life of several thousand hours linear
calibration and extensive independence of fre-
quency, demanded by certain uses such as con-
tinuous recording (as in propagation research),
modulation control of transmitters, and television.
are best fulfilled by high-vacuum tubes (around
1o~ mm ng). Medium-vacuum tubes of special
design also comply with these requirements within
certain limits, but this type has already been deal:
with by the writer (Abstracts, 1934, P 330). The
type of tube which the writer has now arrived at is
identical in its chief points with that described by
George (1929, p. 584). Since the same type has
been thoroughly discussed in two recent papers
(Zworykin, 1934, p. 330, and Knoll, 1934, p. 219)
the writer devotes himself in the present paper
chiefly to (uestions of the best design dimensions
to describing some improvenients, and to giving
some practical results.

The relations in the deflecting chamber are first
examined, particularly the important question of
the best values for the converging angle (y, Iig. 1).
By departing from the optimum y and optimum
ray cross-section in the deflecting zone, and bv
lengthening the plates, tubes with two pairs of
plates can Dbe designed to work satisfactorily.
Better conditions are obtained if, by the use of a
push-pull stage in the * kipp > voltage amplifica-
tion, 1t is arranged that the average potential of
both plates with respect to the ray remains constant.
A fuller treatment of the clectron-optics of the
deflecting system will be published later.

Much more distortionless image formation is
given if only one detlecting condenser is used, with
long plates widely spaced (3 or 4 ray iameters
particularly if the above-mentioned symmetry
given by push-pull is obtained. The best resulfs
are given by magnetic detlection, but for frequencies
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above 500-1000c/s, if independence af frequency
is required, the necessary encrgy expenditure for
such deflection is too great for (e.g.) television pur-
poses. It is therefore desirable to use a *‘ mixed "
system, employing magnetic deflection for the
25 c/s vertical direction and electrostutic for the
5 o000c/s line direction. With modern ** kipp”
circuits a deflecting current can be obtained as well
as a deflecting voltage, so that the above plan is
not unduly complicated. The converging angle
suitable for such a system is discussed. The next
section (In) deals with the influence of the space
charge on the spot size, as a function of anode
current and anode voltage for various converging
angles. ' Fig. 4 shows that a required spot dia-
meter can be obtained with greater ray current, the
greater the initial diameter (and converging angle)
and the greater the anode potential.”

Conditions in the discharge chamber are next
mvestigated (sections II a-c). Figs. ;-9 show the
writer's system, developed from the double electro-
static concentration system given by George
{loc. cit.) and shown in Fig. 6. A simple approxi-
mate formula (5) is given for the smallest possible
spot diameter, showing clearly the conditions
desirable.  The factors controlling the value of the
ray current are then examined, leading to the
relation (for not too great emission cross-sections)
between ray current and diverging angle g (Fig. 8)
given by formula 6. For constant magnification in
the main system, tanf is proportional to tany.
This shows that the existence of a large converging
angle y in the deflecting chamber has great im-
portance for the design of the discharge system :
for a given y the only way to increase 3 is to reduce
the focal length, that is, to increase the magnifica-

tion. In the design, therefore, a compromise is
necessary between spot sharpness and spot
brightness.

I'ig. 15 is a photograph of the elecirode system
of the writer's tube. The anode voltage used is
3000-4000 v ; the sensitivity 0.3 mm/v with a
pre-concentrating electrode bias of joo0v; for
the normal picture size of 13X 18 ecm the spot
diameter is about # mm.

814. THE DISTURBANCES PRODUCED BY THE DE-
FLECTING FiiLps ix A CaTHoDE-RAY OsciIL-
LoGrRAPH.—E. Hudec. (/2.N.T°, November,
1934, Vol. 11, No. 11, pp. 376-353.)

Use of the cathode-ray oscillograph for television
requires exact investigation of possible distortions,
first of the radial spread of the electron beam in the
deflecting field, 7.e. of the diameter of the beam
between cathode and fluorescent screen, and
secondly of the deformation of the fluorescent spot
itself and its deviation. §1 gives a theorctical
investigation of the effect of initial velocity on the
motion of the electrons, with numerical data for
a barium oxide cathode. The velocity component
perpendicular {o the axis of the tube is the source
of disturbance and it makes the electrons move
in a parabola, as shown in Fig. 2. After the
electrons have passed the deflecting field their
motion is linear (Fig. 3) and the diameter of the
beam may be 11 mm at the end of a tube 40 cm
long.

The motion of electrons in a concentrating field
is discussed in § 2. Fig. 4 shows the lines of force
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in the control field of a television tube, and Iig. 5
various fields for electron concentration. Fig. 6
illustrates the focusing effcct and Fig. 7 shows
the arrangement of electrodes in an illumination-
controlled tube. Fig. 8 illustrates the motion
of electrons {rom a cathode of finite area. Increase
of illumination involves increase of spot diameter.
The latter may be decreased by increasing the
distance of the concentrating field from the control
field; 1t may thus even be possible {o dispense
with gas control.

§ 3 deals with deviations from linearity of the
beam deflection. Tig. 10 shows the field between
two deviating plates and Fig. 11 a field which
has very little influence on the electron motion
(asymmetric form and position of plates). §4
discusses the deformation of the spot and Fig. 12a
shows a photograph of a tube designed to minimise
this, with deflecting plates at some distance from
the anode. A cylindrical shield between anode
and plates prevents disturbance by external fields.
Tf gas concentration is to be avoided, the tube
must be made very much larger. § 5 describes
experimental results with a tube shown in Fig. 12b,
with cathode as in Fig. 13. Fig. 14a shows a go-line
raster under various illuminations of the same
duration, and Fig. r4b the same illuminations with
proportionate durations. Fig. 14c is a magni-
fication of strips of Fig. 14b, showing that they
have practically the same degree of definition. TFor
previous work see 1932 Abstracts, p. 53r.

815. INVESTIGATION OF FLUORESCENT MATERIALS
rok Usk IN TELEVISION aND CATHODE-Ray
OsciLLOGRAPHS.—W. Schnabel. (4rch. f.
Ilektvot., 12th Dec. 1934, Vol. 28, No. 12,
pp. 789-797.) _ _

The points investigated in this paper are:
(1) the density of light on the fluorescent screen
attainable with different materials, (2) the length
ot life of ordinary screens, and (3) the phosphorescent
qualities of the most important screens and the
importance of their light-decay curves for television.
Voltages from 3 to 7o0kv and currents from o.1
to 1ma were used. The light-density was measured
as a function of one or other of thesc quantities,
the other being kept constant. The duration of the
life of a screen is determined by the light-density
at any point, measured in watts/cm?; the values
obtained lay betwecen 1 and 60 watt/cm?

§3 gives a list of the fluorescent materials studied
and the methods used to fix them to the glass screen;
these were (1) mixing the material with water-
glass and spreading the paste in a thin filin, (2)
sprinkling the material on a thin film of diluted
water-glass, (3) suspension in cther, (4) suspension
in alcohol. In §4 the apparatus and methods used
are escribed. Fig. 2 shows the arrangement of
the photocell and the fluorescent material, Uig. 3
the circuit for measuring the light-density, and Fig. 4
the geometrical arrangement of the cell and photo-
meter. The maximum sensitivity of the photocell
used lay in the blue-green region (4500pup).
Photocurrent differences of o~ lumen could easily
be measured. Tig. 5 shows the Faraday cage used
and Fig. 6 the circuit for measuring the light-decay
curves.

The experimental results are given in §7, where
Figs. 7 and 8 show curves for the light-density as a
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function of the voltage used, with constant current
density, jor the various materials investigated.
The values obtained are frequently from 1 to 2
times those found by other writers (von Ardenne,
Zworykin) who however used metal screens or
glass screens covered with a mixture of metallic
dust and the fluorescent material, which are un-
suitable for television purposes. No saturation
with increasing voltage was found in the voltage
range used (up to jokv). Tig. g shows the light-
density as a function of the screen-current density,
with constant voltage ; here saturation phenomena
occur for a current density of about 1 ma/mm?
This may be due to charge on the screen, which an
electrostatic voltmeter shows to be present. The
apparent saturation must, however, always be
taken into account. The power must be increased
as much as possible, if great brightness is desired,
and good conduction from the screcn must be
secured.

Figs. 10 and 11 show the length of life of ditferent
screen materials for a normal film thickness <nd for a
very thin film respectively. Willemite zave a
long life and very uniform screen surface. Figs.
1215 show the surface structure by transmitted
light of various materials. Long life depends
largely on good heat conductivity (i.e., uniform
surface structure). Very thin films showed large
initial brightness but very rapid fatigue. It was
found that a screen of normal thickness (surface
100 cm?) could be exposed to the beam (6o watts)
for 1020 hours before the brightness fell by
10-209%. TFigs. 16-24 show the decay curves of
various materials, taken on the second oscillograph
shown in Fig. 6. The calcium tungstate used had a
decay time 1.6 X 107 °sec. (Figs. 20, 21); another
material of unknown composition had a decay
time 0.6 X 107% sec. (Iig. 24). There was no notice-
able increase of decay time with voltage. The
summary (§60) gives data of an optical arrangement
giving a point density of 1460.

816. EXPERIMENTS ON THE PHOTOELECTRIC EFFECT.
Part I: SYSTEMATIC INVESTIGATION OF
Thk EXTERNAL PHOTORLECTRIC LEFFECT IN
Tue Eremexts [Most Metals] or THE
Perionic SysteM.—R. Schulze.  (Zewschr.
f. Physik, No. 3/4,Vol.92, 1934, pp. 212-227))

The long-wave limit of the photoelectric effect is
defined as the wavelength which just does not pro-
duce an electron current of 1o '*amp. when the
incident light energy is 10 erg/sec. Elements of the
periodic system were investigated under exactly
similar conditions and it was found that the long-
wave limit was paralleled by the ionisation energy
found from the series limits of the frec atoms. The
number of quanta obtained had the same value for
all elements of any one group in the periodic table
but differed by several orders of magnitude (107! to
1078) from group to group. The groups investi-
gated were the alkali metals, the beryllium, alu-
minium, titanium, copper and zinc groups, also the
elements of the horizontal series in the periodic
table from potassium to selenium. Table1shows the
periodic system ; the groups chosen are marked
with crosses and the values of the long-wave limit
and the ionisation energy are given [misprint :
H for IX]. Tig. 7 shows curves of the output energy
as a function of the wavelength, for various elements,
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and l'ig. 8 shows the change in the long-wave limit
of the elements from potassium to selenium, with
other physical data for comparison.

817. MEASUREMENT OF THE SPECTRAL SENSITIVITY
o¥ PrortocELrLs.—M. Gurevich and L.
Putscikol. (Journ.of Tech. Phys. [in Russian :
see 913], No. 4, Vol. 4, 1934, pp. 748-767.)

The currents through photocells of different
types (caesium, rubidium, selenium, ctc.) were
measured for excitation by monochromatic light,
obtained by passing a beam of light from a tungsten
filament lamp through an ordinary constant-
deviation spectroscope. Methods are indicated
for calculating the radiation energy for different
wavelengths depending on the temperature of the
filament, and correction factors are given for
absorption and reflection losses, and for the fact
that the beam obtained is not in practice strictly
monochromatic. The calculations are summed up
in a table for a given spectroscope and for different
wavelengths between 400 and 700 mu.

818. CONNECTION BETWEEN DIRECTION OF PoOLAR-
ISATION AND SELECTIVITY IN THE EXTERNAL
PHoTOELECTRIC EFFECT or SOME METALS. -
F. Hlucka. (Zeitschr. f. Phvsik, No. 5/6,
Vol. 92, 1934, pp- 359-366.)

Continuation of previous work (1933 Abstracts,
p- 335). The writer now uses polarised light with
the same apparatus and finds that selective maxima
of the external photoelectric effect are produced
not only by the light vector normal to the cathode
surface but also by that parallel to the surface :
the maxima corresponding to the two components
respectively are slightly displaced from one another.
Figs 3-8 show photoelectric current curves for
ag, zn, cu, Ni, rt, au; Fig. 16 gives curves for all
metals on one diagram. Figs. 915 show the
comparison between the calculated and measured
curves. Alkali metals show no selectivity for the
parallel component; this is probably due to the
dependence of the optical data of these metals on
the direction of polarisation.

819. THE EXTERNAL PHOTOELECTRIC [EFFECT WITH
CoMPOSITE PHOTOCATHODES AT Low TEM-
PERATURES.—R. Suhrmann and D. Dempster.
(Physik. Zeitschr., 1st Dec. 1934, Vol. 33,
No. 23, pp. 973-975.) See 487 of February.

820. PHOTOVOLTAIC AND DPHOTOELECTRIC CELLS
wiTH BArRIER LavERs [Barrier-Layer Theory
Not of General Application to Photovoltaic

Cells.].—G. Athanasiu. (Comptes Rendus,
26th Dec. 1934, Vol. 199, No. 26, pp.
1604-1607.)

821. A CONTRIBUTION TO THI: THEORY OF BARRIER-
Laver Crirs [Explanation of Direction of
Current Flow!. -R. H. Varian. (Phys.
Review, 15th Dec. 1934, Series 2, Vol. 46,
No. 12, pp. 1051-1054.)

The writer finds that the theory of the photo-
voltaic effect developed by Frenkel and Joffé
(Physik. Zeiischr. der Sowietunion, 1932, Vol 1,
p- 1 : see also Abstracts, 1932, p. 290) is incomplete,
giving no adequate explanation of the direction of
flow of the current. He here takes into account the
great difference in the rate of loss of velocity of a
photoelectron in the semi-conductor and the metal,
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and finds that rapidly moving electrons tend to
migrate into the metal, where they lose their
energy and become trapped. The theory accounts
for the experimental results of Schottky (1932, p.
232) and the failure of Nasledow and Nemenow
(1933, p. 336) to produce a barrier-layer cell in
which electrons flow from the metal to the semi-
conductor.

322. METHODS OF CONSTRUCTING BARKIER-LAYER
SeELENIUM PHOTOCELLS.—V. Lepeshinskaia.
(Journ. of Tech. Phys. [in Russian : see 913],
No. 5, Vol. 4, 1934, pp. 107;7-1085.)

A description of the mecthods evolved in the
Central Radio Laboratory of Leningrad. Although
this type of cell can be used at atmospheric pressure,
nearly all stages of the manufacture are carried out
in a vacuum. A description is given with sketches
and photographs of the vacuum system used which
enables vacua up to 107°mm to be obtained and
continuously measured by a specially developed
thermocouple gauge. The process of manufacture
resolves itself into the following three main
stages :—(1) Deposition of selenium on a thin iron
disc, (2) heat treatment, and (3) covering of the selen-
ium layer by a semi-transparent gold electrode.

Selenium powder is first meited at about 220°C
and slowly cooled. When cold it is cut into small
pieces and put into a glass beaker round which
a 3 ohm heater wire is wound. The bheaker is
placed inside a glass cylinder which is about 20 cms
higher, and the top of the cylinder is covered by an
iron disc previously cleaned with glass paper
sprinkled with selenium powder. The whote system
is put inside the vacuum chamber, which is evacu-
ated down to 107*mm. A heating current gradually
rising to 1.2 amps. is then passed through the re-
sistance. After 20 minutes the current is switched
off and the disc is taken out when cold. It is then
subjected to heat treatment during whichselenium is
reduced from the metalloid to the metallic state.
It is essential to arrest the change at a certain inter-
mediate stage, which in practice is achieved by
keeping the disc at a temperature of 200°C for about
3 hours and then rapidly cooling it to a room tem-
perature by removal from the oven. A thin layer
of gold is then deposited over the selenium by
cathode sputtering. This operation takes place in
an atmosphere of argon previously purified by high
tension discharges in a special vessel. The pressure
during cathode sputtering is maintained ato.r mm.
The voltage applied to the electrodes is 1000
volts, and the current flowing is of the order of 3
milliamps. After two minutes of this operation the
photocell is taken out and is then ready for testing.

Curves are added showing the variations of the
photoelectric current and em.f., and of the cell
resistance, due to changes in intensity of light,
temperature and external load. Tt appears that the
sensitivity is the same at different points of the
surface and does not alter with time. The total
sensitivity is of the order of 300 ua per lumen.
In conclusion various uses for this type of photocell
are indicated.

823. DESIGNATION OF PHOTOELECTRIC Devices
[including Suggestion of ‘‘ Photo-emf ” for
Barrier-layer Type] —C. H. Sharp. ([:lec.
IEngineeving, December, 1934, Vol. 53, No. 12,
p 1682.)
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324. RESPONSE OF THE PHOTRONIC [Barrier-Layer]
CELL To MODULATED LIGHT FLUX AT AUDIO-
FrEQUENCIES [and a Method of Measure-
ment applicable to Other Types].—]. H.
Roe. (Review Scient. Insty., December, 1934,
Vol. 5, No. 12, pp. 441-445.)

IntTiar Vevrocity or ELECTRONS IN THE
Srray  Discunarcr [No Cathode Voltage
Drop Required for Discharge of lilectrons
from Semi-Conductor with Very Thin Oxide
Film].—H. TIricke. (Zeitschr. f. Physik,
No. 11/r2, Vol. 92, 1934, pp. 728 -740.)

326, THE Use or SELENIUM BarRIER-LAYER
PHOTOELEMENTS FOR MEASURING AND Re-
CORDING VERY INTENSE ILLUMINATION
[Sensitivity Variations and Inertia Iiffects
reduced by Rerhoval of Red and Infra-Red
Components : Desirability of Reduction of
Selenium Layer Thickness and of Action of
Posterior Limiting Laver].—G. Liandrat.
(Comptes Rendus, 10th Dec. 1934, Vol. 199,
No. 24, pp. 1394-1395) For relevant
literature see 219 of January; also 1934,
Pp- 448 (Bergmann), 331 (Mittmann) and
391 (Liandrat).

823.

. THe SensiTiviTY oF Licut COUNTERs [De-
pendence on Intensity and \Vavelength :
Comparison with I’hotoelements].—M. W.
Karev and S. I'. Rodionov. (Zeitschr. f.
Physik, No. g/10, Vol. 92, 1934, pp. 615-621.)

8z8. PHoroPHYsICAL CHANGES IN SILVER—SILVER
CHrorIbE SysTEMs [ Photo-Adaptation ™).
A. E. Cameron and A. M. Taylor. (Journ.
Opi. Soc. Am., December, 1934, Vol 24,

No. 12, pp. 316-330.)

MEASUREMENTS AND STANDARDS

ON THE MEASUREMENT oF HiGH aND ULTra-
Hica FreEQUENCY CURRENTS.—B. A.
Ostroumov. (izvestia  Llektroprom. Slab.
Toka, July, 1934, No. 6, pp. 3946.)

A survey is given of the present state of the
technique of h.f. current mecasurement and of the
diffieulties which are met with. 1t is suggested
that the following current ranges are the ones most
likely to occur in practice: up to o.3amp. at
2 X 10% to 2 X 10°ke/s; to 3.5amps. at 3 X 10%
to 3 X 10*kc/s; and to 40amps. at 1ot to 103 ke/s.

It is considered that for the first range the most
suitable instruments are those which use a vacuum
thermocouple with a heating wire not thicker than
0.02 to 0.03 mm, so that the error due to skin etfect
does not exceed 1 to 2% even on the highest fre-
quencies. A description is given of an instrument
designed by the author on these lines. With regard
to the second range, skin effect and the effect of
frequency on calibration cannot be ignored, and it
appears that no satisfactory instrument is available.
The difficulty of using thermogalvanometers for
currents above 5 amps. in the third range has led
the author to develop the following method. A
short length of a tubular conductor carrying the
current is replaced by a thin tube of resistance
metal which serves as a heating clement and is
protected from outside temperature variations by
being enclosed in a glass bulb. A thermocouple
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system is mounted inside the tube and lecads are
taken out to a galvanometer through the earthed
end of the conductor. If the conductor is not
earthed a mirror galvanometer can be mounted
inside a metal cylinder which forms part of the
conductor, and the deflection of the galvanometer
observed through an aperture in the cylinder. The
heating element for the thermocouple system must
of course be at the current antinode.

The main drawback of thermo-instruments is
their inertia, and in order to obviate this, research
is being made into the possibility of using aperiodic
circuits inductively coupled to the h.f. conductors
and employving copper oxide or some other type of
rectifier in series with a galvanometer. It is
suggested that when using these circuits on fre-
quencies of the order of 10°kc/s they should be
mounted inside the tubular conductors and only
the coupling coil and rectifier taken out, at the
current antinode. The galvanometer is in this case
connected to the circuit through the earthed end
of the conductor.

830. MEASUREMENT OF SMALL DIELECTRIC LOSSES
AT COMMERCIAL SUPPLY ['REQUENCIES.
N. Bogoroditsky and V. Malishev. (/ournal
of Tech. Phys. [in Russian : see 913], No. 5,
Vol. 4, 1934, Pp. 963 972.)

The dielectric losses in a 1.5 mm thick quartz
test tube, and in a 1 mm thick glass plate, were
measured by the Schering bridge method using
mercury electrodes. A detailed account is given
of the technique of these measurements and of the
effect of such factors as humidity, surface of the
sample, proximity of other objects and configura-
tion of the field. The phase angle was determined
with an accuracy of 0.01%.

831. Tne TECHNIQUE OF THE MEASUREMENT OF
DikLECTRIC CONSTANTS.—A. Biichner.
(Zeitschr. f. tech. Phys., No. 1, Vol 16,
1935, pp. 10-12.)

(1) In diclectric constant measurements by the
heterodyning method it is necessary to measure
the oscillation amplitude in the signal generator
s0 as to know the magnitude of the dielectric losses
and to separate out their effect on the dielectric
constant. Usually special high-frequency instru-
ments have to be employed for this purpose, but
the writer simplifies the equipment by making the
signal-generator valve function as its own meter
by arranging that it acts as a rectifier so that the
anode d.c. is a measure of the oscillation amplitude.
Thus only a d.c. instrument is required. The
sensitivity of the arrangement may be increased by
compensation of the anode d.c. repose current.

(2) After discussing Starke’s method of measur-
ing the diclectric constant of a solid of any shape,
by varying the proportions of a mixture of two
liquids of diftering dielectric constant until the
immersion of the solid body produces no change in
capacity, the writer points out its limitations and
the consequent necessity in certain cases of the
straightforward method using plates cut out from
the material under investigation. In the past, such
plates have been provided with electrodes covering
part only of their surface. This fact upsets the
accuracy of the method since the conditions for the
Kirchhoff capacity formula are not fulfilled : not
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only do the lines of the uniform field (rst term of
the formula) pass through the dielectric but also
the stray lines (2nd term), which should pass
through air only. The writer shows that this error
is avoided if the coatings are extended right up
to the edges of the plate, so that the Kirchhoff
formula applies with a good accuracy. He uses
plates of various shapes, with faces accurately
parallel :  the electrode coatings are of silver
deposited from vapour in a vacuum.

832. MEASUREMENT OF THE DIELECTRIC CONSTANTS
or AQUEOUS SOLUTIONS OF ELECTROLYTES
AT Hicu FreQUENcIEs.—M. Rover. (Ann.
dev Physik, Series 5, No. 3, Vol. 21, 1934,
PP 320-344.)

A description of practical work by the method
given theorctically by Hellmann (1934 Abstracts,
p- 450). The intensity of the standing wave in a
Lecher-wire system is measured with a double-
crystal detector. The wavelength used was
110 cm, produced by Schott valves of type # in a
B.-K. circuit, and the precautions taken to secure
constancy of output to 0.5% are described, with the
construction of the Lecher-wire system. This was
tuned by varying the height of the liquid surface.
Sources of error discussed in §6 include (a) intensity
fluctuations at the emitter, (b) change of wave-
length (c) inconstancy of the detector, (d) change
of intensity by variation of resonance wavelength,
(¢) temperature changes, (f) surface eftect, (g)
influence of the wave reflected from the terminal
impedance, (4) influence of the observer’s position.
§7 describes the calibration of the apparatus and
§8 the results with solutions of ucl, agso,, cuso,
(Tables 2, 3, 4). The results agree with the Debye-
Falkenhagen theory within the limits of its validity
and, for more concentrated solutions, with measure-
ments of Hellmann and Zahn (Ann. der Physik,
Series 4, Vol. 81, 1926, p. 711).

833. DECREMENT INVESTIGATIONS OF QUarTz RE-
soxaTORs [Removal of Surface Iinperfections
reduces Decrement to 3.4 X 107%].—K. S,
Van Dvke and J. P. Hagen. (Phys. Revicw,
15th Nov. 1934, Series 2, Vol. 46, No. 10,
p- 939.) Abstract only.

[Local Variations in] THE PIEZOELECTRIC
PROPERTIES OF QUARTZ AND TOURMALINE.
G. W. Tox and G. A. Fink. (Physics,
October, 1934, Vol. 5, No. 10, pp. 302-306)
The converse piezoclectric effect was measured.
using the amplifving lever already described
(Abstracts, 1933, p. 463). Considerable variation
in the *“ constant ’’ was found in ditferent samples ;
the variations with surface conditions and repeated
application of the electric field are discussed. The
motion of plates under resonance and static con-
ditions may however be widely different.

834.

835. TiE REVERSIBILITY OF PIEZOELECTRIC PHENO-
MENA.—P.  Bernard. (Comptes Rendus,
1oth Dec. 1934, Vol. 199, No. 24, pp. 1388—
1389.) Tests showing the reversibility, at
compression and decompression, of the
charges developed in quartz, even for very
rapid variations (around 1 millisecond) and
for pressures as high as 289 kg/cm?.
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836, Tur VELoCITY OF DPROPAGATION OF SOUND
¥ Quartz [and the Design of Quartz Plates
for Very High I‘requencies].—de Gramont
and Béretzki. (See 786.)

837, WAVEMETERS AND THEIR ACCURACY IN THE
SHORT-WAVE Baxp.—A. Habermann.
(Funktech. Monatshefte, October, 1934,
No. 10, pp. 399 402.)

$38. A STuDY OF AN ELECTRICALLY-MAINTAINED
VIBRATING REED AND ITS APPLICATION TO
THE DETERMINATION OF YOUNG'S MODULUS.
James and Davies. (See 784.)

83g. A THErMIONIC-TUBE MEASURING INSTRUMENT
[Universal Meter using Symmetrical Wunder-
lich Valve: for Direct Measurement of
Current, Voltage, Power and Power Factor
over Wide [Irequency Range]l.—T. B.
Wagner : Waunderlich. (Elec. Ingineeving,
December, 1934, Vol. 53, No 12, pp. 1021
1523.) For the Wunderlich detector valve
sce 1932 Abstracts, p. 409.

HiGH-VOLTAGE VOLTMETER ON AN ELECTRON-
Ortical Basis [Image of Cathode indicates
Accelerating Potential].—E. Finfer.
(Physik. Zeitschr., 1st Dec. 1934, Vol. 35,
No. 23, pp. 1000-1008) Sce also 520 of
February.

Byo.

841. A Praxk VOLTMETER FOR Low VOLTAGES
[Useful Range of Diode Voltmeter extended
downwards to 1-10 Volts by Modified
Circuit]. —C. R. Stoner and G. L. Grisdale.
(Journ. Scient. Instr., October, 1934, Vol. 11,
No. 10, pp. 313-315.)

842. TuE THEORY or MovinGg-CoiL GALVANO-
METERS [including the Importance of Air
Damping in Certain Cases].—A. V. Hill
(Journ. Scient. Instr., October, 1934, Vol. 11,
No. 10, pp. 309-313.)

843. A NEw Caracity Merer.—Cambridge In-
strument Co. (Journ. Scient. Instr., Decem-
ber, 1934, Vol. 11, No. 12, p. 403.) On the
principle described by Beck, 1934 Abstracts,
P 49

844. AN A.C.-D.C. Circurt TEsTER.—Ferranti, Ltd.
(Journ. Scient. Insty., October, 1934, Vol. 11,
No. 10, pPp. 329-330)

845. PORTABLE FIELD-STRENGTH MEASURING
YouipMENT [Lype 476, for Wavelengths
14-2 000 Metres].—DMarconi Company. (Journ.
Scient. Instr., October, 1934, Vol. 11, No. 10,

PP- 330-331))

846. FIELD STRENGTH MEASUREMENT [Simple
Portable Iiquipment].—T. C. Macnamara.
(Wireless World, 4th Jan. 1935, Vol. 36,
pp- 6-9)

847. Ox THE Low-Loss MutuaL INDUCTANCE
StaNDARD.—R. Yoneda and T. Matsuyama.
(Res. of the Electrotech. Lab., Tokyo, No. 368,
1934, 21 pp: in English)
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848. THE Ratio or THE BLACKENING PRODUCED
[in Records with a Cathode-Ray Oscillo-
graph] BY SCREEN RECORDING ANDIINTERNAL
ELECTRON RECORDING. . W. Friesewinkel.
(Avch. . Elekivol., 12th Dec. 1934, Vol. 28,
No. 12, pp. 826-832))

The cathode-ray oscillograph used was referred
to in 528 of ebruary. The records were made (1)
on roll-film behind a znscu screen and (2) through
a ‘“ Zellon” foil of thickness 16u. Fig. 1 shows
the construction of the screen and Fig. 2 sections
of oscillograms (screen recording above, electron
recording below). Fig. 3 gives curves of the degree
of blackening produced at diflerent voltages. I‘igs.
4 and 5 show micro-photographs of the blackening.
Figs. 6-9 give curves of various functions of the
blackening ; the final conclusion reached 1s that
screen recording is superior to electron recording
for voltages below 535 kv.

849. Two RECENT PuBLICATIONS [by von Ardenne]
ox GromeTricaL Erecrrox-Ortics [Criti-
cism and Reply].—E. Briiche: M. von
Ardenne. (Zeitschy. f. Phvsik, No. 11/12, Vol.
92, 1934, Pp- 815-821, 822-826, 820-827, 827.)

See 1934 Abstracts, pp. 159 and 336. Briiche
here claims that, in the first paper, it is not made
clear that the magnetic lens and achromatic lenses
described are not suitable for practical use; and
that, in the second, the magnification formula
given is based on very doubtful approximations.
Von Ardenne replies with reference to, and em-
phasis on, the exact text of his papers.

850. CONTRIBUTION TO THE CONSTRUCTION OF
Catnope-Ray TuBes with HigH Vacuum
FOR TELEVISION AND MEASURING PURPOSES.
—von Ardenne. (See 813.)

851. THE DISTURBANCES PRODUCED BY THE De-
FLECTING FIELDS IN A CATHODE-RAY OsciL-
LogrAaPH.—Hudec. (See 814.)

852. THr [Four-Electrode] IMMERs10N OBJECTIVE
or GEOMETRICAL Errctron Orrics.—H.
Johannson. (Ann. der Physik, Series 3,
No. 3, Vol. 21, 1934, pp. 274-284.)

For a previous paper see 1934 Abstracts, p. 5I.
The objective now discussed has four electrodes
and consists of three plane circular stops of
practically the same diameter (the cathode is the
fourth electrode). The smallest attainable focal
length was 1 mm as compared with 1.3mm with
the three-electrode objective. These numbers are
of the same order of magnitude as the stop diameters.
The magnification can be altered in the ratio 1 :3
by varying the voltages on the grid stops (those
nearcst the cathode), when the cathode/grid distance
is small. The performance of the four-electrode
objective could be 50% above that of the three-
electrode objective of similar construction. See
also 853.

853. REMARK ON THE ATTAINMENT Or HIGH
RESOLVING PowgRr [1.5u4: Lffect of Grain
Size] witH THE ELECTRON-OPTICAL IMMER-
stoN OBjECTIVE.—E. Briiche and W. Knecht.
(Zeitschr. f. Physik, No. 7/8, Vol. 92, 1934,
PP- 462-466.) See also 1934 Abstracts,
pp- 51 (Johannson) and r1o7 (Briiche and
Johannson). Also 852, above.
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%54. CONTRIBUTION TO IKNOWLEDGE OF THE ELEC-
TRON-OPTICAL IMMERsION LENs [Principal
Planes displaced towards Smaller Potentials].

—E. Hess. (Zeitschv. {. Physik, No. 3/4,
Vol. 92, 1934, pp. 274-282.)

A discussion of the paths of electron beams
through an immersion lens, 1.e., an electron lens
placed between regions of different refractive
index. An electric immersion lens, formed by two
round apertures in plates raised to different poten-
tials, is investigated ; the positions of its principal
and focal points are determined experimentally.
It is found, in agreement with general theoretical
considerations, that the principal planes are dis-
placed towards the side with smaller refractive index
(7.e. potential).

855. 'ORMATION OF ELECTRON-OPTIiCAL IMAGES
WITH ELECTRONS EMITTED PHOTOLELECTRIC-

ALLY. —]J. Pohl. (Physik. Zeitschr., 1st

Dec. 1934, Vol. 35, No. 23, pp. 1003-1003.)

See 529 of February. The arrangement of this
magnetic electron microscope for the investigation
of photocathodes is shown in I'ig. 1. Light {from a
mercury-arc quartz lamp is focused on the cathode
and a specific emission of 1077 to 10~ *amp/cm? is
obtained corresponding to 107! to 10"¥amp/cm?
on the fluorescent screen for linear magnification 100.
The clectrons were accelerated with 30kv. Figs. 27
show examples of the images obtained, with the
optical image for comparison. Cathodes inlaid
with various metals were used, to show the variation
in emissivity with material. The method was also
used with platinum, to show the influence of ad-
sorbed gas and crystal structure on the geometrical
distribution of emission of light and thermelectrons.

856. CoMBINATIONS OoF FIELDS rOR VELOCITY AND
Mass SepectroGrapHY. III [Homogeneous
Magnetic Field, Magnetic Doublet Field
and Cylindrical Electric Field, Compensated
Rays, Electron-Optical Prism: Theoretical
Investigation of Optical Data of Systems].
. Henneberg. (dnn. dev Physik, Series s,
No. 4, Vol. 21, 1934, pp. 390-404.) Lor
previous parts see 1934 Abstracts, p. 451.

857. A DoUBLE WAVE DEvVICE FOR USE WITH A
CaTHODE-RaY OscirLograpH  [Thyratron/
Triode Combination working with Linear
Time Base to give Simultancous Observation
of Two Wave Forms].—Davidson. (Journ.
Scient. Insir., November, 1934, Vol. 1I
No. 11, pp. 359-361.) Sewig’s method (1933
Abstracts, p. 339) has the disadvantage of
showing only half-waves, whereas itis usually
desirable to show one or more complete
waves, as is accomplished by the writer's
arrangement.

858. CATHODE-RAY TUBES AND THEIR APPLICATION.
—Stinchfield. ([:lec. Enginesring, December,
1934, Vol. 53, No. 12, pp. 1608-1615.)

859. The Burs or Many Uses [Cathode-Ray
Tubes and Applications].—(Wireless World,
4th, 11th and 18th Jan. 1935, Vol. 36, pp.
4-5, 32-34 and 55-50.)
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860. THE CraTER-LAMP OscirLograpn [Magnetic
starting within a Few Microseconds].
McMorris and others. (Gen. Ilec. Review,
November, 1934, Vol. 37, No. 11, pp. 514—
516.)

861. A NEw OsciLLoGraPH [with Light Single-

Turn Coil without Torsional Control or
Attached Leads].—I:. S. Shire. (Journ.
Scient. Instr., December, 1934, Vol. 11,

No. 12, pp. 379-384.)

862. INVESTIGATION OF IFFLUORESCENT MATERIALS
FOR Usk IN TELEVISION AND CATHODE-RAY
OsciLLoGraPHS.—Schnabel.  (See 815.)

863. THE LLFFICIENCY OF THE X-IRAY FLUORESCENT
SCREEN, MEASURED ABSOLUTELY.—Gaertner.
(Zeitschr. f. tech. Phys., No. 1, Vol. 16, 1935,
pp. 9-10.)

864. THx USE or LiTHIUM FOR AN X-Ray Wixpow

Clay. (Journ. Scient. Instr., November,
1934, Vol. 11, No. 11, pp. 371-372.)

865. PuriricaTION oOF INERT Gas wits MiscCh-
METAL.—Van Voorhis, Shenstone and Pike.
(Review Scient. Instr., October, 1934, Vol
5, No. 10, pp. 367-368.)

866. SiruTtor, A NEw CopPPER-OXIDE RECTIFIER
for R.F. Circuits in Broadcast Receivers].
(/:.T.Z., 20th Dec. 1934, Vol. 55, No. j51,
pp- 1255-1256.) See also 1934 Abstracts,
p. 562.

867. [New Selenium]| DRy-PLATE RECTIFIER FOR
BRroADCAST RECEIVERS.—Maier. (F.T.Z.,
29th Nov. 1934, Vol. 55, No. 48, pp. 1171
1174.)

868. ELEcTROLYTIC. CONDENSERS. —N. Bogorodit-
sky, A. Ivanov, S. Kotousov and L. Nikitin.
({zvestia  Elekivoprom. Slab. Toka, July,
1934, No. 6, pp. 65-70.)

The theory of electrolytic condensers and their
operation is discussed and an account given of an
experimental investigation to determine the most
suitable electrolytes both for forming the anodes
and for the working conditions. Ten solutions of
boric acid and sodium borate having pg values
from 4.9 to 9.7 were experimented with and it was
found that the sparking potential is determined by
the py value of the working electrolyte and that it
decreases with the increase of this value. The
capacity and leakage currents are practically
independent of py.  The leakage current is reduced
by the addition of camphor, which also prevents
creeping of the electrolyte. Alcoholic solutions
and also solutions of phosphoric and molybdic
acids were found to be inferior to solutions of boric
acid and sodium borate.

869. STABILITY OF PERMANENT MAGNETS.—Zaimov-
sky and Oparkin. (Journ. of Tech. Phys.
[in Russian : see 9131, No. 5, Vol. 4, 1934,
PP- 946948) )

Seven different kinds of stecl were experimented
with and it was found that in each case structural
stability is obtained by reducing the coercive force
to 85%. This can be achieved by keeping the steel
sample at a temperature of 150°C for one hour,
or 100°C for 6 to 15 hours. The effects of vibration,
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blows, cyclic temperature variations, etc., on the

magnetic properties were then investigated, and
it is shown that the magnetic stability is greatly
increased by a partial demagnetisation (to 85 or

90%) by means of an alternating magnetic field.

870. A NeEw MaGNETIC ALLOY WITH VERY LARGE
Coercive Forct [Neodymium with 7% Iron].

V. Dro?sina and R. Janus. (Nature,
sth Jan. 1935, Vol. 135, pp. 306-37.)

471. NEw CERAMIC INSULATING MATERIALS FOR
CoxDENsERS, WITH VERY HiGH DIELECTRIC
Constants [ Kerafar” and * Condensa,”
and Some Types of Condenser].—W. Soyck.
(Fumktech. Momatshefte, October, 1934, No.
10, pp. 397-399-)

72. DiscussioN oF PAPERS ox Various TYPES oF
Line INsurLaTors [including the Subject of
Radio Interferencel. —(I:lec. Engineering,
November, 1934, Vol. 53, No. 11, pp. 1531
1541)

%73. A NEw” Source or FiLaAMENT CURRENT
[Air-Depolariser  Cell].—R.  W. Hallows.
(Wireless World, 16th Nov. 1934, Vol. 33,

pp- 387-388.
374. A NeEw “ Kipp” CHOKE FOR AUTOMATIC
Cut-IN axD -OuT or BaTTERY-CHARGING

RecTiFiEDp CURRENT.——Maier. (F£.7.Z., 18th

Oct. 1934, Vol. 55, No. 42, pp. 1026-1029.)

Unlike the similar device described by Baudisch

{1934 Abstracts, p. 281) this choke uses the rectified

current to provide the magnetic bias of the choke

in the a.c. circuit. 1t is being incorporated in
selenium rectifier equipments.

875. AN AUTOMATICALLY REGULATED PRECISION
HicH-VorTace Sourck [D.C. Voltages {rom

100 to z:200 Volts, within 1%, from A.C.
Mains between 95 and 165 Volts].—Schmitt.
(Review Scien!. [nsir., December, 1934,

Vol. 5, No. 12, pp. 435-437.)

876. A New Tvepe or Higun TexsioN DIrRECT
CURRENT SUPPLY SvysTEM.—Walter and
Sinelnikov.  (Journ. of Tech. Phys. [in
Russian : see 913], No. 5, Vol. 4, 1934,
pp. 1073-1076.)

A description of a 6ookv installation for supply-
ing power to gas-discharge tubes and similar devices.
The svstem is based on the voltage-multiplying
rectifying circuit proposed by Greinacher and
comprises two pairs of these circuits connected in
series and fed from two separate alternators which
are at a high potential above earth. The installa-
tion has proved very satisfactory in service.

START-STOP  APPARATUS  FOR
MorseE Circurrs [Recorders controlled by
Received Signals].—A. M. Humby. (Marconi
Review, Sept./Oct. 1934, No. 50, pp. 6-7.)

878. CONTACTLESS WATCHING Devices [for Smooth
Remote Control of Motors, etc.|.—N. N.
Ostrjakov. (I-vestia  Llektvoprom. Slab.
Toka, July, 1934, No. 6, pp. 58-65.)

37¢. “ THYRATRON " TuBrs N RELay Pracrice
[Normal and High-Speed].—R. Wideroe.
(Elec. Ingineering, October, 1934, Vol. 353,
No. 10, pp. 1347-1353.)

877. AUTOMATIC
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880. IMPROVEMENT OF CONTACT IN SWITCHES AND
PLUGS BY USE OF SPRINGY STOP SO THAT
MoviNG CONTACT RECOILS TO RECENTLY
WirED SURFACE.— Bainbridge-Bell. (/ourn.
Scient. Instv., December, 1934, Vol. 11,
No. 12, pp. 405-406.)

831. A SiMPLE METHOD OF WINDING SELF-Sup-
PORTING Low-loss CoiLs or WIRE OR
Turing.—Muldoon. (QST, December, 1934,
Vol. 18, No. 12, pp. 41—42.)

IN LavYeErRED CYLINDRICAL

(See 698.)

%82, SKIN ILi¥recT
CoxpucTtors.—Kruse and Zinke

883. THE [Calculation of the] Loss RESISTANCE OF
Hicu-Freguincy Conpucrors.—H. Kaden.
(Arch. f. Ilektrot., 12th Dec. 1934, Vol. 28,
No. 12, pp. 818-825.)

This paper gives an approximate theoretical
method, based on conformal representation, for
taking intoaccount the influence of the asymmetrical
current distribution on the surface of high-irequency
conductors. The method is applied to calculate the
resistance of a conductor of elliptical or very flat
cross-section, of a double lead (etfect of proximity
of the leads) and of a conductor over a parallel
conducting plane.

884. THERMAL AGITATION VOLTAGES LN RESISTORS
Substantiation of Nyquist’s Theory].—
C. Neitzert. (Physics, October, 1934, Vol. 5,
No. 10, pp. 292-296.)
For Nyquist’s theory see Abstracts, 1928, p. 581.
The practical results obtained here substantiate
it for resistances up to 1.7 X 10’ ohms and fre-
quencics between 1and 10 ¢/s. A value of 1.366 X
10~ !%ergs/degree is found for Boltzmann’s constant
(¢f- Ellis and Moullin, 1032, p. 588).
885. THE SILVERING 0OF MIRROR SURFACES BY
CATHODE SPUTTERING.—M. Romanowa and
others.  (Phvsik. Zeitschy. der Sowietunion,
No. 5, Vol. 5, 1934, pp. 746-760.)
A NEW INSTRUMENT FOR THE DETERMINATION
oF THE NuMBErR OF SHORTED TURNS 1IN
CotLs.—Vitenberg.  (lzvestia  Llektvoprom.
Slab. Toka, July, 1934, No. 6, pp. 46-50.)
88-. A Nrw Meti1op oF GROUND I'auLT PROTEC-
tion [New High-Resistance ** Thyrite ”
and New 3-Flement Cold-Cathode Glow-
Discharge Tube]. —Starr. (Ilec. Engineering,
November, 1934, Vol. 53, No. 11, pp. 1472—
1477)

888. A Tupr COUNTER

886.

»s DETECTOR FOR Rablo-

ACTIVE OrEs.—Shrum and Smith.  (See
925.)

88g. THE SEnsITIVITY oOF LIGHT COUNTERS.
Karev and Rodionov. (See %27.)

STATIONS, DESIGN AND OPERATION

RIECONSTRUCTION OF THE
GERMAN  BROADCASTING NETWORK.—W.
Hahnemann : Arendt. (Hochf tech. .
Elek:akus., December, 1934, Vol. 44, No. 6,
pp. 203-209.)

Arendt here gives an account of, and some
comments on, Hahnemann’s paper read before the

890. P’ROPOSAL FOR A
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German Broadcasting Council and specially invited
guests, in which the plan referred to in 569 of
February was outlined.

8g1. THe NEwW BroaDCaSTING STaTION ‘° RADIO
ZuricH."—(Génie Civil, 2:2nd Dec. 1934,
Vol. 105, No. 25, pp. 584585

892. RepirrusioN [over Independent Line Net-
work] AND TELEPrROGRAMME [over Telephone
Network] SystEMs.-—Rendall and  Van
Mierlo. (Llec. Conumunication, Qctober,
1934, Vol. 13, No. 2, pp. 174-184))

893. MacNETIC RECORDING IN [German] BRrOAD-
cASTING.—H. J. von Braunmiihl. (F'unklech.
Monuatshefte, December, 1934, No. 12,
pp. 483-486.)

894. A FrigQuENcY Recorpir [applicable to the
Monitoring of Radio Transmitters, etc.].
Martyn and Wood. (See 653.)

At the end of the paper the writer outlines two
methods of using the recorder for this purpose, the
second one having the advantage that the monitor-
ing station does not require a number of stable-
frequency master oscillators; a continuous record
of the frequencies of all broadcasting stations
within range, together with a single reference
frequency, being obtained on one chart in a few
seconds by the use of a selective superheterodyne
receiver. Cocking’s ** single span’’ receiver (1934
Abstracts, p. 500) is suggested as specially suitable.

895. Rap10-TELEPHONE LINK FROM SCOTILAND TO
IrELaND : Note rrom THE * Trvus.”
(Natwre, 5th Jan. 1935, Vol. 135, p. 17.)

896. ADvaNcEs IN ComMMERCIAL WIRELESS [in
1934].—Chetwode Crawley. (Wiveless
World, 28th Dec. 1934, Vol. 35, pp. 544—
546.)

" SHORT-WAVE COMMUNICATION OVER
TANCES OF 100 1000 INILOMETRES ' :
rAaTUM.—Kolesnikov. (See 657.)

897. Dis-

ERr-

GENERAL PHYSICAL ARTICLES

Tur Dyxavmics orF NON-STATIONARY Gas
DiscHarGes. 1. [Electrodynamics of the
Intermittent Glow Discharge and of the
Counter liffect]—H. Gawehn. (Anun. der
Physik, No. 6, Vol. 20, Series 5, 1034,
Pp. 601-634.)

ON THE PRODUCTION OF ELECTRONS AND
Positrons By A CorrisioNn or Two Pak-
TICLES.—L. Landau and E. Lifshitz. (Physik.
Zeitschr. dev Sowietunion, No. 3, Vol. 6, 1934,
PP- 244-257: in English.) * The cross-
section of this effect is obtained ; it increases
with the cube of the logarithm of the
energy of the colliding nuclei.”

898.

899.

900. THE ELECTRON IN A HOMOGENEOUS MAGNETIC
I'TELD oN Dirac’s THEorRy [Theoretical
Demonstration of Precession round Field
Direction—Pressure in Electron Beam].—
M. von Laue.  (Siizungsber. dev Preuss.
Akad. dev Wiss., Phys.-math. Kl., 14th June,

1934, No. 18, pp. 305-319.)
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gor. THr Vacuum 1N Dirac’s THEORY OF THE
PosiTivie Erecrrox [Charge and Current
Induced in Vacuum by Field : New Assump-
tions Necessary].—R. Peicrls. (I’roc. Rov.
Soc., Series A, 1st Sept. 1934, Vol. 146,
No. 857, pp. 420-441.)

902. THE DETERMINATION OF /A/m BY MEASURE-
MENTS OF VELOCITY AND \WAVELENGTH OF
CatHODE Ravs [h/mo, = 7.25 + 0.03].—].
Gnan. (dnn. der Physik, No. 4, Vol. 20,
Serics 5, 1934, pp. 361-376.)

903. AN EXPERIMLNT ON THE KELECTRODYNAMICS
or MovinG Bobies [Condenser Capacity
independent of Position relative to Earth’s
Motion].—W. Biinger. (Ann. der Physik,
No. 7, Vol. 20, Series 35, 1934, pp. 773-779.)

Tur PeELTIER AND THOMSON EFFECTS AND

EnTrROPY.—Liénard. (Comptes Rendus, 29th
Oct. 1934, Vol. 199, No. 18, pp. 838-840.)

904.

BrowNIAN MOVEMENT oF AN ELLIPSOID :
DiriLEcTrRIC DISPERSION FOR [LLIPSOIDAL
Movrecures.—F. Perrin.  (Journ. de Phys.
et le Rad., October, 1934, Series 7, Vol. 5,
No. 10, pp. 497-511.)

[Negligible] Erricr or X-Ravs oN THE
DieLEcTric CONSTANT oF Various Liguips
[at Room Temperature].—J. . Payne, ]Jr.
(Phys. Review, 15th Aug. 1934, Series 2,
Vol. 46, No. 4, p. 340 : abstract only.)

905.

Q906.

Surrace CoNDUCTIVITY OF MrTaLs [Boundary
Conditions give Distinction between Surface
and Space Electrons].—A. W. Maue.
(Naturwiss., 215t Sept. 1934, Vol. 22, No. 38,
p. 648.)

THE DETERMINATION OF THE DEGREE OF
MoTtion oF THE CONDUCTION ELECTRONS
[Experiment measuring Torsion on Sus-
pended Horizontal Coil during Transient
Currents: Use of Superconductivity].
E. Patai. (Physik. Zeitschr., 15th Oct. 1934,
Vol. 35, No. 20, p. 837.)

Tar Axopic BEHAVIOUR OF
THE HaLoGEN HybpripEs [Formation of
Barrier Layer in Electrolytes].—O. Pip.
(Zeitschr. f. Physik, No. 5/6, Vol. 91, 1934,
PP- 329-335)

X-Ray INVESTIGATIONS OF THIN NICKEL
FiLms [Thickness and Optical Constants|.
R. Ricdmiller. (A4wnn. der Physik, No. 4,
Vol. 20, Serics 5, 1934, pPp. 377-403.)

907.

Qo8.

909. THALLIUM IN

9I0.

911. CHANGE IN RESISTANCE OF THIN METALLIC
F'iems wnEN CHarGeD [Lffect of Charge on
Number of Ilectrons].—A. Deubner. (A#nn.
dev PPhysik, No. 5, Vol. 20, Series 3, 1934,
PP 449-462.)

gr2. THE NATURE OF THE BINDING ForcCEs 1N
MEeTaLs [Theoretical Investigation, including
Formula for Work [unction of Positive
Metal Ions].—H. Bomke. (Zeitschr. f.
Pihysik, No. 5/6, Vol. 91, 1934, pp. 400-409.)
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MISCELLANEOUS

913. RussiaN  TecHNICAL  JournNars:  THEIR
T1rLeEs AND THEIR DESIGNATIONS IN THESE
" ABSTRACTS AND REFERENCES.”

The journa. quoted in 777, 8o4, 817, 822, 830,
869, 876, and 926 as “ Journ. of Tech. Phvs. [in
Russian] 7 was previously quoted as ‘* Russian
Journ. of Tech. Phys.”’ TIts articles are in the
Russian language. The new style is being adopted
here to avoid confusion with another Russian
journal started in 1934 under the title ©* Technical
Fhysics of the U.S.S.R.”" which will be quoted in
these ' Abstracts” as “‘ Tech. Phys. of U.S.S.R.”’
Its articles are in Iinglish, French or German.

gT4. ON THE Quasi-PrRioDIC SOLUTIONS OF THE
Eguatioxns oF Nox-LiNEar MEcHANICS, and
O~ THE STUDY OF THE CASE oF RESONANCE
N ProBLEMS OF NON-LINEAR MECHANICS.
Kryloff and Bogoliiboff. (Cemples Rendus,
26th Dec. 1934, Vol. 199, No. 26, pp. 1592~
1593 : 7th Jan. 1935, Vol. 200, No. 2
pPp. 113-115.)

3

a15. CULTURAL SIGNIFICANCE OF BROADCASTING.—
Lditorial. (Nature, sth Jan. 1935, Vol. 135,
pp. 1-3.)

016. “ BroapcasTING ABrOAD ' [General Organisa-
tion, etc.], and ' PRESENT AND IMPENDING
APPLICATIONS TO EDUCATION OF RADIO AND
ALLIED ArTs” [Book IReviews].—Nat.
Advisory Council on Radio in Education,
New York. (Proc. Inst. Rad. Eng., October,
1934, Vol. 22, No. 10, pp. 12251226 and
1226.)

. “HaxpBucH DEkR FUNKTECHNIK” [Book
Review].—von Ardenne, Giinther and
others. (Fochf:tech. u. Elek:akus., Novem-
ber, 1934, Vol. 44, No. 5, p. 180.)

g18. “ Rapio  CommuxicartioN”  [Review  of

Handbook].—O’'Dea. (Wireiess World, 4th
Jan. 1935, Vol. 36, pp. 13-14.) See 645 of
February.

. “I1’0OnpE  ELecTrRIQUE ” @ EDITORIAL  ON
MODIFICATIONS TO THE JOURNAL.—Besson.
(L'Onde Llec., October, 1934, Vol. 13, No.154,
pp. 381-385.)

“I’EXCITATION  ELECTRIQUE DES Tissus”

[Book Review].——A. M. Monnier. (L'Onde
Elec., October, 1934, Vol. 13, No. 154,

Pp. 47-48a)

920.

. D' ArsoNvAL CURRENTS DIMINISH THE NEURO-
MuscurLar Excrrasinity [LEffect opposed to
that of Heat : probably at base of Analgesic
Action of High-Frequency Fields|.—Delherm
and Fischgold. (Comptes Rendus, 26th Dec.
1934, Vol. 199, No. 26, pp. 1685-1690.)

922. VALVE DIATHERMY APPARATES [Output 240 w:
2.3-3.3 Mc/s Frequency Range : for Medical
and Surgical Purposes].-—Marconi Company.
(Journ. Scient. Instr., November, 1934,

Vol. 11, No. 11, pp. 367-368.)
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923. Rarip DETERMINATION OF MOISTURE N
GraiN  [including the Burton-Pitt “ Di-
electric” Type of Meter]—Cook, Hopkins
and Geddes. (Canadian Journ. of Res., Oct.
and Nov. 1934, Vol. 11, Nos. 4 and 3,
PP- 409 447 and 547-563.)

GeorHvsIiCaL PrROSPECTING oF Brps or Raw
MaTERIAL.—Angenheister. (Zeitschr. f. tech.
Phys., No. 11, Vol. 15, 1934, pp. 413-417.)

924.

A PorTABLE GEIGER-MCLLER Tunk COUNTER
As A DETEcTOR FOR RaD10ACTIVE ORES.
Shrum and Smith. (Canadian Jowrn. of
Res., November, 1934, Vol. 11, No. 3,
pp. 652-657.) Cf. Curtiss, 1934 Abstracts,
p- 395. The present instrument is thought
to be probably 2o times as sensitive.

925.

Trsting oF HiGH-SPEeD TURRINE ROTORS
rOR VIBRATION.— Below and Konstantinow.
(Journ. of Tech. Phys. [in Russian : see 913],
No. 4, Vol. 4, 1934, pp- 344 858.)

. THE QUANTITATIVE MEASUREMENT OF VIBRA-
TION [and the *‘ Inductive’’ and ** Maximal "
(Contact) Accelerometers].—Sell and Turet-
schek. (Zeitschr. f. lech. Phys., No. 12,
Vol. 15, 1934, pp. 644-652.)

. BOLOMETER INSTRUMENT FOR INDICATION OF

926.

TuairrMAL DISTURBANCES OF THE ATMO-
spHERE [for  Gliders, etc.].—Claus and
IKohlitz. (Zeitschv. f. tech. Phys., No. 1,

Vol. 16, 1935, pp. 16-18.}

929. AN AutovMATIC COMPENSATING AND RE-
CORDING EQUIPMENT FOR VARYING Forcrs.
Jurriaanse and van Lammeren. (Zeitschr.

J.tech. Phys.,No. 1, Vol. 16, 1935, pp. 18-19.)

The varving force acts at one end of a balance
beam, to whose other end is attached one of two
coaxial coils in series, the other coil being fixed.
The varying force is countered by a suitable *‘ com-
pensating ” current through these coils: this is
provided by the anode current of triode Z,. This
compensating current i, is controlled by the grid
potential, and thus by the potential of the condenser
C. This potential is regulated by the bringing-up
and taking away of quantities of electricity by the
triodes Ly and L,, which are connected as cathode-
ray tubes in such a way that their anode currents
depend only on their heating currenis. In L; this
remains constant, but in Z, the filament current is
provided by the anode current of triode L, con-
trolled by a photoelectric cell.

The balance carries near its fulcrum a mirror
which controls the light falling on this photocell.
At the zero position of the balance the photocell
current is such that the emission of L, balances that
of L, so that C remains at a constant potential and
the compensating current 4, through the coils just
balances the force. An increase in this force re-
duces the amount of photocell illuminated, de-
creases the L, anode current and therefore the
emission current ot L,, charges the grid side of C
to a higher positive potential and thus increases the
anode current of L; which is the compensating
current 4, Thus the continuous restoration of
equilibrium goes on, and the current 7., which can
be recorded, gives the value of the varying force at
different instants.
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Some Recent Patents

The following abstracts are prepaved, with the permission of the Controller of H. M. Statiomery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1/- each.

SELECTIVE RECEPTION
Application date, 1st February, 1933. No. 414382

A highly-selective receiver for I.C.W. signals
comprises a piezo-electric crystal tuned to the
carrier wave so that its response at that frequency
is considerably greater than its response to the
side-band frequencies. The crystal is arranged in
. bridge circuit, and the input is fed through a
second circuit which is broadly tuned to a fre-
quency differing from the carrier wave, and such
that its response characteristic is opposite to that
of the crystal for a side-band range. In this way
the overall response of at least one of the side
bands is kept uniform, so that reception is undis-
torted, whilst the selective response to the carrier
remains unimpaired. Additional tone correction
may be applied if necessary in the low-frequency
stages.

Patent issued to J. Robinson and British Radio-
stat Corporation, Ltd.

WAVE-BAND SWITCHING

Application date, 16th February, 1933.
No. 414441

To avoid mechanical drawbacks associated with
the use of switches having rolling or sliding con-
tacts, wave-band changes are eflected by means of
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No. j14441.

rotary or tilting mercury switches, which are suit-
ably ganged together to bring the coils L, L1 into
circuit. In the position shown in the drawing,
the spring leads S, S1 are connected for long-wave
reception. By rotating the switches a into the
dotted-line position, the second terminal on each
of the springs St is connected to the springs Sz
to bring the lower sections only of the coils L, L1
into circuit, thus giving the short-wave setting.
Patent issued to A. T. Richter.

MAINS-DRIVEN SETS

Convention dale (Germany), oth Mav, 1033.
No. 4140627.

In the type of set which normallv uses the mains
as an aerial, but which is also fitted with terminals
for an outside aerial, it is found that on the latter
setting there is a tendency for ‘““hum’’ to get
through from the mains, and to cause interference.
To avoid this a switch is provided which auto-
matirallv earths the primary side of the mains-
supply transformer as soou as the outside aerial is
brought into circuit.

Patent issued to Telefunken Ges., IFur Drahtlose
Telegraphie, m.b.h.

PIEZO-ELECTRIC OSCILLATORS

Application date, 13th February, 1933.
No. 314704.

It is known that most crystal oscillators exhibit
““ privileged *’ modes of oscillation in addition to
the tundamental frequency. In order to enhance
the sharpness of the [undamental response the
position of the nodal lines corresponding to that
frequency is first determined by a lvcopodium ex-
periment, whilst the crystal is supported as freely
as possible, and these nodal lines are then
“"loaded ”* either by bevelling the edges ot the
crystal, or by adding spongv rubber, paint, or
other damping material. The crystal in operation
is supported at selected sharp points chosen on

these nodal lines, so that spurious modes of
vibration are eliminated.
Patent issued to Standard Telephones and

Cables, I.td.

SHORT-RANGE SYSTEMS

Convention date (Switzerland), 7(h July, 1933.
No. 414560

Relates to a system tor communicating to the
various members of an International Conterence
the speech of a member either in the language he
cmploys, or its translation in one or more other
languages. The simplest case is that in which the
address is written before being delivered so that
whilst it is being read out directly, interpreters
are simultaneously delivering the required transla-
tions. As shown, the Conterence room is fitted
with a loop aerial 4 tuned at B and C to radiate
a number of different wavelengths. The speech is
read directly to the microphone M and is repro-
duced through loud speakers L, Lr1.

At the same time different interpreters are
speaking into microphones M1, V2, M3 associated
with miniature transmitters T1, 72, 73 which feed
the translations on different wavelengths into the
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radiating aerial 4. Members desiring to hear the
translations use portable receivers fitted with head-
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This, in turn, determines the deflection imposed
by the control electrodes C upon the path of the

phones—which also serve to block-out direct electron stream through the cathode-ray tube T.
speech from the loud speakers L, Lr. The In the arrangement shown the spot of light on
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radiated waves are picked up on a small loop aerial
slung around the listener’s shoulder.
Patent issued to Teleton Akt. L. M. Ericsson.

VISUAL TUNING

Application date, 17th February, 1933.
No. g15101.

Covers the use of a cathode-ray tube to indicate
the resonance point either in a ‘‘straight’’ re-
veiver or in one fitted with A.V.C. As shown
in the Figure, the visual indicator T is controlled
by a resistance R inserted in the anode circuit of
a valve IV subject to A.V.C. The potential drop
across the resistance 2 depends upon the A.V.C.

.|“

No. 415I01I.

bias applied to the grid of the valve 1’, and there-
fore upon the amplitude of the received carrier.

the fluorescent screen is at zero when no carrier
wave is being received.

In a ‘‘straight’’ set using anode-bend detection
the control resistance is inserted in the plate cir-
cuit of the detector valve, and the conditions are
the samc; but with power-grid detection the posi-
tion of the spot of light is made zero when maxi-
mum plate current is flowing. The tuning indicator
may be adapted to give a rising and falling ** line
of light *’ by replacing the usual control electrodes
C by a grid of varying pitch, so that the number
of electrons reaching the fluorescent screen varies
with the applied voltage.

Patent issued to Standard
Cables, 1.td., and A. J. Young.

Telephones and

DIODE-TRIODE VALVES

Application date, 24th February, 1933.
No. 415441

Relates to valves of the kind in which one or
more auxiliary electrodes are mounted opposite
the ends of a cathode (which is also common to a
triode ainplifier) and act as diode rectifiers. Since
the ends of the cathode are usually cooler than
the remainder, it is sometimes difficult to secure
sutficient emission 1o operate the diode rectiner
satisfactorily. According to the invention, the
heating element, in the case of an indirectly heated
valve. is wound with closer spirals at the end
than in the middle. In the case of a directly
heated valve the wire of the cathode is made
thinner at the points opposite the auxiliary elec-
trodes than elsewhere.

Patent issued to M.O. Valve Co.,
I*. Jackson.

Ltd., and

I
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‘““ HUM > ELIMINATORS
Application date, 20th June, 1933.
No. 415237.

Low-t{requency amplifiers of the kind in which
the filaments are directly heated by A.C. from the
mains are liable to give a high-pitched ‘“ hum*’
causcd by the modulation of the electron stream by
harmonic {requencies present in the supply. In
order to eliminate this source of trouble the
secondary of the transformer supplying the recti-
fier for the plate voltage is shunted by a serics
circuit, made resonant to the interfering frequency
and serving to by-pass it away from the plate of
the amplifier.

Patent issued to Siemens Bros. and Co., Ltd.,
and L. S. Crutch.

AUTOMATIC VOLUME CONTROL
Convenlion date (Germany), 281h September, 1932.
No. 413573.
For cilicient A.V.C. it is desirable that the ampii-
tude of the H.F. oscillations supplied to the con-
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No. 415573.

trol valve should be as large as possible, though
this may result in overloading the detector valve.
Accordingly, the last H.F. valve V' is provided
with a potentiometer coupling R so that only a
part of the amplified H.F. carrier voltage is passed
on to the receiver valve D, whilst the control valve
C tfor producing amplified A.V.C. receives the full
H.F. output.

Patent issued to N. V. Philips’ Gloeilampen-
fabrieken.

‘““ THRESHOLD » A.V.C.

Convention date (U.S.A), 4th November, 1932.
No. 415598.

A single valve of the double-diode-triode type
is used (a) as a direct-current amplifier for pro-
ducing a control voltage sufficient to cut off the
receiver output in the absence of signals below a
predetermined threshold value, (b) as a detector,
(c) as a low-frequency amplifier for the signal
currents, and (d) as a source of rectified A.V.C.
voltage.

Patent issued to Radio Frequency Laboratories,
Inc.
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ULTRA SHORT-WAVE VALVES

date (Germany), Oth
1932. No. 415016.

Relates to valves suitable for generating or
amplifying centimetre waves, the highly-positive
grid clectrode consisting of an open-ended spiral
of wire set in an auxiliary magnetic field. Accord-
ing to the invention the spiral grid is so elongated
that 1ts ** form factor,”” regarded as a radiating
or receiving aerial, 1s smaller than unity. This
form of spiral grid is stated to permit the gencra-
tion of waves considerably shorter than the length
of wire used in the spiral circuit. Also if the
radius of the spiral is made small enough to verge
upon the cathode space charge, the latter serves
to lower the internal capacity of the winding and
so brings about a further shortening of the effec-
tive wavelength.

Patent issued to J. Pintsch Akt.

Convention Decemnber,

RENEWING FILAMENTS

Application date, 28th Febyuary, 1933.
No. 415709

To allow the heating filament of an electron-
discharge tube to be replaced, in the event of a
burn-out, a number of spares are carried on a
member which is capable of being rotated, relatively
to the associated electrodes. The carrier member
inside the bulb is geared to a spindle, which passes
through a fluid-sealed joint in the wall of the tube
and is operated by an external knob.

Patent issued to F. E. Bancroft and Associated
Electrical Industries, 1.td.

CONSTANT-FREQUENCY GENERATORS
Application date, 28th February, 1933. No. 415716

The frequency of a back-coupled valve oscillator
depends at least to some extent upon the relative
phases of the grid and anode potentials. To prevent
fluctuation in the
generated frequency
these potentials should
be in phase-opposition.
As shown in the Figure,
this result is ensured
by splitting the anode
circuit into two parallel
branches, one consisting
of an inductance L and
resistance R, and the
other of a capacity C

in series with an in-
ductance L1 and resis-
tance R1. The network i

as a whole is tuned to
the working frequency
and the resistances are
adjusted so that each
branch has the same
power factor and induces the same voltage into each
of the scries grid-coils Af, Afr. The feed-back
voltage is then in exact antiphase with the alternat-
ing anode voltage.

l’atent issued to Marconi’s Wireless Telegraph
Co., l.td., and . B. Moullin.

No. 415716.
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H.F. CONDENSERS
Applicalion dale, 28th February, 1933. N0. 415745

A condenser for use in H.F. circuits is designed
1o have a constant reactance in spite of temperature
changes under working conditions. The plates are
made of “ Invar” alloy, clectrolvtically coated
with copper Owing to the skin effect, the com-
bination possesses the same effective resistance at
radio frequencies as solid copper; whilst the thin
copper coating, though subject to small mechanical
stresses, produces no overall change in dimension
under tempcrature variations.

Patent issued to Marconi’'s Wireless Telegraph
Co., Ltd., aud E. B. Moullin.

Convention date (U.S.A.), 3vrd February, 1932.
No. 415751
It lLias been observed that under working con-
ditions the fixed condensers used in ultra short-wave
transmitters are subjected to considerable vibration,
which, in turn gives rise to undesirable fluctuation

No. 4157571.

or modulation of the carrier wave. To avoid this
the plates are so formed that they are in direct
contact throughout with the dielectric, which is
applied in liquid form, and, when set, binds the
assembly firmly together. The plates .4, B are
curved at the ends as shown to provide a re-entrant
recess for the dielectric S. Springy contact
members C, C1 are connected at the centre of each
plate and fixing-lugs L, L1 at each end.

Patent issued to Dubilier Condenser Co. (1925),
Ltd.

AIRCRAFT NAVIGATION
Convention date (Germany), 20th November, 1932.
No. 415784

To allow an aeroplane to land safely under
conditions of low visibility a ““ bundle” of short-
wave beams A4 LI are radiated so as to have
curves of different intensity. The aeroplane P is
fitted with a receiving set, the sensitivity of which
is continually varied in a pre-determined manner
by means of a resistance controlled by clockwork.
As the aviator reaches the first becam A he switches
the sensitivity-control into operation, and then
flies down a curve of apparently constant field-
strength, though in {fact he intersects successive
beams in the manner indicated in dotted lines.
One advantage of the system over the use of the
ordinary single landing-beam is that it allows the
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landing-curve to be varied according to the type
of craft in action ; another is that it provides a

EDC BA

No. 415784.

flatter ““ entry ” for craft approaching the aero-
drome at a considerable height.
Patent issued to C. Lorenz Akt.

Convention dale (Germany), 17th Janury, 1933.
No. 416246

To enable the pilot of an aeroplane to make a
“ blind ~ landing, say in foggy weather, two short-
wave transmitters are located at the aerodrome,
one radiating a concave field, relatively to the
ground. whilst the other radiates a convex field,
cach transmitter being modulated with a charac-
teristic note of different frequency. The aeroplane
carries a receiver with a doubly-tuned input, and
separate filter bands for the two modulation notes.
The pilot ilies along the track marked out in space
by the locus of the points at which the ratio of the
two field strengths have a predetermined value.
This eliminates any error which may arise {rom
fluctuations in the sensitivity of the receiver due
to the battery, valves, or other components.

Patent issued to Telefunken Ges. fur drahtlose
Telegraphie m.b.h.

WAVE-BAND SWITCHING
Application date, 29th April, 1933. No. 415856

In order to reduce the mutual inductance between
the medium wave-band coils in a pre-selector
circuit. one of the long-wave coupling-coils is
inserted between two of the medium coils. As it
is short-circuited on the medium-wave setting, the
long-wave coil serves as a screen between the
shorter coils, and therefore allows the latter to be
made of larger dimensions than is usually possible
in the restricted space available. At the same time
the long-wave coil serves its normal purpose on the
long-wave setting.

Patent issued to E. Ix.
Bradfield.

Cole, I.td., and G.

Convention dale (Holland), 29th April, 1933.
No. 415962

When changing-over say from medium to short-
wave reception the overall sensitiveness of the set
may tend to fall off. To offset this the wave-band
switch is ganged to a network of biasing-resistances
so that the cffective potential on the grid is auto-
matically reduced on the shorter waves. The
resulting increase in the amplification factor of the
valve raises the level of sensitivity. I'n some cases
the ganged resistances are so arranged as to reduce
sensitivity on the shorter wave-band.

Patent issued to N. V. Philips Gloeilampen-
fabrieken.
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CATHODE-RAY TUBES
Application date, 4th Mavch, 1933.

The cathode consists of a disc of 5 mil nickel,
coated with electron-emitting material, and spot-
welded to the top of a looped heating filament of
tungsten or molybdenum. The limbs of the filament
pass through parallel holes in a steatite insulator,
which is held by a tight-fitting metal collar to a
rigid supporting member.

Patent issued to British Thomson-Houston Co.,
Ltd., and J. A. V. FVairbrother.

TUNING ARRANGEMENTS
Application date, 71k February, 1933. No. 416047

Relates to receivers provided with a * stand-by ”’
switch for setting the circuits into a condition of
high sensitivity but comparatively low selectivity.
On the “‘ tune ” side of the switch the circuits are
set to a condition of high selectivity. According
to the invention, the change-over switch auto-
matically brings into circuit an auxiliary tuning
reactance, which compensates for the change in
tuning conditions and so allows the operator to
““ keep touch ”” with the distant signal picked up on
“ stand-by.”

As shown in the Figure, the valve V, when on
stand-by, operates as a super-regenerator of high
sensitivity, the coils L, L1 forming the quenching
circuit.  When a distant station is heard the
switch S is thrown over, so as to short-circuit both
of the quenching coils, thus converting the circuit
into a ** straight * high-frequency amplifier of high
selectivity. Simultaneously a second condenser Cr
is inserted in parallel with the ordinary tuning

-

No. 416043
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No. 416047.

condenser C, and is of such value as to offset the
change in tuning caused by altering the type of
circuit. The compensating capacity C1 may be
inserted in series with the main tuning condenser
C; or, alternatively, a resistance is switched into
circuit and effects the required compensation by
altering the effective potential on the plate of the
valve V.

Patent issued to Marconi’'s Wireless Telegraph
Co., L.td., and A. A. Linsell.
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DIPOLE AERIALS

Convention date (U.S.A.), 10th Mav, 1933.
No. 416296
A pair of dipole aerials .4, B are given an overall
length of 1.25 the working wavelength, instead of
the usual half wavelength. H.F. energy is supplied
to the system through a two-wire transmission line
T across a central insulator, the current distribution
over the two halves being shown in dotted lines.
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The arrangement is capable of radiating a given
amount of energy from an input substantially less
than that normally required. [ig. 1A is a curve
showing the maximum radiation, in a direction at
right-angles to the dipole, as the length of the
latter is varied from zero upwards. The maximum
output is reached when the aerial length is 1.25A,
though good results are indicated within a margin
of ten per cent. of this optimum value.

Patent issued to Marconi’'s Wircless Telegraph
Co., Ltd.

TELEVISION SCANNING

Convention date (Germany), 27th June, 1933.
No. 416286

Scanning is cffected by passing modulated rays
of light from a neon lamp through a built-up prism
of tourmaline crystals. Each crystal is cut so that
the applied electric field from a saw-toothed
oscillator is at right-angles to the optical axis.
Owing to the effect of the control voltage on the
refractive index of the crystal, the incident ray of
light from the lamp is swung up and down the
viewing screen. A mirror wheel is interposed to
spread the lines laterally over the screen.

Patent issued to Suddeutsche Telefon-Apparate,
Kabel, und Drahtwerke Akt. ‘“ Tekade.”



