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The Field in the Immediate Neighbourhood
of a Transmitting Aerial.

WO papers on this subject have
appeared almost simultaneously ; one,
entitled ““ Measurements in the neigh-

bourhood of a broadcast transmitter,” by
Hans Zickendraht, dated 28th November,
1931, was published in the January number
of Helvetica Physica Acta ; the other, en-
titled ““ The spreading of electromagnetic
waves from a Hertzian dipole,” by Ratcliffe,
Vedy and Wilkins, dated 23rd November,
1931, was read and discussed before the
Wireless Section of the Institution of Elec-
trical Engineers on 3rd February. Both
papers give a theoretical discussion of the
nature of the field in-the immediate neigh-
bourhood of the aerial, followed by a descrip-
tion of experiments designed to check the
accuracy of the theoretical formulae. In
the former case the work was done at
Basle and in the latter case at Cambridge.
In both cases an oscillating dipole forms the
starting point of the theoretical develop-
ment.

The Five Components of the Field.

If two equal and opposite electric charges,
- gand — ¢ are separated by a distance 4,
as in Fig. 1, the electric field E; at a point
such as P, that is, the force on a unit
positive charge at” P, is downwards and

equal tog—lg. If we agree to call E positive
1

when it is directed upwards, and assume

that A is very small compared with », then

E;= —qn/’. 1f g or

/. follows a sine law, L

then E, will do the | 1 ~:—_ p

same, but not quite in '1‘ ‘_”‘f/_/‘a?_'
phase because of the _éq” 3
time taken for any )

Fig. 1

change in ¢ or % to
be communicated to P.
The effect at P will lag behind the cause at
the dipole by an angle 2w(r/A). This angle
27r[A occurs very frequently in all the
formulae and Zickendra}}t calls it z. Hence

if ¢ = {sinwt, E; = —“I;};sin(wt—z). We

have used the suffix 3 to indicate that this
component of the total electric force
varies inversely as the cube of the dis-
tance.

If we assume that the variation of the
charges is due to a current ¢ in a wire joining
them, the current being reckoned positive

when flowing upwards, then i= Ic-dq/dt

o ,w.A .
then ¢ = CI cos wi,

and if ¢ = §sin wf,

where ¢ = 3 X 10! and is introduced be-
B
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cause ¢ and ¢ are expressed in electrostatic

and electromagnetic units respectively. Put-

e R T L
c wr

A current ¢ flowing in the conductor of

length % would produce at the point P a

magnetic force H, :g_z.h/zl If the dis-

tance 7 ig very small compared with %, this
reduces to 27z , the well-known formula for

the field near an infinitely long wire, whereas
if 4 is small compared with 7, it reduces to
A If the current varies according to a
cosine law, H, will do the same, but with a
lag of 2m#/A = z. Hence if 7 is large,
1l
H, =7;cos (wt — 2)

where H is reckoned positive when directed
away from us at any point such as P on the
right-hand side of the dipole.

Now, although these elementary con-
siderations have given us correctly two of
the five components which a complete
analysis of the problem shows to be present
in the electromagnetic field, it must be

pointed out that we tacitly assumed the

propagation of the fields through space at
the velocity ¢ and that we ignored the fact
that this implies the interaction of electric
and magnetic fields. The current in the
wire of length 2 must be accompanied by
displacement currents in the surrounding
medium which we neglected. The complete
solution of the problem, which forms the
basis of both the papers referred to above,
shows that the resultant electric field at any
point in the equatorial plane through the
centre of the dipole may be analysed into
three components, varying inversely as the
first, second, and third powers of the dis-
tance, whilst the resultant magnetic field
contains - only two components varying
inversely as the first and second powers of
the distance. Why the other electric field
is not associated with an inverse third power
magnetic field, although it involves the
retarded moment of the dipole and conse-
quently also the velocity ¢, has always
seemed to us somewhat of a mystery. The
formulae for the resultant fields are:

E‘=E3+E2+E1

120 THE WIRELESS ENGINEER &

c . I
= 1] = Jasin (wt -~ 2) — 4 cos(wt — 2)

Jf—‘ci;sin (wt — 2)

H=H, + H,=1h :2cos(wt—z)
w .
— SN (ot 7)}

An aerial consisting of a vertical wire with
a large capacity at the top and earthed at
the lower end may be regarded as the upper
half of a giant dipole, and the point P in
Fig. 1 would be a point on the ground.
The formulae just given for E and H assume
that the distance » is large compared with
h, and by working at a long wavelength this
can still be the case, although » may be but
a fraction of a wavelength. If one approached
very close to the aerial the formulae would
not hold, for the aerial would be equivalent
to an infinitely long conductor and would
produce a magnetic force inversely pro-
portional to the distance, and not to the
square of the distance ; similarly the electric
force would be approximately constant any-
where directly under the aerial. In both
the papers experimental results are given,
but the Swiss measurements were made on
an actual broadcast transmitter under very
unfavourable conditions and the results are
consequently only very approximate as a
check on the theory; but the Cambridge
experiments were done with great care under
favourable conditions, using a wavelength
of 1,000 metres and an aerial only 4.15
metres high. It was possible, therefore, to
work at distances down to about 10 metres,
that is, 0.01 of the wavelength, before the
difference between » and 7, (Fig. 1) became
appreciable. It is satisfactory to know that
the experiments confirmed the theory within
the limits of accuracy of the tests, that the
time-honoured method of regarding the
aerial as a dipole, with an effective height
above the ground equal to the total height
reduced in the ratio of the average current
along it to that at the foot, gives strictly
accurate results, and that an earthed aerial
can be regarded as the upper half of a dipole,
its image in the earth acting as the lower
half. The authors seem rather surprised
at this last result, and suggest in the con-
cluding paragraphs of this paper that theory
indicates a different result. This concluding
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part of their paper is not so satisfactory as
the earlier portion. We are not sure that
it is correct to think of the image as due to
the reflection at the surface of the ground
of the direct wave from the aerial. The
image forms a part of the radiating system.
The current distribution, the magnetic field,
and the electric field approximate to those
of a dipole of which the earth’s surface
forms the equatorial plane, the degree of
approximation depending on the nature
of the ground.

The authors give, however, a very com-
plete and satisfactory explanation of some
hitherto unexplained peculiarities which
Barfield and Munro found in measuring the
effect on the main field of the re-radiation
from a tuned receiving aerial, a problem
which was discussed by Riidenberg in, 1908
(Ann. d. Physik, Vol. 25, p. 464).

In order to illustrate the manner in which
the magnitude and phase of each of the five
component fields vary within the first wave-
length, we shall take as an example an aerial
5 metres high, assumed to have such a large
capacity at the top that it may be regarded
as the upper half of a dipole with 4 = 10
metres. We shall assume that it is energised
at a frequency of 300,000 (A == 1,000 metres)
and that the current in the aerial has a
maximum value of 1 ampere (0.1 e.m. unit).
At the moment of zero current the charge
will be

1 ¢/w=0.1 X3X 10 /277 X 3 X 10%=10%/27.

If this is assumed to be concentrated at the
top of the aerial it is easily seen that the
electric field at the foot of the aerial is
0.0I275 units. By substituting the values
of 7, #, and w in the formulae for the com-
ponent fields we obtain the following re-
sults :-

March, 1932

be regarded & a point source, and E; and
H, have been calculated from the quasi-
static formulae, taking into account the
extent of the dipole. This accounts for the
fact that Eg3 E,?and E,» are no longer
constant for distances of 10 and 1 metre,
measured, of course, to the foot of the aerial.
By using a small aerial and a long wave-
length, however, one approaches within
Aj/20 of the aerial before this effect becomes
appreciable.

The phases of the wvarious components
at any moment change at the same rate as
one recedes from the aerial, all going through
an angle 27 in the distance A, but leaving
the aerial with the phases shown in the
following diagram.

This shows the phases -
of the various fields at 4 I
the aerial when the II Ey E, Hy
aerial current is a posi- - H,
tive maximum ; it also €2
represents the phases
1,000 metres away at
the same moment. For
other distances the vectors must be retarded
by a suitable amount ; thus, at a distance
of A/4 from the aerial, they must all be
rotated go° in a clockwise direction.

Close to the aerial E; and H, are the
predominant fields, the former being 9o°
ahead of the current and the latter in phase
with it. As the distance increases, FE,
first counteracts E,, leaving E,, and then
E, becomes predominant. The electric field
at a great distance is therefore in opposite
phase to what one would have expected
from the field near the aerial. The magnetic
field undergoes a somewhat similar change
but only through go°, so bringing the mag-
netic and electric fields, which left the aerial

Fig. 2.

Distance l |
irom aerial 2 Bgrd! H,and I7,. 72, H, and I,. Hy
in metres.

1 0.012 0.012 2X10 ¢ 0.2X 10 ? -

10 1.14 X107 2 1.14 8.95x107° 0.895 X 1072 5.6X1¢7¢ 5.6 X 1077

100 1.59 X 1078 1.59 IX 108 IX1072 6.28 X 1077 6.28 X 1078

500 1.275X 1078 1.59 4X1078 1X 1072 1.26X 1077 | 6.28X107°

1000 1.59X 1077 1.59 1 X108 IX1072 6.28x1078 | 6.28x1:7%

In forming the products Eg4?, etc., » has

been expressed in metres. For distances of
10 metres and less the aerial can no longer

in approximate quadrature, into phase or
phase opposition, depending on the con-
vention adopted as to sign.

B 7
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By compounding the component forces in-

the above table, the following results are
obtained for the resultant values of £ and H

122 THE WIRELESS ENGINEER &

192
=3~
W= INE
10" ~

~
168 a \\\
108
187
168

)‘/100 )‘/‘10 b
1 10 100 500 1000 5,000

Distance s H.
from aerial
in metres.
10 1.14X 1078 0.9X10™*
100 1.39X 1076 1.18 X 1078
500 1.2X10°7 1.32X 1077
1000 ‘6.2X10 8 6.4xX107¢

These are plotted to logarithmic scales in
Fig. 3. Over the first 10 metres E is roughly
ten times H, but at 100 metres they have
become approximately equal, H being slightly

DISTANCE FROM AERIAL IN METRES

Fig. 3.—Full line—amplitude of electric field in
Dotted line—amplitude of magneltic
field in e.m. uniis.

e.s. units.

greater than E from about 110 metres, the
two curves gradually merging into one. |
G. W. 0. H.

Radio Guidance for Aircraft.
Marconi-Adcock Station at Pulham.

O overcome ‘' night effects” in the

The wupper photograph
shows the Marconi-Ad-
cock DIF veceiver installed
at Pulham. The geneval
view seen in the lower
picture clearly shows the
disposition of the four
wooden wmasts carrying
the vertical aevials.

radio location of aircraft the first

Marconi-Adcock D.F. station has re-
cently been erected at Pulham, Norfolk. The
system consists of four wooden masts, one at
each corner of a square, each containing a
vertical aerial. At its base each aerial is
connected to a horizontal feeder, which is-
contained in, but insulated from, a copper
tube earthed at frequent intervals along its
length. Each feeder is led to a normal radio-
goniometer and receiver. Being completely
screened, it is impossible for the horizontal
members of the aerial system to be influenced
by abnormally polarised waves. The receiver
itselt is also very completely screened to pre-
vent any direct pick-up in the numerous
circuits.
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Distortion in Screen-grid Valves.”

With Special Reference to the Variable
Conductance Type.
By R. O. Carter, M.Sc., A.C.G.I, D.IC,

(Research Laboratories of the General Electric Co., Ltd., Wembley, England.)

HILE conditions for distortionless.

working of low-frequency amplifiers

have been studied carefully for many
years, with consequent improvement in the
standard of quality of radio sets, distortion
in the high-frequency valves has received
scant attention, and has generally been
assumed to be negligibly small. In fact,
provided a set was not made too selective,
either by the use of reaction or by the use
of too efficient coupling coils, it was usually
taken for granted that no distortion would
take place, and attention was turned to
considerations of stability and high amplifica-
tion.

Within the last twelve months, however,
a considerable amount of work has been
done on this subject, which has shown that,
under certain conditions, the distortion
introduced may be quite large, especially
when the gain of the amplifier is controlled
by variation of grid bias on the H.F. valves.
As this is probably in many ways the best
method of gain control, it is highly desirable
to know the conditions which must be ful-
filled if quality is to be unimpaired.

The present article describes some measure-
ments made to determine the limits for dis-
tortionless operation both of a standard type
of screen-grid high-frequency amplifying
valve and also of a special type, commonly
known as the ‘‘Variable-Mu Tetrode,”
developed expressly for use as a variable-
bias gain control amplifier. This was first
introduced by Ballantine and Snow, in
America.f

Causes of Distortion.

Before proceeding farther, it is worth
while to consider the conditions which
produce distortion in a high-frequency
amplifier, since they differ in several im-

* M.S. received by the Editor, September, 1931.
t Proc. /.R.E., December, 1930.

portant respects from the low-frequency
case.

Suppose that an unmodulated sinusoidal
radio-frequency voltage is applied to the
grid of a valve having a grid volt-anode
current curve of the form shown in Fig.
1(a), and suppose that the valve is biassed
to the point 4. Suppose further that there
is no load in the anode circuit. Then since
the curve is not linear, a certain amount of
anode-bend rectification will take place, and
the mean anode current will rise. The
wave-form of the anode current will be of
the form shown in Fig. 1(c). After sub-

Fig. 1.—(a) Typical grid
volts-anode curvent curves
of a screen-grid wvalve.
(b) Sinusoidal wvoltage ap-
plied to the grid. (c) Wave-
form of the anode-curvent.

(=)

ANODE CURRENT

GRID VOLTS

AWANANN
(VARVARV.

AWAN AN

VAV VA =

tracting the D.C. component (the mean
anode current) this wave contains a funda-
mental of the same frequency as the input
frequency, and a range of harmonics of this
frequency. Being a dissymmetrical wave,

ANODE CURRENT
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it will, as a rule, contain a large second
harmonic. Now the impedance at resonance
of a tuned anode or transformer coupling
will, in the case of a screen-grid valve, be
generally much less than the anode- A.C.
resistance of the valve itself, so that the
magnitude and wave-form of the anode
current will be inappreciably affected by the
load in the anode circuit. Whereas, how-
ever, a current of the resonant frequency
will develop quite a large voltage across the
tuned circuit, currents of a frequency far
removed from resonance will produce prac-
tically no voltage since the impedance of
the tuned circuit at these frequencies is so
low. Expressed more simply, we may say
that the selectivity of the tuned coupling
circuit prevents all components of the anode
current except those at or near the resonant
frequency from being amplified. Conse-
quently, the voltage applied to the grid
of the next valve will be practically a pure
sine wave of the same frequency as the
input to the first valve. As the amplitude
of the input is increased, however, the anode
current will sweep over more of the curved
part of the characteristic, and the distortion
of the anode current waveform will be
greater. Provided the input is fairly small,
the effect will be merely to increase the
harmonics in the anode current, and the

fundamental component (and therefore
T/
2 s/
)
(<3
> / ‘
3 U
2
-
oo
o
0 R P Q
INPUT VOLTS
Fig. 2.

he voltage applied to the next valve) will still
be proportional to the input voltage, being,
in fact, the same as if the characteristic were
linear and had the same slopz as the tangent

124
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at the operating point 4. When the
amplitude of the input is sufficient to sweep
on to a part of the curve with a considerably
steeper slope, the fundamental component
of the anode current increases more rapidly
than the input, and the relation between
input voltage and output voltage ceases
to be linear. Consequently the input-output
curve of such a valve when working at a
fixed bias point is of the form shown in
Fig. 2. The input at which the curve ceases
to be linear will depend on the rapidity of
the curvature of the static characteristic,
being less the greater this curvature is.

If now the input radio-frequency is
modulated at audio-frequency, as shown in
Fig. 3(a), the anode current wave-form will
be of the form shown in Ifig. 3(b).

This wave will contain —

(a) a D.C. component,

(b) an A.C. component of the modulation
audio-frequency together with a
range of harmonics,

(¢) a component of the input radio-
frequency with side-bands,

(d) a range of harmonics of the input
radio-frequency, each with side-
bands.

The only components which are amplified
by the tuned coupling are those in (c), all
the others being too far removed from
resonance. It would be perfectly possible
to plot out the anode current wave-form
from the static curve, to analyse this in a
Fourier series, and retain the desired terms.
For a large input, the sum of these desired
components (which is the wave-form of the
voltage applied to the grid of the next valve)
is of the form shown in Fig. 3(c). Such an
analysis is, however, very laborious, and
it is impossible by this method rapidly to
determine distortion limits or to compare
different valves.

Considering for a moment the input wave
of Fig. 3(a) as a radio-frequency, the ampli-
tude of which is varying, it will be seen that
as the amplitude varies, the operating point
on the curve of Fig. 2 will move up and down.
For example, if the unmodulated input
amplitude is OP, and it is modulated, say,
20 per cent., the peak amplitude will be
0Q, and the ‘ trough” amplitude OR.
Since the selectivity of the tuned anode-
circuit is low enough to amplify the side-
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bands without appreciable distortion, the
output voltage will follow the input ampli-
tude in the same way as when taking the
*“ semi-static ”’ curve of Fig. 2. Since it is
fashionable nowadays to talk in terms of
“ decrement ” instead of selectivity, we
may say alternatively that the decrement of
the tuned circuit is low enough for it to
respond faithfully to change of amplitude,
provided the change is not more rapid than
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Fig. 3.

the highest audio-frequency the set is
designed to pass. From the curve of Fig. 2
we can therefore plot the output voltage
wave for any desired input and depth of
modulation. It will be seen that the shape
of the * envelope ”’ of the output wave of
Fig. 3(c) is no longer sinusoidal ; this means
that the carrier is modulated with harmonics
of the input modulation frequency as well
as with the fundamental.

But, in addition, it will be seen that the
percentage modulation has increased. The
percentage modulation of the input wave

of Fig. 3(a) is given by 2?4% X 100. The

percentage modulation of the output wave
is rather a vague term, since harmonics of
the original modulation frequency are intro-
duced. The percentage modulation of the
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fundamental could be found by analysing
the envelope into its fundamental and har-
monics. Provided the curvature of the
input-output curve is not rapid, however,
the deviation of the envelope from sinusoidal
will not be great, and the depth of modula-
tion can be taken as approximately equal to

amplitude at peak minus amplitude at trough
2 X amplitude with unmodulated input

X 100
Referring to Fig. 2, this is seen to be equal to
or — Rg X 100
2PS

If the input percentage modulation is # and
the output percentage as defined above' is
m’, then the percentage rise in modulation is

m — m
- — X 100
m

This rise must not be allowed to become
large, since, quite apart from the harmonics
introduced in the envelope, which will
reappear in the audio output of the detector,
the distortion of the detector itself will be
increased when the depth of modulation is
increased, unless the detector is perfectly
linear.

The amount of harmonics due both to
envelope distortion and detector distortion
for a given amount of modulation rise will
depend on the characteristic of the actual
valve and of the detector, but it is suggested
as a rough rule for comparison between
different valves that a rise of 20 per cent. in
depth of modulation would usually corre-
spond to quite small envelope distortion,
and very little increase in detector distortion,
except at very large peaks of modulation
(8o per cent. or more).

More specifically, a rise from an initial
value of 20 per cent. to a value of 2.4 per cent.
(as defined above) has been taken as the
tentative limit of operation and basis of
comparison.

It might be objected that, since the
envelope is no longer sinusoidal, the mean
value of the radio-frequency amplitude will
be greater than the amplitude for unmodu-
lated input, and hence the modulation rise
as calculated above is too high. This is
quite correct, but the error will only be
appreciable when the envelope departs con-
siderably from sinusoidal ; but in this case
the distortion is worse, so that there is no
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disadvantage in obtaining a pessimistic result.
The true mean radio-frequency amplitude
is in any case an indefinite quantity which
can only be determined by analysing the
envelope in each individual case. Since the
object is rather to determine a rapidly
calculable criterion of distortion, the defini-
tion adopted appears to be the most service-
able.

A . short description of the method of
measuring the input-output curves of a
valve may perhaps be of interest. The
valve under test was mounted in a screened
box, the anode circuit. being screened from
the grid circuit, so that the feedback was
reduced to the small amount between anode
and grid in the valve itself. The input was
supplied from a small radio-frequency
oscillator, the output of which was passed
through a tapped resistance, the value of
which was accurately known at radio-
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used instead. The voltage was then
measured by a valve voltmeter. The output
voltage of the valve under test was also
measured by a valve voltmeter. Measure-
ments were not taken above the input level
at which grid-current started, so that dis-
tortion of the input wave when using the
tuned circuit was not present. It was not
thought worth while to investigate con-
ditions when grid current flowed, since the
distortion will usually be bad in any case,
and the amplification is reduced, due to the
damping of the tuned circuits. The dis-
tortion limit may therefore be regarded as
determined by the modulation rise or by

grid current, whichever commences first.
The results of a series of measurements of
this type made on an Osram M.S.; and
V.M.S.4 (the latter a variable-conductance
screen-grid valve) are shown on Fig 4
and 5. The zo per cent. “ modulation rise ”
point on each curve was deter-
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mined by trial and error in the

manner explained in connection with
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The curves of mutual conductance

against grid bias for the same
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valves are shown on Fig. 6. It
will be seen that the rate of change

of mutual conductance of the V.M.S .4

is much less than that of the M.S.4,

which means that the curvature of

its grid volts-anode current curve

is less. This is the reason for its

% MODULAT|ON

VUTPOT 'VOLTS RMS

greater input-handling capacity,
especially at large wvalues of grid

bias. As the amplification is nearly

M

proportional to the mutual con-

ductance, the reduction of amplifi-

TN

cation due to any increase of grid

/

bias is given by the corresponding

reduction of mutual conductance.
For example, in the case of a set

01 1 10

INPUT VOLTS R.M.S.
Fig. 4.—Input-output chavactevistics of M.S.4 valve.
taken at V, = 200, V, = 60 volts.

frequency. The current passing through
the resistance was measured by a thermo
couple. By connecting grid and cathode
across a known amount of resistance, and
suitably adjusting the current, any desired
voltage could be applied to the grid. For
large input voltages the resistance method
had to be discarded, and a tuned circuit was

having a single H.F. stage using a
V.M.S.4 valve, suppose a weak
station gives suitable distortionless
volume when the grid bias on the
V.M.S.4is — 1 volt. If now astrong station
is tuned in which gives ten times the radio-
frequency voltage on the grid of the first
valve, the amplification (and therefore the
mutual conductance) must be reduced to a
tenth. To obtain this the grid bias must be
increased to 12 volts, which reduces the
mutual conductance from 1000 micromhos to

100

Curves
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100 micromhos. It is useful to plot a curve
showing the mutual conductance required
at any value of R.F. input to give a standard
output to the detector valve for any par-
ticular intervalve coupling.

distortion. This is.fairly high for an ordinary
screen-grid valve, and many types will not
handle more than a fraction of this input.
As it is quite usual to obtain about three or

For example, if a detector re- 199

1T 1T 1 11
quires an input of 2.0 volts R.F. GRID GURRENT BEGINSI]
for efficient operation, and if the SIS
transformer coupling the H.F. valve A 7 i
to the detector has a voltage 7 / / / I
ratio at resonance of 1.6, and the I'4 / / /
effective impedance of the primary A \/] / /
circuit with the secondary tuned o o = aba o +—
and the detector connected and 2 e / A
operating is 10,000 ohms, then i Z /T 7
the input to the H.F. valve togive 5 [/ 4 3 /’ 7
this required output is given by g ¥V v /b/lm(ﬁ/ 9V

2.0 X10% 125 5 7 /;1‘_%‘44 Xt

e L ,é 1 / // // L :;"4. L/ | T20% MODULATION his
where g, is the mutual conduct- E — ,,’A C
ance in micromhos, V', is the R.F. a7 —
input voltage to the grid of the // 7
H.F. valve, or g, = I;f L/ 14

The value of g, for any value / A

of V', for these conditions is given _ %
by the line AB on Fig. 7. The | W
values o.f input for 20 per cent. Fig. 5.—Input-output chavactevistics of V.M.S.4 and M.S 4
modulation rise, obtained from valves. Curves taken at V, = 200, V, = 60 volts.

Figs. 1 and 5, are also shown.

These enable a fair comparison between the
valves to be made. It will be seen that for
a mutual conductance of 10 micromhos the
input to the V.M.S.4 may be as much as
7.8 volts before 20 per cent. modulation
rise is reached, whereas the M.S.4 reaches
' the same limit at 0.93 volts.

A still better comparison is obtained by
considering the practical case represented
by the line AB. This cuts the curve for the
V.M.S.y. at a value of 6.4 volts input, at
which point the mutual conductance is
2o micromhos. Hence, provided a signal
does not produce a greater voltage than 6.4
on the grid of the H.F. valve, the ampli-
fication can always be adjusted by a suitable
choice of grid bias, to give the correct output
to the detector valve for efficient operation,
without thereby approaching the distortion
limit in the H.F. valve. The line AB will
be seen to cut the curve for the M.S.4 at a
value of 1.6 volts input, and therefore if this
valve were used in the set, this is the maxi-
mum input which could be handled without

four volts of R.F. on the first valve, from a
strong local station, even with fairly loose
aerial coupling and a not very efficient aerial
tuning coil, it will be seen that the M.S.4
would not, in these circumstances, provide
quite sufficient range of control, and the local
station could not be received without dis-
tortion, unless the input from the aerial was
reduced. If the grid bias on the H.F. valve
is left at its normal value, and volume control
obtained by controlling the aerial input, the
amplifier is always working at full gain, and
consequently amplifier noises which are
introduced in the first valve always receive
full amplification, and are as troublesome on
the local station as on a weak station. This
difficulty is usually circumvented by using a
combination of both methods—generally in
the form of an aerial input control mechanic-
ally coupled to a grid bias potentiometer.
By using the V.M.S.4 the aerial input
control can be dispensed with, and all the
necessary gain control obtained by varying
the grid bias. The actual limiting input will
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vary slightly with the type of coupling to the
detector and with the input required by the
detector for efficient operation ; but unless
the coupling is very inefficient the limit will

711000
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Fig. 6.—Curves of mutual conductance against
grid bias for V.M.S.4 and M.S.4 valves.

generally exceed 5 volts, which is sufficient
for most localities and aerial systems.

Where two H.F. stages are employed, the
input to both stages must be considered, in
order to determine the limit of operation.
The input to the first valve can be expressed
as follows :

V= Vif where V; is the input to the
- 2nd valve.
V is the input to the 1st
valve.

K is a constant depending
on the coupling trans-
former, and calculated
as  previously  ex-
plained.

As an example, suppose that two similar
valves are used in the H.F. stages, and that
common grid bias is employed, and suppose
that K is equal to 40. Suppose the charac-
teristics of the second H.F. valve couplings
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and the detector are the same as in the
previous case considered.

Then since

e 125, yo 40 X 2125 i _50050
8a 8a 8a

Plotting V against g,, we obtain the line CD.
This cuts the distortion curve for the V.M.S 4
at a value of g, of 31 micromhos. Since the
second valve does not distort until a value
of 20 micromhos is reached, the first valve
will determine the maximum aerial input
which can be handled. In the case of the
M.S.4 it will be seen that the second valve
determines the limit, since AB cuts the
curve for the M.S.4, at a greater value of
g, than does CD. As the V.M.S.4 will handle
such a large input, the first valve will as a
rule determine the distortion limit in sets
using this type. Actually, slightly more
input could be handled by grading the grid
bias, so that the first valve received rather
more than the second. The distortion
analysis for any such case can easily be
made with the aid of Figs. 4,5 and 6. A
description of the performance of the V.M.S.4
in a typical set has been given in a previous
article (Wireless World, gth and 16th Sept.,
1931). As a matter of interest, the static
grid volts-anode current curves for the
V.MS.4 and the M.S.} are also shown
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MUTUAL CONDUCTANCE —MICROMHOS

Fig. 7.—Curves showing input to give 20 per cent.
modulation vise for V.M.S.4 and M.S.4 valves.

(Fig. 7). They indicate clearly the smaller
curvature of the V.M.S.4 characteristic,
which is obtained at the expense of increased
anode current. If the same initial mutual
conductance is to be maintained, however,
this is unavoidable.
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The V.M.S.4 is very similar in construction
to the M.S.4, except as regards its control

grid. In the ordinary type of valve, the
wires of the control grid are uniformly
e
13
2
wl
A €
2
o
&
Q
z
<
G
F v
b B
GRID VOLTS
Fig. 8.

spaced ; in the V.M.S.4, some of the wires
are more widely spaced than the remainder.
The effect of this can be seen from Fig. 8.
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Considering only one pair of widely spaced
wires. to be present, the valve may be re-
garded as made up of two valves in parallel—
one having a normal characteristic, such as
shown by the curve 4B and the other having
very short electrodes (cathode, grid and
anode) and widely spaced control-grid wires.
This will have a characteristic such as
shown in CD, the tailing effect being due to
the wide spacing of the grid and the small
anode current to the shortness of the elec-
trodes. The two in parallel give the com-
bined curve EF. By suitably adjusting the
number and separation of the widely spaced
wires, the characteristic can be made to
conform to almost any requirements. If the
“ tailing ”* effect on the characteristic is in-
creased, it is possible to obtain a valve which
will handle almost any desired amplitude of
input; but the grid bias required becomes
very large. In a practical design, a com-
promise must necessarily be made.

BOOK REVIEW.

A Dictionary of Electrical Terms.

By S. R. Roget, M.A.,, A M.Inst.C.E.,
AMIEE.

Pp. vii 4 396. Pitman & Sons, 193I.
net.

This usefu! publication, now in its second edition,
aims rather at giving explanations than definitions,
although, as might be expected where so wide a
field is covered, many of the explanations err on
the side of brevity. In his preface the author
eschews any idea of standardising the meanings
attaching to various expressions in current electrical
use, though he admits the need for official sanction
of some sort for the multiplicity of terms which are
being added almost daily to our vocabulary. It
is beyond question that too many technical terms
are being introduced without prior enquiry as to
whether any meaning is already attached to them.
In this respect the present volume is likely to render
useful service.

Being primarily compiled to cover the whole
field of electrical engineering, some omissions from
the wireless standpoint are perhaps inevitable.
There is, for instance, no mention of Band-Stop
Filters, nor of the Stemode. Decoupling is not
mentioned, and the reader is not referred to Anfi-
Motorboating Device, under which head it is dealt
with. The system of cross-referencing is peculiar ;

7s. 6d.

thus, under A#node Civcuit, Tuned, we were referred
to Tuned Plate Circuit, on consulting which we
were further referred to Tumned Amnode Circuit.
Again, Lightning, Ball, instructs the reader to consult
Ball Lightning, only to be told to see Globular
Lightning. A merry game, but out of place in a
serious work.

On the whole the wireless * explanations’’
convey an impression that they might have been
considerably improved had they been submitted
to more careful editing. Thus, the formulae
quoted under Keactance and Impedance are only
true for series combinations; the definition of
Atom omits the electrons at the nucleus, while
Hertzian 1Waves are not, as stated, limited to those
above 10 metres for wireless communication. One
or two misprints were noted. For instance, under
Impedance Triangle the word “ inductance ”
should read ‘ imipedance,” while Moullin should
appear as here spelled. Under Natural Frequency
the formula should be 1/, 7V LC.

Apart from such blemishes there is much that
is instructive and useful in this book. For instance,
the explanation of Potential Difference should prove
of interest to the beginner, while the author’s
distinction between Selectance and Selectivity should
give thought to those who are curious in such
subtleties.

W. A.B.
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On the Influence of Valve Resistance in

Oscillation Generators.*
By N. W. McLachlan, D.Sc., MILE.E, F.In:t.P.

1. Triodes.

HE frequency of a triode oscillator
operating on a family of infinite linear
characteristics without grid current
is given by the well-known expressionf :—

w? = (1/LC{1 + Rlp) — [CR + L/p
—gM)P4LCY .. (1)

this being derived from the differential
equation

{D*+ D CR + Lp — gM]|LC
+E+RRY=0 .. (@

When the D term is zero the oscillation can
just be maintained once it is started, pro-
vided there is no additional energy loss.
Under this condition the amplitude is con-
stant and the frequency is given by,

o? = (1/LC)(z + Rfp) .. .. (3)

When the D term is negative the oscillation
builds up at a frequency determined by (1),
and its value is slightly less than that given
by (3)- ey .

It is almost impossible in practice to satisfy
the constant amplitude condition rigorously,
and one usually depends upon slight curva-
ture of the characteristics, ¢.e., variation in
p and g to limit the extent of the oscillation.
Consequently the value of the D term
squared is not zero, and the frequency is
altered slightly from that given by (3).

Instead of solving a differential equation,
the bare maintenance condition and the
corresponding frequency can be found by
putting the circuital impedance in the form
a + jb. Equating a4 and b to zero gives
the required result. In this way we find
w? =1/LC(1 + R/p), t.e., (3) above. But
in this expression for w? the square of the
D term is missing, since by hypothesis (bare
maintenance condition) it is zero. Moreover,
formulae deduced by the « + j& method

* MS. received by the Editor, August, 1931.

t+ Throughout the paper the formulae are written
so that the negative mutual inductance M and the
negative resistance p (Sections 2, 3, 4, 5) are taken
numerically positive.

do not fully indicate the influence of varia-
tions of p on the frequency.

Suppose an oscillator is adjusted to

w? = (1/LC)(1 + R/p)
and ¢=o0 = (CR + Ljp — gM)
= CR + 1/p(L — pM)
what happens if p varies? When p increases
¢ becomes positive and the oscillation ceases,
whilst a reduction in p makes ¢ negative
with a consequent growth in amplitude and
alteration in frequency.

When the oscillation is powerful, and
appreciable curvature of the valve char-
acteristics is involved, expressions (1) and
(2) are inapplicable.

By using the @ + jb method Prof. E.
Mallett? has shown that (1) reduces to
w? =1/LC when an inductance L' =L
is connected between the anode and the tuned
circuit. From this he concludes that the
frequency is independent of the valve. As
we.saw in the preceding case, w? = 1/LC
only-holds when ¢ = 0. When this is not
the case, due to variation in p, the expression
for w? contains additional terms which are
not divulged by the a 4 jb analysis. With
L' =L, ¢, becomesCR(p + R') + L — uM.
Clearly, if ¢, = o, an increase in p will ex-
tinguish oscillation, whilst a decrease in p
will alter the frequency due to the missing
terms in the frequency equation not being
Zero.

In Prof. Mallett’s experimental results
there are two discrepancies. («) Insertion
of resistance in the oscillatory circuit, in the
absence of L', lowered the frequency instead
of raising it, as would be expected from (3) ;
(b) the value of L’ for constant frequency
was not L but 0.18 L. As we indicated
above, the valve must be set to ¢ = o for
(a) and (b) to be realised. Since addition of
resistance did not suppress oscillation, ¢
must have been negative, and the oscillator
was not working under the conditions
postulated in Prof. Mallett's analysis. It

1 Journal 1.E.E., Vol. 68, p. 578, 1930.
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follows, therefore, that deductions from
his frequency equation must be erroneous,
and no general proof has been given thdt an
inductance L’ will counteract variation in the
valve parameters. What Prof. Mallett finds
is this :—When an inductance L' == 0.18L
is connected between the anode and tuned
circuit of a certain valve oscillator working
with appreciable variation in p throughout
a cycle, a variation in anode voltage from
270 to 300 causes no change in frequency.
It appears that curvature of the character-
istics had something to do with the problem.
If an impedance large in comparison with p
were used in place of 0.18L, the influence of
variation in p would be reduced considerably.
This, however, was not Prof. Mallett’s
method of solution.

2. Screened-grid Valves.

The case of the screened-grid valve as an
oscillator is of particular interest to me,
since it is used in my modulated C.W. wave-
meter.* In (1) if M = o and p is negativet
we obtain for the circuit of Fig. 1 a, b,

w? = [1/LC — 1/4(RIL + 1/Co)T .. (4
an expression which holds when the oscilla-
tion is building up on an infinite ideal char-
acteristic. )

The maintenance condition is R/L = 1/Cp
which gives

w? = (1/LC — R?[L?) (s}

an expression which is quite independent of
the valve resistance. One might be tempted
to infer that the frequency is now inde-
pendent of the valve. Hence the latter can
be removed without effect !

But cince R/L == 1/Cp we have

w? = (1/LC — 1/C%p?) . .. (6)
and also from (1)
w'= (/LCY T — Rlp) .. .. (7)

expressions very much dependent on the
valve. In other words, (5) covers a critical

* Specification 310,915, Feb. 3rd, 1928, Wireless
World, p. 107, Jan. 231rd, 1929, and Journal Scientific
Instruments, Vol. 6, p. 327, Oct., 1929. The appli-
cation of the s.g. valve to reduce damping in an
auxiliary circuit is described in 304,63%, Oct. 20th,
1927, and as a variable frequency oscillator of
constant output in 304,369 of even date.

t When substituting in the formulae, p is to be
expressed as a positive quantity. Increase in p
is to be taken in a numerical sense.
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condition which can be expressed in three
ways, one of which masks a physical reality.

Coming now to Prof. Mallett’s frequency
stabiliser, applied to the s.g. valve, we have
the circuit{ shown.in Fig. 1c. It will be
seen that the anode to s.g. capacity is not
now directly across the tuned circuit, and
its effective value is reduced by L'.

TO SUITABLE
VOLTAGE ON L
H.T. BATTERY
OR TO BIAS Ty

o]
R
-

= )
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¥
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L
R
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Fig. 1 (a, b).—Diagrammatic vepresentation of
screen-grid valve and oscillating civcuit. Cgy =
anode to screen-grid capacity.

Fig. 1 (¢).—As at (a) and (b) but with auxiliary
inductance L’ between anode and oscillating
circuit.

There is a collection of impedances, all of
which influence the frequency of the com-
bination. On the basis of an ideal character-
istic I fail to see how the inductance L’, or
any reactive impedance for that matter, can
possibly prevent a variation in frequency
if the 7esistance p alters. If p increases
arithmetically. the oscillation stops, whilst
decrease is accompanied by growth at a
different frequency. In practice, where the
amplitude is limited by curvature of the
characteristic, the equations of a linear
system are inapplicable. Consequently, as
with the triode, frequency stabilisation
cannot be proved by the @ + jb method.
Also in all probability the inductance with

1 This is identical with Fig. 5 in my speciﬁcatio_n
304,369 of Oct. 2oth, 1927, but no mention is made
of frequency stabilisation.
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its self-capacity would oscillate at a frequency
higher than that of the main circuit, as in my
modulated C.W. wavemeter.

Data relating to a screened-grid valve
low-frequency oscillator will illustrate the
limitation of expressions (4) and (6) and
indicate the influence of valve and circuital
resistance on' the frequency.

Example 1.

Inductance of air-core coil (L) = 1.05
henry.
A.C. resistance of air-core coil at 1000 ~

(R} = 50 ohms.
Total capacity (C) =2.22 X 1078 farad.
Dynamic resistance (L/CR) = 8.9 X 10°
ohms.

Valve resistance on straight portion of
characteristic (p) == 1.75 x 10? ohms.

Oscillator frequency checked by tuning
fork (f) = 1000 ~.

Frequency calculated from (4)
(/1) = 1020 ~
The frequency calculated from (4) is 20
cycles too high, this being due to working
on the curved portion of the valve char-
acteristic. One cannot make deductions
from expression (4), since it only applies when
the characteristic is straight and p is constant.
The additional 2o cycles is not due to altera-
tion in the anode to screen-grid capacity of
the valve. From (4) the capacity to make
f= 1000 cycles is 2.31 X 107% farad, i.e,
the valve capacity would have to increase to
900 ppF or about 60 times its normal value !
Example 2.
Influence of increase in p.
As in Example 1, but
C = 2.391 X 1078 farad.
p = 1.44 X 10% ohms.
Actual. f = 1000 ~
from (4) f; = 1003 ~ which is more accurate
than the value in Example 1.
Example 3.
Near critical value of p.
As in Example 1, but
C = 2.41 X 1078 farad.
p > 8 X 10% ohms.
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from (4) f= 1000 ~ which is correct and
very nearly equal to 1/27(1/LC).

As pisincreased (4) becomes more accurate,
until very near the critical condition it is
accurate. The wave form is purest here,
since the characteristic is linear.

Example 4.

Influence of p on the natural frequency
of a coil.

Inductance of air-core coil (L) = 1 henry.

Self-capacity of air-core coil (C,) =
82 X 1071% farad.

Additional capacity of valve and leads
= 18 X 10712 farad.

Natural frequency of coil with valve fila-
ment unlighted. f; = 1.59 X 10% cycles.

Frequency during oscillation f;, =
8.45 X 10® cycles.

This shows quite clearly that the valve
resistance reduces the frequency.

Example 5.

Influence of adding resistance to the coil.

As in Example 1, but

Added resistance = 2000 ohms, which
caused a decrease in frequency of about 15
cycles.

When a resistance R is added to the con-
denser arm, and that in the coil arm is
negligible in comparison, the frequency is
given by*

w? = (1 — Rlp)*1/LC
— 14(RIL + 1/Co% .. ),
and the condition for bare maintenance is
R/L = 1/Cp or p = L /CR as before.

Example 6.

Influence of resistance in series with
condenser. With C = 2.22 ¥ 1078 farad,
f==1000 cycles, as in Example 1. When
1000 ohms was added to condenser arm,
f wncreased and the value of C for 1000 ~
was 2.39 X 10~8farad. From (8)f = 1025~
which shows the error in the formula due to
non-linearity of the characteristic. The
effect of resistance in the condenser arm is
opposite to that in the coil arm. It is much
easier to conduct a resistance test in the
condenser than in the coil arm, since in the
former case no variation in the steady anode

* A corresponding alteration in expression (1)
is required for a triode.
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voltage occurs due to ohmic drop in the
resistance.

Example 7.
Critical resistance in series with condenser.
C = 2.22 X 1078 farad, f = 1000 ~ with
‘no resistance. With a critical resistance of
2200 ohms C=2.73 X 1078 farad, f==1000 ~.
The actual frequency and
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(1) Valve resistance reduces natural fre-
quency of circuit.

(2) Resistance in coil arm lowers frequency.
[ calculated from (4) is greater than actual
value.

(3) Resistance in condenser arm raises
frequency. f calculated from (8) is greater
than actual value.

(=

that calculated from (8) is I

HENEEEEENEEERAR!

1000 cycles. The critical

resistance in the coil arm .

P= 1-73x10" OHMS AT v, =50 VOLTS
- Q_F‘*_‘ —~— — 1 }

exceeds 2200 ohms, since for

WlE ‘ﬂ/ﬂlﬂu |

1000 ~ the value of C is less

S

- T

than 2.73 X 1078 farad. This

will be clear from (4) and (8).
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Since CR = L/p in this ex-
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Example 8.

The value of p.

p can be found in two ways: (1) the slope
of the static curve, (2) from the expression
p=L/CR at the critical condition. (1)
gives p = 1.73 X 10* ohms, whilst from
Example (7) p=1%5 X 10* ohms, which
shows a reasonable agreement.

Example g.

Curvature of characteristic.

Fig. 2 shows : (1) the static characteristic.
(2) the characteristic when the valve
is oscillating vigorously. The mean value
of i, varies due to rectification arising from
curvature of the characteristic, excepting
at v, = 50, when the effect balances out over
the swing. The above tests were conducted
with v, near this point. It is probably the
best working position on the curve, i.e.,
when ¢, does not alter due to oscillation.
For purity of wave form the oscillation
should 'be confined to the substantially linear
portion of the characteristic. This means that
L/CR must not be too large compared with p.

3. Summary of Experimental Results.

(a) Oscillation over large part of char-
acteristic, 7.e., LJICR> >p.

40 50

0 70 80

Vo =STEADY VOLTAGE APPLIED TO ANODE

Fig. 2.—Chavracleristic curves of screen-gvid valve.

(b) Oscillation over small portion of char-
acteristic : near the critical condition, 7.e.,
L/CR =p.

(4) As at 1, 2, and 3 above, but actual
and calculated frequencies from (4) and (8)
in agreement. This holds whether the
critical condition is obtained by increase in
R or in p.

(5) The value of p calculated from L/CR
at the critical condition is substantially equal
to that obtained from the static character-
istic.

Doubtless a similar series of results would
be obtained with a triode.

We have shown that the mathematical
expressions are only valid when the valve
operates near the critical condition. To
preserve constant frequency a ‘‘ prevention
course should be adopted. The coefficients
of the LC circuit should not be affected by
temperature variations, etc., the valve should
oscillate feebly, small energy being supplied
to an external circuit, and the filament and
anode voltages should be kept constant.
By making p and C large the correction term
1/C%? can be made very small compared
with 1/LC so that small variations in p are
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immaterial. These conditions conduce to
purity of wave form. Possible variations in
the anode to screen-grid capacity, due to
change in geometrical form with time or
electrostatic force, should be reduced to a
minimum by using a valve with C,, ahout
2.5 uul instead of the usual 15 puF. For

CNIME ——— i

Fig. 3.—Wave form of relaxation oscillation
from s.g. valve and irvon-coved choke.

this purpose the Osram Lamp Co. kindly
made special valves to my specification some
years ago.*

4, Extension of Frequency Range.

In a variable frequency oscillator it may
be desirable to extend the range below that
where capacity causes extinction, ‘..,
C > L/pR; or above that where either
the coil or valve resistance acts likewise,
i.e., p> L/CR or R > L/Cp. The desired
result can be obtained with a given valve
using a circuit design having a greater value
of L/CR by reducing C and R or increasing L.
When this is not feasible it is imperative
to reduce p, and the reduction can be
accomplished either statically or dynamically
in a variety of ways, some of which will now
be described.

Reduction in p Statically.

This can be achieved by (a) increasing
the voltage of the control grid relative
to the filament; (b) increasing the cscreen
and anode volts; (c) putting a resist-
ance in series with the anode and aug-
menting the battery voltage to maintain
the anode voltage at its original value.f
Fine adjustment can be obtained by altering
the filament current. By a judicious com-
bination of these methods p can be reduced
to a low value. Several valves in parallel
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serve the same purpose, but the additional
anode to screen-grid capacity is not always
desirable especially at very short wave-
lengths.

If p, is reduced, say by method ¢, so that
1/4(R/L 4 1/Cp,)?>1/LC but L/CR>p,, the
frequency is imaginary and the damping
negative. Consequently the current grows
but is forced to relax at the extremity of the

.characteristic where the above conditions

are violated. Moreover, a relaxation oscilla-
tion or pulsation occurs. A typical case
obtained four years ago with the secondary
of an Ideal intervalve transformer, and
taken from my specification 310,915, is shown
in Fig. 3.

The frequency and the wave form
can be varied considerably by altering the
filament current. Using a coil and con-
denser, as p, is.decreased by adding resistance
and increasing the battery voltage a point
is reached when the pulsation is rendered
visible by the milliammeter needle.

Reduction in p Dynamically.

In the method illustrated in Fig. 4a, the
alternating voltage across 7 is superposed on
the steady potential applied to the grid.1 In
Fig. 4b a resistance XYZ is connected in
series with the oscillatory circuit, the battery
voltage being identical for the anode and
screen circuits. XY Z or the filament current
is adjusted to obtain the correct working
anode voltage. The condenser C, is of low

TO
SUITABLE
VOLTAGE

= ’ 4
»—"—ﬁhhhm«

UL
- @ = ()

Fig. 4.-—Illustrating methods of reducing nega-
tive vesistance of valve.

impedance to the oscillations and by-passes
YZ and the battery. Consequently the
effective dynamic resistance is p — XY.

* Wireless Wovld and J.S.I., loc. cit.
t Effective resistance -is then (p — 7). = p,.

! Owing to the re@cance 7, p. is reduced so thait’
this method also involves method (D).
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Consider the family of characteristics
shown in Fig. 5. The negative resistance
decreases with increase in grid voltage, a
property we have utilised above. If the grid
voltage 1is- increased when v, =20 and
decreased when it is 70, the dynamic char-

STEADY ANODE CURRENT i,
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STEADY ANODE VOLTAGE vg

Fig. 5.—Characteristics of screen-grid wvalve,
showing influence of bias v, on the control grid.

acteristic will take the form shown dotted,
and its slope dv,/d:, will be reduced appre-
ciably. This really amounts to the grid
and anode voltages being in opposition,
and we get back to the triode case. Conse-
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quently any of the usual triode reaction
methods can be used to reduce p. The only

difference is that in the triode the static

resistance is positive, whilst that of the s.g.
valve is negative and therefore needs less
reaction to give the necessary reduction in p.
From (1) the frequency is given by
w? = 1/LC(1 — R/p)
and the bare maintenance by
CR — (uM + L)fp = o,

or p= (uM + L)/CR

“or (p — pM|CR) = L/CR

Thus the influence of reaction is equivalent
to increasing the inductance by pM or
decreasing the valve resistance by
uM|CR = ppuM|(uM + L)

In general an appreciable reduction in
p causes an alteration in frequency. This
must be taken into consideration when
employing any method whereby the desired
reduction is effected. It is assumed through-
out this paper that battery and other non-
essential impedances are shunted by suitable
condensers.

The Wireless World “ Autotone”

High Circuit Selectivity with Tone Correction.

O meet the ever in-

creasing congestion of

the ether various
methods of obtaining im-
proved selectivity have been
introduced. So far the super-
heterodyne and band pass
filter have proved the most
successful, but an alternative
is provided by the principle
of ultra selective tuning in
conjunction with reaction
followed by the tone correc-
tion in the L.F. amplifier to
compensate for the inevitable
attenuation of the higher
audio frequencies.

This is the basic principle
of the “ Autotone "’ receiver
recently described in our
sister journal, * The Wireless
World.”

Joss of apparent modulation in the upper register.

a much higher order.

A loose coupled tuner with critical reaction in the
secondary circuit precedes the detector valve, which is followed by
two L.F. stages and a special tone corrector stage with a variable
characteristic which can be adjusted to compensate exactly for the
In spite of the
absence of a H.F. stage the sensitivity is comparable with that of
the average H.F.-det-pentode receiver, while the selectivity is of
The set is stable in operation and uniform
reaction is obtained by means of a special compensating device,
so that the receiver is controlled virtually by a single knob.
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The Mutual Interference of Wireless Signals
in Simultaneous Detection.*
By E. V. Appleton, F.R.S., and D. Boohariwalla, M.Sc:

(Wheatstone Laboratory, King's College, London.)

(1) Introduction.

HE experimental work described here

was prompted by the theoretical

discussions of Beattyt and Butter-
worth! on the subject of the apparent
demodulation of a weak signal by a strong
one in wireless reception. Both of these
authors considered the case of a perfect
rectifier, but their conclusions concerning the
mutual interference of signals in the process of
rectification differed very considerably.
Beatty’s treatment led to the result that the
weaker of the two interfering signals should
be completely demodulated, a deduction (as
the author himself remarked) not borne out
in practice. Butterworth, on the other
hand, found out that while the process of
demodulation was undoubtedly present, its
magnitude depended in a somewhat com-
plicated manner on the ratio of thé carrier
wave intensities of the two signals. The
conclusions to be drawn from the present
investigation is that Butterworth’s results
are the correct ones so far as a perfect
rectifier is concerned.

(2) The Theory of Mutual Interference.

Before proceeding to consider the experi-
mental work we give a theoretical treatment
‘of the subject, alternative to that of Butter-
worth, the results of which are easy to apply
and to remember, and, moreover, possess
the advantage of being applicable to any
type of rectifier, perfect or otherwise.

It is clear that the problem of the apparent
demodulation of a weak signal by a strong
one is essentially a non-linear one, since for
one signal to interfere with another indicates
that the principle of superposition does not
hold.

* MS. received by the Editor January, 1932.

+ Experimental Wireless, 5, No. 57, p. 300 (1928).

t Experimental Wireless, 6, No. 74, p. 619 (1929).
(A non-mathematical exposition of Butterworth’s
work has been given by F. M. Colebrook, Wireless
World, p. 560, May 27th, 1931.)

Let us consider the simultaneous detection
of a strong signal S cosw,! and a weak
signal W cos wyt. (We assume that these
expressions represent the voltages applied to
the detector terminals, the ordinary circuit
demodulation consequent on the use of
tuned circuits having been taken into
account.) The total signal input to the
detector is, therefore, given by,

V = S cos wit + W cos w,t (1),

V = S cos w,t + W cos({w, + p)t  (2),

where p = (w, — w,). We assume that p
is a supersonic angular frequency.
The equation (2) may be written

V =+/S? + W2 2SW cos pt

or

cos (wy? + ¢) (3).
where
! W sin pt
1 .
B S+ Wecospt 4)-

Now we can express the properties of any
form of rectifier in terms of a characteristic
expressing the relation between mean signal
current 7 and the amplitude A of a simple
periodic electromotive force applied to it.
If this characteristic relation has no dis-
continuities we may express it as

i — ad 4 BA? 4 yA3 + Sdtetc. .. (3)

Case (1) Perfect Rectifier.

In the case of a perfect rectifier, which we
consider first, we write simply,

st .. ., A b

In our substitution for A we note that
the expression (3) for V represents a high-
frequency oscillation with amplitude equal
to (82 + W2 -+ 2SW cos pt)t, which is a
varying quantity. Since, however, the tele-
phone receiver does not respond to such
supersonic variations, it is clear that it is
the mean value of this quantity which gives
us the appropriate value for 4 for insertion
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in (6). This mean value may be found as
follows :—

Let X =V/5% + W? + 2SW cos pt

__Vw( + ZSW C()Spt)a

- + .I Sz w2
SW cos pt
Sz + Wwa

S2W2 cos? pt
= }ZW—I— etc. . . >

Now the mean value of this expression is
given by

X =vsr (1}

VS W (x +

S22
S* + W2

—letc B ) A

so that, since X = A, (6) becomes

S S22
i 2 2 1 __° e
i= a{\/s F -4 & 1

+ etc. . . } .. (8

Let us now suppose that the weak signal
is modulated ; that is to say it is changed
periodically in amplitude from W to W4 AW
We know that, if the strong signal were
not present, we should have this change of
amplitude registered as a change in the mean
signal current of magnitude + o AW.

To find the change of signal current in the
presence of a strong signal we must find

:
ZGW from (8).

—

This is given by

ws ws

S8 <I + V—g:)g N Zsa(x 4 ZV:_)# etc'}

(9)

xn

+4

We thus find that if we write
Weak signal input amplitude

* = Strong signal input amplitude (xo)
and
Acoustic weak signal in presence
of strong signal (1)

Y= Acoustic weak signal in absence
of strong signal
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T4yt (AR (T AR
x3
= @+ 3 + etc. .. (12)
or, if we assume x% <<1,
%
=% (x3)

The simple result expressed in (10); (II)
and (13) applies with sufficient accuracy

for ratios of —

S
deals “with the range in which practical
interest is centred. We can therefore state
the following simple results :

If strong and weak signals of carrier.
Sfrequency intensities S and W rvespectively
are simultaneously received with a linear
detector, the modulation of the weak signal is

up. to 0.5 and so clearly

reduced to a fraction % S of its original value.*

In quite a similar manner the influence
of the weak signal on the strong one may be
found. The result only need be stated here.

Let

Acoustic strong signal in presence of
. weak signal
~ Acoustic strong signal in absence of

weak signal.

841

and x retains its previous significance. It is
then found that if, as before, x2<< <1
e Ve g )
yl—l—4—1—z(5-) - (14)

The demodulation influence of the weak
signal on the strong signal is therefore small.

Case (2) General Type of Rectifier.

It is easy to generalise the above treatment
using the relation (5). In doing this it is
found that, corresponding to (9), we have

w
B — Yo'+ 2BW 4 45yWS

AW

+ 88WS2 4 . .. (15)
which may be compared with the expression
that would be appropriate if the strong
signal were absent, namely

1
AV 4 2BW 4 3y W 4 4SWE 4 .. (16)
AW

* This result has been previously announced
together with our suggestion that the demodulation
effect plays a very important part in the behaviour
of the Stenode Radiostat Receiver. (Wireless
World, p. 661, June 17th, 1931).

c2
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‘A comparison of (15) and (16) shows that, if
we take the terms in order, a perfect detector
gives a pronounced demodulation effect
depending on the relative strengths of the
two signals, a ** Square law "’ detector gives
no such effect at all, while a ““ Cube law ”’
detector actually gives increased modulation
of the weaker signal, the modulation

being increased in the ratio 1.5 % to 1. But

in considering practical cases it is well to
remember that for most types of detector
y and § are negative. In fact most detector
characteristics may be represented by one
of the two equations :—

i =ad — yA? - (17)
or 1= BA% — 34% .. . (18)
where the coefficients a, 8 ¢ and & are all
positive quantities. Equation (17) repre-
sents the performance of a rectifier which
departs from the straight line relationship
at large amplitudes, while (18) represents
correspondingly a rectifier which departs
from the * Squarelaw " relationship at large
amplitudes. Roughly speaking (17) refers to
cumulative grid rectification and (18) to
anode-bend rectification. From (15) and
(16) it is easy to show that the presence of
the y term accounts for the increased de-

modulation effect at large signal amplitudes.

Correspondingly it can be shown that, in
anode rectification, the § term accounts for
the demodulation introduced at large ampli-
tudes.

(3) Experimental Investigation:

Experimental tests of the theory given
above were carried out using both a *“ straight
line ”’ rectifier of the type advocated by H. L.
Kirke* and also a cumulative grid rectifier.
The interfering signals were produced by ()
an unmodulated high-frequency oscillator
and (b) an oscillator modulated at an acoustic
frequency of 300 cycles per second. The
experimental assembly for the case of the
“ straight line "’ rectifier is illustrated in
the accompanying Figure.

To ensure that the reading on the Moullin
Voltmeter referred only to audio-frequency
output the unmodulated oscillator was
switched on alone and the receiver tuned
through resonance. The Moullin Voltmeter
was found to give zero reading indicating

* Wirveless World, Vol. 24, Jan., 1929, pp. 32-35.
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that no appreciable’ high-frequency signal
was reaching it.

To find the modulation effect of a strong
signal on a weak one the modulated oscillator
was removed to some distance so that the
mqdulated signal was weaker than the

0
<& 4
<O P 020,70
SO e,
SR e,

\)‘390\\'

MOULLIN
LOVOLTMETER i

TO " SLIDE-BACK”
VOLTMETER

Expevimental assembly fov the ¢ sivaight line”
rectifier.

unmodulated one. Each of the oscillators
was then switched on in turn and the signal
electromotive forces due to each measured by
means of the slide-back voltmeter. These
readings gave us W and S. In the case of
the modulated oscillator the audio-frequency
output voltage (p) was also read on the
Moullin Voltmeter. Both oscillators were
then switched on together and the new
reading (¢) of the Moullin Voltmeter noted.
The results obtained for the two types of
rectifier are tabulated below.

TABLE I.—TriopE USED aS DIODE.

4
Ratio 3 off s coustic | Acoustic
modulated | signal of | signal of q 3 w
to un- W in ab- |W in pres- P S
modulated | sence of S | ence of S
signal. () (9) |
Volts. Volts.
0.10 0.90 0.05 0.055 0.05
0.20 0.90 o.10 0.11 0.10
0.24 0.90 0.12 0.13 0.12
0.30 0.90 0.15 0.167 0.15
0.40 0.90 0.20 0.22 0.20
0.46 0.90 0.25 0.275 0.23
1
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TABLE 11.—CuMULATIVE GRID RECTIFIER.

Ratio -V_, of . .
S Acoustic | Acoustic
modulated | signal of | signal of q9 1 w
to un- W in ab- |W in pres- P N S
modulated | sence of S. | ence of S.
signal. (#) @
Volts. Volts.
0.21 1.47 '0.15 0.10 | 0.105
0.27 1.47 0.19 0.12. | 0.135
0.32 1.47 0.21 0.14 | 0.16
0.40 1.47 0.30 0.20 | 0.20
0.48 1.47 0.35 0.24 | 0.24

The approximate agreement of the last
two columns in each table we interpret as
verifying the theory. Closer agreement could
hardly be expected considering that neither
of the rectifiers used can be strictly regarded
as possessing the type of characteristic con-
templated in the theory. We therefore
consider the experiments as demonstrating
that, in the simultaneous linear detection of
a strong signal (S) and a weak one (I7), the
modulation of the weak signal is effectively

reduced to %I;Y] of its original value.

Experiments on the demodulation effect
of a weak signal on a strong one were also
carried out the results obtained agreeing
with theory, but, in view of the relative un-
importance of this effect in practice, these
results are not described here.

Summary.

The theoretical investigations of Beatty
and Butterworth on the mutual interference
of signals in simultaneous rectification have
been extended and tested experimentally.
In cases where the theoretical results ob-
tained by these authors diverged, the
experimental results are found to decide in
favour of Butterworth’s analysis.
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A simple result of the work, which is of

importance in practice, can be stated as

follows :—

If strong and weak signals of carrier wave
intensities S and W respectively are simul-
taneously received with a linear detector,
the modulation of the weak signal is reduced

to a fraction %%/ of its.original value. At the

same time the modulation of the strong

2
signal is reduced slightly to {I — ;}(%1) }of

its original value.
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The Spreading of Electromagnetic Waves

from a Hertzian Dipole.

Paper by Messrs. J. A. Ratcliffe, L. G. Vedy and A. F. Wilkins, read before
the Wireless Section, I.E.E., on 3rd February, 1932.

ABSTRACT.
Variation of Field with Distance.

FTER an introductory section the paper
proceeds to a brief discussion of previous
measurements and of discrepancies shown in

previous results. The authors then turn to the
variation of field with distance. First they develop
expressions for the field from a Hertzian dipole,
reducing the electric field-strength (E) and the
magnetic field-strength (H) to the final forms.

- — it )+ 5 con gt — )
- l"c—ih sin (pt — mr | (39)
H = %"?cos (pt — mr) — i‘;—;i—}LSiﬂ (Pt —mr) . (3b)

Here m = 2@/}, ¢ is the velocity of light, while E
and M are in electrostatic units and H in electro-
magnetic units. The ideal procedure for the pur-
poses of the authors’ work would be. to excite a
Hertzian dipole so that a uniform current i, cos p¢
flowed in it and then to measure the magnitudes of
E and H at different positions. Unfortunately, a
straight wire aerial cannot conveniently be excited
so that a uniform current flows in it. It has been
shown that the current distribution along a wire
which is excited by a
generator at its base is
sinusoidal, with a wave-
length equal to that of the
wave radiated from the
wire, If the wire is free
at its top, the current there
is zero and the current dis-
tribution is as shown at
ABin Fig. 1.* If the aerial
height is small compared

]

1]
E--- Y with the wavelength radi-
] ated, then the current dis-
i o tribution along the wire is
Foooommmn approximately a straight
0 ! line. If a small capaci-

tance top is fitted on the
aerial, the distribution is
as shown at CD. If a very
. large capacitance top is
fitted, the distribution is as shown at EF and
is approximately uniform. This is the current
distribution which 'would be obtained with
a dipole. The authors then proceed to show that
all these three types of current distribution obtain-
able in practice with a short aerial give rise to fields
which behave like those of a Hertzian dipole. It is

Fig. 1.—Current distri-
bution in short aevials.

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

only necessary to prove this for the distribution
AB, since EF is already that of a Hertzian dipole,
while CD is equivalent to one of the type 4B
added to EF.

The variation of electric and magnetic fields with
distance for all current distributions of Fig. 1 are

thus given by equations (32) and (36). At great
Er
- - ~-Hr
0 : ()l 2 I 014 . 06 :
2N

Fig. 3.—Fields due to a dipole source (theoretical).

distances these reduce to the forms E» = constant
and Hr = constant, so that if the product Ey or
Hr is plotted against v a straight line parallel to
the # axis is obtained. For distances of less than
one wavelength, however, this is no longer true,
and the variations of Er and Hr with distance are
shown in Fig. 3. The interesting part of these
curves is for values of 7 less than 0.3, a region which
has not previously been investigated.

From the analysis given in the paper it is shown
that an aerial excited with a sinusoidal distribution
of current gives a field of the same nature as a
dipole provided the length of the aerial is small
compared with a wavelength. It is stated that a
like assumption has in some cases been made for a
half-wave aerial; and, while this approaches truth
at greater distances, it is shown that at short
distances (e.¢., less than 0.32) this‘is not correct.

The paper then describes experimental veri-
fication, using a wavelength of 1ooom. with a
vertical aerial of height 4.15 m., excited with a
current distribution as at CD in Fig. 1. EF would
have been preferable, but would have necessitated
an inconveniently large top on the aerial. The
experimental work covered (i) variation of E with
distance » over a range of 7 = 24 m. to 6oom.;
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(ii) variation of H with distance from = 50 m. to
450 m. ; (ili) variation of E with distance over a
range of » = 5m. to 40 m. Within this range the
finite height of the transmitting dipole (8 m. with
‘“image '’ in the ground) is not negligible. Details
of experimental procedure are given in the paper,
and results are shown in Fig. 7, plotting Ev against
7. The experimental points  represent relative
values only, and their absolute magnitude has been
adjusted so that the point at » = 0.05A falls on the
theoretical curve. Similar results for H are shown
in Fig. 9, experimental results being made to
coincide with the theoretical curve at o.1A. The
agreement between theory and experiment is
sufficiently close to confirm the theory up to a
distance of 0.05A. At shorter distances than o0.05A
the electric intensity should be proportional to
1/r3. This is confirmed by the ‘ short distance "
measurements also illustrated in the paper.

Re-radiation from an Aerial.

In this connection it is pointed out that many
previous observers working on this subject have
used short wavelengths which may lead to com-
plications in several directions. In the authors’
experiments on 1554 m. the aerial 4 of Fig. 12 is
placed in the path of a train of plane waves incident
from a distant transmitter. The resultant field due
to the superposition of the oncoming field and the
re-radiated field was measured at B, using a
measuring apparatus with a very short aerial. In
this way the field re-radiated from B to 4 was
negligible compared with that re-radiated from A

;,—'

Fig. 7.—Comparison of experimental
and theovetical values for E.
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to B. The re-radiated field E at the point F,
distant » from A may thus be deduced from the
theoretical expression for the field due to the
aerial. It is shown fo be

E = — E’cos (pt — mr — ¢)

where E’ and ¢ are given by the expressions

(18)
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(184)
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and ¢ = arc tan (—1— — mr)
my

In the experiment » was never greater than o.o1),
so that mr was always less than 0.1, and by neg-

© Experimental
Theoretical

b= —

7A

Fig. 9.—Comparison of experimental and theovetical
values for H.

lecting mr in comparison with 1/mr the error was
less than 1 per cent. A small 60 cm. aerial was
used with amplifier and calibration apparatus to
measure the field at neighbouring points. The
receiving galvanometer was noted when aerial 4
was completely detuned ; the capacity of condenser
C was then gradually varied through resonance and
simultaneous readings taken of C, voltmeter V (of
Fig. 12) and receiving galvanometer,

Results are shown in Fig. 14, while a graphical
method of calculating the theoretical values is
explained and illustrated in the paper. The agree-
ment between calculated and observed values is
probably as close as could be expected. From these
results it is concluded that no ‘‘ absorption of the
main wave ”’ takes place. If it did, the observed
points would not fit the shape of the theoretical
curves, since the ‘ absorption " effect is supposed
to vary as the tuning of the aerial is altered.

Absolute Value of Field Intensity.

There has always been some uncertainty as to
the actual magnitude of the field radiated from an

Fig. 12.—
) Avrangement of apparatus for
A shadow-aerial experiments.
P ——
C
L B

—

aerial of known height with its lower end connected
to earth. It is seen from equation (3a4) that for an
aerial in free space carrying a uniform current ¢,
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the electric field (E) is given by an expression of
the form
E = 4if(r)

If the current up the aerial is not uniform a
‘ form factor "’ & corrects for the effective current,
while if the lower end of the aerial is connected to

+ Moullin vol(meter
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Fig. 14.—Expevimental shadow-aevial rvesults com-
paved with theory.

earth a second factor B represents the effect of the
‘“image aerial” in the ground so that the above
becomes
E = BARif(r)

The effective height of a transmitting aerial con-
tains both the factors B and -k and thus depends
jointly on the current distribution and on image.

From the diversity of opinions which exists,
there appears to be no sound theory as to the effect
of the ‘‘ image aerial.”” Experiments on this subject
are described in the paper. The result of a series
of measurements gave 2.0 as the value of the factor
B. Confirmation of this figure is also obtainable
from previous experiments. From these results
the authors conclude that it now appears incorrect
to imagine the waves to be incident tangentially
on the ground and to be reflected with the Fresnel
reflection coefficient, and it is also incorrect to
imagine them incident at the Brewster angle with a
zero reflection coefficient.

Discussion.
A long discussion followed the reading of the
paper, the first few contributors speaking at
considerable length.
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Mr. E. B. MouLLIN said that while he had com-
ments to offer he had no differences to express.
He gave an alternative view of one of the authors’
equations (not reproduced) and pointed out that,
although approximations were used, the authors’
formula gave results better than the limits of
experimental error. He thought the discrepancies
in the *shadow-aerial”’ results were very small,
and agreed with the authors’ expressed dislike of
reflection processes, referred to in the paper.

Pror. E. MALLET said that the paper removed
certain bogys that had stood in the way of apply-
ing mathematical theory to practice. He illus-
trated and explained vector diagrams of the three
terms in equation +(32) and the two terms in (3b),
which facilitated following the processes covered
by these expressions. Part of the same vector
treatment was used to derive the curves of Fig. 14.

Pror. L. S. PALMER did not find the paper a
solution of the short-wave problem in which he
had been interested. He thought that the authors’
results gave no great discrepancies with his own
short-wave results at distances beyond o.2. At less
ranges of 7/A a very close approximation to the
dipole was essential. As regards Fig. 14, he thought
that the peak of the dotted curve should lie nearer
to the minimum of the theoretical curve. He
expressed interest in the shadow-aerial experiments
at greater distances and queried several points in
connection with the authors’ estimate of effective
height of the receiving aerial used in these
experiments.

MRr. J. S. McPeTRIE said that in some experi-
ments near to the earth, the earth itself had not
been considered. What would happen in certain
cases where the earth’s coefficient of reflection was
not unity ? He also dealt briefly with several
cases in which the Fresnel equation would not
hold.

MRr. E. WHITE said that one of the authors’
expressions (not reproduced) could be used to
derive the current in the case of a L aerial, and
suggested that with a sinusoidal current the ex-
pression could be used to derive the field from any
aerial. At a distance from the aerial the field
would still be calculable, even over an imperfectly
conducting ground.

MRr. R. H. BArRFIELD thought that the authors
had got excellent agreement with theory. He
suggested that the * shadow ' effect put forward
by Munro and himself had not been disproved,
since conditions of resistance were not the same.
Turther comment on this point would be reserved
for communicated contribution to the discussion.

DRr. SmiTH-RoOSE thought that the verification of
field at very short distances was of great value,
and referred to the fact that in beam and like
systems the conditions close to the aerial were of
considerable importance.

Mr. L. B. TurRNER made a.query as to the dis-
tribution of current with a flat top and said that
this might have to be taken into account at very
short -distances.

MRr. J. A. RatclLiFre briefly replied to the
discussion, more detailed reply being reserved for
written communication. On the motion of the
Chairman, Lt.-CoL. A. S. ANGWIN, the authors
were cordially thanked tor their paper.
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On the Equivalent Mass of Driven

Loud Speaker Cones.*
By Dr. M. J. O. Strutt.

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

Introduction.

N a previous paper (°) some measurements
on the equivalent mass of loud speaker
cones, carried out in this laboratory, were

dealt with. The first method there des-
cribed is an indirect one, as the equivalent
mass is derived from the amplitude of
oscillation in each point of the cone surface.
The aforesaid paper contains some remarks

ZNZF

Fig. 1.—Hovizontal axis : frequency w = 2n
X cycles pev second. Vertical axis: wupper
curve, impedance Z = VZ,*+ Z,* of cone;
middle curve, imaginary part Z, of impedance Z ;
lowey curve, veal part Z, of impedance Z.

on a second, direct substitution, method for
determining this mass, as used in this

laboratory. In the present paper a series
of measurements by a method resembling
the latter one is described. '

Before dealing with the experiments it
may be worth while to say a few words on
the general character of the curve in which
mass is plotted against frequency, as derived
from theoretical considerations. For details,
the reader is referred to a paper: ‘ Ueber die
Admittanz linearer Schwingungssysteme,”
published recently in the Annalen der Physik
(Vol. 10, p. 244, 1931).

Any linear system, electric or mechanic,
when driven at a point by a periodic force,
will present to this force a certain impedance
Z. From the theory of circuit impedances,
it is known that Z is in general a complex
quantity :

Z=27,+3§Zj=Vv—1)
Moreover, with a system resonating at
certain frequencies w,, w,, etc., the curves
of Z, Z,, and Z, as a function of the frequency
w are similar to those drawn in Fig. 1. In
this figure we have tried to sketch the im-
pedance Z of a loud speaker cone as a
function of w. We shall first make clear
that Z = o for w = 0. In order to under-
stand this, we have simply to remember
that a cone, fastened at a point (e.g., the
centre) to a driving system and otherwise
free, will reach an infinitely large velocity,
if the driving point is moved by a constant
force of zero frequency. This is expressed
by saying Z = o for w = o.

For simplicity, the reaction of the cone on
the driving point may be substituted by the
reaction of a mass and resistance. Of
course, this choice is arbitrary; a capacity
{stiffness) and a resistance would do as well.
However, as for w = o the cone represents
a mass only, our choice seems reasonable.
As the cone is by no means a system without
resonances, the aforesaid mass and resistance
will depend on the frequency under considera-
tion. The impedance of a system with mass

* MS. received by the Editor October, 1931.
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m and resistance 7 is 7 -+ jwm. This quantity
must be equivalent to Z, + jZ, (Fig. 1).
Hence » amd = depend on w in a way,
sketched in Fig. 2. From this reasoning it is

m

Fig. 2.—Horizontal axis frequency w. Vertical
axis . upper curve, equivalent wmass of cone ;
lower curve, equivalent resistance of cone,

clear that m may be negative in certain
intervals of frequency. This is borne out
by our measurements.

In conclusion of these considerations a
few words will be said on the reaction of the
air on a cone driven in this medium by a
periodic force. This reaction has two com-
ponents. The first one is in phase with the
velocity of the driving point. This com-
ponent of the impedance is the radiation
resistance 7. It is proportional to the sound
energy e per second emitted by the cone if
driven with a fixed velocity: e = »v2
Here v is, as usual, the root mean square
velocity of the driving point. The other
component of the reaction on the driving
point by the surrounding air lags in phase
by one-quarter of a period as compared with
the driving point velocity. This component
of the impedance is wm, where m is the mass,
-added to that of the cone by the air set into
vibration by the cone’s motion. From
theory, for a free cone without baffle, m
depends on the frequency, as indicated
schematically in Fig. 3. It will be shown
hereafter that this frequency dependence
of the additional mass is in qualitative agree-
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ment with our measurements. Attention
should be given to the fact that Fig. 3 holds
approximately for a perfectly stiff cone.
For a cone with nodes, as occur at higher
frequencies in our measurements, the equiva-
lent additional mass of the air will in general
be smaller than that of Fig. 3. A calcula-
tion of this latter case seems a matter of some
mathematical difficulty. The influence of
nodes on 7 has recently been published by
the author. (A#nalen der Physik, 11, p. 129,

I93I.)

Methods for Measuring the Equivalent
Mass of Driven Cones.

In literature, a method for measuring
this quantity by electric means has been
published by A. E. Kennelly (3). In reality,
Kennelly has dealt with telephone mem-
branes, as loud speakers had not come
to their present stage in 1915. Kennelly’s
method consists in measuring the impedance
of the electromagnetic driving system as a
function of frequency, first with the cone
moving with the driving point, and then with

|

06

|
l
|

0’5 — 4»
l
|

o4 —
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01

0 1 2

2d[X;
wavelength of sound in
Vertical axis : factor f of formula for
additional mass w due to air motion : m—f.%.d®.

Fig. 3.—Horizontal axis : d = largest
diameter of cone; A=

air.
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the cone and the driving point fastened in
their equilibrium position. The difference
of these two impedances, by analysis, may
be shown to be proportional to the admit-
tance which the cone with air and mechanic
driving system presents to the driving point.
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system and varied until the resonance
frequency is the same as with the cone.
This mass is obviously the equivalent mass
of the cone at the resonance frequency.
The resonance of the system may be
altered from some 20 to 2000 cycles per

second by various adjust-

ments, to be described
hereafter. Hence we are
enabled to measure the
mass of cones as a func-
tion of frequency between
20 and 2000 cycles. By
determining the mass first
in air and then in vacuum,
the additional mass due
to the vibrating air may
easily be obtained.

Fig. 4.—Apparatus for measuring equivalent mass of cones up lto
Cone 1is fastened to a. steel band, streiched belween
supporting metal blocks, to be seen at eithev side of centre.

400 c¢ycles.

Shortly, Kennelly’s method was successfully
used by several authors (* %), using electro-
dynamic speakers.

A second method, described in literature
by Nukiyama (2) resembles that of Kennelly.
It differs therefrom in that the electric
impedance of the driving system is com-
pensated. Hence the measured impedance
as a function of frequency is directly pro-
portional to the admittance of the mechanical
system on the driving point. This enables
one to obtain the equiva-

Apparatus for Measuring
the Equivalent Mass of
Driven Cones.

Our apparatus consists of two principal
parts: a mechanical vibrating system and
an electric generator of variable frequency.
Photographs of our mechanical systems are
found in Figs. 4 and 5. Referring to Fig. 4,
a heavy steel block with a slider and a screw
enables a variable tension to be put on a
steel band. This steel band carries an
attachment at its centre, to which the cone
may be fastened. Directly underneath this
centre, not to be seen on the photograph,

lent mass by one measure- ‘Ir
ment, instead of two if |b
Kennelly’s method is used.
In this laboratory, Ken-
nelly’s method was tried
for several months. It
was found, however, that
this process was too slow
for obtaining many data
on m as a function of w.
The method worked out
in this laboratory starts

=
o
-

from the principle of direct
substitution. A mechani-
cal system has a sharp
resonance at a certain fre-
quency wg, if the cone is fastened to it.
This resonance frequency is determined.
It should be well separated from other
resonance frequencies. Now, instead of the
cone, an adjustable mass is fastened to the

2000 cycles.

Fig. 5.—Apparatus for measuring equivalent mass of cones up lo
Cone is fastened to steel vod of veclangular section 3 X 8 mm.

and maximum length 20 cm.

is an electromagnetic driving system, without
mechanical contact to the steel band. By
passing a.c. through this electromagnetic
system, the steel band is set into vibration.
In air its resonance frequency is easily per-
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ceivable by the ear. The arrangement with
the steel band may be used up to about 500
cycles. The length of the resonating middle
part of the steel band may be adjusted

OUTPUT §

+4v0 OO0 50V

+-200v.0

Fig. 6.—Havrlley genevatov for low frequencies.
1. Cutput transformerv. 2. Choke, about 1o
Henrys. 3. Philips triode A 415. 4. Condenser,
12uF. 5. Philips transformer, 1 : 3, lype 4003.
6. Condenser, 1/3uF. 7. Condenser, 4uF. 8. Re-
sistance, 10% ohms. 9. Potentiometer. 10. Milli-
ammetey, max. 50 mA. Advantages of scheme :

small amount of harmonics and great constancy

of frequency.

by means of two metal blocks as seen on
Fig. 4.

Above 500 cycles we have used the arrange-
ment shown in Fig. 5. The heavy metal base
block is the same as in Fig. 4. Instead of
the steel band we used a steel rod, about
8 X 3 mm. and of 25 cm.
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of this laboratory, is a modification of the
Hartley scheme. It is given in  Fig. 6.
The frequency is varied by passing a
variable d.c. through the two iron-cored
transformers, acting as inductances. As
may be seen from Fig. 6, the two transformer
coils are in series as regards the d.c., but in
parallel as to the a.c. This arrangement
makes it possible to suppress the higher
harmonics, and especially the second one,
which would otherwise inevitably be pro-
duced in a scheme like this. We checked
once for all the d.c. through the coils against
frequency. As the d.c. can easily be deter-
mined with great precision, our frequency
reading and frequency variation may be
determined as accurately as is needed.

For the higher frequencies we used a
generator of commercial Philips type, due
to Mr. Groeneveld (), of this laboratory,

which acts on the principle of beats between

two h.f. generators, one of which is varied.

Measurements of the Equivalent Mass of
Loud Speaker Cones in Air.

At the start, we used the steel band of
Fig. 4 without the two supporting blocks.
By putting adequate tension on the
band, the frequency could be varied up to
200 cycles.

The actual measurements of effective
mass were carried out as follows. With the
cone under inspection fastened to the band,
the d.c. current through the generator coils

length. By clamping this
rod at appropriate lengths
and fastening a cone to its
centre, we could obtain
resonance frequencies up
to 2500 cycles.

Several details occurring
in the use of this apparatus,
such as observing the
resonance frequency in
vacuum, will be described
together with the measure-
ments.

The generators used for

obtaining the a.c. through
the coil of the electro-
magnetic driving arrange-
ment were of two types. The first one,
designed for frequencies from 1o to 600 cycles
and essentially due to Mr. Dijksterhuis,

Fig. 7.—Apparatus of Fig. 4 with special support for driving the cone

at vight amgles to its axis.

needed for obtaining resonance was deter-
mined. Hereupon the cone was detached
and known weights fastened to the steel



EXPERIMENTAL WIRELESS

band instead of it. These weights were
chosen in such a way that two or more
values of the d.c. larger than the value with
the cone, and two or more values smaller
than this value, were obtained. Hence we
had a curve of weight against milliamps d.c.,
i.e., frequency. By interpolation the weight
of the cone could be determined to 0.5 gram
at least. It was found that the check
curve of weight against milliamps d.c. did
not always remain the same during an hour
or so. For this reason we always checked
this curve before and after détermining the
d.c. value for one or more cones. Only
those measurements in which the check-
curve was constant within 0.5 gram were
used. :

We carried out many measurements of
this type, on different cones, but unfor-
tunately did not find identical values when
measurements at one frequency and one cone
were carried out with different steel bands.
After some trials, the reason of this was
found to be as follows. It was observed
that the steel bands did not in general
vibrate in the fundamental, but in some
higher mode, usually the second or the third.
Hence the motion of the driving point on the
top of the cone was not always in the same
direction, as to the axis of the cone, with one
steel band or the other.

It may be seen theoretically that the
equivalent mass of a cone, measured at a
driving point, which is fastened to its top,
will depend on the direction of the motion.
As a matter of fact, the cone is far more
stiff when moved purely axially than at
right angles to its axis. This corresponds
to the common observation that radial
nodes appear at much lower frequencies than
circular ones. As soon as nodes begin to
appear, the effective mass of a cone will differ
appreciably from its static value at zero
frequency. From these considerations it is
clear that deviations of the effective mass
from the static value will occur at lower
frequencies when the cone is driven at right
angles to its axis than when it is driven
purely axially. The two values of effective
mass, measured in these two driving direc-
tions, will be extreme wvalues, including
between them all values of effective mass,
measured with intermediate driving direc-
tions.

After these considerations had been put
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forward we tried to check them 'experi-
mentally. In the first place, we wanted to
secure a motion of the driving point in a

known direction capable of reproduction
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Fig. 8.—Vertical axis : equivalent mass of cones
in grams. Horizontal axis : frequency cycles
per second. Cones driven axially (2834 ; 24—44).

with any steel band in use. Such a motion
occurs, if the band vibrates in its fundamental
mode, with the cone fastened to its centre.
If the band itself is stretched horizontally,
we may be sure in this case that its centre
moves vertically. We reached this state of
things experimentally, by using the sup-
porting blocks of Fig. 4. By appro-
priately tuning the part of the band between
them, we could  obtain any fundamental
oscillation from 60 to 500 cycles. We also
checked that with the rod arrangement of
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Fig. 5, only the fundamental vibration of the
rod occurred if its free length between the
clamps was appropriately adjusted. Here-
after, if the top of the cone was fastened to
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Fig. 9.—Same as Fig. 8, but cone driven at vight
angles to its axis (2905 ; 33-37).

the system as shown in Figs. 4 and 5, we
always obtained identical values of the
effective mass at one frequency with one
cone, using different steel bands and rods.

In order to check our theoretical conclusion,
that the mass of a cone, when driven at right
angles to its axis, must depart from the
static value at lower frequencies than for a
cone driven axially, a special support was
constructed, shown in Fig. 7, This support
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Most of the cones have no full circular
symmetry, owing to some overlapping. It
was found that the direction of motion,
with respect to this overlapping, did matter
when driving the cone with the support just
mentioned. This may be easily understood,
as the formation of nodes will be dependent
on the overlapping and hence also the effec-
tive mass. We always put the overlapping
at the same position with respect to the
driving point when measuring with the
support of Fig. 7.

At the higher frequencies, e.g., above
1500 cycles, owing to excessive damping by
sound radiation and viscosity, the observa-
tion of resonances became a matter of some
difficulty. We successfully used the follow-
ing arrangement. A small spring, provided
with a mass and a point at its end, as des-
cribed in a previous paper (%), was adjusted,
by the aid of a micrometer, so as to let the
point just make contact with the driving
point of the steel band or rod when at rest.
As soon as resonance occurs, the point of the
spring dances and hereby the resonance fre-
quency can be observed easily and accurately.
We also used this device for observing
resonance in vacuum. A d.c. was passed
from the spring point to the steel band or
rod. At the resonance frequency this d.c.
decreases by the dancing of the spring point.
(See Fig. 5).

Results on the Equivalent Mass of Cones in
Air as a Function of Frequency Between 60
and 2000 Cycles.

We have measured the mass-frequency
curve in this interval for some 30 cones, of
different materials, dimensions and thick-

TABLE 1.
Largest l Thickness, | Static Weight Special
Cone No. and Material. Top Angle. Diameter. I Millimetres. Grams. Details.
1. Aluminjum 118° 25.8 cm. 0.07 12.2 Several circu-
lar ribs.
2. Aeroplane cloth .. w 118° 25.8 cm. 0.5 21.6 No ribs
3. Soft paper o 118° 25.8 cm. 0.2 15.1 No ribs
4. Soft paper 118° 16.4 cm. 0.21 3.2 No ribs

allowed the top of the cone to be driven at
right angles to its axis. The procedure of
weighing the cone for any specified frequency
was the same as described above, variable
masses being put on the support instead of
the cone.

ness. Here we shall only mention some
characteristic results for four cones, numbered
1 to 4. Table I contains some data on the
material, thickness, etc. These cones were
first weighed with a motion of the driving
point in the direction of the axis of the cone
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{as in Figs. 4 and 5). The results are shown
graphically in Fig. 8.

As is seen from Fig. 8, the equivalent mass
of these cones, measured axially, increases
to a maximum which is several times the
static weight, then falls to a negative mini-
mum, increases again, etc. This is in full
agreement with the theoretical prediction

of Fig. 2. In literature, as far as 1 know,
only cones without any air or other damping
TABLE II.
Equivalent Mass At 190
Cone No. at 77 Cycles. | Cycles.
1 6 3
2 I3 3
3 9.4 1.0
4 2.9 —9.0

have been considered theoretically hitherto,
whereas full experimental curves on the
equivalent mass have not yet been published.

The cones mentioned in Table I were also
weighed at several frequencies with the
driving point moving at right angles to the
axts of the cones. Table II contains some
results.

As was mentioned in the foregoing section,
this mass is much smaller than observed in
the axial direction. For one cone, in a small
interval of frequency, full curves of equiva-
lent mass were determined (Fig. g). The
variation of mass with frequency is much
more abrupt than in the axial direction.

TABLE III.
Cone No. | Mass at go Cycles. | At 200 Cycles.
I 10 8
2 28 8.7
3 23 8.3
4 5.5 1.8

This {s in agreement with the fact that there
are always at a given frequency, with appro-
priately driven cones, much more radial
nodes than circular ones.

The mass of a cone, driven neither purely
axially nor purely radially, but in some
intermediate direction, as with most loud
speakers, must lie between the values
found for these two fundamental directions.
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This was checked by several measurements,
some.of which are given in Table ITI.

Measurements of Equivalent Mass in Vacuum
and Determination of the Additional Mass
Due to Air-motion.

It is interesting to see from Fig. 8 that
the axial mass at low frequencies is con-

TABLE IV.
Cone No. | Mass at 105 Cycles. | At 320 Cycles.
In Air.| 1In Vac. |InAir. ] In Vac.
1 20 12 24 I 13
4 4.7 2.8 6.5 ’ 35

siderably larger than the static weight.
This must be due to the added mass by air-
motion. We used a large vacuum drum

Fig. 1o.—Vacuum drum in which the whole
vibration apparatus of Figs. 4 and 5 may be
enclosed.

(Fig. 10), in which the whole vibration
apparatus was enclosed. Resonance was
observed, as described above, by means of
an electric contact. Table IV contains
some results obtained in vacuum and in
air.

The additional mass of the moving air,
found experimentally, is in fair agreement
with approximate theory, as given in Fig. 3.
It is interesting to see that with cones of
15 cm. radius and 120 degrees top angle,
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the additional mass at low frequencies
amounts to something like 10 grams. Of
course, at 1000 cycles it is practically nil.

It may be expected that with cones
driven at right angles to their aXes, the

TABLE V.

Mass at 75 Cycles.

Cone No.

In Air. In Vac.

I 11 9

additional mass, due to the motion of the
air, is much smaller than with cones driven
axially. This is borne out by experiment
(Table V).

It is clear that in loud speakers where
the driving direction of the cone is in general
neither purely axial nor at right angles to
the axis, an intermediate value of equivalent
mass between Table II and Fig. 8 will
occur. This was actually checked by us

150

THE WIRELESS ENGINEER &

during the preliminary experiments men-
tioned previously, wherein the cone was
fastened to a steel band, oscillating in some
higher mode. The mass, measured in this
way, was always intermediate between Fig. 8
and Table II, at a fixed frequency.

In conclusion, the author takes pleasure
in thanking Mr. N. S. Markus and Mr. C. P.
Fritzius for their assistance on these measure-
ments.
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Letters of technical intevesi are always welcome.

In publishing such commumications the

Editors do not mecessarily endorse any techwical ov gemeral statements which they may contain.

The Stenode Radiostat.
To the Editor, The Wireless Engineer.

Sir,—Dr. Robinson’s rather astonishing letter
in your February issue contains a more definite
statement of his claims for the Stemode than I
have hitherto seen published, and I take the
opportunity of presenting the case against him
in a manner different from usual and which leaves
less doubt as to the conclusions.

Suppose. our receiver is tuned to the carrier
we wish to receive, and that another wave of
5,500 ~ higher frequency impinges on our aerial.
This second wave is modulated at 2,000 ~, but it
is supposed that the generally accepted conditions
for ‘“ demodulation’’ are satisfied, i.e., linear
detection and large ratio of wanted carrier to
interference. It is quite immaterial, of course,
whether this second condition is achieved by small
relative field strength of the interfering wave -or
by selective circuits. )

By analogy with the conditions existing im-
mediately after the first detector in a superhetero-
dyne, we- must have in the detector anode lead
of our receiver a current wave of the beat frequency
of 5,500 ~, but by the same analogy, this wave is
also modulated at 2,000 cycles, and therefore it
must consist of three components, ti.e., 7,500 ~,
5,500 ~, and 3,500 ~, and because of the dis-.

criminate treatment these components subsequently
receive, it does not matter in the least how much
they have been attenuated.

This mixture now arrives at our A.F. correcting
and filtering device, which operates on all currents
of frequency below 5,000 in such manner as to
develop from them appropriately amplified voltages
which are passed on to the next valve, all fre-
quencies over 5,000 are destroyed.

It is evident, then, that we are inevitably left
with the note of 3,500 ~ which receives thesame
subsequent amplification as any similar note
properly belonging to the wanfed transmission.

It is to be noted that demodulation of the inter-
fering transmission has, in a sense, taken place,
for only one of the necessary three components of
the modulation frequency has survived.

I suggest that the error Dr. Robinson makes
lies in the idea that the whole process of demodu-
lation is effected by the detector.

The important conception I wish to present is
that the function of the detector is only to transfer
the unwanted modulation to a new frequency
band, thus producing a wave having as many
components as the original interfering transmission.
(This is more generally true than at first sight
appears, for it may be said that in straightforward
detection the modulation is transferred to a
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frequency band in which the
is zero.) .

It is the function of the A.F. filter to dispose of
these unwanted components, which, therefore, must
all lie within the range of operation of that filter,
i.e., above 5,000 ~, otherwise they are not disposed
of, but restored to their original values.

Evidently, then, if we want to get faithful repro-
duction up to 5,000 ~ from either of two stations
transmitting simultaneously, and without inter-
ference, these stations must transmit on frequencies
at least 10,000 ~ apart. Itis not sufficient merely
to render inaudible the heterodyne note due to the
interfering carrier, for although we thus can claim
to effect demodulation, this does not involve the
automatic disappearance of the interfering side
bands, and these still produce interference.

In view of this I fervently hope that Dr. Robinson
does not succeed in persuading the broadcasting
authorities to adopt his suggestion of 5,500~
spacing.

I do not wish to convey the impression that I
am an opponent of the Stenode principle, but I
am an opponent of unjustifiable claims.

Dr. Robinson definitely states that his claims
have been proved, I have never seen any theoretical
proof published, and I offer the foregoing as disproof.

If the claims have been proved by a sufficiently
rigid experimental demonstration, then what is
wrong with the theory ?

Stratford-on-Avon.

carrier " frequency

P. G. Davipsox.

The Loud Speaker Coil of Optimum Mass.
To the Editor, The Wireless Engineer.

Sir,—Mr. F. R. W. Strafford’s letter on this topic
comes at an opportune moment. I have been
studying this problem analytically and experi-
mentally and what follows may be of interest.

Mr. Strafford’s assumption of inertia control
lmits his analysis to a narrow field. In what
follows this limitation is removed.

Let H = flux density in gap.
{ = length of wire on coil.
W = i?(R, + R)= power dissipated= const.
R, + R = copper + motional res. 4- iron loss.
pip — density and spec. res. of wire re-
spectively.
a = section of wire.
M, = mass of wire (neglecting insulation).

M, = effective mass of diap. 4 coil former
- acc. to inertia.

- Total effective mass of diaphragim
(M + M)
B, = force on coil due to sound radiation.
B, = force on coil due to diaphragm loss.
Z = mechl. impedance of diaphragm.
v = axial velocity of coil.
Then

Fi="Hli —='H! "V/<R +R> Hl,\/

where £ = (1 + R/R) assumed approx. constant.
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But R, = p<i and M, = p,Ja. Substituting in (1)
t F= Av/M, here 4 — H AS ¥
we get F = A+/M, .. (2), where 4 - N oo
. F\2
Now sound radiated W, = Bjv* — B, <7> .
Subs. for F from (2)
B A*M
v ! < {
w, [B® + w*(M, + M )%} - {3)
where B = (B, + B,).
. ;4 o .
For W, = max., M, o, which gives the
optimum coil mass
I 2
M, = w'(Bz—l— WMt L. .o (4)
or wM, = (B + w*M@} .. .. (5)

i.¢., the coil reactance is equal to the diaphragm im-
pedance. In practice the diaphragm cannot be
treated as a rigid structure, so that B and M, vary
throughout the frequency range, M, being negative
at times. Measurement of B and M, was described
by the writer in Proc. Phys. Soc., 44, 88 (1932)
and the W.W. August 12th, 1931, Fig 11, curves for
various diaphragms being given. The table refers
to curve 6 of this paperand to W.W., Fig. 11. Owing
to variation in mechanical impedance an optimum
coil cannot beselected to cover the frequency range.
It so happens;, however, that the optimum coil

Effective i
Mass of Mechl. Optimum
Frequency| Diaphragm | resistance Coil Mass
~ and Coil B (mech. M, (gm).
Former ohms}).
M, (gm).
50 0.22 | 3 X I0? 22
1800 — 7 98 X 10¢ 81
3000 — 15 32 X 10t 2.26

in the neighbourhood of 2800~ gives a fair overall
response. A 2 gm. coil gives a strong paper and
comb effect. The influence of coil mass on per-
formance is shown in Phil. Mag. 12,771 (1931),
section 6. Large mass narrows the upper register
whereas very small mass broadens it but makes it too
powerful. There is therefore an optimum coil for
good tonal balance. This subject is treated in a
forthcoming paper.
London.
February 1st, 1932.

N. W. McLACHLAN.

The Variation of the Resistances and Inter-electrode
Capacities of Thermionic Valves with Frequency.
To the Editor, The Wireless Engineer.

Sir,—In his letter in your February number,
Mr. Benham so seriously misrepresents what [ have
written on valve capacities that 1 must ask your
indulgence to the extent of a final letter on the

D
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subject. .Mr. Benham suggests that the difference

.between us is that I prefer the expression C %I; for

a9

displacement current, and that he prefers v I

must protest that in the whole of my treatment of
the problem I have not once used the expression
attributed to me, and that its use would be incon-
sistent with everything I have said. The difference
between us is much more fundamental. I have
been at some pains to point out that in all systems,
including thermionic valves, in which the potential
distribution is determined partly by the motion of
free electrons or jons (coriductance), and partly by
dielectric properties (susceptance), the definition
and calculation of capacity requires very careful
consideration. 1 have shown that ordinary circuit
analysis requires that the capacity of the system
shall be regarded as a measure of the energy of its
electric field, and that it can only be obtained by
an integration over the whole field. Mr. Benham

regards capacity as a measure of the displacement:

current at one particular cross-section of the field
(the anode, in the case of a valve). In my last letter
1 tried to indicate, as briefly as c c
possible, the fallacy in this -1 1 I_l_
procedure. The displacement

current varies from point to

‘point, and the arbitrary selec-

tion of any particular point

cannot be justified. In order | _ L

‘to make this point quite clear, i Vo—|
let us consider the arrangement v

shown in the diagram, which

is the simplest possible system of the kind under
discussion, and therefore has the. merit that the
correctness of the calculations will not be open to
dispute.

The equivalent conductance and capacity of this
system may be calculated by a simple application
of the ordinary network laws, and we find that the
capacity at the frequency w/27 is given by

CG2+ C,G 2+ C,C, (Cy + C)) w?
(G1 + Go)* + (Cy + CpV°®
where G, = 1/R, and G, = 1/R,
Let us now compare this result with the results of
calculations by my method and by Mr. Benham'’s,
and to simplify the calculations, consider the
capacity at very low frequencies; for which we may
substitute w — o in the above expression and
obtam the value.
C G,*+ C, G2 CR2+ C,R}?

(G1+ Gy)? (B, + R,)*
Now it will be obvious that at very low frequencies
V, and V, will be in phase and proportional to R,
-and R, respectively, since the current carried by
the capacities will be very small compared with that
carried by the resistances. Thus in this case

Vi[V = Ry/(Ry+ Ry).and V,[V = R,[( R, + R,)
My capacity value is determined by the ratio of the
total energy:of the electric fields of the two con-
densers to the square of the total voltage. It
therefore becomes
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V2 + €,V2  CiR?2 + C,R?
ve By Ry
a value identical with that given above. Mr.
Benham'’s calculation requires a knowledge of the
displacement currents, and we are faced with the
difficulty of finding out which one to take, since
they are admittedly different. That in condenser
aQ, av,

GG =g

and that in C, is similarly C, %V;—
both. From the first we obtain the capacity value
c av,dv R,
gt/ dt ‘R1+R2

av R,

“dt R, + R,
and both are inconsistent with the value obtained
from Kirchhof’s laws. This also holds for other
frequencies. Thus Mr. Benham’s method is incon-
sistent with the ordinary laws of networks: it

csince C, is a pure capacity),
1 P P Y

Suppose we try

and from the second Cz dt

‘cannot ‘therefore be used for the calculation of

equivalent networks, from which it follows that it
is of no use to the experlmental worker.

In his last letter Mr. Benham saw fit to indulge
in personal remarks. Such remarks add nothing to
the value or to the dignity of a scientific discussion.

I.. HARTSHORN.
N.P.L., Teddington.

The Dynatron Oscillator.
To the Ediior, The Wireless Engineer.

Sir,—May I make some belated comments on
Mr. Colebrook’s paper on the use.of tetrodes to
produce dynatron oscillations (W.E., 8, 581,
November, 1931) ?

Surely the mechanism of the new circuit, with a
variable condenser between control grid and anode,
is not so obscure as Mr. Colebrook suggests. Fig. 1
of his paper shows that the negative slope of the
anode volts/anode current curves increases as the
grid potential increases. It is evident from Fig. 4
(the new circuit) that there is an alternating com-
ponent of control grid potential whose phase
(relative to the anode potential alternation) and
magnitude depend on the sizes of the grid-anode
condenser and the grid leak. In reality, the circuit
is more complicated than Fig. 4 at frequencies
high enough to make the inter-electrode capacities
important, but, generally speaking, ‘it is evident
that as the grid-anode capacity is increased the
phase of the grid voltage alternation will vary from
(approximately) —go° to zero and its magnitude
from zero to unity, both relative to the anode
voltage alternation.

It will be seen from Fig. 1 in the paper that for a
small alternating component of grid potential the
average negative slope of the operaiing character-
istic is greater when the grid alternation is in phase
with the anode alternation than when it is in phase
opposition. It is probably true to say that, in
general, the negative resistance is a maximum when
the phase difference is zero .except at very high
frequencies.

When the grid swing is large, pulses of (negative)
anode current will fiow during the positive half
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cycle of anode voltage and .practically no current
during the negative half cycle. Thus the L.C.
circuit receives a pulse of -energy each positive half
cycle as in the reaction oscillator, where, however,
the negative sign is associated with the anode
voltage (instead of the anode current) variation.

If the amplitudes of grid and anode voltages were
measured (e.g., by a valve voltmeter) and their
phase difference estimated from the circuit con-
stants and the frequency it would be a simple
matter to determine the anode current waveform
graphically from a more complete family of char-
acteristics of the type shown in Mr. Colebrook’s
Fig. 1. The output and efficiency can be similarly
determined by the well-known methods introduced
by Prof. Fortescue many years ago for triode
calculations. Admittedly it is difficult to get at all
complete curves for an ordinary S.G. valve without
damaging it, but there are other types of tetrode
available with which it should be possible—or one
can use oscillographic methods.

The principle of Van Ryn’s *‘ Numans *’ oscillator
is just the same as Mr. Colebrook’s, only in the
former case the dynatron (i.e., secondary emission)
region of the outer grid characteristic is used (see
E.W., 2, 134, December, 1924).

I used an oscillator with a strong * family like-
ness '’ to both these—in that it used the *“ Numans *’
circuit with Mr. Colebrook’s feature of variable grid
excitation—at the City and Guilds (Engineering)
College two or three years ago with results that
confirm Mr. Colebrook’s cenclusion that such
circuits compare favourably with reaction oscillators
for frequency stability at short waves when the
grid excitation is not excessive. The reason for this
proviso is evidently the fact that the rate of change
of anode negative resistance with voltage increases
with grid swing and R, ‘appears in the expression for
frequency.

E. C. S. MEGaw.

Research Laboratories of the

General Electric Co., Ltd.
Wembley.

Amplifier Tone Control Circuits.
To the Editov, The Wireless Engineer.

SIR,—Mr. Scroggie’s article in your January
number deals with a subject of great practical use to
designers, and these will no doubt be grateful to him
for providing them with such a complete treatment
and such useful data. There is little doubt that
this work will find its way into the text-books.

For the benefit of future students of text-books,
however, I should like to point out an artifice by
which the mathematical treatment given by Mr.
Scroggie can be greatly simplified. The method is
one which arose quite naturally out of a special
way of considering one of the problems that M.
Scroggie had set himself, and the resulting mathe-
matical simplicity suggests that this method may
be usefully employed in other problems.

In Fig. 2 of Mr. Scroggie’s article, ignore the
intermediate circuit 2 (b), and express at. once
the condition that the admittance of R, in parallel
with the combination of R, and X in series is
equal to the admittance of the combination of R,
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and X, in series. in the equivalent circuit 2 (c).
The condition is

LSO SELAURI S

Ry "Ry +7X R, +j%,

Mr. Scroggie set hlmself the problem of finding
the locus of the representative point (R, X,) of
the vector, R, + jX, with variation of frequency,
i.e., with variation of X. We require, therefore,
to deduce a relation between R, and X, from which
X has been eliminated.

The method indicated is to solve the equation
obtained above for R, + jX and then take the
real part of the result. This will eliminate X.

R, _ (R~ R) —jX,
R 2 + ]X Rs + ]X 8
Invert and add unity to each side to simplify the
right-hand side.
(Ry+ Ry) +5X _ R, Ry

R, ®, —B)=7xX, K- =,

putting R for R, — R,.
Equating real parts.

We get

Ry+ R, __RR,

R, RrXxg
. Yo+ R R T2 o )
8o «ly + i R +R o N (

’X’2+[:R_2R +R2)] [: R1+R2)]

LxE+[R- 2‘((};11;}:’)] [ 2 i)

The locus of (R, X,) is therefore a circle with

radius and with centre at

Ry
2(Ry + Ry)
{Rl(Rl + 2R,) 0}
2(Ry + Ry)

In addition to finding the locus of (R, X,), Mr.
Scroggie derived a relation exhibiting the effects
of X, the quantity to be eliminated, on the results
of the eliminaticn, and showing in particular
which point of the locus corresponded to which
value of X. The method of elimination used above
is very well adapted for the easy derivation of
additional relations-of this kind. This is shown
in the next paragraph in the particular case of
the circuits we are treating, and it is easily seen
that there are quite general reasons why results
of the same order of simplicity should be obtained
in other problems.

Returning to equation (1), the form of this
equation suggests that the influence of X can best
be considered in terms of its ratio to R, 4 R,.
This ratio is the tangent of the angle made w1th
the » axis by the vector quantities on both sides
of the equation. Calling this angle 8, we get the
result Mr. Scroggle found so useful :—

X XOps e (
R +R _R—-%k & 9

It is safe to say that whenever one quantity
has to be eliminated from a vector equation, the
method illustrated here, if it can be applied at all,
will be found to give similar simplicity in treatment.

Boston Manor, R. H. NisBET.

Middlesex.

tan 9 =

D2
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Abstracts and References.

Compiled by the Radio Research Board and reproduced by arrangement with the Department
of Scientific and Industrial Research.

PROPAGATION OF WAVES.

AUSTRALIAN RADIO RESEARCH BOARD WORK ON
THE PROPAGATION OF WaAvVEs.—Australian
Radio Research Board. (See under ‘“ Mis-
cellaneous.”’)

Field strength work '—see 1931 abstracts, pp.
614—615—Baker and Huxley, and 629—Baker
and Pulley.

Work on fading and the Heaviside layer :—(a).
Martyn’s height-measuring method (ibid., pp.
29-30, 55) : practical details : results—‘‘ in general
the beat note is detectable only after sunset. It can
be heard to fade quite quickly, and to vary gradually
in pitch from moment to moment, thus indicating
the undulatory nature of the Heavisidelayer . . . .
steps are at present being taken to obtain a stronger
signal, with a view to the recording of the notes.”

(b). Analysis and interpretation of fading records
taken in Victoria on 3LO and 3AR, by simultaneous
reception on a loop or frame and a vertical aerial,
at distances from 35 to 120 miles : there is usually a
large slow fading cycle of, say, 3 minutes period,
with a smaller quick fading of, say, 20 seconds
period superposed. ‘‘ The first type of fading is
attributed to an ionised layer at a height of about
100 km. and of relative stability, while the second
type is to be associated with a considerably higher
layer. It is possible theoretically to deduce the
heights of the reflecting layer or layers from a
consideration of the relative magnitude of the
fading experienced on the two types of aerial
system. When this method is applied to the slow
fading, a layer of about 100 km. height is found,
but very erratic results are obtained if the method
be applied to the fading of quick period. Possible
explanations of this anomaly have been considered
and experiments devised to test their validity.

““ While both types of fading are generally found
in any fading record obtained during the evening
hours, it sometimes happens that either the quick
or the slow fading may be almost entirely absent.
This is interpreted as indicating in the first event
exceptional density, and in the other event excep-
tional transparency, of the lower layer. For
example, quick fading only is found to be present in
some of the early moming records, before dawn.
As sunrise approaches, this gives place to slower
period fading which finally ceases altogether soon
after sunrise. The rates of movement of the layers
as deduced from the fading curves agree well with
those measured directly by A. L. Green in Sydney,
using the wavelength change method” (1931
Abstracts, p. 55, and below).

(c).” Green’s layer-height and polarisation re-
searches on a 35I-m. wave :—evening tests over
part of winter, spring and summer gave a height
never very far from 110 km., with limits of 95 and
150 km. Subsidiary effects were noticed which are
ascribed to the F (‘“ Appleton ) layer, usually
at about twice the height of the lower layer., ‘‘ The
inference to be drawn from the Jervis Bay work
is that the upper layer is likely to be more important

in Australia in its effects on the fading of broadcast
signals than it is in England ; in fact, some statistics
compiled from the results of the above evening
tests indicated that the F region was important as
a cause of fading on about 54 evenings out of a
total of go on which tests were made, while it was
the sole cause of fading on a further 23 evenings.
Evidence was also obtained . . . in support of
the view that waves can be received after having
been twice reflected at the one layer, the third
point of reflection being at the surface of the earth
midway between the sending and the receiving
stations.”

Polarisation measurements, taken round sunrise
for the sake of steadier layer conditions, show a
clockwise rotation due to the earth’s magnetic
field, thus confirming Appleton and Ratclifie’s
prediction based on the dip of the magnetic field
being south in Australia and north in England (1928
Abstracts, p. 221). These measurements are also
important in connection with methods, now being
investigated by the Board, for the partial elimina-
tion of fading in certain cases.

POLARISATION OF DowN-COMING WIRELESS WAVES.
IN THE SOUTHERN HEMISPHERE—E. V.
Appleton. (Nature, 19th Dec., 1931, Vol.
128, p. 1037.)

Appleton and Ratcliffe predicted (see preceding
abstract) that the most direct test of the magneto-
ionic theory of the propagation of wireless waves.
through the upper atmosphere would be to carry
out at corresponding points in the Southern Hemi-
sphere experiments similar to those performed
by them and described in the paper referred to,
the result of which was that ‘‘ the down-coming
[400 n1.] waves were very approximately circularly
polarised with a left-handed sense of rotation.”
Theory predicts that under similar conditions in
the Southern Hemispheres the down-coming waves
should be approximately circularly polarised with a
right-handed sense of rotation, and this letter
announces that this has now been verified by A. L.
Green in a lengthy series of observations in New
South Wales.

The bearing of such experiments on the polarisa-
tion of down-coming waves on the explanation of
the cause of night errors in direction finding is
shortly explained. ‘‘ We can say that ‘ night errors ’
in wireless direction finding are due to the arrival
at the receiver of waves which leave the emitter as
plane polarised waves in a direction inclined to the
horizontal and reach the highly ionised regions.
in the upper atmosphere. There, under the influence
of the earth’s magnetic field, they are separated into
their two component circularty or elliptically
polarised waves, which undergo differential ab-
sorption and changes in polarisation and are bent
round until they leave the ionised regions with a
direction of propagation towards the earth. On
reaching .the receiver they cause fading and errors
in the observed direction of the emitting station.””
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It is also noted that Smith-Rose and Barfield,
following suggestions made by Adcock, have
developed ‘‘ a practical direction finder which is
substantially free from errors even under conditions
when down-coming waves of abnormal polarisation
are being received.”

PROPAGATION OF WIRELESS WavEs.—H. Nagaoka.
(Rep. of Rad. Res. and Works in Japan,
No. 1, Vol. 1, 1931, pp. 1-19.)

The full paper, a very abbreviated version of
which (differently entitled) was dealt with in 1931
Abstracts, p. 606. Section 5(a) deals with the
effects of the established diurnal variation of N.
It is shown that the surface on which N has the
same value during the night is not a sphere con-
centric with the earth, but has its £ side decidedly
higher than the w, so that transmission from E to
w over a long distance is concentrated ; the signal
intensity for certain angles of incidence is therefore
stronger for E to w transmission than for that in
the opposite direction, especially for short waves.
For long waves the effect of the inclination may be
contrary to that for short waves. The probable
‘““ corrugated ’’ shape of the layer near the magnetic
poles, and the consequent distortions and possi-
bility of * mirage *’ effects, are discussed.

Section 7 gives a tentative explanation of the
existence of the multiple layers. '‘ Suppose the
electrons coming from the sun reach the atmosphere
at the height of about 100 km. with velocity just
sufficient to ionise oxygen, nitrogen and hydrogen,
which are still abundant, to be ionised to saturation.
The position of the first ionised layer can be con-
sidered as marking the energy level of incoming
electrons. Helium at this height is no longer
ionised on account of its higher ionisation potential.
If we next suppose that the energy level at the
second layer corresponds to that of helium, there
must exist a layer in which the ionisation state
changes almost abruptly. Below this layer helium,
though abundant, is not ionised. As all the gases
of the atmosphere except helium are ionised, the
conductivity of the medium imparted to it by
numerous ions decreases the strength of the electric
field. The field is directed downwards to the earth,
and the motion of the electrons retarded. The
existence of two layers can thus be explained from
the ionisation potentials and the constituent gases
of the. upper atmosphere. It may perhaps be
remarked that the second ionised layer is the lower
limit of short light waves just capable of ionising
helium. Calculating from the ionisation potential,
it corresponds to Asos5Au. It is extremely
doubtful if such radiation can come out of the
solar atmosphere.”” In addition, the ionisation of
the uppermost atmosphere is caused by protons
and alpha particles. The positively charged protons
are probably to be found above the second ionised
layer : as the velocity of projection is not constant,
the position of the proton layer is not so definite as
those of the ionised layers. A third ionised layer
(mostly hydrogen), whose position may perhaps be
located by ultra-short waves, may be produced by
streams of alpha particles from the sun. )

In addition to the effects of ultra-violet radiation,
electrons, protons and alpha particles, another
possible phenomenon is mentioned as needing con-
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sideration, namely the variation of viscosity, in
regions where the mean free path is long, in direct
proportion to the pressure and inversely with the
square root of the absolute temperature. ‘“ In the
upper part of the atmosphere where the ionisation
is great, the viscosity is swayed by the latter, while
in the lower region the former is applicable. Conse-
quently, if the upper atmosphere be much disturbed,
there is the possibility of the disturbed layer gliding
over the undisturbed ; the state of ionisation is
affected, and the effect is felt in the route of
transmission.”’

jaraNeEse Papers IN THESE AND RECENT

ABSTRACTS.

Many of these papers appear also in publications
other than those specified in the various abstracts.
Thus a paper quoted from Proc. Imp. Acad. Tokyo
may also be found in Japanese Radio Research
Committee, Reports presented to U.R.S.I. Assembly,
1931 ; or in Reports of Rad. Res. and Works, No. 1,
Vol. 1, 1931 ; or in both of these.

OSSERVAZIONI SULLA  STRATIFICAZIONE DELLA
RecioNE DI HEAVISIDE. Nuovo Disprosi-
TIVO SPERIMENTALE (Observations on the
Stratification of the Heaviside Region.
New Experimental Equipment).—I. Ranzi.
(Nuowo Cimento, No. 7, Vol. 8, 193r,
pp- 258-263.)

The apparatus described has already been dealt
with in 1931 Abstracts, p. 549. The c.-r. oscillo-
graph employed was of the von Ardenne type : the
wavelength 100 metres. Specimen oscillograms and
layer-height curves are given. The numerous tests
“confirm the existence of two ionised layers
(Appleton’s regions E and F). In addition, it is
shown that the sudden alterations of the apparent
height of reflection in region F, during the night,
are due to rapid upward movements of the layer
and not to a further stratification of the ionised
region F”’ This latter point is deduced from the
fact that all the sudden jumps in apparent height
are accompanied by sudden phase changes in the
reflected wave.

WirRELEss EcHOEsS oF SHoORT DEeLavy.—E. V.
Appleton and G. Builder. (Proc. Physical
Soc., 1 Jan., 1932, Vol. 44, Part 1, No. 241,
pp- 76-87.) ]

Authors’ abstract :—' An account of a simple
method of producing short pulses of radio-frequency
energy is given [1931 Abstracts, p. 4921, together
with notes on its application in the investigation of
wireless echoes of short delay. Details of simul-
taneous visual and photographic methods of
delineating such echoes are also described. The
discussion of sample records and results serves as
a basis for drawing conclusions concerning the
relative advantages of the frequency-change and
group-retardation methods of investigating the
ionised regions of the upper atmosphere.”

In an appendix, the writers describe a new linear
time-base oscillator circuit (neon tube and triode),
which was found very satisfactory, easy to adjust,
and little affected in frequency by adjustment of
the operating conditions of the oscillograph—e.g.,
doubling the anode potential to change from visual
observation to photography.
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AvuTtomaric RECORDER FOR HEIGHT oF KENNELLY-
HEeavisiDE LAYER.-—Note from U.S. Bureau
of Standards. (Journ. Franklin Inst., Dec.,
1931, Vol. 212, No. 6, pp. 798-799.)

A short notice of the report dealt with in Feb.

Abstracts, p. 87.

INVESTIGATIONS AT THE PERKINS OBSERVATORY OF
CHANGES IN THE KENNELLY-HEAVISIDE
LAYERS AS A FUNCTION OF LUNAR ALTITUDES.
—H. T, Stetson [and G. W. Pickard]. (Nat.
Res. Council, 1931, p. 124.) See 1931
Abstracts, p. 375—two.

NoTEs oN CORRELATION INVESTIGATIONS BETWEEN

: KENNELLY-HEAVISIDE LAYER AND LUNAR
ArTiTUDES.—G. W. Pickard. (Ibid., pp.125-
126.)

Beginning with a recantation of the writer’s
earlier disbelief in the influence of the moon on
radio reception (cf. his criticism of C. E. Paulson’s
suggestions, 1928 Abstracts, p. 637). Curves
from 1926-1930 are given to confirm his present
views—see preceding abstract.

EFFECT OF METEORS ON THE HEAVISIDE LAYER.—
A. M. Skellett. (Science, 27th Nov., 1931,
Vol. 74, p. 14 of Supplement.)

Meteors approaching the earth tend to lose most
of their speed about 70 miles away from the surface,
in the Heaviside layer region. The cloud of electrified
particles accompanying the meteor disturbs the
condition of balance so that the effective height of
the layer is temporarily lowered. A recent Leonid
shower of metors is stated to have caused such
disturbances, resulting in a ‘‘ fogging” of radio
signals. Cf. 1931 Abstracts, p. 549.

IJNTERSUCHUNGEN UBER POLARISATIONSFADINGS
(Investigations into Polarisation Fading).
K. Kriiger and H. Plendl. (Zeitschr. f.
tech. Phys.,No.12,Vol. 12, 1931, pp. 673-678.)

Investigations connected with the writers’ system
of fading-free transmitting aerials (1931 Abstracts,
pp- 40 and 93). To examine the rotation of polarisa-
tion, a pair of horizontal aerials at right angles to
each other was employed for transmitting and
receiving, in the one case the transmitter, and in
the other case the receiver, being connected alterna-
tely to each dipole of the pair by a commutator.
In the preliminary tests the reflection was at almost
vertical incidence, the receiver being only 10 km.
from the transmitter. On a 53-metre wave, 1 to
20 revolutions per minute of the plane of polarisation
were observed.

The next tests, also at a short distance, were with
the object of neutralising the fading. Two methods
were compared : (a) the aerials at the transmitter
were alternated at a frequency of 1000 ps. by
means of a 500 c.p.s. anode-voltage transformer,
and (b) at the receiving end the neutralisation was
obtained by combining the rectified signals from
two receivers, one for each aerial. These tests were
then repeated over a long distance (420 km.), on
wavelengths 52.6 and 40 m. Each method gave
generally a good anti-fading effect, but under
conditions existing in about 10 % of the tests the
transmitting method was superior to the receiving
method.
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TWENTY-FOUR-HOUR RECEIVING MEASUREMENTS
OF LOoW-FREQUENCY RADIO STATIONS NAUEN
AND WaRrsaw.—E. Yokoyama and I. Tani-
mura. (Res. Electrot. Lab. Tokyo, No. 311,
1931, 35 pp.)

PROPAGATION OF THE BROADCASTING WAVES
[345-441 METRES] IN JAPAN.-—Y. Takata
and Y. Itow. (Reports of Rad. Res. and Works
in Japan, No. 1, Vol. 1, 1931, pp. 10I-II1.)

““The daytime variation {of intensity] is generally
very small in magnitude, but at a distance of a
few hundred kilometres a considerable variation
appears sometimes as a prominent fading, and it
accompanies commonly a very marked distortion of
sounds. The night-time intensity (considered in
the mean value) varies very irregularly. At one
point, intensity is sometimes below that at a further
distance, or the intensity of a nearer station is lower
than that of a distant one. These phenomena, like
the skip distance in short waves, are special ones on
land, and these being never experienced by wireless
operators on board ocean-going steamers in the
open sea, may be considered to be the effect of
hilly and mountainous land features of Japan.

“ As to the skip distance phenomenon, the follow-
ing daytime example which we met with at city
Kanawa was the most conspicuous one of this kind.”’
Reasonable strengths (round 25pv/m) were
obtained from stations 165—29z km. away, but
JOHK Sendai (390 metres, and no more powerful)
at 423 km. gave 200uv/m. ‘‘Not only that,
but also, to our astonishment, at any other places
which are situated only several kilometres apart
around the city, we could get no measurable strength
for JOHK.”

The night-time intensity was generally greater
than that in daytime, but not always : thus at 200
or 300 km. the former was several times stronger
than the latter, but at a short distance the strengths
were nearly equal and at about 100 km. the latter
was often the stronger by 20%.

Investigations on the effect of the city zone were
made in Sendai, Tokyo, and Fukuoka. The last
city gave more marked effects than the other two :
its station is at the centre of the city, whereas the
other stations lie in the suburban areas. But even
in Fukuoka the wooden houses produced no very
marked effect in the intensity. There was, how-
ever, about 10% difference between results indoors
and out of doors; the lighting circuits appear to
have been the principal cause of this. On certain
‘occasions the intensity at the side of a house facing
the station was 10% less than that on the opposite
side, owing presumably to re-radiation from the
lighting circuits. ‘It is a noticeable fact that
during the test we saw always the re-radiation from
conducting wires near-by, but not even a single
case of screening from the same.”

EFFECT OF SHORE STATION LOCATION UPON SIGNALS.
—R. A. Heising. (Proc. Inst. Rad. Eng.,
Jan., 1932, Vol. 20, pp. 77-86.)

Author’s summary :—Experiments are described
for ascertaining the attenuation suffered by the
unreflected wave in traversing relatively small
amounts of land between the seashore and hypo-
thetical inland sites. The results show 8 to 12
db attenuation for t mile inland with greater
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attenuation thereafter for unfavourable terrain.
Swampy ground produces small attenuation. The
classical theory of wave transmission past a straight
edge used in optics is applied to explain the reduc-
tion. Coexisting phenomena are mentioned.

RECENT DEVELOPMENTS IN RADIO-TRANSMISSION
MEASUREMENTS.—G. W. Kenrick and G. W.
Pickard. (Nat. Res. Council, 1931, pp.
101-108.}

LEs Gaz 10NIsts DANS LE CHAMP MAGNETIQUE :
PREUVE DE L’EXISTENCE DE L'ELECTRON
TOURNANT (Ionised Gases in. a Magnetic
Field : Proof of the Existence of the Rotat-
ing Electron).—Th. V. Jonescu and C.
Mihul. (Comptes Rendus, 4th Jan., 1932,
Vol. 194, pp. 70-72.)

“ We have shown (1931 Abstracts, pp. 144 and
204 : also 315) that ionised air has a natural period
of vibration corresponding to a wavelength of
9.50 m. and independent of the intensity of the
ionisation current. This fact is explained by the
hypothesis that the molecules have.the power of
attaching electrons to themselves. In a new series
of measurements, on wavelengths between 2 and
40 m., we have found the same results ; in addition,
we have found that at pressures below 10™% mm. Bg
the number of free electrons increases, while the
number of electrons attached to the molecules
decreases.

‘“ We have then made tests to see the effect of
a magnetic field, parallel to the plates of an ionised
gas condenser, on the capacity variation ac and
the conductivity o, for wavelengths between 2.34
and 19 m.” Curves are given showing, for six
wavelengths from 2.34 to 8.64 m., the variation
with H of the conductivity ¢ due to both types of
electron, the free and the attached, and also the
variation due only to the two types separately.
It is found that the free electrons have a natural

eH
frequency v = Py Benner has already shown
kix

(1929 Abstracts, p. 440 :
1931, p. 490). ,

The attached electrons enter into resonance with
the external frequency for field values H’ less.than
H. For wavelengths greater than 4 m. the differ-
eénce H — H’ = H, is constant and approximately
equal to 10.5 gauss. For shorter wavelengths
H, increases. ‘‘ These results can be interpreted
by supposing that the attached electrons find them-
selves in a molecular magnetic field of 10.5 gauss.
In this field the electrons possess movements of
precession with the angular velocity [expression
given] which corresponds perfectly with the natural
frequency of the ionised gas without any external
magnetic field. When an external field H’ is
applied, the molecules direct themselves in the
sense of the field and the precession takes place
in the resultant field H = H, + H’; the gas
resonance is then obtained for a wavelength smaller
‘than 9.50 m.” Calculated curves for o agree well
with those obtained experimentally.

see also 1930, p. 152, and

THE KENNELLY-HEAVISIDE LAYER [THE ORIGINAL
PuBLIiCcATIONS].—(E.N.T., December, 1931,

Vol. 8, pp. 515-516.}
In an article by Wagner to Kennelly on bhis
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birthday, the latter’s contribution to.the Electrical

-World of 13.3.1902 and the extract from Heavi-

side’s Encyclopedia Britannica paper are quoted.

Piccard.
1931, Vol.

PiccarRD-KIPFER ~ ASCENT.—A.
(Journ. de Phys. et le Rad., Dec.,
2, Series 7, pp. 1485 —1495.)

A brief summary of the programme and results.
Intensity of ionisation and number of secondary
beta rays were measured at 15500 and 16 ooo
metres. Provisional results of a final calibration
now in progress give an ionisation of the order of
200 ions/cm?® sec. for air at atmospheric pressure.
See also Feb. Abstracts, p. 88, and below.

THE

ProFESSOR PIcCARDS FORSCHUNGSFLUG IN DIE
STRATOSPHARE (Prof. Piccard’s Exploration
Ascent into the Stratosphere).-—A. Piccard,
P. Kipfer and others. (Physik. Ber., 15th
November, 1931, Vol. 12, p. 2529.}

Notice of a pamphlet of 128 pages with 50
pictures, published in Augsburg,

OzoNE CONTENT OF THE ATMOSPHERE.—R. Mecke.
(Zeiischy. f. phys. Chem., Bodenstein Com-
memoration Volume, 1931, pp. 392—404.)

From the spectroscopic data of the photochemical
equilibrium o;/0, an equation has been developed
giving the concentration of ozone as a function of
the air pressure. At a height of 50 km. the con-
centration is calculated at about 2 X 107%, com-
pared with about 107# at the earth’s surface.

THE MECHANISM OF THE FoORMATION OF OZONE
FROM OXYGEN UNDER THE INFLUENCE OF
ELECTRON DISCHARGE : oF NITROGEN
OxiDES FROM A NITROGEN-OXYGEN Mix-
TURE.—L. A. M. Henry. (Bull. Soc. chim.
Belg., Vol. 40, 1931, pp. 339-360; 371-383;
long summaries in Physik. Ber., 15th Nov
1931, Vol. 12, pp, 2607—2608.)

THE SHORTEST WAVELENGTH IN SUNLIGHT [AND
THE MEASUREMENT BY IT OF THE AMOUNT
oF OzoNe].—F. W. P. Gotz. (Strahlen-
thevapie, No. 4, Vol. 40, 1931, pp. 6go-695.)

July measurements show several sudden steps
in the intensity values, finishing with a wavelength
of 2863 a.U., and agreeing well with the' structure
of the ozone band.

UBER PRAZISIONSMESSUNGEN VON ELEKTRISCHEN
BRECHUNGSEXPONENTEN NACH DER ZWEITEN
DRUDESCHEN METHODE (Precision Measure-
ments of Refraction Coefficients [of Water]
by Drude’s Second Method).—G. Mie and
E. Frankenberger. (Summary in Physik. Ber.
15th Nov., 1931, Vol. 12, pp. 2589-2590.)

See also 1929 Abstracts, pp. 386-387. The pre-
cautions to avoid all possible sources of error are
described, particularly those connected with the

Lecher wire system.

EEn OPMERKING OVER ZWEVINGEN (An Observa-
tion on Interference Phenomena).—]. M.
Faber. (Physica, No. 6, Vol. 11, 1931, pp.
197—202.)

An investigation of the interference lines resulting.
from the interaction of two spherical wave systems.



March, 1932

THE DEVELOPMENT OF THE WaVE CONCEPTION :
Partr VI.—K. Uller. (Gerlands Beitr., No.

1/3, Vol. 31, 1931, pp. 40-82.)
Continuation of the mathematical investigation
referred to in 1931 Abstracts, p. 432. ‘

A DeLAY RECORDING EQUIPMENT USING A STEEL
BaND TELEGRAPHONE.—Decker. (E.N.T,
December, 1931, Vol. 8, pp. 516-527.)

PossIBILITY OF A PERIODIC ELECTRICAL
DISTURBANCE, POSSESSING AN AXIAL SvyM-
METRY, PASSING ALONG A CYLINDER WITHOUT
DissiPATING ITSELF LATERALLY.—R. Ferrier.
(Comples Rendus, 4th Jan., 1932, Vol. 194,
pp- 65-67.)

FORMATION OF STANDING WAVES ON LECHER
WiIrgs.—Mohammed and Kantebet. (See
under ‘‘ Measurements and Standards.”)

THE

THE OPTICcS OF RaDIo TRrRANsMIssION.—E. Merritt.
(Proc. Inst. Rad. Eng., January, 1932, Vol.
20, pp. 29-39.) See 1931 Abstracts, p. 203.

THE PROPAGATION OF LONGITUDINAL AND TRANS-
VERSE WAVES IN IsoTrRoPIC ELAsTIC NON-
HOMOGENEOUS MeDpIA  [MATHEMATICAL
Stupy].—G. Lampariello. (A#7 Accad. dei
Lincei, 5th June, 1931, Vol. 13, pp. 856-860.)

ForMATION OF LovE WAVES IN A Two-LAYER
Crust.—H. Jeffreys. (Summary in Sci.
Abstracts, Sec. A., Nov., 1931, Vol.-34, p-
950.)

PRELIMINARY STUDY OF THE ACCELERATION OF
EARTHQUAKE SHOCKS.—M. Ishimoto. (Bull.
Earthqu. Res. Inst., No. 2, Vol. g, 1931,
PP- 159-167; long summary in Physik.
Ber., 15th Nov., 1931, Vol. 12, p. 2701.)

VELOCITY OF EXPLOSION-GENERATED LONGITU-
DINAL WAVES IN A NEPHELINE SYSTEM.-
L. D. Leet and M. Ewing. (Nat. Res.
Council, 1931, pp. 61-65: summary in
Physik. Ber., 15th Nov., 1931, Vol. 12,
p- 2735.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY.

On THE REsuLTs oF THE CONTINUOUS RECORD
OF ATMOSPHERICS [AT ToKYO, SINCE 1927].
J. Asakura. (Japanese Radio Research
Committee, Reports presented to U.R.S.I.
Assembly, 1931, 14 pp.)

Reception was on a T aerial 200 feet high, nat.
A= 870 m. The receiver (one triode only is
shown) was tuned to 13 ooo m. and worked a relay
in the secondary circuit of a 3/1 step-down trans-
former in the anode circuit. The recorder was an
anemocinemograph of the Richard pattern show-
ing ihe number of contacts per unit time. The
mean monthly infensity of atmospherics, on a
4000 m. wavelength, was also obtained by the
shunted telephone method.

Both of these curves, over the three years
September 1927 to August 1930, show a similarity
to that of the thunderstorm frequency curve in
Japan. The air temperature curve also agrees,
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while the barometric curve shows a reverse varia-
tion (except that in summer high pressure is often
assoclated with thunderstorms). This latter negative
correlation appears in the diurnal, annual, and also
the seculay wvariations. But on occasions much
disturbance is found when the sky is clear, and
little disturbance in stormy weather : for instance,
atmospherics increase on fine but cold windy days
in February and March. Generally, however, the
existence of a low pressure centre or a line of dis-
continuity in the neighbourhood is the cause of
increasing atmospherics. But the fact that even
severe depressions do not always cause atmos-
pherics shows that the generation of a thunderstorm
associated with a depression does not depend solely
upon the depth of bavometvic pressuve of the low
centre. Much increase of atmospherics after the
passing of a low is due to the marked deepening of
the low or the development of lines of discontinuity
on the rear side.

As regards solar activity and the amount ot
atmospherics, the observations show that the
yearly decrease in the number of atmospherics per
minute agrees with the yearly decrease of the
Wolfer-Brunner sunspot number, the former figures
for the three years being 23.2, 19.2 and 16.2, while
the latter figures are 76.4, 64.4 and 48.2. ‘ This
fact is not in accordance with the results obtained
by L. W. Austin during four years from 1920
to 1924.”

Among various other results may be mentioned :—
The maximum in Tokyo appears in July, the
minimum in February : the hours of daily maxima
and minima vary with the season but average
16" and 21* for the former and 7.5 and 19" for
the latter. The sunrise and sunset minima are
liable to be disturbed by thunderstorms, but the
modes of diurnal variation are nearly the same every
day. These minima are probably due to great
scattering of the waves, caused by disordered
reflection and refraction in the Heaviside layer.

CORRELATION OF ATMOSPHERICS [IN JAPAN] WITH
THUNDERSTORMS.—A. Kimpara. (Japanese
Rad. Res. Committee, Reports presented to
U.R.S.I. Assembly, 1931, 24 pp.)

Refation between atmospberics and (i) observed
thunderstorms, (ii) typhoons, and (i1} discon-
tinuous surfaces. (iv) Comparison of atmospherics
coming from the direction of thunderstorms,
typhoons, and discontinuous surfaces. (v) Relation
between atmospherics and distant thunderstorms.

R.R.B. WORK ON ATMOSPHERICS.-
(See

AUSTRALIAN
Australian Radio Research Board.
under ‘‘ Miscellaneous.”)

Forecast of a report by Munro, Huxley and
Pawsey, now under preparation, on the continua-
tion of the investigations referred to in 1931
Abstracts, p. 55. The work is demonstrating the
value to Australia of the cathode-ray direction
finders, developed and supplied by the British
Radio Research Board, for long-range weather
forecasting and for the following of thunderstorms
with a view to warning aircraft. The system has
been particularly effective in tracing cyclonic
disturbances and low-pressure areas across the
Tasman Sea. Another point brought out by the
work is that atmospherics arising in Australia do not
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vary much in size at their origim, and it is thus
possible for even one investigator, unaided, to find
their approximate source from their direction and
size alone. This applies in particular to observa-
tions on 3000 metres; on 30000 metres (the
second of the two wavelengths on which most of
the observations were made) the atmospherics may
come from the other side of the world. The work
is now being extended to the shorter waves of the
broadcasting band.

SYNTHESIS OF THE PoLAR AURORA.—A. Dauvillier.
(Comptes Rendus, 16th Nov., 1931, Vol. 193,
PP- 946-948.) .

Electron beam experiments with a sphere of
aluminium covered with a luminescent coat, on
which are traced the principal meridians and
parallels ; it encloses a thin iron shell, which
carries a winding in an equatorial groove and is
arranged so that its magnetic axis is inclined at
15° to the axis of rotation of the whole sphere.
This axis of diurnal rotation is set at 23° to the
normal to the direction of the incident cathode ray,
and can itself turn so as to reproduce the annual
variation. The scaleis 0.5 X 1078, and the electrons
are therefore given an energy of (3 X 1ol%) x
(0.5 X 1078), 7i.e., 150 volts. The problem consists
in reproducing auroral coronas presenting, on the
scaleindicated, the same radius of curvature as those
of Nordenskjold. Using a wide beam and a suitable
pressure (so that the tracks of primary and second-
ary electrons can be observed) it is easy to reproduce
the corona and auroral rays. The electrons
approaching the poles are successively deviated in
opposite directions, carrying the auroral pole to the
north east of the magnetic pole. Under favourable
conditions it is possible to distinguish up to three
geodesic spirals corresponding to the multiple
coronas of Nordenskjold. The area of the corona,
whose ellipticity is very variable, is greater in
summer than in winter—it increases with the speed
of the electrons. This explains the opposed varia-
tions, at high and low latitudes, of the 1r-year
frequency, the energy of the solar electrons in-
creasing with the activity of the sun.

The experiment shows also that the primary elec-
trons do not reach the sphere and that their devia-
tion into a spiral path mnay occur at a distance from
the globe equal to its diameter. But above all it
shows that the auroral pole of Nordenskjold
(coinciding with that of Fritz’ chart), far from being
fixed, undergoes a diurnal and an annual displace-
ment so that it really describes a trajectory of
variable speed round the geographical poles. This
rotation of the electronic spirals round the globe
represents precisely the demagnetising field of
Faraday and of Schuster, accounting for the
diurnal and annual variations of terrestrial mag-
netism. At Paris, for example, the curve of de-
clination is explained thus :—the opposed maxima
at 8 and 13" are due to the passage of the N.
corona, while those at 22% and 3* are due to the S.
corona, the sense of displacement and the areas of
the two coronas being opposed. Certain other
phenomena are mentioned which also seem to be
explained by these movements.

‘ But the spiralling of the solar electrons at a
distance of the order of the diameter of the globe
shows that the luminous phenomena (representing
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the aurora to us) can by no means localise either the
altitude of the demagnetising current or the source
of the cosmic rays. Our atmosphere reaches theo-
retically to 6.6 earth radii; if we suppose that the
spiralling only takes place at the height of one
radius, we see that a whole hemisphere is, at each
instant, irradiated by the corona. If we also notice
that its brilliance is hardly double that of the night
sky (ray 5577) and that the cosmic rays are strongly
degraded and diffused before reaching the ground,
we see that we cannot expect any sensible variation
in the intensity of these rays as a function of lati-
tude. On the contrary, their well-known sudden
fluctuations must be connected with those of
magnetism, earth currents and terrestrial electric
field.”” In a footnote the writer attributes the
variations of the last-named quantity to the
arrival, at the bottom of the stratosphere, of clouds
of negative ions (which also produce cirrus) arising
from clouds of secondary auroral electrons which
have expended their ionising powers at a height of
about 100 km. ‘ This layer of negative ions, to
which Idrac has also called attention (Abstracts,
1929, p. I47; 1930, p. 270), tends to reverse the
normal electric field and the wvertical current,
without the negative ions having time to traverse
the troposphere owing to their feeble mobility. It
is thanks to this phenomenon of induction that the
variations of magnetism and of earth current are
simultaneous.”

WORK OF THE BELL SYSTEM RELATING TO TERRES-
TRIAL MAGNETIsM AND ELECTRICITY. —O. B.
Blackwell. (Nat. Res. Council, 1931,
Pp. 112-113.)

Use oF MAGNETIC DATA FOR INVESTIGATING
RapiatioNn FRoM THE Sun.—]. Bartels.
(Nat. Res. Council, 1931, pp. 126~131.)

THE ULrLTRA-VIOLET LiGHT THEORY OF COMET-
Acrivity.—H. B. Maris. (Ibid., pp. 131-
132.)

PULSATIONS OF TERRESTRIAL MAGNETISM [ESCHEN-
HAGEN'S WAVES] AS THE RESULT OF THE
acTtioN oF Croups OF ELEcTrRIC COR-
puscLEs.—C. Stérmer. (Summary in Sci.
Abstracts, Sec. A., Dec., 1931, Vol. 34,
pPp. 1086-1087.)

DEPENDENCE OF THE NORMAL EARTH CURRENT ON
LaTiTUDE.—D. Stenquist. (Summary in
Sci. Abstracts, Sec. A., Dec., 1931, Vol. 34,
p- 1084.)

‘“ It is conceivable that diurnal inequalities of the
low-latitude type for earth currents and for the
magnetic elements are connected with the ultra-
violet radiation of the sun, that the high-latitude
type is connected with ordinary auroral rays having
diurnal variation, and that the mugnetic storms
are connected with the cosmic rays, which have
diurnal variation.”

PErRIODIC VARIATIONS IN NATURAL PHENOMENA
[CORRELATION OF SUNSPOT PERIODS WITH
CriMaTic ELEMENTS, SUBMARINE UPHEAVALS,
MorTALITY, ETC.].—W. B. Schostakowitsch.
(Gerlands Beitr., No. 3/4, Vol. 30, 1931, pp.
281-335.) ‘
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SIGNIFICANCE OF GEOELECTRIC DATA FROM THE
PorLar Regions.—O. H. Gish. (Naf. Res.
Council, 1931, pp. 140-142.)

ATtMOsSPHERIC ELECTRICITY : FIELD AND IoNIC
DisTRIBUTION IN A GAs TRAVERSED BY A
CURRENT AND CONTAINING ELECTRICITY
CARRIERS OF LITTLE MosiLiTy.—]. Scholz.
(Summary in Sci. Abstracts, Sec. A., Novem-
ber, 1931, Vol. 34, p. 989.)

THE AGEING OF IoNS IN AIR AND NITROGEN.—

J. Zeleny. (Phys. Review., 1st September,

1931, Series 2, Vol. 38, No. 5, pp. 969—976.)

For previous papers see 1930 Abstracts, pp.
175 and 585. ’

THEORY AND METHOD OF DETERMINATION OF
S1zé oF IoNS IN THE ATMOSPHERE.—
H. Israel. (Summary in Sci. Absivacts,
Sec. 4., Dec., 1931, Vol. 31, p. 1091.)

THE JONISATION OF THE ATMOSPHERE MEASURED
FROM FLYING AIRCRAFT..—D. C. Rose.
(Canadian Journ. of Res., Dec., 1931, Vol. 5,
No. 6, pp. 625-635.}

Author’s abstract :—The Gerdien type of atmos-
pheric ionisation measuring apparatus was attached
to a cabin aeroplane so that the state of ionisation
of the atmosphere could be studied . . . Measure-
ments were taken from ground level to heights of
15000 feet. The results indicate that at the
cloud level there is an abnormal excess of small
positive ions, and a minimum in the excess of
positive ions over negative ions from 4 000-6 ooo
feet higher. This does not include large ions such
as charged water drops or dust particles. The
observations were taken in regions free from
clouds, the cloud level being determined by observa-
tions on clouds in the sky, and by relative humidity
measurements taken at the same time.

TIONISATION MEASUREMENTS ON THE PICCARD-
KIPFER ASCENT. (See under ““ Propagation
of Waves.”’)

ELECTRICAL CONDITIONS IN STRATIFIED CLOUDS.—
M. Grabham. (Nature, 5th Dec., 1931, Vol.
128, p. 969.)

A short description of experiments made in 1908
which suggest that the stratified appearance of
certain clouds is due to the repulsion between the
positive charges which the component masses of
vapour were found to carry.

OBSERVATIONS MAGNETIQUES ET ELECTRIQUES AU
SaHARA (Magnetic and Electric Observations
in the Sahara).—C. Le Camus and F. de
Saint-Just. (Comptes Rendus, 12th Oct.,
1931, Vol. 193, pp. 600-601.)

STUDY OF THE INFRA-RED RADIATION EMITTED BY
THE EARTH'S ATMOSPHERE.—]. Devaux.
(Comptes Rendus, 7th Dec., 1931, Vol. 193
Pp. 1207-1209.)

PoOLARISATION OF LIGHT FROM THE SKy, aND ITs
CONNECTION WITH OTHER METEOROLOGICAL
ELEMENTS.—W. Smosarski. (Summary in
Sei. \Abstra.cts, Sec. A., Nov., 1931, pp. 947—
918.)
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CveLic VARIATIONS IN THE HEAT AND LiGHT
GIVEN ouT BY THE Sun.—C. G. Abbot.
(Science, 18th Dec., 1931, Vol. 74, p. 14.)

‘“ Many years of research have led him to the
belief that these fluctuations are indirectly re-
flected in weather changes, and that eventually
a reliable method for long-range forecasting may
be based on them.” The paragraph deals with a
mechanical device which will ‘‘automatically
untangle a curve representing one period of activity
from a compound curve in which more than one such
period may be indicated.”

BEITRAG zUR KENNTNIS DER SOLARKOMPONENTE
DER KOSMISCHEN ULTRASTRAHLUNG (Con-
tribution to the Knowledge of the Solar
Component of -Cosmic Radiation).—A. Corlin
and V. F. Hess. (Gerlands Beitr., No. 1/3,
Vol. 31, 1931, pp. 169-172.)

Arriving at the conclusion that the solar com-
ponent is very much more penetrating than the
hard ra-c y-component. See also Hess and Pforte,
1931 Abstracts, p. 609.

MEeASUREMENTS OF Cosmic RADIATION BETWEEN
57° AND 67°N.—K. Wolcken. (Zeitschr. f.
Geophys., No. 516, Vol. 7, 1931, pp. 267-271.)

Observations on a voyage between Denmark and

Greenland. Within the 109% limits of error, no

relation between . intensity and geographical or

geomagnetic latitude was found.

ABsorPTION AND Di1FrUsioN oF CosMmic Ravs ix
Leap aAND IrRON.—B. Rossi: Steinke.
(Atti Accad. dei Lincei, 26th April, 1931,
Vol. 13, pp. 600-606.)

Tests which do not show the difference in be-
haviour of the two metals observed by Steinke
(1931 Abstracts, p. 147). An explanation of the
discrepancy is suggested. .

1. PRrROBLEMA DELLA RADIAZIONE PENETRANTE
(The Problem of the Penetrating Radiation).
—B. Rossi. (La Ricerca Scieniifica, Nov:,
1931, Vol. 2, pp. 307-320.)

DISINTEGRATION OF THE AToMIC NUCLEUS BY
Cosmic Ravs.——C. D. Anderson and R. A.
Millikan. (Seci. News Letter, 12th December,
1931, Vol. 20, p. 373.)

Cosmic Ray FructuatioNs CONNECTED WITH
THOSE OF MAGNETISM, EARTH CURRENTS
AND ELEcTRIC FIELD.—Dauvillier. (See
‘“ Synthesis of Polar Aurora.”)

ANGULAR DisTRIBUTION oF THE Cosmic Ravs.-
D. Skohelzyn. (Comptes Rendus, 4th Jan.,
1932, Vol. 194, pp. 118-121.)

Sur LEs FKcLAIRS EN CHAPELET AVEC TRAITS
(““ Bead Necklace "’ Lightning composed of
Short Lines).—E. Mathias. (Comptes Rendus,
28th Dec., 1931, Vol. 193, pp. 1375-1377.)

PROPERTIES OF AEROSOLS.—S. C. Blacktin. (Nature,
sth Dec., 1931, Vol. 128, p. 968.)

A letter commenting on the observations of W.

Cawood and H. S. Patterson (1931 Abstracts, p
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610) ; the author would expect ‘‘ the phenomenon
they observed to show itself as producible merely
through controlled spontaneous electrification with-
out the necessity for introducing an independent
source of electrification.”

SPHERICAL LIGHTNING WITH MULTIPLE EXPLOSIONS.
—J. Imbrecq. (Comptes Rendus, 16th Nov.,

1931, Vol. 193, p. 949.)

PROPERTIES OF CIRCUITS.

THE TRANSIENT RESPONSE OF THE TRIODE VALVE
EqQuivaLENT NETWORK.—W. Jackson. (Phil.
Mag., Jan., 1932, Series 7, Vol. 13, No. 82,

. PP 143-153.) ;

Using Colebrook’s generalised analysis of the
triode valve equivalent network (1929 Abstracts,
P- 149), an operational equation is found for the
output voltage v(f), steady and transient, developed
across the load circuit Z on the sudden application
of a voltage of form ¢(f) to the input circuit of the
valve. This equation is solved by means of the
Expansion and Superposition Theorems for Heavi-
side Operators to give the nature of the transient
response in typical amplifier networks and the
effect of the self-capacities. The cases considered
are (1) resistance-capacity coupling, where it is
found that the effect of the stray capacities can be
neglected in deriving the transient response; (2)
transformer coupling, where the same applies to
the effect of stray capacities but the local disturbing
transient is much more prolonged than in (1); (3)
choke coupling and (4) parallel-fed choke coupling,
where,4n audio-frequency amplifiers, * the transient
response is likely to be periodic and dies away
exponentially at a comparatively slow rate.”

The mode of solution of the operational equation
by means of the Expansion Theorem is explained
in an appendix.

UBER AUSGLEICHSVORGANGE IN EINIGEN ZUSAM-
MENGESETZTEN  KREISEN  (Equilibrating
[Transient] Processes in Some Composite
Circuits).—L. Mirlas. (Summary in Physik.
Ber., 1st Nov., 1931, Vol. 12, p. 2432.)

DAMPFUNG UND ENTDAMPFUNG IN GEKOPPELTEN
KRrEISEN (Damping and Its Reduction in
Coupled Circuits).—H. J. Eilers. (Dissert.
Tech. Hochsch. Dresdern, 1931, 28 pp.;
summary in Physik. Ber., 1st Dec., 1931,
Vol. 12, p. 2804.)

In relation to the formation of highly selective
but distortion-free receivers for broadcast reception.

APPARATUS FOR EXHIBITING SOME PROPERTIES OF
CouprLED Circults.—R. C. Clinker and T. H.
Kinman. (Wireless Engineer, Jan., 1932,
Vol. g, pp. 11-13.)

Ax OUTLINE OF THE THEORY FOR THE OPERATION
oF TRIODE POwWER AMPLIFIERS [AND OscIL-
LaTorRs].—Y.  Fukuta. (Res.  Electrot.
Lab. Tokyo, No. 309, 1931, 21 pp.)

In Japanese. A simple theory is given for the
mode of operation of triode power amplifier and
transmitting valves, and a simple method described
by which the output power, efficiency, etc., can be
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determined approximately. In the case of con-
stant amplification and known saturation voltage
and current, an approximate value for distorted
and undistorted maximum output can quickly be
found for a given voltage supply—leading to a
determination of the optimum working conditions.

AN UNTUNED RADIO-FREQUENCY AMPLIFIER [USING
AN INTERVALVE TRANSFORMER WITH ASSO-
c1ATED TiGHTLY-COoUPLED CIirculT TUNED
To A Hige FREQUENcY].-—F. W. Schor.
(Proc. Inst. Rad. Eng., Jan., 1932, Vol. 20,
PP. 87-94.) _ _ _

Author’s summary :—‘‘ This paper outlines in
brief a number of untuned radio-frequency trans-
formers which have been used in the past. It
discusses their characteristics and reasons for their
limitations. It is pointed out that if the plate-
load impedance of a tube can be increased at the
high frequencies, the amplification will be increased.

A method of doing this by closely coupling a circuit

tuned to a high frequency is analysed, and the

equation for amplification is derived. The con-
struction of a transformer embodying this principle
is next described and amplification curves through-
out the broadcast band are given for several
varieties.”” A slit cylindrical soft iron core, with
a small bakelite washer over the centre and a large
one at each end, is used. The primary is wound in
the one half, and the secondary in the other, till
the small dividing washer is covered : the two wires
are then held together and wound in parallel
throughout the space remaining in the bobbin.
Primary and secondary are identical.

QuaLiTy DETECTORS: A SURVEY OF RECTIFICA-
TION.—W. Greenwood and S. J. Preston.
(Wiveless Engineer, Dec., 1931, Vol. 8, pp.
648-658.)

From the B.B.C. Research Department. ‘* Now
that all modern transmitters have provision for
100 % modulation, it has become important that
detectors should be capable of handling signals
modulated to this extent without introducing:any
appreciable distortion.”” The various practical
methods are discussed, and the paper ends with a
table of practical data giving a comparison of the
various types of detector, the final column giving
for each type a figure of merit which takes into
account the effective damping due to the detector :
it represents the rectified volts output per unit
power input, assuming a carrier 100 % modulated..
The various types considered are the grid current
and anode bend detectors (single and in push-pull),
the ‘ Kirkifier” (triode used as diode detector,
with grid positive with regard to filament, to
neutralise space charge), and the crystal detector.

AN APPLICATION OF THE CIRCLE DIAGRAM TO THE

DESIGN OF ATTENUATION AND PHASE
Equarisers. PARrRT I.—N. M. Rust. (Mar-
coni Review, November—December, 193I,

No. 33, pp. 19—28))

Author’s summary :—It is well known that it is
possible in a case of circuits arranged as for either
parallel or series resonance to adjust the values of
the resistances of the capacity and inductance in
such a manner-that the total impedance measured
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across the circuit is real and constant for all fre-
quencies. This condition is applied in what follows
to the design of attenualion and phase correcting
networks:

A SIMPLE PROCEDURE FOR THE INVESTIGATION OF
THE MAGNETIC FIELD OF A SYSTEM OF
CURRENT-CARRYING CONDUCTORS OF ANY
SHAPE or Cross SecTioN.—W. Krimer.
(E.T.Z., 7th Jan., 1932, Vol. 53, pp. 9-10.)

TRANSMISSION.

‘ON ASYMMETRIC TELEGRAPHIC SPECTRA [AND THE
PossIBILITIES OF SINGLE SIDE BAND MORSE

TransmissioN].—C. R. Burch. (Proc. Inst.
Rad. Eng., Dec., 1931, Vol. 19, pp. 2191-
2218.)

Author’s summary :—It is shown that single
side band Morse transmission, if practicable,
would relieve the present long-wave spectral
-congestion. Methods are developed whereby the
wave shape of the single side band signals can be
visualised when the original message envelope is
given, and it is shown that the prolonged trans-
mission of true single side band signals would in
general necessitate the radiation of infinite ampli-
tudes. Wave forms of approximations to single
side band signals which evade this difficulty are
determined : the wave form of the original message
can be recovered without distortion from these
“ asymmetric side band *’ waves, the use of which,
however, requires more power and also greater
crest amplitudes than normal double side band
transmission. The production and reception of
asymmetric side band waves is discussed.

The subject is treated de novo, and the paper
therefore overlaps considerably that of H. B.
Nyquist in which many of the present conclusions
were obtained by slightly different analytical
methods.

PHASE DISPLACEMENT BETWEEN CURRENT AND
VOLTAGE As A PossiBLE CARRIER OF
ComMUNICATION.—Lubbergerand Schleicher.
(See abstract under ‘* Miscellaneous.”)

AMPLITUDE, PHASE, AND FREQUENCY MODULATION.
—H. Roder. (Proc. Inst. Rad. Eng., Dec.,
1931, Vol. 19, pp. 2145-2176.)

Author’'s summary :—This paper presents a
comparative theoretical study of amplitude, phase,
and frequency modulation.

In the first part, the fundamental mathematical
expressions for the three types of modulation are
derived. They are expressed in three different
forms : as amplitude equations, side band equa-
tions and modulation vector equations. The
amplitude equations indicate the envelope of the
radio-frequency directly. The side band equations
refer to the number, amplitude, and phase of the side
bands produced by modulation. Inthe modulation
vector equations, corresponding side bands are
combined in pairs to form a ‘‘ modulation vector.”
This is a r-f magnitude, rotating with the angular
velocity of the carrier, and its amplitude is simul-
taneously being changed at an audio rate. The
main results derived from a discussion of these
equations are :

In phase and frequency modulation an infinite
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number of side bands is produced. Amplitude
modulation produces but one pair of side bands.

In amplitnde modulation the modulation vector,
representing the first pair of side bands, is in
phase with the carrier. In phase and frequency
modulation it is go degrees out of phase with respect
to the carrier.

Frequency modulation is equivalent to a phase
modulation in which the phase shift is inversely
proportional to the audio frequency.

By means of the modulation vector, a new
vector diagram of the phase modulation is given.

In the second part, amplitude modulation is
considered in which undesired phase or frequency
modulation or a combination of the two takes
place simultaneously. Regarding distortion and
interference with a signal in an adjacent frequency
channel, it is found that additional frequency
modulation has little effect, while phase modula-
tion may give rise to either distortion or interference
or both. The magnitudes of corresponding upper
and lower side bands, which are equal in the case
of pure amplitude modulation and in the case
of amplitude modulation and additional phase
modulation, are found to be different when addi-
tional frequency modulation is present. This
provides a method of measuring additional phase
or frequency modulation.

In the third part, a few cases of so-called ‘* false
phase modulation *’ are treated. These are obtained
when in a normal amplitude modulation signal the
amplitude or the phase of one or both side bands
are changed. The results are applied to find the
performance of two special sending systems, in
which carrier and side bands are radiated from
separated antennas.

THE MoDULATION SYSTEM OF THE Russian HIGH-
POwWER STATION AT SCHTSCHELKOWO.-—
H. Wigge. (Zeitschy. f. Hochf : tech., Dec.,
1931, Vol. 38, p. 231.)

The output stage of the audio-frequency amplifier
consists of two valves controlled in push-pull but
supplied with no d.c. potential to the anodes.
The anode supply is at radio-frequency and is
taken directly from the oscillator coil of the first
generating stage. The Lf. currents flow to earth f,
by way of the centre tap e of a choking coil across
the two anodes, through a resistance R. The
potential drop between ¢ and f gives 1.f. modulation
to the second oscillator stage.

AN EXPERIMENTAL STUDY OF THE TETRODE AS A
MODULATED RADI1O-FREQUENCY AMPLIFIER
[PARTICULARLY FOR RADIOTELEPHONE
TraNSMISSION ON FREQUENCIES OF AND
ABOVE 500 KcC.].—Robinson. (See under
“Valves and Thermionics.”)

A DirecT READING MopuLaTION METER.—A. H.
Cooper and G. P. Smith. (Wireless Engineer,
Dec., 1931, Vol. 8, p. 647.)

A single-triode circuit with d.c. milliammeter
and a valve voltmeter, which requires no calibra-
tion from an oscillograph or other apparatus, and
which is useful for measurements not only on
transmitters and standard signal generators but
also (by the use of a good r.f. amplifier) on distant
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transmissions. For a letter on priority of use, see
January issue, 1932, p. 25.

VERSUCHE MIT SEHR LANGSAMEN DURCH DIE
ELEKTRONENROHRE  ERZEUGTEN  ELEK-
TRISCHEN SCHWINGUNGEN (Experiments with
Very Slow Oscillations [I c.p.s. and under]
produced by ThermionicValves).—F. Moeller.
(Zeitschy. f. tech. Phys., No. 12, Vol. 12,
1931, pp. 669-673.)

Frequencies down to 0.5 c.p.s. were generated
with a pair of ordinary receiving valves, and the
conditions investigated under which they could be
passed through an amplifier so as to give an a.c.
output of the same frequency and of the order of
10 watts. The phase laws at the generator and
amplifier are examined. See also Ito, 1930
Abstracts, p. 332.

A NEw TREATMENT oF ELEcTRON TUBE OscCIL-
LAaTORs WITH FEED-Back CourrLing.—C. K.
Jen. (Proc. Inst. Rad. Eng., Dec., 1931,

Vol. 19, pp. 2109-2144.)
Author’s summary :—In an electron tube oscil-
lator with feed-back coupling, the ratio E /E,
may be expressed as ¢ |® in which ¢ and @ are

respectively called ¢ excitation’ and ‘‘ phase
difference.” For the maintenance of self-oscillation
it is absolutely necessary to have a correct ¢, and
for the optimum intensity of self-oscillation there
is usually a most favourable e for a given oscillator.
The complex ratio E,/E, is a function entirely of
the constants outside of the tube (i.e., independent
of the tube characteristics), provided the grid
current and the effect of resistances on the oscilla-
tion frequency are assumed negligible.

Expressions for E,/E, are given for several types
of oscillators, which are derived from a general
oscillator network containing three parallel resonant
circuits connecting the plate, grid, and filament.
All ordinary oscillators are subderivatives of these
types and their expressions for E,/E, are easily
obtained by applying special conditions. Numerical
computations have been made for practically all
special oscillators and the resulting values for e
and @ are illustrated by curves from which con-
siderable information concerning the operating
behaviours of oscillators can be obtained.

In a two-mesh oscillator there are two frequencies,
at either of which the oscillation may take place.
It is shown that only the wave which gives the
correct ¢ can be excited.

Experimental check of the theory has been found
quite satisfactory in most cases.

La MESURE DU RENDEMENT DES GENERATEURS A
LAMPES A L’AIDE DU Proto-ELEMENT (The
Measurement of the ' Efficiency of Valve
Oscillators with the help of a [Copper Oxide]
Photoelectric Cell).—J. Groszkowski. (L’Onde
Elec., December, 1931, Vol. 10, pp. 541-545.)

Thermometric methods of measuring oscillator
efficiencies, such as the writer’s 1925 method and

Crossley and Page’s surface pyrometer procedure

(1929 Abstracts, pp. 48—49) have the inconvenience

that the stabilisation of temperature at each

measuring point requires a delay of 10 to 15

minutes, so that a complete efficiency measurement
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takes at least one hour. The thermal inertia of the
anode itself, however, is comparatively small, and
its temperature stabilisation requires a delay of
only about one minute. The use, therefore, of the
Lange-Schottky copper—copper oxide cell, type C
(*“ Tungsram ”’), which is sensitive to infra-red
radiation, is particularly convenient. The photo-
electric cell is enclosed and provided with an
optical system in quartz, which gives a clear image
of the anode while dispersing that of the walls of
the valve.

HistoricAL REVIEW oF ULTRA - SHORT - WAVE
PROGRESS [CHIEFLY IN THE GENERATION OF
OscILLATIONs].—W. H. Wenstrom. (Proc.
Inst. Rad. Eng., Jan. 1932, Vol. 20, pp.
95-112.)

Author’s summary —‘“ This paper is a historical
review up to the year 1931 of the more significant
experiments with radio ultra-high frequencies and
ultra-short waves. Developments are classified,
in accordance with the type of oscillation generator
employed, under four main heads : spark oscillators,
regenerative oscillators of conventional type,
electronic oscillators of Barkhausen-Kurz and Gill-
Morrell type, electronic oscillators of the magnetron
type. Within these four divisions arrangement is
chronological.” A selected bibliography of 54 items
ends the paper.

AN EXPERIMENTAL STUDY OF REGENERATIVE
ULTRA-SHORT-WAVE  [3-METRE]  OsciL-
LATORS.—W. H. Wenstrom. (Proc. Inst.
Rad. Eng., Jan., 1932, Vol. 20, pp. 113-130.)

Author’s summary :—This paper gives a quantita-

tive account of operating performance for two
representative oscillator circuits, one of single tube
type and the other of two-tube balanced type.
Wavelength (approximately 3 metres) was measured
by two independent methods. Efficiency and
stability were measured under various plate, grid
and filament voltage conditions. Normal effi-
ciency values ranged from 20 per cent. to 40 per
cent. Under certain conditions the single tube
circuit was more efficient, while under certain other
conditions the balanced circuit was more efficient ;
under most conditions the efficiencies were about
equal. In stability the two circuits were about
equal ; frequency variations were less than 1 per
cent., while output variations rarely exceeded 2 per
cent.

Rapio TeLepHONY BY ULTRA-SHORT [50-CENTI-
METRE] WavEs.—Uda. (See under ““ Recep-

tion.”’)
CoNSTANT FREQUENCY OsciLLATORS.—F. B.
Llewellyn. (Proc. Inst. Rad. Eng., Dec.,

1931, Vol. 19, pp. 2063-2094.)

Author’s summary :—The manner in which the
frequency of vacuum tube oscillators depends upon
the operating voltages is discussed. The theory of
the dependence is derived and is shown to indicate
methods of causing the frequency to be independent
of the operating voltages. These methods are
applied in detail to the more commonly used
oscillator circuits.

Experimental data are cited which show the
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degree of frequency stability which may be expected
as a.result of application of the methods outlined
in the theory, and also show that the best adjust-
ment is in substantial agreement with that predicted
by theory. With a carefully built and adjusted
oscillator the effects of normal variations in the
operating voltages are negligible in comparison with
the effects of temperature variations resulting from
the changed operating currents. Methods of pre-
venting these latter effects are not discussed in the
present paper.

The appendix contains an analysis of the con-
ditions under which the performance of an oscillator
may be represented by the use of linear circuit
equations.

A REecenNT DgevEropMENT IN Vacuum TUBe
OscCIiLLATOR CIRCUITS : CORRECTION.—Dow.
(Proc. Inst. Rad. Eng., Jan., 1932, Vol. 20,
p. 182.)
A correction to an equation in the paper dealt
with in February Abstracts, p. 93.

THE DYNATRON OSCILLATOR: EASE oF MODULA-
TION AND UsE As BEAT-FREQUENCY OscCIL-
LATOR : THE FREQUENCY FORMULA AND THE
INFLUENCE OF THE VARYING NEGATIVE
REsiISTANCE—Wm. D. Oliphant: ¥F. P.
Basto: Colebrook. (Wiveless Engineer,
Dec., 1931, Vol. 8, pp. 661-662.)

Letters prompted by Colebrook’s article dealt

with in January Abstracts, p. 34.

RECEPTION.

UBER DIE WIRKUNG DES PENDELRUCKKOPPLERS
(The Action of the Super-regenerative Re-
ceiver).—G. Gorelik and G. Hintz. (Zeitschr.
f. Hochf :tech., Dec., 1931, Vol. 38, pp.
222—228.) :

From the Moscow ultra-short-wave laboratory.

In the absence of signals, three different zones are

distinguished, depending on the part of the valve

characteristic over which the action takes place,
and the relation of this part to the superimposed

Rukop “ reiss >’ diagram defining the starting and

breaking-off of the receiver oscillations. These

zones are : i.—the region of ‘‘ modulation,” where
the radio frequency w suffers amplitude variation
by the low frequency £2 ; ii.—the region of ‘ mush,”
caused by irregular impulses which resuscitate the
r.f. oscillations after they have been quenched by
the 1.f.; and iii.—the region ‘‘ without self-excita-
tion,” where 2V,,, is so great that the r.f. oscilla-
tions have no time to build up (V,;, being the
effective value of the 1.f. auxiliary potential on the
grid). Of these three zones, the ‘‘ modulation
zone corresponds to what David calls ‘‘ super-
regeneration B (stroboscopic) *’—see 1928 Abstracts,

p- 519: the relations between the other two zones

and David’s conditions 4 and C “ are not clear to

us.” The explanation of the ‘“ mush” is on lines

similar to those of Ostroumow (7...T.b.P., 1927),

but the irregular impulses arise not only from

atmospherics but also from battery voltage fluctua-
tions, mechanical vibrations, ‘“ shot ”” and thermal

.effects, etc, The effect. of .incoming signals is

different in the three zones: this is discussed in

Sec.-4 (pp. 224-225)-

»”
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Theoretical and experimental proof is given of
the existence of a ‘‘ multiple resonance’ corre-
sponding to resonance points p 4 # 2 = w, where
p is the signal frequency and # = o0, 1,2. . . . In
cases i and ii, in the neighbourhood of each of these
points a phenomenon occurs which is very similar
to the ““ mitnahme * (pull-in) effect in an ordinary
reaction circuit: in case i (*“ modulation ”’) the com-
bination notes disappear; in case ii (‘‘ mush”)
the mush vanishes. If signals are strong enough,
the separate silence zones blend into one another.
The dependence of this phenomenon of multiple
resonance on the oscillating conditions and the
amplitude of the signals is examined ; it explains
the existence of a reception threshold. The
smaller 2 is, the closer together are the multiple
resonance points, and the smaller the threshold
value E, of the signals, for which the central silence
zone can form itself. Thus in practical ultra-
short-wave reception £ is so small that the multiple
resonance points are not usually noticed, since
they merge into one. Small values of 2 and the
consequent partial superposition of the resonance
curves produce blunt tuning and an enhanced
amplification : an increase of £ sharpens the
tuning and decreases the sensitivity.

Throughout the investigation, the frequency
modulation caused by the periodic grid-potential
fluctuations has been neglected : this frequency
modulation, which is fairly important in ultra-
short-wave reception, requires examination. The
researches were carried out with push-pull circuits,
and the L.f. oscillations were applied to the grid.
Single wave circuits, and the application of the L.f.
to the anode, would produce similar results with
some quantitative differences.

Rapio TELEPHONY BY ULTRA-SHORT [50-CENTI-
METRE] WavVEs.—S. Uda. (Japanese Rad.
Res. Commitiee, Reports presented to
U.R.S.I. Assembly, 1931, 3 pp.)

In the writer’s previous tests (1930 Abstracts,
p. 568) the transmitter and receiver were entirely
different in construction, so that two-way com-
munication required a separate transmitter and
receiver at each station. In the arrangement now
described, advantage is taken of the fact that an
oscillator of Barkhausen type behaves excellently
as a regenerative detector: actually, super;
regeneration is employed, a locally generated
oscillation of several hundred metres being applied
to the plate of the electronic detector.valve. As
a result, a simple two-way (‘‘change-over”)
system of telephony or 1.c.w. telegraphy has been
developed with a range of 30 km. (between Sendai
and the peak of Otakamori}.

HistoricaL REVIEwW OF ULTRA-SHORT-WAVE Pro-
GRESS.—Wenstrom, ~ (See under “ Trans-
mission.”

QUANTITATIVE UNTERSUCHUNGEN AN RUNDFUNK-
EMPFANGERN (Quantitative Investigations
on Broadcast Receivers. Part II.—Measure-
ments on Receivers).—A. Harnisch. (Zeit-
schy. f. Hochf :tech., Dec., 1931, Vol. 38,
Pp. 209-222.}

The first part of this paper was dealt with in

This second and final
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part deals with actual measurements on a number
©of German and American 3- to 7- valve (1- to 4-
circuit) receivers, which are not named. Section A
deals with the r.f. stages : as regards aerial coupling,
this has been dealt with so thoroughly that the
writer merely refers to Zepler’s paper in the 1926
Telefunken-Zeit., No. 44, and to Rechnitzer's
work in the same journal (1929 Abstracts, pp. 510
and 511). He then considers the r.f. amplifying
stages and their various methods of coupling,
-particular attention being paid to the screen-grid
‘valve with transformer coupling. Stability, selec-
‘tivity and side-band cutting are investigated, and
sub-section 6 (pp. 218-219) examines in detail the
advantages and disadvantages of damping-reduction
by retroaction. The writer emphasises that
experience has shown the advantage of starting
with good circuits and treating retroaction only
as a reserve,” applying it only to one circuit.
Latest practice is to choose the grid circuit of the
-detector as this one circuit: next to the input
circuit (which is put out of court by the danger
of re-radiation) it is the most highly damped
<ircuit, whether grid or anode detection is employed.
‘The end of the sub-section deals with de-tuning
by retroaction adjustment, and its avoidance
(Fig. 25 shows complete success in this, by the
use of a screen-grid valve and a retroaction coil
capacitively decoupled with respect to the grid
circuit).

Section B deals with the detector and the 1.f.
stages. ‘‘ Measurements on a number of receivers
show that the great majority, when supplied with
the r.f. potentials necessary to give loud-speaker
strength in a room from a 70% modulated trans-
mitter, function according to the square law; i.e.,
they give non-linear distortion corresponding to a
‘ klirr *factor of m/4, where m is the degree of
modulation. Modern transmitters are already
modulated 70% and more, and it is therefore high
time that German receiver design should be con-
verted to linear detection’ [detection at high
potentials, either grid or anode bend ; references to
Ballantine and Schafer]. Cf. Greenwood and
Preston, below.

To-day’s receivers are also far from ideal with
regard to linear distortion, and this is dealt with
-on pp. 220 and 221. The 1{. stages are practically
free from distortion. Finally, Fig. 31 shows the
sensitivity curves of a number of receivers measured
.according to the I.R.E. standard tests. ‘‘ Recep-
-tion of the big European stations on an indoor
.aerial, with receivers commonly used in Germany, is
only possible by the use of strong retroaction.”
But this involves a serious cutting of side-bands,
.and consequent distortion (Iigs. 24 and 25).

‘QUALITY DETECTORS : A SURVEY OF RECTIFICA-
TION.—Greenwood and Preston. (See under
‘ Properties of Circuits.”)

PuysicaL. REALITY OF SIDE-BANDS [AND THE
ReLATIVE HEIGHT OF THE THREE PEAKS|. —
F. M. Colebrook. (Wireless Engineer,

Dec., 1931, Vol. 8, p. 660.) )
In his paper dealt with in 1931 Abstracts, p.
153, the writer showed as a fact of experiment
that with large amplitude or linear rectification of
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a modulated wave received on a very selective
circuit, the resonance curve of modulation frequency
output voltage gave side peaks {faller than the
centve peak. This result is now found to be in
accord with theory: the height of the ' centre
péak, in volts, will be approximately equal to the
height of the side peaks multiplied by the modula-
tion percentage. This implies that between certain
limits of relative intensities in heterodyne reception,
a larger output will be obtained with linear rectifi-
cation when the set is tuned to the weakey of the two
e.m.f.s. Moreover, Moullin’s result, that tuning
to a side wave introduces a second harmonic
component into the modulation wave form, appears
to be a particular case of a more general proposition
that any process of reception which impairs the
original phase and amplitude symmetry of the
three components of a pure tone-modulated wave
will introduce, with linear rectification, not
merely the second harmonic but the full range of
harmonics.

SELECTIVITY AND ToNE CorRrREcTION.—F. M.
Colebrook. (Wireless World, 30th December,
1931, and 6th January, 193z, Vols. 29 and
30, Pp. 734-736 and 14-16.)

This article is virtually a continuation of a
previous article by the same author (1931 Abstracts,
p- 614). It is mainly a refutation of the argument
that tone correction, in restoring the audio-fre-
quencies lost in highly selective tuning arrange-
ments, also brings back the unwanted interference.
Immunity in respect of heferodyne interference
involving the carrier of the wanted transmission,
however, ‘‘cannot be obtained by any normal
arrangement of tuned circuits without some sacrifice
of quality . . .”

BackGroUND Noises.—W. T. Cocking. (Wireless
World, 3o0th December, 1931, Vol. 29,
pp. 728-729.)

The causes and alleviation of background noises
in modern radio receivers.

THE RECEIVER OF THE FUTURE.—(Wireless World,
27th January, 1932, Vol. 30, pp. go—91.)
Some preliminary technical notes on the develop-
ment of a receiver based on the principle of achiev-
ing distortionless selectivity by critical retroaction.-
and subsequent tone correction in the a.f. amplifier.
The broad principles of the arrangement have been
dealt with previously (1931 Abstracts, p. 614).

THE STENODE Rabprostat.—F. G. Philpott:
G.W.OH. (Wireless Engineer, Dec., 1931,

Vol. 8, pp. 662 and 637-638.)
A letter from the London Secretary of the Cor-

-poration with the object of correcting two sugges-

tions about the S.R. receivers at Olympia (zbid.,
Nov., 1931, pp. 587-588): i.—that the crystal
gate was absent owing to its leading to difficulty
in handling the receiver, and to its being unreliable
for the reception of stations not crystal-controlled ;
and ii.—that it is possible to obtain * equivalent
performance in a superheterodyne receiver using
band-pass couplings.” In an editorial, G.W.O.H.
discusses this letter. 2
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A NEew LiGHT-WEIGHT NRECEIVER FOR SMALL

AEROPLANES.—Standard Telephones and
Cables, Ltd. (Wireless Worid, 27th Jan.,
1932, Vol. 30, p. 95: Electrician, 22nd

January, 1932, Vol. 108, pp. 91-92.)

A 4-valve equipment weighing 19% lb. complete
(receiver only, 41b. 100z). The ordinary speak-
ing-tube equipment is modified by replacing the
usual by-pass unit (enabling pilot and passenger
to hear their own speech) by a special unit con-
taining a small loud speaker unit connected to the
receiver. Thus the wireless signals are heard by
both pilot and passenger without special earpieces
in the helmets. Two screen-grid r.f. stages are
included : single knob control covers a wave-range
of 600 to 1 000 metres.

NEew Banp Pass Circuir.—N. R. Bligh.
World, 6th January, 1932, Vol.
2-4.)

It is shown that by the employment of a suitable
capacity coupling at both the high and low potential
ends of a band pass filter circuit, it is possible to
obtain the same constancy of peak separation as is
obtained with a mixed capacity and inductance
coupling.

(Wireless
30, pp-

UBER ART UND URSACHE DER VON HOCHSPANNUNGS-
FREILEITUNGEN AUSGEHENDEN STORUNGEN
DES RUNDFUNKEMPFANGS (On the Nature
and Causes of the Interference with Broad-
cast Reception proceeding from H.T. Over-
head Lines).—]. Herweg and G. Ulbricht.
(Zeitschr. f. Hochf :tech., Dec., 1931, Vol.
33, pp. 228-230.)

i.—Interference produced by the line frequency
and its harmonics : this can be almost eliminated
by careful screening of the receiver, particularly
the amplifier and its valves ; but complete elimina-
tion is only possible if aerial or frame lies at right
angles to the line. ii—Radio-frequency inter-
ference : (a) from brush discharges, (b) from switch-
ing, commutator, and make-and-break processes on
the low-tension side, the disturbances passing across
the transformers to the h.t. lines.

As regards (a), the brush discharges are attri-
buted to the binding wires, twisted by pliers, which
fasten the lines to their insulators. They occur,

- therefove, practically only on lines using bracket
insulators, since suspension insulators are not
bound in this manner. A footnote mentions that
so far as the writer knows, all new h.t. lines are
using the latter type. Secondary sources of brush
discharges are binding wires at joints, but these
give little trouble compared with the far more
numerous points of attachment. These brush
discharge interferences occur when the service
voltage is as low as 6 kv., are very bad for voltages
15 to 25 kv., and still worse for 40 kv.

The section on (b) is short. The final section
gives results of measurements, Fig. 3 being a curve
showing the decrease of interference strength with
increasing distance at right angles to the line, and
Fig. 4 showing the strength distribution of the
r.f. interference over the frequency spectrum :
pronounced maxima are seen at 400 and I 100
metrese
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OvERLOAD LiMir EXTENsION oF THE TETRODE
DETECTOR [AUTOMATIC GRID B1as REGULA-
TION EXTENDED TO FILAMENT-TYPE DE-
TECTORS].—P. O. Farnham. (Electronics,
Dec., 1931, p. 228.)

The usual procedure for indirectly heated de-
tectors, by which the cathode current is made to
flow through a resistance and the resulting d.c.
bias is applied to the input circuit control grid,
cannot be applied unchanged to apparatus using
filament-type valves unless a separate filament or
plate battery is employed for the detector. The
solution here described depends on the insertion of
a resistance in series with the screen-grid battery
so that an increasing carrier input increases the
d.c. screen-grid current and -‘thereby reduces the
steady s.g. voltage below that of the battery.

AN UNTUNED RADIO-FREQUENCY AMPLIFIER [USING
AN  INTERVALVE TRANSFORMER  WITH
AssOCIATED  TIGHTLY-CoUPLED  CIRCUIT
TuNnep To A HiGH FREQUENcY]—Schor.
(See under ** Properties of Circuits.”)

DamPING AND ITs REDUCTION IN CoUPLED CIRCUITS
[IN CONNECTION WITH SELECTIVE AND Dis-
TORTION-FREE BROADCASTING RECEIVERS].
—Eilers. (See under ‘‘ Properties of
Circuits.”’)

CAN RapIO SETS BE soLD TO EUROPE ? [wiTH
Sratistics].—S. E. Laszlo. (Flectronics,
Dec., 1931, pp. 299-230.)

AERIALS AND AERIAL SYSTEMS.

VORLAUFIGER BERICHT UBER VERSUCHE ZUR
BEKAMPFUNG DER SCHWUNDERSCHEINUNGEN
IM RUNDFUNK MIT ANTENNENGEBILDEN
UBLICHER HOHE (A/4) UND GROSSERER
HORIZONTALAUSDEHNUNG (Preliminary Com-
munication on Experiments on the Preven-
tion of [Short Range] Fading in Broadcast
Transmissions with Aerial Systems of
Ordinary Height—Quarter Wavelength-—
and Great Horizontal Spread [Suppression
of Space Wave]).—H. Harbich and V.
Hahnemann. (E.T.Z., 17th Dec., 1931,
Vol. 52, pp. 1545-1549.) See 1931 Ab-
stracts, p. 499.

A description of tests undertaken jointly by
the German P.O. and the Lorenz Company,
with a view to the reduction of the space
radiation by the use of a system of short
vertical aerials, each suitably fed as regards
amplitude and phase, arranged either as a ring
surrounding one of them as a centre, or as two or
more concentric rings without a central element.
The present paper deals chiefly with the simple,
fundamental arrangement of three such aerials in
a row, the important influence of the spacing of the
elements, and of the relative amplitudes and
phases of the middle and end elements, being thus
conveniently studied. But preliminary tests on
the ring-shaped systems showed that the results
obtained with the simple 3-aerial row could be
applied to the practical ring systems.

The choice of the best design, to give the greatest
possible suppression of space wave together with
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sufficiently good ground-wave efficiency, in each
practical case and for a given wavelength, must be
a compromise involving element-spacing, mast-
height, and the ratio of current amplitudes.

RADIATION RESISTANCE OF COMPLEX ANTENNAS.—
K. Tani. (Japanese Rad. Res. Committee,
Reports presented to U.R.S.I. Assembly,
1931, 13 Pp.}

Pistolkor’s work is restricted to the case where
all elements oscillate in the same phase or anti-
phase. The more general case where the elements
oscillate in any phase is here considered, an expres-
sion being found for R4p, the increase of radiation
resistance of a doublet B due to the presence of a
parallel doublet A, the distance between the axes
being "'d and the axial displacement %, while the
oscillation current in B lags by ¢ from that of A.
R, can be evaluated for any value of ¢ provided
two values R’4z and R”4p, the resistances for

¢ = o0 and ¢ = g, are known. These can be

calculated from equations 8 and g, p. 3, but for
practical purposes they are tabulated for several
values of d and 4 in Tables I to VI.

Various applications are described : the radiation
resistance of a system of doublets can be calculated
by the summation of the increase of radiation
resistance due to each of them : the e.m.f. induced
in B by a current in A can be found, etc.

A GRAPHICAL SYNTHESIS OF AERIAL ARRAYS.—
A. W. Ladner. (Marconi Review, November—
December, 1931, No. 33, pp. I1-i18 and
plate.)

Author’s summary :—The following article des-
cribes a simple method of calculating graphically
the polar diagrams, both in a vertical and horizontal
plane, of any array of spaced aerials. The basis of
the method is the combination of two diagrams
[the ‘‘ spacing diagram’’ given by two spaced point
sources, depending for its shape on their distance
apart in terms of wavelength and on their phases,
and the ‘‘ unit diagram ’’ which is dependent on
the diagrams of the sources themselves], both of
which are easily constructed from a knowledge of
the array constants.

STRAHLUNGSMESSUNGEN AN EINER MODERNEN TELE-
FUNKEN - RICHTANTENNEN - ANLAGE  DER
GROSSFUNKSTELLE NAUEN (Radiation Meas-
urements on a Modern Telefunken Beam
Aerial System at the Nauen High-power
Station).—K. Kriiger and H. Plendl. (Zeit-
schy. f. Hochf : tech., Dec., 1931, Vol. 38,
PP. 205-209.)

Theoretical and experimental (aeroplane) deter-
mination of the vertical polar diagram of the Nauen
N. American service aerial (DFA, A = 15.59 m.;
192 horizontal dipoles), and experimental deter-
mination also of the horizontal radiation measured
at 3 different levels (2°, 7° and 13°). Diagrams for
the calculated vertical radiation are given for the
two cases where the effect of the earth is neglected
and where the earth is assumed to be a perfect
reflector. Comparison between the calculated and
measured diagrams shows that only the *‘ perfect
reflector ’ case can be considered, as was found in
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previous tests; this diagram agrees well with the
experimental diagram (up to about 30°) except
that the second subsidiary maximum, at about
27°, is from 2.1 to 2.5 times as large in the experi-
mental diagram as in the calculated. Thissecond
subsidiary maximum looks, in the diagrams, as if
it were the first : this is due to the first subsidiary
maximum, calculated at 18°, being too small to be
visible ; it is, however, shown in Fig. 6c, which
gives the calculated vertical characteristic in rect-
angular co-ordinates. »

Possible causes of the discrepancy in the magni-
tudes of the second subsidiary maximum are dis-
cussed (pp. 207-208) but no satisfactory explanation
is found. As regards the main ray, which is
broader and blunter in Fig. 4 than in Fig. 3
(measured diagrams for March, 1931, and June,
1930, respectively), it is mentioned that the ground
was much wetter in the former case. The sharper
ray for the dry earth is more like the calculated ray
in this respect, but on the other hand its angle of
elevation is 6°, whereas the broader ray for the
wet earth has an angle of 7°, which agrees exactly
with the calculated diagram.

The horizontal radiation is dealt with on p. 208,
Fig. 5, showing the results measured at heights of
225, 725 and 1 280 metres. The proportion of the
subsidiary maxima to the main ray is shown to
decrease continually as the height increases. The
field strengths of the main ray at these heights are
about 55, 100 (this height corresponds to 7°) and
27, in relative values.

For previous work of a similar nature on other
Nauen aerials, see Abstracts, 1930, p. 631, and
1931, p. 385—two.

A HALr-WAVE Mast ANTENNA.—(Radio Craft,
Nov., 1931, p, 269.)
Description of a steel mast mounted on a porce-
lain base and used as a half-wave aerial.

FEEDER ADJUSTMENTS FOR SHORT WAVE VERTICAL

AERIALS.—N., Wells. (Marconi Review,
November-December, 1931, No. 33, pp.
1-10.)

Notes on ‘‘ matching the impedance at the base

of an aerial to the natural or surge impedance of a
particular form of feeder, the Marconi Concentric
type.”

VALVES AND THERMIONICS.

UNTERSUCHUNGEN 'UBER DEN DURCHGRIFF VON
EMPFANGERROHREN (Researches on the
Penetration Coefficient or Mutual Controll-
ance of Receiving Valves).—F. Greve.
(Zeitschr. f. Hochf : tech., Dzc., 1931, Vol. 38,
PP 234—237.)

Jena Dissertation, 1930. An investigation to
determine under what conditions the quantity D
( = 1/u) varies, and the extent of the variations
for various types of receiving valve. The
‘“ Hausser "’ method used by van der Pol, wherein
a variation of D is evident as a deviation from the
straight line in thé E,/E, curve for constant
emission current, was applied, and the results
simultaneously controlled and compared by a
bridge arrangement (Marten, Schottky) specially
modified to extend to values of D both negative

E
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and greatly exceeding 100%. Numerous curves are
given. Among the results are the following :~—no
connection was found between the appearance of
negative “ durchgriff ” and Barkhausen oscillations.
Variation of D with variation of heating only
occurred when D would also be changed by a change
of anode potential : and in such a case (¢.g., with
an RE 86) a change in heating produced the same
effect as a 10-times greater change of anode
potential. A clear connection between variation of
D and size of grid mesh could not be found.

AN EXPERIMENTAL STUDY OF THE TETRODE AS A
MoDULATED RAD10-FREQUENCY AMPLIFIER
[PARTICULARLY FOR RADIOTELEPHONE
TRANSMISSION ON FREQUENCIES OF AND
ABOVE 500 kc.].—H. A. Robinson. (Proc.
Inst. Rad. Eng., Jan., 1932, Vol. 20, pp.
131-160.)

Author’s summary —“ The advantages and
limitations of the tetrode employed as a modulated
radio-frequency amplifier tube are considered and
the results of an experimental study made upon
one type of screen-grid tube are given. Oscillo-
grams and characteristics are presented from which
the operation of the type UX-865 tetrode can be
predicted under varied operating conditions and
for several methods of modulation.

“The method of graphical analysis is employed to
determine the relative effects of the circuit para-
meters and electrode voltages upon the performance
of the tetrode as a modulated amplifier.

A method of modulation is described in which the
modulating signal voltage is introduced in both
the screen-grid and plate circuits, eliminating the
detrimental effects of secondary emission and
permitting the complete modulation of the radio-
frequency carrier with a negligible degree of dis-
_tortion, the tetrode performing in a manner similar
to that of a neutralised triode.”

The author concludes that the advantages of the
tetrode, particularly the elimination of all neutralis-
ing devices and their critical adjustments, are
especially useful for aircraft and other portable
transmitters requiring rapid changes of the operating
frequency over wide ranges, and for signal
generators. The several methods of modulating
the tetrode each have their advantages and their
limitations.

A GErRMAN 150 kw. NI10BIUM-CATHODE VALVE.-

(See abstract under ‘ Miscellaneous ~"—
Harnisch.)

THE CHARACTERISTIC SURFACES OF THE Russian
VALVE Type J_,—W. Patruschew.
(Zeitschr. f. Hochf : tech., Dec., 1931, Vol. 38,
PP 231-232.)

AN ELECTROMAGNETICALLY CONTROLLED THREE-
ELECcTRODE Vacuum TuBE.-——F. B. Haynes.
(Physics, Sept., 1931, Vol. 1, No. 3, pp.
192—-193.)

FiLaMENTLESS [CoLD CaTHODE] Rapio TuBEs [on
GLow-D1sCHARGE PRINCIPLE].—M. Gunther-
schulze and F. Keller. (Summary in
Electronics, Dec., 1931, p. 242.)

Discharges are produced in a rare gas at a few
tenths of a millimetre pressure, between a mag-
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nesium disc and a nickel gauze (56% empty
surface). An iron disc a short distance behind the
nickel cathode acts as a third electrode. Kossel’s
1921 article is discussed. See also 1930 Abstracts,

PpP. 571 and 632.

A SErF-StopPING D.C. THYRATRON CIRCUIT [USING
A GLow-DiscHARGE TuBE].—H. J. Reich.
(Electronics, Dec., 1931, p. 240.) See also
Feb. Abstracts, p. 98 (Weiller).

DisTorRTION IN VALVE CHARACTERISTICS.—G. S. C.
Lucas. (Wireless Engineer, Nov., 1931,
Vol. 8, pp. 595-598.)

From the British Thomson-Houston laboratories.
With valves where the characteristic curvature
introduces harmonics other than the second (e.g.,
pentode and screen-grid valves), the percentage
distortion must be obtained from the ratio of the
amplitude of the largest harmonic to that of the
fundamental. The writer gives a simple arith-
metical method for determining the amplitudes of
the second, third and fourth harmonics with fair
accuracy from the characteristic curves of the valves.
P. K. Turner (ibid., December, 1931, pp. 660-661)
criticises this method as failing if there are har-
monics above the fourth, and recommends the use
of a complete 12-ordinate scheme, or for economy
of labour a 6-ordinate scheme which he has de-
veloped in a special manner.

THE VARIATION OF THE RESISTANCES AND INTER-
ELECTRODE CAPACITIES OF THERMIONIC
VALVEs WITH FREQUENCY.—W. IE. Benham :
Hartshorn. (Wireless Engineer, November,
1931, Vol. 8, pp. 600-602.)

Continuation of the discussion on Hartshorn's
paper (1931 Abstracts, p. 618) and particularly on
the ratio of ‘““ hot "’ and “ cold "’ capacities. Harts-
horn’s experimental result that the electrons
increase the capacity ‘ is adequately explained ™ by
the fact that, in the triode case with grid negative,
the input impedance is so high that the term involv-
ing the inertial effect of the electrons loses its
importance ; whereas with Benham’s diodes (1931
Abstracts, p. 212) such is not the case, and values
of the * hot "’/ cold "’ capacities as low as 3/5 are
obtainable experimentally.

CoBALT ALLOY FILAMENTS [WITH TENSILE STRENGTH
Four TiMEs THAT oF NIckiEL].—De Forest
Company. (Electronics, Dec., 1931, p. 232.)

DEN AUSBRENNVORGANG DER IM VAKUUM
GEGLUHTEN DRAHTE.—I. (On the Burning-
Out Process of Wires Heated in Vacuo.—1I.)
—L. Prasnik. (Zeitschr. f. Phys., 1931,
Vol. 72, No. 1/2, pp. 86~94.)

This paper contains a theoretical investigation
of the decrease with time of the mean filament
diameter and temperature of a glowing wire heated
in vacuo by a direct current at constant voltage.
Assuming that the weakest spot of the wire (that
of smallest diameter) is known, the total decrease
in wire diameter up to the point when it burns out
is calculated by expressing the mode of dependence
of the evaporation on temperature by an ex-
ponential function or by the Nernst formula.

UBER
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THE EwmissioN OF PosITIVE JoNs FrRoM CU AND
Ac—H. B. Wahlin. (Phys. Review, 1st
September, 1931, Series 2, Vol. 38, No. 5,

. 1074.) ) )
“ By using an electrometer with a sensitivity of

3 x 107! amp./mm. for measuring the current,

it has been possible to detect cut ions from cu

and agt at temperatures just below the melting

point and above.”

DIRECTIONAL WIRELESS.

VARIATION OF BEARINGS OBSERVED IN SHORT-
WAVE DIRECTION-FINDING [ON A SMALL
Rorating FraMme].—M. Asukai and T.
Hayasi. (Japanese Radio Research Com-
mittee, Reports presented to U.R.S.I.
Assembly, 1931, 2 pp. and plates.)

At 177 km., direction finding on 30 to 150 m.
waves was practically impossible, zeros being very
broad and signals often showing no direction at all,
or sometimes giving a fairly clear but quite wrong
bearing, which varied with the time of day. Occa-
sionally the bearing seemed to oscillate from time
to time about a definite direction—roughly the
true bearing. The shorter the wavelength and the
nearer to night, the more difficult was it to find the
direction.

At 18 km., direction finding was possible within
a few degrees, but the error was liable to increase
with decrease of wavelength, as at the greater
distance. ‘‘ Unexpectedly we found that this
amount of divergence varies with the time.”” The
curves for both long and short distances seem to be
nearly symmetrical about the local noon at the
mid-point between the stations. ‘ These figures
suggest that there may exist a certain agencyto
cause variation of bearings of a short-wave trans-
mitter *’ even at short distamces. If this agency is
a deflecting or reflecting layer, it would appear
likely that this must be at a distance comparable
with such short distances.

AvusTrRALIAN R.R.B. RESULTS WITH THE CATHODE-
Ray DirectioNn FINDER. (See under
‘“ Atmospherics.”’)

Nigut ERRORS AND THE POLARISATION OF DowN-
ComiNnG WAvEs.—Appleton. (See abstract
under ‘‘ Propagation of Waves.”)

DIrREcTION FINDING FOR AVIATION, ESPECIALLY
FOoR THE LUFT-HaNsa LINE.—E. Schwandt.
(Funk, 16th Oct., 1931.)

THEORY OF DESIGN AND CALIBRATION OF VIBRATING
REED INDICATORS FOR RaADIO RANGE
Beacons.—G. L. Davies. (Proc. Inst. Rad.
Eng., Jan., 1932, Vol. 20, pp. 161-181.)

Sée 1931 Abstracts, p. 559.

AIRPLANES SEE THROUGH Foc wiTH NEw PHoTO-
CELL DEvicE.—Langmuir and Westendorp.
(Sci. News Letter, 12th December, 1931,

Vol. 20, p. 372.)
Cf. 1931 Abstracts, p. 560. It is suggested that
special beacons should be fed with 1 ooo-cycle
current, to distinguish their light from other lights.
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ACQOUSTICS AND AUDIO-FREQUENCIES.

THE EFFECTIVE Mass OF FLEXIBLE Discs AND
ConicaL DiapuragMS USED FOR SOUND-
RepropucTiON.—N. W, McLachlan. (Proc.
Physical Soc., 1 Jan., 1932, Vol. 44, Part 1,
No. 241, pp. 88—97 : Discussion, pp. 98-100.)

Author’s abstract :—An experimental method of
measuring mechanical impedance, which is used to
ascertain the effective mass of vibrating discs and
conical diaphragms, is described. It is shown that
the effective mass of a Circular aluminium disc
vibrating in air is zero at the centre-stationary and
centre-moving modes. At a centre-stationary mode
the effective mass attains a positive maximum
before the zero value and a negative maximum

thereafter. From the shape of the curves for a

disc it is possible to interpret those obtained for

conical diaphragms. In the latter case the curves
depend upon the apical angle of the cone. Three
types are illustrated : (a) a large cone having ¢
equal to 160°; (b) a loud-speaker cone having ¢
equal to go°, with reinforced edge; (c) a loud-

speaker cone having ¢ equal to 9o°, mounted on a

rubber annulus. In case (a) the disc characteristics

are clear, whilst in (b) and (c) the behaviour is
modified owing to the greater degree of conicality.

The rubber surround acts as an auxiliary resonant

diaphragm, introducing an abrupt change in the

effective mass. Finally, the effective mass of a

rigid disc vibrating in a finite and in an infinite

baffle is considered.

ApDITIONAL EXPERIMENTS ON MOVING CoIL REPRO-
DUCERS AND ON FLEXIBLE Discs.—N. W.
McLachlan. (Phil. Mag., Jan., 1932, Series
7, Vol. 13, No. 82, pp. 115-143.)

This paper discusses various details of moving
coil reproducers, including investigations on the
modulus of elasticity of paper, the combination
modes of a reed-driven paper disc, the case of a
coil-driven circular aluminium disc, the influence
of the magnetic field upon output and coil imped-
ance of the reproducer, etc. ‘‘ Lastly, a series of
impulse records showing the natural damped
oscillations of moving-coil reproducers of the horn
and hornless (large diaphragm) variety are given.”
For other properties of the discs and diaphragms
treated herein, see January Abstracts, p. 41, and
above.

THE LAw OF SIMILARITY FOR THE NATURAL
FREQUENCIES OF ELASTIC BODIES AND
PARTICULARLY LOUD SPEAKER DIAPHRAGMS,
—E. Spenke. (Wiss. Veriffent. a.d. Siemens-
Konz., No. 4, Vol. 10, 1931, pp. 128-136.)

UBER DIE SCHALLSTRAHLUNG EINER MIT KNOTEN-
LINIEN SCHWINGENDEN KREISMEMBRAN
(On the Sound Radiation from a Circular
Diaphragm vibrating with Nodal Lines.)
M. J. O. Strutt. (4Ann. der Physik, No. 2,
Vol. 11, 1931, pPp. 129-140.)

The diaphragm is assumed to be mounted in a
large, plane and rigid wall. Mathematical ex-
pressions are derived for determining the radiation
when both circular and radial nodes exist on the
diaphragm.
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A discussion of these formulae leads to the
conclusion that the radiation is very small compared
with that from a rigid piston of equal size, provided
the radius of the membrane is small compared with
the wavelength in air ; or if these are comparable,
provided the lowest natural membrane frequency is
deep enough for the corresponding air wavelength
to be large compared with the diameter. But if the
lowest natural frequency is so high that the corre-
sponding air wavelength is equal to or smaller than
the membrane diameter, the radiation may become
considerable owing to a certain resonance effect—
and at all frequencies.

UBER DIE THEORIE UND ANWENDUNG DES HORN-
LAUTSPRECHERS (The Theory and Applica-
tion of the Horn Loud Speaker [and the
Superiority of the Exponential Horn]).
H. Stenzel. (Zeitschr. f. tech. Phys., No. 12,
Vol. 12, 1931, pp. 621-627.)

i—The difficulty of obtaining uniform radiation
at different frequencies by membranes without
horns (particularly for large outputs). ii.—The
effect of a membrane with an air chamber at the
entrance to the horn. iii.—The radiation impedance
of various shapes of horn, and the reason for the
superiority of the exponential shape. But the
dimensions must be large enough, or reflection at
the mouth will nullify the advantages.

UBer DpIE ERZEUGUNG VON SCHALLVORGANGEN
DURCH DAS ELEKTROSTATISCHE FELD (The
Generation of Sound by the Electrostatic
Field [and the ‘“ Statophone "’ and “ Oscillo-
plane ”’ Loud Speakers])—H. Vogt. (Zeit-
schr. f. tech. Phys., No. 12, Vol. 12, 1931,
pp. 632-639.) ) |

A particularly long section (II) deals with the
problems presented by the choice of materials, and
describes how certain irregularities in the behaviour
of bakelite (hitherto standing in the way of its
employment in positions of accuracy) were
elucidated and cured by suitable thermal after-
treatment. For previous papers on the ‘ Oscillo-

plane "’ loud speaker, see Abstracts, January, p. 42,

and 1931, pp. 45 (Schwandt) and 389.

EIN- UND AUSSCHWINGVORGANGE AN ELEKTRO-
DYNAMISCHEN LAUTSPRECHERN MIT STARKEN
MAGNETFELDERN (Building-Up and Decay
Processes in Electrodynamic Loud Speakers
with Strong Magnetic Fields).—H. Neumann.
(Zeitschr.f. tech. Phys., No. 12, Vol. 12, 1931,
Pp- 627-632.)

From the Siemens laboratories.
specially strong magnetic fields (up to 20 ooo
gauss) not only increases the efficiency of a loud
speaker (see same writer, Abstracts, 1930, p. 163 ;
1931, pp. 158 and 389) but also improves the quality
of reproduction by greatly increasing the damping
of the natural membrane frequencies, so that the
building-up and decay processes are considerably
shortened. This is illustrated by a number of
frequency curves and oscillograms of the building-
up and decay processes, for different strengths of
field.

I70.

The use of-

THE WIRELESS ENGINEER &

BERECHNUNG VON LLAUTSPRECHERN MIT STARRER
KreisMEMBRAN (The Calculation of Loud
Speakers with Rigid Disc Membranes).—W.
Hihnle. (Wiss.Veriffentl. a.d. Siemens-Konz.,
No. 4, Vol. 10, 1931, pp. 73-116; summary
in Physik. Ber., 1 Dec., 1931, Vol. 12, pp.
2806-2807:)

THE LouD SPEAKER EQUIPMENT OF THE STADIUM
oF THE DARMSTADT TECHNICAL COLLEGE. —
F. Schilgen and C. Starkloff. (E.T.Z,
31 Dec., 1931, Vol. 52, pp. 1589-1591.)

THE RECORDING OF TRANSIENTS BY THE C.-R.
OscitLoGrRAPH.—Hollmann. (See abstract
under ‘ Subsidiary Apparatus and
Materials.”’)

HicH PowER RADIATORS FOR FREQUENCIES BELOW
oo CycLEs PER SEcoND.—E. W. Kellogg.
(Summary in Sci. Absivacts, Sec. B., Nov.,
1931, Vol. 34, p. 635.)

CARBON MICROPHONES [A DEFENCE oF THEIR
TransMmiIsstoN Quarity].—S. T. Fisher.
(Electrician, 8th Jan., 1932, Vol. 108, p.
44 : Reply, ibid., 22nd Jan., p. 104.)

MIcroPHONE TECHNIQUE IN RADIO BROADCASTING.
—O. B. Hanson. (Summary in Sci. Absiracts,
Sec. B., Nov., 1931, Vol. 34, p. 626.)

THE RECORDING oF SounND FILms IN THE ToBIs
AND KERR-KAROLUS (KLANGFILM) SYSTEMS.
—(Génie Civil, 26th Dec., 1931, Vol. g9,
pp. 654-655.)

Including a diagram and description of the

Tobis recording lamp.

Puysics IN SoUND RECORDING.—A. Whitaker.
(Journ. Scient. Instr., Dec., 1931, Vol. 8,
PP. 396-398.)

Summary of a recent lecture. One pointmentioned
is the successful elimination of ground noise in
sound-on-film recording by diverting a portion
of the af. currents in the recording amplifier,
rectifying them, and after a certain amount of
smoothing (the smoothing circuit having a time
factor of the order of 1/50 sec.) causing the rectified
current either to operate a separate shutter (variable
area recording) or to control the mean slit width
(variable density recording) Cf. Lewin, Jan.
Abstracts, p. 43.

RESEARCHES ON THE FIGURE OF MERIT OF RE-
CORDING IN SoUND-ON-FiLM RECORDS [IN-
CLUDING AN OBJECTIVE METHOD OF TESTING
It]: THE MEASUREMENT OF SENSITIVITY.
IN SOUND-ON-FILM REcOrRDING.—A. Kiister
and R. Schmidt. (Versffentl. Wiss. Zentral-
Lab. Agfa, Vol. 2, 1931, pp. 83-93 : 94-103 ;
long summaries in Physik. Ber., 15th Nov.,
1931, Vol. 12, pp. 2633-2634.)

PrysicaL FACTORS AFFECTING THE ILLUSION IN
SounD MortioN PicTures.—]. P. Maxfield.
(Summary in Sci. Abstracts, Sec. B., Nov.,
1931, Vol. 34, p. 636.)
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GEGENWARTIGER STAND DER PHOTOGRAPHISCHEN
TECHNIK BEI DER LICHTTONAUFZEICHNUNG
(The Present Position of Photographic
Technique in Sound-on-Film Recording).—
J. Eggert. (Zeitschy. f. tech. Phys., No. 12,
Vol. 12, 1931, pp. 639-644.)

LicHTQUELLEN FUR TONFILMAUFNAHMEN (Light
Sources for Sound-on-Film Recording [and
in particular the ““ Lichtspritze ’ Lamp]).—
H. Ewest. (Zeitschr. f. tech. Phys., No. 12,
Vol. 12, 1931, pp. 645-647.)

The Triergon ‘ ultra-frequency lamp” : the
somewhat similar lamp used by Schréter for
picture telegraphy : the Osram tungsten arc
lamp : the oxide-cathode * light-spray” lamp
(*““lichtspritze *') giving a concentrated point of light
for television purposes and following fluctuations up
to and beyond 100 ooo c.p.s.

BESTIMMUNG DES AUFLOSUNGSVERMOGENS PHOTO-
GRAPHISCHER SCHICHTEN (Determination of
the Resolving Power of Photographic Layers).
—H. Frieser. (Zeitschr. f. tech. Phys., No. 12,
Vol. 12, 1931, pp. 661-663.)

PayvsicaL PROPERTIES AND CONSTRUCTION OF
[ALKALI] PHOTOELECTRIC CELLS FOR SOUND-
FiLm Purposes.—W. Kluge. (Zeitschr. f.
tech. Phys., No. 12, Vol. 12, 1931, pp. 649—
661.)

DiE LICHTVERTEILUNG IM AUFNAHMESPALT BEIM
ScHwWARzZ-WEISSVERFAHREN (The Distribu-
tion of Light in the Recording Slit in the
Black-and-White [Amplitude] Process [in-
cluding a Description of the Rantsch—Siemens
and Halske—Optical System]).—H. J. Eilers.
(Zeitschr. f. tech. Phys., No. 12; Vol. 12,
1931, Pp- 647-649.)

PHOTOMICROGRAPHS OF GRAMOPHONE RECORDS
[AND THE USE oF A THIN COATING OF IM-
MERSION OiL].—A. Morris Thomas. (Journ.
Scient. Imstr., Nov., 1931, Vol. 8, p. 363.)

WIRELESS WORLD PowER Rapro-Gram.—A. L. M.
Sowerby and H. F. Smith. (Wireless
World, 27th January and 3rd February,
1932, Vol. 30, *pp. 80-84 and 106-109.)

A three-valve instrument deriving all its power
from a.c. mains, in which everything has been
subordinated to the requirements of realistic
reproduction. It is not intended for use outside
the normal service area of a Regional broadcasting
station.

THE AcousTiIc RESONATOR INTERFEROMETER :
I. TrE AcousTic SYSTEM AND 1TS EQUIVA-
LENT ELECTRIC NETWORK.—J. C. Hubbard.
(Phys. Rewview, 1st Sept., 1931, Series 2,
Vol. 38, No. 5, pp. 10II-1019.)

Author’s abstract :—The steady state of motion
of a fluid between two infinite plane parallel bound-
aries is found for the case in which one of the
boundaries is given a prescribed periodic motion
normal to its surface, the other boundary being
infinitely rigid or being assigned a coefficient of
reflection. The excess pressure at any point in
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the fluid is found, being of particular interest at
the boundary of the source where it has a term in
phase with the velocity of the source and one ‘in
phase with its displacement. These terms pass
through cyclical values as the distance between the
source and reflector is increased, the first: passing
through sharp maxima, the second changing
rapidly from negative to positive values at re-
flector distances of an integral number of half
wavelengths in the fluid.  Application is made to
the case where the source is the surface of a piezo-
electric plate maintained in forced vibration. The
equivalent electric network of the plate and coupled
fluid column is found to be the same as that for the
plate alone, with modified resistance and capacity
coefficients, making possible consideration of the
theory of the acoustic resonator interferometer in
conjunction with driving and measuring circuits.

EIN SELBSTANZEIGENDES RAUMAKUSTISCHES MEss-
GERAT (A  Direct-Indicating  Acoustic
Measuring Equipment [using the Hollmann-
Schultes ‘“ Room Acoustic”’ Relaxation
Oscillations]).—H. E. Hollmann and Th.
Schultes. (E.N.T., Dec., 1931, Vol. 8,
PP: 539-543.) ,

A combination of the arrangement dealt with
in February Abstracts, p. 99, with a direct-reading
frequency meter.

BIBLIOGRAPHY OF THE ACOUSTICS OF BUILDINGS.—
F. R. Watson. (Journ. Acous. Soc. Am.,
Part 1, Vol. 3, 1931, Pp. 1443.)

AcousTics OF A BUILDING IMPROVED 25 % BY THE
Avupience SrtanpiNng Ur.—S. K. Wolf.
(Sci. News Letter, 19th December, 1931,
Vol. 20, p. 397.)

SOUNDPROOF PARTITIONS.-—Notes from the U.S.

Bureau of Standards. (Journ. Franklin

Inst., Jan., 1932, Vol. 213, No. 1, pp. 92-93.)

A note on the results of sound transmission

measurements made on a set of wall panels con-

structed of cinder block and clay tile. The method

is described in Bureau of Standards Scientific
Paper S 526.

THE PRECISION OF MEASUREMENT OF ABSORPTION
COEFFICIENTS BY REVERBERATION METHODS.
—P. E. Sabine. (Journ. Acous. Soc. Am.,
Part 1, Vol. 3, 1931, pp. 139—I54.)

STUDY OF SOUND-INSULATING BUILDING
MATERIALS BY MEANS OF ELECTRICAL
MEASURING APPARATUS.—Cellerier. (Génie
Civil, 12th Dec., 1931, Vol. 99, pp. 601-603.)

Continuation of the work referred to in 1931
Abstracts, p. 273.

THE

MEASUREMENT OF CAPACITIES AT AUDIO-FRE-
QUENCIES BY DoOUBLE-BEAT METHOD.—
Colebrook. (See abstract under ‘‘ Measure-
ments and Standards.”)

‘“ A pure wave form is used in the measurement
circuit, but this is made to control a distorted wave
form in a detector circuit so that high harmonics
can be used for frequency adjustment.”
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MEASUREMENTS OF SoUND REFLECTION COEFFI-
CIENTS OF MATERIALS FOR DEFINED SOUND-
FieLp Ratios.—L. Casper and G. Sommer.
(Summary in Sci. Abstracts, Sec. A., Dec.,
931, Vol. 34, p. 1079.)

INTERSPACED [AUDIO-FREQUENCY] TRANSFORMER
WINDINGS [AND THE PrRoDUCTION OF FLAT
RESPONSE CURVES WITHOUT THE USE OF
SpeciaAL. CORE MATERIAL OR CHANGE OF
Mass oF CorReE or CopPPER].—W. J. Leidy.
(Electronics, Dec., 1931, p. 233.)

KLANGSPEKTREN DER MUSIKINSTRUMENTE
(The Sound Spectra of Musical Instruments).
—E. Meyer. (Zeitschr. f. tech. Phys., No. 12,
Vol. 12, 1931, pp. 606-610.)

An analysis, by the Griitzmacher automatic
recording method, of the spectra of all kinds of
commonly used orchestral instruments. The fre-
quency range extended from 3o to 15000 c.p.s.,
and the building-up, stationary, and decay zones
wie all dealt with. The writer concludes by pointing
out that the characteristic quality of an instrument
depends not merely on its spectrum but also on the
course of the intensity of a note. The adjustable
quality of the Bechstein-Siemens-Nernst piano
(¢f. Jan. and Feb. Abstracts, p. 44—Miessner
and p. 1o1—Schultz : Noack) is quoted as a good
example of this.

Die

VowEL CHARACTERISTICS.—A. Stefanini. (Nwuovo
Cimento, No. 6, Vol. 8, 1931, pp. 213—216.)

An investigation of the damped oscillations of

the vowels a and e. The possibility is discussed

that the characteristic sound depends not only on
the period but also on the extinction processes.

TuE NATURAL HIisTORY OF THE ViBrRATO.—C. E.
Seashore.  (Proc. Nat. Acad. Sci., 15th
Dec., 1931, Vol. 17, pp. 623-626.)

UBER DEN ZUSAMMENHANG ZWISCHEN SCHALLEMP-
FINDUNG UND SCHALLREIZ, UND SEINEN
EINFLUSS AUF DIE HORBARKEIT VON VER-
zERRUNGEN (The Connection between Audi-
tory Sensation and the Effective Value of
the Exciting Sound Pressure, and Its In-
fluence on the Audibility of Distortions).—
W. Janovsky. (Zeitschy. f. tech. Phys.,
Ne. 12, Vol. 12, 1931, pp. 611-621.)

STERILISATION or MILK BY HieH-PITCHED Sounp
Waves.—N. Gaines and L. A. Chambers.
(The Times, 15t Jan., 1932.)
See 1931 Abstracts, pp. 216 and 458—two.
“ Waves like those of a high-pitched musical note
directed into the large end of an inverted funnel,
through which milk was fed, were found to kill
99% of the bacteria . . . . Dr. Gaines said the
‘sound steriliser° would sterilise any fluid con-
taining bacteria, and it could be operated con-
tinuously. Thus milk might be fed into the
steriliser as fast as it came from the dairy, and
immediately put into bottles for use.”
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PHOTOTELEGRAPHY AND TELEVISION.

On THE PHyYsioLoGY OF TELEVISION [AND THE
CycLicaL LINE-SHIFT ProceEss].—E. Hudec.
(i..N.T., December, 1931, Vol. 8, pp. 544—

554-

Author‘}s) summary :—It is shown that the
apparent reproduction in television, as perceived
by the eye, is much better as regards sharpness of
definition than the actual reproduction. This
result is traced to the logarithmic sensitivity
characteristic of the eye, and is confirmed by
experiments which at the same time indicate the
good effect of the line-shift process” (see 1931
Abstracts, pp. 506-507).

MuLTi-CHANNEL TELEvVISION.—C. O. Browne :
Gramophone Company. (Electrician, 8th
Jan., 1932, Vol. 108, p. 37.)

Summary of a recent paper to the I.LE.E., on the
five picture-channel system demonstrated by the
Gramophone Company at the Physical and Optical
Societies’ Exhibition, 1931.

UBER HOCHEMPFINDLICHE VAKUUM-PHOTOELEK-
TRISHE ZELLEN (Vacuum Photoelectric Cells
of High Sensitivity).—M. C. Teves. (Zeit-
schr. f. tech. Phys., No. 11, Vol. 12, 1931,
pp- 556—3558.)

De Boer and the present writer found (1931
Abstracts, p. 103) that a displacement of the red
limit and of the whole spectral semnsitivity distri-
bution towards longer wavelengths could be
obtained by the adsorption of the alkali metals
(particularly caesium) at sublimated layers of
salts (Bar,, caF,, Nacl, etc.). This was explained
by the polarisation of the adsorbed cs-atoms by
the negative F-ions. Adsorption at oxide layers,
especiallv cso,, led to still greater displacement and
increase of sensitivity, values of 12 x 107% A/Lumen
being obtained for a limiting wavelength of 1.1-1.2y
with a maximuom sensitivity at 6 100 A.U. and a
quantum output of 1:50 (z.., 50 quanta liberate
1 electron). Under practical conditions (e.g., for
sound-film work) a gas-filled cell is limited to
some I0 — 20 X I0”% A/Lumen, so that already
the vacuum cell could begin to rival it in sensitivity,
without possessing its disadvantages.

Now, however, it has been found possible to
increase the output still further, without appre-
ciably shifting the long-wave limit but with a dis-
placement of the maximum sensitivity to between
6800 and 8000 a.u. The more the maximum is
displaced towards the red, the higher becomes the
sensitivity, and a walue of 65 x 107 % A/Lumen
(about 1 electron per 1o quanta) has actually been
obtained, though with production cells this is
reduced to some 20 to 30 x 107% A/Lumen (I
electron per 20—25 quanta). All these values are
taken at 2 680 degrees Kelvin. The new results are
obtained by the adsorption of the caesium at very
thick (100 to 1 o0oo molecules) mixed oxide layers.
The following restrictions must be observed in
working these new cells :—the anode voltage must
not go much above the saturation potential, i.e.,
not higher than 6o v, and the output must not
exceed 3 to 5 x 107%s, corresponding to an
illumination of 0.1 to 0.2 Lumen,
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SENSITISED PorassiuMm PHOTOCELLS [AND THEIR
SELECTIVE EmissioN].—R. Suhrmann.
(Summary in Electronics, Nov., 1931, p. 206.)

The sensitising substance must be one which can
combine with the potassium, the sensitised cell con-

sisting of three layers—a conducting support, a

film of a metal compound, and a film of pure metal.

The properties of the cell depend on the thickness

of the compound film and on that of the metal

film. Cf. 1931 Abstracts, p. 333.

A New SEeELENIUM TUBE: AN APPLICATION OF
MopERN VacuuMm TECHNIQUE.—G. F. Met-
calf and A. J. King. (Electronics, Dec.,
1931, Pp. 234-235.)

Description of the G.E.C. type FJ—31 evacuated
tube and its characteristics.

PuotoELECTRIC CELLS FOR SoUND-FILM WORK.
Kluge. (See abstract under ** Acoustics and
Audio-frequencies.’’)

‘ConsTANCY OF EwmiIssioN oF Gas-FiLLED PHoTO-
ELECTRIC CELLS AFTER A MOMENTARY GLOW

DiscHARGE.—W. R. G. Atkins. (Summary
in Sci. Abstracts, Sec. A., Nov., 1931, Vol. 34,
p. 1000.)

UBER LEITUNGS- UND PHOTOELEKTRONEN IN

IsoLATOREN UND HALBLEITERN (On Con-
ducting and Photo Electrons in Insulators
and Semi-Conductors).—B. Gudden. (Physik.
Zeitschy., 1st Nov., 1931, Vol. 32, No. 21,
pp- 825-833.)

An account of a lecture giving a general summary
of the present situation with regard to the two
questions : (1) What is known about the
mechanism of non-metallic electronic conduction ?
and (2) What is the origin of the conducting
electrons ?

OpTiMUM OUTPUTS OF PHOTO-SENSITIVE DEVICES.
—E. D. Wilson. (Review Scient. Instr.,
Dec., 1931, Vol. 2, pp. 797-806.)

Author’s abstract :—The terms power sensitivity
and voltage sensitivity are defined for photoelectric
elements in a circuit, and a mathematical expression
is derived to evaluate each of these characteristics
for the three classes of light-sensitive devices.
Curves are plotted for comparing the outputs with
one another for various intensities of light flux.

PHOTOELECTRONS AND NEGATIVE IJons—E. M.
Wellish. (Proc. Roy. Soc., Dec., 1931, Vol.
A 134, PP. 427-444.) _ _
Author’s summary :—The object of the investi-
gation was to test experimentally the view that
during the passage of electrons through a gas a
fraction of these become attached to molecules
and thus give rise to the negative ions. The electrons
were generated by ultra-violet light incident upon
a gold-plated electrode distant 2 cm. from a
similar electrode; between these electrodes an
alternating potential difference of square wave form
was established. The gas contained in the measur-
ing vessel was air at various pressures.
The experimental procedure consisted in deter-
mining, for a given gas pressure and for various
applied potential differences V, the steady current
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i, and the currents i, and ¢, corresponding to
frequencies of about 30 and 600 cycles per second

respectively. The ratios Z—l- and Z:Z were then plotted
0 (1]

against I—;and the curves of characteristic type were

obtained, the range of pressures extending from
7 mm. to one atmosphere. These curves were then
compared with curves deduced from mathematical
considerations of a general character. It was found
that the view-point stated above, which has been
generally accepted for many years, is untenable.

The experimental curves taken in conjunction
with the mathematical theory lead to the conclusion
that the great majority of the negative ions are
formed in the vicinity of the electrode at which
the electrons originate. Those electrons which do not
give rise to negative ions near this electrode tra-
verse in general the. whole interval between the
electrodes in the free state.

PHOTOELECTRONS AND NEGATIVE Ions.—J. L.
Hamshere. (Nafure, 21st November, 1931,
Vol. 128, p. 871.)

This letter comments critically on the work of
Wellish referred to above and states that re-
examination of the writer’s published data (cf.
1929 Abstracts, p. 567) shows that at least an
appreciable fraction of the electron capture must
occur in the body of the gas.

CAUSES OF THE SELECTIVE PHOTOELECTRIC EFFECT.
~R. Suhrmann. (Long summary in Physik.
Ber., 1st November, 1931, Vol. 12, p. 2426.)°

REFLECTION OF ELECTRONS BY A SPECIAL POTENTIAL

Fierp.—E. L. Hill. (Phys. Review, 1st

Sept., 1931, Series 2, Vol. 38, No. 5, p. 1072.)

A letter amplifying the derivation of the formula

for the reflection coefficient for a special one-

dimensional potential field as given by Frenkel

in a recent paper on the photoelectric effect (1931
Abstracts, p. 622).

ANGULAR DISTRIBUTION OF PHOTOELECTRONS.-
A. Sommerfeld. (Phys. Review, 1st Sept.,
1931, Series 2, Vol. 38, No. 5, p. 1078.)

A letter correcting a remark by Frenkel in his
recent paper on the photoelectric effect (1931
Abstracts, p. 622) about a discrepancy between
his formula and that proposed by Sommerfeld and
Schur.

D1 ALCUNE NUOVE RICERCHE FOTOELETTRICHE
(Some New Photoelectric Researches).—
Q. Majorana. (Lince: Rendic.,, No. 5, Vol
13, 1931, pp. 318-323.)

Description of the writer’s results on directing
an intermittent illumination on to the first triode
of an amplifier.: the telephones gave out a corre-
sponding note. An explanation will be given in a
later paper. See also 1929 Abstracts, p. 47.

NuovE RICHERCHE SUL FENOMENO FOTOELET-
TRICO {New Researches on the Photoelectric

Phenomenon). — Q. Majorana. {Nuovo
Cimento, No. 8, Vol. 8, 1931, pp. 273—280.)
Author’s summary :—‘‘ The paper describes and

discusses certain ponderomotive effects produced
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by electrons set free by ultra-violet light acting on
certain metallic conductors. Evidence of the
existence of such forces is obtained by the use of
a special ring electrometer.” (See also Sci. Ab-
stracts, Sec. A, Nov., 1931, Vol. 34, pp. 999-1000—
three ; also 1929 Abstracts, p. 47.)

INFLUENCE OF THE ELECTROLYTES oN PHOTO-
VOLTAIC PHENOMENA. — R.  Audubert.
(Comptes Rendus, 4th Jan., 1932, Vol. 194,

Pp. 82-84.)

ON THEE Law oF EQUIDISTANCE IN PHOTOVOLTAIC
CeLLs.—A. Grumbach and F. Taboury.
(Ibid., pp. 84-86.)

VARIAZIONE DI SUSCETTIVITA DI IONI PARAMAG-
NETICI SOTTO L'AZIONE DELLA Luck (Varia-
tion of the Magnetic Susceptibility of Para-
magnetic Ions under the Influence of Light).
—O. Specchia. (Nuovo Cimento, No. 8,
Vol. 8, 1931, pp. 291—297.)

TaE * LicHTsPRITZE "’ (LIGHT-SPRAY) LAMP WITH
OXIDE-COATED FILAMENT, AND OTHER LIGHT
Sources.—Ewest.  (See abstract under
“ Acoustics and Audio-frequencies.”’)

A FURTHER STUDY OF GALVANOLUMINESCENCE
[DEVELOPMENT OF LIGHT AT ALUMINIUM
AND OTHER ANODES AT PASSAGE OF CURRENT
THROUGH THE ELECTROLYTE].—R. R. Sulli-
van and R, T. Dufford. (Journ. Opt. Soc.
Am., No. 8, Vol. 21, 1931, pp. 513-523.)

MEASUREMENTS AND STANDARDS.

NOTES oN GENERATION OF ABSOLUTE FREQUENCIES,
T. Kujirai and S. Fujitaka. (Japanese
Rad. Res. Committee, Reports presented to
U.R.S.I. Assembly, 1931, 3 pp. and plate.)
Standard frequencies with an error less than
I in 100000 are usually generated by a multi-
vibrator controlled by a standard tuning fork of
frequency about 1 0oo c¢.p.s., which is calibrated in
terms of observatory time with an accuracy of
0.001 %. The writers have tried to eliminate this
tuning fork stage, and describe an arrangement in
which they control a 1.f. multivibrator directly from
the pendulum, with a photoelectric link. Fractions
of potential drops in the multivibrator grid resist-
ances are amplified in a push-pull amplifier, filtered
by a high-pass filter (cut-off at about 100 c.p.s.),
amplified again and coupled to a regenerative
selector circuit. By proper adjustment of this, any
harmonics up to the 200th or higher can be selected.
The p.d. in the selector circuit is then superposed
on the anode voltage of a second multivibrator,
whose fundamental is adjusted to be nearly equal
to the selector circuit frequency. The system is
claimed to be far more simple and reliable than that
using an intermediate standard such as a tuning
fork.

FREQUENCY MEASUREMENT aND ConTROL: I.E.E,
WIRELESS SECTION, CHAIRMAN’'S ADDRESS.
—A. S. Angwin. (Wireless Engineer, Dec.,
1931, Vol. 8, p. 659.)
Long summary of the address dealt with in
February Abstracts, p. 112.
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VISITE DE QUELQUES LABORATOIRES ETRANGERS A
1.’OccasioN DE COMPARAISONS INTERNA-
TIONALES DE FREQUENCE (Visit to Foreign
Laboratories for the International Com-
parisons of Frequency).—B. Decaux. (L’'Onde
Elec., December, 1931, Vol. 10, pp. 521-540.)

The French Laboratoire National de Radio-
électricité (L.N.R.) was entrusted by the C.C.I.R.
with the task of comparing the national absolute
standard frequency meters of various nations. The
writer describes his visits on this mission, and their
results. Sections deal with the equipments at the

L.N.R,, the Physikalisch Technische Reichsanstalt,

the Heinrich-Hertz Institut, the German P.O.,

the Italian R. Istituto sperimentale delle Com-

municazioni and R. Istituto elettrotecnico e delle

Communicazioni della Marina, the N.P.L., and the

British P.O. Although varying greatly in detail,

all these equipments depend on the use of a tuning

fork, with the exception of the Italian Naval

Institute equipment, where the frequency to be

measured is reduced directly to round 100 c.p.s.

(1931 Abstracts, p. 49, Vecchiacchi; p. 393, Ruelle)

and then made to feed a phonic wheel.

THE SERVICE AVAILABLE FROM THE STANDARD-
FREQUENCY TRANSMISSIONS OF THE BUREAU
ofF StaNDARDS.—J. H. Dellinger. (Nat.
Res. Council, 1931, pp. 27-29.)

THE ACCURACY OF THE PRIMARY FREQUENCY
STANDARD OF THE BUREAU OF STANDARDS.
—C. G. Mcllwraith. (Nat. Res. Council,
1931, pp. 29-32 ; summary in Physik. Ber.,
15th November, 1931, Vol. 12, pp. 2588-
2589.)

SymposiuM oN TIME-SignaLs: U.S,A. NavarL
OBSERVATORY TIME-SERVICE : TIME-SIGNALS
FOR ELECTRICAL AND PHYSICAL MEASURE-
‘MENTS : TIME-SIGNAL NEEDS FOR GEODETIC
WORK : ESTABLISHMENT OF WORLD-TIME.-

Hellweg: Wenner: Brown: Lee. (Nat.
Res. Council, 1931, pp. 13—27; summaries
in Physik. Ber., 15th November, 193I,

Vol. 12, pp. 2507-2508.)

ON THE PossIBILITY OF CONSTRUCTING AN ARRANGE-
MENT FOR THE MEASUREMENT 'OF TIME
WHICH SHALL BE INDEPENDENT OF THE
ACCELERATIONS OF ITs SuppPorT.—P. Le
Rolland. (Comptes Rendus, 4th Jan., 1932,

Vol. 194, pp. 47-49-)

ConsTANT FREQUENCY OsCILLATORS.—Llewellyn.
(See under ‘‘ Transmission.”’)

FREQUENCY STABILISATION TO 5 X 10~ ¢ BY QUARTZ
CRYSTAL AND BOLOMETER COMBINATION.-
German P.O. (See abstract under ‘‘ Miscel-
laneous '’—Harnisch.)

OSCILLATOR FOR WAVELENGTHS
(Ibid.)

A NEw METHOD OF INVESTIGATING THE MODES OF
VIBRATION oF QuUaRTz CRysTALS.—]. A.
Strong. (Nature, 9th Jan., 1932, Vol. 129,
P- 59) .

This letter gives a short description of a method
of examining the modes of vibration of quartz plates

A TOURMALIN
DOWN TO 1.2 METRE.—Straubel.
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which, when combined with a polarised light
method, should give useful results. The method has
arisen . out of Tawil’s development of Topler’s
Schiieren method (1931 Abstracts, p. 100, and
these Abstracts, under * Miscellaneous ’—Gaw-
thorp). An accurately worked quartz crystal is
set up in an incident light beam and oriented so
that the light transmitted through it is undeviated.
When the crystal is set into oscillation, a pattern
of light and dark bands is formed which shows the
antinodal and nodal lines of the crystal oscillations.

THE ADJUSTMENT OF THE MULTIVIBRATOR FOR

FrEQUENCY DivisioNn.—V. J. Andrew.
(Proc. Inst. Rad. Eng.,-Nov., 1931, Vol. 19,
Pp. I9II-IQI7.)

Author’s summary :—In a multivibrator con-
trolled by a voltage of another frequency bearing
a harmonic relationship to the multivibrator fre-
quency, the effect of varying the control voltage is
analysed, and a method for determining the best
value of this voltage is described. Methods of
coupling the control voltage are shown in which
frequency division by an odd integer will occur more
readily than by an even integer, and vice versa.

ON THE FoRCED VIBRATION OF AN ErasrtIic ‘RoD
[TAKING INTO ACCOUNT THE INTERNAL
Friction].—S. Higuchi. (Sc. Rep. Téhoku
Univ., No. 3, Vol. 20, 1931, pp. 399—432.)

See also Muto, Zeitschr. f. angew. Math. w. Mech.,

No. 4, Vol. 10, pp. 346-353.

YounGg’s MopuLus FOR Two DIRECTIONS IN A
STEEL BAR-—G. A. Wedgwood. (Proc.
Physical Soc., 1st Jan., 1932, Vol. 44, Part
1, No. 241, pp. 25-30.)

THE DouBLE BEAT METHOD OF FREQUENCY ADJUST-
MENT : APPLICATIONS TO THE MEASUREMENT
oF CapacrTy aND INDucTANCE—F. M.
Colebrook. (Wireless Engineer, Dec., 1931,
Vol. 8, pp. 639-646.)

The method of resonance indication and the
double-beat method of frequency adjustment used
by Colebrook and Wilmotte for measuring r.f. re-
sistance and reactance (1931 Abstracts, p. 334) is
very conveniently applicable to a variety of other
measurements, as is here shown. The actual
apparatus has been considerably modified since the
earlier paper, and the present article describes the
new equipment and gives a number of practical
notes : ‘‘none of the methods here described is
essentially novel, but certain refinements of tech-
nique have been introduced which give them a
greatly enhanced sensitiveness and adaptability.”
Certain possible errors are pointed out, together
with the means of avoiding them.

OsCILLATING GLOW-DISCHARGE TUBE CaPacITY
METER FOR SMALL CAPACITIES [50—~1I 000 Cm.
WITH AN ACCURACY OF 1%].—Geffcken and
Richter. (Zeitschv. f. Hochf: tech., Dec.,
1931, Vol. 38, p. 239.)

FORMATION OF STANDING WAVES ON LECHER
WIRES.——A. Mohammed and S. R. Kantebet.
(Proc. Inst. Rad. Eng., Nov., 1931, Vol. 19,

.Pp. 1983-1987.)
Authors’ summary :(—'* With a short review of
the work on the Lecher wire method of wavelength
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measurement [including Takagishi’s mathematical
proof in explanation of the double-hump formation
under certain conditions of line and bridge im-
pedances—I930 Abstracts, p. 404], this paper
describes in detail the wave form of current dis-
tribution along wires under a variety of terminal
conditions of length and impedances.” The
conclusions are that the wave form is liable to be
complex if the lines ave exactly a multiple of a half-
wavelength and the far ends ave bridged. Under other
conditions the distribution is controlled to a large
extent by the dimensions of the system compared
with the wavelength.

THE Usg oF A NEoN LaMp IN DETERMINING THE
AMPLITUDE OF A PERIODICALLY VARYING
VoLtaGe.—S. Franck. (E.T.Z., oth July,
1931, Vol. 52, pp. 901—902.)

THEORY AND TECHNIQUE oOF VALVE POTENTIO-
METERS FOR THE MEASUREMENT OF EM.F.—
F. Miller. (Zeitschv. f. phys. Chem., Sec.
4., No. 5/6, Vol. 155, 1931, pp. 451—465.)
The various precautions in design and operation
lead to a current sensitivity of 107 A, and a
potential sensitivity of 107 to 1078 v.

CONDITIONS OF EQUILIBRIUM IN THE WHEATSTONE
BRIDGE FOR MEASUREMENTS OF AUDIO- AND
RADIO-FREQUENCY.—A. Marino : Wagner.
(Summary in Sci. Abstracts, Sec. A., Decem-
ber, 1931, Vol. 34, p. 1098.)

A method of eliminating the difficulty caused
by the capacity to earth or to.case of the arms
of the bridge was indicated by Wagner, but has not
yet been applied generally. The writer gives a full
theoretical discussion relative to the conditions neces-
sary for securing equilibrium in such conditions.

A METHOD FOR MEASURING VERY HIGH VALUES OF
RESISTANCE [UP TO 1017 OHMS].—G. M. Rose.
(Review Scient. Instr., Dec., 1931, Vol. 2,
pp. 810-813.)

From the Vacuum Tube Engineering Department
of the G.E.C., New York. In the method depending
on measuring, by a high-sensitivity galvanometer,
the current forced through the resistance by a given
voltage, the galvanometer is replaced by a low grid
current pliotron: the value of the resistance is
obtained from voltmeter readings.

AN ELECTROSTATIC VOLTMETER FOR MEASURING
HicH VoLTAGES AT HIGH FREQUENCY.—
E. Wilkinson. (Journ. Scient. Instr., Nov.,
1931, Vol. 8, pp. 350-355.)

A DeLAY RECORDING EQUIPMENT USING A STEEL-
BAND TELEGRAPHONE, FOR THE MEASURE-
MENT OF TraNsIT TiME EFrFECTS IN COM-
MUNICATION SysTEMs.—H. Decker. (E.N.T.,
December, 1931, Vol. 8, pp. 516—527.)

HicH INSULATION TESTING AND SURFACE LEAKAGE,
—D. C. Gall. (Journ. Scient. Inslr., Dec.,
1931, Vol. 8, pp. 389-391.)

A NEw TREATMENT OF ELEcTRON TUBE OscIL-
LATORS WITH FEED-Back CoOUPLING.—]en.
(See under * Transmission.”’)

A Direct READING MopurLaTION METER.—CoOper
and Smith. (See under * Transmission.”’)
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SUBSIDIARY APPARATUS AND MATERIALS.

DI1E AUFNAHME NICHTPERIODISCHER VORGANGE
MIT DEM KATHODENSTRAHLOSZILLOGRAPHEN
(Recording Non-Periodic Phenomena with
the Cathode Ray Oscillograph).—H. E.
Hollmann. (Awchiv f. Elekivot.,, 12th Oct.,
1931, Vol. 25, No. 10, pp. 689-694.)

Author’'s summary :—The paper describes a

method of recording non-periodic phenomena
with the cathode-ray oscillograph. The principle
of the method is that a time base is provided by
means of a ‘““trip ”’ oscillation circuit [giving re-
laxation oscillations] and that the phenomenon
to be analysed is periodically switched in and set
going by means of a “ trip "’ relay at definite points
on the time axis. A modification of the ‘ Kalliro-
tron ”’is used as the ““ trip ”’ relay (see Feb. Abstracts,
p. 107); this possesses the advantage that it
can be fed from the same voltage source as the
flash circuit which produces the time base oscilla-
tions. Some oscillograms of acoustic and electric
transients are given as illustrations of the practical
usefulness of the method.

CHARACTERISTICS OF THE OSCILLOGRAPH-GALVANO-
METER. SoME PracTticaL CONSIDERATIONS
IN THE DESIGN AND APPLICATION OF THE
OSCILLOGRAPH-GALVANOMETER VIBRATOR.—
V. S. Thomander. (Journ. Franklin Inst.,
Jan., 1932, Vol. 213, No. 1, pp. 41-55.)

‘“ The paper describes the mechanical character-
istics of the vibrator for any periodic phenomena,
so that the mechanical error due to the vibrator
may be eliminated from the oscillogram and the
true phenomena determined.”” The optimum
damping, as summarised by the vibrator lag,
response and transient characteristics, is found
to be 70% of the critical value. A method is
given for determination, in the field, of vibrator
response and damping. Curves for obtaining
these data are given.

Tue CATHODE RAY OSCILLOGRAPH [AND THE
WesTERN ErLecTrRic TUuBE No. 224].—
J. B. Johnson. (Journ. Frankiin Inst.,
Dec., 1931, Vol. 212, No. 6, pp. 687-717.)
This paper gives a general account of the funda-
mental principles and historical development of
the cathode ray oscillograph, and discusses some
problems of the development and operation of
the Western Electric tube No. 224.

A LiNeArR TIME-BASE OSCILLATOR FOR CATHODE-
Ray OsciLLoGRAPHY.—Appleton andBuilder.
(See abstract under ‘ Propagation of
‘Waves.”’)

CATHODE-RAY OscILLOGRAPH TIMING Axis [NEoN
TuBg, INDIRECTLY-HEATED TETRODE AND
TransFoRMER Circulit].—F. T. Brewer.
(Electvonics, Dec., 1931, pp. 222-223.)

‘“ As the potential across the condenser builds
up, the beam is moved across the screen with a
speed proportional to the plate current of the
tetrode, and inversely proportional to the capacity,
because the potential across the condenser is also
across one set of plates . . . Since the condenser
is connected in the plate circuit of the tetrode,
its speed of charge may be controlled quite accurately
by controlling the plate or charging current by
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adjusting the grid bias . . . Since the breakdown

‘and cut-off voltages of the neon tube are close

together, as well as fairly high, the portion of the
curve used is practically straight, thus giving
practically uniform motion of the beam across the
screen . . .

“ A vernier adjustment is necessary on the bias
of the tetrode in order to adjust the speed or
frequency accurately. Even then it is sometimes
difficult to keep the timing axis exactly in step
with the source of potential which is connected
to the other set of plates. Further to facilitate
keeping the two in step, the [40/1 ratio] transformer
has been placed in the circuit so that a small
voltage from the source will tip the neon tube off
at the instant the source potential comes to a
peak value and the condenser is charged to the
proper voltage. The voltage supplied by the
secondary of the transformer should not be too
great, however, or it may tend to break down the
neon tube at the wrong time. In all cases, the
primary impedance of the transformer should be
high. Then, to work properly, the waves should be
put on the screen so that the peaks come at the
ends.”

UNTERSUCHUNG DER ZEITKREISAUSLOSUNG EINES
KATHODENOSZILLOGRAPHEN BEI UNWILLKUR-
LICHEN AUSGLEICHVORGANGEN (Investiga-
tion of Time Base Release in the Cathode
Ray Oscillograph by Involuntary Transient
Phenomena).—K. Girod. (drchiv f. Elek-
trot., 12th Oct., 1931, Vol. 25, No. 10,
Pp- 695-704.)

From the author’s summary :—The present
paper is concerned with the investigation of
Rogowski’s time base “ trip * circuit. A simplified
circuit arrangement is developed which fulfils all
requirements. The apparatus required in addition
to the time-base circuit consists simply of a triple-
sphere spark gap and a short coupling lead (or a
coupling condenser).

A SELF-SToPPING D.C. THYRATRON CIRCUIT [USING
A Grow-Discuarce TuBe].—H. J. Reich.
(Electronics, Dec., 1931, P. 240). See also
Feb. Abstracts, p. 98 (Weiller).

THE EFFECT oF MECHANICAL DISTURBANCE ON A
NEeon Lamp [DEMONSTRATION].—T. J. Dillon
and C. M. Lovett. (Proc. Physical Soc., 1st
Jan., 1932, Vol. 44, Part 1, No. 241, p. 101.)

RUSSIAN PAPERS ON THE MAGNETIC BEHAVIOUR OF
IroN, PownERED IRoN COMPOUNDS, ETC.,
1N HicH- AND Low-FREQUENCY FIELDS :
INCLUDING MAGNETOSTRICTION AND MaG-
NETON RESoONANCE.—Malov, Velkova, Ark-
adiew and others. (Summaries in Physik.
Ber., 1st November, 1931, Vol. 12, pp. 2428
and 2431.)

UBER DEN EINFLUSS DES ELASTISCHEN SPANNUNGS-
ZUSTANDES AUF DIE GROSSE DER ANFANGS-
PERMEABILITAT (The Influence of the Con-
dition of Elastic Strain on the Value of the
Permeability at Low Magnetising Forces).—
M. Kersten. (Zeitschr. f. tech. Phys., No. 12,
Vol. 12, 1931, pp. 665-669.)



EXPERIMENTAL WIRELESS

A THEORY OF MAGNETIC PERMEABILITY FOR
FREQUENCIES RANGING FROM THE X-Ray
REeGIoN To CoMMERcIAL A.C.—W. Arkadiew.
(Festschy. z. zehnjihrig. Tatigheit d. Magn.
Lab. Moscow, 1931, pp. 51—60; long sum-
mary in Physik. Ber., 15th November,
1931, Vol. 12, p. 2613.)

EINE DIREKTE METHODE ZzZUR BESTIMMUNG DES
STREUFELDES EINES WANDLERS (A Direct
Method of Measuring the Leakage Field of a
Transformer [Neutralisation of Main Field]).
—Briickmann and Engelenburg. (E.T.Z,
No. 37, Vol. 52, 1931, pp. 1171-1172.)

DI1ELEKTRISCHE EIGENSCHAFTEN VERSCHIEDENER
GLASER IN ABHANGIGKEIT DER FREQUENZ
UND DER TEMPERATUR (Variation with
Frequency and Temperature of the Dit
electric Properties of Different Varieties of
Glass).—M. J. O. Strutt. (A4»chiv f. Elektrot.,
12th Oct.,, 1031, Vol. 25, No. 10, pp.
715-722.)

THE THERMAL AFTER-TREATMENT OF 'BAKELITE
FOR PrEcISioN UsEs.—Vogt. (See abstract
. under ‘‘ Acoustics and Audio-frequencies.”’)

CoTTON FOR INSULATION.—R. I. Martin.

(Electri-
ctan, 8th Jan., 1932, Vol. 108, p. 38.)

RADIO-FREQUENCY FILAMENT
(Funk, 6th Nov., 1931.)
Cf. Edelstein, Feb. Abstracts, p. 107. Mockel
prefers 10-m waves, and heats in this way not only
the receiver valves but also the energising oscillator
itself, a relay transferring this from mains to r.f.
as soon as it starts oscillating. The mains then
supply only plate current.

SurpLY.—Mockel.

ACCUMULATORS FOR BROADCAST RECEIVERS.—
R. Albrecht. (E.T.Z., 7th Jan., 1932, Vol.
53, pp. 11-13.)

After suggesting various reasons for the reaction
which he notices towards the battery-driven set,
the writer describes briefly some of the latest
types of German accumulators, including some
for anode supply.

AN APPLICATION OF THE CIRCLE DIAPHRAGM TO
THE DESIGN OF ATTENUATION AND PHASE
EquaLisErs.—Rust.  (See under ‘‘ Pro-
perties of Circuits.”’)

AvutomaTtic CURVE ANALYSER.—C. G. Abbot.
(See abstract under ‘‘ Atmospherics and
Atmospheric Electricity.”’)

A NoTE oN A MERCURY RHEOSTAT.—W. B. Mann.
(Journ. Scient. Instr., Nov., 1931, Vol. 8§,
pp. 362-363.)
1 mm. shift gives a resistance change of o.co1s
ohm ; still finer adjustment would be possible by
a micrometer device.
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A New TvypE oF NoN-UNIFORM CABLE [IMPEDANCE
PER UNIT LENGTH INCREASING LINEARLY
witH DisTaNce].—M. Federici. (Summary
in Physik. Ber., 15th November, 1931,
Vol. 12, p. 2616.)

With application to the new submarine cable for
high-speed telegraphy between Belgium and Lisbon,
sections of which have the property in question.

THE MEASUREMENT OF FLUORESCENCE BY MEANS
oF THE PHoToreLEcTrRIC CELL.—R. Tous-
saint. (Comptes Rendus, 16th Nov., 1931,
Vol. 193, P- 933-934.)

A New CHARGING RoD ¥OR STATIC ELECTRICITY
[MERCURY IN EvAcUATED GLass TUBE].—
J. 1. Hopfield. (Review Scient. Inst., Nov.,
1931, Vol. 2, pp. 756-758.)

STATIONS. DESIGN AND OPERATION.

PROPAGATION OF THE BROADCASTING WAVES
[345-44T METRES] IN Japan.—Takata and
Itow. (See under ‘‘ Propagation of Waves.”)

PREVENTION OF FADING IN BROADCASTING BY
Use oF AERIAL SYSTEM OF ORDINARY
HEIGHT AND GREAT HORIZONTAL SPREAD.—
Harbich and Hahnemann. (See abstract
under ‘‘ Aerials and Aerial Systems.”’)

THE MODULATION SYSTEM OF THE RUSSIAN 100 KW.
STATION AT SCHTSCHELKOWO.——Wigge. (See
under ‘‘ Transmission.”)

THE PRESENT STATUS OF WIRED WIRELESS BROAD-
CASTING ON Powger LiNes.—G. Squier.
(Electrician, 4th Dec., 1931, Vol. 107, p. 779.)

Note on a recent paper. ‘ Superimposed upon
the 60 cycle power transmission plant, without
interference, was a 13 kc. carrier current stepped up

. . to deliver three separate programmes simul-
taneously into the homes of subscribers from the
standard light fitting, on frequencies of 26, 39 and

52 kc. per second. The complete equipment,

designed, manufactured and tested for 270 o000

homes, was now ready for shipment to Cleveland,

Ohio.”

BRoOADCAST REPEATERS : A DISCUSSION OF THE
REQUIREMENTS OF LINE-AMPLIFIERS USED
FOR PROGRAMME TRANSMISSION OVER
BRoADCASTING LAND-LINES.—Vogel. (Sum-
mary in Sci. Abstracts, Sec. B., November,
1931, Vol. 34, p. 627.)

THE PoNTOISE RADIOTELEGRAPH STATION.—Veaux.
(Génie Civil, 28th Nov., 1931, Vol. 99, pp.

541—547.) See also Abstracts, February,
p. 111, and 1931, p. I49.

INTERCONTINENTAL RADIOTELEPHONE SERVICE
FROM THE UNITED StaTEs.—]. J: Pilliod.

(Bell Tel System Monograph B-604, 17 PP.)

From author’s synopsis :—‘‘ Extent of ship-to-
shore radio telephone service from the United
States is outlined. Arrangements for service to
Buenos Aires and Rio de Janeiro are described. . . .
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Proposed short-wave system for operation with
Bermuda and proposed new long-wave system to
supplement existing facilities to Europe are men-
tioned. A description of the new radiotelephone
transmitting and receiving stations now being
erected at Dixon and Point Reyes, Calif,, respec-
tively, is given '’ [see same writer, Jan. Abstracts,
P- 52].

WIRELESS AT SEA—(Elec. Review, 4th December,
1931, Vol. 100, p. 842.) )

New P. & O. liners are to be equipped with
2 kw. transmitters for long, medium and short-
wavelengths, and receivers covering the whole
commercial range, with additional units for
strengthening weak signals and reducing inter-
ference. Direction finders are also being fitted.

NEwW OVERSEAS RADIO-TELEPHONE EXTENSIONS.
—A. A. Oswald. (Bell Lab. Record, Nov.,
1931, Vol. 10, No. 3, pp. 66~70.)

NEw Russian Rapro “ FIve-YEAR PLan.”’—Wigge.
(Summary in Electronics, November, 1931,
p. 205.)

The Funk article here summarised gives very
full details of the new Plan, which is greatly ex-
tended as compared with the original. Special
attention is given to the ‘‘ set-less ’ reception of
broadcasting, it being intended that 75% of the
listencrs shall have no receivers of their own, an
alternative pair of programmes being distributed
by wire.

THE NEw RussiaNn Rapio FivE YEARS PLAN.—
(E.T.Z., s5th Nov., 1931. Vol. 52, pp.
1392-1393.)

FrENCH BRroapcasTiNGg's Gigantic CONSTRUC-
TIONAL PROGRAMME. (Die Sendung, 2nd
Oct., 1931, Vol. 8, p.-805.)

ComMERCIAL ~ WIRELESS. — Chetwode Crawley.
(Wireless World, 3oth December, 1931,

Vol. 29, pp. 730-732.)
A record of the year’s progress.

SINGLE WAVELENGTH SYSTEM [OF DUPLEX RADIO-
TELEPHONY, ON THE ‘ OrywmpiCc’’].—I. T.
and T. Company. (Electrician, No. 2772,
Vol. 107, 1931, pp. 85-86.)

APPLICATION OF PRINTING TELEGRAPH TO LONG-
WaveE Rapio Circuris.—A. Bailey and
T. A. McCann. (Proc. Inst. Rad. Eng., Dec.,
1931, Vol. 19, pp. 2177-2190.)

GENERAL PHYSICAL ARTICLES.

ENERGY FLUCTUATIONS IN A RADIATION FIELD.—
W. Heisenberg. (Leipziger Ber., No. 1,
Vol. 83, 1931, pp. 3-9; summary in Physik.
Bey., 15th Nov., 1931, Vol. 12, pp. 2499-
2500.)

THE EFFECT PRODUCED BY A CLOUD OF ELECTRONS
ON THE STRUCTURE OF THE DE BROGLIE
WavE.—Szczeniowski and Infeld. (Comptes
Rendus Krakau, No. 6, 1931, p. 3; short
summary in Physik. Ber., 15th November,
1931, Vol. 12, p. 2610.)

178

NEw

THE WIRELESS ENGINEER &

SUR QUELQUES DIFFICULTES DE LA THEORIE DES
QuanTa (Some Difficulties of the Quantum
Theorv).—J. Solomon. (Journ. de Phys. et
le Rad., Oct., 1931, Vol. 2, Series 7, pp. 321—
340.)

ELECTRODYNAMIC MASSES IN QUANTISTIC ELECTRO-
pyNamics.—E. Fermi. (Long summary in
Sci. Abstracts, Sec. A., Nov., 1931, Vol. 34,

P. 1004.)

ELECTRODYNAMICS AND THE THEORY OF QUANTA.
J. Solomon. (Ann. de Physique, Dec., 1931,
Vol. 16, pp. 411-502.)

DieLEcTRIC CONSTANT AND CONTACT POTENTIAL.
T. Takéuchi. (Summary in Sci. Abstracts,
Sec. A., Dec., 1931, Vol. 34, p. 1082.)

““ The author has attempted to introduce the
term of induced dipoles into the expression of
refractivities of the electronic wave and has sug-
gested some methods of determining the dielectric
constants of metals via the photoelectric and
thermoelectronic effects.”

EXPERIMENTS ON THE GLow D1sCHARGE.—G. Valle.
(Summary in Sci. Abstracts, Sec. A., Dec.,
1931, Vol. 34, p. 1089.)

THEORETICAL STUDY OF INDUCED CURRENTS [WITH
AN APPLICATION TO INSTRUMENT DESIGN].—
M. Biot. (Ann. de Bruxelles, No. 2, Vol. B51,
1931, PP. 94127 : summary in Physik. Ber.,
15th November, 1931,Vol. 12, pp. 2614—2615.)

NoTk ON “ THE EFFECT OF PIEZOELECTRIC OSCILLA-
TION ON THE INTENsiTY OoF X-RAay RE-
FLECTIONS FROM QUaRTz.’—S. Nishikawa,
Y. Sakisaka and I. Sumoto. (Phys. Review,
1st Sept., 1931, Series 2, Vol. 38, No. 5,
pp. 1078-1079.) . o

A letter giving a short preliminary description
of experiments whose results agree with those of

Fox and Carr (¢f. 1931 Abstracts, p. 570).

MISCELLANEOUS.

NOTICE TO AUTHORS—SOME NOTES ON THE WRITING
OF SCIENTIFIC PAPERS [INCLUDING THE
TREATMENT OF MATHEMATICAL KEXPRES-
stoNs].—(Journ. Scient. Instr., Nov., 1931,
Vol. 8, pp. 365-368.)

REMARKS ON FERMAT'S LAST THEOREM.—
L. Pomey. (Comptes Rendus, 12th Oct.,
1931, Vol. 193, pp. 563-564.)

NoTE oN THE HEAVISIDE EXPANSION FORMULA.—
J. M. Dalla Valle. (Proc. Nat. Acad. Sci.,
15th Dec., 1931, Vol. 17, pp. 678-684.)

AUSTRALIAN RADIO RESEARCH BOARD, REPORT
FOR YEAR ENDING 30TH JUNE, 193I.—
(Journ. Council for Scient. & Indus. Res.,
Australia, Nov., 1931, Vol. 4, No. 4, pp.
244-250.) i

(See under ‘‘ Propagation of Waves’’ and ‘‘ Atmos-
pherics and Atmospheric Electricity.”)
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TeE WORK OF THE RADI0 RESEARCH BOARD.—
(Wiveless Engineer, Jan., 1932, Vol. 9, pp.
1-2.)
Editorial on the Board’s ‘ Report for the Period
cnded 31st December, 1930.”

ANNUAL REPORT OF THE DIRECTOR OF THE BUREAU
OF STANDARDS, 1930—3I. (Summary in
Electrician, 15th January, 1932, Vol. 108,
p- 74:)

FirTa PaciFic SclENCE CONGRESS, JUNE, I933:
PRELIMINARY PROGRAMME OF PAPERS AND
AuTHORS.—(Fifth Pacific Science Congress,
Bulletin No. 3, November, 1931.)

The 27 Radio papers include contributions on
the correlation of radio phenomena and sunspot,
magnetic and electric phenomena : the dispersion
of beam radiation : the low attenuation of short
waves in long-distance transmission : absorption
effect inside channels in the British Columbia coast :
effect of aurora on short waves: discrepancy of
frequency between carrier waves when sent and
when received, etc., etc.

RevIEW OF PROGRESS : RADIO TELEGRAPHY AND
Rapio TELepHONY.—A. S. Angwin. (Journ.
I.E.E., Jan., 1932, Vol. 70, pp. 145-152.)

Rap1o LEecistatioN 1IN THE U.S.A. . THE LEGAaL
Basis FOR DBROADCASTING IN GERMANY:
THE REGULATION OF TELEVISION.—Loucks :

Hoffmann : Smith. (Journ. of Air Law,
Oct., 1931, Vol. 1, pp. 572-3580:
491—498 1 499-507.)

THE GREAT GERMAN RaDIO AND PHONO SHOW. —
A. Harnisch. (Zeitschr. f. Hochf : tech., Dec.,
1931. Vol. 38, pp. 232—233.)

Including mention of the temperature stabilisation
of quartz oscillators by the use of a sensitive
bolometer (enclosed in the same glass container as
the quartz) in a bridge circuit : the out-of-balance
current is amplified and passed through a heating
coil. A constancy of frequency of 5x 107¢ is thus
attained.

A 150 kw. transmitting valve is also mentioned.
The emission is from a tube of niobium, heated by
radiation from a coaxial filament.

The German P.O. quartz-controlled 7-metre
transmitter is another selected item. The quartz has
a frequency corresponding to a 42 m. wavelength.
*“ Later it was found possible, by suitable choice of
grinding, to make single-wave piezoelectric oscillators
out of tourmalin down to a wavelength of 1.2 metre
(Straubel).

SoME ELECTRICAL INSTRUMENTS AT THE FARADAY
CENTENARY EXHIBITION, 1931.—R. W.
Paul. (Journ. Scient. Instr., Nov., 1931,
Vol. 8, pp. 337-348.)
EXHIBIT OF TESTING APPARATUS AND
MACHINES HELD IN CONNECTION WITH THE
ANNUAL MEETING OF THE AMERICAN SOCIETY
FOR TESTING MATERIALS.—H. V. Cadwell.
(Review Scient. Instr., Nov., 1931, Vol. 2,
pp. 665-737.)
THE PuysicAL AND OPTICAL SOCIETIES’ EXHIBITION.
(Electrician, 8th and 15th January, 1932,
Vol. 108, pp. 31—33 and 69—71.)

THE
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ScHEME oF URSIGRAM TRANSMISSIONS BY FRENCH
RADIOTELEGRAPH STATIONS, FROM IST
JANUARY, 1932. (L'Onde Elec., December,
1931, Vol. 10, pp. i to x.)

SEcoND MEETING OF THE INTERNATIONAL
TecuNicaL CoNSULTING COMMITTEE ON
Rapio CommunicaTioN (C.C.I.R.}, CoPEN-
HAGEN, 1931. (Proc. Inst. Rad. Eng., Dec.,
1931, Vol. 19, pp. 2219—2249.)

The twenty-one opinions which were unanimously
approved at the meeting are given, together with
fourteen questions for consideration at the third
(Lisbon) meeting to be held at some later date.

THE WORK OF THE PHYSIKALISCH-TECHNISCHEN
REICHSANSTALT IN 1930. (E.T.Z., 24th
Dec., 1931, Vol. 52, pp. 1581-1582.)
Including diagram and description of the equip-
ment for the quick absolute measurement of the
standard tuning fork.

DiE NACHRICHTENTRAGER IN DER FERNMELDE-
TeECHNIK (Communication Carriers in the
Technique of Distant Communication).—
F. Lubberger and M. Schleicher. (Zeitschr.
V.D.I., 19th Dec., 1931, Vol. 75, No. 51,
PP. 1527-1530.)

. . We have discussed five methods of carry-
ing news : telegraph signals, and the partial change
of amplitude, frequency, modulation and phase
angle. The question whether this exhausts all
possibilities must be answered in the negative. One
can employ as carrier the phase displacement
between current and voltage in an altermating
current, altering the various values in such a way

«

‘that the power, given by the product EI cos ¢,

remains constant while the phase angle changes.”

THE PRrRESENT PosiTioN oF HIGH-FREQUENCY
TeLEpHONY oON HiGH-TENSION LINES.—
W. Pinski. (Zeitschv. f. Fernmeldetech.,
No. 3, Vol. 12, 1931, pp. 37—40.}

MEASUREMENTS OF THE MUTUAL INDUCTION BE-
TWEEN LINES WITH GROUND RETURN, IN
SKILLINGARYD.—H. Klewe. (E.N.T., Dec.,
1931, Vol. 8, pp. 533-538.)

OSCILLATIONS DUE TO0 CORONA DISCHARGES ON
Wires.—R. E. Tarpley, J. T. Tykociner and
E. B. Paine. (Phys. Review, 15th June, 1931,
Series 2, Vol. 37, No. 12, pp. 1689-1690.)

GEOPHYSICAL PROSPECTING RY 10-30 METRE
WavVES.—W. Stern. (Summary in Sci.
Abstracts, Sec. A., Nov., 1931, Vol. 34,
P- 949.)

STERILISATION OF MILK BY HIGH-PITCHED SOUND
WavVEs.-—Gaines and Chambers. (See under
“ Acoustics and Audio-frequencies.””)

APPLICATIONS OF THE SCHLIEREN METHOD OF
PHOTOGRAPHY [FOR MAKING GASES VISIBLE
BY PRESENCE OF DISCONTINUITIES IN
DinsiTY].—D. B. Gawthorp. (Review Scient.
Ins!y., Sept., 1931, Vol. 2, pp. 522-531.)
Sez also Strong, under ‘ Measurements ahd
Standards.””
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Some Recent Patents.

The following abstracts ave prepared, with the pevmission of the Contvoller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London W.C.2, price 1]- each.

SELECTIVE RECEPTION.

Application date, 8th July, 1930. No. 358137

In order to eliminate heterodyne interference
in a super-selective circuit for carrier-wave tele-
graphy or telephony, a constant-frequency tuning-
fork is used as a coupling for the carrier frequency,
and provision is made to apply an out-of-phase
component to balance out any undesired heterodyne
note. As shown, a coil L energises the fork F

[OUTPUT]A

No. 358137.

from the upper part of the imput transformer, the
fork frequency being passed to the output trans-
former by a coil L,. The lower part of the input
coil will contain an out-of-phase component of any
disturbing frequency, and this is applied to the
output transformer at the appropriate balancing
strength through adjustable resistances R, R, and
a variable condenser C.

Patentissued to G. Priechenfried and J. Robinson.

SHORT-WAVE GENERATORS.

(Germany), 13th August,
No. 360063.

Relates to the production of ultra-high-frequency
oscillations by the Barkhausen-Kurz method,
where the generated frequency depends upon the
time period of ‘ pendular” movements occurring
in the electron stream. A four-electrode valve is
employed and positive voltages are applied to both
grids, each grid being connected to one of the other
electrodes through a tuned two-wire circuit. The
arrangement allows of the production of frequencies
higher than the critical limits normally determined
by the applied voltage and the interelectrode
spacing. 0

Patent issued to H. E. Hollmann.

Convention date 1929.

MAGNETRON GENERATORS.
Convention date (U.S.A.), 28th August, 1929.
No. 358185.

A magnetron of the split-anode type, in which a
longitudinal filament is normally mounted between

a pair of segmental anodes, is adapted for the genera-
tion of short waves, of the order of a few metres,
by making the anodes flat, instead of curved, and
mounting them substantially “ end on” to the
filament. This reduces the inter-electrode capacity
to a minimum, and tends to keep the anode surfaces
at a uniform temperature. A solenoid mounted
outside the tube applies a magnetic ‘‘ control ”’
field, which regulates the wvelocity of electron
movement, the resulting oscillations being fed to a
tuned circnit branched across the two anodes.

Patent issued to British Thomson-Houston
Co., Ltd.

SIGNALLING SYSTEMS.
(Geymany), 28th April,
No. 357479

A carrier wave is both phase-modulated and
amplitude-modulated by the same signal frequency.
It is shown mathematically that in each case one
pair of the resulting side-band frequencies are
identical, and can be used to augment each other,
whilst the remaining side-band frequencies are of
opposite phase and cancel out in combination.
The resulting radiation can be arranged to consist
either of the carrier
and a single side-band,
or of a single side-band
only.

Patent issued to Tele-
funken Gesell. tir Draht-
lose Telegraphie m.b.H. ‘

Convention date 1930.

TRANSMITTING
AERIALS.
Convention date (Ger-
many), 6th February,
1930. No. 358372.

In order to ensure a
substantially uniform
field distribution, suit-
able for broadcast trans-
mission, a number of
separate radiating ele-
ments A4 are arranged
one above the other
and are connected to a
common feed-line L.
Each radiator 4 is bent
into substantially cir-
cular or polygonal form,
the overall wire length
of each being half a
wavelength. They are
spaced vertical apart
by the same distance.

Patent issued to Telefunken Ges. fiir Drahtlose
Telegraphie m.b.H.

\ \)
\\

1

U U

No. 358372.
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INDIRECTLY-HEATED VALVES.
Application date, 1st August, 1930. No. 360036.

In order to ensure good thermal contact between
the “ hairpin ”* heater and the cathode of a mains-
driven valve, the heater-filament F is crimped or
corrugated, as shown, and both legs are fitted into
tubes formed in an insulating
cylinder A, over which the
metallic cathode C fits with a
spring grip. The arrangement
allows the use of a lower filament
temperament and so minimises
the risk of ‘“ hot spots’ ; it
also allows for free expansion
under heat.

Patent issued to Standard
Telephones & Cables, Ltd.
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Convention date (Germany), 10th
December, 1929. No. 360715.

The heating-element runs
through the centre of a hollow
tube of kaolin, and a sensitised
wire cathode is wound spirally
around the outer surface of the
tube. The grid is a wire of
molybdenum or tungsten laid
in between the turns and in the
same plane as the cathode wire,
so that it does not lie directly
F in the path of the electron
stream. The closer spacing of
the grid and cathode gives the
advantage of a steeper operating
characteristic, whilst the rigid mounting ensures
freedom from microphonic noise.

Patent issued to A. Salomon and Frey-Radio
Gesell. m.b.H.

No. 360036.

DRY-CONTACT RECTIFIERS.
Application date, 12th August, 1930. No. 360960.

The rectifying-couple comprises anode electrodes
made of an alloy of 12 parts of aluminium, $ of
manganese, and 874 of magnesium, covered with a
contacting layer formed of a complex compound
of barium. A cathode paste is then applied under
pressure, consisting of sulphur, selenium, and
manganese and antimony sulphides.

Patent issued to R. J. Elsome-]Jones,

Convention date (Holland), 7th Mavch, 1930.
No. 361737.

A dry-contact rectifier is characterised by the
feature that the anode consists, at least in part,
of phosphorous, the cathode being of aluminium
coated with a layer of aluminium oxide.

Patent issued to N. V. Philips Gloeilampen
Fabrieken.

Convention date (Holland), 8th March, 1930.
No. 361738.

The cathode of the rectifier consists, at least in
part, of one of the metals titanium, zirconium,
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hafnium, or thorium,; preferably in' the form of a
film of one or more of the oxides. For the anode,
phosphorus, cuprous sulphide and free sulphur,
or copper iodide with free iodine may be used.

Patent issued to N. V. Philips Gloeilampen
Fabrieken.

CONSTANT-COUPLING CIRCUITS.

Convention date (U.S.A.), 20th June,
No. 359890.

Relates to amplifier circuits of the type in which
‘“mixed "’ capacity and inductance couplings are
utilised to ensure a constant transfer of energy,
and therefore uniform amplification, throughout
the tuning range. According to the invention the
output impedances of successive valve stages are
made capacitative, over the tuning range, by the
connection of a relatively-large neutralising con-
denser to each plate. The addition to the aerial
of a fixed condenser then -enables the input and
output impedances to be *“ matched ”’ throughout
the chain of valve stages, thus facilitating the
application of * ganged ”’ tuning control to a con-
stant-coupled amplifier designed for manufacture
by mass-production methods.

Patent issued to Hazeltine Corporation.

1929.

Convention date (U.S.A.)), 13th June,
No. 360062.

The coupled circuits of a multivalve amplifier
are arranged to give constant amplification through-
out the tuning range. As shown, the primary
tuned circuit is coupled to the aerial through a
series condenser. The high-potential ends of both
the tuned circuits LC are coupled together through
a condenser C;. The low-potential ends of both
the condensers C are connected together and to
ground, whilst the similar ends of the fixed in-
ductances L are joined and connected to ground
through a condenser C,, which may be shunted by
a resistance R in order to apply a bias to the
grid of the first valve. With this arrangement the

1930.

C1
| it

=

No. 360062.
energy transfer between the circuits diminishes as
the signal frequency increases. A similar arrange-
ment may be used for the inter-valve couplings.

Patent issued to Radio Frequency Laboratories,
Inc.
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VARIABLE CONDENSERS.
Application date, 25th July, 1930. No. 35955I.

To allow the maximum capacity of a variable
condenser to be varied at will, a selector device is
arranged to hold one or more of the moving vanes
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during operation. As shown, the gramophone

‘pick-up P, shunted by a * compensator ™ circuit

L, C is inserted in the plate of the detector valve
D. A potentiometer control M enables the input
from P to be varied from zero to a maximum. A
second potentiometer M, affords similar control

of the aerial voltage,
—_‘Eh or of the input from
awired-wirelesssupply
S. The two controls
M, M, are incorpor-
ated in a single knob.
Since the change-over
from one type of pro-
$ gramme to another
involves no break in
the circuits, the inter-

{ stage transformer T
can be designed to.

match the impedance
of the low-frequency

stage to either the
+ gramophone or radio-

frequency channels.

g Patent issued to
Kolster Brandes, Ltd.

"CONTROLLING SELECTIVITY.
Convention date (U.S.A4.), 18th June,
1930. No. 360813.

Relates to receivers of the kind in
which a highly-selective input circuit,
used for long-distance working, is
converted into a band-pass input when

No. 357662.

stationary, whilst the remainder are being rotated
relatively to the fixed vanes.

Patent issued to Standard Telephones and Cables,
Ltd., and P. R. Painton.

MODULATING SYSTEMS.

Convention date (Gevmany), 2nd April, 1929.
No. 358064.

The falling portion of the characteristic curve
of a three-electrode valve where the grid carries
a high and the plate a lower positive potential is
utilised to generate ultra-short waves, which are
modulated by connecting a circuit, tuned to a
different frequency, either between the plate and
cathode or between the grid and cathode. Double
modulation is effected by coupling a second lower-
frequency source to the tuned circuit.

Patent issued to E. Gerhard.

WIRELESS OR GRAMOPHONE REPRODUCTION.

Convention date (U.S.A.), 17th July, 1929.
No. 357662.

The input from a wireless aerial or from a gramo-
phone pick-up is amplified in the same low-fre-
quency stage without altering the electrical con-
stants of either the radio or gramophone circuits

tuned to the local station. = According
to the invention, the SG amplifier V
is made to function solely -as a
coupling-condenser between the input
circuit L, C, and the output circuit L, Cy by cutting-
off the H.T. voltage to the screen-grid, through a
switch S, and replacing it by an impedance Z
which increases the normally-small interelectrode
capacity of the valve V' practically to the value
of that between the plate and grid of an ordinary
triode valve. To secure a band-pass characteristic,
the valve coupling through V¥ is supplemented by

No. 360813.

an inductive link Ly, L,, L, when receiving the local
station.

Patent issued to Marconi's Wireless Telegraph
Co., Ltd.
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gIVASPRIN

PARK ROYAL
INSTRUMENTS

Tested on a special “dithering”
machine, which shakes and bumps
the instrument continuously, A
drastic test proving that the quality
of material used and the workman-
ship is of the best.

Regd. Des. 100% BRITISH
No.759295 AT WAYS ACCURATE

SPECIFICATION

ngh grade Cobalt Steel Magnet, accurately
llent damping and accura:

THE SPECIAL EXHIBITION NUMBER. First |t;g:pphxre Jewel bearings, Will wxg
stand heavy overloads without injury.

Zero correctors fitted to all instruments.

Each instrument separately calibrated and scaled.

Park Royal * Pivaspring " Instruments are used
by Government Departments.

JOURNAL OF
SCIENTIFIC INSTRUMENTS

produced by the Institute of Physics with
the co-operation of the National Physical
Laboratory, The principal English journal
devoted exclusively to scientific instru-
ments, their principles, construction and
use. Essential to designers, makers and
users.

Is the only journal in which the Twenty-second
Annual Exhibition of the Physical and Optical Societies
is fully reported.

The different classes of instruments exhibited are

dealt with in a series of articles by leading authorities Full catalogue sent on request
on these subjects, and two of the Discourses given Type 13 M.C.F. List Price cach.
are reported.

VOLTMETERS 0-300
$000 ohmms per voit - = - 33/9

MILLI-AMMETERS = - - = 30/~

PARK ROYAL

ENGINEERING COMPANY, LIMITED,
Cumberland Avenue, Park Royal, N.W.10.
Telephone: Willesden 2223, 2224 and 4715.

POWER/

The Exhibition Number may be obtained from
the publishers, price 2/6 (post free 2/8),

The subscription rate for the yearly volume is

£1 10 0 net (post free), payable in advance. Sub-

scriptions should be sent to the publishers.

CAMBRIDGE UNIVERSITY PRESS
Fetter Lane, London, E.C4 ~ - ~ England

Wireie SS
m*&wWorld

“ Calculation and Measurement
of Inductance and Capacity,”

by W. H. Nottage, B.Sc. (1924).

The mare gcnarally uscful formule» and methods
nent of and capacity are

The weekly journal which kecps its
readers thoroughly in touch with all
that is happening in wireless. It is
in every ‘sense a wxreless newspaper,
for it records and reviews prevailing
theory and current practice in design,
and also gives week by week, broad-
casting and other general news for
everyone concerned with, or interested
in wireless broadcasting and reception,
Special features are: Theoretical Articles
discussing  new vnnc:plel Detailed
Technical Reviews of Commercml Radio
Receivers: Designs for Experimental
Receivers lpecmlly prepared to |l ustrate lhe
practic ion of new princi in
valves, ts, o circuit arri ts

EVERY

WEDNESDAY
4d.

SUBSCRIPTION

Home & Canada £1.1 .8, other Countries
Abroad £1 , 3. 10 per annum, post free.

ILIFFE & SONS LIMITED
DORSET HOUSE
TUDOR STREET,LONDON, E.C.4

Kindly mention **

hcm brought together in a convenient form.
224 pages. Over 8o illustrations and diagrams.

Price 7/6 net, by post {home and abroad) 8/= from

ILIFFE AND SONS LTD.,

Dorset House, Tudor St,, London, E.C.4,
and leading booksellers. w.R.12

=TANNOY-

HIGH GRADE
MAINS UNITS.
ALL-ELECTRIC RECEIVERS.
RADIO-
GRAMOPHONES.
PUBLIC ADDRESS AMPLIFIERS.

DANCE.HALL
REPRODUCERS.

TANNOY PRODUCTS,
17, Dalton Street, W, Norwood, S.E.27.

The Wireless Engineer **

TRANSFORMERS,

/ CHOKES, &c.

for Wireless and other
purposes designed and
wound to customers’
specifications.

Enquiries Solicited.
Very Keen Prices.

Special orders de-
livered 7 days after
receipt of order.

: — |
JOHN MELLANBY

Electrical Engineer,
Cambridge Road, Waterbeach, Cambs,

when replying to advertisers.
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ANODE VOLTS

The D.O. 75 operates at 1,000 volts HY. and dissipates
75 watts. Used as an output valve it gives a maximum un-
N O distorted output of 18,000 milli-watts with an optimum load
of approximately 6,000 ohms. It is suitable for use in
powerful public address equipments and “Talkie” apparatus.
As a modulator it is capable of modulating fully a D.O. 40

or D.O. 40A valve.
CHARACTERISTICS.
Max, Filament Voltage o oo 100 volts.
Fllament Current 66 . o 2°0 amps,
Max, Anode Voltage .. 8 - 1,000 volts,
i Anode Impedance .. 0o 2,000 ohmas.
=¥ = Amplification Factor 2,
© Mutual Conductance .. 8'0mA/volt.
® Under normal working conditions, viz. :
Anode Voltage .. oo oo 1,000 volts,
Anode Current.. SmaA,
PRICE. £8.0.0. Special Valve Holder 12/6 nett.

Mullard

Il THE -MASTER -VALVE

a
Arks

Adot. The Mullard Wireless Service Co., Ltd., Mullard House, Charing Cross Road, London, W.C.2.

blishers, ILirre &k Sons IxD., Dorset House, Tudor 8treet, London, E.C.4,
Pﬂmﬁ; %;om(gorl;‘:ull ;;u Ltd., 1-6, Paris Garden, S8tamford Street, Londoz, 8.E.1
Sole Agents for Australasia—Gordon & Gotch (Australasia), Ltd.
Sole Agents for South Africa—Central News Ageacy, Ltd.



