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A Classic Experiment

HEN a condenser is charged in the
ordinary way, the total electric
displacement within the dielectric

space may be regarded as made up of two
components, one being that which would
exist in the absence of the material dielectric

the Maxwellian displacement—and the
other, a less debatable item, that due to
elastic displacements of the molecular con-
stituents. Assuming for simplicity a plate
condenser of large area in which the electric
field may be assumed uniform, let the charge
per square cm on the plates be o, then in the
absence of a material dielectric the electric
field strength would be &, = 4mo {adopting
the absolute electrostatic system of units in
which x, = 1). With a material dielectric of
dielectric constant «, there will be an elastic
displacement or polarisation causing surface
charges of o(1 — 1/«) of opposite sign to the
charges on the plates. These may be regarded
as producing an electric force in the dielectric
space of &, = 4mo(1 —1/«) and the re-
sultant electric force will be &, = &, — &»

4mo/k, which exists throughout the di-
electric and maintains the molecular dis-
placement o1 — 1/«). Hence, the ratio
of the molecular displacement to the re-
sultant electric force is (x — I)/4m, and that
of the resultant electric field &3 to the initial

electric field &, is 1I/k, the charge being
assumed constant.

If a metal disc or cylinder be rotated
about its axis in an axial magnetic field,
a radial electromotive force will be induced
and charges will gather on the outer and
inner surfaces and throughout the mass until
they produce throughout the metal an
electric force exactly equal and opposite to
that due to the rotation in the magnetic field.
It simplifies the problem to assume a long
cylinder and neglect the end effects. If the
magnetic flux passing through the metal
cylinder be ¢ and the cylinder be rotated at
n revolutions per second, the P.D. between
the outer surfaces will be n¢ro—2 volts.

But what will happen if the cylinder be
made of some dielectric material with thin
metal coatings on the outside and inside ?
At first sight this does not look a very
difficult question to answer, but in the
Philosophical Transactions of the Royal
Society for 1905 (A. vol. 204, p. 121) there
is an account of an elaborate experiment
carried out by Prof. H. A. Wilson in the
Cavendish - Laboratory to settle what
was then regarded as a debatable ques-
tion. The result obtained was regarded
as confirming the views of H. A. Lorentz
and Larmor and disproving Hertz's form of



272 THE
Maxwell’s theory. It must be remembered
that at that time scientists discussed the
relative merits of fixed and moving ethers.
Wilson rotated an ebonite cylinder at speeds
up to 12,000 revolutions per minute inside
a water-cooled solenoid capable of producing
a magnetic field strength of 200, and meas-
ured the resulting P.D. on a quadrant
electrometer. Brushes rubbed on brass liners
inside and outside the ebonite cylinder.
When such a dielectric is rotated the
electronic constituents of the molecules will,
owing to their rotation in the magnetic
field, experience the same radial force as did
those in the metal, and this will cause an
elastic displacement of these constituents
and the production of surface charges of
opposite sign at the outer and inner surfaces.
These charges will not be so large as in the
case of the metal cylinder, because, instead
of entirely neutralising the induced radial
force, they can only reduce it to the value
corresponding to the elastic displacement
throughout the dielectric. The displacement
increases until a state of equilibrium is
attained. Just as the speed of a shunt
motor increases until the back E.M.F.just
falls short of the applied P.D. by sufficient
to drive the necessary current through the
armature resistance, so the displacement
increases until the back electric force just
falls short of the induced electric force by
sufficient to maintain the displacement.
Whether the rotating cylinder be of metal or
dielectric the induced ¢, is the same, but
whereas in the former case ¢ increases until
&1 — &, =0, in the latter case ¢ only
reaches such a value that &, — &, = &,

1
where, as we have already seen, %3——- .
b § K
Hence the surface charge, to which &, is
proportional, is reduced in the ratio

Gt—Gs 41

& Ls
For two outwardly similar cylinders the
P.D. between the terminal surfaces will be
proportional to the charges on them and
independent of the nature of the generator
within the cylinder. Hence in the case of
the dielectric cylinder the P.D. should be

n¢<1 — E) 10~8 volts.
K

This is not strictly correct. Wilson
actually found that the P.D. was less than
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this, viz. né( 1 — 'I(>IO'8 — Q/C, where @) and
C are the charge and capacitance of the
condenser, as if the cylindrical condenser
were In series with a generator with an
EMPF. of n¢(x — 1/k). Wilson also showed
that this is theoretically correct. In the
rotating cylinder &, acts only on the mole-
cular constituents whereas in the ordinary
condenser it also acts on the space. The
displacement corresponding to (&, causes
a difference between the charges on the
dielectric and on the metal ring -so that
they cannot be exactly equal as shown in the
figures.

The measurement of the P.D., however,
leads to difficulties and introduces important
differences between the metal and dielectric
cylinders. 1In the case of the metal cylinder,
the capacitance of the quadrant electro-
meter and of the wires connecting it to the
brushes does not affect the reading since
electrons continue to flow until the whole
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is charged to the}P.D. of né10-® volts. With
the dielectric cylinder, however, conditions
are very different since there is only a limited
charge which must be distributed between
the cylinder and the electrometer with a
consequent drop of P.D. This is illustrated
in the figure in which the dielectric cylinder
is mounted directly on the shaft and sur-
rounded by a metal ring, the thickness of
which is greatly exaggerated. In (a) the
P.D. between the outer ring and the shaft
will be né10~%(1 — 1/k) — Q/C volts, the
positive displacement charge on the sur-
face of the diclectric being partly neu-
tralised by a negative charge on the inside of
the metal ring, leaving a positive charge on
its outer surface. In (b) a part of this
positive charge passes to the electrometer,
thus lowering the charge and the potential
of the metal ring. If the charge were con-
stant the potential would be reduced in the
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same ratio as the capacitance is increased,
but things are not quite so simple, since the
removal of a part of the charge from the
metal ring reduces the back electric force
&, in the dielectric and thus allows the
induced electric force ¢, to produce a greater
displacement. In the case of the metal
cylinder &, and ¢, were exactly equal and
opposite ; if the surface charge on the
cylinder in that case were @, then in the case
of the dielectric cylinder alone the surface
charge would be reduced to Q,, but if now the
electrometer be connected, although the total
molecular displacement and therefore the
total charge be increased to @5, a part of this
will go to charge the electrometer and only a
part will remain on the metal ring. Prof.
Wilson shows that the external capacitance
C' of the cylinder together with the wires
and electrometer may be regarded as in
series with the internal capacitance C, so
that

V = EC/(C 4 C') where E = n¢10~¥(1 —1/x)

It might be thought that the E.M.IF.—
that is the line integral of the electric force—
around a closed path such as that shown
dotted in the Figure (a) would be equal to
n¢10~8 volts in all cases, and that only its
distribution would vary. In the case of
the metal cylinder there is no internal re-
sultant force, and the whole of the integrated
voltage is external, but it would be more
in accordance with electrical engineering
language to say that the E.M.F. induced
by the rotation in the magnetic field is
equal to n¢ro—® volts; all other electric
forces, being due to charges, which for this
purpose may be regarded as static, must
give zero resultant when integrated around
a closed path. In the dielectric cylinder,
however, there are no charges free to move
from the inner to the outer surface and thus
integrate the electric force &, acting upon
them. Both theory and experiment show
that the closed path in Fig. (a) may be re-
garded as made up of two condensers in
series, the internal and the external, the
former of which contains a source of EM.F.
equal to n¢ro—8(r — 1/k).. It is interesting
to note that the same results would be
obtained if the cylinder were replaced by a
number of concentric conducting cylinders
with air spaces between so that of the total
radial depth, a fraction T — 1/« was occupied
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by conductor and the remaining 1/« by air.
Not only would the induced E.M.F. be
né10-%(1 — 1/x) but the condenser, having
its radial depth reduced to 1/x, and having
its dielectric constant reduced in the same
ratio, would have the same capacitance.

G.W. 0. H.

The “ turnstile” aerial at W2XCR, formerly
W2AG, the 600-walt, 110-Mc|s station of C. K.
Runyon, at Yonkers, New York, which uses
Major Edwin H. Avmstrong’s system of frequency
modulation. Articles in the May 11th and 18th
issues of *“ The Wiveless World ™" describe recep-
tion tests on some of the twelve American stations
using frequency modulation.
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Pentode and Tetrode Output Valves’
By J. L. H. Jonker

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

SUMMARY.—An attempt has been made, by investigating the static and dvnamic
characteristics of screen-grid valves, to lay down the requirements that the static character-
istic of such a valve must fulfil, in order to ensure a minimum of distortion in the output
under all circumstances.

To meet these requirements it is necessary to suppress secondary emission and to make
the detlection of the electron paths in the grids as small as possible. The passage of secondary
electrons between two electrodes is subjected to closer examination, an enquiry being made
into the possibility of preventing this passage of electrons by the use of two methods of sup-
pression : a space charge and a suppressor grid. The optimum effect is obtained by the
co-operation of both these expedients, the more potent of the two being the suppressor grid.
By judicially planning the geometrical positions of the electrodes, detlection of the electron
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paths can be reduced to small magnitudes.

§1. External Load Circuit

N determining the requirements, which

should be fulfilled by the characteristics

of screen-grid output valves in order to
avoid distortion as much as possible, we
must first consider the load circuit into
which the valve is to deliver its energy.

1t is usual to draw a straight line in a set
of anode current/anode voltage character-
istics, to represent the load where the valve
delivers its energy to a resistance (line a
in I'ig. 1), in order to indicate how the
anode current and voltage vary when an
A.C. voltage is applied to the control grid.
The slope of this line is a

+

through the bend of the particular anode
current/anode voltage curve which applies
when the control grid voltage is nil. This

73

I
V,and I, are the D.C. anode voltage and D.C.
anode current respectively. Sometines, for
instance with tetrodes, a smaller resistance
may be recommended, giving less distortion
but at a lower efficiency. The loud speaker,
to which the output valve is to deliver its
energy, is usually connected via a trans-
former with such a ratio of turns that its
input impedance tallies as closely as possible

resistance is approximately R, , where

T

measure of the resistance
used.  This resistance is

Vigz= 2ov

| |

=
|
|
1

] T
R

|
|
generally given such a value b = ‘
that, at full swing of the

a. Ra = 17,0000
| b. Rg = 14,0000
¢ Rg = 3500 l !

\
valve, the energy absorl)e_d 2 | l } —t —]
in the resistance 1s a maxi- £ | ‘ |
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P L " ||
g
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Fig. 1.1, — V, character- ; — | ._——ﬂ:ﬂ'[—'" |
istic, using as pavameler the 2 b >< Ly
control grid voltage (17,,). “ e — v :
Line a gives the dynamic 7 ov [
characteristic in the case of a S gt
vesistance load (vesistance B i = = —‘;2.;:
ling) at maxtimum output. ; v
The vesistance lines b and L == t =
c apply respectively for large 100 200 300 o so8

and small resistance values.

line for a given screen-grid output valve is
generally one that passes approximately

*MS. accepted by the Editor, lI'ebruary, 1939.

anope voLTace Vg “(voLts)

with this optimum resistance value. The
impedance of a loud speaker, however, is
not constant for all frequencies and even a
good one shows very wide variations for



June, 1939

the different frequencies in the audible

range ; this is plainly shown by the curve a’

for such a loud speaker as given in Fig.
2(a). For higher frequencies the impedance
increases considerably. The primary of the
transformer is often shunted by a condenser,
thus diminishing the impedance and hence
also the sensitivity to high frequencies
(curve a, in Fig. 2(a)).

Curves b and b; show the corresponding
variation of impedance with frequency for
a speaker with an additional damping ring
which has been inserted to keep the im-
pedance constant over a larger range of
frequencies. Even then the impedance may
still vary by a factor of about 4. For this

wrepance ko

< | NOMINAL VALUE

10 100 1,000 10,000
FREQUENCY C/6

Fig. 2(a)—Impedance characteristic of a loud
speaker and its transformer as a function of fre-
quency. a is the curve for a good wnioving-coil
speakey | ay the curve with a condenser of 2,000
wpF across the primary of the output trams-
formey ; b and by the curves for a speaker with a
special damping ring.

reason it will not be sufficient to indicate
the load by only one line on the current
characteristics. We cannot, therefore,
simply have one particular load character-
istic extending as far as the sharp bend of
the 1,/V, characteristic at V,, = o volt,
thus giving a wide swing of the anode
voltage. Output measurements with one
matching resistance, as sometimes given in
published data, are therefore incomplete
and entail the risk of making too favourable
an estimate, because in practice a frequency
variation, with an accompanying impedance
variation, causes a rapid decline of output
for a given distortion. Hence, in order to
have a proper criterion for the quality of an
output valve, the dependence of distortion
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upon the value of the load impedance
should be taken into account. Considering
the phase angle of the load in the anode
circuit, the angle may also be seen to be

0°
84
by =

Ll

N\

PHASBE ANGLE
1
¢ o
/
.-J_J_

- 80°

FREQUENCY C/S

Fig. 2(b).—Phase angle chavacteristic as a func-

tion of frequency for a load comprising the

speaker and its transformer and a parallel con-
denser of 2,000 pulF.

largely dependent upon frequency. In Fig.
2(b) we have plotted, for the same loud
speakers as in Fig. 2(a), the phase angle of
the loud speaker with a transformer and a
condenser connected in parallel, as a function
of frequency. On account of the phase
shift between voltage and current, the
dynamic anode current/anode voltage char-
acteristic for one frequency will not be a
straight line but an elliptical figure, covering
a certain area of operation. If several
frequencies are present at a time, the area
covered will consequently be greater. We

Fig. 3.—Photograph, taken with the aid of a
cathode-vay tube, of dynamic load chavacteristics
for different A.C. gvid voltages of a pentode output

valve, on the graph of the I, V. character-

istics. The elliptical shape of the dynamic

curves is caused by the phase shift of the loud

speaker. Distortion can be seen as defovination
of the pure elliptical shape.

must therefore investigate what part of the
characteristics will be covered and what
influence the shape of these characteristics
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has upon the distortion of the output and
upon the maximum output which the valve
can give,.

§ 2. Dynamic Characteristics

Fig. 3 gives a photograph, obtained with
the aid of a cathode-ray tube, which shows
the dynamic load characteristics of a pentode
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this figure, in contrast to Fig. 1, that a par-
ticularly large area of the I, — V, graph is
traversed at the higher amplitudes.

In practice, however, there is not only
the one frequency present, but a complex
wave form, containing a large number of
frequencies simultaneously. In order to
find out how far the swept area is intfluenced

()

Fig. 4.—Photographs taken with the aid of a cathode-ray tube, of dynamic load characteristics

on the graph of the 1, -
whose frequencies differ by a factor 6.

Same as (b), but with phase-shift equal to nil at the highest frequency.

V. characteristics.
(b) Dutto, with frequencies differing by a factor 30.

(a) On the control grid are two A.C. voltages

(d) A music signal has

been operating on the control grid for some time, so that on the photograph it can be seen how very

wide 1is the vegion traversed by the dynawmic charvacteristics.

This considevable width does not

show up to full advantage in the photograph owing to predominance of the small amplitudes.

output valve on the graph of the I, —V,
characteristics. These elliptical figures were
obtained with a loud speaker serving as
anode load. An A.C. voltage of a given
frequency and of increasing amplitude was
applied to the control grid of the output
valve during operation. It is evident from

by such a complex waveform, we have given
in ¥ig. 4 (a), (b), (c) and (d) by way of illus-
tration four photographs of figures which
are produced on the cathode-ray tube, when
two A.C. voltages of different frequencies are
simultaneously applied to the control grid.
Fig. j(a) was obtained with two voltages
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differing in frequency by a factor 6. On
account of the fact that the loud speaker
causes a phase-shift for both frequencies,
the resulting dynamic figure is very broad
and covers a large area. This is still more
plainly shown by Fig 4(b), corresponding
to a similar case in which the frequencies
differed by a factor 30. As can be seen
from Fig. 2(b), the phase-shift for a speaker
transformer, which is shunted by a con-
denser, may become nil at a certain fre-
quency. Fig. 4(c) gives the dynamic load
characteristic for a case in which two voltages
having different frequencies are simul-
taneouslv applied to the control grid, and
in which no phase-shift is caused by the
loud speaker for the higher of the two.
Here, again, the figure clearly shows how
the widening is brought about by joining
together the straight lines and elliptical
figures. In practice the voltage across the
loud speaker during the reproduction of
music will be made up of a large number of
simultaneous voltages of differing frequencies
which, at any considerable intensity, cover
a large portion of the field of the I, — V,
curves as shown in Fig. 4(d). TLis photo-
graph is the result of a long exposure during
which music and speech signals had been
applied to the control grid of the valve.
What can be learnt from these curves?
It is obvious that, when
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characteristic is an ellipse, whereas at larger
amplitudes a certain deforma-tion of this
figure is noticeable.

We can investigate thereasons for this
with the aid of the I, — V, characteristics.
If these curves in the observed area were
parallel straight lines which were equi-
distant for equal increments of the negative
grid bias, no deformation of the ellipse
would occur until the dynamic curves
touched the horizontal or the vertical axis.
It is, however, not possible to achieve
characteristics of this form, for the simple
reason that the relation between the anode
current and the voltage of the control grid
follows a 3/2 power law, so that the lines
can never be equidistant.

Nevertheless, it will be a desirable char-
acteristic from the point of view of dis-
tortion, if the I, — V, curves are made as
equidistant as possible; in other words,
the I, — V,, curve should be as straight as
possible and show as sharp a bottom bend as
possible (absence of ‘‘tail.”) When using
two valves in push-pull it is sometimes
recommended that the I, — V,, curve be
a quadratic one, thus making the bottom
bend less sharp, as the push-pull operation
can then be used to neutralise the quadratic
component of the distortion caused by the
bottom bend. Such a valve could not be

designing a screen-grid
output valve and judging '/°“a‘Va |
its performance, we must E i {7 ety e ! ]
consider almost the entire _1 ‘ y / Ra .
area of the I, — V, = Vgieow 77 T e —|
characteristics. It is £ ity 2v | \ !
o 7/ -3v av |
= 100f— - — Lo | (e - —y
Fig. 5—1I, — V, chavac- : ’ L [ | L
tevistics for a ‘‘beam 4 /% 1 [ | | | ey
tetvode,” using the control 5 BI= ",' ot ’ i w i 1v|
grid voltuge as parameter. 2 t’» S 5 | ! 1 f ; -
A;or novmal load vesistance : o e p e ——ma —
a i == PPy i
= Rap=g=r=s ’—' i o
= t, hence litte distortion. A ‘L\f = =
For 3R, p" and v > ¢ BN T T~ T
and s’ ; this means dis- /—I"_/—- | . \*\\\\
tortion. T 3 } o e F

reasonable to assume, however, that the
portion of the graph for low anode current
and low anode voltage is hardly ever used.
We will revert to this later on. Fig. 3 shows
that for very small amplitudes the dynamic

anoDE voLTage Va (voLrs)

used alone, as it would give too much dis-
tortion, chiefly quadratic.

In order to judge distortion in the case of
radio apparatus covering a bandwidth of
8 kilocycles, we must attribute approxi-
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mately the same nuisance value to the znd
and 3rd harmonics (see article on this subject
by Ir. Heins van der Ven accepted for future
publication in this journal).

If, for large anode currents, the valve has
a low internal resistance, the /, — V, curves
will no longer run parallel but will show a
fanlike distribution, as the internal resistance

T T
‘ { T
EL6 B | ‘
S
= /4 ||
£ — 6L6G i
o
= S
4 Ra = 3.5000
H
% // ’\\\ ‘
w // i
o
H |
<
L -
50 100 180 200 250

ANODE voLTaaE Vg (voLTs)

Fig. 6 (a).—.Adnode cuvvent-anode voliage chay-

actevistics for a tetrode and fov a pentode, with

zevo control grid voltage. Secondary emission in
both valves is completely suppressed.

is, e.g. dependent upon the anode current.
As this may cause distortion, it is desirable
to have a high internal resistance (with respect
to the loud speaker impedance). The varia-
tion of the internal resistance has then prac-
tically no influence. Should a low internal
resistance be desired in certain cases, it will
be better to obtain it by means of an inverse
back-coupling.

Moreover, we wish to see straight lines
for these I, — V, characteristics. To achieve
this result we must of course completely
suppress secondary ewtission in the region
used™, as it may cause very great deviations.
This point is all the more important because
secondary emission may sometimes cause
a deviation in the middle of the character-
istic, so that deformation of the dynamic
curve and hence distortion may occur even
at low amplitudes. This is particularly the
case if the I, — V, curve, when distorted
by secondary emission, is intersected by the
dynamic curve at a small angle, i.e. when the
load resistance is high.

We have drawn in Fig. 5aset of I, — V,
curves for a beam tetrode, inserting the
resistance lines for normal load R,, for
1/3 R, and for 3 R,.

* A bibliography will be published at the end of
the concluding instalment.
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The various I, — V, curves, plotted at a
negative control grid voltage ascending by
1 volt for each curve, cut the resistance line
into sections. No distortion occurs when
these sections are equal.

It will be seen clearly that the normal
R, meets this requirement fairly well, the
cut-off sections being p=¢g=r=s =1
For 3 R, however, " and »" are greater than
g' and s'. This represents distortion due
to residual secondary emission.

With a smaller load resistance (1/3 R,)
there is less trouble in this respect.

In the tetrode it is practically impossible
to suppress secondary emission over the
whole region used. We can, however,
achieve this in the pentode, as has been
done in some of the newer types. Figs.
6 (a) and 6 (b) give an illustration of this.
For low control grid voltage and conse-
quently high anode currents (Fig. 6a),
secondary emission in both valves has been
completely suppressed. For high control
grid voltage and low anode currents (Fig.
6D), secondary emission in the tetrode
causes deflection of the characteristic up to
much higher anode voltages.

In Fig. 7 the efficiency of a good pentode
and tetrode has been plotted for different
anode impedances, at constant phase angle

T T T T T T T T T
__T;l‘f #L 1 JF 1. 4
‘< |
E 15+ — ——
=2 i } s | '
L {
= - — — — — L 1
[ |
2 10| 4 | | I |
£ [
3 | ersa
I |
F T |
H t ——
__| | L | |
[ - L
| | |
1 L L Il
50 100 150 200 280

ANODE VOLTAGE Vg (voLTs)

Yig. 6 (b).—Ditto for the same valves with a con-

trol grid voltage, so that at V, = 250 volts I, is

15 mA. Secondavy ewmission has been sup-

pressed in the pentode at a much lower anode
voltage.

with cos ¢ = 0.7 and 5 per cent. distortion.
The pentode gives a much better char-
acteristic.

Audition tests have shown that the more
suddenly the deflections in the dynamic
curves take place, the more disturbing they
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are to the ear, owing to the occurrence of
harmonics of a higher order. The sudden
nature of the deflection as a result of posi-
tive control grid current is therefore the
cause of this particularly annoying dis-

tortion. So we must do something to pre-
T l T =T T T ‘ T T T

| (S| B | L]
Bl AR

30——+ T - «L ] — — A——f—%——{
" Il ‘ Il | i - 1
. [ T 7 ] !
N F B I O |
5 | PENTODE | |
g | pmues lLSl At
u 1 | [
I . N N S O

BE&M«E:YRODE \\,\_1_

= T

| | | . ‘

100 200 300 400 BOC 800

Ra %

Vig. 7.—Efficiency charvacteristic of a good pen-

tode and of a beam tetrode, as a function of the

load impedance for cos ¢ = 0.7 and 5 per cent.

distortion. The pentode gives a far move favour-
able curve.

R, = 1009, = Novmalload impedance = V,[I,.

vent it. The I, — V,, characteristic should
therefore cover a sufficiently wide field, so
that the maximum output is not limited
by distorfion due to comirol grid current pro-
ducing numerous higher harmonics, but only
by the less troublesome distortion due to
gradual curvature of the characteristic.
Overloads will not then have such a dis-
agreeable effect.

At higher alternating voltage amplitudes
in the anode circuit, the ultimate value of
the output energy will in this case be limited
by a compression, as it were, of the dynamic
curves above and below. It is therefore
essential to shift this limitation to as remote
a position as possible. Morcover, the dis-
tortion caused by this compression of the
dynamic curves must be reduced to a
minimum. The lower side is limited, as we
have seen, by the bottom bend of the
I,=V,, characteristicc The upper side
is limited by the I, — ¥V, characteristic
when the control grid voltage is equal to
nil, as the positive control grid current
begins at this point. If, by selecting a
suitable value for the load impedance, we
carry the amplitude a long way forward,
it has finally to come as close as possible
to the vertical axis.
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By providing for a better distribution of
current between the anode and screen-grid
at low anode voltages we can make the elbow
of the I,-V, curves occur at low anode
voltages. In this respect, too, some of the
new type pentodes are far ahead of their
predecessors. The maximum efficiency has
been increased and secondary emission sup-
pressed over the entire field of operation.
In order to achieve this the effect of a sup-
pressor grid and of space charge had to be
submitted to close examination, but it was
necessary in the first place to learn more
about the nature of secondary emission as
it occurs in a screen-grid output valve, and
the manner in which it is transmitted to
another electrode. This will be dealt with
in the next section.

§ 3. Secondary Emission

In order to be able to eliminate the un-
wanted deformation of the characteristic
caused by secondary emission in a screen-
grid output valve, it was first necessary to
investigate the properties of this secondary
emission and the manner in which it can be
intercepted by another electrode.

(a) It is known that metals have a rather
high secondary emission, whereas carbon,
for instance, has a low secondary emission.
Secondary emission is usually measured by
the ratio between the total number of
secondary electrons emitted and the number
of primary electrons by which it was caused,
so that & = I,/I,. This 8 depends upon
the primary voltage of the electrode from
which the secondary emission emanates and
the angle at which the primary electrons
impinge on the electrode. This angle gene-
rally is 9o°. Measured by this standard,
N1 gives for 8 a value of 1.2 at a primary
voltage of 250 volts, Cu at this voltage gives
1.1, Mo 1.2, whereas a carbon-coated N7
plate yieldsa 8 of 0.342%458, [t is therefore
obviously desirable to use for the anode a
material having a low §, such as in the latter
case.

It is a fact, however, that even with
carbon or carbon-coated metals the secondary
emission is still unduly high and liable to
cause serious deviation of the characteristic.
Increased secondary emission in a valve
may also be caused by volatilising cathode
material, for instance on the carbon coating,
or by residual traces of gas 67 8.
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\Vhen, as a result of the bombardment of
primary electrons, secondary electrons are
liberated, the latter will emerge in different
directions, # 1 11 gnd with different veloci-
ties. 2 81213

(b) The fact that the mean velocity of the
secondary electrons is lower than that of the
primary electrons, places in our hands a
means of suppressing the influence of
secondary emission.
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Fig. 8.—The cuvves indicate how the ratio of the
secondary electron curvent picked up on the
spheve to the primavy electron curvent, varies at
diffevent values of the potentiul diffevence (counter-
voltage) V, between sphere and plate. Curves
I, IT and III ave for nickel, plotted vespectively
for a voltage of 250, 150 and 50 volts on the plate.
TV gives the same curve for a carbon-coated plate at
250 volts. Inset : electvode avvangement for mea-
secondary electvon cuvvent

suvement of the ratio: —— >
primary electvon curvent

Vg = VpIala - prhere.

By means of a suppressor grid or a space
charge between the anode and screen-grid
we can create a region of lower potential
which can be penetrated by the primary
electrons travelling at a high velocity,
but which holds back the secondary electrons
travelling at a lower velocity. The depth
of this region of minimum potential should
therefore be determined on the basis of the
velocity distribution of the secondary elec-
trons. This velocity distribution is often
measured with the help of a specially con-
structed valve in which the secondary elec-
trons are picked up on a spherical electrode
whose counter-potential with respect to
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the electrode from which the secondary
emission originates can be controlled (see
inset Fig. §). We then obtain, for instance,
Curves T, IT and IIT in Fig. 8, which indicate
the ratio I,/I, of the secondary emission
picked up on the sphere, with respect to the
primary emission current to a metal plate,
for different voltages (250, 150 and 30 volts
respectively) on this plate and for different
values of the potential difference V', between
the sphere and the plate.

Curve 1V gives the ratio /I, for a carbon-
coated plate on 250 V, the secondary emission
of which is considerably lower. It can be seen
that although these different curves have a
similar trend, the number of rapid electrons
(““ reflected electrons ) in the case of nickel
is proportionately smaller the higher the
voltage, whilst for carbon thé number is
always smaller than for nickel.

Though the low-velocity electrons are
predominant in number, suppression of these
alone would still permit considerable dis-
turbance due to the number of secondary
electrons.

For the case indicated by the above
curves, the electrons which emerge at a
certain velocity have been measured inde-
pendently of the direction in which they
emerge. Although measurements of the
distribution of the direction in which the
electrons emerge have only occasionally
been carried out and whilst our own in-
vestigation is not yet completed, it may be

ia

e L

SECONDARY EMISBSION ELEUTRODE

Fig. 9.

taken for granted for a first approximation
that the distribution in different directions
in the space in which the secondary electrons
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emerge is governed by Lambert’s law of
cosines. Assuming this law to apply, we
can infer from it the trend of the curve
I/, = f(V,) for other electrode arrange-
ments. Whether a secondary electron will
or will not arrive at the screen-grid is deter-
mined by the component of the velocity in
the direction of the screen-grid. If second-
ary electrons are emerging in all directions,
the mean velocity perpendicular to the
screen-grid in the parallel electrode example
will be lower than that shown by Fig. 8.

OOUNTER voLTage Vi

Fig. 10.—Curve a gives the chavacteristic of the
secondary electvon curvent .
E4 for the spherical

primary electron curvent
electyode arvangement, as a function of the counter-
voltage, on the assumption that all the secondary
electvons have the same velocity v. Curve b,
ditto for the pavallel electyode example, and Curve ¢
for a cylindrvical arvangement as used in practice.

ratio

If we imagine the spherical pick-up
electrode to be replaced, for instance, by a
flat electrode parallel to the electrode which
is being bombarded, conditions will agree
more closely with the state of affairs in a
screen-grid valve with a flat electrode
arrangement. Now an electron emerging at a
certain velocity v corresponding to a voltage
V, at an angle « with the normal, cannot
recach the opposite electrode wunless its
velocity is so great that the counter-voltage
V. can be overcome. This counter-voltage
V, must be equal to or less than V, cos? « 14,
Lambert’s law of cosines indicates, for a
given quantity of emerging electrons, the
spatial distribution of electrons emerging
at different angles with the normal (ix =
tgcos o). In that case the total emergent
secondary emission current, I,, is equal to
We will assume that a certain
portion of this, the current I,, emerges
at a smaller angle than o and can just reach
the anode. This current, in the space above
the secondary emission cathode, is limited

7l
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by a spatial angle w equal to an inverted
cone with apical angle 22 (Fig. 9). Now
tdw = 27, sin adx, so that there is present
in the cone a current

.
I, =1, | 2sinacosads = I,sin,

J O
from which we find :
I, V,
TO V\)

If there were only secondary emission
electrons of one wvelocity v, a spherical
arrangement of the pick-up electrode would
thus give us line « in Fig. 10. From a
certain voltage onward, all the electrons
can in this case reach the sphere. For flat
arrangements of the electrodes, the above
relation gives us line . It will now be
obvious that, for an arrangement consisting
of concentric cylindrical electrodes, this line
will sag and so intersect the vertical axis
at a lower position (line c¢). We know,
however, that electrons of different emergent
velocities will occur in practical cases.

1.4
LTI T ]
{ T SECONDARY
% i & ELECTRONS
1',_ 1 —
& | | | ‘,///f\_’f% ||
= i b L\ b
.00} | |
§ PRIMARY ELECTHONS
g um
; N
: R\\
g NG T T
P LN
\ S \1\
A
50 100 150 200 =0 00
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Fig. 11 (a).—Curves II, III and IV give the

secondary electvon current

primary electron curyvent
as a function of the counter-voltage for a flat
parallel arvangement of the Ni plate a and the
pick-up electvode b, with a voltage on the plate of
250, 150 and 50 volts respectively. For the sake
of comparison, Curve I is insevted for 250 volts
and a sphevical avvangement. Inset . drawing
of the electrode avrangement.

chavacteristic of the vatio

Vt = Vplale a I eollecting electrode b.

Tigs. 11 (a) and 11 (b) show how the
counter-voltage curves appear in the parallel
electrode example, for a nickel plate and for
a carbon-coated plate. These curves are

B 2
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obtained graphically from the curves for
the spherical arrangement using Lambert’s
law of cosines. By way of comparison we
have inserted in each figure the curve for a
primary voltage of 250 volts as given by
the spherical pick-up electrode.

Now what conclusions can we draw from
this and what conditions will a counter-
voltage formed by a suppressor grid or
space charge in a screen-grid output valve
be required to fulfil ?

(1) Although the secondary emission
characteristics of carbon may, for instance,
be greatly modified by residual traces of
gas or by wvolatilising cathode material,
it is a well-known fact that the choice of
anode material plays an important part.

(2) The passage of secondary electrons
may also be influenced by the geometrical
form of the electrodes {e.g. flat or spherical
arrangement), which in turn affects the
dimensioning of the suppressor grid or
space charge.

(3) The screen-grid
be rendered entirely

output valve cannot
free from secondary
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Tig. 11 (b).—Same as 11a, but for a cavbon-coated
Nt plate a. For the sake of comparison, Cirve
I is insevied for 250 volts and a sphevical avrange-

s went.

Vt = platea — Vcalleaing electrode b.

or, reflected eclectrons. It is not possible
to state in general terms, how much secondary
emission}is permissible for a given valve at
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everv anode voltage and current, because
on the one hand the quality standards of
different valves show a wide limit of diversity,
and on the other hand the disturbing effect
due to secondary emission is manifested
differently at different voltages and currents.
We shall revert to this question later on.
If, however, by way of example, we were
prepared to permit the same percentage
of secondary electrons with respect to the
primary electrons, for a constant current
and a variable voltage in all cases, it will
be seen from Figs. 11 (a) and 11 (b) that
although a fall of the anode voltage will re-
sult in a fall of the counter-voltage, the ratio
of the counter-voltage to the anode voltage
is bound to increase, because at lower anode
voltages the proportion of the number of
secondary electrons with high velocities
increases. It is also evident that the value
of 10 to 20 volts which is often stated!s 1®
as being the required value for the counter-
voltage, will be quite insufficient to nullify
the effect of secondary emission under all
circumstances.

In a screen-grid output valve, in which
means for suppression of secondary emission
are included, the counter-voltage will there-
fore acquire much greater values than
10-z0 V, for instance, at a higher anode
voltage. We will make a close examination
of these means of suppression.

The two expedients, already mentioned,
are generally adopted in practice for the
suppression of secondary emission in screen-
grid valves, viz., a suppressor grid and a
spacc charge. We will now investigate
the nature of these two expedients and
examine how, in connection with the above,
they will suppress secondary emission. Both
expedients are already described in the
original pentode patent!. The suppressor
grid was adopted first and is still in use,
because, as we shall see later, it possesses
valuable properties. The space charge, too,
has been employed in beam power output
valves 15, the space charge being used in
combination with the electrostatic effect of
“ beam plates,” which, in a similar manner
to the suppressor grid, create a minimum
of electrostatic potential and thus supple-
ment the action of the space charge. Space
charge has, morcover, been turned to
account in improved new type pentodes.
We will now investigate what counter-
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voltage the space charge can cause for the
purpose of suppressing secondary emission.

§ 4. Space Charge

. o , . a2
Using Poisson’s equation It~ 47P for

an ideal tetrode, Calpine and others 17 18 19 20
22 jpvestigated the potential minimum

0.
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voltage by means of which secondary
emission is to be repelled. Having inserted
numerical values in the above formula, we
plotted a graphical representation of this
difference V, — V, for various anode vol-
tages and currents, as we wished to know
the value of this counter-voltage for all
points on the anode voltage/anode current
characteristic.

&

I | I l The resulting graph is shown in
1 =6 ; S )
o ! A | S Fig. 12, n \&]11'Ch the character
/ o . P 3
J / ‘ istic for has been plotted
°- O I e i hesten?
- A i IS5
e *f { WA 510" ar 1 = e Fig. 12.—Characteristic of the
Kl 7N Fng”’| o> counter-voltage, due to space charge,
S i T po B between the scveen-grid and anode
A . grid o
/ \_ /‘-” J in a tetrode, as a function of the
5 // T 03 anode voltage. The counter-voltage
/”’ l is the difference between the voltage
/& . o | on the electrode whose potential is
od—— — z 75— 0.2
/C ﬁ_‘ | lowest, and the lowest potential V,
== j/A” N % ’ m“t)l_z‘e space. The parametey is
o2 which, for a specific case
/( / \ I i Fvgz;,g f P ﬁ
S2ZRuiot i O h o S Ru Ol Z i A e L e 2 with constant D, F and V ,,, is equal
Va to the curvent passing between the
Vaz scveen-grid and the anode.

which is created by a space charge between
the anode and screen-grid. 1t was assumed
that the current / emerges as a beam of
uniform density from the screen-grid into
the space between the screen-grid and anode,
the electron velocities in the direction of the
anode Dbeing equal. The screen-grid and
anode are situated in parallel planes. The
following relation is then obtained between
the voltages at the screen-grid (1,,), at the
anode (V,) and at the point of minimum

potential (17;)18:
D2 ) / f V12 = Vg3
IV, Kl /1 + 3 Ve H V.o
VIRV NEV, ViR
“VyZ' \VyQ’ Vy? 4\ VaZ" _1

where F is the area of cross-section of the
beam, I the distance between the anode
and screen-grid, A a constant and equal to

1\/2e
gm Y’

emission it is important to examine the
characteristic curve corresponding to the
difference between the anode voltage and
the voltage at the potential minimum, as
this difference constitutes the counter-

For the suppression of secondary

. V .
as a function of ..~ at various values of

Vs
D2 ’
FV!/ 23 .
These curves are bounded on the left by
line 1, which indicates the limit of the

V.
gradual trend of V,; as —* decreases, the

Ve
potential minimum suddenly acquires zero
value and electrons return to the screen-
grid. Such a point is described as a virtual
cathode. On the right, all the lines but

point Vo I
a =2 =1.
VQZ

fact the most im-

one are interrupted at

Ya < I is In
Vs

portant, because the secondary cmission of
the anode—which draws far more current—
will be many times greater than that of the
screen-grid and hence be more likely to
cause disturbing effects. To illustrate the
trend of space charge in the region
K" > 1, we have extended one of the curves.

|14

02 . .
We shall thus concern ourselves chietly with

The region

Vo ..
? lies between o and 1.
g2

the region in which
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Trom the above figure a number of general
conclusions might be drawn concerning the
application of this counter-voltage V, — V,
in the screen-grid output valve, bearing in
mind, however, that the above curves refer
to an ideal case. In practice a slight
deviation may occur as a result of the space
charge of the secondary electrons. The fact
that this deviation is rather small, will be
explained next.

We suppose the anode emits an infinite
number of secondary electrons which have
a velocity so high that they are repelled
exactly before the potential minimum and
return to the anode. This minimum will
then Dbe situated very close to the anode.

The primary electron current I, which is
necessary to form this potential minimum
may be calculated and compared with the
primary current /; which forms this potential
minimum in the absence of secondary
emission.  In. practice the value of the
primary current will be between I, and I,.
As the secondary emission ratio of the
usually carbon-coated anode is low, the
practical value liesnear I,. If V,, — 250V,
V,=50V; V;=40Vand the distance anode-
screen-grid is 5 mm, J, = 47.4mA/cm2and I,
= 33.3 mA/cm?®  Besides that, the velocity
components of the electrons in the beam
in the direction of the anode have different
values, mainly due to deflection occurring
at the screen-grid. If this velocity com-
ponent is small, the electrons will remain
for a longer period in the space between the
screen-grid and anode and will thus intensify
the space charge. However, as long as no
electrons are returning, the potential char-
acteristic will not deviate greatly on this
account, and the general trend will be
maintained. On the other hand, the point
at which electrons return and a virtual
cathode is formed, will necessarily undergo
a deviation, since electrons of lower velocity
return first. I'ig. 12 shows that even at a

low value of the quotient the poten-

ID?
I,‘ngsl‘l'
. L V.
tial characteristic for the case v < I sags,
g2
as it were, and the counter-voltage (exactly :

= Vs
v, then

has a positive value ; for higher or lower

counter voltage proportion)
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-alues of this ratio -, ¢
values o llelthV

2
may rapidly decrease to nil. At very low
4

the counter-voltage

values of and higher values of the

V!I2
2

(quotient the virtual cathode can be

ID:
FV 32
formed and the screen-grid current rapidly
increases at the expense of the anode current.
Before this happens the counter-voltage has
acquired a minimum value and may even
vanish. The potential curves have been
plotted in T'ig. 13 for different anode voltages
and we can clearly follow the course of the
sag (counter-voltage). This minimum value
is most critical at the point at which the
passage of secondary electrons to the screen-
grid will occur first, and the position of this
point differs considerably from the point at
which, in a normal tetrode with little space
charge, the characteristic shows the maxi-
mum deviation due to secondary emission,
viz. at V,, =V, We can best illustrate
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= S NODE T
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Fig. 13.—Characteristic of potential between
screen-grid and anode for a flat electrode arvange-
mment, at different wvoltages, in a case where

F{/_D-m:o.ﬁ‘ The dip 1in the potential
02

characteristic is due to space charge.

this by a set of curves (Fig. 14) plotted for
a special valve. The electrode structure is
shown diagrammatically in the inset. Only
the current flowing to one small anode was
measured, thereby avoiding *‘ side effects ”
which may be caused when secondary
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electrons emerging obliquely along the sides
of the electron beam succeed in reaching the
screen-grid.  The current was controlled by
varying the negative potential on the 1st
grid. From the occurrence of secondary
emission, indicated by the dip in the anode
current characteristic, we can follow the
course of the counter-voltage caused by
sagging of the potential characteristic. With
increase of current, secondary
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curve for 17,; = — 6 volts) is undeformed
by secondary emission. It can be seen
from Figs. 12 and 14 that even a small drop
in current may again precipitate this un-
wanted phenomenon. If we wish the
secondary emission to be eliminated over
a large part of the anode current/anode
voltage characteristics, we must ensure
a sufficient counter-voltage for curves with

emission will only become possible

in the region of low anode volt-
ages, where it will finally vanish

Fig. 14.—I, — V, characteristics
of a tetrode of special constvuction.

At a negative contvol grid voltage of
6 wvolts, the countev-voltage due to

ANODE CURRENT la (mA)

space charge is practically sufficient
to suppress secondary emission. In

the curves for a higher control grid
voltage and hence fov a lowey cuvvent,

secondary emission is manifested at
increasingly high values of the anode

voltage. Inset: dvawing of the
electvode arvangement.

also when the minimum value of the counter-
voltage is sufficient (curve for V, = — 6
volts). On further increase of current the
characteristic shows a rounding-off at lower
anode voltages, and the elbow at which the
electrons return to the screen-grid is shifted
to higher voltages.

How can these considerations be utilised
in practice? In the design of a tetrode
output valve, the I, and V, and the
maximum value of I, are pre-determined.
According to the material selected for the
anode and the corresponding counter-
potential necessary for the suppression of

2

secondary emission, we assign to ¥ @ value

that will yield a sufficient counter-voltage
over the entire graph. And although the
square of the distance appears in this ratio,
it is not altogether correct to speak of a
“ critical distance ”’ as is sometimes done?,
since other factors such as current, voltage
and current density might equally well be
termed critical factors. For an output
valve it is not sufficient, as we have already
seen (§2), to ensure that one of the anode
current characteristics (e.g. the Fig. 14
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a much lower current value than I, The
drawback remains, however, that secondary
emission is not suppressed for very small
currents. On the other hand, if we do obtain
a sufficient counter-voltage with small
currents, the drawback is that with larger
currents the virtual cathode is formed at
increasingly high anode voltages. The elbow
of the characteristic then shifts to the right
in the figure and the maximum output drops.
In practice we must therefore accept a com-
promise. Another practical difficulty is
that in most valves the current density on
either side of the cathode is not exactly the
same, owing to slight differences which are
always inherent in the structure of the elec-
trodes. It sometimes happens that one of
the two halves carries twice as much current
as the other half.

In the type of valve known as the “ beam
tetrode ” an attempt has been made to
overcome all these difficultics by the use of
“peam plates” which , intercept the
secondary electrons circulating around the
beam when the current has a high density and
the potential characteristic shows a pro-
nounced sag,!® 18, whereas in the case of small
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currents and high anode voltages the beam
plates create a minimum of electrostatic
potential, thus acting in a similar manner
to a suppressor grid. The beam plates thus
being a kind of suppressor grid with a high
pitch, their action at different points in the
electron beam is very unequal and hence
this expedient does not effectively do away
with the above drawbacks. The name
“beam plates ” is misleading, as it suggests
that the plates assist in forming the electron
beam. Actually, however, the electron
beam in beam tetrodes is governed by the
shape of the cathode and grids. The plates
would therefore be more appropriately
described as *‘ suppressor plates,” as their
action in restraining the secondary electrons
can best be compared with that of a sup-
pressor grid.

Conclusion : Space charge alone is not a
suitable means of suppressing secondary
emission in output tetrodes. Either the
secondary emission is insufficiently sup-
pressed, or the elbow of the characteristic

Theory and Application ot Electron Tubes

By HerBERT |. REIcH, Ph.D. Pp. 60 and 512
illustrations. Published by McGraw Hill Publishing
Co., Aldwych, London, W.C.2. Price 30s.

So many text books on electron tubes have been
written during the past few years that a con-
considerable amount of overlapping is inevitable.
Dr. Reich covers an extremely wide field and most
of the applications of electron tubes which he dis-
cusses are dealt with in a clear and thorough manner.
The first few chapters of his book are, however, a
little disappointing, and a more accurate presenta-
tion of the fundamental principles could have been
given without making the book any longer, if
necessary by omitting some of the manufacturing
details. The description of the action of the control
grid, for example, on pages 30 and 40 is likely to
leave the student with a false picture of the mechan-
ism of the control of the space current. Valves
of the hexode and heptode type have now been in
extensive use for several years, and have already
found applications outside the field of radio com-
munication ; but, so far, no adequate analysis of
their operation and characteristics has been given
In any text book. Dr. Reich ignores them com-
pletely. Secondary emission is only briefly referred
to, in spite of the author’s statement that ‘“ the
phenomenon of secondary emission is an important
one in all types of electron tubes.” A more serious
omission is, however, the absence of any discussion
or quantitative data on the important subject of
‘ noise,” either in tubes or in circuits. Chapter 4
deals with the analysis of vacuum tube circuits in a
lucid manner which will be easilv understood by
the student approaching the subject for the first
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is shifted too far towards the higher anode
voltages and efficiency thus becomes too
low.

A serviceable solution is achieved by the
use of additional plates which repel the
secondary electrons in a similar manner to
the suppressor grid and which also supple-
ment the action of the space charge. The
above drawbacks are, however, still present
to a certain extent, as the suppressor grid
effect is never absolutely complete. An
advantage of this construction!s is that very
few electrons can be deflected by these
“ beam plates "’ in such a manner that they
return to the screen-grid. This used to
happen in older type pentodes as a result
of less accurate dimensioning of the sup-
pressor grid, thereby creating in the I, — V,
characteristic an elbow which was too round
and which occurred when the anode voltage
was too high. We will investigate this in
our next Section and see how this trouble
has been avoided in the new tvpe pentodes.

(To be concluded.)

time and forms a sound foundation for the succeed-
ing sections which deal very thoroughly with modu-
lation and detection, amplifiers and oscillators.
The chapter on electrical conduction in gases is
included as an introduction to a description of
Glow- and Arc-Discharge Tubes and their many
applications swhich are dealt with in a manner
which indicates a familiarity with the subject
based on first-hand knowledge. The well condensed
chapter on Light-Sensitive Tubes includes circuits
for photometric measurements, and a brief descrip-
tion of the Zworykin type of secondary emission
multiplier is given. Rather more than a mere
reference might, however, have been made to the
multipliers designed by Farnsworth and others.
There is a useful chapter on Power Supplies, and the
final chapter, which is devoted to Electron Tube
Instruments, is an excellent summary of the various
applications of electron tubes in this important field.

The subject matter of the book is well arranged
(although the subject index would have been
better without so many cross-references) and the
book should be of considerable value not only to
students, but also to a large number of engineers in
whose fields of activity thermionic, photoelectric
and gas-discharge tubes have become such important
tools. The radio engineer, too, will find much useful
information, although, as the author remarks, *‘ the
design of radio transmitters and receivers, which
are adequately treated in books on radio engineering,
has not been taken up.”” The bibliography contains
a useful list of references on all the subjects covered ;
but it is a pity that so many important papers
published outside America have not been mentioned.

G. WAV,
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Triode Oscillators for Ultra-short

.
Wavelengths
By M. R. Gavin, M.A., B.Sc.

(Communication from the Research Staff of the M.O. Valve Co., Ltd., at the G.E.C. Research Laboratories, Wembley, England)

SUMMARY.- The circuit and transit time limitations imposed on negative grid triode

oscillators at ultra-short wavelengths are considered.

The minimum wavelength permitted

by the valve circuit can be determined from a knowledge of the valve capacitances together

with the data given in Section 3.

transmission line, the advantage of low characteristic impedance is emphasised.

When the leads from the anode and grid form part of a

A suitable

method of achieving low minimum wavelength is to make the anode and grid integral parts

of a concentric line.

The minimum wavelength permitted by transit time is calculated in Section 5 in terms

of electrode clearances and applied voltages, and is found to agree well with experiment.

It

is shown that oscillation ceases when the total transit time from cathode to anode is about

half the period of the oscillation.

An approximate theory of Class C oscillators, when transit time efiects just begin to be

appreciable, is given in Section 6.

applied voltages.

It is shown that, when the total transit time is about 1/1 2th
of a period, the efficiency has dropped by 10 per cent. from the long wavelength value. A
formula is given for the corresponding wavelength in terms of the electrode clearances and

Finally, from circuit and transit time considerations, it is shown that wavelengths of
the order of 10 cm. are not bevond the possibility of achievement with negative grid triodes.

1. List of Symbols

<] inductance of the anode lead.
L, inductance of the grid lead.
Chy cathode-grid capacitance.

Cag anode-grid capacitance.
— anode-cathode capacitance.

ak

E, steady anode voltage.

E, steadyv grid voltage.

E, effective voltage in the grid plane.

€q instantancous value of the oscillatory
anode voltage.

(o amplitude of the oscillatory anode volt-
age.

e, min— minimum value of the anode voltage.

€,max — maximum value of the grid voltage.

1, instantaneous value of the anodc current.

Lo mean value of the anode current.

P, I, = power input to the anode.

Py power dissipation at the anode under
long wave conditions.

T anode efficiency, corresponding to P,.

2. Introduction

HE power obtainable at very short
wavelengths is limited mainly by two
factors. These are (1) the inductances

and capacitances associated with the elec-

trodes and their connecting leads, which

may be classed together as circuit limita-

tions ; and (2) electron transit time limita-

tions. Large power requires large valves,

and large electrodes; low inductances re-
* MS. accepted by Editor, February, 1939.

P, — power dissipation at the anode when
transit time effects are considered.

72 anode efticiency corresponding to Py.

A wavelength.

A minimum wavelength.

® angular frequency.
velocity of electromagnetic radiation.

I = period.

Vo radius of the cathode.

7, radius of the grid.

7 radius of the anode.

d gy cathode-grid clearance.

[ grid-anode clearance.

T g cathode-grid transit time.

T grid-anode transit time.

T total transit time.

v, velocity of arrival of electrons at the grid.
I3 — amplification factor.

e charge of an electron.

m mass of an electron.

Z, characteristic impedance of a transmission

line.

quire small valves ; low capacitances require
small electrodes or large clearances between
them ; and lastly, short transit times require
small electrode clearances or large voltages.
Obviously these many contlicting require-
ments necessitate considerable compromise.
This paper is concerned with some theoretical
and experimental considerations of these
requirements and it is hoped that it will
provide some assistance in achicving the
best compromise.
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Since the wusual method of designing
valves for shorter wavelengths has been to
reduce tlie sizes and clearances of the elec-
trodes, it is worth while, for completeness,
to repeat the effects of making scale model
valves, altering nothing but dimensions.

If all the linear
dimensions of a valve
are divided by a fac-
tor # and the opera-
ting voltages remain
the same, then the
valve constants g,
mutual  conductance

Vig. 1.—The triode and
its intevnal capacitances
and inductances.

and internal resistance, and the electrode
currents are unchanged. The valve capaci-
tances and inductances, the electron transit
times and the minimum wavelength are
divided by #. The possible emission and
permissible dissipation are divided by #?;
the current densities are multiplied by #?2,
provided that the smaller valve does not
saturate. At long wavelengths, the power
output is divided by »2, but at short
wavelengths, when the efficiency is begin-
ning to drop, the output is divided by a
factor less than »2,

These proportionalities are affected slightly
by end effects, but they are sufficiently
accurate for most design purposes.

3. Circuit Limitations

Fig. 1 shows the main inductances and
capacitances inside the envelope of a triode.
In an ultra short wave oscillator, the external

_ circuit is usually connected between « and g,
and the wvalve contributes to the main
oscillatory circuit an inductance L, and a
capacitance C, given by

L=L,+1L, o . o (D)
and C::C,w—%—{.caﬂ 3 o (2)

ak T Cgk
The minimum wavelength obtainable is
given by

A, = 60=VLC cm. (3)
where L is in puH and C in ppF. Reduction

in any one of L,, L,, C,,, C,; or C,, will
reduce A,
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When the connections to the internal
electrodes are brought out by straight
cylindrical conductors, the values of L,
and L, can be approximately determined
from the formula

L = 0.002! (Ioge jil — 1) wH R %)
/

where / and 4 are respectively the length and
the diameter of the wire in cm. In Fig. 2,
curves are given of L against / for several
values of 4. It can be seen that L is almost
proportional to /. Also, if a wire of a certain
diameter is replaced by two wires of, say,
half that diameter, L is reduced by a factor
between 0.5 and 0.6, provided that the wires
are sufficiently far apart. Thus, it is advan-
tageous to use a number of thin wires in
parallel in place of one single, thicker wire.
Of course, when two or more wires are used,
the effective inductance is increased on
account of the mutual inductance between
the wires, but, except for close spacings,
the increase is negligible.

AR

ivouerance (H)
°
2
3

LENGTH OF WIRE {om)

Fig. 2.—Variation with length of the self induct-
ance_of a straight wive fov different wive diameters.

Now consider the external circuit which is
connected to the wvalve. At ultra-short
wavelengths, this usually consists of a
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transmission line circuit, as shown in l'ig. 3,
where a line of characteristic impedance
Z, has one end connected between anode
and grid and is bridged at the other end by
a large condenser.

- 1

—
= Fig. 3.—Oscillatory
civewit of a triode.

Zo

The reactance of the external circuit is

. - 27l )
given by Z, tan and for resonance

3\
I 27l
— = Z,tan —-
wC g A
where C is given by (2) and L, and L, are
considered as integral parts of the external
circuit.
67 x 1010
Zﬁf — I_x/\__

B S
X 6w x 1010CZ,
For a given A, it is desirable to have as large

Since

tan (5)
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these close together and of large diameter,
in order to keep Z, small.

The most convenient method of achieving
low Z, is to make the circuit a concentric
line with the anode and the grid forming
integral parts of the line. Then C,, has
no longer a limiting effect on the length of
the circuit, but there is still some capacitive
loading on the line due to C, and Cg4y in
series, with the result that the length of the
line is alwavs considerably less than a quarter
wavelength.

This type of circuit, in which the anode
and the grid form parts of a concentric line,
has been described previously by Mouromt-
seff and Noble!, who used a water-cooled
valve for wavelengths down to 2.8m. In
their theoretical considerations, they took
no account of the loading capacitance due
to C,s and C,;. An open-ended line was
used by them, which gives an additional
quarter wavelength of circuit. The curves
of Tig. 4 can be readily adapted to this
type of circuit.

Irom Fig. 4 an estimate can be made of
the absolute minimum wavelength which
could be obtained with a valve in one of

an external circuit as possible. From (5), these concentric circuits. The loading
it can be seen that [ can be - : , :
increased by decreasing either CZor e X A\ | J
C or 7, The exact relation- LA -7"0
ship between A, I, C and Z,
can be determined from the
double family of curves in ; 00
Fig. where ——————
& + om X IO_?'CZO X\ \s AN 2
27l .
and tan == are plotted against - . i
- - 640
A: Aand / are in cm., C in \ ¢ =
pul and Z, in ohms.
1fC = 4 upF, I =%cm, and i
Zo,=200 £, we find from Fig. 4 i
Fig. 3.—Curves for deterinining the - —
resonant wavelength, dem, of a line \ | ‘ ‘
circuit of length, lcm, loaded by | | =
160 180 200 220 240

capacitance Cuplk, wheve Z, is the
chavacteristic impedance of the line
in ohms.

that A = 85cm. With the same values of C
and /, and Z,=60 2, we find that A=352 cnu.
Thus 7, has a considerable bearing on the
value of A. If the connections to the anode
and the grid are brought out by single
parallel wires, then it is desirable to have

capacitance could be reduced to 1 uuk or
less. Allowing 2 cm. for the total length of
circuit and Z, = 4o 2, we get a wavelength
of the order of 10 cm. (a frequency of 3,000
Mc/s). The power capabilities of such a
valve would, of course, be small.
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4. Transit Time Limitations

During the past few years, many theoretical
papers have been written on the effects of
finite electron transit times at ultra short
wavelengths. A critical review of the state
of present-day knowledge can be found in
an article by Benham?.  Most of these papers
assume that the amplitudes of the alternating
potentials are small, compared with the
steady potentials and all of them are con-
fined to valves working as Class A amplifiers.
Hence, the results cannot be applied quan-
titatively to oscillators or amplifiers where
the alternating potentials assume amplitudes
of the same order as the steady potentials.
The problems, in this case, are such as defy
exact analytical treatment cven at long
wavelengths and it seems, at present, un-
likely that the short wavelength cases, where
the electron transit time becomes important,
will prove amenable to mathematics. It is
possible, however, that something may be
done at the two ends of the transit time
scale viz. :—(1) when transit time effects
begin to become noticeable, and (z) when
the limit of oscillation is reached. The
former case approximates to a long wave-
length problem, and the latter is a static
problem. We shall examine these two
cases in detail.

5. Limiting Wavelength set by Transit Time

(@) Theoretical

Consider a valve whose minimum swave-
length depends only on the electron transit
time, and not on any circuit limitation.
At a wavelength slightly greater than A,
the valve oscillates weakly, and the alter-
nating potentials on the grid and the anode
are very small. Then the transit times
from cathode to grid and from grid to anode
are dependent on the steady potentials only.
If E,, the grid potential, is obtained by grid
leak bias, then under the limiting conditions
postulated, I, = o and the only applied
potential is £, on the anode.  The effective

potential at the grid plane is then =, to a
‘u.
sufficient degree of accuracy except for very
low values of p.
In order to calculate the electron transit
times, plane paralle] electrodes are assumed.
In most valves for ultra short waves, the
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electrodes are cylindrical. The transit times
for such electrodes have been evaluated by
McPetrie® and TFortescue?, but their results
are not in convenient form for analytical
manipulation. IFortunately, the clearances
in ultra short wave valves are small, and

g

. T
the ratios of the radii by g

7
and are also re-

k a
latively small, so that the cylindrical systems
approximate to planar ones. By com-
paring the transit times for planar and
cylindrical systems, it has been found that if

7—“<I3zmdﬁ<2,
70 Vi

12 per cent. Since the clearances in the
valves are not known to any greater accuracy
than this, planar electrodes are assumed in
order to simplify the calculations.

The electron transit time in the space
charge limited region between cathode and
grid for planar electrodes can be shown to
be exactly three times the transit time that
would occur if the electrons moved through-
out with uniform velocity equal to the
velocity of arrival at the grid.

the values agree within

{
Therefore 7, 3y
vg
2¢
But U, \/m E,,
)
therefore — 3%

5.03 X 107\/ S
5-93 ”

where I, is in volts.

Between the grid and the anode, space
charge is neglected, and the potential at a
point distant x from the grid is

e (5, L)X
I pn/dyg

The corresponding velocity is

1/ 1 |
o "AE, (1- pad
393><10\/ {#+. #)dmj

Hence the time of transit from grid to

anode, 7,,, is
'dya [l’x
Tga ‘ — :_ ,I: ——— T*ﬁ =
5. LN E:D I :
R
- Zdya “‘/'/‘
5.93 X 10VE, Vp+1
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The total transit time from cathode to
anode is given by

I \/l‘ | Zd!m }

T —

= 5.93 X 107

o 13dy, + ——
VE, UM T Ve 11
©)
1f a valve ceases to oscillate when the total

transit time becomes a certain fraction of
the period, then

T =4~

where 1 is a constant.

Since A, =T,
}\m — cAr
Vi { 2d
SO A,m——k = 3d;,," ——,i} o
\/Ea e \/;L + 1 )

where £ is a constant.

It will be shown in the next section that
(7) agrees, to an accuracy of 1o per cent.,
with the experimentally determined minimum
wavelengths for a series of five valves, and
that the constant has a numerical value of
approximately 1,000 when A, d;, and d,,
are in cm. and I, is in volts.

Taking this value of £ we find that the
limit of oscillation is reached when the total
transit time is equal to about half a period.
Wagener® gives a curve showing that the
limit of oscillation is reached when 7, is
one-sixth of the period. The basis of the
curve is not explained in his article, but it
would seem from the present results that
his estimate is too low. 7, is usually
greater than 7,, so that 7, at the limit of
oscillation is more than a quarter of a period.

From equation (7), an estimate can be
made of the absolute minimum wavelength
set by transit time. Taking the clearances
in the HAI receiving acorn triode as the
smallest that can be achieved, and assuming

an anode voltage of 4oo and a p of 9, we

get A, = 6 cm.

Thus it appears that neither circuit
limitations nor transit time limitations pre-
clude operation of negative grid triode
oscillators at wavelengths of the order of
10 cm. (frequencies of 3,000 Mc/s). Samuel®
has reported an output of one watt at 1,700
Mc/s using a triode with double parallel
leads to anode and grid. The concentric
system considered in the present article
could probably be used to about twice this
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frequency and seems to be a simpler tvpe
of construction. So far, no attempt has
been made to construct valves for frequencies
greater than 1,200 Mc/s, but it is hoped to
do this in the near future.

Since p appears in formula (7), it is worth
while finding the variation of A with p when
the clearances and anode potential are kept
fixed.

Equation (7) can be written

3,000 dl:y { / 2dyu,,/3d/:!/‘
Am e —— '\/ I + — e ‘.
'\/E K \ '\/}L + 1/ ’

a

v T T

| dga

i

fw
T

|
L |
36

Fig. 5.—Effect of p on minimuin wavelength
(see text).

The function, f (u), in the double brackets
is plotted against p in Fig. 5 for a series of
values of d,4/d;,. It can be seen that lower
values of A,, can be obtained by reducing p.
It should be remembered, however, that the
cousiderations in this section apply only to
the limiting wavelength, and higher values
of u mayv be preferable for operation at
wavelengths other than A,,.

(b) Experimental confirmation

Most of the triodes in use at present reach
the circuit limitation before the transit time
one. Inorder to test the validity of formula
(7), a scries of valves was made up In the
concentric form considered in Section 3.
Fig. 6 shows a photograph of one of the
valves with a circuit for a wavelength of
go cm. For comparison, a DETz12 triode
is shown with its go cm. circuit. The
electrode capacitances and clearances are
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the same in both cases, and the advantage of
the concentric circuit is obvious.

The lengths of the concentric circuits for
a given wavelength were found to agree well
with the values determined in Fig. 3.

The complete circuit diagram is shown
in Fig. 7. In all the cases investigated, the
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10.5 0.1 ‘ 0.35 [ 51 1060
15 0.15 0525 | 85 995
15 0.1 0.525 | 63 1000

27 0.1 0.35 62 920
3 ‘ 0.067 0.23 23app. 1000

k is found to be constant to an accuracy
of 10 per cent., and has a mean value of
1,000.

6. Onset of Transit Time Effects

In a high efficiency self oscillator opera-
ting at long wavelengths, the electron
current Is in phase with the grid voltage and
in antiphase with the anode voltage. When
the clectron transit time becomes an appre-
ciable fraction of the period, then the above
phase relationships still apply approximately
to the electrons leaving the cathode but,
owing to the finite time for transit, the

electrons arrive at the

anode when the anode
voltage has passed
through its minimum
value, and the phase
difference is now greater
than =. Asaresult, there
is increased power dissi-
pation at the anode.
Fig. 8§ shows these effects
in a simplified form. The
full lines represent the
anode voltage, anode

Vig. 6.—On the left is a valve
of the concentric type with the
oscillatory circuit for a wave-
length of 9o cm. For com-
parvison a DET12, which has
the same capacilances and
cleavances, is also shown with
an oscillatory circuit for go cm.
Between the anode and the
external civcuit, the outer of
the concentric line consists of
8 wires.

minimum wavelengths were determined by
extrapolation from efficiency-wavelength
curves, and in no case did circuit himitation
enter. The results are summarised in the
accompanying table.

current and anode dissipation at long wave-
lengths, and the broken lines represent the
same quantities when the transit time be-
comes an appreciable fraction of the period.
The anode current is, for simplicity,

MWAWMALameticantadiohistons.com



June, 1939

assumed to be in the form of a square pulse
which flows during a quarter of the period.
With these assumptions, an estimate can
be made of the effect of the change in phase
of the anode current on the efficiency of the
oscillator.

For the long wave case, the instantaneous
power loss at the anode is given by

eitg = (E, + é48in wil,

and the mean power loss is

ﬁ77r
I | ¢ . .
Py =— (E, + é,51n wi)i d(wl)
2m 5w ‘
_—

Yig. 7.—This shows the
civewit diagram of an
oscillalor using a valve
with the anode and the
grid as imtegral pavts of
a concentvic line circuit,
which is short civcuited at
the end remote from the
valve. The lead from the
control grid is a solid rod
which is continued through
the glass envelope and
which forms the inney con-
ducior of the concentvic
line. The leads from the
anode come thvough the
envelope in a civculay seal
l of eight wives, which ave
I connected to the ouler con-
'>—~ ductor of the concentric
line thvough a lavge con-
densey A, which ts built
vound this conductor. The
loading civcuit consists of
a parvallel wive line,

[
b

L J

approximately >: 1z length

and short civcuited at both
ends. One of these ends is
connected dirvectly to the shovl civcuited end of the concen-
tric line. A furthey connection is taken from B on the
inner of the concentric line through a slot in the outey
to C on the pavallel wive line. The output power is
dissipated in a lamp connected acvoss the pavallel
wive line. The degree of loading is controlled by
varying the position of the lamp ov of the tapping
point C. The D.C. leads for the anode and the grid
ave made through chokes D, and the grid bias is
obtained by means of the grid leak E. The two
filament leads ave fed through high impedance con-
centric line circuits, which ave adjusied by means of
the variable bridges at F.
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When the transit time becomes significant,
the mean power loss is

Al

2 (E, + &, sin wt)id(w!)

2% | sm

ANODE VOLTAGE

ANODE CURRENT

ANODE DISSIPATION

/7 ot

Fig. 8.—Effect of transit time on the anode curvent

and anode dissipation in a Class C oscillator.

The full lines vepresent the conditions at long

wavelengths and the doited lines show the effect

on the anode curvent and anode dissipation of
finite electron transit time.

Since wr is assumed to be small,
Ejiq  bga . Goiqwr?
4 7T'\/2

277'\/-2-

The input power is the same in each case,

P, — =

P,=EJ,
and the efhciencies are -
PO = Pl
(I
and
_ p,—-P,
N2 PO
Therefore
bl
M1 — M2 —‘ZW \/Z—PO
But T la
4
therefore
vz é,
mon— gt (8)
g A

Thus, the decrease in efficiency is propor-
tional to the square of the frequency, to the
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square of the transit time and to the ratio
of the peak alternating voltage to the mean
voltage of the anode.

It is well to consider the assumptions
made in the derivation of (8).

(i) The anode current was assumed to
form a square-topped pulse which lasted
for a quarter of a period. Although this
1s a very rough representation of what
occurs in reality, the error introduced may
not be large, since the effect of transit time
has been found by taking the difference of
two results which both err to about the same
extent and in the same way. A different
form of anode current would give a similar
equation to (8) with different constant
terms.

(i) The only transit time effect considered
is the change of phase of the anode current.
Actually, there must be decreased efficiency
due to the increased damping of the input
and output circuits arising directly from the
finite electron transit time. The contribu-
tion from this source to the reduction of
efficiency is very difficult to estimate, but
it seems probable that it is small, compared
with the reduction due to the change of
phase of the anode current.

(1i1) All the electrons have been assumed
to have equal transit times. This assump-
tion 1s probably not serious, since most of
the clectrons traverse the triode when the
anode and grid voltages are near turning
values and are changing slowly. In addi-
tion, when one of these voltages is increasing,
the other is decreasing and this also tends
to reduce the spread of transit time values.

(iv) Planar electrodes are assumed, but
as already shown in Section 5 (a), this is
justifiable for most valves used at very
short wavelengths.

(v) The grid plane is assumed to be an
equipotential surface and to have a potential
equal to the grid voltage. This is only
valid for high p valves, but it is probable
that this source of error is also negligible.

Thus it is probable that the proportion-
alities of equation (8) are reasonably accu-
rate. Normally, in a Class C oscillator
working at maximum efficiency,

Py

€,
i
N1 — M = 0.4w? .. . .. {9)

so that

=09
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From (g), we and that the efficiency has
dropped by 10 per cent. from the maximum
value when the transit time is equal to
about 1/12th of the period.

Equations (8) and (g) are not in a form
suitable for design purposes. In order to
get the frequency or wavelength at which
the efficiency begins to decrease, in terms of
the electrode clearances and voltages, it is
necessary to make some further assumptions.
In many Class C oscillators, the maximum
grid voltage is approximately equal to the
minimum anode voltage, i.e.,

= Camin = I, - .. (10)

pymax

Hence the total transit time can be evaluated
by considering the electrons moving with
uniform velocity corresponding to a potential
I—(‘)’ volts for a distance equal to 3d,, + d4q.
Therefore

of

3drg + dya

.93 X 107, /Z¢
5-93 N To

T =

From (g), the wavelength at which the
efficiency has dropped by 10 per cent. is
given by

4
A = ?.X_Io(i(.iiﬂ, + dya) cm (11)
VE,

The assumption (10) which was made in
deriving (rx), is one which is not always
fulfilled in practice, and as a result, (11) may
not give high accuracy. However, for want
of anything better, it can be used to give a
rough estimate of the wavelength at which
transit time effects begin to become notice-
able. The following table gives the calcu-
lated and observed wavelengths at which
the efficiencies have dropped by 10 per cent.
from the long wave values for four different
valves.

Observed | Calculated
Wavelength| Wavelength

DET 12 4.0 m. 3.7 M.
(‘:A’;T:, ‘ 74'.3 m _6.0 m.
E770

—ACT-.Z_ 5.5 m ) 5.6_11:.
];77;; o 4.om 5.:} m. .
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The discrepancies in the values for CAT 13
and E773 are probably due to the fact that
(10) is not fulfilled. By studying the char-
acteristic curves of these valves, it can be
seen that in order to obtain full output

E

Cgmax > ;6“ and the transit time between

cathode and grid will in reality be smaller
than that assumed in the calculation.
However, even in these cases, the calculated
values are of the correct order and (11) can
be used as a rough guide for design purposes.

7. Conclusion

It has been shown that, on very simple
theoretical grounds, some idea of the per-
formance of triode oscillators at very short
wavelengths can be determined by calcula-
tion to an accuracy which is in fair agree-
ment with experiment.

The considerations have been directed
towards self oscillators as distinct from
amplifiers. However, experience shows that
there is a close relationship between the
short wave performances of the two types
of operation.

In conclusion, the author desires to tender
his acknowledgments to the General Electric
Company, Ltd., and the Marconi Company,
on whose behalf the work was done which has
led to this publication.
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Electro-Acoustics

By Prof. Dr. Erwin Meyer. Pp. 117 and 84
diagrams and illustrations. Published by G. Bell
& Sons Ltd., York House, Portugal Street, London,
W.C.2. Price 10s.

This book is the outcome of a series of lectures
delivered at the Institution of Electrical Engineers
under the auspices of the University of London
during the autumn of 1937.

In it the lesser known applications of electro-
acoustic technique are dealt with at greater length
than the selections of classical theory which have
been included to give continuity. The result is an
admirable corollary to standard works on the subject
which will widen the outlook of the student and
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stimulate the thought of those engaged in original
research.

It is for the ingenuity and variety of experi-
mental methods employed by Dr. Meyer and his
colleagues that this book is chietfly notable. The
investigations of vibration in buildings, the use of
supersonic sound in detecting cracks during the
setting of cement and investigations into the
qualities of musical instruments may be selected as
typical examples.

Valuable contributions are also made to the
understanding of transient phenomena in loud
speakers, steel tape recording and the instantaneous
analysis of noises of short duration.

The concluding chapter on architectural acoustics
is unusually interesting and includes accounts of the
measurement of the reverberation times of a hall
using the orchestra as a source of sound during a
concert performance, and of the absorption co-
efficients of materials in the Wasserschloss chamber
of the hydro-electric power station at Walchensee,
which has the phenomenal reverberation time at
low frequencies of nearly 40 seconds.

F.L.D.

The Industry

ILVERING solutions for the production of

stable tilms on the surface of ceramic and mica
dielectrics are described in a pamphlet ‘‘ Liquid
Silver "' issued by Melton Metallurgical Labora-
tories, Seymour Road, Slough, Bucks.

Erie Resistor, Ltd., Carlisle Road, The Hyde,
London, N.W.g, have prepared a technical bulletin
showing the advantages of the multiple ring type
of resistance for high voltage ratings such as are
met with in television receiver design.

A third edition of the descriptive pamphlet No.
11H gives full technical information relating to
the many uses of Westinghouse metal rectifiers in
telecommunications. Copies are obtainable from
Westinghouse Brake & Signal Co., Ltd., 82, York
Way, King’s Cross, London, N.1.

A new publication giving details of the Types
4658 and 4659 interference suppressors has been
prepared by Standard Telephones & Cables, Ltd.,
Connaught House, Aldwych, London, W.C.2.

Working instructions for the electro-deposition
of tin from aqueous solutions and notes on the
advantages and limitations of the various processes
for different classes ol work are given in Publica-
tion No. g2 of The International Tin Research and
Development Council, IFraser Road, Greenford,
Middlesex.

The British Standards Institution has issued a
Specification relating to radio interference sup-
pression for ignition systems which has been
prepared as a result of co-operative effort on the
part of the Society of Motor Manufacturers and
Traders, the B.B.C., the E.R.A. and the G.P.O.
Copies of the Specification, B.S. No. 833-1939, can
be obtained from the British Standards Institution,
28, Victoria Street, London, S.W.1, price 2s. 2d.
post free.
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PROPAGATION OF WAVES
2244. ON THE DoOUBLE REFRACTION OF ELECTRIC
WavEs 1IN OAx [Quantitative Investigation
with 13.0 & 26.0cm Waves].—K. F. Lind-
man. (Zeutschr. f. tech. Phys., No. 3,
Vol. 20, 1939, Pp. 72-75.)
Using thermo-resonators as receivers. Inter-

ference measurements gave the refractive index as

1.87 and 1.58, when the direction of the fibres of

the plate (which was cut parallel to the fibres) was

parallel and perpendicular, respectively, to the
electric force of the normally incident wave.

These values were the same for the 26 cm wave

as for the 13 cm, so that no dispersion was notice-

able in this range of wavelengths: this confirms
earlier observations of Slitis and of the writer,
that solid bodies do not produce dispersion of

Hertzian waves (footnotes 4 & 3). No signs of

absorption in the oak (r.o3 and 2.08 cm thick)

could be found : this contradicts the conclusions
of Righi and Mack from their qualitative results
in the 1890’s and supports the writer’s previous
results with birchwood and plate-glass plates
(272 of 1937). If the fibre direction was at an
angle of o° or go° to the direction of the electric
component of the normally incident waves, the
emerging waves were plane polarised, but if it was
at 45° the waves showed a weak elliptical polarisa-
tion, the directions of the principal axes agreeing
well with the theoretical values. Iootnote 7 gives

a reference to a fuller paper on this work.

2245. ABSORPTION AND REFLECTION MEASURE-
MENTS IN THE CENTIMETRE-WAVE KRANGE
[including Mecasurements of Electrical Con-
stants of Soil of Various Degrees of Damp-
ness|.—Kebbel. (See 2444.)

2246. EXPERIMENTAL PROOF OF THE POSSIBILITY
orF LonNG-DisTaNCE COMMUNICATION ON
16 cM MICRO-WAVES, and PAPER ON LONG-
D1sTANCE COMMUNICATION ON  50-60 CM
Waves [including a Fading Iiffect].
S. Berline & H. Gutton: B. Michel &
H. Gutton. (See 2568 & 2569.)

PAGE
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. TraNsMISSION THEORY OF SPHERICAL [and
Quasi-Spherical] WavEs [vielding Physical
Picture helping in Solution of Problems of
Reflection, Refraction, Shielding, & Power

Absorption].—S. A. Schelkunoft. (Bell T.
Systemn  Tech. Pub., Monograph B-1092,
14 pp.)

Definition ot spherical & quasi-spherical waves :
waves emitted by an electric current element :
by an infinitely small electric current loop (metal
shields are very much more etfective for waves
originated by condensers than for those originated
by coils) : transverse magnetic, electric, & electro-
magnetic spherical waves (the last cannot exist in
free space, but may exist in the presence of two or
more perfectly conducting conical wires emerging
from a given point). As regards shielding, the
present paper is complementary to the paper
dealt with in 1740 of 1938.

2248. SoME [Medium-Frequency| GROUND-WAVE
['IELD-INTENSITY MEASUREMENTS TAKEN IN
NEw ZEALAND [Measuring Equipment (and
the Necessary Distance from the Transport-
ing Motor-Car) : Effect of Obstacles in
Wave-Path (Hills, Valleys, Overhead Wires,
Belt of Trees, etc.) : Electrical Constants of
N.Z. Terrains : Field Intensities for Noise-
Iree Service: etc.].—G. Searle. (New
Zealand  Journ. of Sci. & Technol.,, Nov.
1938 & Jan. 1939, Vol. 20, Nos. 3B & 4B,
pp. 166-1703 & 184-214B.)

2249. FURTHER NOTE ON THE PROPAGATION OF
Rapio WaveEs ovEr a Fmnirery Con-
DUCTING SPHERICAL EARTH.—B. van der
Pol & H. Bremmer. (Phil. Mag., March
1939, Series 7, Vol. 27, No. 182, pp. 261-275.)

For previous papers see 3102 of 1938. Here,
curves obtained in the second of these papers
have been re-calculated with the Hankel approxi-
mation to Bessel functions used in the third ;

“in these new figures the curves could be given

ranging from the immediate proximity of the

emitter up to well into the shadow region, owing
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to the good fit existing in the transition region
between the geometric optical formula and the
residue formula.”

2250. DIFFRACTION AND REFRACTION OF A Hori-
ZONTALLY DOLARISED ELECTROMAGNETIC
Wave [from a Vertical Magnetic Dipole]

OVER A SPHERICAL EARTH.—Marion C.
Gray. (Phil. Mag., April 1939, Series 7,

Vol. 27, No. 183, pp. 421—436.)

Author’s abstract :—Formulas are derived [by
Watson’s method] for the electromagnetic field at
a point on or above the surface of a spherical
earth, due to the presence of a vertical magnetic
dipole. It is shown that the resultant field
resembles that due to a vertical electric dipole above
a spherical earth of low conductivity, and that in
the magnetic case the values of the earth constants
are of much less importance than in the electric.
Curves are included showing the variation of the
field with distance and with height.

2251. THE PROPAGATION OF ELECTROMAGNETIC
WavEes [Survey]—P. David. (Rev. Gén. de
ULlec., 11th & 18th March 1939, Vol. 45,
Nos. 10 & 11, pp. 303-316 & 333-350:
with bibliography of 159 items.)

2252. AN ANOMALY OF THE SOLAR PERIOD 1923—
1933 [P’eriod of Increase of Number of
Sunspots longer than that of Decrease :
This Iixception to the General Rule occurs
Once a Century: Possible Connection of
Length of Sunspot Cycles with Intensity
and Regularity of Weather]—H. Mémery.
(Comptes Rendus, 6th March 1939, Vol. 208,

No. 10, pPp. 733-734.)

THE EARTH'S MAGNETISM AND THE UPPER
ATMOSPHERE.—K. R. Ramanathan. (Se.
& Cultuve, Calcutta, Feb. 1939, Vol. 4,
No. 8, Supp. pp. 1-3.) Summary of a
Sectional Presidential address to the Indian
Science Congress.

2253.

ORIGIN OF THE EARTH'S MaGNETIC FiuLD
[Theory based on Thermoelectric Currents in
Metallic Core].—W. M. Elsasser. (Nature,

4th March 1939, Vol. 143, pp. 374-375:
preliminary letter.)

2254.

. THE PROPAGATION OF A SIGNAL IN A RARE-
FIED IONISED ATMOSPHERE [Integral of
Maxwell’s liquations: Possibility of Analys-
ing Deformation of Signal : Group Velocity
is Iiffective Velocity of Propagation].—L.
Cagniard. (Comptes Rendus, 20th March
1939, Vol. 208, No. 12, pp. 918-920.)

. RESONANCE PHENOMENA IN IONISED GASES
AND THEIR KEFFECT ON THE I’PROPAGATION
CHARACTERISTICS OF ELECTROMAGNETIC
WavEs.—Y. Asami & M. Saito. (Nippon
Elec. Comm. Iing., Feb. 1939, No. 15, pp.
504-570.) A summary was dealt with in
892 of March.

. OrRIGIN OF THE COLORATION OF THE AURORA
BoreaLis TyreE B [Increase in Strength of
Yellow-Red Bands: Observed Wavelengths
and Relative Intensities]—R. Bernard.
(Comptes Rendus, 13th March 1939, Vol. 208,
No. 11, pp. 824-826.)
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2258. POsSSIBLE PRESENCE 0F CYANOGEN BaNDS IN
THE SPECTRUM OF RED AURORAE OF TYPE B,
—R. Bernard. (Comptes Rendus, 12th April
1939, Vol. 208, No. 15, pp. 1105-1167.)

RED CYANOGEN BANDS IN THE SPECTRUM OF
THE NIGHT SkY, and REMARKS ON THE
VARIATIONS OF THE COLOUR OF THE NIGHT
Sky.—G. Déjardin : R. Grandmontagne.
(Cosnptes Remdus, 6th March 1939, Vol. 208,
No. 10, pp. 751-753 : PP- 754755
EVALUATION OF THE BRILLIANCE OF THE
NIGHT SKY, USING A CAESIUM IPHOTOELILC-
TRIC CELL.—R. Grandmontagne. (Comptes
Rendus, 12th April 1939, Vol. 208, No. 15,
PP. 1135-1137.)

INVESTIGATIONS ON THE COMBINATION OF
NITROGEN AND OXYGEN IN THE GLow Dis-
CHARGE.—W. Holtz & R. Miiller. (Ann. der
Phys., Series 5, No. 6, Vol. 34, 1939, pp.
489—520.)

H.F. TELEPHONY ALONG THREE-I’HASE POWER
LiNes [General Equations: Tropagation
Constants : etc.], and H.F. TELECOMMUNI-
CATIONS ALONG [Three-Phase] ’owEkrR LINES
[Theory : TParticipation of All Three Phases
in Propagation].—1’. Carbenay. (Comptes
Rendus, 6th March 1939, Vol. 208, No. 10,
pp. 730-738: 27th March 1939, No. 13,
Pp- 981—983.) For previous work see 1816
of May.

2259.

2260.

2261.

2262,

. CoMBINATION TONES IN SOUND AND LIGHT
[General Theory verified by Experiments].—
W. Bragg. (Nature, 1st April 1939, Vol. 143,
PP- 542-545.)

. ComBINATION OsciLLATIONs [and Their Sig-
nificance in Various Fields]. ~H. Ruprecht.
(Funktech. Monatshefte, March 1939, No. 3,
pp- 65-09)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

2265. THE I'IELD-STRENGTHS OF THE -ATMOSPHERIC
PARASITES AT CALCUTTA ON WAVELENGTHS
10 0 500 METREs.—S. P. Chakravarti.
(L’Onde Elec., March 1939, Vol. 18 [wrongly
printed z20], No. 207, pp. 99-110.)

Using a method of measurement based on the
theoretical work of Moullin in 1924. Among the
results, the *“ importance ” figures for interference
(ratio of Indian intensities to European) vary from
704 (summer, wavelengths up to 100m) to 10
(winter, wavelengths 200-545 m) : intensities vary
with A in the winter, but i1 summer and during
the Rains the variation is complex—in April (a
fairly typical summer month) an approximate rela-
tion is $ = AA + BA? for wavelengths 50-300 m,
but in other summer months and for other wave-
ranges the variation follows other laws,

2266. ATMOSPHERIC DISTURBANCES [Survey of
German Researches since 1926, particularly
Those of Schindelhauer, Marcard (Niemegk :
Spectral Distribution between 2 X 107 and
2 X 10% ¢/s, with Directional Observations),
and Leithauser & Menzel].—O. Morgenroth.
(Funktech. Monatshefte, March 1939, No. 3,
Pp. 70-74.) See also 2267, below.

Cc 2
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2267. THE INTENSITY AND SPECTRAL DISTRIBUTION
OF ATMOSPHERIC IDISTURBANCES, AND THEIR
RELATIONS TO OTHER GEOPHYSICAL AND
Coswvic PHENOMENA.—E. Marcard. (Berlin
Dissertation 1936 : discussed in Morgenroth’s
survey dealt with above—2266.)

2268. CHARGING PHENOMENA O COMMUNICATION
LINEs BY ‘‘ Dust WIND "’ IN MANCHUKUO.
—Kano & others. (Electrot. Journ., Tokyo,
March 1939, Vol. 3, No. 3, pp. 63-66.)

2269. LIGHTNING TO THE EMPIRE STATE BUILDING
[Investigation of Strokes occurring during
Summers 1935/36/37].—K. B. McEachron.
(Jowurn. Franklin Inst., Feb. 1939, Vol. 227,
No. 2, pp. 149-217.)

For previous work see 37 of 1937. In the present
work, two experimental television aerials on top of
the Empire State Building, New York, were used
to get oscillograms and Boys-camera photographs
of the same lightning stroke. The equipment is
briefly described ; many photographs of flashes
and oscillograms are reproduced. Results discussed
include the measurement of direct-current arcs
(continuing strokes) between the cloud and the
building ; upward leaders developing into con-
tinuing strokes, with their related currents;
branching (occurring in the direction of propagation
of initial leader strokes) ; and the charges (which
were much larger than hitherto believed probable).
All strokes to the building began with the cloud
negative ; some changed to positive. ‘‘ Downward
stepped leaders to the building were observed in one
case only . . . Leaders on all discharges after the
first were always downward . . . Every stroke, but
two, either struck the highest point on the building
or outside a cone whose base radius at the ground
level of the building was equal to the building
Leight.” The return-stroke velocities were also
measured.

The deduced picture of the lightning stroke is
described. “ The front of the wave of current in a
lightning discharge with initial downward leader to
a transmission line is probably dependent upon the
amount of charge available. . . . The dowmward
leader stroke represents the type of stroke of
greatest importance in the problem of protection of
transmission lines and apparatus. . . . The matter
of continuing strokes . . . may help to explain
some of the failures of lightning arresters attributed
to arcing grounds or other system disturbances.”
The directions of future work are indicated.

2270. INCREASE OF STRIKING DISTANCE BY RADIA-
TION IMPACT, AND THE DBRIGHTNESS OF
“ IMpACT *  Srarks [Mecasurements on
Decrease of Striking Voltage due to Ultra-
Violet Spark Radiation : Effect of Electrode
Material : Brightness of Lightning Stroke].
—M. Toepler. (Physik. Zeitschr., 15th
March 1939, Vol. 40, No. 6, pp. 206-216.)
Extension of work referred to in 915 of
March.
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2272,

2273.

2274.

2275.

2276.

2277.

2278.

2279,
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DroP IN STRIKING VOLTAGE OF ELECTRICAL
DISCHARGE DUE TO IONISATION BY AN
EXTERNAL SOURCE, and DROP IN STRIKING
VOLTAGE IN AIR AT ATMOSPHERIC PRESSURE
[Measurements using Spark Illumination as
External Ionising Agent].—DBrinkmann.
(Avch. f. Elektrot., 15th Feb. 1939, Vol. 33,
No. 2, pp. 121-130: Zeiischr. f. Phys.,
No. 11/12, Vol. 111, 1939, Pp. 737-746.)

Discussion ON ‘' THE MECHANISM OF THE
LoNG Spark.”—T. E. Allibone. (Journ.
I.E.E., April 1939, Vol. 84, No. 508, pp.
483-494.) See 2680 of 1938.

Tue MarconI SpLIT-GAP HORN ARRESTER
[for Protection of Transmitter Installations,
etc., against Lightning : Defect of Ordinary
Horn Arrester largely if not completely
Overcome].—N. Wells. (Marcon: Review,
April/June 1939, No. 73, pp. 25-26.)

REMARKS ON A PapER BY ToHmMFOR &
VoLMER : NucLeEus FormaTion [for Water
Drops] UNDER THE INFLUENCE oF ELEc-
TricaL CHaArGEs [Unnecessary to assume
Diminished Dielectric Constant of Liquid
in Form of Drops].—T. Glosios. (Ann. der
Phys., Series 5, No. 5, Vol. 34, 1939, PP-
440-448.) See 919 of March.

DIURNAL VARIATION OF THE ELECTRICAL

CONDUCTIVITY OF THE AIR AND THE
NUMBERS OF IonNs AND CONDENSATION

NUCLEI AT THE OBSERVATORY OF CHAMBON-
LE-FORET.-—O. Thellier. (Comptes Rendus,
12th April 1939, Vol. 208, No. 15, pp.
1167-1170.)

THE DETERMINATION OF THE MOBILITIES
oF Gastous Joxs [Theory of Method to
Decide whether Ions of One Sign have
Unique Mobility or Grouped Values].
E. Montel. (Comptes Rendus, 12th April
1939, Vol. 208, No. 15, pp. I141-T144.)

A PrecisioN RADIO INSTRUMENT FOR TRANS-
MITTING MEASUREMENTS OF ULTRA-VIOLET
INTENSITIES FROM UNMANNED DBALLOONS
10 A GrounD StatioN [Combination of
Photocell, Balanced D.C. Amplifier, Relaxa-
tion Oscillator, & Ultra-Short-\Wave Trans-
mitter].—R. Stair. (Journ. of Res. of Nat.
Bur. of Stds., March 1939, Vol. 22, No. 3,
pp- 295-300.) The calibration is auto-
matically determined and broadcast each
time an altitude signal is given.

AN IMPROVED RADIOBAROGRAPH [on Olland
Principle].—Johnson & Korff. (Review
Scient. Instr., March 1939, Vol. 10, No. 3,
pp. 82-85.)

PROPERTIES OF CIRCUITS

New Tvypes oF ‘ CONTROL-"~  AND
“ FILTER "’-QUARTZES.—Rohde. (See 2456.)
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2280. ON THE THEORY OF FILTERS COMPOSED OF
“ X Circurrs [Bridge Filters]—R. Feldt-
keller. (7.F.T., Jan. 1939, Vol. 28, No. 1,
Pp. 27-32.)

Author’s summary :—The theory of the Zobel
m-section is extended to X-circuits. It is shown
how X-circuit filters can Dbe calculated with the
same characteristic impedance but different trans-
mission losses. As an example, a ‘‘current
purifier ' is calculated for a note-frequency signal
generator, which suppresses the harmonics of the
generator voltage and the unwanted components
from the mains, and gives the signal generator a
pure sinusoidal output voltage.

2281. ON THE EFFECT OF LLOSSES IN BAND FILTERS.
—E. Labin. (L’Onde Elec., March 1939,
Vol. 18 [wrongly printed 20], No. 207,
pPp. 120-148.)

Using the method of treatment originated by
Mayer [the Mayer ‘‘ frequency transformation ™
rule, where w? is replaced throughout by w’—jew:
see E.N.T. of 1925] and appearing again in the
theories of Jaumann and of Cauer. Practical
applications which are described are (1) to the
checking of a filter already constructed, and (2)
to the predetermination of the tolerable angle of
loss and of the diminution of band width.

2282. AMPLITUDE FILTERS AND THiIR USE IN
TELEPHONE IxstarLartioNs [AEG Circuits
using Full-Wave Valve Rectifiers: Sup-
presser for Small Amplitudes, Limiter for
Large] —W. Benz. (T.F.T., Feb. 1939,
Vol. 28, No. 2, pp. 63-68.)

NETWORKS FOR
(See

. DeEsign oF R.I¥. OutpUT
BROADCASTING TRANSMITTER.—Koike.

2305.)

. “ TeENsor ANALYSIS OF NETWORKS "~ [Book
Review].—G. Kron. (Electrician, 31st March
1939, Vol. 122, p. 413.) . this remark-
able book which, we foresee, will have a
profound influence in both educational and
practising spheres of electrical cngineering.”

AN IMPROVED PHASE SHIFTER
Bripge Type—T. Sakamoto.
Llec. Comm. Eng., Feb. 1939,

PP. 540-545.)

AMPLI-EQUALISER OF BRIDGED-FEEDBACK
Type [with Any Desired Gain/Frequency
Characteristics to suit Attenuation Char-
acteristic of Cable].—K. Kobayashi. (Elec-
trot. Journ., April 1939, Vol. 3, No. 4,
p. 96.)

THE TRANSIENT PHENOMENA IN THE RECTI-
FIED-FEEDBACK AMPLIFIER [as used as
Expander or Compresser.]—M. Simada &
Y. Aono. (Nippon Elec. Comm. Eng.,
Feb. 1939, No. 15, pp. 573-575: summary
only.)

OF THE
(Nippon
No. 15,

2285.

2286,

2287.

Tue CALCULATION OF THE COUPLING LINKS
N NEGATIVE-F'EEDBACK Circuits.—O.
Schmid. (Funkiech. Monatshefte, Feb. 1939,
No. 2, pp. 61-62.)

2288.
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2289. HiGH-FREQUENCY RESISTANCE [Mechanism
; Q L ;
involved in the Increase of Resistance with

Frequency].—F. R. W. Strafford. (Wireless
World, z2o0th April 1939, Vol. 44, Ppp.
369-370.)

2290. THE CALCULATION OF THE ENERGY IN AN
OSCILLATING SYSTEM BY THE OPERATIONAL
CaLcuLus.—A. V. Rimski-Korsakov. (Journ.
of Tech. Phys. [in Russian], No. 20, Vol. 8,
1938, pp. 1836-1838.)

In solving a technical problem by the operational
calculus the results of calculations are usually ex-
pressed by a function of time and space representing
the motion of the system under consideration. To
obtain an expression for the energy of the system
it is necessary to carry out an additional integration
with respect to time. ~In the present paper, starting
from the general formula for the energy of the

+ o
system L = Sf(t)qS(t)dt and wusing Rayleigh's
-

theorem (Phil. Mag., 1889, Vol. 27, p. 466), a

formula (6) is derived, which permits the calculation

of E by integrating in the complex plane without
the use of functions f(#) and $(f). The discussion is

applied to the case of a battery discharging into a

circuit consisting of resistances and capacities

(Fig. 1).

2291. Two SysTEMs oF ELECTRO-MECHANICAL
ANALOGIES FROM THE POINT OF VIEW OF
tHE LAaGraNGE EguatioN.—K. Teodorchik.
(Journ. of Tech. Phys. [in Russian], No. 18,
Vol. 8, 1938, pp. 1652-1653.)

SimMILITUDE  oF CriticaL CONDITIONS IN
FERRORESONANT CIRCUITS [Predetermination
of Critical Stable Conditions for a Reactor
from Knowledge of Those Conditions for Any
Other Reactor using Same Grade of Iron].—
W. T. Thomson. (Elec. Engineering, March
1939, Vol. 58, No. 3, Transactions pp.
127—-130.)

2202.

TRANSMISSION

2293. THE IFORMATION OF NEGATIVE RESISTANCE
IN A SrLIT-ANODE MAGNETRON.—V. Lu-
koshkov & V. lljinski. (Journ. of Tech.
Phys. [in Russian], No. 22/23, Vol. 8, 1938,
pPp. 1996—2011.)

A critical survey is given of various theories of the
operation of a split-anode magnetron, and a study
is presented of electron movements in the mag-
netron. A graphic-analytical method was employed
for this investigation, and it was necessary to plot
a large number of electron trajectories. This task
was considerably simplified by (a) preliminary
preparation of electric field charts with the aid of an
electrolytic bath, and (b) a specially developed
apparatus (to be described in a later paper) for
calculating the radii of curvature and for plotting
the trajectories. A number of charts thus obtained
for various operating conditions are shown
and discussed in detail. The conclusions reached
are compared with those of other authors.
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2294. THE LEFFECT OF INTERELECTRODE CAPACITIES
AND THE ACTIVE RESISTANCES OF THE LEADS
ON THE LENGTH oF THE WAVE GENERATED
BY A TRIODE.—Yu. A. Katzman. (Journ. of
Tech. Phys. [in Russian], No. 19, Vol. §,
1938, pp. 1736-1746.)

Special triodes of small dimensions suitable for
generating decimetre waves are considered, and it
is assumed that the duration of electron travel in
these triodes is sufficiently small and that the
minimum wavelength is limited only by the inter-
electrode capacities and by the active resistances
of the leads. The operation of such triodes is dis-
cussed and the necessary conditions for self-excita-
tion are established. The effect of the above-
mentioned factors on these conditions is then con-
sidered scparately for oscillating circuits with
(a) capacitive coupling (Fig. 1a and 2a) and (b)
capacitive and inductive coupling (Fig. 1b and
2b).  On the basis of this investigation a number
of suggestions are made on the construction of the
triodes.

2295. ON RESONATORS SUITABLE FOR KLYSTRON
OsciLLaToRrs [Description of Various *° Hohl-
raum ~’ Resonators: Definition of Shunt
Ilmpedance : Calculation of Properties using
Various Mathematical Techniques].—W. W.
Hansen & R. D. Richtmeyer. (Journ. of
Applied Phys., March 1939, Vol. 10, No. 3,
pp. 189-199.) T'or the ‘ klystron ™ oscil-
lator see 1848 of May.

2296. A PracTicAL NEGATIVE-RESISTANCE OSCIL-
LATOR [ Transitron ”’ Oscillator].—C. Brun-
etti. (Review Scient. Instr., March 1939,
Vol. 10, No. 3, pp. 85-88.) See also 1851 of
May. The present paper represents the
salient points less technically, to make clearer
the many applications outside the field of
radio communications.

2297. FUNDAMENTAL CONSIDERATIONS ON IOUR-
Puase  OsciLLatioNn Circuits [and  the
Practicability of I'our-Phase Generation by
coupling Two Valve Circuits instead of
Four], and A PoLAR VARIABLE-PHASE
OsciLLaTor.—1. Takao. (Memoirs of Rvojun
Coll. of Ing., Dec. 1938, Vol. 11, No. g,
Supp. pp. 7-8: March 1939, Vol. 12, No. 1,
Supp. p. I: summaries only, in lnglish.)
The first paper is given in full in Electrot.
Journ., Tokyo, April 1939, Vol. 3, No. 4,
pp. 75-79 (in English).

2298. MEASUREMENTS OF THE FREQUENCY STABILITY
AND THE OVERTONE CONTENT OF VALVE
OsciLLaTOorRs.—G. Nusslein. (Hochf.tech. .
Elek:akus., March 1939, Vol. 53, No. 3,
pp. 89-97.)

The two circuits here investigated were dealt with
in 1932 Abstracts, pp. 163-164 (Llewellyn) and
164 & 222 (Dow). They contain special devices
for frequency stabilisation. The theory of frequency
variations due to voltage fluctuations of the current
sources is dealt with in § 11 ; eqn. 1 gives the relation
between the harmonic content and the deviation of
the frequency from its true value, eqn. 2 the effect
of the current distribution; §11.3 discusses the
effect of the valve capacities. § 111 describes the
measurements ; I7ig. 1 shows the principle of the
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frequency measurement, in which the frequency
under investigation is compared with that from a
quartz oscillator. The two frequencies are mixed ;
their difference is compared with that of an audio-
frequency beat oscillator by producing an ellipse
on the screen of a cathode-ray tube. The measure-
ment of harmonic content (§ 111.2 ; Fig. 2) employs
an exploring-note method in which the frequency
under investigation and one from a receiver-test
generator are mixed in a hexode. The mixing
circuit is shown in Fig. 3.

Experimental results are described in §1v and
shown in the form of curves. With Llewellyn’s
circuit ‘“ a considerable degree of independence of
frequency as regards anode voltage was attained,
though not at the highest frequency used
(4.24 Mc/s). Stabilisation of frequency as regards
heating-voltage fluctuations was only found in one
case. Simultaneous independence of frequency as
regards anode and heating voltage never occurred.
It seems probable from measurements of the
harmonic content that the strength and form of the
overtones also have a bearing on frequency stabilisa-

tion.”” Dow’s electron-coupled oscillator gave
stabilisation as regards anode voltage for all
frequencies from 1.69 to 4.24 Mc/s. ** FFor this it

was necessary to tune the anode circuit to the
fundamental of the oscillations produced in the grid
circuit and to adjust the screen-grid voltage to a
definite fraction of the anode voltage. No com-
pensation effects are produced if the anode circuit
is tuned to an overtone; the frequency then
becomes chielly dependent on the screen-grid
voltage. The wvariation of frequency with the
heating voltage was small, with the oscillating
valve used.”

2299. ON THE COMPENSATION OF TEMPERATURE
CoErFICIENT oF TUNING CiRcUIT [Theoretical
and Experimental Investigation: Capaci-
tance Compensation by Bimetallic Construc-
tion : Inductance Compensation by Micalex-
Bars/Bakelite-Cylinder Bobbin: Coefficient
reduced to 5 X 107%.—S. Uemura. (Nippon
Elec. Comm. Eng., Feb. 1939, No. 15, pp.
575—576 : summary only.)

250-WATT CrysTaL OsciLLATOR [Proof of
Authors’ Contention that Improvement in
Valve Design is of Iirst Importance if
Increased Power Output of Crystal Oscillator
is desired : More than 250 W obtained easily
with MD-546-C Pentode (Nisio & lkezawa) at
5 Mc/s].—I. Koga, \W. Yamamoto, & others.
(Electvot. [ourn., Tokvo, April 1939, Vol. 3,
No. 4, pp. 92-94.)

New Tvpes or “ CONTROL- "’ aAND *' FILTER -
Quartzis.—Rhode. (See 2456.)

A FREQUENCY-CHECKING SUPERHET : UTIL-
ISING BROADCAST STATIONS FOR AMATEUR
TRANSMITTER FFREQUENcY CoNTROL.—D. A.
Griffin. (QST, April 1939, Vol. 23, No. 4,
pp. 38—41 and 88))
MobpuraTioN [Systematic Examination of
Definitions and Fundamental Principles].—
H. Ruprecht. (E.N.T., Feb. 1939, Vol. 16,
No. 2, pp. 43-47.)

From the author’s summary :-—The terin *“ modu-
lation " is a specific name for a physical process

2300.

2301.

2302.

2303.
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dominated by the idea of the variation of a para-
meter in the cxpression for an oscillation, not by
a l‘ourier analysis (sideband representation), . . .
which is the analysis of the form produced by
modulation and represents a special form of fre-
quency transformation as the result of modulation.
The term ‘“ modulation "’ should only be used in
the range of degrees of modulation greater than
zero and up to and including unity. Higher degrees
of modulation belong to the region of “ over-
modulation,” which is only of theoretical interest.
A modulated oscillation is characterised as a
fluctuating oscillation (in which one parameter
fluctuates round a fixed positive value), in contrast

to the oscillating oscillation with a parameter
oscillating about zero (complete beats). The

modulation is amplitude or phase-angle modulation,
according to whether the otherwise constant factor
(amplitude A) or the argument (the phase angle
wt + ¢) is the fluctuating parameter. These two
principal types have among many other possible
sub-types the important ones of amplitude and
phase-angle modulation respectively, with the
modulating frequency in the denominator of the
modulating function. The latter is known as
frequency modulation, while the former has no
special name. The word * phase modulation,” that
is, modulation of the zero phase angle ¢, ought to
disappear, for several reasons . . . there is no real
physical basis for a modulation of the zero phase
angle, which would look correct in the formula,
in an oscillation varying with time.

2304. MODULATION METHODS FOR THE ATTAINMENT
oF A Hign ErrFiciEncy @ Parr I [Condemna-
tion of Chireix System : Full Analysis and
Discussion of Doherty System, with Calcula-
tion of Its litticiency : Variations (Telefunken
Patents) of Doherty System, avoiding Defects
of Latter].—R. Hofer. (Telefunken Haus-
mitteilungen, March 1939, Vol 20, No. 8o,
pp. 85-100.)

“In the practical use of a transmitter with the
Doherty connection there is the complication that the
grid a.c. ratio p requiresin general a very accurate
adjustment in order that the resulting working
characteristic may have as linear a form as possible
to give good modulation-quality. With weak
modulation a distorting curvature of the resulting
characteristic can only be reduced sufficiently by
the artifice of negative feedback (e.g. over a linearly
working rectifier) if a serious deterioration of the
energy balance is not to be suffered. Moreover, it
has already been pointed out that with modulation
of comparatively wide band-width the external
impedance of the carrier valve may be markedly
complex, causing an increase of the form distortion
tor high modulation tones. These objectionable
phenomena can be improved if the carrier valve is
allowed to work, during modulation, in a per-
manently over-voltaged condition and the sideband
frequencies are controlled in both 1.f. half-periods
by valves which are connected at the other end of a
[coaxial-tube] transmission line. There are two ways
of doing this, which are described below ** [(1} ar-
rangement ol a separate valve group for the sideband
amplification, and (better) (2) arrangement of a
separate push-pull modulator for the sideband
amplification].
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2305. DESIGN OF RADIO-I'REQUENCY OUTPUT NET-
WORKS FOR BROADCASTING TRANSMITTERS
[Analysis of Sideband Cut-Off due to
Resonance Characteristic, Filtering Action
on Higher Harmonics, and Modulation Dis-
tortion due to Phase RRotation of Sidebands :
liquations and Charts: Pi-Type Circuit
treated as Two L-Type Circuits].—Y . Koike.
(Nippon FElec. Comm. Eng., Feb. 1939, No. 15,
Pp- 546-553)

2306. A NoN-LINEAR DIFFERENTIAL-FEEDBACK
OsciLLaTor.—G. Hakata & M. Abe. (Nippon
Elec. Comn. Eng., Feb. 1939, No. 15, pp.
526-536.) A summary was dealt with in
955 of March.

AuTtomaTic VoLUME ConmpressioN.—Pawley.
(See 2576.)

A PEAK-LIMITING AMPLIFIER FOR AMATEUR
USE : INCREASING CoMMUNICATION EFFI-
CIENCY AND PREVENTING OVER-MODULATION,
BY SPEECH-COMPRESSION. —R. Macfarland.
(QST, April 1939, Vol. 23, No. 4, pp- 36-37
and 114.)

2307.

2308.

RECENT DuvELOPMENTS IN Rabplo TRANS-
MITTERS |Broadcasting, Short-Wave Broad-
casting, & General Purpose Transmitters,
Ultra-Short-Wave Police & Broadcast-Pick-
Up Equipment].—J. B. Coleman & \. E.
Trouant. (RCA Review, Jan. 1939, Vol. 3,
No. 3, pp. 316-334.)

A  TrELEFUNKEN WHALING TRANSMITTER
[Very Small Automatic Transmitter, with 6
Mile” D.F. Range, for tracing Killed and
Floating Whales|.—(Telefunken Hausmitteil-
ungen, March 1939, Vol. 20, No. 80, p. 121))

2309.

2310.

FOR AMATEUR TRANS-
(QST, April 1939,

SAFETY DEVICES
MITTERS.—G. Grammer.

Vol. 23, No. 4, pp. 42—44.)
RELATION BETWEEN THE POWER RADIATED
BY A SHIP STATION AND THE NUMBER OF
“ METRE-AMPERES.”—Marique. (See 23586.)

RECEPTION

A SupErHET CONVERTER TFOR 35- AND IO-
MrTrE RrcerTioN [using UH.IW. Valves:
Comparative Merits of Types 1231, 954, 1852,
& 1853).—F. Lester. (QST, April 1939,
Vol. 23, No. 4, pp- 30-34 and 106.)

231I1.

2312.

2313.

COMPENSATION OF TEMPERATURE

2314. ON THE
-Uemura.

Coe¥FICIENT or TuNING CIRCUIT.
(See 2299.)

VARIABLE-FREQUENCY QUARTZ CRVSTALS FOR
SUPERHETERODYNE RuceprioN, ETC.—Uda
& Honda. (See 2457.)

I'HE REDUCTION OF Diopr-DETECTOR Dis-
TorRTION BY PosITIVE Bias—(Marconi Re-
view, April/June 1939, No. 73, pp. 10-12)
A comparison of eqns. 1 & 2 for the max.
modulation percentage acceptable without dis-
tortion (due to the amplifier grid leak, when a
resistance-capacity coupling transfers the af.
voltages from the detector to the grid of the first
a.f. amplifier) shows that this percentage can be

2315.

2316.
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increased by positive bias to the diode. TFor satis-
factory operation (avoidance of increased damping)
the bias should be controlled by the signal input,
and a method of achieving such control is described.

2317. THE RECEIVERS oF To-pDAYy For TRANs-
OCEANIC CoMMUNICaTIONS.—P. Kotowski.
(Telefunken Hausmitieilungen, March 1939,
Vol. 20, No. 8o, pp. 30-52.)

2318. A STUDY oF WIRELESS PRINTING TELEGRAPH
SYSTEM, and FADING aAND STATIC INTER-
FERENCE IN WIRELESS DPRINTING TELE-
GRaPH [Dairen/Hsinking (Manchukuo) Ex-
periments : Desirability of Step-by-Step
Printer, but Necessity for Static Elimination
(Success of “ MTT ™ Anti-Static Apparatus
using Condenser-Resistance Time-Constant
Circuit and Thyratron) : etc.]—Sugiyama,
Yamamoto, Nakata, (Nippon Elec. Comm.
Eng., Yeb. 1939, No. 15, p. 571: p. 573:
summaries only.)

2319. PARASITIC RECTIFICATION [by Imperfect
Contacts : Some Instances].— Log-Roller."”
(World-Radio, 215t April 1939, Vol. 28, p. 10.)

2320. THE ACTION via THE Mains oF H.F, INTER-
FERENCE VOLTAGES ON BROADCAST MAaINs
RECEIWVERS —A. Dennhardt & O. Stauss.
(Hochf:tech. u. Elek:akus., I'eb. 1939, Vol. 53,
No. 2, pp. 45-50.)

The fundamental circuit used in this investigation
of the penetration via the mnains of h.f. disturbances
into a broadcast recciver is shown in Fig. 1; an
*“ artificial disturbance "’ is superposed on the normal
h 1. input voltage, and differs from it by a frequency
of the order of 1000 ¢/s. The measurement of the
loudness of the interference tone, the adjustment
of the normal working condition of the receiver,
and the introduction through the mains of the
disturbing h.{f. voltage are described. Results are
described in §1v (I'igs. 3-6). The '‘anti-noise
rigidity * (Storfestigkeit) of a receiver is defined by
eqn. 1 as the percentage ratio of the permissible
h.tf. voltage entering by the mains to the useful
input voltage: it is the reciprocal of the ‘* sensi-
tivity to noise.” The question of its magnitude is
discussed in § v.1 ; I'ig. 9 shows how it varies with the
input voltage required by the receiver. The effect
of introducing a h.f. rejector circuit (Fig. 10) and
the influence of aerial and earth resistances (input
circuits for determining this influence, Fig. 11;
influence on ** anti-noise rigidity,” Figs. 12a & b}
are discussed in § vi: the decrease of rigidity
with increase in earth resistance is serious. Fig. 12¢
shows the effect of various capacities of a counter-
poise earth, for a simple single-circuit receiver :
the “rigidity "’ is improved by the counterpoise,
and a max. value is indicated for a capacity around
500 picofarads.

2321. A CAUSE OF SCATTERING [of Results) iN THE
MEASUREMENT 0OF RADIOPHONIC INTER-
FERING VOLTAGES [by CISPR Technique :
Theory (and Experimental Confirmation) of
the Limits of Precision for Superheterodyne
Receivers].—G. Goffin. (L’Onde Elec., Feb.
1939, Vol. 18 [wrongly printed 19], No. 2006,
PP. 57-69.)

The author’s conclusions are as follows —In the
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case of isolated pulses of interference, the peak
value read on the indicating instrument of the
interference-measuring equipment lies between two
symmetrical limits on either side of the true value.
When such pulses (e.g. those due to the working of
a tramcar controller) are measured, there is an
uncertainty which depends on the qualities of the
receiver employed and which, with the receivers
tested, amounted to about 4 (b whenever it was
impossible to repeat the measurement so many times
that an average value could be calculated. In the
case of periodically repeated interference, even when
the pulses are strictly identical, the needle of the
indicating instrument shows continual oscillations
about a mean value: the amplitude of these
oscillations depends on the periodic frequency of
the pulses and on the receiver qualities.

Equation 15 shows that to reduce as much as
possible the dispersion between the measured values
two possible courses may be taken : (1) the inter-
mediate-frequency selection-factor A may be re-
duced as much as possible : A is defined (pp. 62-63)
as the ratio of the sinusoidal voltage at the inter-
mediate frequency f,, to that voltage (at the pre-
selector resonance frequency f,) which produces
the same deflection in the indicator of the peak
voltmeter when similarly applied to the input of
the measuring receiver.  The reduction of A means
that the pre-selecting circuits must have very little
damping, and should contain a wave-trap circuit
tuned to the intermediate frequency. The selec-
tivity of the pre-selecting circuits cannot, however,
be increased beyond certain limits, the CISPR
type receiver having to have a h.f. pass band of
9 kefs at all frequencies. Course (2) is to increase
the intermediate frequency : in practice, however,
this can hardly exceed 300 kc/s.

2322. OSSIBILITIES OF INTERFERENCE ELIMINA-
TION IN BROADCAST RECEIVERs [Survey].-

G. St. Dallos. (Funmktech. Monatshefte,
Feb. 1939, No. 2, PP- 33-41.)
“ Cut-out ” (interruption) methods and the

advantage of homodyne (“ zero-beat ') reception—
difficulties ‘ great but not insurmountable ”’ : the
writer’'s commutator machine for the quantitative
investigation of “ cut-outs ”’ with variable duration
and frequency of make and break ;: interruptions
shorter than 1.4 msec. are hardly noticeable if
their frequency does not exceed 20-30 per sec.
(provided that building-up and decay processes,
and hysteresis effects, are avoided) : interruption
circuits (Figs. 7 & 12). Amplitude limitation,
static and dynamic : the General Electric dynamic
limiting circuits, with scries diode (Fig. 9, for weak
signals) and parallel diode (Fig. 10, for strong
signals), and an advantageous combination of the
two (Fig. 11). For a correction see ibid., March
1939, No. 3, p. 74.

2323. SUPPRESSION aND CarR PErrForMaNCE [Test
Experience of Lffect of *“ Resistance "’ Sup-
pression (of Interference) on Road Perform-
ance of Car: ' Entirely Negligible ""].—
C. Attwood. (Wireless World, 13th April
1939, Vol. 44, pp. 345-346.)
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2324.

2325.

2326.

2327.

2328.

2329.

2330.

2331I.

2332.

Pusa-BurtoNn Tu~NIiNG IN A NEw LiGHT
[P-B Receivers may be Much More Efficient
and Flexible than Ordinary Type, where
Many Variables must be set permanently in
Compromise Positions].—(Wireless World,
3oth March 1939, Vol. 44, pp. 293-294.)

CarcuratioN ofF ToNe CONTROLS AND
CorrEcTING Circurts (for Broadcast Re-
ceivers and Gramophones].—H. Pitsch.
(Funktech. Monatshefte, March 1939, No. 3,
pp. 75-79.) Continuing the work dealt with
in 1395 of 1938 and back reference.

THE Wireless World STAND-By THREE [Low
Tension from Dry Cells: an Emergency
Receiver].—(Wireless World, 3oth March &
6th April 1939, Vol. 44, pp. 2900-293 & 314—
317.)

A HURRICANE EMERGENCY RECEIVER: A
SIMPLE BATTERY JoB For GENERAL UsE
WHEN POWER FaILs [Wave-Range 2—2000 m].
—G. M. Smith. (QS7T, April 1939, Vol. 23,
No. 4, pp- 48-51 and 106.)

THe GErMAN 1038 ‘“*SmaLL RECEIVER "
[ DKE,” to give Same Performance as the
‘ People’s Receiver ” at about Half the
Price—say RM 35].—(Lorenz Bevichte, Dec.
1938, No. 3/4, pp. 78-80.)

ON THE APPLICATION POSSIBILITIES OF THE
‘ UNIVERSAL ”” OUTPUT TRANSFORMER [with
Tapped Primary and Secondary : for Match-
ing to Output Valve and to Ioudspeaker :
as Mains Transformer : in Modulated Signal
Generator].—M. Wiinsch. (Funktech. Monats-
hefte, March 1939, No. 3, pp. 80-84.)

TRANSFORMER LAMINATIONS WITHOUT WASTE
OoF MATERIAL [Advantages of the “E & I
Core lorm, and Its Derivative the * Pure E
Core with All Dimensions as Multiples of
“ Window " Width: Type Classification
System : Table of Dimensions for Types
from “E 8" to " K 20 ”’].—Kaser. (Funktech.
Monatshefte, March 1939, No. 3, pp. 87-89.)

AERIALS AND AERIAL SYSTEMS

TELEVISION STATION HAs RapicarLy De-
SIGNED ANTENNA [‘‘ Cubic-Shaped ”’ (Eight
Copper Tubes) 4.5 m-Wave Aerial for Helder-
berg (Schenectady) Station].—General
Electric Company. (Sci. News Lelter,
11th March 1939, Vol. 35, No. 10, p. 159.)
See also World-Radio, 5th May 1939, p. 13.
For previous information on this station see
1987 of May.

RapiaTioNn RESISTANCE oF A HORIZONTAL
DiroLe aBOVE EarTH [Completion of
McPherson’s Analysis, and Derivation of
Expression in Form suitable for Practical
Use|.—L. Lewin. (Marcont Review, April/
June 1939, No. %3, pp. 13-24.) For
McPherson’s work see 3591 of 1938 and back
ref. The year of publication there given
(" 1938 ”’) is correct ; not ‘‘ 1937 ~ as quoted
in the present paper.
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2333. THE CarcuraTioNn ofF THE ENERGY RaDIA-
TION Or AERIAL SYSTEMs [consisting of
n Parallel Straight Radiators of TFinite
Length, the Position of the Radiators, the
Current Distribution, and the Phase Dis-
placements between the Individual Currents
being Known: Explanation of Pistolkors’
Method of Direct Integration, illustrated by
Its Application to a Two-Radiator System].

—1F. Oberhettinger : Pistolkors. (Lovenz
Berichte, Dec. 1933, No. 3/4, pp. 67-77.)
For 7Pistolkors’ mniethod see also 1929

Abstracts, p. 329.

2334. MoDEL MEASUREMENTS ON FIXED AIRCRAFT
AERIALS FOR DETERMINING THE IKADIATION
CHARACTERISTICS IN THE SHORT-WAVE
Rkange.—E. Harmening & W. Pfister.
(Hochf:tech. ut. Elek:akus., Feb. 1939, Vol. 53,
No. 2, pp. 41-45.)

These measurements on the wavelength range
8o—120 m for a full-sized aeroplane were made on a
model of a *“ Ju 52 ** (Fig. 1) diminished in the ratio
1:18. The wavelength actually used was §5m,
corresponding to 9o m on the full-sized machine.
The model, containing a small transmitter, was
fastened into a wooden frame (Fig. 2) so that it
could be rotated about its three principal axes.
The transmitting and receiving posts were 50 m
apart, each on a wooden tower 50 m high so that
neither the wave retflected from the earth, nor
cables or iron in the neighbourhood, affected the
results. Relative measurements of field-strength
were made ; the results for various positions and
lengths of transmitting aerial are shown in Figs.
3-10. It was found that an equivalent dipole
could be found for every radiation characteristic.
“The horizontal diagram (round the principal
axis) is, for the ordinary aerial dispositions, almost

circular; a rod used as an aerial has marked
directional effect, depending on its position.
Vertical polarisation of the radiation can be

attained by symmetrical arrangement; this pre-
vents the equivalent dipole being inclined obliquely
to one of the sides. Oblique inclination in the
forward or backward direction can however occur ;
this depends on Irequency and can be got rid of by
choosing a corresponding position for the aerial.”

2335. ‘* KURZWELLEN-ANTENNEN "’ [Short-Wave
Transmitting & Receiving Aerials in Theory
& Practice: Book Review].—IR. Kollak &
H. Wehde. (Zeitschr. V.D.I., 15t April 1939,
Vol. 83, No. 13, p. 396.)

2336. MEASUREMENT OF KEFFECTIVE HEIGHT OF
AUTOMOBILE ANTENNAS [including a Special
Apparatus for the Purpose, and Its Cali-
bration & Use].——D. E. Foster & G.
Mountjoy. (RCA Review, Jan. 1939, Vol. 3,
No. 3, pp. 309—381.)

2337. MEASUREMENT OF BROADCAST COVERAGE AND
ANTENNA PERFORMANCE : ParT II—THE
MEASUREMENT OF THE EFFICIENCY OF THE
ANTENNA SysTEM.—W. A. Fitch & W. S.

Duttera. (RCA Review, Jan. 1939, Vol. 3,
No. 3, pp- 340-354.) For Part I see 2910 of
1938.
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2338. THE [Anti-Fading] AER1IaL oF THE TELE-
FUNKEN BRroancasTING STATION AT HORBY
[Square-Sectioned 130 m Insulated Tower
with ‘“ Eight-Rayed Star ” Top-Capacity for
Small Variations of Natural Wavelength :
Measurements of Anti-IFading Results with
Varying Number of Top-Capacity '* Rays " :
etc.].—H. Larsson. (Telefunken Haus-
mittetlungen, March 1939, Vol. 20, No. 8o,
pPp. 101-109.)

2339. CALCULATION OF ATTENUATION FOR TRANS-
MITTING AERIALS.—W. Wiechowski. (Hochtf:
tech. u. Izlek akus., Feb. 1939, Vol. 53, No. 2,
pp- 50-34.)

The current and voltage distribution along the
aerial is assumed to be similar to that along a line
with attenuation. The differential equations of the
equivalent line are solved ; the energy equation
(energy supplied = energy radiated) leads to an
equation for determining the attenuation constant
which is solved numerically (Figs. 2 & 3) for the
case of an unloaded homogeneous aerial excited at
the base. The current and voltage distribution and
the power and field of the aerial are calculated.
Fig. 2 shows also (broken lines) that the approximate
method of obtaining ok from R /Z (Siegel & Labus,
2155 of 1937) gives slightly different values, which
are, however, useful for rough estimations.

2340. CERTAIN PROPERTIES OF DisSYMMETRICAL T
Pure REeactance NeTwokrks: Part I
[Ambiguities in Calculation of Voltage &
Current at Input Terminals of Aerial coupled
to Feeder by Such a Network, liable to lead
to Serious Errors].—(Marconi Review, April/
June 1939, No. 73, pp. 27-35.)

2341. A COUPLING SYSTEM FOR THE CLOSE-SPACED
ANTENNA-DikEcTOor [Half-Wave, with One-
Tenth-Wave Element Spacing : Link Coup-
ling, to simplify Matching Problems].—
M. P. Mobley : Stavrou. (QS7T, April 1939,
Vol. 23, No. 4, pp. 16-17.) I‘or use with the
aerial described by Stavrou (2762 of 1938),
which has proved extremely successful.

2342. LONG FEEDERS FOR TRANSMITTING WIDE
SIDEBANDS, WITH REFERENCE TO THE
ALEXANDRA PALACE ArrIAL-FEEDER Svs-
TEM |[Reflection Phenomena: Nature of
Impedance Irregularities (Effect of Insulator
Spacing, etc.), and Effect on Received Image :

Matching the Aerial to the Feeder: Im-
pedance-Measuring Technique : the Final
Designl.—E. C. Cork & L. Pawsey.

(Journ. I.E.E., April 1939, Vol. 84, No. 508,
PP. 448-407 ;. Discussion pp. 475-480.)

2343. Hicn-FrugueNcy  FEEDERs [Open-Wire
Feeders (including Test at Daventry on
Four-Wire Type): Concentric Feeders :
Matching : Harmonic Suppression : Dissipa-
tive Feeders (for Transmitter Testing)].
F. C. McLean. (World-Radio, 14th April
1939, Vol. 28, pp. 11-12 and 13.)

2344. AERIAL-FEEDING KEQUIPMENTS IN GERMAN
SHORT-WAVE STATIONS.—Buschbeck. (In
paper dealt with in 2580, below).
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CHARTS FOR TRANSMISSION-LINE MEASURE-
MENTS AND CoMPUTATIONS [for Rapid De-
termination, from Simple Measurements, ot
Load Impedance at Any Desired Position
along Line, or of Current and Voltage
Distributions, etc.].—P. S. Carter. (RCA
Review, Jan. 1939, Vol. 3, No. 3. pp. 355—

2345.

368.
2340, A DOUBLE-BARRELLED ~~ ANTENNA 5YS-
TEM : SIMPLIFIED FLAT-LINE I'EEDING FOR

A Two-BanDp [14 & 28 Mc/s] ANTENNA--
L. M. Swift. (QST, April 1939, Vol. 23, No. 4,
pp. 22—23 and 102.)

CoroNa VorLTAGE AND Coroxa Loss OF
DouBLE-ConDUCTOR TraNsMIssiON LINE [of
H.T. Power SystEm].—Satoh & others.
(Electrot. Journ., Tokyo, March 1939, Vol. 3,
No. 3, pp. 66-69.)

2347.

STEEL AERIAL MasT [Triangulated Mast of
Steel Conduit Tube as used for Itlectric Light
Wiring|.—(Wireless World, 6th April 1939,
Vol. 44, pp. 317-318.)

2348.

EarTHIiNG [Methods of Reducing the Re-
sistance of Earth Connections!—H. G.
Tavlor. (Wireless World, 27th April 1939,
Vol. 44, Pp- 394-396.)

2349.

VALVES AND THERMIONICS

THEORY AND MEASUREMENT OF ULTRA-
SHORT-WAVE Varves.—H. Zuhrt. (7.F.T,,
Feb. 1039, Vol. 28, No. 2, pp. 37-44.)

" In earlier works of the writer [2775 of 1938 and
back ref.] the behaviour of a triode at ultra-high
frequencies was calculated, taking into account the
electron path times . . . It was shown that the
conceptions valid at low frequencies as to the
passage of the electrons are no longer adequate for
ultra-high frequencies, and that here the whole
displacement current connected with the electron
motion must be considered : this ‘ displacement ’
current, to distinguish it from previous currents
under that name, will in what follows be called,
from its cause, the ‘inHuence’ current. Since
these conceptions apply to all valve processes at
ultra-high [requencies, it is desirable to develop
further the explanations thus begun and to represent
them in a uniform manner. In the following pages,
therefore, the whole behaviour ol a triode at ultra-
high frequencies will be explained accurately on a
physical basis, theoretical calculation being avoided :
the significance of the °‘intluence’ current will
emerge particularly clearly. Yurther, in the last
section some new measurements [on the Telefunken
SDi] are given.” The nature of the ‘' intluence
current is first described, starting from the ele-
mentary experiments with an electroscope and
charged bodies. Its importance in the action of
magnetrons and B3-K oscillators is mentioned onlv
in passing. lts effect on the decrease and phase
displacement of the transconductance of a triode is
then discussed in detail: the next sections deal
with its action in diminishing the input resistance,
and with the practical significance of these effects
in the amplification and generation of ultra-short
waves.

2350.
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2351.—COMPARISON OF
Varves [Types
(See 2313.)
RELATION BETWEEN VIRTUAL CATHODE AND
PPOTENTIAL DISTRIBUTION IN MAGNETRON
[Virtual-Cathode Radius calculated as 80%
of Anode Radius, from Anode-Voltage/
Anode-Current Characteristic : as 60% from
Voltage-Distribution Considerations, agreeing
Better with Experimental Results].—G.
Hara. (Electrot. Journ., Tokyo, March 1939,
Vol. 3, No. 3, p. 72.)

UrrtrAa-HIGH-FREQUENCY
1231, 954, etc.|.—Lester.

2352.

HicH-FrREQUENCY, FREQUENCY-CHANGING,
AND DETECTOR STAGES 0F TELEVISION
REcCEIVERS.—Strutt. (See 2428.)

THE NEW SECONDARY-EMISSION VALVE :
SOME  APPLICATIONS OF THE ELECTRON-
MurtipLIER PRINcCIPLE [Use as I'requency
Changer : as \Vision-lI'requency Amplifier,
yielding Two Outputs in Opposite Phase,
each with Stage Gain around 40].—E. S.
Viller. (Wireless World, 30oth March 1939,
Vol. 44, pp. 303-304.)

. On THE DEPENDENCE OF THE COEFFI-
CIENT OF SECONDARY IMISSION ON THE
ANGLE OF INCIDENCE OF THE D RIMARY
Beam [Application of Lukjanov & Berna-
tovich’s Formula (in First Approximation,
log,0 = log,B — 2/3.ycos ¢) to Miller's Re-
sults : Good Agreement].—S. ]. Lukjanov
[Luk’yanov] : Muller. (Physik. Zeitschr. der
Sowjetunion, No. 1, Vol. 13, 1938, pp. 123—
126 : in English.) See Miiller, 2180 of 1937.

2353-

2354.

2356. ON THE THEORY oOF CONDUCTIVITY OF
THERMIONIC VALVES.—Yu. A. Katzman.
(Jowrn. of Tech. Phys. [in Russian], No. 20,
Vol. 8, 1938, pp. 1824-1835.)

The results obtained by Benham (1928 Abstracts,
p. 288) and Llewellyn (1934 Abstracts, pp. 89-90)
in their investigation of varying currents in a
thermionic valve are ‘‘ too complicated,” and the
author has therefore attempted to derive a simpler
solution of the fundamental equations and to
develop a theory of conductivity of a diode suffi-
ciently simple for technical purposes. To achieve
this result cquation (g9), showing the relationship
between the electron velocity and the current
density, is derived from the fundamental equations
(1—-3) determining the movement of electrons in
vacio between two electrodes. A solution of this
equation is found (31) and from this the distribution
of potential between the electrodes is determined.
Equations (51) and (52) are then derived determining
respectively the active and reactive canductivities
of the space between the electrodes per unit surface
of the electrodes. A detailed physical interpreta-
tion of the results obtained is given.

2357. INCONSTANCY OF *“ DURCHGRIFF ' [Reciprocal
of Amplification Factor] axp CuBicaL
DiSTORTIONS IN SINGLE-GRID VALVES.—
H. Holzwarth. (E.N.T., Jan. 1639, Vol. 16,
No. 1, pp. 27-36.)

This work is based on the assumption of a linear
variation of the “ durchgritf ” with the working
point on the characteristic (see Harnisch & Raudorf,
2790 of 1938). The second- and third-order dis-
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tortions are calculated, using the three-dinmensional
representation of characteristic surface and working
surface shown in Tig. 1; the formulae arrived at
are given in eqns. 17, 18. From these the " klirr
factors and coefficients are deduced and shown in
Figs. 3-7. It is found that ‘‘for one definite
external resistance the cubical distortion vanishes,
i.e. internal compensation of the *klirr’ factor
occurs. This resistance is determined by the
working point and the internal resistance of the
valve and can thus be arbitrarily varied by
varying these quantities.” The calculations were
sufficiently confirmed by experiment (circuit Fig. 8}
for valves with linear “* durchgriff * variation, but
other valves gave completely different results. It
is found necessary to determine the dynamic
variation of the * durchgriff 7 if the distortions
are to be successfully predicted.

2358. A VALVE TESTING PANEL FOR MEASURING

“ DURCHGRIFF,”” SLOPE, AND INTERNAL
RESISTANCE BY MEANS OF ALTERNATING
CURRENT.—E. W. Helmholz. (Physik.

Zeitschr., 15th March 1939, Vol. 40, No. 6,
pPp. 201--205.)

The panel is composed of bridge circuits working
at audio frequencies. Their principles are given
in §1r (Fig. 1, measurcment of * durchgriff,” the
reciprocal of the amplification factor; Fig. 2,
measurement of slope; Iig. 3, measurement of
internal resistance). The arrangement of the panel
is shown in IFig. 4. The crrors of the simple circuits,
and their removal, are discussed in §1v ; their final
form is described in § v (Figs. 5—7 corresponding to
Iigs. 1-3). The time taken to reach stationary
conditions, the sensitivity of the bridge, and
the relative and absolute degree of accuracy
attainable, are dealt with in §vi and compared
with Barkhausen’s valve formula ; §vil compares
this accuracy with the scattering which occurs
among valve data.

2359. FREQUENCY-CHANGER VALVES [Undesirable
Iiffects in Short-Wave Reception, and Valve
Makers’ Recent Counter-Measures].—E. G.
James. (Wireless World, 30th March 1939,
Vol. 44, pp. 205-290.)

2360. CORRECTION TO DATE IN “ A NEW CONVERTER
Tupk FOR ALL-WavE Rrceivers.”—Herold
& others. (RCA Review, Jan. 1939, Vol. 3,
No. 3, p- 381.) See 3951 of 1938.

2361. PROGRESS IN THE [TELD OF KREGULATING

[AVC] VaLvEs [with ** Sliding ~* Screen-Grid
Voltage : the EBIiT 11, LEFM rzr, ECH 11,
EF 11, etc.].—H. Pitsch. (Funktech. Monals-
hefte, Feb. 1939, No. 2, pp. 45-50.)

2362. RECENT P’PROGRESS IN Varves.—B. Decaux.
(Rev. Gén. de I'Elec., 4th March 1939, Vol. 45,
No. 9, pp. 263-273.)

2363. A MODERN LOW-POWER TRANSMITTING PEN-

TODE : THE PENTODE S.T.R. P.16 [Peak
Output 15-30 Watts on Broadcasting Fre-
quencies, with Low Control lLnergy and
1.ow Screen-Grid Dissipation : Suitable also
for Short- & Ultra-Short Waves (down to
3.8 m without Neutrodyning)].—Bustarret &
others.—(Bull. de la Soc. frang. Radioélec.,
Supp. Number, 1938, Vol. 12, No. 5, pp.
132-145.)
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2364. AMPLITUDE-LLIMITER OF ANODE-SATURATION
Tyrr [using Beam Power Valve].——Osawa.
(See 2433.)

2365. THE QUEsSTION oF THE OXIDE-COATED
CATHODE [and Its Mechanism : Short Survey
of Recent Researches].—(Funktech. Monats-
hefte, March 1939, No. 3, Supp. pp. 22-23.)

Of the six references given, the work of Heinze &

Wagener was dealt with in 4382 of 1938 and 998

of March ; of Mie, in 152 of January ; of Suhrmann

& Iriihling, in 1893 of 1938 ; and of Benjamin,

Huck, & Jenkins, in 2801 of 1938. The sixth

reference is Herrmann’s Berlin Dissertation of 1938.

2366. EMmisstoN or NEGATIVE IoNs FrRoM OXIDE
CarHopis [Beam of Negative Ions in
Cathode-Ray Tube shown by Darkening
Effect on Fluorescent Screen : Identifica-
tion of Component Ions: Measurement of
Negative-Ton Current : Formation Processes
and Origins of Tons].—L. F. Broadway &
A. F. Pearce. (Proc. Phys. Soc., 1st March
1939, Vol. 51, Part 2, No. 284, pp. 335 348.)

2367. THE ADsORPTION OF OXVGEN AND HYDROGEN
ON PLATINUM AND THE REMOVAL OF THESE
GasEs By DPosiTive-ToN [BOMBARDMENT.—
C. W. Oatley. (Proc. Phys. Soc., ist March
1939, Vol. 51, Part 2, No. 284, pp. 318-328.)
. Results of measurements of the contact
potential difference between a tungsten filament
and a platinum anode after the latter has been
subjected to various treatments .. . a clean
platinum surface can be obtained by successive
bombardments of the anode with positive ions of
oxygen and of argon. The work function of a
surface so prepared is found to be in good agree-
ment with the most recent values obtained by
thermionic measurements on clean platinum.
Values are obtained also for the work functions of
oxygen on platinum, hydrogen on platinum, and
mixed layers of oxygen and hydrogen on platinum,
The bearing of these results on the structure of the
mixed layers is discussed.”

o

2368. I'ORMATION OF NEGATIVE IONS BY NEGATIVE-
IoN BOMBARDMENT OF SURFACES: A NEw
Process.—Sloane & Cathcart. (See 2493.)

2360. A CoOMBINATION OF THE HYDRODYNAMIC
Tueory oF HEAT TRANSFERENCE WITH
THE LANGMUIR THEORY : II.—\V. Llenbaas.
(Physica, April 1939, Vol. 6, No. 4, pp.
380-381: in German.) Supplementary to
the paper dealt with in 153 of 1938.

DIRECTIONAL WIRELESS

A NEwW AUTOMATIC RADIOGONIOMETER WITH
VISUAL INDICATION : THE ‘‘ RADIOGONIO-
scoPk "’ [Loop (or Goniometer Coil) revolving
at about 6 r.p.s: Synchronously Rotating
Neon-Tube Indicator resembling an En-

2370.

larged ‘‘ Thermometer ’ Tuning Indicator].
—J. Marique. (L’Onde Elec., March 1939,
Vol. 18 [wrongly printed 20], No. 207,

pp. 11I-119.)
The basic idea is the desirability that the operator
should have before his eyes a sufficiently accurate
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representation of how the signal intensity varies
in the neighbourhood of the minima : this not only
helps him to make his reading but also enables
him to judge the degree of accuracy of the reading
and to distinguish easily between the true minima
and the false ones due to the spaces in telegraphic
signalling. It is arranged that the length of the
luminous column is a maximum when the signals
are at a minimum : the amplifier is such that at
signal maxima the voltage to the indicator is about
10 volts above the ionising voltage of 180, giving
a luminous length of 1-2cm only (compared
with some 20cm at the minima); the voltage
never falls below this value, so that the indicator
is always ionised and there is no ‘ hysteresis.”

2371. APPARATUS TFOR DIrREcTION FINDING IN
AIRCRAFT [particularly the Telefunken
Target-Flight Equipment and the R.C.A.
Radio-Compass AVR-8].—O. J. Xoch.
(Funktech. Monatshefte, Feb. 1939, No. 2,
PP 50-56.)

2372. THE  MARCONITRACK  AIRCRAFT  RADIO
Beacon SysTEm [with Ultra-Short-Wave
Equi-Signal Path from Two Marconi-
I'ranklin Series I’hase Arrays: Causes &
Effects of Horizontally Polarised Com-
ponent : the Curing of This Trouble: Use
of Central Reflecting Screen to reflect back
Side Radiations leading to I‘alse Courses :
etc.].—]. M. Furnival. (Marconi Review,
April/ June 1939, No. 73, pp. 1-9.)

THE METCALF BLIND LANDING SYSTEM FOR
AIRPLANES [17-Inch Micro-Waves giving
Straight Glide Path formed by Four Over-
lapping Beams : ‘‘ Three Lighted Dots in
Cathode-Ray-Tube Instrument,” Centre Dot
controlled by the Beams, Outer Dots by
Bank & Climb Gyroscopes].—I. R. Metcalf
& others.  (Science, 1oth March 1939,
Vol. 89, Supp. pp. 8-9.)

2373.

2374. PoSSIBLE APPLICATION OF THE Rapio-Echo
ALTIMETER TO AERIAL MaPr DMAKING.
Lispenschied & Newhouse. (Science, 31st
March 1939, Vol. 89, Supp. p. 9: para-
graph only.) The altimeter dealt with in
1931 of May is stated to be capable, theoretic-
ally, of showing height changes as small as
10 feet.

2375. ACCURACY oF DIRECTION FINDERs [Calibra-
tion: Errors: Optimum Procedure].—
R. L. Smith-Rose & others: W. Ross.
(Nature, 11th March 1939, Vol. 143, p. 440 :
short note on recent LLE.E. Symposium.)
See also 1933 of May.

SPECIAL DIRECTION-INDICATING DEVICES OF
Luminous TyrE ror Use wirH INDUCTOR
COMPASSES FOR AERIAL  NAVIGATION
[Vibrating-Reed, C-R-Tube, and RCA 6li5
Electron-Ray Tube Types].-—G. Giulietti.
(L'Elettrotec., 10th Jan. 1939, Vol. 26,
No. 1, pp. 10-11.)

2376.
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2377. MAGNETIC SCREENING BY PLANE METAL
SHEETS AT AUDIo FREQUENCIES.—F'. Moeller.
(E.N.T., Feb. 1939, Vol. 16, No. 2, pp.
48-52.)

Measurements are described of the magnetic
field produced by a given coil behind plane metal
sheets of various sizes, thicknesses, and non-
magnetic materials, for different distances of the
screen from the coil and audio frequencies up to
1o kc/s. The arrangement of exciting coil, screen,
and test coil is shown in Fig. 1; the field strength
along the axis of the exciting coil was measured
by moving the test coil along the axis and altering
the current in the exciting coil until the same field
was obtained in the test coil. Experimental results
for square screens are shown in Figs. 2-10 for
various conditions; general deductions about the
dimensions of screen required in various cases are
made. An approximate formula (eqns. 7a, b) is
deduced which is valid over a limited range.

2378. AMPLIFICATION OF WIDE-BAND MODULATED
WAVES AT TRANSMITTER AND RECEIVER:
tHE HEFOD SvstEm.—Hayasi. (See 2424.)

PaPERS ON H.F. TELEPHONY ALONG THREE-
Puase TPower LinEs.—Carbenay. (See
2262.)

2379

THE NEw BROADCASTING HOUSE AT BRUSSELS

[with Description of the “ Alpha-Lambda "
Switching].—C. H. Colborn. (W orld-Radio,
j1st March 1939, Vol. 28, pp. 12-13.)

2380.

2381. THE PropucTioN PanNeL [or Dramatic
Control Unit].—W. J. Stentiford. (World-

Radio, 21st April 1939, Vol. 28, pp. 14-15.)

2382. A DISTRIBUTOR-AMPLIFIER FOR THREE
SEPARATE CHANNELS [Type V 36, for Asso-
ciation with Main Microphone Amplifier].
G. Schadwinkel.  (Telefunken Hausmit-
teilungen, March 1939, Vol. 20, No. 8o,
pp. 110-112.}

TaE CarcuraTioNn ofF RC CIRCUITS FOR
Bass ACCENTUATION IN AUDIO-FREQUENCY
AMPLIFIERS [Simple Graphical Method].—
C. H. Sturm. (Funktech. Monatshefle,
March 1939, No. 3, pp. 89-90.)

2383.

THE ABSOLUTE CALIBRATION OF Micro-
pHONES [Calibration of Same Condenser
Microphone by Rayleigh-Disc, Pressure-
Chamber, Electrostatic (Grutzmacher &
Meyer) and Electrodynamic (Gerlach)
Methods in Succession : Comparison of
Accuracy (Greatest with Pressure-Chamber
Method)].—W.Ernsthausen. (A kust. Zetischr.,
Jan. 1939, Vol. 4, No. 1, pp. 13-19.) The
calculated value of the transmission equival-
ent at 10ocf/s was 1.94 mvjub, while the
pressure-chamber method gave 1.8 mv/ub.

2384.

2385. CALIBRATION OF MICROPHONES AND TESTING
OF LOUDSPEAKERS: STANDARDISATION OF
MEASURING METHODS : - ISA 43, UK 3a.—

German Acoustics Committee.  (Akust.
Zeitschy., Jan. 1939, Vol. 4, No. 1, pp. 62-65
and 65-67.)

WIRELESS

ENGINEER 307

2386. INHOMOGENEITY OF THE MAGNETIC FIELDS
oF Dvynamic LoUDSPEAKERS [as a Source
of Non-Linear Distortion: Mathematical
Treatment and Experimental Plotting of
Flux Density Distribution in Air Gapl.—
W. Reinhard. (Akust. Zeitschr., March 1939,
Vol. 4, No. 2, pp. 137-141.)

“The curves [Fig. 5] show that for amplitudes
up to about 2mm the smallest distortions are
obtained with coils which are thin [short axial
length] compared with the magnetic field. However,
the difference between such a thin coil and a very
thick coil [long axially] is only slight, and the thick
coil is superior at large amplitudes. It has the
additional advantage that on account of the
smaller number of lines of force required the
magnetic field demands considerably less energy.
By far the worst behaviour is shown by the coil
of the same breadth [as the magnetic field]. With
this, for a movement of (for example) 2 mm, a
note in the neighbourhood of the natural frequency
of the diaphragm causes a weakening of up to
20% in the sound pressure of higher notes present
at the same time. A modulation of the higher
notes is thus produced, and higher harmonics occur
in the reproduction of low notes.”

»

2387. ON THE ‘“‘INVERsion '’ oF SounNp WAVES
oF LARGE AmMrLITUDE [Hypothesis explain-
ing Phenomenon of Increase of Non-Linear
Distortion during Propagation: Ixperi-
ments].—L. L. Mjasnikov [Miasnikov].
(Tech. Phys. of USSR, No. 12, Vol. 5, 1938,
PP- 932-943, in English:  Journ. of Tech,
Phys. [in Russian], No. 21, Vol. 8, 1938.
pp. 1896-1907.)

If a source of sound radiates a flat wave of large
amplitude, for example when a loudspeaker unit is
connected to an ‘“ infinite '’ tube of constant cross-
section, the wave will gradually be transformed
into a ‘“ shock "’ wave, t.e. the slope of the curve
U = f(»), where U is the oscillating velocity of
the wave, will gradually increase until a moment
is reached when dU/dt becomes infinity. This
break of continuity in the curve is called the
‘“inversion ”’ of the wave.

In the present paper the suggestion of Stokes &
Rayleigh, that the inversion ' of a wave is
accompanied by the appearance of waves travelling
in the opposite direction, is discussed theoretically,
and an account is given of experiments which have
confirmed this suggestion. In these experiments
the coetficient of reflection of the wave was deter-
mined by observing the variation of sound pressure
along a section of an “ infinite” tube. The
relationship between the coefficient of reflection
and sound intensity at a constant frequency was
also investigated. The transformation of a
harmonic wave into a “ shock ’ wave has also been
confirmed experimentally by analysing the wave
at various points along the tube for different
intensities of sound.

2388. CompINATION TONES IN SOUND AND LIGHT
[General Theory verified by Experiments].-——
W. Bragg. (Nature, 15t April 1939, Vol. 143,
PP 542-545.)
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2389. THE NEw KORTING HiGH-NOTE AUXILIARY
LoupspEAKER UNIT FOR ALL-ROUND RaDIA-
TION [embodying Three Loudspeakers].

Korting. (I2.7.Z., gth March 1939, Vol. 60,
No. 10, pp. 320-321.)

2390. THE “ CrysTaL Low - SPEAKER "  ror
HosriTaLs, rrc.—Grawor Company. (Men-
tioned in article on Leipzig Fair, 2623,

below.)

2391. DiscussioN oN ELEcTROACOUSTICS [including
Frequency Response of Loudspeakers, Archi-
tectural Acoustics, Noise Measurements,
etc.].—C. V. Drysdale & others. (Proc.
Phys. Soc., 1st March 1939, Vol. 51, Part 2,
No. 284, pp. 359-375.)

2392. InpIciaL IMPEDANCE OF CERTAIN INFINITE
Horns.—A. A. Kharkevich. (Journ. of
Tech. Phys. [in Russian], No. 20, Vol. 8§,
1938, pp. 1839-1849.) )
Using Webster’s equation (Proc. Nat. Acad. Sci.,
1919, Vol. 5, pp. 275-282) representing the propaga-
tion of a sound wave in a horn, a general expression
is derived determining the indicial impedance z of
an infinite horn whose section varies in accordance
with the law S = ax*, where b = 2n + 1. From
this expression formulae are derived determining
indicial impedances for the following patticular
cases -—§2: b 2 (conical horn); §3: b = 4;
§4: b= 06; and § 5: exponential horn (S=S,e™).
The results obtained are summarised in a table
(the case of a cylindrical horn is also included)
and a discussion is added in which a comparison is
made between the ditferent types of horn.

2393. THE PROBLEMS OF THE WORKS [’UBLIC
ADDRESS [EQUIPMENT IN A MODERN ENTER-
PRISE.—I. Kirstaedter. ([£.7.Z., gth March
1939, Vol. 6o, No. 10, pp. 295-299.)

RATING orF PuBLIC ADDRESs EQUiPMENT
[Recommendations of Institute of P.A.
Engineers].—D. Robinson. (Wireless World,
27th April 1939, Vol. 44, p. 396.)

2305. THE ‘THEOREM OF
ScHoTTKY’s 1L.aw as APrLIED To NON-
STATIONARY DI’ROCESSEs.—A. A. Kharke-
vitch. (Journ. of Tech. Phys. [in Russian],
No. 21, Vol. 8, 1938, pp. 1889-1895.)

The Schottky law of the reception of low fre-
quencies, stating that if a sound radiator is used
for reception its efficiency at low frequencies is
higher than that when it is used as a radiator, has
been formulated for stabilised sinusoidal operation
only. 1In the present paper non-stationary pro-
cesses are considered, and starting with a simpler
and at the same time more general proof of the
theorem of reciprocity, a new formulation of the
law with a wider meaning is obtained. The dis-
cussion is illustrated by two examples in which
the sound radiator takes the form of (a) a pulsating
sphere, and (b} an infinite plane oscillating along a
perpendicular axis.

2394.

REecirrROCITY AND

2396. 'UNDAMENTALS IN THE TESTING 0F SOUND-
RECORDING EQuUiPMENTS OF ALL TyrES [from
Dictaphones to Sound Films].—German
Acoustics Commiittee. (Akust. Zeitschr., Jan.
1939, Vol. 4, No. 1, pp. 68-73.)
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2397. A TonE-FLucTtuaTioN METER [for Measure-
ment of Distortions (in Sound-Film Work,
etc.) in the I'orm of Amplitude or Frequency
Modulations from Various Causes: Capable
of measuring Amplitude Modulations of
0.03-10% and Frequency Modulations of
0.01-3%].-—K. H. R. Weber. (Adkust.
Zeutschr., Jan. 1939, Vol. 4, No. 1, pp. 33—42.)

ErLecTrIC ORGANS [Letters on the Working
Principles of the Compton °* Electrone,”
Midgley-Walker Organ, etc.].—(Elsctrician,
31st March 1939, Vol. 122, pp. 401-402.)
See also tbid., 14th April 1939, p. 478.

2398.

A NoTE o~ THE EFFECT oF FINITE BREADTH
OF THE HAMMER STRIKING A PIANOFORTE
STRING.—D. Basu. (Current Science, Banga-
lore, March 1939, Vol. 8, No. 3, pPp. 109-110.)

2399.

AcousTic PROPERTIES OF VIOLINS OF QUT-
STANDING ToNE QuaLriTy.—H. Meinel.
(dkust. Zeitschr., March 1939, Vol. 4, No. 2,
PP. 89-112.) A fuller version of the Baden-
Baden paper dealt with in 1525 of April.

2400.

INTERNATIONAL FIXING OF THE STANDARD
PrrcH NoTteE [Support for Adoption of
440 c¢/s].—German  Acoustics Committee.
(Akust. Zeitschr., Jan. 1939, Vol. 4, No. 1,
pp. 67-68.)

ACOUSTIC SPECTRA OBTAINED BY THE DIF-
FRACTION OF LIGHT FROM SoUND FILMs
[including P’robable Value as Additional
Method of Sound Analysis].—D. Brown.
(Proc. Phys. Soc., 1st March 1939, Vol. 31,
Part 2, No. 284, pp. 244-255.)

From the author’s abstract :—' The theory of
diffraction is applied to a generalised form of
diffraction grating such as that provided by a
variable-density sound film. The results indicate
that under certain conditions the different frequency
components in the original sound will be uniquely
represented by spectral lines in the diffraction
pattern, producing an acoustic spectrum. The
theory of the method is shown to be of great
generality, permitting an analysis of transient as
well as of sustained sounds . . .”

2401I.

2402,

2403. FREQUENCY ANALYSER OF DIRECTLY VIEwW-
ING Type [for Wave Forms varying and
attenuating Rapidly, as in Sound Phenom-
ena:  C-R-Oscillograph Apparatus using
Magnetostrictive Resonators].—T. Hayashi
& K. Koseki. (Electrot.  Journ., Tokyo,
April 1939, Vol. 3, No. 4, p. 96.)

The higher the selectivity, the lower the analysing
speed, so bar-type magnetostrictive resonators
could not be used : tubes, with a proper amount of a
suitable substance inserted in them to lower the
selectivity, were therefore employed.

2404. THE CALCULATION OF THE VARIABLE Cox-
DENSERS oF A HowLING-TONE HETERODYNE
GENERATOR [Main (Note-Selecting) Condenser
and the Rotating Auxiliary Condenser].
K. Tamberg. (Funktech. Monatshefte, Feb.
1939, No. 2, pp. 57-61.)

THE * TRANSITRON "’ OSCILLATOR [applicable
to Audiometers, Supersonic-Wave Genera-
tors, etc.].—Brunetti. (See 2296.)

2403,
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2406. SUKRVEY OF LEGAL MEASURES FOR TUE RE-
STRICTION OF NoISE.—German Acoustics
Committee. (Akust. Zeiischr., Jan. 1939,
Vol. 4, No. 1, pp. 73-80.)

2407. THE CALCULATION OF THE SOUND IIELD OF
AN AIR-ScrEw.—W. Ernsthausen & W.
Wiltms. (Akust. Zeitschy., Jan. 1939, Vol
4, No. 1, pp. 20-28)

2403. ON THE REDUCTION OF NOISE IN VENTILATION
CHANNELS oF INDUSTRIAL aND CIviL BUILD-
ixGgs.—]. 1. Schneider. (Journ. of Tech.
Phys. [in Russian], No. 18, Vol. 8, 19338,
pp. 1671-1674.)

2409. SoUND TrANSMISSION Lossks IN TUBES aND
Hosgs, and THEORETICAL REMARKS ON THE
MEASUREMENT oOF SucH  Lossgs.—LE.
Waetzmann, W. Wenke. (Ahkust. Zeitschr.,
Jan. 1939, Vol. 4, No. I, pp. 19 pp. I0-12.)

Measurements on rigid tubes confirmed previous

observations on the validity of Kirchhoft’s theory.
Roughness doubled or trebled the attenuation
(contrary to Tischner’s result of a 2o-fold increase,
1930 Abstracts, pp. 575 & 634). With elastic hoses
the wall movement was the predominant factor :
several rubber tubes showed marked resonance
points. The sound velocity in tubes was found to be
only a little less than in free space: anomalous
dispersion occurred at the resonance points in
elastic tubes.

2410. AcousTiC FILTERS AND THEIR POSSIBLE
AppLICATION IN CERTAIN CASES FOR THE
ELiMINATION oF NoISE [from Motors, etc.].

S. Rama. (L’Elettrotec., 10th Jan. 1939,
Vol. 26, No. 1, pp. I9-20 : summary only.)

2411. ON THE ABSORPTION OF SOUND WITH THE
HerLp oF DAMPED RESONATORS [Analysis and
Experimental Investigation].—W. Willms.
(Akust. Zeitschr., Jan. 1939, Vol. 4, No. 1,
PP. 29-32.) DPrimarily in connection with
the sound-proofing ol aeroplane cabins.

2412. COMPARATIVE MEASUREMENTS OF ABSORP-
TION PERCENTAGE [Investigation of Dis-
crepancies Dbetween Values obtained for
Same Material in Diflerent Laboratories].
E. Mever & A. Schoch. (Adkust. Zeitschr.,
Jan. 1039, Vol. 4, No. 1, pp. 51-01.)

2413. MEASUREMENT OF ACOUSTIC IMPEDANCES
‘Absorption Coethcient of Sound-Absorbing
Materials].—W. Wisotzky. (Hochf:tech. wu.
Elek:akus., March 1939, Vol. 53, No. 3, pp.
97-104.)

This “* electro-acoustic bridge " is ** an apparatus
in which the acoustic pressure and velocity are
measured at the input of a Kundt’s tube. They
are transformed into alternating wvoltage and
current respectively and then introduced into a
Larsen compensator. The adjustment of this
compensator is then . . . directly proportional
to the acoustic impedance of the Kundt’s tube.”
The scheme of the apparatus is shown in Lig. 1;
the source of sound is an externally-excited dynamic
loudspeaker which has a special coil system
delivering an alternating voltage proportional to
the velocity of the membrane, and which is placed
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at the input of the Kundt’s tube. This voltage is
amplified and led into the Larsen compensator. A
crystal microphone, used as a pressure meter, is
hung inside the Kundt’s tube close to the loud-
speaker membrane ; the voltage produced in it is
compensated by the output voltage of the Larsen
compensator. The theory of the method is given in
§11.2 ; it is found that, * when the tube attenuation
is neglected, the absorption coetticient at the
beginning of the tube is equal to the absorption
coefticient of the material at the end of the tube,
whatever the tube length,”” which is'of great practical
importance at low frequencies. The apparatus is
described in §11.3; Fig. 2 shows the loudspeaker
with a piston membrane. The calibration (§11.4)
uses the properties of the input impedance of a
Kundt’s tube, with circles of constant absorption
coefficient (Fig. 3). § 111 describes measurements on
the materials used in the construction of sound
damped rooms in the laboratory (Fig. 4); Fig. 5
shows absorption coetficients of cotton-wool, Fig. 6
the best frequency/absorption curve attained.
§11.2 describes measurement of resistance of
absorbing materials to the motion of air currents
through them (apparatus L'ig. 7, results for cotton-
wool I7ig. 8), § 111.3 measurements to test the known
theory of porous absorbing materials (see Cremer,
620 [also.1068] of 1936). A list of literature refer-
ences is appended.

2414. OHM's AcousTIiCAL l.aw.—F. Trendelenburg.
(A kust. Zeitschy., March 1939, Vol. 4, No. 2,
2 pp)

ON THE DEPENDENCE OF THE LOUDNESS OF
THE SUBJECTIVE DIFFERENCE TONE ON THE
IFREQUENCY OF THE PRIMARY TONE {Ampli-
tude independent of Primary-Tone F'requency
to over 10000 c/s, but Loudness increases
with Frequency up to Maximum at 6000 c/s,
then decreases : etc.].—W. Kuhl. (Akust.
Zeitschr., Jan. 1939, Vol. 4, No. 1, pp. 43—50.)

2415.

THE MONAURAL THRESHOLD : THE LEFFECT
OF SUBLIMINAL AND AUDIBLE CONTRA-
LATERAL AND IPSILATERAL STIMULL—]. W.
Hughes. (Proc. foy. Soc., Series A, 7th
March 1939, Vol. 169, No. 939, p. Sz20:
abstract only.)

2416.

2417. ON THE DIEZOELECTRIC MEASUREMENT OF
THE ABSOLUTE THRESHOLD OF AUDIBILITY
1N BoNeE ConbpucTioN.—G. von Békésy.
(Akust. Zeitschr., March 1939, Vol. 4, No. 2,
pp. 113-125)

ON A DIAPHRAGM OF A VIBROMETER FOR
SUBMARINE  ACOUSTICAL  MEASUREMENT
[Analysis of Transmission Characteristic of
Clamped Circular Diaphragm in Hole in
Infinite Rigid Wall with Water on One Side].
—T. Hayasaka. (Nippon Elec. Conm. Ing.,
Feb. 1939, No. 15, p. 572 : summary only.)

THE EXPERIMENTAL FOUNDATIONS OF THE
DEVELOPMENT OF THE ACOUSTIC AIR-]ET
GENERATOR [Frequencies 5000c/s (640 W
Radiation) to 10oo0cocfs (1.6 W Radia-
tion)].—J. Hartmann & E. von Mathes.
(Akust. Zeitschy., March 1939, Vol. 4, No. 2,

pPp. 126 136.)

2418.

2419.
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2420. THE ABSORPTION OF SUPERSONIC WAVES IN
Human TissuE AND ITs DEPENDENCE ON
FreEQUENCY.—R. Pohlman. (Physik. Zeitschr.,
1st March 1939, Vol. 40, No. 5, pp. 159-161.)

2421. SUPERSONIC \WAVES IN THE SERVICE OF
MEDICINE [Short Survey].—Fehr. (Funktech.
Monatshefte, March 1939, No. 3, pp. 93-94.)

2422. DETERMINATION OF THE ADIABATIC PIEZo-
Opric CoEFFICIENT oF Liguinps [Work
bearing on Diffraction of Light in Supersonic
Fields].—V. Raman & K. S. Venkataraman.
(Proc. Roy. Soc., Series A, 7th March 1939,
Vol. 169, No. 939, p. S 14 : abstract only.)

PHOTOTELEGRAPHY AND TELEVISION

2423. NARROW-BAND TRANSMISSION SYSTEM FoRr
ANIMATED LINE ImaGEs [C-R-Tube Recep-
tion of Line Image of Woman's Head trans-
mitted on Total Band Width of 2600 ¢/s, or
Animated Cartoon Figure on 10000c/s:
Various Applications, including Maps].——
A. M. Skellett. (Elec. Engineering, March
1939, Vol. 58, No. 3, Transactions pp. 124—
126.) The total band widths mentioned are
made up of two equal bands for the potentials
to the two sets of deflecting plates. The
spot traces out the line image 20 or more
times a second.

2424. AMPLIFICATION oF WIDE-BAND MODULATED
Waves: THE HEFOD [High-Efficiency
I‘requency-Operated Device : with Applica-
tion to Television and Under-Water Super-
sonic Communication}.—T. Hayasi. (Electrot.
Journ., Tokyo, April 1939, Vol. 3, No. 4,

. 95.

At tlIl)e transmitter, the microphone currents are
filtered into the high-frequency (H) and low-
frequency (L) components: these are reunited
before application to the modulating stage, but H,
in the meantime, is made to provide a control
voltage (by a special rectifier whose output is
independent of the input amplification but increases
with the input frequency) which regulates the
damping of the tuning circuits and radiating
system : as the damping increases the supply
voltage is increased to maintain the otherwise
diminished output. Thus the band widths are kept
adjusted to the requirements of the instant, and
high-efficiency transmission is obtained. A similar
process occurs at the receiver.

2425. PROBLEMS INVOLVED IN THE TRANSMISSION
oF WIDE FREQUENCY BANDS OVER LINES
AND CaBLEs [Recent Developments enable
Frequency Bands of more than 2 Mc/s to
be transmitted over Hundreds of Kilo-
metres].—A. Kopping. (Funktech. Monats-
hefte, Feb. 1939, No. 2, Supp. pp. 9-12.)

2426: THE CHARACTERISTICS OF CABLES ¥OR HIGH-
I'rREQUENCY CURRENTS [for Television, etc.].
—G. Wuckel. (Rev. Gén. de U'Elec., 4th
March 1939, Vol. 45, No. 9, pp. 278-280.)
Long summary of the German paper re-
ferred to in 2902 of 1938.
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2427. TELEVISION TRANSMISSION TECHNIQUE : V-
THE TRANSMISSION OF THE Low-FREQUENCY
ImaGeE SieNars [and the Question of the
D.C. Component].—F. Ring. (Funktech.
Monatshefte, Feb. 1939, No. 2, Supp. pp.
12-15.)

2428. HiGH-FREQUENCY, FREQUENCY-CHANGING,
AND DETEcTOrR STAGES OF TELEVISION
RECEIVERS.—M. J. O. Strutt. (L'Onde
Llec., Feb. 1939, Vol. 18 [wrongly printed 19]
No. 206, pp. 83-91.) Conclusion of the
Zurich Conference paper referred to in 1591
of April; a correction to the first instalment
is given at the bottom of p. 82. For a
Wivreless Engineer version see 19og of May.

2429. TELEVISION STATION HAS RapicALLY De-
SIGNED ANTENNA [ Cubic-Shaped "' Aeria
for Schenectady Station].—General Electric
Company. (See 2331.)

2430. EM.I. CaTHODE-RAvy TELEVISION TRANS-
MIssION TUBEs [Emitron & Super-Emitron
Mechanism, Construction, and Comparative
Performance : the Signal/Noise Ratio and
Its Limitation by the Spurious ‘‘ Tilt "’
Signal :  ‘“ Streaking ”” and Other Dis-
tortions : Other (Experimental) Tubes, in-
cluding the Use of a ‘" Double-Sided ™

Mosaic: etc.].—]J. D. McGee & H. G.
Lubszynski. (Jowrn. I.E.E., April 19309,
Vol. 84, No. 508, pp. 468—475: Discussion
PP- 475—482)

2431. THE GENERATION OF Saw-TooTH CURRENTS
FOR MAGNETIC DEFLECTION IN TELEVISION
Tuses.—]. Ginther. (Funftech. Monats-
hefte, March 1939, No. 3, Supp. pp. 17-22.)

Advantages of magnetic over electrostatic de-
flection: control of generator output-valve by
saw-tooth voltage (calculation of amplifier ; calcu-
lation of time constant; capacity-free deflecting
coils ; deflecting coils with capacity ; utilisation of
fly-back energy) : control by square-wave impulses
self-oscillating generators, particularly the ‘‘current-
transformer ** type (Fig. 8, with iron-cored deflecting
coil ; Fig. 9, with air-cored coil ; both generating
their own control pulses) : advantages of these
over the separately controlled type. * Finally, it
may be said that of the various types of saw-tooth
generators the most advantageous are those in
which the deflecting circuit can carry out as un-
damped as possible a half-oscillation during the
fly-back, since these allow the use of the greatest
possible ‘ deflecting activity ’ (winding turns) and
function most efficiently by a recovery of the coil
energy.”

LIGHT-STORAGE IN TELEvisioN : ITS AppLI-
CATION TO CATHODE-RAY RECEPTION.
M. von Ardenne. (Wireless World, 3oth
March 1939, Vol. 44, pp. 297-298.) Based
on the full German paper dealt with in
1063 of March.

2432.
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AMPLITUDE-LLIMITER OF ANODE-SATURATION
Type [BBeam Power Valve (RCA-0L6) has
Almost ldeal Saturation Characteristic when
loaded with only 3 Kilohms (compared with
100 Kilohms for Pentode UZ-77) : Advan-
tages for Amplitude-Filter for separating
Synchronising from Picture Signals].—].
Osawa. (Electrot.  Journ., Tokyo, March
1939, Vol. 3, No. 3, p. 71.)

LLicit FILTER For TELEVISION STUDIO
ILLumiNaTION [Use of ' Palatine Black A
Solution to prevent Dazzling and Heating
without decreasing Sensitivity of Icono-
scope].—T. Seki & others. (Electrot. fourn.,
Tokyo, March 1939, Vol. 3, No. 3, pp. 71-72.)

2433.

2434

PENETRATION OF LoOW-SPEED LELECTRONS
THROUGH THIN Mica FiLMm [Experiment with
Bearing on Giintherschulze *‘ Spritz”" Dis-
charge, Malter Effect, and Secondary-
Emission Image Amplification].—N. Kato &
S. Takada. (Electrot. [Journ., Tokyo, Feb.
1939, Vol. 3, No. 2, p. 48.)

ON THE DEPENDENCE OF THE COEFFICIENT
OF SECONDARY liMISSION ON THIE ANGLE OF
INCIDENCE OF THE PRIMARY BEAM.—
Lukjanov. (See 2355.)

THE SPECTRAL SENSITIVITY OF SELENIUM
REcTIFIER PHOTOELECTRIC CELLs [Factors
determining Course of Sensitivity/Output
Curve and Temperature Coefficient of
Sensitivity|.—G. . Barnard. (Proc. Phys.
Soc., 1st March 1939, Vol. 51, Part 2, No. 284,
pp. 222-236.)

THE SENSITISATION OF REVERSIBLE P’HoTO-
vortalc CeLLs Zinc and Copper Electrodes
in Their Respective Sulphates].—S. Schli-
vitch. (Comptes Rendus, 13th March 1939,
Vol. 208, No. 11, pp. 803-805.)

2435.

2436.

2437.

2438.

PHOTOACTIVATION OF SOLIDS AND ITs LL¥FECT
OoN ApsorprTioN.— |. A. Hedvall & G. Cohn.
(Nature, 25th I'eb. 1939, Vol. 143, pp. 330
331)

THE SPECTRAL VARIATION OF THE PHOTO-
SENSITIVITY OF VISUAL PURPLE.—E. .
Schneider, C. I'. Goodeve, & R. J. Lythgoe.
(Proc. Rov. Soc., Series A\, 16th March 1939,
Vol. 170, No. 940, pp. 102—112.)

2439.

2440.

Hicu-EFFICIENCY MERCURY AND SODIUM
VarpoUr l.amps, and THE Basis ror HigH
EFFICIENCY 1IN FLUORESCENT LAMPS.
Buttolph : Thayer & Barnes. (Journ. Opt.
Soc. Am., March 1939, Vol. 29, No. 3, pp.
124130 : pp. 131-134.)

MEASUREMENTS AND STANDARDS

MEASUREMENT OF CoMPLEX ELECTRICAL
ResisTANCES AT ULTRA-HIGH I'REQUENCIES.
—E. Djakov. (Hochf.tech. u. Elek:akus.,
‘Feb. 1939, Vol. 53, No. 2, pp. 54—60.)

The purpose of this paper is the determination of
the limits to the use of a quasi-stationary oscillating
circuit for impedance measurements by the width
of the resonance curve, and a theoretical and
experimental investigation of the resonance curve

2441.

2442 A
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of a Lecher-wire system of variable length, used for
impedance measurements. § 11 gives the theory of
impedance measurements with a quasi-stationary
oscillating circuit, and describes experimental in-
vestigations (valve voltmeter circuit Iig. 2, using
an acorn triode as anode-bend rectifier) ; the lower
limit of wavelengths to which the method could be
applied was found to be about 100cm. The
parallel-wire system, terminated with the unknown
impedance, is investigated in § 11, which includes
the theory of the resonance curve for variable length,
without and with natural damping in the system ;
some special cases arc considered. The measuring
system used is shown in Fig. 4; Iig. 5 gives
the connection of the valve voltmeter to the
Lecher-wire system, Fig. 8 a measuring system for
small impedances. The resonance curves obtained
are shown in Figs. 6, 7. 1t was found that the
accuracy and range of the Lecher-wire method were
considerably greater than those of the oscillating-
circuit method ; the Lecher-wire method seemed
to be particularly suited to measurements of im-
pedance and capacity of valves at very high
frequencies.

2443. IMPEDANCE MEASUREMENTS IN THE DECI-
METRE-WAVE RANGE.—H. Kaufmann.
(Hochf:tech. w. FElek:akus., Feb. 1939, Vol
53, No. 2, pp. 61 07.)

The method of measurement here described is
based on a variable measuring circuit in the form
of a Lecher-wire system of adjustable length with
the object to be measured in parallel to its input
(Fig. 1). The theoretical basis of the method is
discussed (§1) for a system without and with
attenuation in the Lecher wires. A voltage indi-
cator with high input impedance is described in
§11 (principle, Fig. 5; apparatus, Fig. 6); it con-
sists of a diode combined with a Iecher-wire system.
The whole measuring arrangement is shown in Fig. 7;
the precautions to be taken in its useare enumerated.
The attainable accuracy and some results are dis-
cussed in §1v.

2444. ABSORPTION AND KREFLECTION DMEASURE-
MENTS IN THE CENTIMETRE-WAVE RANGE
[1.65-7.2 cm].—W. Kebbel. (Hochf.:tech. 1.
Elek:akus., March 1939, Vol. 53, No. 3,
pp- 81-89.)

The purpose of this work is defined as ‘' the
elimination of the difficulties still inherent in the
general optical methods lapplied to centimetre
waves| and the measurement of the dielectric
constants and the loss factor or the h.f. conductivity
of technical insulating materials, biological sub-
stances [fat and muscle tissue], dipole liquids, and
earth of various degrees of dampness.” §1II
describes tlhie method used ; the theory of trans-
mission and rellection of plane electric waves
through a plane-parallel plate of absorbing dielectric
as a function of its thickness is given (§ 11 b); the
scheme of the apparatus used (§11c) is shown in

Iig. 4 (see also, for example, Seeberger, 1933
Abstracts, p. 207). The improvement introduced
(§11d) is “ the introduction of frequency modula-

tion and thus the extinction of the interferences
between emitter and receiver and of the dependence
on position of the results of the transmission
measurements.” Results are given in §ur in the

D
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form of tables and curves (kigs. 6 11) for the
materials mentioned above. Table 5 gives the
measured electrical constants of river sand con-
taining various amounts of water; the increase of
conductivity and dielectric constant with frequency
is found to be greater than at lower frequencies.
§rrdz2 describes the selective absorption of low-
loss ceramic insulating materials of high dielectric
constant, which are found to retain their favourable
properties at these high frequencies.

2445. A LABORATORY METHOD FOR MEASURING THE
ENERGY ABSORBED BY A LIVING ORGANISM
IN AN ULrTra-HIGH-FREQUENCY FIELD.—
L. V. Fridman. (Journ. of Tech. Phys. [in
Russian], No. 19, Vol. 8, 1938, pp. 1728-
1735.)

When using u.h.f. currents for experimental and
medical purposes it is necessary, in order to compare
the results obtained, to refer these to some quanti-
tative basis such as the voltage across the condenser,
the current at the end of the feeder, the field in-
tensity, or the energy absorbed by the living
organism. The suitability of these factors for
serving as a basis for comparison, and various
methods for their determination, are discussed, and
a new method is proposed for determining the
energy absorbed by the living organism. The
method is based on the theory of long lines and it
is shown that the required value can be obtained
by measuring the voltage and current at a point of
the feeder at which these quantities pass through
a minimum and a maximum respectively. Specially
developed meters for measuring voltages and
currents are described.

2446. A NEw DETHOD OF MEASURING HIGH RE-
SISTANCE AT HiGH [and Ultra-High] FRrE-
QUENCIES.—M. Saito.  (Electrot. Jowrn.,
Tokyo, Feb. 1939, Vol. 3, No. 2, pp. 45—46.)

An oscillatory circuit containing a variable con-
denser C is coupled to a h.f. power source and

(loosely) to a thermojunction/galvanometer circuit.

C is adjusted to give max. current, and this process

is repeated with C shunted in succession by a

standard h.f. resistance and by the unknown re-

sistance, whose value is then obtained from eqn. 4

involving only the standard resistance and the three

galvanometer deflections. The best result is ob-
tained when the two resistances are equal.

2447. CORRECTIONS TO ‘‘ A SURVEY OF ULTRA-
Hi1GH-FREQUENCY MEASUREMENTS.—L. S.
Nergaard. (RCA Review, Jan. 1939, Vol. 3,
No. 3, p. 381.) See 1620 of April.

2448. REMARKS ON THE PAPER BY LEVITSKAJA,
FrRANKFURT, & CHERrRPAKOV: “ THE DE-
TERMINATION OF THE INERTIA OF THERMO-
coupLEs.”—XK. Vulfson. (Journ. of Tech.
Phys. [in Russian], No. 18, Vol. 8, 1938,
pp. 1681-1682.) See 272 of 1938.

2449. THE Use oF THE Lissajous ELLIPSE FOR

SoME MEASUREMENTS WITH THE CATHODE-

Ray OsciLrograpH.—G. A.  Quzounoff.

(L'Onde Elec., Feb. 1939, Vol. 18 [wrongly
printed 19], No. 206, pp. 70-82.)

‘ Although the methods of measurement do not

give very accurate results, they have the advantage

of being simple and applicable over a very wide
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range of frequencies.” The cases considered are :
(1) Measurement of the impedance and phase dis-
placement of a dipole. If 4 = B (i.e. if the ellipse
is inclined at 45°) the phase displacement is ob-
tained directly by doubling the angle x (Fig. 1) :
such equality of 4 and B can be assured by regu-
lating the amplitude 4 by rheostats free from
inductance and capacity, or by regulating the
amplification of the two detlecting-plate amplifiers
if (as is usual) the oscillograph is equipped with
these. If 4 and B cannot be equalised, the phase
displacement can be calculated from eqns. 2 & 3.
Refinements of the method are described in
pp. 78-81. (2) Determination of the conditions of
the maximum transmission of energy, e.g. in the
connection of a number of quadripoles. If the
conditions are satisfied, the c-r oscillograph con-
nected as in Fig. 11 will show a straight line
inclined at 135° or 45° ; if one of the two conditions
is unsatisfied, an ellipse inclined at the same angle
will appear ; if the other condition is unsatisfied,
a straight line will be obtained but not inclined at
135° or 45°; if both conditions are unsatisfied, an
ellipse will be seen at some ' wrong '’ angle. Thus
the elements of the dipoles can be adjusted to give
the optimum conditions, or on the other hand the
losses due to the maladjustment of the impedances
can be calculated.

2450. APPLICATIONS OF THE CATHODE-RaY OsciL-
LOGRAPH TO MEASURING PURPOSES.—D.
Demontvignier. (Rev. Gén. de I'Elec., $th &
15th April 1939, Vol. 45, Nos. 14 & 15,
PP- 419-432 & 454—458.)

A NEw APPARATUS FOR THE MEASUREMENT
ofF ImpuLsE TimeEs [Relay and C-R-Tube
Combination : primarily for PPulses of Auto-
matic Telephone Systems].—Breitenbruch &
Fulling. (T.F.T., Feb. 1939, Vol. 28, No. 2,
PP. 51-54.)

2451,

THE AMPLIFIER IN ELECTRICAL MEASURING
TECHNIQUE [Survey|.—M. Schleicher & W.
Thal. (E.T.Z., znd March 1939, Vol. 60,
No. 9, pp. 257-260.)

2452.

THE VECTOR-POTENTIAL FIELD OF TOROIDS
CARRYING CURRENTS [Theory : Toroids with
Circular and Square Cross-Sections: In-
finitely Thin Toroid].—G. Schenkel. (Ann.
der Phys., Series 5, No. 6, Vol. 34, 1039,
PP- 541-560.)

2453.

. MEASUREMENTS OF THE FREQUENCY STaB-
ILITY AND HARMONIC CONTENT OF VALVE
OsciLLaTORs.—Nusslein. (See 2298.)

THE DEVELOPMENT OF A SMALL VARIABLE
AIR CONDENSER COMPENSATED FOR RAPID
CHANGES OF TEMPERATURE [Weight 5% oz:
Capacity Range 17-68 uuF : Temperature
Coefficient of Capacity adjustable between
Zero and — 120 Parts in Million per Degree
Centigrade] —H. A. Thomas. (fournI.E.L.,
April 1939, Vol. 84, No. 508, pp. 495-498.)
For previous work see 3641 of 1937.

2455.
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2456. NEw TyYPES OF QUARTZ OSCILLATORS AND
RESONATORS FOR ['REQUENCY-CONTROL AND
FiLteriNg Purposes [“ Control - and

Filter ’-Quartzes].—L. Rohde. (Zeitschr.
f. tech. Phys., No. 3, Vol. 20, 1939, pp.
75-80.)

The chief causes of frequency-variation in control
quartz oscillators are: (1) change of position be-
tween the electrodes, (2) effect of change of pressure
of the fixing arrangements, (3) varying dispersion
of sound energy, (4) alteration of the parallel
capacity, and (5) influence of temperature. These
effects are specially marked with longitudinal
oscillators, and it is with the new treatment of
these, to {fulfil the increasingly stringent require-
ments of constancy, that the writer deals. Causes
1, 3, & 4 are avoided by making the quartz itself
carry the electrodes, by depositing on it metallic
coats to which soldered connections can be made.
Cause 2 is eliminated by elastic fixings at oscillation
nodes (Fig. 1) : the wires soldered at these nodes
(1, 2, 3), and carried by the brackets 5 & 6, act
both as leads and as supports. The equivalent
circuit for such a quartz plate is seen in Fig. 3,
which compares with the ordinary quartz holder of
Fig. 2. The only remaining cause (5) is dealt with
by a special thermostat, which (owing to the small
mass of the deposited electrodes) can be designed to
weigh, altogether, less than 15gm; a very robust
thermometer (“ 12 "’ in Fig. 4) with a small amount
of mercury is employed, and the whole oscillator
in its metal screen only measures 6o mm in height.
The frequency constancy is better than 4 3 X 107®
in the face of severe shaking and external tempera-
ture variation. The frequency range of such oscil-
lators is go-250 kc/s: a specially convenient
frequency for wavemeters, standard generators, and
calibrating purposes is found to be 100 kc/s. The
design is also suitable for oscillators of the highest
precision, such as those used for quartz clocks.

It is also suitable for quartz filters, but for these
an even better design has been evolved. The use
of any two-electrode quartz as a filter in its funda-
mental mode of oscillation is always hampered
by its unavoidable transverse capacity (C;, in the
equivalent circuit of Fig. 6) which forms a per-
manent ‘ pass ' path. This can be compensated,
by special circuits, in the neighbourhood of trans-
verse resonance but not in general, except by a
design which is different in principle. Such a
design is the four-electrode (‘‘ three-pole ') quartz
of Fig. 7a & b (longitudinal type) and 7c (trans-
verse type), with one electrode on one side and
three (1, o, and 2) on the other. The coating 1
serves for the excitation of the quartz : the middle
coating o acts as a screen between 1 and 2, and the
coating 2 delivers the output voltage. A voltage
applied to 1 cannot (except at resomance) arrive
at 2, since the whole plate acts as a screened
condenser (Fig. 7d): if the electrodes are properly
dimensioned the clectrode o gives almost perfect
screening. Only when resonance praduces mech-
anical vibration of the quartz can a voltage on 1
be reproduced at 2 : so that, outside resonance, a
complete blocking effect is obtained, the ‘ pene-
tration "’ capacity from 1 to 2 (Cy, of the ordinary
equivalent circuit) being in practice lower than
0.05 picofarad. Thus the arrangement actually
forms a filter and justities its name of * filter
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quartz ' : it has, incidentally, the property of
producing a phase change of about 180° between
electrodes 1 and 2. The special equivalent circuit

of such a ‘ filter-quartz ”’ is seen in Tig. 9, while
Fig. 10 shows its transmission characteristic
(broken line) compared with those of a two-

electrode quartz (also broken line) and of the latter
with an oscillatory circuit compensated by in-
ductance (full-line curve).

A final section describes how the phase-rotation
property of a ‘‘ filter-quartz *’ enables it to be used
in an oscillator connection without any oscillatory
circuit to produce a reversal of phase. Thus in the
simple connection of Fig. 11 the anode and grid
circuits contain only ohmic resistances: such an
arrangement is extraordinarily independent of
valve properties and of variation in filament and
anode voltages.

2457. VARIABLE-FREQUENCY QuakrTz CRYSTALS
[with ““ Partial ** Vibrations, using Movable
Upper Electrode].—S. Uda & S. Honda.
(Electrot. Journ., Tokyo, Feb. 1939, Vol. 3,
No. 2, p. 47.)

Further observations on the crystals dealt with
in 1097 of March. Beat-method tests show the
continuous variation of the frequency (starting at
9.1 Mc/s) with the entire range of movement of the
electrode, except for local ““ jump "’ and hysteresis
phenomena ‘‘if the surface of the crystal is not
uniform in its inclination owing to poor grinding.”’
Suggested applications are to local oscillators for
frequency analysis or superheterodyne or hetero-
dyne reception, and to standard oscillators for
frequency-stability measurement. Cf. 2458, below.

2458. ANOMALIES OF THICKNESS VIBRATION OF
QUARTZ PLATES DUE To NON-UNIFORM
Tmickxess.—I. Koga & M. Tatibana.
(Electrot. Journ., April 1939, Vol. 3, No. 4,
pp. 81-85.)

An investigation evidently prompted by the
work dealt with above (2457). * The range within
which the frequency can be adjusted seems, as
shown by experiment 2, to be of the order of less
than one thousandth [but ¢f. 1097 of March]. And,
to tell the truth, if this is all the adjustment re-
quired, why not just finish the faces in parallel
for the best oscillating condition and then make
such adjustment by changing the gaps between
the plate and the electrodes ? The latter [plan]
seems to be much more convenient and de-
pendable.”

2459. 250-WaTT CRrYSTAL

Yamamoto, & ot hers.

OsciLraTor.—Koga,
(See 2300.)

2460. INTERNAL FRICTION IN QUARTZ CRYSTALS.—
R. Giinther. (E.N.T., Feb. 1939, Vol. 106,
No. 2, pp. 53-62.)

The internal friction in quartz crystals is here
determined from the equivalent impedance of a
crystal bar oscillating piezoelectrically, with the
equivalent circuit of Fig. 1. The three-dimensional
theory is given for infinitely thin bars oscillating
longitudinally, for any direction of cut of the
crystal. lig. 3 shows a model of the three-
dimensional elasticity modulus of quartz, Fig. 6
models of its piezoelectric moduli. Measurements
were made with the bar placed between the elec-
trodes as shown in Fig. 7; the effect of the air
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space between crystal and electrodes was con-
sidered, using the extended equivalent circuit of
Fig. 8. The equivalent impedance was measured
by Pauli’s method (circuit Fig. g) by switching
known impedances into the circuit. A special
holder (Figs. 10, 11) was designed for the crystal,
to avoid the effect of external damping influences.
The experimental results are given in detail ; Iig. 13
shows the equivalent impedance as a function of
the air pressure, Figs. 14, 15 as a function of the
width of the air space. The degree of uncertainty
of the measurements is discussed in §1v. It was
found that *‘ the internal friction of quartz varies
from crystal to crystal, fluctuating round a mean
value. This is probably due to statistical distribu-
tion of flaws in crystal structure. The friction is
also subject to temporal fluctuations up to + 30%,
probably caused by thermal movement. . . . The
internal friction in oscillating bars does not arise
uniformly in the whole of the space they occupy,
but depends on the amount of surface. The present
measurements showed no variation of the internal
friction with the velocity of deformation (that is,
with the frequency).”

2461. LAUE PHOTOGRAPII OF QUARTZ AND ITs
APPLICATION [to Accurate Determination of
Orientation of Iaces: Experimental In-
vestigation].—I. Koga & M. Tatibana.
(Electrot. Journ., Tokyo, Feb. 1939, Vol. 3,
No. 2, pp. 38-39.)

2462. THE STRESS DISTRIBUTION IN AN AEOLO-
TROPIC CikcULAR Disc [with Calculations for
Thin Quartz Plate].—H. Okubo. (Phil.
Mag., April 1939, Series 7, Vol. 27, No. 183,
PpP. 508-512.)

O~x THE THEORY OF PrLasTIC DEFORMA-
TION AND TwinNING [* Caterpillar ’-Motion
Theory].—]. Irenkel & T. Kontorawa.
(Physik. Zeitschr. dev Sowjetunion, No. 1
Vol. 13, 1938, pp. 1-10: in English.)

2463.

»

2464. PERFORMANCE oF CrRYSTAL CLOCK OBSERVED
DURING 6 MonTHSs [Clock without Any Tem-
perature-Regulating Device, using Special
Low-Temperature-Coefficient 1 Mc/s Plate].

1. Koga, M. Tatibana, & H. Torizawa.
(Elektrot. Journ., Tokvo, March 1939, Vol. 3,

No. 3, p. 70.) Working out to a frequency/
temperature coethicient of o0.80 X 107¢
per degree Centigrade. If the ambient
temperature were controlled to within

+ 0.1° C, the clock could probably be kept
accurate to o0.01 sec. per day.

2465. ON THE MAINTENANCE OF THE MOTION OF
A PENDULUM BY AN ALTERNATING CURRENT
oF I'REQUENCY HiIGH IN COMPARISON WITH
THE NATURAL FFREQUENCY oF THE PENDU-
LuMm [and the Bethenod-Soulier Pendulum
Clock driven by Mains Current without
Contacts].—A. Soulier: Bethenod. (Rev.
Gén. de I’Elec., 4th March 1939, Vol. 45,
No. 9, pp. 275-277.) Reproducing and
supplementing the paper by Bethenod giving
the theory (676 of February).

June, 1939

2466. A NEw METHOD ofF FREQUENCY MEASURE-
MENT [Writer’s ** Photographic Coincidence
Method (originally for Gravity Measure-
ments) adapted to Continuous Checking of
Mains Frequencies with Accuracy within
0.01%].—H. Martin. (Zeitschr. f. tech. Phys.,
No. 4, Vol. 20, 1939, pp. 104-108.) For
previous work (in connection with relay
times) see 342 of 1935.

LMISSION oF STANDARD FREQUENCIES FROM
THE PHYSIKALISCH - TECHNISCHE REICHS-
ANSTALT ON THE DEUTSCHLANDSENDER
[Particulars of Emission of Standard 1000
and 440 c/s].—A. Scheibe & U. Adelsberger.
(Physik. Zeitschr., 15th March 1939, Vol. 40,
No. 6, p. 216.)

2467.

2468. COVERAGE

Part II.—

MEASUREMENT OF BROADCAST
AND ANTENNA PERFORMANCE :
Fitch & Duttera. (See 2337.)

2469. SoME GROUND - WAVE  F1ELD - INTENSITY
MEASUREMENTS TAKEN IN NEW ZEALAND.
Searle. (See 2248.)

A NEw METHOD OF STABILISATION OF AN
ELECTROMETER VALVE [Circuit].—]. Gillod.
(Comptes Rendus, 3rd April 1939, Vol. 208,
No. 14, pp. ro80-1081.) Cf. Rogozinski,
2057 of May.

2470.

2471. AN APPARATUS FOR CHARGING AN ELECTRO-

METER. —Walch. (See 2561.)
2472. INSTRUMENT CURRENT TRANSFORMERS ! THE
SELF DETERMINATION OF ERRORS [without

Reference to Resistance or Other Standards].
—A. Glynne. (Electrician, 17th March 1930,
Vol. 122, pp. 341 and 340.)

RESEARCHES ON THE INERTIAL LATENCY
[Preliminary Time Lag, as distinct from
Other Inertia Effects during the Movement]
OF MAGNETOMOTIVE ELECTROGRAPH [String
Galvanometers, etc: Recording Equipment
for Accurate Measurement, and Some
Results].—A. Tschermak-Seysenegg. (E.T.Z.,
23rd March 1939, Vol. 6o, No. 12, pp. 370—
371 : long summary.)

2473.

2474. A VarLve TESTING PANEL FOR MEASURING
‘““ DURCHGRIFF,””  SLOPE, AND INTERNAL
RESISTANCE BY MEANS OF ALTERNATING
CURRENT.—Helmbholz. (See 2358.)

2475. A DIRECT-READING MoDULATION METER
[Cross-Coil LElectrodynamometer Typel.—
Tomituka. (In paper dealt with in 2622,
below.)

2476. A NuLL DEeTECTOR For A.C. BRIDGE
MEASUREMENTS [with Almost Constant Sen-
sitivity in Range 25-70000c¢/s: Rugged
and Stable].—J. E. Binns & H. W. Webb.
(Review Scient. Instr., March 1939, Vol. 10,

No. 3, pp. 89-90.)
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2477. A 6H6 A.C-D.C. VoLrMETER [using Two
Diode Rectifiers to avoid Certain Defects
of Dry-Plate Rectifiers].—C. W. Carter.
(QST, April 1939, Vol. 23, No. 4, pp. 45-46.)

2478. A NEw INDUCTION MAGNETOMETER FOR
ABSOLUTE MEaSUREMENT.—G.  Filippini.
(L'Elettrotec., 10th Feb. 1939, Vol. 26, No. 3,
pPP. 72—80.)

SUBSIDIARY APPARATUS AND MATERIALS

2479. Four-BEam ELEcTrRON [Cathode-Ray] Tuse
wITH HIGH RECORDING VELOCITY [with
Step-by-Step Increase of Anode Voltage].—
A. Bigalke. (Arch. f. Elektrot., 15th Feb.
1939, Vol. 33, No. 2, pp. 108-118))

For preliminary experiments see 1949 of 1937.
The electron-optical system is common to all the
beams. The principal lens is investigated with the
tube shown in IMig. 1 ; its magnification and voltage
ratio are given in I'ig. 2. High recording power is
developed by a step-by-step increase of anode
voltage. The optimum dimensions of the lens are
given. Pre-concentration (Fig. 6) and deflecting
system (Fig. 7; Iig. 8, potential fields for various
methods of connecting the plates) are also described.
The four-beam tube developed for 100 kv total
voltage is shown in cross-section in Fig. 10;
relevant data are given. The maximum velocity
which could be recorded photographically was in
the neighbourhood of 1000 km/s.

2480. THE OvVER-CONTROL  SPECTRUM OF A
CatHODE-RAY TuBe.—Hollmann. (Zeitschr.
f. tech. Phys., No. 3, Vol. 20, 1939, pp. 80-82.)

Author’'s summary :— With the previously
described  ‘inversion spectrograph [274 of
January : this uses a ' white’ electron ray,

¢ B

produced by ‘ wobbling’ the anode voltage by,
for example, superposing a suitably transformed a.c.
voltage from the mains on a somewhat higher d.c.
voltage. This ‘white’ ray passes first between
deflecting plates supplied with alternating voltage
of whatever frequency is being investigated (in the
present work an ultra-high frequency is used) and
then through a magnetic dispersing lens. If the
deflecting frequency has a period long compared
with the passage time of the electrons through the
deflecting field, a stationary deflection spectrum
appears as a standing image on the screen, uniformly
broadening towards the lower ray velocities in
accordance with the sensitivity law ; when the
frequency is ultra-high, however, the spectrum
shows dilatations and compressions due to the
inversion ° properties of the c-r tube] over-
control produces in the deflection spectrum the
appearance of dark zones which, when the over-
controlling detlecting voltage is high enough,
divide the spectrum into two interlaced helical
strips [one representing the outward detfiection, the
other the return]. This phenomenon is explained
with the help of electron paths calculated for
various different path-time angles.”” The clue to
the explanation of this interlaced double spectrum
lies in its appearance only when the ray motion is
over-controlled, ¢.e. when the ray is extinguished
during each half period by striking one of the two
deflecting plates (see also 705 of February.)
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2481. A NEwW SmaLL OsSCILLOGRAPH WITH HIGH-
Vacuum Catnopk-Ray Tuse [Reasons for
Rejecting the Advantages (for Small Portable
Equipments) of the Gas-Focused Tube : the
Electrostatically-Focused AEG High-Vacuum
Tube HR 1/60/0.5 with 6omm Screen
and Over-All Length of 160 mm : Complete
Equipment, capable of dealing with a
1 Mc/s Oscillation].—Bigalke & Pieplow.
(E.T.Z., 23rd March 1939, Vol. 60, No. 12,
PP 357-359.)

2482. A Cossor DoUBLE-BEaM CATHODE-RAY
TuBE.—Scroggie.  (Wireless World, 27th
April 1939, Vol. 44, pp. 389-390.)

2483. THE INVESTIGATION OF ELECTRON LENSES.-

Klemperer & Wright. (Proc. Phys. Soc.,

1st March 1939, Vol. 51, Part 2, No. 284,

pp. 296-317 : Discussion pp. 376-377.)

Two new methods, analogous to optical methods,

are here described.  In the first of these, the
trigonometrical ray-tracing method is employed.
From a series of equipotentials as measured in the
electrolytic trough, the path of the ray is traced
by application of the law of refraction at successive
equipotential surfaces. The other new method . .
is closely analogous to the well-known Hartmann
test [in optics]. A number of fine electron pencils
emerging through a pepper-pot-like diaphragm is
traced through the actual electron lens by means
of a sliding fluorescent target, and the path of the
beam is measured up with a calibrated microscope.”
Spherical aberration, Petzval curvature, measure-
ments of principal points with divergent beams,
etc., are discussed.

2484. APPLICATIONS OF THE CATHODE-RAY OsCILLO-
GRAPH TO MEASURING PURPOSES.—Demont-
vignier. (Rev. Gén. de I'Elec., 8th & 15th
April 1939, Vol. 45, Nos. 14 & 15, pp. 419—
432 & 454-458.)

THE USE OF THE LIssAJoUs ELLIPSE FOR
SOME MEASUREMENTS WITH THE CATHODE-
Ray OsciLLoGrAPH.—Quzounoff. (See 2449.)

2485.

2486. APPLICATION oF THE CATHODE-Ray TUBE
T0o THE ELEcTrRICAL SOLUTION OF DIF-
FERENTIAL EgQuatioNs.—Kleinwachter. (See

2594.)

THE PropUcTION OF X-RAYS DURING THE
WORKING OF CATHODE-Ray TUBEs WITH
HicH ANODE VoLTAGEs [as used for Pro-
jection Television or Oscillography and for
Oscillographic Recording at Very High
Speeds: Dependence on Ray Current &
Voltage and on Screen Material : Directional
Characteristic :  Necessary Thickness of
Lead to reduce to Tolerable Dose : etc.].—
Bode & Glode. (Zeitschv. f. tech. Phys.,
No. 4, Vol. 20, 1939, pp- 117-124.)

2487.

2488. MULTIPHASE VECTOR RECORDING [with Trio-
graph & Quadrugraph]—Hollmann. (See
2611.)
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24809.

2490.

2491.

2492.

2493.

2494.

2495.

2496.

2497.

THE WIRELESS ENGINEER

A SEPARATELY EXCITED CURRENT TRANS-
FORMER [with Ring Core of High Permea-
bility] As UNIVERSAL TRANSFORMER FOR THE
OsciLLoGRAPHY OF A.C. CURRENTS WITH
D.C. CompoNENTS.—Kramer. (E.T.Z., 3o0th
March 1939, Vol. 60, No. 13; pp. 393-395.)
Further development of the ““ d.c. measuring
transformer "’ dealt with in 1141 of 1938.

DiscHARGE CHARACTERISTICS OF SWITCH-
Gaprs [as used for Starting of Oscillographs,
etc.].—Mochizuki & Miyoshi. (Electrot.
Journ., Tokyo, April 1939, Vol. 3, No. 4,
pp. 86-89.)

PENETRATION OF Low-SPEED ELECTRONS
THROUGH THIN Mica Firm.—Kato & Takada.
(See 2435.)

EMIsstON OF NEGATIVE [oNs FrROM OXIDE
CaTHODES [Beam of Negative Ions in
Cathode-Ray Tube].—Broadway & Pearce.
(See 2366.)

FoRMATION OF NEGATIVE IONS BY NEGATIVE-
IoN BOMBARDMENT OF SURFACES: A NEwW
Process [Emission from Wire Gauze between
Oxide-Coated Cathode and First Slit of Mass
Spectrograph].—Sloane & Cathcart. (Nature,
18th March 1939, Vol. 143, pp. 474—475.)
“A similar . . . emission is to be expected
from some of the grids of commercial multi-
electrode thermionic valves with oxide-coated
cathodes."”

ELECTRON BOMBARDMENT OF BIOLOGICAL
MATERIALS : I—AN ELECTRON TUBE FOR
THE PropucTioN OF HOMOGENEOUS BEAMS
oF CATHODE Ravs FrRoM ONE TO FIFTEEN
Kirovorts.—Cooper, Buchwald, & others.
(Review Scient. Instr., March 1939, Vol. 10,
No. 3, pp. 73-77.)

GENERATORS FOR VERY HigH D.C. VOLTAGES
[for Atomic Physics Research : Survey], and
PropuctioN oF HiGH ENERGY PARTICLES
{Review of Recent Progress in Development
of Extremely High Voltages]..—Klein : Wells.
(Bull. Assoc. suisse des Elec., No. 16, Vol. 29,
1938, pp. 436—440, in German: Journ. of
Applied Phys., Nov. 1938, Vol. 9, No. 11,
pp. 677-689.)

RECENT DEVELOPMENTS 18 CYCLOTRON TECH-
NIQUE ; also DPRESENT-DAY DESIGN AND
TECHNIQUE oF THE CYCLOTRON ; also THE
CYCLOTRON AND ITS APPLICATIONS | and
THE CYCLOTRON OF THE STATE RAbpIUM
INSTITUTE, AND THE PRODUCTION OF THE
First ProTON AND H} Brams.—Mann:
Kurie: Cockcroft: Rukavischnikov &
Alkhazov. (Nature, 8th April 1938, Vol. 143,
PP 583—585: Journ of Appled Phys., Nov.
1938, Vol. 9, No. 11, pp. 691-701: Journ.
Scient. Instr., Feb. 1939, Vol. 16, No. 2, pp.
37—44 : Tech. Phys, of USSR, No. 10, Vol 5,
1938, pp. 778-788—in German.)

ThHrEorYy oF CoLLECTOR CURRENTS IN A
PLASMA DISTURBED BY A MAGNETIC FIELD
[Cycloidal Electron Motion which distorts
the Collector Characteristics].—Spiwak &
Reichrudel. (Tech. Phys. of USSR, No. 9,
Vol. 5, 1938, pp. 715~724 : in English))

2498.

2499.

2500.

2501.

2502,

2503.

2504.

June, 1939

VARIATION OF THE FocaL DISTANCE IN aN
ELrcTrRON X-RAY TUBE, AND THE SECURING
OF A REGULAR DISTRIBUTION OF THE
ELEcTRONS.—Solovjev.  (Journ. of Tech.
Phys. [in Russian], No. 18, Vol. 8, 1938, pp.
1642-1651.)

THE FLUORESCENCE OF COMPOUNDS CON-
TAINING MANGANESE [Emission at Low
Temperatures : Data of Spectra for Pure
Manganese Halides and Solids containing
only Manganese as Impurity: Classification].
—Randall. (Proc. Roy. Soc., Series A, 21st
March 1939, Vol. 170, No. 941, pp. 273-293.)

INFLUENCE OF THE ELECTRIC FIELD ON THE
Form oF THE EMIssiON BANDs IN ELECTRO-
PHOTOLUMINESCENCE [Measurements on Zinc-
Sulphide Combinations].—Destriau & Lou-
dette. (Comptes Rendus, 2oth March 1939,
Vol. 208, No. 12, pp. 891-893.)

LUMINESCENCE AND ABSORPTION OF ZnS-
MnS MixeEp CrysTals [including the De-
pendence of l.uminescent Intensity on Tem-
perature and on Amount of Manganese
Activator].—Kroger. (Physica, April 1939,
Vol. 6, No. 4, pp- 369-379: in English.)

THE SENSITISED FLUORESCENCE OF PoOTAS-
sium [from Tube containing Mixture of
Potassium and Mercury Vapours: Absorp-
tion of Potassium Lines by Mercury :
Increase in Intensity of Potassium Fluor-
escence on Introduction of Hot Filament}.—
Krause. (Phys. Review, 15th Jan. 1939,
Series 2, Vol. 55, No. 2, pp. 164-169.)

FLUORESCENCE AND ABSORPTION OF Di-
ACETYL, and FLUORESCENCE, ABSORPTION,
AND DISCHARGE IN A MERCURY-THALLIUM
MIXTURE.—Almy & others: Winans &
others. (Phys. Review, 15th Jan. 1939,
Series 2, Vol. 355 No. 2, pp. 238-239:
p. 242 : abstracts only.)

SoME METHODS IN Vacuum TECHNIQUE.
Sinel’nikov, Walter, Gumenyuk, & Taranov.
(Journ. of Tech. Phys. [in Russian], No. 21,
Vol. 8, 1938, pp. 1908-1922.)

A survey of various improvements adopted during
recent years in the H.T. Laboratory of the Physico-

Technical Institute in Kharkov.

There has been a

tendency to avoid the use of glass and to employ

all-metal
apparatus

such
alarm

vacuum apparatus. Details of
are described, together with

systems and methods for localising and stopping
leakages in vacuum systems.

2503.

2506.

Uses FOR SYNTHETIC KRUBBER-LIKE Cowm-
poUNDs [particularly ** Koroseal "] in VAcu-
uM TECHNIQUE, and A NEw CONSTRUCTION
FOR LEAD GASKET SEALs [for High-Voltage
Vacuum Tubes].—Strong : Pockman. (Re-
view Scient. Instv., March 1939, Vol. 10, No. 3,
pPp. 104—105: p. 105))

A SiMpPLE GLASS-MEMBRANE MANOMETER
FOR Low PrESsSURES [0.1-20 mm Hg, with
Accuracy to 2-3%].—Grigorovici. (Zeitschr.
f. tech. Phys., No. 4, Vol. 20, 1939, pp.
102—-104.)



June, 1939

2507.

2508.

2509.

2510.

2511.

2512.

2513.

2514.

2515.

2516.

2517.

ON A MacLEop MANOMETER WITH OIL
FiLinc.—Kosljakovskaja. (Journ. of Tech.
Phys. [in Russian], No. 20, Vol. 8, 1938,
pp. 1850-1851.)

SURFACE STRUCTURES OF POSSIBLY ATOMIC

DIMENSIONS USING AUTELECTRONIC OR
FieLp ° EwmissioN FroM FINE METAL
Points [Patterns obtained from Clean

Tungsten correspond to Main DPlanes in
Crystal Lattice: Technical Method for
Study of Metal Surfaces and Their Con-
tamination].—Benjamin & Jenkins. (Nature,
8th April 1939, Vol. 143, p. 599.)

INVESTIGATIONS ON THE COMBINATION OF
NITROGEN AND OXYGEN IN THE GrLow
DiscuarGE.—Holtz & Miiller. (Ann. der
Phys., Series 5, No. 6, Vol. 34, 1939, pp.
489-520.)

TEMPERATURE MEASUREMENTS
DisCHARGE [using Stretched Bolometer
Wire : Variation with DPosition, Current
Density, Gas Pressure, Kind of Gas : Errors :
Deduction of Heat communicated to Gas
by Discharge].-—Rudolph. (Zeitschr. f. Phys.,
No. 7/8, Vol. 111, 1939, pp. 523-53+4.)

A SiMpLE POLARITY INDICATOR FOR BREAK-

IN A GLow

DOWN DiscHARGES.—Debus & Hueter.
(E.T.Z., 16th Feb. 1939, Vol. 60, No. 7,
P 195.)

PHOTOIONISATION BY THE ELECTRICAL SPARK
[Electrometer Measurements of Electrons
emitted from Metallic Electrode: Results
for Various Conditions of Voltage, Pressure,
Distance of Light Source from Electrode :
Absorption by Air, Quartz Glass].—Brink-
mann. (Adrch. f. Elektrot., 16th Jan. 1939,
Vol. 33, No. 1, pp. 1—22.)

PAPERS ON THE STRIKING VOLTAGE AND
STRIKING DISTANCE OF DISCHARGES IN
Arr.—Toepler : Brinkmann. (See 2270 &
2271.)

PriMARY IONs OF THE SpPARK DISCHARGE
[and the Question of the Mechanism of
Their Production].—Fujitaka & Kobayasi.
(Electrot. Journ., Tokyo, April 1939, Vol. 3,
No. 4, pp. 90-92.)

THe IN1t1aL. CHARACTERISTIC OF THE TOWN-
sEND DiSCHARGE IN NOBLE (GasEs [Measure-
ments : Explanation based on Schade’s
Extension of Townsend’s Theory].—Biittner.
(Zeitschr. f. Phys., No. 11/12, Vol. 111, 1939,
PP. 750-709.) See Schade, 2219 of 1938.

SPARKING POTENTIALS AT Low PRESSURES
{Measurements on Air and Other Gases].—
Quinn.  (Phys. Review, 15th Jan. 1939,
Series 2, Vol. 55, No. 2, p. 240: abstract
only.)

A NEw METHOD OF EXTINGUISHING A MER-
cURY-VAPoUR Arc [lon Current necessary
for Extinction greatly reduced by Special
Connection of Two Grids].—Watanabe &
Kasahara. (Electrot. Journ., Tokyo, March
1939, Vol. 3, No. 3, pp. 51-55.)
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2518. A NEw ForM oF BAND IGNITER FOR MERCURY
PooL Tuses [Ignition Voltage reduced by
Use of Thin Dielectric Layers between Starter
and Mercury Cathode].—Germeshausen.
(Phys. Review, 15th Jan. 1039, Series 2,
Vol. 55, No. 2, p. 228))
2519. ON THE QUANTITATIVE THEORY OF THE
LEXCITATION OF ATOMS IN A Gaseous Dis-
cHARGE. —Fabrikant. (Tech. Phys. of USSR,
No. 11, Vol. 5, 1938, pp. 864-888 : in kng-
lish.)
A CONFERENCE ON THE QUESTION OF ELEC-
TRIC DISCHARGE IN GASES AND ITS APPLICA-
TioNs.—Sena. (Journ. of Tech. Phys. [in
Russian], No. 12, Vol. §, 1038, pp. 1184~
1187.)

2520.

THE CHARGING OF DIELECTRIC SURFACES BY
SURGE POTENTIsLs : CHARGE NMNEASURE-
MENTS ON LICHTENBERG FIGures.—Con-
radt. (Zeitschr. [. tech. Phys., No. 4, Vol. 20,
1939, pp. 109 116.)

“ The interest in the process of surface charging,
which has arisen from the revival of activity in the
field of electrostatic machines, has prompted the
following new observations on the charging by
surges.’” Measurements of charges on glass, Calit,
and Condensa, showing their variation with the
thickness, nature of surface, etc., are described.

2521.

2522. ABSORPTION OF I.65-7.2cm WAVES finclud-
ing Measurements on Ceramic Insulators].
Kebbel. (See 2444.)

2523. STRENGTH INVESTIGATIONS ON "' ORGANIC
Grasses ' : I [Tensile Strength of Poly-
styrol and Plexiglass ; with Deductions as to
Their Structure].—Rexer. (Zeitschv. f. tech.
Phys., No. 4, Vol. 20, 1939, pp. 97-102.)

ON Low-TEMPERATURE DIELECTRIC |.OSSES
IN GLASS CONTAINING METALLIC loNs.
Lysenko. (Jowrn.of Tech. Phys. [in Russian],
No. 18, Vol. 8, 1938, pp. 1637-1041.)

It is well known that dielectric losses in glass con-
taining oxides of alkali metals (especially in the
case of Na,Q) are much higher than those in pure
glass. To explain this phenomenon it has been
suggested by Frenkel (Comptes Rendus de I'Ac.
des Sci. de 'URSS, 1937, p. 287) that a metallic
ion contained in glass can be regarded as a form of
sound radiator which when set oscillating by the
electric field transfers the energy of oscillations to
the glass particles and thus dissipates the energy
of the field. On the basis of this theory the author
has derived formulae (2) and (3) determining tan
$ for the following two extreme cases : (a) a cubic
crystal, and (b) an isotropic continuuni. These
formulae do not agree with experimental results,
which leads to the conclusion that Frenkel’s theory
is not correct.

2525. THE INFLUENCE OF MEDIUM AND OF AD-
SORBING SUBSTANCES ON THE MECHANICAL
PROPERTIES OF Mica : 1. —Logginov. (Journ.
of Tech. Phys. [in Russian], No. 21, Vol. 8,
1938, pp. 1857-1871.)

2526. PLASTIC MATERIALS : INJECTION AS APPLIED

To THERMO-SETTING PLASTICS.—(Electvician,

14th April 1939, Vol. 122, p. 469.)

2524.
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2527. ON THE ELEcTRicAL CONDUCTIVITY OF
PAPER aND CrrLuLosE.—Shorygin & Shory-
gin. (Journ. of Tech. Phys. [in Russian],
No. 22/23, Vol. 8, 1938, pp. 1992-1995.)

Many attempts have been made to increase the
conductivity of cellulose materials to prevent the
accumulation of electrical charges when these
materials are passed through paper-making or
printing machines. In the present paper the theory
of conductivity as determined by the amount of
moisture present in the material is discussed, and

a formula is derived for calculating the specific

resistance of the material.

2528. ““ THE ELECTROCHEMISTRY OF GASES AND
OTHER DieLeEcTRICS ' [Book Review].—
Glockler & Lind. (Electrician, 14th April
1939, Vol. 122, p. 476.)

FELECTRIC BREAKDOWN OF ALCOHOL SOLUTION
fand the Spectra of the Coloured Streamers
(White, for ** Chopped ' Waves) produced
in Needle-Gap Discharge].—Toriyama &
others. (Electrot. journ., Tokyo, Feb. 1939,
Vol. 3, No. 2, pp. 47-48.)

Tue DIELECTRIC CONSTANT OF AMMONIUM
SULPHATE IN THE NEIGHBOURHOOD OF THE
TransiTiON PoiNT (Simultaneous Maximum
of Dielectric Constant and Absorption
Coefficient for Wavelength 2700 m].—Guil-
tien.  (Comptes Rendus, 27th March 1939,
Vol. 208, No. 13, pp. 980-981.)

2529.

2530.

2531. THE THERMAL STABILITY OF A CYLINDRICAL
STRATIFIED DiELECTRIC [Theory: Com-
parison with Flat Dielectric : Application to
Condensers}.—Whitehead. (Phil. Mag.,
March 1939, Series 7, Vol. 27, No. 182, pp.
276-285.)

2532. THE DEVELOPMENT OF A SMALL VARIABLE

AIR CONDENSER COMPENSATED FOR RAPID
CHANGES OF TEMPERATURE.—Thomas. (See
2455.)

Stupy oF VERY THIN FiLms oF PraTiNuM
[Optical Parameters differ from Those of
Massive Metal].—Rouard. (Comptes Rendus,
12th April 1939, Vol. 208, No. 15, pp. 1146-
1148.)

2533-

PAPERS ON THE ELECTRICAL CONDUCTIVITY,
1.L1IGHT TRANSMISSION, AND STRUCTURE OF
TuiN GoLp FiLms.—Was.  (Physica, April
1939, Vol. 6, No. 4, pp. 382—389: 390-392 :
in English.)

2534.

THeE Conpbuctivity or THIN FiLMs oF
THALLIUM ON A PYREX GLASS SURFACE.
Bristow. (Proc. Phys. Soc., 1st March 1939,
Vol. 51, Part 2, No. 284, pp. 349-354.)

2535-

THE THERMAL EvoLutioN ofF THE CoN-
pUCTIVITY OF THIN NIcKEL FiLms.—Colom-
bani. (Comptes Rendus, 13th March 1939,
Vol. 208, No. 11, pp. 795-797.)

2536.

ProODUCTION AND STRUCTURE OF ELEC-
TROLYTIC ALUMINIUM - OXIDE Fims.—
Baumann. (Zettschr. f. Phys., No. 11/12,

Vol. 111, 1939, pp. 708-736.)

2537-
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2538. SPONTANEOUS ELECTRON LIMISSION OCCUR-
RING AT THE ELECTRODES AS THE AFTER-
EFFECT OF GASEOUS DISCHARGES, AND THE
FieLp ELeEcTroN EmissioNn AT THIN INsU-
LATING Frims [with Application to Self-
Excitation of Counters].—Paetow. (Zettschr.
f. Phys., No. 11/12, Vol. 111, 1939, pp. 770—
790:)

The first emission is found to originate in surface
deposits on the electrodes and to be excited by the
short-wave photons of the discharge. It can be
transformed into the second emission by suitable
preparation of the electrodes. This shows that
self-excitation of counters is a field emission at the
remaining insulating surface deposits. The field
emission at the cathode of the so-called ** spray ”
discharge (Guntherschulze’'s '* Spritzentladung
—a glow discharge without cathode drop and with-
out Hittorf dark space, occurring at semiconducting
cathodes) is found to be excited by photons, not
ions.

2539. MAGNETIC SCREENING BY Prank MeTaL
SHEETS AT AUDpIO FREQUENCIES.—Moeller.

(See 2377.)

2540. MECHANISM oF DMAGNETIsaTION (Experi-
ments on Reduction of Magnetic Iield inside
Iron Tubes indicate Magnetisation initiated
at Surface and proceeding inwards by * Chain
Effect.”}—Wall. (Nature, 25th Feb. 1939,

Vol. 143, pp. 331-332.)

2541. MAGNETIC NICKEL ALLOYS: THEIR Usgs IN
Rapio EQUIPMENT.—Everest. (Wireless
World, 13th April 1939, Vol. 44, pp- 347
348.) From the Mond Nickel Company.

2542. ON THE MAGNETIC PERMEABILITY oOF IRON
IN Hicn [and Ultra-High-] FRrREQUENCY
FieLps.—Mash & Enushkov. (Journ. of
Tech. Phys. (in Russian], No. 22/23, Vol. 8,
1938, pp. 1986-1991.)

Experiments in which the rise of temperature
was observed in a small iron ball (with a radius of
a few mm) when this was placed in a h.f. magnetic
field. The tests were conducted on waves from
4.1 to 20 m and with field intensities varying from
0.7 to 7 gauss. The main conclusions reached are
as follows : (1) u does not depend on the radius of
the ball and increases linearly with the wavelength
from 175 at 4 m to 260 at 20 m (H = 5 gauss); (2)
u rises sharply at approximately 1 gauss and then
falls gradually with a further increase in the field
intensity. This is in contradiction to the results
published by Schwarz and Kreielsheimer, who
found that u steadily increased with increase in
the field intensity (1932 Abstracts, pp. 471—472:
Awnn. der Physik, No. 3, Vol. 17, 1933).

2543. ALTERNATING HyYsSTERESIS Loss IN ELEC-
TRICAL SHEET STEELs [with Direct Method
of Measuring].—Brailsford. (Journ. I.E.E.,
March 1939, Vol. 84, No. 507, pp. 399-407.)

2544. ON MAGNETIC TESTS OF ELECTROTECHNICAL
STEEL IN SHEETS : I & 11.—Janus & others.
(fourn. of Tech. Phys. [in Russian], No. 19,
Vol. 8, 1938, pp. 17031712 & 1713-1722.)
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2549.

2552,

2556.

. CoLLECTIVE ELECTRON

. PAPERS

. THE DETERMINATION OF THE SATURATION

MAGNETISATION AND THE SATURATION FIELD
OF FERROMAGNETIC PLATES BY THE METHOD
OF APPLYING DIRECT AND ALTERNATING
FierLps.—Grabovskij. (Journ. of Tech. Phys.
[in Russian], No. 13/14, Vol. 8, 1938, pp.
1206-1211.)

‘ FERROMAGNETISM ' [Book Review].—Ash-

worth. (Electrician, 23rd Dec. 1938, Vol.
121, p. 756.)

. SHAPE OF THE DOMAINS IN FERROMAGNETICS
[Theory].—Kennard. (Phys. Review, 1st
Feb. 1939, Series 2, Vol. 55, No. 3, pp.
312-314.)

FERROMAGNETISM :
1I—ENERGY AND SPECIFIC HEAT.—Stoner.
(Proc. Roy. Soc., Series A, 7th Feb. 1939,
Vol. 169, No. 938, pp. 339-371.}

THE MAGNETIC ANISOTROPY OF IRON, NICKEL,
a~xp Cosart [Calculations based on New
Model of Ferromagnetic Material].—Honda
& Hirone. (Zeitschr. f. Phys., No. 7/8, Vol.
111, 1939, PP. 477-433.)

. MAGNETIC STUDIES IN THE TERNARY SYSTEM

Fe-Ni-Al.—Snoek. (Physica,

April 1939,
Vol. 6, No. 4, pp. 321331 :

in English.)

. ON THE THEORY OF THE TECHNICAL MAGNETI-

sATION CURVE OF FERROMAGNETIC MONO-
CRYSTALS : I, and HYSTERESIS ANISOTROPY
IN FERROMAGNETIC MoNOCRYSTALS : II.—
Vonsovskij : Shur.  (Journ. of Tech. Phys.
in Russian], No. 20, Vol. 8, 1938, pp.
1805-1816 : pp. 1817-1823.)

THE MEASUREMENT OF MAGNETIC SATURA-
TION INTENSITIES AT DIFFERENT TEMPERA-
TURES [New Method].—Sucksmith. (Proc.
Roy. Soc., Series A, 7th Feb. 1939, Vol. 169,
No. 938, pp. 52-53 : abstract only.)

ON TRANSFORMERS.—Wiinsch :

Kiser. (See 2329 & 2330.)

. TRANSFORMER WINDINGS wWITH GRADUATED

ConnucTorR WiInTHS [Calculations giving
Dimensions for Minimum Impedance].—
Scharstein.  (Arch. f. Elektrot., 15th Feb.
1939, Vol. 33, No. 2, pp. 139-142.)

. DEVICES FOR THE [I'ILTERING OF ALTERNA-

TING CURRENTS OF ANY WAVE FForm [yield-
ing Sinusoidal Waves suitable for Ilectro-
acoustical Purposes, Magnetic [Loss Measure-
ments, etc.].—Giulietti.  (L’[lettrotec., 10th
Nov. 1938, Vol. 25, No. 21, pp. 771-774.)

AN AvuromaTic STaBILISER CIrcuir [for
Magnetic Fields, etc: Modification of
Wynn-Williams Circuit].—Rogers.  (Review

Scient. Instr., March 1939, Vol. 10, No. 3,
p- 104.)

. THYRATRON COUNTER FOR MEASUREMENT

or RabpiatioN [Calibration constant within
2% over Six Weeks].—Rymer. (Journ.
Scient. Instr., March 1939, Vol. 16, No. 3,
pp. 84-87.)
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2558. SMOOTHING EQUIPMENTS FOR Low-Power
Recriritrs [and Their Calculation].—Bohm.
(E.T.Z., 23rd March 1939, \Vol. 60, No. 12,
PP. 359-362.)

Author’s summary :— While the size of smooth-
ing condensers can be calculated easily, the design-
calculation of smoothing chokes presents con-
siderable difficulty owing to the marked dependence
of the inductance on the d.c. component. For
constant current density and number of ampere
turns, and for a given harmonic content, the in-
ductance varies inversely as the fourth power of the
wire diameter. Measured curves of inductance as
a function of wire diameter are given for the most
important cases, and a method of measuring the
harmonics is described, in which a current-trans-
former is used to cut out the d.c. component.”
A comparison is made (Table 1) between the arrange-
ment of given components in a simple and in
a double (choke-condenser-choke-condenser) net-
work.

2559. PRIMARY BATTERIES ACCORDING TO RECENT
PaTENTS.—Jumau.  (Rev. Gén. de I'Elec.,
ist April 1939, Vol. 45, No. 13, pp. 397—-403.)

THE METHOD OF INCREASING THE VOLTAGE
ofF Direct CURRENT WITH THE HELP OF
ConDENSERs [New Method using System
of Auxiliary Condensers as Link between
Rectifiers and the Series Condensers].
Likhott & Pavloff. (Comptes Rendus (Dok-
lady) de I’Acad. des Sci. de PURSS, No. 2/3,
Vol. 20, 1938, pp. 121—124 : in French.)

2560.

AN APPARATUS FOR CHARGING AN ELECTRO-
METER [using Voltage-Multiplication from,
say, 10 Volts (Torch Batteries) to 6oo Volts
or more, by Motion of Plunger causing Enor-
mous Change in Capacity of Two-Plate
Condenser].—Walch. (Zeitschr. f. tech. Phys.,
No. 3, Vol. 20, 1939, pp. 82-83.)

2561.

THE ExpoNENTIAL CHARACTERISTIC OF CoP-
PER-OXIDE REcTIFIERS. —Tamm & Bath.
(Referred to in Pawley’s paper dealt with
in 2576, below.)

2562,

THE THEORY oF CRYSTAL RECTIFIERS
[Nature of Potential Barrier between Semi-
conductor and Metal : Electrons, Thermally
Excited, go over Barrier, not through It].-
Mott. (Proc. Roy. Soc., Series A, 7th March
1939, Vol. 169, No. 939, p. S 18:abstract
only.)

2563.

INVESTIGATIONS oF THE ELEcTRICAL CON-
DUCTIVITY AND THERMOELECTRIC PRO
PERTIES OF SEMICONDUCTORS.—Hochberg
& Sominski. (Physik. Zeitschr. dev Sowjet-
union, No. 2, Vol. 13, 1938, pp. 198-223:
in German.)

2564.

. A PEriopIc WAVE ANaLYsSER [for Point-by-
Point Delineation : All Moving Parts and
Contacts of Joubert Disc replaced by Elec-
tronic Means).—Klemperer. (Review Scient.
Instr., March 1939, Vol. 10, No. 3, pp.
69-73.)
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2566. THE REQUIREMENTS FOR THE PRODUCTION
oF A STrRoBoscopic IMAGE [Theory: Trans-
parency or Reflecting Power of Moving
Body and Time Variation of Illumination
must have Components of Same Frequency :
Calculation of Form and Contrast of Strobo-
scopic Image : Experiments|.—Strobl. (A4vch.
f. Elektrot., 15th Feb. 1939, Vol. 33, No. 2,
pp. 100-107.)

2567. CHARACTERISTICS OF TUNGSTEN FUSEs.
Utivama & Arai.  (Electrot. Journ., Tokyo,
Jan. 1939, Vol. 3, No. 1, pp. 10 13.)

STATIONS, DESIGN AND OPERATION

25653. EXPERIMENTAL PROOF OF THE POsSIBILITY
OF LLONG - D1STANCE COMMUNICATION ON
16cm WAaVEs [up to 152 km from Trans-
mitter on Puy-de-Déme Observatory] AND
OBSERVATIONS MADE IN THE COURSE OF
THE EXPERIMENTS.—Berline & Gutton.
(Bull. de la Soc. frang. Radioélec., Supp.
Number, 1938, Vol. 12, No. 5, pp. 120-125.)

A Comptes Rendus Note was dealt with in 3831
of 1938 The apparatus is here described : it
embodies (at the transmitter) an 8-segment mag-
netron S.F.R. M.16 [giving a peak modulated out-
put of 10w : anode modulation was employed)
in a Ni-Al permanent-magnet field of 500 gauss
reducible by a magnetic shunt, and (at the re-
ceiver) a retarding-field super-regenerative detector
S.¥.R. U.C.16 with tuned grid and internal quarter-
wave aerial placed on the focal line of a cylindro-
parabolic mirror. The transmitting quarter-wave
vertical doublet had a mirror of paraboloid of
revolution form, and was at a height of 1465 m
above sea level. The receiver was always within
“optical 7 range, but the Puy-de-Dome was per-
petually hidden by mist, and the weather conditions
were especially bad for the 152 km ‘test.

When the ground in front of the receiver was
flat, a system of horizontal interference fringes was
found when the mirror was raised above the ground :
the spacing was of the order of one metre. The
fringes did not occur if the ground sloped sharply
in front of the receiver. Their formation is dis-
cussed on p. 124. ‘“ The interference fringe at the
ground is ‘ black ' on account of the phase change
at reflection : this explains the difficulty of re-
ception on a slope opposed to the transmitter.”
The tests have shown ‘‘ that the propagation of
decimetric waves shows no anomalies on condition
that the receiver is kept ‘in sight’ of the trans-
mitter and is situated on ground inclined towards
the latter. In these conditions it is not necessary
to raise the receiver more than a metre above the
ground.” The direction of the transmitter could
be found, by orienting the receiving mirror, to within
about one degree.

2569. PORTABLE ULTRA-SHORT-WAVE  [50-b0 cm
Micro-Wave] TRANSMITTER-RECEIVER TYPE
D.E.R.X. 1/0.01.—Michel & Gutton. (Bull.
de la Soc. frang. Radioélec., Supp. Number,
1938, Vol. 12, No. 5, pp. 126-131.)

The transmitter embodies an oscillator triode in

a special patented circuit consisting of two U-

shaped strips of copper, one inside the other. One

end of (say) the outer strip is connected to the valve
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plate, the opposite (far) end of the inner strip to the
grid. The return of the grid to the cathode is
through a resistance connected to the inner strip
near this end. The plate voltage is applied at the
mid-point of the outer strip. * The efficiency is
better than that of ordinary oscillators and the
wavelength is short compared with the length of
the circuits.” For covering the range of 50-60 cm
a high-Q adjustable I.echer system is connected
to the ends of the outer (plate) strip. Anode
modulation is used, with a pentode as speech-
amplifier. The receiver is super-regenerative : the
main oscillatory circuit is identical with that of the
transmitter and, thanks to the high-Q property of
the circuit, is highly selective: the quench-fre-
quency is about 150 kc/s. A common aerial system
is used for transmission and reception : it is of the
S.I.R. Chireix-Mesny saw-tooth type with a similar
reflector, and in spite of the aerial power being
only about 1/1oth of a watt, telegraphic and tele-
phonic communication was obtained at 75km
when conditions were very favourable. Over flat
or slightly undulating country comimunication was
excellent within a radius of 20-30 km. From the
Puy-de-Déme, ranges of 50 and 8okm were
obtained. In one test only, between two moun-
tains 112 km apart, severe fading was encountered,
apparently produced by the arrival of two or more
rays by different paths owing to reflections from
lower hills lying between the two stations.

2570. EQuiPMENTS FOR MULTIPLEX CARRIER TELE-

PHONY ON ULTRA-SHORT WavEs [Fre-
quencies 72-78 Mc/s, Carrier Output 35—
50 Watts].—DMatsumae & Yonezawa. (Nip-

pon Elec. Comm. Eng., Feb. 1939, No. 15,
Pp- 554-563.)

2571. WIRED WIRELESS BROADCASTING : THE PosT
OFFICE REDIFFUSION SCHEME.—(Wireless
World, 6th April 1939, Vol. 43, p. 323.)
Based largely on Wiessner’s paper (3408 of
1938) on the Lorenz system.

THE DISTRIBUTION OF POWERS IN THE
AMPLIFIER STATION FOR WIRE BRoAD-
casTING.—Klein. (7.F.T., Jan. 1939, Vol.
28, No. 1, pp. 33-35.) From the German
State Post Ofhce.

2572.

2573. THE WIRE BRroabpcasTING Group CoN-
NECTION  [‘“ Sammelschaltung.”’]. — Klein.
(T.F.T., ¥Feb. 1939, Vol. 28, No. 2, pp. 69—
72.

Of tl/le )two existing networks possible for wire
broadcasting, the electric light system is more
widely distributed than the telephone system but
is less suitable technically. The telephone system
on the other hand has, in Germany, only about 2
million subscriber’s main stations (the extension
stations cannot in general be counted on for wire
broadcasting, since they are mostly in offices)
compared with the 10 million broadcast receiving
stations. An average of 35 wire broacdcasting
points would therefore require to be based on each
subscriber’s line; in many cases as Imany as 20
or more points are needed in such a " group
system. The economic planning and construction
of such systems is discussed in the present paper.
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2574. AN APPARATUS FOR THE HIGH-FREQUENCY
CONTROL OF THE TRANSMITTERS FOR COM-
MON-WAVE WIRE BROADCASTING [Equip-
ment for Preliminary Investigations, on
Cable Lengths up to 12 km: Importance
of Symmetry with respect of Earth: Prac-
tical Circuits].—Bender. (Funhtech. Monats-
hefte, Feb. 1939, No. 2, pp. 41-44.)

2575. SINGLE - SIDEBAND  MODULATION, TRANS-
MISSION AND RECEPTION [Short Survey of
Advantages and Disadvantages].—Peschke.
(Funkteck. Monatshefte, March 1939, No. 3,
pp. 84-86.)

The writer concludes that single-sideband work-
ing will not come into use in broadcasting, except
perhaps for television. For ordinary broadcasting
the further development of common-wave systems
is the solution to the lack of channels.

2576. Automatic VoLUME CoMPREssION [and a
Simple and Satisfactory Compresser using
Copper-Oxide Rectifiers (with Exponential
Characteristic) : Noise Reduction : etc.].—
Pawley. (World-Radio, 7th April 1939,
Vol. 28, pp. 12-13.)

2577. MEASUREMENT OF BRoOADCAST COVERAGE
AND ANTENNA PERFORMANCE : ParT II.
Fitch & Duttera. (See 2337.)

2578. AMPLIFICATION OF WIDE-BAND MODULATED
WavES AT TRANSMITTER AND RECEIVER:
THE HEFOD SysTEm.—Hayasi. (See 2424.)

. FOREwORD ON THE HISTORICAL DEVELOP-
MENT OF GERMAN OVERSEAS WIRELESS
CommuNIcaTION.—Kummerer.  (Telefunken
Hausmitteilungen, March 1939, Vol. 20,
No. 8o, pp. 5-10.)

2580. THE DEVELOPMENT OF THE TRANSOCEANIC

SHORT-WaAVE TRANSMITTING SERVICE IN

GERMANY [Transmitters: Modulation (in-

cluding Comparison between Double- and

Single - Sideband  Working) : High - Speed
Keying : Aerial Feeding Equipment (in-

cluding Use of Boucherot-Bridge Circuit,

the A/z2 ‘‘ Roundabout - Way ™ Feeder,

“ Phase  Transformer,” ' Symmetrising

Loop,” and Concentric ‘‘A/4 Wave-Trap

Pot,”” All in connection with Asymmetry

to Earth)].—Buschbeck. (Telefunken Haus-

mitteilungen, March 1939, Vol. 20, No. 8o,

pPp. 11-29.)

WIRELESS TELEPHONE CIRCUITS AS LINKS

IN THE WORLD TELEPHONE NETWORK.-

Strecker & Holzler. (Telefunken Haus-

mitteilungen, March 1939, Vol. 20, No. 8o,

Pp. 63-79.)

DEVELOPMENT AND SCOPE OF THE GERMAN

OVERSEAS WIRELESS SERVICE. — Gerlach.

(Telefunken Hausmitteilungen, March 1939,

Vol. 20, No. 80, pp. 80-84.)

2581.

2582.

Rapio TELEPRINTING [for Avoidance of
Errors from Atmospherics and Other Inter-
ference].—Le Matériel Téléphonique. (Wive-
less World, 3oth March 1939, Vol. 44, P.
294.) On the ‘‘seven-frequency’ system
dealt with in 3414 of 1938.

2583.
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2584. DECREASING THE LIABILITY TO ERRORS OF
WIRELESS TELEGRAPIY LINKS BY MEASURES
TAKEN IN THE L.F. PART OF THE SYSTEM
[Siemens-Hell Facsimile System (and Criti-
cism of the French ‘' Seven-Frequency ™’
Method) :  Baudot-Verdan and Note-Fre-
quency systems : Hudec’s Impulse Method].

‘Reche, Arzmaier, & Zimmermann. (Tele-
funken Hausmitteilungen, March 1939, Vol.
20, No. 80, pp. 53-62.)

2585, PAPERS ON WIRELESS PRINTING TELEGRAPH
SysTEMs.—Sugiyama & others. (See 2318.)

2586. RELATION BETWEEN THE DPOWER RADIATED
BY A SHIP STATION AND THE NUMBER OF
“ METRE-AMPERES '’ [as specitied by Safety
of Life at Sea Convention].—Marique.
(L'Onde Elec., Feb. 1939, Vol. 18 [wrongly
printed 19], No. 206, pp. 92-96.)

An investigation based on the International
Radiomaritime Committee’'s measurements over
distances chiefly between 10 and 70 km, all the
results over distances greater than about 150 km
being discarded to wvoid, as much as possible, the
influence of the indirect way. In logarithmic co-
ordinates, the relation W = M.A/K is represented
by a straight line. These lines have been traced
(figure on p. 94) for K = 25 and K = 50, values
which seem to include the majority of the results,
and for K 35, which seems to represent the
mean relation for the wavelength 660 m (which
was employed to avoid jamming). It is noticeable
that the points nearest to the line K = 30 (mini-
mum radiation) correspond not to low aerials but
to aerials of actual (geometrical) heights of 30, 40,
42, & so0m. The actual height is not, therefore,
a criterion of good radiation: this confirms the
writer’s doubts (p. 92) as to the wisdom of replacing
the ‘* effective’’ height by the actual height, in
view of the importance of the superstructures and
of the fact that the wireless cabin is usually on the
upper bridge. Comparison of the classical formula
2 with the W — M.A/K relation and the values
in Table I indicates that the coefficient a (ratio
of effective to actual heights) ranges, for ships’
aerials, from 0.33 to 0.66 for the 660 m wave.

The Safety of Life at Sea Convention established
a relation between the number of metre-amperes
and the range, the receiver being assumed to be a
galena detector : the values are given in the first
two columns of Table II. Choosing the feeblest
radiation (K = 45 for A = 6oom) since a ques-
tion of safety is involved, the field intensities at
the limit of the theoretical range can be calculated :
these indicate that the Convention requires a field
of about 60 uv/m at the range limits ot the various
categories of transmitter.

2587. RADIOTELEPHONE FOR SMALL YACHTS.-
Byrnes. (RCA Review, Jan. 1939, Vol. 3,
No. 3, pP- 335-339.)

2588. AMATEUR RADIO TO FURNISH COMMUNICATION

witTH GATTI AFRrIcaN [Congo] EXPEDITION.
—Ruth. (QST, April 1939, Vol. 23, No. 4,
pp. 29 and 9o.)
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2589.

2590.

2591.
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2593-

2594.

2595-

2596.

2597

2598.

2600.

. THEORY

. APPROXIMATION FORMULAE FOR
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GENERAL PHYSICAL ARTICLES

ON A GENERALISATION OF KaLuza’s THEORY
oF LiLecTrICITY [Treatment involving Fifth
Dimension].—Einstein & Bergmann. (Science,
24th March 1939, Vol. 8g, Supp. p. 6:
summary only.)

‘" LEs INTERPRETATIONS PHYSIQUES DE LA
TutoriE D'EINSTEIN ”’ [Book Review].—
Dive. (Rev. Gén. de I'Elec., 25th March
1939, Vol. 45, No. 12, p. 354)

ON FLUCTUATIONS IN ELECTROMAGNETIC
Rapiation [Recalculations for Quantised
Field].—Born & Fuchs. (Proc. Roy. Soc.,
Series A, 21st March 1939, Vol. 170, No. 941,
pp. 252-203.)

OF ‘“ SPIRAL " ORBITS OF THE
ELectron IN A CouromB FieLp.—Frenkel
& Rojansky. (Physik. Zeitschr. dev Sowjet-
union, No. 2, Vol. 13, 1938, pp. 181-197 :
in English.)

ON THE MAGNETIC, ELECTRIC, ELECTRO-
DYNAMIC, AND ELECTROMAGNETIC ACTIONS
IN RigIb orR DEFORMABLE BoDIES.—Roy.
(Rev. Gén. de U'Elec., 25th March 1939,
Vol. 45, No. 12, pp. 377-381.)

MISCELLANEOUS

APPLICATION OF THE CATHODE-Ray TuUBk
TO THE ELECTRICAL SOLUTION OF DiF-
FERENTIAL EQUaTIONS [Solutions shown on
Tube Screen: Circuits for Two Differen-
tial Equations].—Kleinwachter. (drch. f.
Elektrot., 15th Feb. 1939, Vol. 33, No. 2,
pp. 118-120.)

AN AuxiLiary Eguation rFor Use wiTH
THE HEavISIDE ExpansioN THEOREM [for
Making or Breaking a Circuit].—Coulthard.
(Pmil. Mag., April 1939, Series 7, Vol. 27,
No. 183, pp. 404—406.)

Tue OperatiONaL CarLcurus: II [Develop-
ment of Heaviside’s Rules: Solution of
Linear Integro-Differential Equations with
Constant Coefficients].—Pipes. (Journ. of
Applied Phys., April 1939, Vol. 10, No. 4,
pp- 258-2604.) For 1 see 2166 of May.

THE CALCULATION OF THE ENERGY IN AN
OSCILLATING SYSTEM BY THE OPERATIONAL
Carcurus.—Rimski-Korsakov.  (See 2290.)

THE GENERAL THEORY
METHODS APPLIED TO LINEAR SyYSTEMS
[Operational Equations, . Integral Equa-
tions, and Difterential Equations treated by
Method of Steepest Descents: Successive
Approximations converging to Accurate
Solution].—Temple. (Proc. Roy. Soc., Series
A, 7th March 1939, Vol. 169, No. 939, pp.
476-500.)

OF IRRELAXATION

A WELL-
KNOWN DIFFERENCE OF Proprcts ofF Two
CyLINDER FuNcTiONs.—Buchholz. (Phil.
Mag., April 1939, Series 7, Vol. 27, No.
183, pp. 407-420.)

“ TENSOrR ANaLYsIs oF NETWORKS '’ [Book
Review].—Kron. (See 2284.)
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THE MATRIX METHOD OF TREATING ALTER-
NATING - CURRENT PHENOMENA. — Noda.
(Mewmoirs of Ryojun Coll. of Eng., March
1939, Vol. 12, No. 1, pp. 1-31 : in English.)

A NoTE oN GRADUATION BY THE METHOD
OF LLEAST SQUARES.—Nair. (Sct. & Culture,
March 1939, Vol. 4, No. 9, pp. 529-530.)
Positive aND NEGATIVE [in Cartesian Co-
ordinates] : AN ALTERNATIVE (NON-RoOTa-
TIVE) CONVENTION.—Turnbull. (Electrician,
14th April 1939, Vol. 122, p. 470.)

‘" LANCHESTER’S ‘ PoTTED LoGs,” Part 11"
[Book Review).-—(Electrictan, 31st March
1939, Vol. 122, p. 413.) Including a table
in anti-log form to the base 1.059 463, of
interest to musicians.

NeEw DEVELOPMENTS IN THE CONSTRUCTION
OoF SLIDE RULEs.—Wasmus. (E.T.Z., 2nd
March 1939, Vol. 60, No. g, pp. 271-272.)

ON THE DOUBLE REFRACTION OF MICRO-
WavVEs IN Oak.—Lindman. (See 2244.)

PROGRESS IN THE TECHNIQUE OF THE ULTRA-
SHORT WavVEs [Micro-Waves from 100 to
8cm, in 5 Ranges: with Table of Suitable
Methods of Generation and Reception, and
Special Applications, for Each Range].
Ponte. (Bull. de la Soc. frang. Radioélec.,
Supp. Number, 1938, Vol. 12, No. 5, pp.
114-119.)

ELECTRON BOMBARDMENT OF
MaTeERriaLs : I.—Cooper &
2494.)

THE LOCALISATION OF MINERALS IN ANIMAL
Tissues BY THE ELECTRON MICROSCOPE
[by Ashing the Sections on Surface of Barium-
and Strontium-Coated Cathode].—Scott &
Packer. (Science, 10th March 1939, Vol. 89,
pp. 227—228.)

A LABORATORY METHOD OF MEASURING THE
ENERGY ABSORBED BY A LIVING ORGANISM
IN AN ULTra-HigH-FREQUENCY FIELD.
Fridman. (See 2445.)

MULTIPHASE VECTOR KRECORDING AND ITs
PRACTICAL APPLICATION To ELECTROCARDIO-
GRAPHY [Triograph with 3 Pairs of Plates
successively displaced by 60°: Its Circuits
for Triograms, Linear, & Two-Phase Dia-
grams : Circuit for Triograms from Ordin-
ary Two-Phase Tube: N-Phase Recording
(Schonhardt’'s Law): the Quadrugraph,
with Two-Phase Tube in Star Connection :
Its Additional Use for Two-Phase Recording
with Elimination of Einthoven Disturbance
Functions].—Hollmann.  (Zeitschr. f. tech.
Phys., No. 3, Vol. 20, 1939, pp. 83-95.)
For previous work see 1703 of 1938.

BiorogicaL
others.  (See

NERVE CONDUCTION WITH DISTRIBUTED
CapaciTance [Theory giving Formulae for
Initial Velocity of Impulse, Asymptotic
Velocity of Propagation, etc.].—Weinberg.
(Phys. Review, 15th Jan. 1939, Series 2,
Vol. 55, No. 2, p. 240: abstract only.)



June, 1939

2613. SBORT-WavVE [6, 12, & 15 m] DIATHERMY
AND ITs ArparaTUs.—Amuweg. (Bull. Assoc.
suisse des Elec., No. 21, Vol. 29, 1938, pp.

584-588.)
2614. THE VALUE oF APPLIED RaDIO-GEOLOGY
FOR SCIENCE AND LENGINEERING.—Fritsch.

(Bull. Assoc. suisse des Flec., No. 3, Vol. 30,
1939, p. 81 : summary only, in German.)

2615. RADIESTHESIS IN MEDICINE [Wavelength
of Person in Perfect Health 8 m, Short-
ened by Disease or Fatigue: Diagnosis,
and Control of Results of Treatment : etc.].
—Maury. (Flectrician, 10th Feb. 1939,
Vol. 122, p. 180 : summary only.)

2616. RapiesTtuEesis : 11 [particularly the Defiec-
tion of the ‘‘ Pendular \Waves ”’ of Various
Substances] & 111 [Value to Electrical
Treatment Apparatus Makers and Biolo-
gists].—Macbeth : Turenne. (Electrician,
24th March & 14th April 1939, Vol. 122, pp.
360-370 & 472—473.) For I see 1318 of March.

Cosmic RAYS AND
[Book
10oth

2617. ' THE SECRET OF LIFE :
RADIATIONS oF LiviNG BEINGS
Review].—Lakhovsky.  (Electrician,
March 1939, Vol. 122, p. 322.)

Translated from the French: to be published
during the spring. The work covers topics such as
instinct in animals, bird migration, and health &
disease, etc: with special bearing on cancer and
its cure. For previous references to [akhovsky’s
researches see 1934 Abstracts, p. 110 (1-h column)

and 2892z of 1936.

2618. SUPERSONIC WAVES IN THE OSERVICE OF
MEDICINE [Short Survey].—Tehr. (Funktech.
Monatshefte, March 1939, No. 3, pp. 93-94.)

THE ABSORPTION OF SUPERSONIC WAVES IN
Humax Tissue AND ITs DEPENDENCE ON
FREQUENCY.—Pohlman. (Physik. Zeitschr.,
1st March 1939, Vol. 40, No. 5, pp. 159-161.)

2019.

2620. ON A DIaPHRAGM OF A VIBROMETER FOR
SURBMARINE ACOUSTICAL MEASUREMENTS.-
Hayasaka. (See 2418.)

2621. AN 1MPROVED THREE-CHANNEL CARRIER
TELEPHONE SvsTiM, and A TWELVE-
CHANNEL CARRIER TELEPHONE SYSTEM FOR
OreN-WIRE Lines.—Q’leary & others:
Kendall & Affel. (Bell S. Tech. Journ.,
Jjan. 1939, Vol. 18, No. 1, pp. 49-75: PP-
119-142.)

TELEMETERING BY THE AMPLITUDE-MODULA-
tioN MeTtHOD.—T. Tomituka.  {[Electrot.
Journ., Tokyo, April 1939, Vol. 3, No. 4,
pp. 79-80.) ,
In such a system of telemetering, the modulation
percentage of the carrier wave is controlled by the
deflection of the meter. With the usunal static
method the arrangement is complicated and the
reliability low, but ' this defect can be removed if
a part of the meter is made to rotate mechanically.
Three methods for this improvement are described.
Next is stated the simple compensation method by
which the characteristic rectification of a cuprous-
oxide rectifier becomes apparently linear.”” Finally
a direct-reading modulation meter is described :

2622.
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this is a type of cross-coil electrodynamometer
which is fed by the modulated wave after its recti-
fication and conversion into a current containing
direct and alternating components, and which
indicates the ratio of these components, and thus
the modulation percentage.

2623. Broancast NOVELTIES AT THE LEIPZIG
SPRING IFair, 1939 [Receivers, particularly
Transportables :  Non-Directional Crystal
Microphones : “ Crystal Low-Speaker " to
replace Earphones in Hospitals, etc: AEG
Six-Ray C-R Oscillograph : etc.|.—Herrn-
kind. (Funktech. Monatshefte, March 1939,
No. 3, pp. 90-93)

2624. NOVELTIES IN RADIOELECTRIC CONSTRUCTION
1N France [Paris Exhibition of Components,
Valves, & Accessories|.—Adam. (Génte
Civil, 8th April 1939, Vol. 114, No. 14,
Pp- 301-305.)

Including a ‘* dual sensitivity ” tuning indicator
(cathode-ray ** clover-leaf ” type, one pair of leaves
closing for 6 volts, the other for 18); secondary-
emission valves: standard artificial aerials; im-
proved wave-change switches; automatic tuning
and remote control; flexible coaxial cable; etc.

2625. ON A PossiBLE EXTENSION or THE BinLio-
GRAPHIC SERVICE oF L'Onde Electrigue [Pro-
posed Separate & Supplementary Service
of Cards every 2 or 3 Months|.—(L'Onde
Elec., March 1939, Vol. 18 [wrongly printed
20], pp. 97-98.)

Each card will carry one complete abstract and
two decimal-classification numbers (one of the
“universal ” system and the other of a special
technical classification) : there will also be a space
for a third number for any special system of the
subscriber. Each abstract will have at least two
cards, one white (for filing by ‘‘ subject ') and the
other coloured (for filing by ‘ author ). If the
abstract requires filing under more than one subject,
or if there are several authors, there will be a corre-
sponding number of cards. 1t is considered that
a systematic selection of all the “ really interesting
articles in the principal technical journals of Ger-
many, America, England, [taly, and Japan (and
eventually of other countries in addition) will lead
to an annual output of some 300-400 separate
abstracts, involving perhaps 1ooo-1200 cards. It
is estimated that the special subscription will be
of the order of 200-300 francs: those interested
should notify the Editor of their sympathy towards
the scheme.

2626. A TELEFUNKEN \WHALING TRANSMITTER
[Very Small Automatic Transmitter, with
6 Mile D.F. Range, for tracing Killed and
Floating Whales].—(Telefunken Hausmilteil-
ungen, March 1939, Vol. 20, No. 80, p.121.)

2627. [Anti-Aircraft] SHELLS THAT [BURST WHEN
THEY '‘SEE TarGET.—Bofors Ordnance
Factory. (Sci. News Letter, 25th l'eb. 1939,

Vol. 35 [not 36, as printed], No. 8, p. 126.)

2628. THE DistanTt CoNTrOL oOF MODEL AERO-
PLANES [in America: a New Sport].-
(Funktech. Monatshefte, March 1939, No. 3,

p- 79.)
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Some Recent Patents

The rollowing abstracts ave prepaved, with the peymission of the Contvoller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price i/- each

DIRECTIONAL WIRELESS

500 359. —Cathode-ray indicator for wuse when
navigating an aeroplane along a course marked
out by overlapping radio beams.
Marconv’'s W.T. Co. and C. S.
Application date 7th August, 1937.

500 481.—Direction-finding system in which the
received signals are applied in ditferent phases,
with a timing frequency, to a cathode-ray indicator.
Mavconi’'s W.T. Co. and C. S. Cockerell.
Application date 7th August, 1937.
500 524.—Balancing circuits for increasing the direc-
tional response of spaced aerials of the Adcock type.
C. Lovenz Akt Convention date (Germany)
10th July, 1937.
500 526. Geared arrangement of cams for auto-
matically correcting ‘‘ quadrantal error’” in a
direction-finder working over a range of wavelengths.
Telefunken Co.  Convention datle (Germany)
17th July, 1937.
500 392.—Direction-finder with cathode-ray in-
dicator designed to be used under conditions of
severe interference.
J. P. Jeftcock. Application date 20th August, 1937.

so1 248.—Screening system for a direction-finder
of the kind in which two or more rotatable frames
are spaced apart about a common shaft.
Telefunken Co.  Convention date
15th June, 1937.
501 251.—Direction-finder for ‘“ homing "’ in which
the received signals are applied, together with a
timing frequency, to a cathode-ray tube indicator.
Telefunken Co.  Convention date (Germany)
8th Julv, 1937.
3501 550.—Automatic direction-tinder in which the
point of intersection of two indicating needles is
used to determine the bearing-line.
Marconi's W.T. Co. and T. A. Vallette.
tion date 4th September, 1937.
501 893.—Beacon station for transmitting ‘' over-
lapping beam ” signals for marking-out a navi-
gational course.
Mavconi’'s W.T. Co. (assignees of D. G. C. Luck).
Convention date (U.S.A.} 18th dugust, 1937.
502 408.—Direction-finding system in which the
signal pick-up on two ‘‘ crossed ' frame-aerials is
periodically reversed or modulated by a condenser
rotated at constant frequency.
Bronzavia, S. A. Convention
19th August, 1936.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

500 111.—Tuning control device for a wireless
receiver in which the receipt of a worth-while signal
automatically changes the normal driving-gear to
one giving ‘‘ fine tuning.”

Electric and Musical Industries
E. N. DMuller). Convention date
1st July, 1936.

Cockevell.

(Gevmany)

”

Applica-

date (Belgium)

(assignees of
(Luxembourg)

500 818. — Phase - shifting  network  controlled
through one of the I.F. valves in a superhet to give
automatic selectivity.

Byritish Thomson-Houston Co. Convention date
(U.S.A4.) 22nd October, 1936.
500 828 —Superhet receiver with a specially-
designed I.F. amplifier which supplies A.V.C.

voltage separately from the signal current fed to
the second detector, and so does not overload the
latter.

British Thommson-Houston Co.
(U.S.A.) 17th December, 1936.
500 873.—Tuning arrangement in which the control
knob automatically brings a new wave-band into
operation, together with its appropriate scale, as
the indicator needle reaches the limit of its move-
ment on the first scale.

Pye, C. E. M. Butler; and E. V.
Application date 12th August, 1937.

501 238.—Series-condenser arrangement for auto-
matically varying the tuning of a wireless set by
the application of a direct voltage.

Philips’ Lamp Co. Convention date (Switzeviand)

1st May, 1937.
501 254.—Receiving circuit, particularly designed
for detecting phase-modulated signals, but readily
adapted to receive ordinary amplitude-modulated
signals.

Marconi’'s W.T. Co. (assignees of M. G. Crosby)
Convention date (U.S.A.} 22nd Septeinber, 1937.

501 340.—Tuning arrangement in which the end
ways movement of the control shaft changes a
direct drive for rapid tuning into an indirect drive
for ““ fine "’ tuning.

Marconi’'s W.T. Co. and H. C. Norwood. Applica-
tion date 25th August, 1937.
so1 370.—Means for controlling and reversing the
movement of the driving motor in an automatically-
tuned wireless set of the push-button or selector

Convention date

Root.

e.
F. A. Mitchell. Application date 1st September
1937.
501 446.—Radio receiver with a low-pass filter for
controlling the gain and cut-off frequency as well
as the tone response.
Marcon’s W.T. Co.
25th July, 1936.
501 529.~Superhet circuit in which a dynatron
valve is used to generate local oscillations which
can be varied for automatic-tuning control.
Standard Telephones and Cables ; R. M. Barnard ;
and W. Kram. Application date 30th August, 1937.

501 934.—Automatic-tuning system combined with
automatic ‘‘ braking '’ of the tuning controls.

E. K. Cole and A. W. Martin, Application date
18th September, 1937.
502 178. — Multi - band  receiver with switch-
controlled inductances and a common variable
condenser, including an auxiliary condenser which
may act as a padding or as a coupling element.

B. J.Banfield. Application date 12th August, 1937.

Convention date (U.S.A.)
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502 421.—Wiring board for assembling the com-
ponent parts of a wireless receiver.

K. Yoshida. Application date 16th September,
1937.

TELEVISION CIRCUITS AND APPARATUS

For TrRANSMISSION AND RECEPTION
500 225.—Scanning system in which a rotating
multiple-spiral disc is used in combination with an
‘interceptor '’ disc rotating at lower speed and
placed in the adjacent image plane of the optical
system.

Radio-Akt. D. S. Loewe.
(Germanv) 8th August, 1936.
500 254.—Optical projection system and diffusing
surface for the viewing-screen of a television receiver.

C. O. Browne and H. E. Holman. Application
date 31st July, 1937.

500 430.—Cathode-ray television transmitter in

Convention date

which the mosaic-screen e¢lectrode consists of a.

large number of wires set parallel, the ends being
coated with a ‘‘ molecular layer "' of photo-sensitive
material.

J. Kessler. Application date 4th August, 1937.

500 502.—Scanning-system for cathode-ray tele-
vision with means for adjusting the ratio of width
to length of the frame or raster.

Hazeltine Corpn. (assignees of M. Cawein).
Convention date (U.S.A.) 24th December, 1936.

500 587.—Cathode-ray television transmitter in
which a frame electrode is placed in front of a
sensitive mosaic screen.

W. Hetmann. Convention date (Germany) 13th
August, 1936.

500 809.—Scanning system for television designed
to allow a ‘‘close-up ” view to be shown when
desired.

The General Electric Co. and F.
Application date 6th September, 1937.
500 842.—Television system with means to prevent
undesired impulses during the “‘ fly-back * scanning
stroke and in which a signal for controlling back-
ground illumination is transmitted.

Hazeltine Corporation (assignees of H. M. Lewis).

Convention date (U.S.A.) 27th May, 1937.
500 876.—Separating the line-synchronising im-
pulses from the picture signals in television in a
single-valve circuit which also develops * line
impulses of equal energy.

F. W. Cackett (communicated by the Telefunken

Co.). .Application date 13th August, 1937.
500 978.—Television system in which a * close-up
view can be shown by suitably varying the control
voltages applied to the electrodes of the scanning
tube.

Fernseh Akt
August, 1936.
500 991.—Resistance-capacitance coupling for a

Poperwell.

Convention date (Germany) 20th

television amplifier, designed to prevent low-
frequency distortion.
Radio-Akt. D. S. Loewe. Convention dates

(Germany) 14th November and 12th December, 1936.
501 046.—Valve circuit for amplifying pulses with
‘“steep ’ leading-edges, such as the saw-toothed
waves used for scanning in television.

Telefunken Co. Convention date (Gernany) 16th
Jume, 1936.
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501 038 —Electron-optical system for sharply focus-
ing the electron stream in a cathode-ray television
transmitter or receiver.

C. S. Bull. Application date 21st August, 1937.

501 179.—Cathode-ray tube with a double “ gun
arrangement for scanning the opposite sides of a
‘“ target ' electrode so as to allow of a time delay
between the impact and collection of light signals
to be televised.

Standavd Telephones and Cables
R. R. Riesz and H. S. Wertz).
(U.S.A.) 29th May, 1937.

(assignees of
Convention date

501 211.—NMeans for applying A.V.C. control to a
short-wave superhet receiver, particularly for
television, without allowing the resulting changes
in control-grid capacitance to detune the 1.F. stage.

Mavconi's W.T. Co. Convention date (U.S.A.)
209th August, 1936.

501 349.—Method of applying A.V.C. to a television
receiver without eliminating useful variations in
the average or background illumination of the
picture.

Marconi’s W.T. Co.; D. J. Fewings,; and R. J.
Kemp. Application date 25th August, 1937.

501 375.—Cathode-ray tube fitted with two *“ guns
for scanning the opposite sides of a photo-sensitive
screen on which the picture to be televised is
projected.

Standard Telephones and Cables
Le Matériel Téléphonique Soc. Anon.).
date (France) 6th November, 1936.

(assignees of
Convention

501 437.—Electron-optical system for focusing the
stream from a cathode-ray tube with a convex
cathode.

Marconi’'s W.T. Co. (communicated by Radio
Corporation of Americay. Application date 24th May,
1937.

501 532.— Television receiver with a viewing mirror
which, although adjustable, is normally main-
tained at a fixed inclination to the fluorescent
screen.
Telefunken Co.
August, 1936.

Convention date (Germany) 29th

501 535.—Cathode-ray receiver in which a ‘ flood-
ing ** beam of electrons is prevented from interacting
with the normal scanning stream.

Baird Television and T. C. Nuitall.
date 31st August, 1937.

Application

501 624.—Method of producing a thin uniform
layer of luminescent material for the screen of a
cathode-ray tube.

The General Electric Co.; H. G. Jenkins, and
A. H. McKeag. Application date 26th November,
1937.

TRANSMITTING CIRCUITS AND APPARATUS

(See also under Television)

500 363.-——Transmitting system of the kind in
which the carrier-wave level is automatically
adjusted to the intensity of modulation.

Marconi’s W.T. Co. and W. A. E. Quilter.
Application date 7th August, 1937.
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500 755.—Ultra-high-frequency  oscillator  valve
arranged to produce discharges shorter than the
mean free path of the molecules of the contained
gas.

Standard Telephones and Cables
C. d. Bieling). Convention date
November, 1936.

assignees of
(U.S5.1.) z2oth

500 790.-—Push-pull high-frequency amplifier in
which neutralising-condensers are used and means
are provided to offset the impedance of the leads
which connect them to the valve electrodes.

Philips’ Lamp Co. Convention date (Germany)
10th September, 1937.

500 883.—Dual-tone system of wireless telegraphy
in which one carrier-wave of constant frequency
is transmitted for ' marking "’ and another wave of
different frequency for ‘' spacing.”

W. G. H. Finch. Convention
3rvd Septenber, 1936.

date (U.S.A.)

501 048.—Magnetron valve arranged to operate
with a stable characteristic when handling very
short waves.
Telefunken Co.
14th July, 1936.

Convention date (Germany)

501 106.—Multiplex signalling system in which
several modulators each with its own intermediate
frequency feed a common transmitting aerial.

L. Pungs. Convention date (Germany) 11th May,
1937.

50I 114.—Frequency-changing valve-circuit de-
signed to deliver at high power harmonics of an
applied fundamental frequency.

Standard Telephones and Cables (assignees of
C. E. Fav). Convention date (U.S.A.) 5th August,
1937.

501 163.—Amplifying or modulating circuit in
which a combination of positive and negative back-

coupling is used in order to reduce harmonic
distortion.
Akt. Tekade. Convention dates (Gevnany) 9th and

28th Novenber, 1936.

CONSTRUCTION OF ELECTRONIC-DISCHARGE

DEVICES

500 0go.—Valve in which the electrons from the
cathode are divided into two separate beams which
travel along different curved paths to the output
electrode.

Philips’ Lamp Co.
14th May, 1937.

500 170.—Construction and arrangement of the
electrode system of a high-powered electron-
multiplier tube.

Convention date (Germany)

Electrical Research Products Inc. Convention
date (U.S.A.) 26th August, 1937.
500 189.—Supporting and insulating the target

electrodes of an electron-multiplier tube.
F. . G.van den Bosch. Application date 3rd July,
1937.

500 352.—Valve in which the electrons are formed
into a number of substantially-separate streams
in order to reduce ‘‘ shot " effect.

C. S. Bull. Application date 7th May, 1937.
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500 350.—Llectron-multiplier in which a tubular

electrode or ‘““gun’ is provided between the
cathode and a target or secondary-emitting
electrode.

F. J. G. van dem Bosch. Application dates

7th Ax{gust, 1937, and 13th July, 1938.
500 589.—High-powered valve fitted with a control

grid designed to be substantially free from
thermionic emission.
Marcont’s W.T. Co. and A. J. Young. Appli

cation date 13th August, 1937.

501 316.—Electron-multiplier in which the main
discharge-stream is first divided into divergent
branches and then combined in a common output.

Farnsworth Television Inc. Convention date
(U.S.4.) 30th April, 1937.

502 686.—LElectron-multiplier in which an in-
dependent voltage is applied to control the effective
amplification factor.

Baivd Television and E. G. O. Anderson. Appli-
cation date 22md Septeinber, 1937.

502 go1.—Method of ensuring a vacuum-tight joint
between an electric discharge tube with a metallic
bulb and an insulating cover.

C. Lovenz Akt. (assignees of H. Schedel).
vention date (Gevmany) 26th August, 1936.

Con

502 968.—Construction of glow-discharge tube for
use as a visual tuning indicator for wireless sets.

Marconi’s W.T. Co. Convention date (U.S.A.)
26th September, 1936.

SUBSIDIARY APPARATUS AND MATERIALS

500 305.—Adjustment to prevent ‘‘ back-lash "’ in
a remote tuning-control for a motor-car set.

E. K. Cole and H. G. Jarvis. Application date
22nd September, 1937.

500 g96.—Couplings and connections for lecher-

wires and like transmission lines for ultra-short
waves.

O. Bovmann of Julius Pintsch Ges. Convention
date (Gevmany) 8th February, 1937.
501 152.—Method of damping-out °° booming ”’

vibrations in a loud speaker, without reducing the
efficiency of the instrument on the higher fre-
quencies.

The General Electric Co. and F. H. Brittain.
Application date 20th September, 1937.

501 448.—Multi-vibrator circuit for generating oscil-
lations which are substantially independent, as
regards frequency, of casual fluctuations in the
voltage supply.
Telefunken Co.
27th July, 1936.
501 515.—Arrangement of the wiring and base
contact-pins of a wvalve of the " Octal”’ type
suitable both for battery and mains operation.
E. V. Robinson and Metropolitan Vickers Elec-
trical Co. Application dates 315t Mav and 4th June,
1937.
502 899.—Circuit in which a discharge valve is
automatically controlled by a magnetic field to
prevent current variations.
Telefunken Co.  Convention
20th August, 1936.

Convention date (Germany)

date  (Germanvy



