WIRELESS
ENGINEER

Vor. XVIIL

JANUARY, 1941

No. zo8

Editorial

Frequency versus Amplitude Modulation

N the October number of The General
Electric Review—a monthly journal issued
by the General Electric Co. of America—

there is a short article under the heading
“ High Lights and Side Lights dealing with
the relative merits of amplitude and fre-
quency modulation. It is headed ** better
coverage "’ and makes surprising claims for
frequency modulation. It is stated that,
according to tests and calculations made by
their radio engineers, under certain con-
ditions, the area of good broadcast scrvice
with frequency-modulated transmission is
33 times as great as with amplitude modula-
tion. Tests were made by installing two
transmitters 15 miles apart, with transmitting
antennae 300 feet high, the transmitting sets
being of 1 kilowatt. The portable receiving
antennae were 20 feet high. If the two
transmitters were amplitude-modulated, the
area around each transmitter in which its
programme could be received without inter-
ference from the other transmitter was
found to be very small. If the power of one
transmitter was increased to 10 kilowatts, its
service area was trebled, but that of the
other was reduced to a third as is indicated
in the figure where the shaded areas are
those around each transmitter in which
reception was possible with amplitude modu-
lation, (a) with equal power and (0) with
powers in the ratio of 10 to I. It is 1im-
portant to mnote that both transmitters
utilised the same frequency. A further
increase of the power of the more powerlul
transmitter to 100 kilowatts again trebles its
reception area at the expense of the 1 kilowatt

station, the reception area of which is again
divided by about 3.

With irequency modulation and equal
transmitters of 1 kilowatt the reception area
of each was 33 times that with amplitude
modulation as shown byv the large loops in
Fig. (2). When the power of one station was
increased to 10 kilowatts its coverage was
now increased 2.35 times, and was about
25 times that with amplitude modulation,
whilst that of the 1 kilowatt station, although
reduced to less than a quarter, was still
nearly 8 times that of the amplitude-modu-
lated stations when both were of 1 kilowatt.
Even when the other station had 100 times
the power, which resulted in a further
doubling of its coverage, the weaker station
still had a reception area 3 times that of
each of the two 1 kilowatt amplitude-
modulated stations.
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{a)
Service aveas. The inner cvoss-hatched aveas
vefer to amplitude modulation, the outer limits to
frequency modulation. (a) with stmilar kW
transmiiters, (V) with the power of one transmitter
incveased to 10 RW.

Although these claims may appear
extravagant it must be emphasised that the
article in which they are made opens with
the words ““ under certain conditions.”” The
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aerials were 300 feet high and only 15 miles
apart ; the frequency employed is not stated
and no details are given of the type of
programme cmployed nor of the receiving
apparatus.  With two carefully controlled
frequency-modulated transmitters it would
be possible, with a relatively small difference
between the two received signals of constant
amplitude, so to adjust the limiting device
that it eliminated the weaker signal entirely
and still left enough of the stronger one to
give satisfactory reception. According to
Fig. (a) this was possible at a point between
the stations 5.7 miles from one and g.3 miles
from the other; the most distant point A4
was 15 miles from one station and 30 miles
from the other. Now, if it be assumed as an
approximation that the field strength varies
inversely as the square of the distance, the
ratio of the wanted to the unwanted field
strength was 2.66 in the first case and 4.0
in the second, which scem to be reasonable
values since with weaker signals the ratio
will have to be greater to provide the neces-
sary excess of the wanted signal. When the
power of one station is increased ten-fold its
field strengths will be multiplied by -4/1¢.

To receive the weaker station the ratios of
the limiting distances were 4.4/10.6 and
6.4/21.4 miles and the field-strength ratios
. I0.6% 2T1.4%
therefore 345 X 306 an 647 X 316 that
1s, 1.83 and 3.54 which again are reasonable
values, agreeing as nearly as could be expected
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with the previous figures. Better agreement
would be obtained if it were assumed that
the field strength varied inversely as some
higher power of the distance.

To receive the stronger station the dis-
tances were 8/7 and 21.5/36.5 miles, the
upper figure referring always to the wanted

station. The field strength ratios would
2 2
therefore be M and 36.5% X ig
82 21.52

that is 2.42 and 9.1. Here again the first
figure is quite reasonable but the second
seems unreasonably high. On comparing
Figs. (4) and (b) it will be seen that with
equal powers the right-hand station could be
received at 4 15 miles from it and 30 miles
from the unwanted station; on increasing
the power of the ncarer station ten-fold one
would surely expect its working range to be
extended much beyond the point B, which
is only 21.5 miles from it, especially as the
unwanted station is now 36.5 miles away.
It may be, however, that the field strength
fell off very rapidly at this distance of about
20 miles and that the interference from the
more distant station was then a negligible
factor, but if this were the case it would be
difficult to account for the superiority of the
frequency-modulated transmission. Tt would
be interesting to know what were the limiting
distances with the receivers employed for the
two types of modulation in the absence of
interference. G. W. 0. H.

The L_oc:IZed—In Oscillator

Its Application to Automatic Tuning and Measurement
of Modulation

By S. Byard, B.Sc., and W. H.

Introductory
HEN a circuit maintained in oscilla-
tion by a triode is submitted to an
external electromotive force of nearly
its own frequency the oscillator will ““ lock-
in” to the external force if this be large
enougli, as has been well known since self-
heterodyne (autodyne) reccivers were first
experimented with. For the purpose of our
proposed application of this phenomenon

Eccles, D.Sc., F.R.S., M.1.E.E.

to the problem of automatic tuning, we found
it necessary to study experimentally the
plienomenon as affected by the external
force being modulated in amplitude, for on
this subject little experimental information
is available. The experiments of Eccles and
Vincent in 1919 (1) were limited to an applica-
tion of the locked-in oscillator as a receiver
of waves modulated in frequency—a method
employed of late vears in America by
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Woodyard (2). So far as we know the only
writers who have touched upon amplitude
modulation are U. Bab (3) and G. I.. Kolber
(4). DBut as this published work was in-
sufficient for our purpose we undertook the
measurements described in Section I of this

paper.

I.—Effects of Amplitude Modulation upon
Locking-In

The apparatus employed for the measure-
ments is sketched diagrammatically in IFig. 1.
T represents the triode of the oscillator to
be locked-in ; it was a Mullard 244V valve
and was connected so that either battery
bias or self bias could be used on its grid.
A was a screened amplitude-modulated
oscillator of high impedance output. C was
a calibrated condenser of maximum capacit-
ance about 1 pul’ which was used to adjust

-
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Fig. 1.—Test civcuit. A,
oscillator.

scrveened wodulated
B, H.F. voltmeter and modulation
meter.

as desired the input to the tuned grid circuit
of the oscillator. ¥ is a vernier condenser
for making small changes in the natural
frequency of the oscillator; an alteration of
I uul changed this frequency by 3 ke¢/s when
it was about 1,100 kc/s. B was an anode
bend voltmeter having a square law char-
acteristic. It had three uses. First, it
measured the voltage across the tuned grid
circuit, the inductive coupling to this circuit
being such that the voltmeter readings (which
are plotted unaltered in the Figures) gave
approximately half the volts across the tuned
circuit. Secondly, it measured the input
voltage when the heater of the triode was
switched off and the circuit tuned to reson-
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ance with the carrier. Thirdly, it served as
the H.T. detector of a modulation meter
of the kind described by Cooper and Smith
(5), in which the percentage modulation is
deduced from the potential drop along a
known resistance in its anode circuit. Such
a meter cannot tell us the form of the
modulation but is easily arranged to measure
small modulation percentages. The depth
of modulation was varied up to go per cent.
and its measurement checked by van der
Pol’s crest and trough method using two
diodes (6). Modulation frequencies of 50 c/s
and 1,000 c/s were used in the measure-
ments.

FFor making the measurements a telephone
receiver was connected into the anode
circuit of the valve voltmeter and then the
vernier condenser was varied until the
familiar rising heterodyne tone was heard.
While the oscillator was locked in the
modulation {requency was heard steadily
and the break-away was announced as a
sharp rattle, which in turn gave way to the
heterodyne note, rising as distuning in-
creased. But with the higher modulation
frequencics, say 1,000 c/s, further distuning
alter the break-away brought another space
in which only the modulation frequency was
heard ; caused, no doubt, by isochronism
with a sideband of the input. U. Bab (3)
has discussed the complementary case in
which a sideband of a modulated oscillator
was pulled into synchronism by an external
excitation, resulting in a wholesale shift
of the three oscillator irequencies In the
present measurements only the first break-
away each side of resonance was noted,
and the alteration of capacitance from the
breakaway on one side to that on the other
side was taken as the isoclironous range.
After preliminary trials it was found con-
venient, for most of the measurements, to
fix the carrier frequency of the input at
1,700 kc/s, the modulation frequency at
50 ¢/s, the anode voltage at 70 volts, and the
grid bias at 4 volts negative. The feed-
back was also fixed at a medium value except
in certain experiments mentioned below.

Results of Measurements.

The relations between the isochronous
range (as measured by the change of capacit-
ance of the vernier condenser), the per-
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centage modulation of the input, and the
percentage modulation in the locked-in
triode circuits are shown by Figs. 2, 3 and 4.
The curves in all these Figures indicate that
the modulation was greatly reduced by
passing the waves into the locked-in pscil-
lator, the more so the smaller the input
amplitude. Fig. 2 also indicates that
modulation of the triode oscillation rose
towards the ends of the isochronous range,
doubtless because the phase differences
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input, or, in other words, the isochronous
range is determined by the minimum input
amplitude, that is, the amplitude of the
trough oscillations, during a complete modu-
lation period. The effects of varying the
mean voltage of the input when this was
modulated 50 per cent. are shown in Figs.
5 and 6. Both the isochronous range and
the modulation in the triode circuits were -
nearly proportional to the mean input
voltage throughout a limited variation.
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depend, inter alia, on the amplitudes. Fig. 3
indicates that the modulation in the triode
circuits was proportional to the modulation
of the input and necarly proportional to the
amplitude of the input. Fig. 4 indicates
that the isochronous range diminished
linearly as the modulation of the input
increased, and that the isochronous range

The above results were all obtained with
fixed values of oscillator grid bias and feed-
back. By varying the feedback the ampli-
tude of the oscillations appearing in the triode
circuits can be varied. Tig. 7 indicates the
relation between the modulation in the
triode circuits and the amplitude of the
locked-in oscillations when the input had
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Fig. 5.—Dependence of the Fig. 6.—Dependence of the Fig. 7.—Variation of oscillator
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tnput amplitude. A, input upon the imput amplitude. amplitude—oscillator — ampli-
unmodulated. B, input modu- Input modulation = 50 per tude vavied by altering feed-
lated 50 per cent.  Free cent. Free oscillator amplitude back.  Constant input of
oscillator amplitude 1.75 . = I.75 U. 0.67v. Modulated 50 per cent.

would become zero with a fully modulated
input at every amplitude within the limits
of the experiments. That is to sav, the
isochronous range was proportional to 1 — M/,
where 1{ is the fractional modulation of the

a fixed mean voltage and was modulated
50 per cent. When the coupling was so
reduced that oscillations were just not self-
maintained the mean voltage across the
tunable circuit was 1.6 volts. With smaller
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coupling still this voltage diminished and
the modulation transmitted increased rapidly,
as shown in the Figure.

When the fixed grid bias of the triode was
replaced by the sell-bias of a grid condenser
and leak (300 uul’, 50,000 &) the behaviour
of the circuit under a modulated input was
substantially unaltered, the difference being
such as would be expected with an oscillator
circuit in which the grid bias depended upon
the amplitude of the oscillations.

II.—Automatic Tuning of a Superheterodyne
Receiver

The preceding Section demonstrates that

a triode oscillator when locked in by voltages

created by a modulated transmitter behaves

as a very selective circuit, with the result

that oscillatory cnergy taken from the

IFO

Tig. 8.—Block schematic of a supevhelerodyne
veceiver using a locked-in oscillatoy for auntomatic
tuning.

oscillator is almost unmodulated.  The
transmitter may vary in frequency and the
locked-in oscillator will follow the trans-
mitter in frequency over a certain range
without appreciably losing its selectivity.
Its behaviour is, indeed, analogous to that
of a stenode quartz plate of automatically
variable thickness.

For superheterodyne reception the scheme
of connections given in Fig. 8 has been tried
out and found successful. The signals are
amplitied in 4 and passed to the oscillator
CI'O which is approximately tuned to the
carrier frequency and becomes locked in to
that frequency if not too different. The
output from CI°0 is almost pure carrier.
The oscillator IFO has the fixed intermediate
frequency and is mised with the carrier
in M;. The sum (or difference) frequency is
then selected and mixed with the original
signal oscillations in 3},  The resulting
modulated current of intermediate frequency
is amplificd in /FA4 and passed on to the
second detector. The locked-in oscillator
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CFO is ganged with the signal frequency
circuits. This form of automatic tuning is
not applicable to the reception of weak
signals near strong ones; for when the
modulation of the weak carrier is great the
range of isochronism is correspondingly
small and the stronger carrier may then
determine the frequency of the locked-in
oscillator.

III._Application to the Measurement of
Modulation

The linear decrease in the isochronous
range with increase in the modulation of an
input can be utilised for measuring the depth
of modulation of an oscillator which is
available in the modulated and also the
unmodulated condition. The oscillator under
test is loosely coupled to the measuring
oscillator, which is provided with a vernier
condenser and with a telephone receiver in
its anode circuit. First the isochronous range
a is determined when the first oscillator is
unmodulated and, second, the range b is
determined when it is modulated. Irom
I'ig. 4 it follows that the modulation depth
M is given by

M=1—1ba
Since the ratio, not the absolute values, of
the readings of the vernier condensers is
involved, this condenser if of suitable form—
say tubular—need not be calibrated.
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Salford Crystél é;llibrator

HIS new instrument, Type BW.200, recently

introduced by Salford Electrical Instruments,

Ltd., Peel Works, Silk Street, Salford, 3,
Lancs, provides a convenient frequency source for
the calibration of R.T. oscillators and wireless
receivers.

It comsists of a quartz crvstal-controlled oscil-
lator giving three basic (requencies of 100 kefs,
1 Mc/s or 5 Mc/s, and a mixing valve by means of
which the beats with the unknown irequency can
be compared aurally. A further oscillator operating
at 25 or 50 Mc/s may be set by comparison with
the 5 Mc/s controlled oscillator and frequency
calibrations can be extended to 300 Mc/s with an
accuracy better than o.r per cent.

The instrument is housed in a polished walnut
casc with internal copper screening, and is suitable
for operation {rom A.C. mains 200/250 volts,
40/100 cycles.
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Interference in Relation to Amplitude, Phase

and Frequency Modulated Systems*
By O. E. Keall

SUMMARY.—Some characteristics ot the three systems of modulation are first described,
the more important being :—

(a) In amplitude modulated systems the amplitude change of the carrier is directly
proportional to the depth of modulation and the signal may be resolved into a carrier of fixed
amplitude together with a pair of sidebands whose (equal) amplitudes are proportional to
the depth of modulation. The intelligence spectrum is twice the modulation frequency.
The maximum radiated power associated with the intelligence (i.e. the sidebands) is 3509%
of the (constant) carrier power.

(b) In phase modulated systems the phase displacement of the carrier is directly pro-
portional to the depth of modulation and the signal may be resolved into a carrier whose
amplitude decreases on the application of modulation and a multiplicity of sidebands whose
number and amplitudes vary as the depth of modulation. The intelligence spectrum varies
as the depth of modulation and the modulation frequency, and for full modulation approaches
2.6 times the phase displacement times the modulation frequency (or 2.6 times the frequency
deviation, or displacement, equivalent to the phase displacemnent). The maximum radiated
power associated with the intelligence is very nearly 100%, of the power of the transmitter.

(c) In frequency mocdulated systems the frequency deviation, or displacement, of the
carrier is directly proportional to the depth of modulation and the signal may be resolved
into a carrier whose amplitude decreases on the application of modulation together with a
multiplicity of pairs of sidebands whose number and amplitude vary as the depth of modula-
tion. The intelligence spectrum varies as the depth of modulation but is independent of
the frequency of modulation and for full modulation approaches 2.6 times the deviation
frequency. The maximum radiated power associated with the intelligence is very nearly
1009, of the power of the transmitter.

(1) When two or more modulation frequencies exist simultaneously, in amplitude modu-
lated systems the sidebands in the complex signal are the sum of those that would be pro-
duced were each frequency to modulate the carrier independently, but in phase or frequency
modulated systems the sidebands in the complex signal are both as to number and amplitude
derived from the product of the sidebands that would be produced were each frequency to
modulate the carrier independently.

The effect of an interfering carrier is then considered assuming the wanted signal to be
unmodulated. It is shown that the two carriers may be combined in such a way that they
may be completely represented by a single carrier (of frequency that of the wanted signal)
carrving an equivalent modulation, this equivalent modulation being dependent upon the
ratio » of the amplitude of the interfering signal to that of the wanted signal
(x Interfering amplitude

Wanted amplitude /
employed that x shall be less than unity. When x¥>1, i.e. the interfering signal is greater
than the wanted, the réles ot the two signals are, as far as this analysis is concerned, reversed,
the interfering signal taking charge and the wanted appearing as an interference thereon.
Under these conditions increasing the receiver selectivity has in general little effect and
directional reception methods must be resorted to.

It is shown that the interterence is much less for phase or frequency modulated systems
than for amplitude modulated systems while in general a frequency modulated system is to
be preferred to one phase modulated. Next the carriers are considered as being modulated
by each of the three systems in turn, the reduced interference when frequency modulation is
employed being maintained. In both phase and frequency modulated cases the interference
decreases as the depth of modulation of either carrier is increased. It is shown that by means
of a graphical representation of the spectrum, the labour of computing the equivalent modula-
tion in phase or frequency modulated systems may be very materially reduced. Several
examples are given irom which the advantages to be gained by frequency modulation are
made apparent. A final note stresses the conditions for which the analysis is valid.

It is a necessary condition for the validity of the expansions

General Considerations that .1 rotates with constant angular
CURRENT 4 whose 1nagnitude and Vvelocity. »
direction are subjected to a sinusoidal In Iig. 1 such a vector is shown and
change with respect to time can be i =Asiny .. o o (1)

represented by the projection of a constant S _ I
magnitude 4 on the X axis if it be assumed * MS. accepted by the Editor, June, 1940.
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Now 4 is a function of time and since
d

w‘?ﬂl/l . .= . (2)
Y =\wdl 4 ¢ o . (3)
Thus 7= 4sin(Jwdt 4 ¢) .. v (4)

When A4, ¢ or w are subjected to periodic
changes slow compared with the * carrier ”’
w, the process is termed modulation.

I.—Amplitude Modulation.
Tet A= A,1 + K,sin ui) . (5)
in which A, indicates

the degree or depth of
modulation by a fre-

quency ziK“ has a

maximum value of
unity.

Since w and ¢ are
independent of time

Fig. 1.

1t = Ay + K, sin w) sin wyt .. (0)
where wf is written for wt + ¢.
It is convenient to refer to (1 + K, sin puf)
as the modulation bracket.
TFrom (6)
1 = Aqgsin wot + A, Sin wyl sin ut (7)

= Ay sin wyt + a ‘;K“ cos (w, — w)t

AN,
— °2 cos (wy + wE .. (8)
Equation (8) which represents the radiated
signal is seen to comprise a carrier {frequency
of amplitude independent of the modulation

depth and two sidebands spaced zﬁ cycles
v

either side of the carrier, the amplitudes of
which are proportional to the modulation
depth and whose maximum amplitude
(corresponding to 1009, modulation, i.e.
K, = 1), is half the carrier amplitude. The
carrier and half the intelligence spectrum
associated with the signal is shown for
modulation frequencies of 5 and 10 kcfs
for different degrees of modulation in Fig. 2.
Amplitudes are shown to a logarithmic
scale in the range 1 -— 0.01. The intelligence
spectrum is twice the modulation frequency
and is independent of the modulation depth.
The total radiated power associated with the
sidebands is for 100%, modulation } of the
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carrier power, the latter remaining constant
under all conditions.

II.—Phase Modulation.
Here A and w are constant and

¢ = éo(1 + K, sin ut) .. .. {9)
whence
1= A sin {wt + ¢o(x + K, sin uf)}.. (10)
— Agsin (wt + m,sin wl) .. (11)
i = Ag[sin wgf cos i, sin ut
+ cos wot sin m,,sin pé] .. (12)

Aysin wl{ [ o(m,) + 2],(m,) cos 2ut
+ 2]4(mp) cos qut + . .}
+ cos wyt{2],(m,) sin ut
42 fg(my)sin 3t + . . )]

= A o[ Jo(m,) sin wgt

+J10m){sin (wq+ )t —sin (wo— p)t}
+ Jalmy) {sin(wy + 2p)t 4 sin (w,
— 2u)t}

- (13)

AT P, 8- oo (14)
where m, = K,é, (radians), the phase dis-
placement of the carrier. The frequency
displacement or devia-
tion frequency of the

5 xc/s
CARRIER

10%c/s
CARRIER

carrier corresponding e "
B 6 l"

to this is 1, - cycles. o % os X

Jolms) . - Ja(my) E e
are the DBessel co- T g
efficients of the first =% w| o1 l
kind of order 0, I,2 , 0.01 0.01
# with argument m,,. o o
Tables of these coefh- ., o
cients are available ] ' I
which present no more o oo
difticulty than tables i i
of logarithms. (Biblio- % e« 01
graphy and Appendix ol acd ]
1 and III). aa aa

The radiated signal ., | o
comprises a carrier fre- vl |
quency, the amplitude ” o
Jo(m,) of which varies ‘° =
in dependence upon 2% oo oy
the depth of modula- ool s oo

tion K, and the max-
imum phase displace-
ment ¢,, together with
a multiplicity of side-

Fig. 2.—dmplitude
modulation.

. . . 2
band frequencies spaced in pairs B 3
27 27w 2w
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etc. cycles either side of the carrier, the
amplitudes of which are also dependent
upon the depth of modulation and the
maximum phase displacement.

Fig. 3 shows the intelligence spectrum of
a phase modulated signal for modulation
frequencies of 5 and 10 kc/s for different
modulation depths, ¢, being taken as 10

5 kefs 10 xefs
CARRIER CARRIER
1.01‘ 1~01+ "
wo % a,1| 0.|!
ol Y A R AT
e 50xcfn vos soiu:/- |°0‘kn/. J
ol
[ IR LA
9409 1.09 I
< L 3
0.01 ‘l' 0.01 | I 1
1.0 1.0 I
0% 0a | 01 I
Al w1
1.0 1.0
5% 0a | 0.1 I
0.0 ' 0.0 [
1.0 1.0
2% 0.1] o.|“
ol o) |
1.0 1.0
+% o.u] ‘ 0.1
0.01 | 0. I
Fig. 3.— Phase modulation ; ¢y = 10 radians.
radians. Sidebands of amplitude less than

0.01 of the unmodulated carrier are not
shown. The intelligence spectrum is seen
to be dependent upon the depth of modula-
tion K,, the modulation frequency (and also
it may be shown, upon the maximum phase
displacement ¢,). No simple relation exists
between these quantities and the intelligence
spectrum, but the latter may be determined

122

to a fair degree of accuracy by 2n e where
2

n is the highest order of the Bessel coeflicient
for which J,(m,) = J.(Kybo) 1S approxi-
mately 0.01; this may be rapidly deter-
mined from an inspection of tables. As an
approximation when m,>5 the intelligence

122

spectrum is 2.6 m,, o (i.e. 2.6 times the de-

January, 1941

viation frequency) and when m, < 0.2 the
intelligence spectrum is twice the modulation
frequency as in amplitude modulated systems.
2n represents the number of sidebands which
effectively constitute the signal. IFor a given
transmitter this number is dependent upon
depth of modulation only and is independent
of the modulation frequency. The radiated
power associated with the sidebands is for
100% modulation the total transmitter
power (with the exception of the relatively
small power associated with the carrier)
as may be determined by summing the
squares of the amplitudes of all the sidebands.

111 —Frequency Modulation.
Here .4 and ¢ are constant and

w = wy(I — K'cospul) .. )
Substituting this in (3)

Y= §wyx + K'cospl)dt + ¢ .. (16)

Kwg .
=+ ¢+ Fosin (x7)

Substituting in (1) and neglecting &,

i = A sin (wgt + K90 gin ) (18)

23

At full modulation K, is the maximum

deviation frequency (frequency displacement
of the carrier). In practice A’'<1, and in
order that the modulation coefficient K, may
be unity for 100% modulation as in former
cases it is convenient to write K'w, = Nywp

where 22” is the deviation frequency at full
T

modulation.
Then
A sin (wyt + Ix’f@ sin u/) (19)
123
= A[sin wg cos ni, sin ut
-+ €OS wyl Sin 1ty Sin pd) (20)

Alsin wol{ ] o(m;) + 2] (m,) cos 2u

2], m)) cos qut + . ..}
-+ cos wo{2 ] L (m;)sin pt 2 [5(m,) sin 3ut
+ ..} (21)

A[J (i) sin wt

+ J10my) {sin (wo -+ p)f — sin (we—w)t}
() {5in (wo+ 218)0 +sin (wo - 26)0)
i (22)

T7 & o o o o
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where fac. (radians)

and Jo(ms) . . . J.(m;) are the Bessel co-
efficients of the first kind of order, o, 1,
2 . . . n and argument m;,.

The radiated signal comprises a carrier
and a multiplicity of sidebands spaced in

pairs & 2K 30
27’ 2 2w
thereof, the amplitudes of all of which are

dependent upon the depth of modulation, the

my = K;

. cycles on either side

MODULATION FREQUENGCY Skcfs

CARRIER CARRIER

104 1.0q
)
:
i,
LA e AR ?JL
50 ho,h 100 kofe 50 hc/ 100 kc/
1.04 1.04 .
H ]
\ |
60 % o014 ' H| 0.1 ' ’ |
0.014 l I ’ I Il- \ 0.01 | |
1.00 1.01
. . .
b ]
5% o.v-l ' | I 0.1 l ‘
0.0 ‘ I | 0.01 | '
1.0 1.0+
109 0.1+ II . 0.1 ‘
0.014 | Ll 0.01 I
1.0+ 10
s% o1 0.1 I
0.0 ‘ I 0.01
1,04 1.0
271 0.1 0.14 I ‘
00 | N 0.014 i |
1.0 I 1.0 \
19, e i 0.1
0.01 l ‘ 0.01- I ‘
Fig. 4.—Frequency modulation : w, = 100 kc/s.
maximum deviation frequency and the
modulation frequency itself.
Fig. 4 shows the intelligence spectra

for modulation frequencies of 5 and 10 kc/s
for different modulation depths, «’, being

Wp

taken as 100 kc/s| w’p . The maximum
ks

MODULATION FREQUENCY 10ke/s
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intelligence spectrum corresponding to 100%,
modulation is proportional to the deviation
frequency and is practically independent
of the modulation frequency, its value being
given approximately by 2.6 ', or 2.6 times
the deviation frequency. TFor lower depths
of modulation, the intelligence spectrum is
dependent upon the modulation frequency
and may be approximately determined by
ﬁ
2m
Bessel coetficient for which

Julm) = J(K,2)

is approximately 0.01. As before this
may be conveniently determined by an
inspection of tables. For wvalues of
my > 5.0, 2n represents the number of
sidebands which effectively constitute the
signal ; for constant modulation depth, 2# is
approximately inversely proportional to the
modulation frequency, i.e. there are about
five times as many sidebands in a signal
modulated by 1 kc/s as there are in one
modulated by 5 ke/s. When i, is less than
0.2, the intelligence spectrum is twice the
modulation frequency and only two side-
bands are present as in amplitude modula-
tion. The radiated power associated with
the sidebands for 1009, modulation is nearly
the whole of the transmitter power as for
phase modulation.

In frequency modulation it will be noted
that it is the rate of change of the phase
displacement (i.e. the frequency) of the
carrier that is proportional to the amplitude
of the modulation frequency whereas for
phase modulation the phase displacement
itself is proportional to the amplitude of the
modulation {requency.

2n where 7 is the highest order of the

Comparison of the Systems

An inspection of I'igs. 3 and 4 shows that
under certain conditions the spectra for phase
and frequency modulation are identical, e.g.

The
when

for 10 kec/s modulation frequency.

spectra will in fact be identical

Kby = Kfu::’ ; there is then no means of
telling at a receiver whether the transmission
be phase or frequency modulated unless a
change in the modulation frequency be made,
when an examination of the new spectrum
will show which system is being employed.
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For values of m < 0.z it 1s also seen that
in Figs. 2, 3 and 4 the sidebands for all three
systems may be of the same amplitude and
the intelligence spectra equal, e.g. for 10
ke/s modulation frequency the spectra arce
equivalent for a 10%, amplitude modulated
signal and 19, phase and frequency modu-
lated signals. Here the similarity between
the signals ends for the diagrams do not
show the phase relations between the carrier
and sidebands which distinguish amplitude
from phase or frequency modulation. In
the former the sidebands are displaced in
phase by equal amounts in opposite directions
with respect to the carrier their resultant
being in phase with the carrier, while in phase
or {requency modulation the resultant of the
two sidebands is in phase quadrature with
the carrier, the sidebands themselves also
being in phase quadrature with those of the
corresponding sidebands due to amplitude
modulation. These conditions are shown
vectorially in Fig. 5 in which (a) shows the
carrier and sidebands of an amplitude
modulated wave in which the resultant of
the two sidebands is either in phase or
reversed phase with respect to the carrier,

g+ gt
Ny

Weo

(a)
Fig. 5.

while (b) shows the same sidebands both
displaced 9o° in the same direction with
respect to (a) now giving a resultant R!
in quadrature with the carrier while the
resultant R of the carrier and sidebands
makes an angle ¢ with the carrier vector
corresponding to the instantaneous phase
displacement. In (a) the resultant is {rom
(8) equal to sinwgl(x + K, sin uf) whilst
in (b) assuming m, small and thercfore
neglecting orders of the Bessel coetticients
greater than one, the resultant is from (13)
approximately
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sSin wgt + cos wyt(2 J,(m,) sin uf).

Before dealing with vector representation
generally, it is important to notice another
distinction between amplitude and phase or
frequency modulated signals. Suppose the
carriers associated with the three systems
K1 and #2,
27 2m
For amplitude modulation we have from

eqn. (0)
i = A1 + Kysin pyt + K, sin pyf)sin wl
.. .. (23)

be modulated by two frequencies

>

. AR
A sin wyt + ;lcos (wo — py)t

AK
— Meos (g + p)!

CAK,

cos (wq — p)l

AK

- %08 (wo+ pa)t - - (24)
showing that the intelligence spectrum coin-
prises a carrier together with two pairs of

sidebands, these being spaced g 1 and Z 2
ki w

cycles on either side of the carrier. Thus in
an amplitude modulated system modulated
simultaneously by two or more tones or
frequencies, the complex signal is con-
stituted by the sum of the sidebands that
would be obtained were the carrier to be
modulated by cach tone independently.
Now for phase or frequency modulation by
two frequencies and treating the two cases
as one we may write according to equation
(r1) or equation (19).

i==Asin (w + My Sin pyt 4 my sin pet) .. (23)

A [sin wgt €OS 11y SIN pyt COS 11y SIN pwyf

+ oS wy! SIN #iy SIN pyf COS Mg SIN ot

+ COS wql COS 7ty SNyt SIN 711, SIN pyf

— Sin wyf Sin 7 SN pyf Sin M, SIn pef]

(26)

The expansion of these expressions is

tedious and it is sufficient to state that the

respective terms of equation (26) give rise
to sidebands as follows :-

Mg\

(a) pairs displaced szzi_l +2g either

T

side of the carricer of amplitudes

]211\"”1)] 2¢ (’II’I 2:
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/
airs di ( [ WP ok
(b) pairs displaced \2]‘) +1 o T 2 277)

either side of the carrier of amplitudes

Jopr1(mmy) Jog(my)

(c) pairs displaced Izp F1 g
\ 27

He2
2 + IZTT)
either side of the carrier of amplitudes

Jen(113) Jog1(122)
(d) pairs displaced (zp +1 o T2 +1 277)
either side of the carrier of amplitudes

Jepe1my) Joqiz (o)
in which * indicates both sum and difference
frequencies and p and ¢ have values o, 1,
2 . . . oo independently.
In (a) when both p and ¢ are zero the
carrier amplitude is obtained.
Thus not only are the sidebands due to
one of the signals when applied alone changed

TIIE WIRELESS ENGINEER

II

in amplitude, but also new combation
sidebands are produced.

In contrast with an amplitude modulated
system, the complex signal resulting from
simultaneous modulation by two or more
tones is thus derived from the product (both
in number and amplitude) of the sidebands
that would be obtained if the carrier were
to be modulated by each tone independently.

The possible sidebands are shown in Fig. 6
(a), those above and to the side of the frame
being those due to the two signals applied
separately, while those inside the frame result
when the two signals are applied together.
The amplitudes of the signals are shown in a
similar chart in (b), the amplitude of a par-
ticular sideband occupying the same position
on the chart (b) as the sidebands occupy in
(a). The amplitudes inside the frame are
obtained by multiplication of the Bessel
coefficients at the ends of the row and column
concerned. The amplitudes shown correspond
to a particular case for which 7, = 2.0 and

Carrier f1 2f, 3fy 4f, s5hHh
Carrier l Carrier h 2f 3fi ‘ 4f1 5f1
fa ]‘ __f2 fo £ fi fo % ’Zfl_- fe &-3_.;1—- i f2 & afi ?2— + 5h N
o | otfi | 2htzh | he3h | chtsh | 2h+5h
sh | 3k 3 4 h shrofi | 3hi3f | 3htsh | 3% 456
1fe 4fo 4f2 = fi 4fo & 2f3 4fe & 3f1_‘ 42 + 4h 4f2 £ 5hi
5[ 5/ 5fe £ fi 5fe £ 2f1 5f % 3f1- ’ 5f2 £ afs 5h + 5hi
(a)
Jo (m4) Ji () J2 (m4) J3 (my) Ja (1) Js (m1)
0.224 0.577 0.353 0.129 0.034 0.011
Jo (my) 0.55 0.123 0.317 0.194 0.071 0.0187 —
Ji (my) 0.547 0.122 0.310 T 0.193 0.071 0.0186 -
Ja (my,) 0.215 0.048 a 0.124 o.o76h7 0.0278 — I
Ja (m,) 0.054 0.012 0.0312 0.019 I _-—~_—
Ja (my) o.01 [ - l_ - B
Feow) =1 =1 =1 - -
| 1N _ —
)
Fic. 6
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m, = 1.43. These modulation indices are
those applicable to a signal, frequency
modulated to a depth of 109, in each case
by frequencies of 5 and 7 ke/s respectively.
A dot in the chart (b) indicates that the side-
band concerned is less than 0.01 of the un-
modulated carrier. This distinction is of
course quite arbitrary. In Fig. 7 are shown
the corresponding intelligence spectra (a)
representing modulation by 5 kc/s only,

Skofs
GARRIER
o 10 20 30 40 50kefs

1.04 - N 7 i !

014 ] ’ l 5 kefs (a)
W

194

01 , ’ 7 kefs ()
(‘).(JIJ l [

1.04

1
)
I

0.1
N

Fig. ;.-

5 & Tkofs (0)

(il

Frequency modulation : 100 ke/s.

D

(b) by 7 ke/s only, while (c) is that for 5 and
7 ke/s together. In the latter it is seen that a
large number of new sidebands exist, some
of appreciable amplitude whilst the original
sidebands are reduced in amplitude. There is
also a slight increasec in the intelligence
spectrum consistent with the increased
effective modulation depth.

Owing to the increasing complication that
is inevitable with more than two modulation
frequencies, detailed consideration of such
cases is omitted. The general effect will be
as for the two frequencies, but with a corres-
pondingly larger number of new sidebands.

Vector Representation

The vector representation of modulated
signals has been decalt with by Roder and is
only briefly dealt with here. The amplitude
modulated signal lLas already been depicted
in Fig. 5 (a) where it was seen that the
instantaneous length of the vector was 4
(1 + Ksin uf) which is the coefficient of
sin wet in eqn. (6). = Similarly the vector
representation of phase or frequency modu-
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lated signals is obtained from the coefficients
of the terms involving wyt in equations (13)
and (21) respectively. These coefficients are
(Jolm) + 2] y(m) coszut + 2 ],(m) cosqul + .. )
associated with sin wyf and (2];(m) sin wt
-+ 2f4(m) sin 3uf + . . .) associated with cos
wot. After evaluation, the former is measured
vertically and the latter horizontally their
resultant being the instantaneous amplitude
of the signal. In Fig. 8 (c), AB is the co-
efficient of sin wyt, BC that of cos wyl, and
their resultant is AC for ut = 30°. The
vector traces out the arc of a circle of radius
unity (i.e. the amplitude of the unmodulated
carrier) and the maximum displacement from
the initial position (0°) is m radians in either
direction. According as the carrier be phase
or frequency modulated the diagramsin order
irom «-d represent phase modulation at
fncreasing modulation depths (m = K¢,
radians) or frequency modulation, either at
constant modulation frequency and in-
creasing modulation depth, or at constant

modulation depth and decreasing modulation
frequency (m — K, “? radians ). When m is

sufficiently large the vector will of course

)
13N
270 m Lo P9
"
& -~

{a) (b)

make several revolutions in one direction
before reversing. In these diagrams the
instantaneous displacement of the wvector
in terms of the modulation {requency fl'

A
is msin w! radians.  Since the vector is of
constant length over the modulation cycle
the “ envelope "’ of the signal is a straight
line, i.e. the amplitude of the carrier remains
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constant when modulation is appfied only
its phase or frequency varying.

Effect of an Interfering Signal

In investigating the effects produced by
an interfering signal in the presence of a
wanted signal (however it may be proposed
to modulate the latter), it will first be assumed
that both signals are unmodulated. Since the
interfering signal will in general give rise to
an audible (or visual) output it may be
regarded as causing an equivalent modulation
of the wanted carrier. It is necessary then
to find an equivalent expression for the sum
of two signals which indicates the nature of
such modulation. An inspection of equa-
tions 5, 9 and 15 shows that modulation
results in the appearance of a bracketed
factor (which will be termed the modulation
bracket) of the form (1 4+ K sin ) which
can be derived from the expression repre-
senting the sidebands by reversing the
analytical processes. Since an interfering
signal may be regarded as a single sideband
associated with the wanted carrier, then by
representing the wanted carrier by A sin wgl
and the interfering signal by B sin w!

i = A sinwyt + Bsinwt .. (27)

A(sin wt + % sin (wg + b)?) (28)
where w = w, +b,1.c. b’ is the beat frequency

B . . -
b ) and % 1 the ratio of interfering

2T
to wanted signals.
Then omitting A

Sin wyl + ¥ Sin wyf €os bt +- x cos wy! sin bt

(29)
sin wol(1 + % cos bt) + cos wy!(x sin bi)
. .. (30)
Psin wy + Q cos wyt .. (31)
VPE L Qsin (o +4) - (32)
where
Y . xsindl
¢ t‘mll_3 mnll—kxco-sbt" (33)
0= (1 + 2% 4 2x cos b} sin (wof + §)
(34)

This equation indicates that the two
signals may be expressed in terms ol one of
them (the wanted carrier), the equivalent
signal so obtained being subjected to ampli-
tude changes as represented by

(r + x* + 2x cos bi)}
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and phase changes as represented by
% sin bt

—1
¢ — tan 1 -+ xcos bt

these two expressions representing the equiva-
lent amplitude and phase modulations respec-
tively. (See Appendix II). They are dealt
with separately.

Equivalent Amplitude Modulation

In a receiver of amplitude modulated
signals the detector is able to discriminate
changes of amplitude in the signal but
cannot discriminate changes of phase or
frequency. To obtain the equivalent modu-
lation bracket we have

(1 + %2 4 2x cos bi)}
3

(a2t 2x A\ =
(x+2% I+I+x2605bt) .. (33)
(1 + 2% (1 + 2X cos bi)} (36)
where .\ = a .. Since x is to be taken as
I+ x

less than unity, X < 0.5 and hence the
second bracket which is the modulation
bracket may be expanded by the Binomial
Theorem. The first bracket represents a
steady increase in carrier amplitude due to
the presence of the interfering signal and

may from this point be disregarded. Ex-
panding the second bracket we have
2
M.B. = (/I 4+ X cos bt )i cos? bt
3 4
)i—cos”bt 5';( cos*bt + . . = (37)

Transforming powers of cos bt into multiple
angles

y 2
v (1 XI5
4 64
4+ (X + 3X3+4 .. )cosht . ..
2

~ ()i —{—;()X“ - cos 2bt

' 3

)i—,—L cos 3b¢
- ':65;X4—}—...:cos ;b/+...' .. (38)

when x < 0.5 the above may be written with
sufficient accuracy as
2

cos 2bt

M.B. 1 + X cos bl — 2
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A3 (The term distortion herein refers to elec-
+ g cos3bt —. . > (39) trical distortion. In assessing ‘“ nuisance
- when X is sufficient] 1 value ” of any distortion component the
ST SSICICTILYASING s loudness value may be derived from loud-
MB. = (1 4+ X cos &) .. (392) ness level contours corresponding to the

X is given in terms of x in Fig. ¢ (b).
2
The coefficients X, “— etc., represent the

“ equivalent modulation depth ” (E.M.D.)
at the beat frequency or its harmonics, pro-

so%L —

50 Bf—1 - L - l
AT
‘ & | |

0 Pob—1——— ‘| ;g" 1 —— 1 l

. /S I
EM.D. 30 |- —*‘—h:_— % | __?ﬁ—w
AT
20%}—— + J|~7 o i \;,,e\“‘o i —8%
— —l—*[ *: . r T— | 18%
10% — [7 i fa

0.5

TR
AT

(b)

frequency of the component.)

This case corresponds in practice to the
interference due to a single frequency, as for
instance an atmospheric or unmodulated
carrier, situated within the intelligence
spectrum of the wanted signal.

Equivalent Phase Modulation

For phase or frequency modulated signals
the detector at the receiver is fed at a con-
stant amplitude by means of a limiter and

NN NN
P
A NAEERERE
| _i_ _Ig T* .

/
/ _"'_¢°"

+100°

s —

Fig. 9.

duced by the interfering signal. This is not
the same as the distortion since the latter
must depend upon the depth to which the
wanted signal is modulated (K). Distortion

is then X 100% and is only equal to

K
the E.M.D. (X 100) when K =1 or the
wanted signal is fully modulated. In Fig.
9 (a) the E.M.D. is expressed as a percentage
for frequencies up to the third harmonic as
estimated from 38.

is then only responsive to changes of phase
or frequency. These are represented by ¢
in equation 34.

Now 7
¢ = tan~! Ifus% bt (o)
tan ¢ — % (41)
et — e~ jxsinbt (42)

&% + ¢ T -+ xcos bt



January, 1941

#*(1 + x cos bt — jx sin bf)
= ¢~I%(1 4 x cos bt + Jx sin bt)

(43)
vy I T xd!
O = (44)
j2¢ = log (1 +xe/%) —log(x +xe~1%)
: (45)
~ (et — g—ibt) — LaR{gitt o sabt)
+ %xS(ej:Bht _e—jfsbt) — . (46)
Whence
2 3
=xsinbl — —sin2bt+ —sin3bf — ...
b —=xsinb ”2 in 2b ’; in 3b
(47)

A graph of this function with x as parameter
is shown in Fig. 9 (c). Equations 46, 47
are valid so long as » < 1, as is confirmed by
the graph.

The detector has to deal with

. . X% .
sin (gt + ¢ + xsin bt —7, sin 2bt

”63 i \
—|—§sm3bt—...).. (48)
where ¢, is the phase displacement (radians)
employed for the transmission concerned
(c.f. equations g, 10 and 1I).

Dividing terms other than wg by ¢, as
in equation g we obtain the equivalent
modulation bracket

' X %2
MB. =(1+ - sin bt —
( b0 29,
+ 2 sin 30
— sin 3
30 3 /

sin 2b¢

(49)
from which

x ) a2

d 2 X 1009, dy= ——

1 7 /0 2 2¢0

3
dy =

X 100 Y%,

- X 1009, . ..
30 ¢
wherc the subscripts of d, the percentage
E.M.D., indicate the harmonic of the beat
frequency concerned. The distortion which
can only be determined from a knowledge of
the modulation depth K, of the wanted
signal is given approximately by D = ;,l
or more accurately by ’

I
KD

@2+ dg2 +dg+ ... )
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It will be obscrved that x represents to a
first approximation the displacement in
radians due to the interfering signal. Fig. 10
is the vector representation of the two signals
in which A4 represents the wanted carrier,
B the interfering signal, the latter rotating
at a rate dependent on the beat frequency.
B

1=*
extreme displacement of the vector .4 as
given by 8, = sin"lx =
0.412 radians. The smaller
is x the more nearly is this
equal to x radians, this
condition holding so long
as sin~! x is nearly equal
to tan—! x which is in-

B

A

tan "ty = 21.8°
, = sin"ly = 23.6°
0.412 7.

0.4 radians. OD represents the

lig. 10.—x 0.4 radians

22.9°. 8,
= 0.381 r.

For this < %  When

dicated by 8,.

2
x > } the coefficient x? of the second har-

monic becomes appreciable so that de-
parturc of the angle 8, from x radians is an
indication of modulation by harmonics of
the beat frequency.

The dotted arc represents the signal
applied to the detector, i.c. after the limiter
has performed its function in eliminating
amplitude changes. It will be appreciated
that as B approaches .1 in amplitude, the
amplitude of the signal approaches zero at
one point of the cycle. The limiter is then
unable to fulfil its function and an amplitude
change is passed on to the detector. This
will result in considerable distortion and
equation 49 will not then hold. The point
at which the limiter action fails will of course
be dependent on the receiver design.

Equivalent Frequency Modulation

From cquations 15-18 it is seen that when
the wanted carrier is to be frequency modu-
lated the modulation bracket is obtained by
differentiation. Thus

2
Y= (wot—i—xsin bt —'—Z sin 2b¢

6 g
+ ?;sm 3bt — .. > (50)
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1d :b
= — i (I—[—x—cosb!—x22 coszbt
wq dt \ wy wy

—[—x3—b cos 30t —. . ) . (51)
@o

In accordance with the convention pre-
viously adopted (K, = 1 for 1009, modula-
tion), the EM.D. is then given by

b
d; = x— X 100%, d,
@Wp Wp

M.B.

¥t — X 100%,

b
dg = 23— X 100%
Wp

the subscripts of 4 indicating the harmonic
of the beat frequency concerned. Thus the
E.M.D. is not only dependent upon x, the
ratio of interfering to wanted carriers, but
is also directly proportional to the ratio of
the beat frequency to the maximum devia-
tion frequency. This is in contra-distinction
to phase modulation in which the distortion
is independent of the beat frequency.

It is of course common to all systems
operating with audio signals that beat fre-
quencies falling outside the audio range
(say exceeding 15 kc/s) will produce no
audible output of themselves though they
might give rise to combination tones falling
inside the audio spectrum. In the table
above the three systems are compared for

WIRELESS ENGINEER
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TABLE
EquivaLent MopuLaTioN DEPTH (PER CENT.)

\\Ir(r:(}; I;?:gé | Frequency Mod.
X —_— - ! — —

All frequencies | Kl}OLYCICS

1 | 3 5 10 ‘ 15
01| 10 | 10 lo1 |03 ‘0.5 10| 1.5
0.2 19.5 l 2.0 0.2 i 2.0 ‘
0.3 1 29 3.0 0.3 | 3.0 | -
0.4 37 1 4.1 0.42 = 4.2
0.5 44 5.15 |0.57 |1.71 | 2.85 | 5.7 | 85
0.6 I 6.25 | 0.73 | | 7.3
0.7 | 7.45 |o0.92 9.2
0.8 | 87 |r14 [3.42]5.70 | 11.4 |17
1 I |

E.M.D. due to an interfering signal, appro-
priate receivers being used in each casec.
In the phase modulated system ¢, has been
assumed as 1o radians giving a spectrum
of + 100 kc/s at 10 kc/s modulation fre-
quency (Fig. 3), while in the frequency
modulated system the deviation frequency
w'y 1s also taken as 100 kcfs. As already
stated, in amplitude and phase modulated
systems the E.M.D., and hence distortion,
is independent of the beat frequency.

There is thus considerable advantage to
be gained by employing a frequency modu-

APPENDIX No. I
\ Snort TasLE or Brsstl COEFFICIENTS

. [ |
Jatm) | Js () | Jaln) | S5 () | Je ()

T
[0 [ Toom) | Jon) | Tioln

mo | Jon) | Ji(m)

o 1.00 0.00 0.00 0.00 | 0.00 0.00 | 0.00 0.00 | ©0.00 ’ 0.00 0.00
0.2 0.99 ‘ 0.10 0.00, ‘ | = =

0.4 0.96 0.20 0.02 ‘ | ‘

0.6 0.9I 0.2 0.04 0.00; I - | ‘

0.8 0.85 0.37 0.08 0.0t — ‘ =

1.0 0.77 0.44 | 0.I1 0.02 | == ‘ | [

1.5 051 | 0.56 0.23 0.06 0.01 | I —

2.0 0.22 0.58 | 0.35 0.13 | 0.03 | 0.00, — | |

3.0 -0.26 0.34 0.49 0.31 0.13 | 0.04 | o.01 | = |

5.0 -0.18 0.33 | 0.05 036 | o0.39 0.26 0.13 0.05 | o.o0:2 | 0.004

7.0 0.30 -0.00; -0.30 0.17 0.16 0.35 | 0.34 | c.23 0.13 006 | .02
10.0 —0.25 0.04 0.2 0.06 ] 0.21 0.23 0.01 022 | ©0.32 | 0.29 0.21
15.0 0.01 ‘ 0.20 0.04 0.19 0.12 0.13 | 0.21 | 0.03 0.17 0.22 ‘— 0.09
20.0 0.17 ’ 0.07 |~ 0.10 0.10 ; 0.13 0.I5 | 0.05 |[—0.18 i ~0.07 | 0.12 | 0.19

I

n

10.0
15.0
20.0

| —
| Ju () E

Table (contd.)
l J 12 (m)

0.12 0.060
0.1 0.24
0.06 0.12

0.03 0.01
0.28 0.25
0.20 0.15

Jiabm) | Toa () ‘Jlunv) o m)

0.18

| | | |

| Jix ) | Jua 0m) | Jua O] Jao (m)| Jou )
'|

|

0.0-1 i
0.16

o.12
‘ 0.15 |

0.07
0.23

0.03 0.02
0.25 0.22

O.11




January, 1941

lated system, particularly as the distortion
is graded over the audio spectrum, being low

where the ear is most sensitive. This
advantage is only maintained, however,
when the modulation index = > 1. For

m = 1 the E.M.D. or distortion in the three
systems is the sume unless v > } (except
that for frequency modulation the distortion
is graded over the spectrum). For m <1
amplitude modulation has the advantage.
This distinction is important, for it is implicit
in frequency modulated systems in which
the modulation {requency may exceed the
deviation [requency that interfering signals
outside the deviation range produce equiva-
lent modulation to a depth greater than
100%,. This may be very damaging to the
intelligence even though the bulk of the
latter be at irequencies lower than the
deviation frequency.

APPENDIX No. II

Colebrook in ““ High Selectivity Tone Corrected
Recciving Circuits '~ (Radio Research Special
Report No. 12 D.S.I.R.) expands the sum of two
signals in a different manner, viz. :—

Sin wgpt + x sin w,?

" . w, w \
(1 1 x% 4 2% c08 (wy — wy)l} sin o+ Ty
{ 0 1 L, )

3 .
{1 + x* + 2x cos bi}t sin

wo @1y 1)
2
where
a — tan 'll_ktan[ft
I+ x

Although the amplitude change thus derived is the
samc as that in equation 34 (and therefore as far as
amplitude modulation is concerned it is immaterial
which expansion be employed), this amplitude
change is associated with the mean trequency
2177 £0. juﬂ of the two signals, the phase of which
is changed periodically by the value « which is
here a function of half the beat frequency. The
objections to this form of expansion are (1) that
the mean frequency has no physical existence, the
only physically real frequencics being w,’ and w,’,
(2) the reference point of the detector characteristic
for phase or frequency modulation is the {requency
of the wanted signal wy’, and it is inconvenient
to assume new reference points, as determined by
the mean frequency, lor each interfering signal
that may be encountered.

APPENDIX No. III
The following expansions are useful :
1.—Sin (4 + B + C) = cos A cos Bcos C (tan 4
tan B + tan C — tan 4 tan 13 tan C)
2.—Cos i sin ut — Jo(m) + 2] ,(m) cos 2pu!
+ 2fy(m) cos qut + . . ..
3.~Sinmsmput — 2], (m)sinpt + 2 J5(n) sin 3ut +. ..
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o

4.—Tan™1- =t A— rsin A4 * sin 2.4
1 -+ xvcos.d 2
I
—sin 3.4
—,8in B | xsin 4 i B
5-—Tan cos B + xcos 4 B + xsin (4 )
bR x3 .
, sin 2(A — B) sin 3(4 — B)
(To be concluded.)
Geomagnetism B

By Svypney Cuapmax and Jurius BARTELs.

2vols. Pp. 1049 + xxviii + x. Oxford University
Press, Amen House, Warwick Square, London,
1:.C.4. Price 63s. net.

This great work by two leading authorities, one
Professor of Mathematics at the Imperial College,
London. the other Director of the Potsdam Geo-
physical Institute, will be welcomed by everyone
who is in any way interested in the subject of
geomagnetism. The size of the work gives some
indication of the vast amount of research that has
been devoted to this subject and of its importance
as a branch of modern physics. In 1927 the
subject set for the Adams Prize Iissay by Cambridge
University was the theoretical interpretation of the
phenomena of the earth’s magnetism, and in 1929
the prize was awarded to Professor Chapman for
an essay which formed the basis of the present
work, and in the same year he invited Professor
Bartels to co-operate with him in its preparation.

Vol. I deals with geomagnetic and related
phenomena and the methods by which the observed
facts are found and recorded. Vol. IT consists of
two parts; the first deals with the analysis and
synthesis of the data, and the second with physical
theories of the phenomena.

The opening chapters discuss magnetic principles
and magnetic measurements, then follow chapters
on the earth’s field and its secular variation,
magnetism and geology and magnetic prospecting,
solar and lunar data, various magnetic variations,
transient, solar and lunar, storms, ectc., earth
currents, aurorz, and the earth’s atmosphere.

Vol. II opens with chapters on harmonic analysis
and spherical harmonics, and their application to
the various magnetic variables. This section of the
book is naturally of a very mathematical character.
The final 250 pages will probably prove most
attractive to the non-specialist reader, for they
contain a masterly discussion of the various physical
theories that have been propounded from time to
time to explain the complex geomagnetic pheno-
mena. There is also an absorbingly interesting
historical chapter in which portions of Gilbert’s
“ De Magnete’ are reproduced. On p. 930 it is
stated that *“ at Greenwich Observatory the mag-
netic declination was read thrice daily, using a
Dollond magnet, {rom June, 1318, to lecember,
1920.”" I wonder if this is a misprint for 1820 ?

The completeness of the classified bibliography
may be judged from the fact that it occupies
70 pages. There is the same thoroughness about
the classified index. The plates and diagrams, of
which there are a great number, are excellent.

The publication ol these volumes is surely an

outstanding event in the history of geomagnetism.
G. W.0 H
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PROPAGATION OF WAVES

1. CALCULATION OF THE RADIATION PROPERTIES
oF HoLLow P1pEs aNp HorNs [Analysis
using Vector Kirchhoff ¥ormula].—Chu.
(See 84.) .

2. Puvysics AxD TECHNIQUE oF THE HoLLow-
Srace  Conpuctor [Wave Guide].—O.
Schriever. (I 7.7., 15th Aug. 1940, Vol.
61, No. 33, pp. 749-753.)

(1) History (from Rayleigh’s 1897 paper on the
passage of electric waves through tubes and the
oscillations of dielectric cylinders—which ** would
not have been so quickly forgotten if decimetric-
wave generators had then been available ”’—through
Hondros & Debye’s work in 1909/10 and that of
Zahn, Riiter, & Schriever, 1915/1920; and through
Bergmann & Kriigel's use of open cylindrical
resonatcys—see long abstract, 429 of 1935—to the
recent work in America). (2) Physical nature of
the internal waves and their differences from
external waves on wires: the various types of
internal waves, and the damping due to the tube
walls in the corresponding types of guide; the
role of the diclectric: dielectric losses. (3) Techni-
cal applications : the German work ol the writer
{the carlier work already cited ; the long recent
paper dealt with in 4276 of 1939 is not mentioned)
and of Borgnis (see 61, below : for later work see
3 below) is cited, together with Reber’s use of a
resonance chamber at the focus of a parabolic
reflector and his measurcments of the screening
powers of various materials (see 1340 & 1889 of
1939) and Southworth & King’s metal norns as
receivers (1888 of .1939). Practical difficulties in
the use of wave-guides for the carrying of energyv
are discussed in the last paragraph, such as those
due to irregularities and bends in the guides, par-
ticularly over long lengths. For short lengths,
as in aerial feeders, the theoretical promises should
be realised closely, except that it is difficult to
generate truly circular waves (such as are required
in order to gain the vanishingly low damping of
the H-type wave) in the decimetric band.

3. Tue ConceENTRIC ILINE AS RESONATOR [Analysis
applicable also to Propagation along Con-
centric Lines|.—Borgnis. (See 50.)

4. THE TrorosrHERE aND Rapro Waves [Effect
of Tropospheric Retlections on Broadcast-
Band and Ultra-Short Waves explained by

assuming Fairly Strong Reflection from
Inversion  ILayers at  1-10 km  Height :
Changing Cyclones & Anticyclones vary
Height & Reflecting Power of Inversion

Discontinuities : Occasional Great Increases
in Retlecting Power|.—R. C. Colwell.
(Proc. I.R.E., July 1940, Vol. :8, No. 7,
Pp- 299- 302.) )

For previous work sec 401 of 1938, 3034 & 3428
of 1939, and 7, 3725, & 3730 ol 1940. Tilton’s
u.s.w. results at his station on top of a mountain
are included. "It seems that at certain times
something takes place in the troposphere which
greatly increases the reflecting power of the in-
version layer ”’ : very strong inversion reflections
in America during the eclipse of 19th June 1936
(which was accompanied by an intense magnetic
storm) and the simultaneous * strange observation "’
of Pierucci in Italy (43, below) “ lend weight to the
assumption that certain magnetic storms on the
sun send out a radiation which can penetrate the
atmosphere even to the surface of the earth (or
at least causc electrical effects at the carth’s sur-
face).”

5. ULTRA-SIIORT-WAVE TRANSMISSION OVER A
39-MiLE ** OpTical ” PatH [and the Diurnal
& Seasonal Variations: Lffects of Changes
in Dielectric-Constant Gradient and of Air-
Mass-Boundary Reflections: etc.].—Eng-
land, Crawford, & Mumford. (Proc. I.R.E.,
Aug. 1940, Vol. 28, No. 8, pp. 360-369.) A
summary, under a different title, was dealt
with in 2864 of 1940.
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oF ULTRA-SHORT WavES
~IZ. Fendler.
1940, Vol

6. THE TRANSMISSION
THROUGH |ONOSPHERIC ACTION -
(Hochf:tech. u. Elek:akus, Aug.
56, No. 2, pp. 41—47.)

By “‘ ultra-short '’ waves the writer here indicates
waves below 12 m. The irregular transmission of
these waves over distances of 300-2000 km, and
sometimes (for the waves over 5m) much more,
is of great importance for ionospheric research.
But it is also very important in connection with
interference (thanks to the high field strengths
attained owing to the very low absorption) with
regular u.s.w. communication over quasi-optical
paths, such as in television and aircraft-beacon
working (a scale showing the 1938 Cairo allocations
is given in Fig. 1). The writer therefore sets him-
self to investigate the whole question of the con-
nection between these long-distance transmissions
and the time of day and year, sunspot, auroral, &
meteoric activity, and power used. His treatment
is based on German and U.S.A. results, chiefly on
wavelengths between 10.7m and 5m, given in
papers up to 1939, many under his own name.

He begins by considering the curves of Fig. 2
showing the E, F,, & F, retlecting heights for
vertical incidence (left-hand set) and oblique
(right-hand set), for various frequencies: unlike
the former, each of the latter curves is re-entrant
at its point of maximum usable frequency, *‘ from
which it follows that extremelv high frequencies
can often enjoy unweakened propagation to great
distances.”

Fig. 2 brings together, for 1933/8, the afternoon
means of the I', limiting frequencies for vertical
incidence (Burcau of Standards), the sunspot
numbers, and the times of day at which 1Tom
(shaded areas) and 7 m (black areas) waves could
be used on the Germany/U.S.A. service; it is
deduced that the 10 m wave was only serviceable
when the sunspot number excecded 50, and the
7 m wave only when the number exceeded 100:
the paper by Stoye & the writer (446 of 1937) is
her¢ referred to, the year of publication being
wrongly given as 1939. Stoye’s provisional solu-
tion postulating M and " E " solar regions
(Gerlands Beitr., 1937 : see also 1696 & 1697 of
1036 and 1737 of 1938) is linked to Waldmeier’s
work on the 5303 AU coronal line, which led him
to identify the long-sought-for sources of corpuscular
radiation with these regions of intense line-emission
(see 2167 of 1940). The period covered by Fig. 2
is the ascending portion of the sunspot cycle; in
the early part (1933/4) no 1om or 7 m reception
appears. Nor were any such signals received
(from overscas) in Germany during those years,
whereas Fig. 5 shows reception therc from the
southern hemisphere in 1935/8 (see 3451 of 1938) .
here the absorption during the southern summer
(December, January) comes in, so that the best
conditions are in spring and autumn. Fig. 6 shows
(curve ¢) the average course of the lower wave-
length limit for long-distance propagation through-
out the period 1933/8, ranging from 13 m to 7 m.
Curve 0 represents results due to abnormal-E
ionisation, and leads to scction 1v on this subject.

This section discusses the occasional strong
long-distance signals obtained when the critical
frequency of the K layer becomes, in places, greater
than that of the F, layer, owing presumably to the
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formation of ion clouds: usually in daytime in
summer, but sometimes at night and in winter.
Thus Fig. 7 shows good 10 m signals up to distances
of 2600 km over Europe cven in 1933, a ycar of
low solar activity when no overseas 10 m signals
were received (sce above); Fig. 8 shows 3m
communication over 500-2000 km in America in
1938, and Fig. g gives the relative behaviours of
the 5 m wave in America in 1938 (Pierce, 4214 of
1938) and the 10 m wave in Lurope in 1933, the
ordinates representing the number of contacts
established on a June day over the distances
represented by the abscissae.  ““ The absolute
dead zone [skip distance] is, in this example (which
can be taken as a very good average), about 300 km
less for the 5 m wave, and so is the maximum
range ; probably as a result of greater general
refraction of the sm wave in the troposphere.”
Up to the present no range over 2000 km has been
ohserved with a 5m wave; this suggests that
long-distance working of this wave is due to an
ion cloud whose diamecter does not in general
exceed 2000 km. The possible meteoric contribution
to the formation of such clouds is discussed ; thus
Hess has found a striking connection between
favourable u.s.w. working on 8-15th August in
1935/7 and the passage of the Perseid showers:
see also Skellett, Leithauser, 1752/3 of 1938. Other
writers have found a correlation factor of 0.5 with
thunderclouds.  Altogether, the abnormal-E layer
“seems to be produced by the combination of
several layers due to different types of radiation ' ;
whether it reflects the waves directly, or disperses
them so that they fall on the F layer very obliquely
and are then thrown back again through the ion
clouds, is not yet certain.

Section v deals with the relation between aurora
and u.s.w. propagation. Brilliant auroral displays
occurred in medium latitudes on 25th Jan. 1938
and on 24th Feb. 1939; on both occasions the
records show u.s.w. results typical of abnormal-E
jonisation, and not otherwise observable during
winter, but the relations were different on the
two occasions. Thus I'ig. 10 shows the sudden
appearance of 5m signals in Germany on 23rd
Jan. 1938, about 24 hours before the appearance
of the aurora; this may be interpreted by sup-
posing that a violent solar eruption (unobserved by
astrophysical observation) produced by its ultga-
violet radiation a strong concentration in the E
layer on 22nd/z3rd January, and that its slower
corpuscular radiation reached the earth’s ring
current on the 2sth, produced the aurora, and
caused immediate disturbances in the cosmic-ray
curve and magnetic curves (shown below in the
figure). On the other hand, the I'eb. 1939 aurora
and the effect on u.s.w. working occurred simul-
taneously. The behaviour of 10m and 5 m waves
on this occasion is illustrated in Fig. 11 (10 m, in
Germany) and Fig. 12 (5m, in North America,
occurring 6 hours laier) and is discussed in the
adjacent text. One interpretation is that the
localised zone of high ionisation took no part in
the earth’s rotation and was thus given an apparent
velocity from east to west so that it would reach
America in 6 hours. The section e¢nds with the
admission that the cause of the abnormal-I- tfonisa-
tion cannot vet be considered as decided : the
most hopeful method of investigation is the measure-
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ment of cosmic rays, but unluckily such systematic
observations have only recently been undertaken.
They have already established a correlation with
magnetic disturbances and with solar activity ;
the former correlation does not necessarily imply
the latter, since the cosmic-ray corpuscles are
influenced (like the auroral corpuscles) by the
magnetic field ; but the records have established
a close correlation with the solar eruptions which
can only be explained by supposing that certain
important components of the cosmic rays, whose
origin is not yet known, must also produce effects
on the sun.

Section v1 deals briefly with transmitter powers
and aerials. Amateur and experimental stations,
whose results form the chief basis of the paper,
work on powers from 10 to 100 watts (50 in Ger-
many) and often establish extremely satisfactory
long-distance contacts ; there is, however, a
critical value at about 30w below which the
number of good contacts falls off rapidly (IFig. 13).
Commercial services may use 1 kw, for greater
certainty, but a roo-fold increase above this brings
only a r1o-fold increase and is therefore of little
advantage. Tor overseas traffic a h.f. power of
about 30 w is quite satisfactory.

Although ultra-short waves lend themselves so
well to use with directive aerial svstems, the
advantages are rather illusory for long-distance
communication, for the reason that the waves
follow the most strongly ionised path and not
necessarily the shortest. Most of the stations here
concerned obtained their radiation sloping upwards
at about 20" by means of L-aerials of length 5 8.
If the angle is made much less than 20, good
overseas propagation may still be obtained and
simultaneously a slight audibility in the skip
region, becoming stronger as the radiation is made
flatter :  this is due to partially scattered and
thrown-back radiation (see Fendler, 2857 of 1937).

7. ITELD-STRENGTH SURVEY, 52.75 MEGACYCLES
FROM Esmpire STaTE BuiLpING [Sound
Channel of N.B.C. Television Transmitter :
Horizontal Polarisation].—G. S. Wickizer.
(Proc. I.R.E., July 1940, Vol. 28, No. 7,
PP 291-296.) lor previous work see 4281
of 1939 and 3285 of 1940.

8. A NOTE oN THE ORIGIN OF THE D LAYER

[Objections to O,-Photoionisation and Ozone

Hypotheses : the High Stability produced

by Forces of Inversion: D Laver as a

Result of the Settling of Dust-like Metallic

Particles of Meteoric Origin on Inversion

Level at 55 60 km: Support from Night-

Sky Spectrum, Magnetic, & Other Results :

Explanation of Dellinger Effectl.—S. Deb.

(Indiaw Journ. of Phys., April 1940, Vol. 14,

Part 2, pp. 89-92.)

9. Rapio Fapi-Outs AND THEIR ORIGIN [Survey,
leading to Comparison of Various Proposed
Alechanisms for Production, by Solar Erup-
tions, of Fade-Outs and the Accompanying
Increase of F-Region Height and Decrease in
Its Tonic Density] —J. N. Bhar. (Sci. &
Culture, Calcutta, Sept. 1940, Vol. 6, No. 3,

Pp. 150-157.)

January, 1941

The picture given of the ionosphere shows, as the
chief constituents, thoroughly mixed O, and N,
up to about r1ookm, with a transition region
0,—0O -+ O (the splitting being due to radiation
at and below 17350 AU) between 80 and 130 kmm,
and from there upwards a region of diffusive
equilibrium with chiefly N, and O. In the transition
region the T layer is formed at about 100 kin by
the absorption of radiation at and below 774 AL
by molecular oxygen ; lower, at about 55-60 km,
the oxygen molecules absorb, rather weakly,
radiation at and below 1010 AU and give rise to
the D layer (Mitra, Bhar, & Ghosh, 3429 of 1939).
The F region is formed in the region of difiusive
equilibrium by the atomic oxygen there absorbing
radiation at and below 660 AU.

‘It is evident that below the region L. between
60 and 100 km, both O, and O are present,” and
it has been suggested that the increase in D-layer
ionisation produced by the solar eruption, and
causing the fade-out, is due to L-x absorption by
the atomic oxygen (see Martyn & others, 6 of 1938 :
in the present paper there would appear to be a
mix-up in the footnote references). The writer,
however, thinks that in the relatively  cool
atmosphere of region D the collisions between
excited atoms would not have the violence nccessary
for the proposed mechanism, and also that atomic
oxygen cannot be suthciently abundant in that
region. Hc¢ considers it almost certain that the
constituent affected is O, and not O, and therefore
that the Lyman radiation responsible for the
increase in ionisation must be L-y (973 AU),
since I.-8 is just greater than 1010 AU. He adopts,
however, the idea that the L-x radiation is
responsible for the decrease in the ionic density
of the I' region and the increase in the height of
that region, through its dissociation of water-
vapour molecules and the conscquent raising of the
equilibrium temperature.

In the course of his survey the writer discusses
the difference between the ionised molecules result-
ing from the absorption, by oxygen molecules, of
the two radiations roro AU and ;74 AU, taken as
responsible for the D and E layers respectively :
the strong evidence in favour o!f the dvnamo
theory, as against the drift-current and diamagnetic
theories, furnished by the combined observations of
magnetic and wireless erfects during a fade-out :
and the explanation of the difficulties raised by the
fact that not all observed solar flares are accom-
panied by fade-outs and that fade-outs have been
reported which have had no corresponding solar
flares : " all radio fade-outs reported as such may
not be really so.” So {ar as the F region is con-
cerned, *‘ the decrease in ionisation occurs almost
simultaneously with every solar eruption 7 (whereas
fade-outs usually occur after the beginning of the
eruption—sometimes by as much as two hours).

10. WIirELESS TransmissioN aT Its BeST l'OUR
Days BEFORE AURORAL DispLay Bad for
about One Week after Display, at Its Worst
(for Short & I3roadcast Wavelengths) Two
Days after].—Stetson. (Seci. News Letter,
28th Sept. 1940, Vol. 38, No. 13, pp. 199
and 204.) See also 2886 of 1940.
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PHYSICAL AND ASTRONOMICAL INFORMATION
CONCERNING I’ARTICLES OF THE ORDER OF
MAGNITUDE OF THE WAVELENGTH OF LIGHT
[with Experimental Work and Deductions
concerning lilectro- & Magnetophotophoresis,
Polar Light & Magnetic-Storm Effects, etc.|.
—TF. Ehrenhaft. (Journ. Franklin Inst.,
Sept. 1940, Vol. 230, No. 3, pp. 381-393.)
See also 3623 of 1940, and 222, below.

. SoLar RaprartioN aND GEoMAaGNETISM [In-
tensity-Variations of Wave & Corpuscular
Radiations estimated by Their Geomagnetic
Effects : Ideas regarding Corpuscular Radia-

tion lead to Hypothetical Division of
Magnetic Storms into *“ Nascent-Stream " &
‘* Mature-Stream Types : ete.].—]J.

Bartels. (Terr. Mag. & Atmos. I:lec., Sept.
1940, Vol. 45, No. 3, pp. 339-343.)

PERIODICITIES IN SOLAR VARIATION REFLECTED
IN THE WEATHER [and Results in lLong-
Range Forecasting].—C. G. Abbot. (Nature,
26th Oct. 1940, YVol. 146, pp. 504-505.)
Cf. 4200 & 4201 of 1940.

Tur Turory oOf¥ THE FIRST PHASE OF A
GEOMAGNETIC STORM [based on Neutral
lonised Stream of Ions and Electrons from
Sun].—S. Chapman & V. C. A. Ferraro.
(Terr. Mag. & Atmos. Elec, Sept. 1940,
Vol. 45, No. 3, pp. 245—208.)

TuE MAGNETIC STORM OF MARCH 24TH, 1940
land the Disturbance of North American
PPower Circuits, Wireless & \Wire Communi-
cation: l<arth DPotential Gradients of
about 10 Volts/Mile : etc.]..—A. G. McNish.
(Terr. Mag. & Atmos. Elec, Sept. 1940,
Vol. 45, No. 3, pp. 359-304.)

GEOMAGNETIC T1pES 1IN HORIZONTAL INTENSITY
AT HuanNcavo : PPart I.—]. Bartels & H. F.
Johnston. (Tevr. Mug. & Atmnos. Elec,
Sept. 1940, Vol. 45, No. 3, pp. 269-308.)

GEOMAGNETIC TurREE-HOUR-RANGE INDICES
rFor THE YEARS 1938 AND 1939.—DBartcls,
Heck, & Johnston. (Terr. Mag. & Atinos.
Llec., Sept. 1940, Vol. 45, No. 3, pp. 309-337.)

MAGNETIC STorMmS [Popular Lecture]. —S. K.

Mitra. (Sci. & Culture, Calcutta, Aug. 1940,
Vol. 6, No. 2, pp. 70-74)

‘“ CANADIAN Porar YEarR  EXPEDITIONS,
1932/33 1 TERRESTRIAL MAGNETISM, EARTH-
CURRENTS, AURORA 1BorEaLIS: VorL. 27
[Book Review].——(Terr. Mag. & Albmos.
Llec., Sept. 1940, Vol. 45, No. 3, pp.
368-370.)

FinaL RELATIVE SUNSPOT-NUMBERS FOR 1939
AND MonTtHLY MEANS OF PROMINENCE
AREAS FOR 1931/1939.—W. Brunner. (Terr.
Mag. & Atmos. Ilec., Sept. 1940, Vol. 45,
No. 3, pp. 365-307.)

THE ACTIVE REGION OF THE SUN’S SURFACE
{has persisted for more than Seventy-Five
Years : Implications regarding Constitution
of Sunj.—F. Sanford. (Science, 4th Oct.
1940, Vol. 92, pp. 309-310.)
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22. ON THE DierLEcTrRIC CONSTANT OF AN IiLEC-
TRONIC MEuDIUM |Anode/Screen-Grid Space]
AT Mepium Rapro-IFreEQueNcy.—Khastgir
& Choudhury. (See 92.)

23. THE I’ROPAGATION OF LELECTROMAGNETIC
WavES IN AN JONISED MEDIUM AND THE
CarLcuLaTtioN oF THE TRUE HEIGHTS OF THE
JoNISED |.AVERS OF THE ATMOSPHERE.—
O. Rydbeck. (Phil. Mag., Oct. 1940, Vol. 30,
No. 201, pp. 282-203.)

“ The mechanical interpretation is only valid
when eqn. 3 [obtained irom the wave-equation for
propagation in absence of a magnetic field, eqn. 1]
is reducible to the Hamilton-]Jacobi equation for
the action function of a particle of energy Af/z
travelling in a force field with a potential cnergy V.
. Usually the encrgies of the exploring signals
used in ionospheric measurements are so high,
however, and the wavelengths become so small,
that one is quite justitied in assuming the mechanical
interpretation to hold up to the classical level of
reflection at vertical incidence, i.e. where V = Af/2"":
the error made by this assumption is examined
on p. 288 and found to be of the order of only A/8
and therefore negligible here.

When the potential energy is a function ol the
electronic density only, and a single-valued function
of the height, the relation of virtual height to
true height of reflection is given by eqn. 8, from
which (taking the case of the ordinary component
when the magnetic field is perpendicular to the
direction ol propagation) is obtained the Abelian-
type integral equation 9, and finally eqn. 11a:
the true height is thus given in the simple form of the
Schiomilch integral, where only the virtual height
as a function of the {requency is required to be
known. The true height is easily obtained with a
planimeter from the virtual-height curve projected
on an angular-frequency scale. The specimen
curves of Fig. 1 (I¥ region in evening) show how the
rapid increase of the measured virtual height near
the critical frequency contributes very little to the
integral, the computed true height increasing by
hardly 10% : even when the recorded virtual-height
line is a broad band (diffuse I° region) the true-
height variation computed is only 8-15%.

The solution can be used with an error less than
the experimental error for angles of the magnetic
field down to 75° instead of the go” assumed above.
A similar solution is found for observatories where
the angle is up to 20, such as Cambridge, Mass.
(Figs. 1—4 : these curves show that at around 370 km
the magnetic ficld has dropped to about o.49 oersted;
that in spite of the cnormous rise in virtual height
of the I, layer near the critical frequency, the maxi-
mum increase in true height is only 105 km; and
they confirm the beliel that the k, layer generally
is parabolic in nature). At other geographical
locations the errors introduced should be sus-
ceptible of estimation.

24. EARLY MORNING VARIATION OF JoNISATION
AND THE TRUE HuigHT oF REGION IY OF THE
TonospHERE [Calcutta Observations: Shift
of Hour of Pre-Sunrise Increase in Ionisation
towards Earlier Part of Night, in Winter,
and Absence of Increase with Approach oi
Summer Solstice, explained as Effects of
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Cooling : Ionisation Minimum always after
F-Layer Sunrise (Lag greatest in Summer,
when Heating Effect predominates more
over [Electron-Detachment Effect): True
Heights of I' Region (from P’, f Curves)
average about 100 km less than Virtual
Heights].—S. P. Ghosh.
Phys., April 1940, Vol. 14, Part 2, pp. 101—

107.)
25. MuLTI-FREQUENCY RECORDINGS OF RapIO-
WavE POLARISATION NEAR THE GEO-

MAGNETIC liguaTor [at Huancayo, Peru,
where Propagation with Wave-Normal per-
pendicular to Magnetic Field & to Iso-Ionic
Surfaces of Tonosphere is possible throughout
Wave-Path: 1935 Results (2902 of 1930)
confirmed and extended to I: Region].—
H. W. Wells. (Terr. Mag. & Atmos. Elec.,
Sept. 1940, Vol. 45, No. 3, pp. 353-358.)

20. PAPERS AT THE JoinT MEETING, [.LR.E. AnD
U.R.S.I. (AMERICAN SECTION), APRIL 1940.
—(Nature, sth Oct. 1940, Vol. 146, PP- 450—
451.)

27. CHARACTERISTICS OF THE IONOSPHERE AT
\WasHINGTON, D.C,, Mavy & JUNE 1940, WITH
PREDICTIONS FOR AUG. & SEPT. 1940.—
Gilliland & others. (Proc. I.R.E ., July 1940,

~ Vol. 28, No. 7, pp. 332-335.)

This monthly feature appears in the August issue
under a slightly different title, and prepared by
Kirby, Smith, & Gracely.

28. SHORT-WAVE RECEIVING CONDITIONS [and
Prospects for the Current Month].—Cable &
Wireless, Ltd. (Wireless World, Oct. & Nov.
1940, Vol. 46, Nos. 12 & 13, pp. 436 & 472.)

29. AMATEUR COOPERATION IN IONOSPHERIC AND
OTHER RESEARCH IN DPHILADELPHIA.
American Philosophical Society’s Committee.
(Science, 11th Oct. 1940, Vol. g2, pPp. 331
333.)

30. REFLECTION [of Light] AT ABSORBING MEDIA.
H. Littmann. (4un. der Physik, Ser. 5
No. 2, Vol. 38, 1940, PP- 139-152.)

" Observations with an Abbe refractometer show
that the light reflected by absorbing liquids no
longer conforms with the Fresnel formulae. A
strictly valid reflection formula is derived for
arbitrary angle ol incidence, index of refraction,
and absorption, and its connection with other
formulae 1s shown. The calculated course of
intensity is verified qualitatively by experiment.”
Westerdijk's work on inhomogeneous plane waves
(2177 of 1940) is mentioned.

31. THE TRANSMISSION OF INFRA-RED LIGHT BY
Foc.—J. A. Sanderson. (Journ. Opt. Soc.
-, Sept. 1940, Vol. 30, No. g, PP 405—409.)
-\ summary was dealt with in 3061 of 1940
contrast Smith & Hayes, 4519 of 1940.

32. ON THE THEORY OF PLANE DISTURBANCES IN
EFrictioNLiss Gases [and Liquids: Differ-
ence of I’ropagation from that of Electro-
magnetic Waves : Formation of Stationary
Waves—Position of Nodes independent of
Distortion & Wave-Amplitude: etc.]: PARrTs
1 & II.—K. Bechert. (dnn. der Physik,
Ser. 5, No. 2, Vol. 37, 1940, pp. 8y-123:
No. 1, Vol. 38, 1940, pp. 1-25.)

»
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33. THE PPROPAGATION OF ELECTROMAGNETIC
WAaVES aLoNG OrEN WIRE Lines.—V. L.
Kovalenkov. (Automatics & Telemechanics
[in Russian], No. 1, 1940, pp. 3-26.)

In a previous paper (3744 of 1940) equations were
derived determining the propagation of a wave
along an infinite line. Using these equations and
the laws of the reflection of waves at the ends of
the line, the following particular cases of a finite
line are discussed :—(1) The wave is totally reflected
at the end of the line; (2) the wave is partially
reflected at the end of the line; (3) the distant end
of the line is short circuited (earthed) ; and (4) the
distant end of the line is isolated. Ior each of the
above cases (with the exception of case 2, which will
be considered in detail in a separate paper) curves
are plotted showing the propagation and refiection
of the wave and the building up of the current and
voltage at various points of the line. A comparison
with experimental results shows that the method
proposed by the author gives an accurate picture
of the processes taking place on a line.

34. CERTAIN CONSEQUENCES ARISING FROM AN
ANALYSIS OF THE PROPAGATION OF ELECTRO-
MAGNETIC [INERGY ALONG THREE-I’HASE
SYMMETRICAL LiNgs.—V. A. Dyakov. (duto-
matics & Telemechanics [in Russianl, No. 1,
1940, PP. 39-40.) )

The conclusions reached in a previous paper
(3745 of 1940) regarding the propagation of a h.f.
electromagnetic wave along a 3-phase symmetrical
line are applied to the case of a line having =
symmetrically arranged conductors.

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

35. THE WAVE FORM OF ATMOSPHERICS AT NIGHT
[Johannesburg & Durban Observations with
C-R-Oscillographs provided with Automatic
Brilliancy Control and Anticipatory Leader
Triggering : Sources located and marked
automatically on Wave-IFForm Record : Re-
sults & Conclusions].—Schonland, ¥lder,
Hodges, Philips, & van Wyk. (Proc. Kov.
Soc., Ser. A, gth Oct. 1940, Vol. 176, No. 9635,
pp- 180-202.)

“It is here shown that the forms taken by all
atmospherics at night arise from a simple direct
pulse [ollowed by a series of ionospheric reflections
[30 being frequently recorded, and the height of the
reflecting layer being determinable within 4 1 km :

it ranged from 85.5 to go.5 km (winter) : reflection
coefficient over 0.80 for wave-forms around
200 pusec., 0.50 for pulses of shorter period].

“More recent work indicates that similar night
forms can be obtained in summer.”” ‘ Before our
night observations were analysed it was thought
from our day observations that the apparent
increase in the day value of % with distance was
real and it was suggested that it arose from a
reduction of % in the neighbourhood of the parent
thunderstorm [3063 of 1939]. The discovery of the
merging of ¢ and S, at night makes this hypothesis
unnecessary, and our day observations when
analysed anew give a value for 4 of about 60 km
irrespective of the distance travelled by the
atmospheric.” The velocitics of ground and sky
pulses are discussed, among other points.
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36. GENERAL  METEOROLOGICAL  ASPECTS OF
TruNDERsTORM ELECTRICITY [Discussion of
Simpson’s & Wilson’s Theories, and Their
Defects: the * Danger Zone " in Vicinity
of — 10° C Isotherm, and 13ergeron’s Theory
of Precipitation : lce Crystals play lissential
Roéle also in Generation of Thunderstorm
Electricity :  New DPicture of Idealised
Thundercloud].—H. R. Bvers. (Terr. Mag.
& Atmos. Elec., Sept. 1940, Vol. 43, No. 3,
PP. 345-350.)

37. LigHTNING STorMS : 1V [Evidence supporting
Writer’s Picture of Turbulence, and DC(luc-_

tions].—J]. I. Shipley. (Distribution of
Llectricity, Oct. 1940, Vol. 13, No. 140,
PP- 409-414.) For previous parts see

3337 of 1940.

38. CHANGES OF ATMOSPHERIC ELECTRIC ’OTENTIAL
GRADIENT DURING MoNsooN KRaINS 1IN
BomBay [Data suggesting that Monsoon
Clouds have Distribution of Charges similar
to That of Thunderstorm Clouds, with
Preponderance of Negative Charge near
Base].—A. R. Pillai. (Current Science,
Bangalore, Aug. 1940, Vol. 9, No. 8, pp.
363-366.)

39. TuE VARIATION OF SPARKING POTENTIAL WITH
INITIAL PHOTOELECTRIC CURRENT : PARrRT II
[More Rigorous Solution : Breakdown
probably initiated by Mid-Gap Streamers,
for the I.arger Photoelectric Currents].

J. M. Meek. (Proc. Phys. Soc., 1st Nov.
1940, Vol. 52, Part 6, pp. 822-827.) Further
development of the work dealt with in

3339 of 19.40.

40. " EINIGES UBER DIE BEZIEHUNGEN DER l'UNK-
GEOLOGIE ZUR DBLITZFORSCHUNG " [Some
Points on the Relations of Radio-Geological
Prospecting to l.ightning Research: Book
Review].—\V. Fritsch. (E.7.Z., 25th July

. 1940, Vol. 61, No. 30, p. 704.) The book is
a special expanded reprint from Geriands
Beitrdge.

4. THE PROBLEM OF THE RESISTANCE OF L.IGHT-
NING-ConDUcTOR EARTHS [including the
Desirability of testing Existing Earths by
the High-Frequency Method]—V. Fritsch.
(£.T.Z., 8th Aug. 1940, Vol. 61, No. 32,
PP- 739-741.) Thus “ an important fraction
of the German harvest is stored in granaries
whose conductors do not nearly conform to
modern requirements.”’  See also 42, below.

42. Tuneg MEeASUREMENT. oF [Lightning-Conductor]
EARTH RESISTANCES WITH HIGH-FREQUENCY
Test CURRENTS.—IFritsch. (See 158.)

43- A STRANGE OBSERVATION DURING A PARTIAL
EcLipse oF THE SUN [Enormous Increase
in Atmospheric Conductivity].—M. Pierucci.
(Nuovo Cimento, May 1939, Vol. 16, Fasc. 35,
PP- 225—228.)

The original observation was during the partial
(0.8 at Modena) eclipse of 19th June 1936, when an
electroscope discharged itself rapidly and had to be
continually re-charged, the time of discharge
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{alling, at the maximum of the eclipse, to under
12 seconds instead of the normal time (to which it
returned when the eclipse had passed) of many
minutes. The eclipse of 19th April 1939 was much
less complete (only o.1 at the same locality) and
the results were correspondingly small, the electro-
scope having to be charged only once: but the
sudden change in the discharge curve at the
beginning of the eclipse (Fig. 2) shows the re-
appearance of the phenomenon. The first eclipse
was at sunrise, the other at sunset, so that in both
cases the path through the atmosphere was at its
longest, and close to the ground. ‘It would be
very premature to suggest an interpretation ”’ of
the phenomenon : see Colwell, 4, above.

44. MEASUREMENT oF CosmIc RaYS AT AGRA AND
KopaikanNaL [including Negative Result of
Attempted Correlation between Mean Daily
Intensity and Sunspot Numbers & Flocculi
Figures] —A. K. Das & M. Salaruddin.
(Indian Journ. of Phkys., June 1940, Vol. .14,
Part 3, pp. 191-205.) But the data are
““very meagre for drawing any definite
conclusion ’’ [¢f. Fendler, 6, above].

45. Cosmic Rays AT HigH ALTITUDES [University
of Chicago's Recent Investigations: a True

Seasonal Effect ?].—W. P. Jesse. (Nature,
19th Oct. 1940, Vol. 146, p. 527.) See also
4206 of 1940.

46: FURTHER INVESTIGATIONS OF THE AIR Mass

ErFect oN Cosmic-Ray  INTENSITY.—
Loughridge & Gast. (Phys. Review, 1st Oct.
1940, Vol. 58, No. 7, pp. 583-585.)

47. ON THE FINE STRUCTURE PATTERN OF Cosic
Ravys ar Mexico Citv.—L. J. Schremp &
A. Bafios, Jr. (Phys. Review, 1st Oct. 1940,
Vol. 58, No. 7, pp. 662-603.) Using the
‘ cosmic-ray telescope ' described in a
previous paper.

48. CosyIc-RAY SHOWERS IN THE STRATOSPHERE
[Pilot-Balloon  Results with Quadruple
Coincidence Recorder: Difference between
Curves measures Magnitude of Hard Com-
ponent].-—E. Regener & A. Ehmert. (E.T.Z.,
1st Aug. 1940, Vol. 61, No. 31, pp. 723-
724 : summary only.)

49. “ THE METEoroLoGICAL GLOSSARY '’ [Book
Review].—NMeteorological Ottfice. (Journ.
Applied Phys., Sept. 1940, Vol. 11, No. o,
PP 568-509.)

PROPERTIES OF CIRCUITS

50. THE CONCENTRIC LINE AS RESONATOR.—
F. Borgnis. (Hochf:tech. u. Ilek:akus., Aug.
1940, Vol. 56, No. 2, pp. 47-54.)

‘A dielectric space completely shut in by a
metallic wrapping and containing, it may be, a
number of arbitrarily shaped conductors, represents
in the most general sense an electromagnetic
cavity. Such a cavity possesses a discrete infinite
series of electromagnetic resonance modes. The
lower limit of this series of resonance frequencies
(1.e. the resonance mode with the lowest natural
frequency or longest natural wavelength) is entitled
the fundamental oscillation.

<
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““ From this standpoint, a concentric tubular line
closed at each end by a flat surface represents a
cavity which will possess the above attributes.
Such coaxial conductors, having an axial length
equal to a half-wavelength or a multiple of this,
have been used extensively as resonators for
decimetric waves. The mode of oscillation
employed in such a half-wave line short-circuited
at both ends has been the Lecher-wire type; the
radial electric field E, and the circular magnetic
field Hg are distributed sinusoidally along the
axis (Iig. 1). These oscillations, however, represent
only one among the infinitely many possible
oscillation modes of this special cavity. The out-
standing prominence attained hitherto by the
Lecher-wire mode is due to the fact that the
corresponding resonance frequency is determined
only by the axial length of the system and not
by its radial dimensions. In all other possible
oscillation modes the radial dimensions play their
part in determining the resonance wavelengths;
but these modes only make their appearance when
the resonance wavelengths are comparable with the
radial dimensions. In the decimetric-wave region
the radial dimensions were generally much smaller
than the longitudinal, so that no oscillation modes
other than the Iecher-wire type presented
themselves.

‘“ Now, however, that still shorter waves are
worked with, the remaining possible modes of
oscillation must be considered, not only in order
that their unwanted appearance may be suppressed
by suitable precautions, but also so that use may
be made of them in place of the l.echer-wire-type
oscillations.  The f{following investigations give
information on the possible free oscillation modes of
the special cavity resonator formed by a coaxial
line closed at both ends by tlat conducting plates ;
see also Buchholz [1301 of 1940].”" The Lecher-
wire mode is assumed as being known in detail :
the damping d, taking into account the losses in
the end-plates, for the case of copper/air is given
by eqn. 1. For #,/r; — 3.61 the term

(1 + 7y/r,)/log, 7a/ry
is a minimum, and so long as the value 2/ (= 4/A)
can be neglected in comparison with the first term
in the brackets of eqn. 1, this ratio of radii repre-
sents the one for minimum damping.

The whole series of possible oscillation modes of
the cavity with cylindrical symmetry can be
divided into two groups: the group of the electric
(£) type which has, in the direction of the cylinder
axis, an electric field component only, and the
magnetic (//) type which has in the axial direction
only a magnetic component. The Lecher-wire
type stands outside both groups, having in the
axial direction neither an electric nor a magnetic
component ; also its existence, unlike that of any
of the other modes, is bound up with the presence
of a finite inner conductor (r; not equal to zero).

The general solution of the cylindrically sym-

metrical oscillation régimes is taken from the
writer's previous paper (3374 of 1939). Of the

various roots of the equations 12 & 13, those of
most practical importance are the two correspond-
ing to the fundamental electric type (Eg,) and
the fundamental magnetic type (H,,,). The first
of these (corresponding to m — 0, # — 0 in eqn. 2)
is dealt with in section 3; this mode has already
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been investigated in detail, for the special case of
a vanishing inner conductor (¥, = o), in a previous
paper (see 9o5 of 1940); the more general case is
here considered. Iig. 2 shows the course of the
natural wavelength for a fixed outer radius 7, as
a function of a == 7,/rs, as the radius of the
internal conductor is increased from o to 7,:
actually what is plotted is not A but A/r,. The
resonance wavelength decreases steadily as 7,
increases, tending towards zero as #; approaches
ry, when in the himiting case the oscillation mode
approximates to that between two parallel infinite
planes. \When a—-1, eqn. 21 is obtained, namely
Alrg 2(1 — a); actually, as Fig. 2 shows, for
values of a > 0.5 the half wavelength may be
taken in practice as about equal to the gap between
the conductors, 7y — #;. The behaviour when
a-—o0 is interesting, for the solution of eqn. 17
shows that then the natural wave of the cavity
without any internal conductor is not altered by
the introduction of an infinitely thin internal con-
ductor, although such an introduction would
presumably bring down the electric field along the
axis, hitherto (in the ‘‘empty’ cavity) at its
maximum, to zero, and would thus alter the
distribution of the electric field. The physical
explanation of this apparent anomaly is that the
infinitely thin conductor would affect the field
distribution only in its very nearest neighbourhood,
its introduction producing only an infinitely small
disturbance of energy. Results of a more exact
examination of the solutions of eqn. 17 are dis-
cussed and illustrated (I‘igs. 3—5) ; 1t is found that
even when a is as small as 0.02 the introduction of
the inner conductor reduces the wavelength of the
previously ‘““empty’” cavity by about 189.
Section 3 ends with an analysis of the damping of
the cylindrical cavity, without and with an internal
conductor, for the fundamental electric oscillation,
and with a comparison of this damping with that
of the Lecher-wire type of oscillation.

Section 4 deals similarly with the fundamental
oscillation of the magnetic type (Hyy;, with
m I, n 1). It is the longest natural wave,
next to the l.echer-wire type, of which the con-
centric line is capable: its length is given by
eqn. 33. For a fixed outer radius v, and an in-
creasing ratio of 7,/ry this wavelength increases
steadily (top curve of IYig. 8} and in the limit, when
the gap between the two conductors disappears, it
reaches the value of the circumference of the outer
conductor (on the assumption of an infinite length
for the concentric line: the influence of the finite
length of the line in reducing the wavelength is
seen in eqn. 33). It is obvious, therefore, that
the Lecher-wire oscillation is the only one to which
the cavity is capable of resonating, so long as the
wavelength exceeds the circumference of the outer
conductor.

Section 5 deals briefly with waves of the magnetic
type Hy;; and the electric type E;;,. both given
by eqn. 37 and Fig. 12, and both shorter than the
two types just considered. Finally, section 6 in
a few lines points out that ' the results thus
obtained for the cavity formed by two concentric
tubular conductors can be suitably applied to the
propagation of electromagnetic waves along con-
centric-tube lines. Thus Figs. 2, 8, & 12 also
represent the ratio betwcen limiting wavelength
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and outer-conductor radius, as a function of the
radii-ratio a — r,/ry, for the corresponding wave-
types in such concentric lines.”

51. ON THE NATURE OF NEGATIVE RESISTANCES
AND NEGATIVE-RESISTANCE SECTIONS [Ex-
perimental Studies of Stability, Value &
Character of Impedance, Linearity, and
Phase-Distortion in Negative Resistances of
Dynatron, Transitron, & VFeedback Types
(I'requency Range o.5kc/s to 1.0 Mc/fs):
Properties ol Symmetrical Sections formed
from Positive & Negative Resistances or
Negative Resistances only].—S. P. Chak-
ravarti. (Phil. Mag., Oct. 1940, Vol. 30,
No. 201, pp. 294-311.) Ior an erratum on
p. 209 see November issue, inside back
cover.

52. IELECTRIC OSCILLATIONS AND SURGES IN SUB-
DIVIDED WINDINGS [Analvsis|.—R. Ruden-
berg.  (Journ. Applied Phys., Oct. 1940,
Vol. 11, No. 10, pp. 665-680.)

53. Tue MutuaL InpUCTANCE oF Two CIRCLES :
A PROBLEM IN APPROXIMATION |Determina-
tion of Dominant Part in Function when
Difference between Radii is Small].—E. H.
Neville.  (Phil. Mag., Oct. 1940, Vol. 30,
No. zo1, p. 340.)

54. INpDUcTANCE OF Horrow REecTaxguULar Cox-
DUcTORS [Complete Expression for Induct-
ance per Unit Length of Two Parallel
Conductors, One the Return for the Other,
Cross Sections being Hollow Rectangles
symmetrically placed with respect to One
Another].—T. J. Higgins. (Journ. Franklin
Inst., Sept. 1940, Vol. 230, No. 3, pp. 375—
380.) As used in bus-bars, etc.

55. TRANSVERSAL FILTERS
ventional Resonance Filter
Spectroscope differs from a Prism Spec-
troscope : particularly suitable for Tele-
vision, owing to Absence of Distortion :
Series of Matched Delay Cable Sections with
Terminating Resistance, Signals being de-
rived as Sums or Differences (obtained by
Special External-LElectrode or Cathode-Ray
Type Devices) of Voltages tapped off at
Points along Cable].—H. k. Kallmann.
(Proc. I.R.I-., July 1940, Vol. 28, No. 7,
pp. 302-310.)

In the " multiple echo’” type, corresponding
to a single or a few pairs of tappings, no special
clectronic devices are required. The paper includes
the design of *‘ condensed cables ”’ avoiding the use
of cumnbersome coiled-up sections of actual cables.

56. NEw ELEcTrICAL DELAY
NETWORK.—H. M. (Bell Lab.

[differing from Con-
as a Grating

VOICE-FREQUENCY
Thomson.

Record, Sept. 1940, Vol. 19, No. 1, pp.
15-13.)
57. THE Matrix THEORY oOF Four-TERMINAL

NETWORKS [including Application to General
Artificial f.ine, Smooth Line, & General
Ladder Structure : replacing More Complex
Usual Methods of Differential & Ditference
Equations, Continued Fractions, & Con-
tinuants].—L. A. Pipes. (Phil.  Mag.,
Nov. 1940, Vol. 30, No. 202, pp. 370-395.)
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58. A MATRIX GENERALISATION OF HEAVISIDE’s
Expansion Turorewm [Derivation of General
lixpression for Currents in n-Mesh Linear
Bilateral Network, taking into account
Initial Charges & Currents and Application
of Arbitrary E.M.Fs. at £ = o (unlike Con-
ventional Form)].—L. A. Pipes. (fourn.
Franklin Inst., Oct. 1940, Vol. 230, No. 4,
PP- 483-499.)

59. PROPERTIES oF THE WITCI! OF AGNESI: APPLI-
CATION TO FITTING THE SHAPES OF SPECTRAL
Lines  [Plane Curve y = ha?/(a® + #7),
approximating also to Power dissipated in
Sharply-Tuned Resonant Circuits].—R. C.
Spencer.  (Journ. Opt. Soc. Ani., Sept. 1940,
Vol. 30, No. 9, pp. 415-419.)

60. METHOD 0oF CALCULATING THE CURRENT HaR-
MONICS IN RECTIFIER OR CONVERTER CIk-
cuits [Failure of Usual Difterential-Equation
Procedure to give Nature & Strength of
Harmonics : Method based on * Ilictive
E.M.F.”, and independent of Lags due to
Grid Control, etc.]—P. Werners. (drch. f.
Llektrotech., June 1940, Vol. 34, No. 6, pp.
383-396: E.T.Z., 8th Aug. 1940, Vol. 01,
No. 32, p. 745 —summary only.)

TRANSMISSION

61. ELEcTrOMAGNETIC  Horrow-Srace  [Cavity]
REsoNaTORS IN SHORT-Wave TECHNIQUE
[in Transmitting & Receiving Circuits, etc.].
—F. Borgnis. (E.T.Z., Vol. 61, 1940, p.
461 onwards.) Mentioned in Schriever’s
paper (2, above) : for previous work see 905
of 1940 and back reference, and for a later
paper see 50, above.

62. THE ULTRA-SHORT-WAVE GENERATOR WITH
PHASE-FocUsinGg (KLYSTRON).—Ludi. (Hochf:
tech. w. Llek:akus., Aug. 1940, Vol. 56, No. 2,
pp- 60-62) Long illustrated summary of
the paper dealt with in 3777 of 1940.

63. Low-l.oss HorLow-Space Circurtrs ForR OsciL-
LATION GENERATION IN THE DECIMETRIC-
WavE REGION BY VELOCITY MODULATION —
R. H. Varian. (E.T.7., 1st Aug. 1940, Vol.
61, No. 31, p. 722.) Summary of the sccond
paper dealt with in 2773 of 1939.

64. PropucTiON oF ULTRA-HIGH-FREQUENCY
Rapro Waves BY ELECTRONIC OSCILLATIONS
[in Positive-Grid Triodes].-S. S. Banerjce
& A.S. Rao. (Indian fourn. of Phys., April
1940, Vol. 14, Part 2, pp. 93-100.) A pre-
liminary account was dealt with in 4350
of 1939.

65. Parasiric ELncTRONIC OSCILLATIONS AND
CouPLING FREQUENCIES IN A POowER TUBE

[Type RK-38 Triode].—King. (See 91.)
66. A FREQUENCY-MODULATION VONITORING
SysTEM [with Analytical Discussion &

Computed Charts of Spectra produced by
F.M. Waves].—Pieracci. (See 220.)

67. BETTER CovERaGE [Tests of Comparative
Eftectiveness of Frequency-Modulated and
Amplitude-Modulated Transmitters].—Weir.
(See 219.)
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68. SYNCHRONISED FREQUENCY - MODULATION
TraNsMITTER [Western Electric Type 503A-1
rooo-\Watt].—W. H. Doherty. (Bell Lab.
Record, Sept. 1940, Vol. 1g, No. 1, pp. 21-25.)
See also 4246 of 1940.

69. FounpaTtions or [Amplitude] MODULATION BY
VARIABLE LoAD CIRCUIT (A BSORPTION MoDU-
LATION) AND 1TS APPLICATION TO DECIMETRIC

Waves.—K. Lamberts.  (Hochf.tech. u.
Elek:akus., July 1940, Vol. 56, No. 1,
pp. 1-13.)

Author's summary ' The work deals with a
modulation method by which the modulation of
the h.{. amplitude is obtained by a variable load
circuit. The method is suitable {for the modulation
of h.1. generators of all types so long as they produce
sinusoidal alternating voltages. With the help of a
simple resistance equivalent-circuit the conditions
to be observed in the modulating resistance are
determined. Diodesareemploved asthe modulating
element, their resistance being variable by the
modulating voltage over the necessary range with-
out the expenditure of power. The variable h.f.
resistance which the diode represents for the
oscillatory circuit is calculated, with the aid of the
current-flow angle, under simplifying assumptions,
and the course of the modulation characteristic is
determined by the use of an equivalent circuit for
the oscillatory circuit. The modulation method is
investigated experimentally on a transmitter in the
broadcast band, and good agreement is obtained
between the calculated and measured values.

“In the decimetric-wave region a Lecher-wire
[or concentric-tube] system takes the place of the
quasi-stationary circuit. The use of the line
equations shows that a modulation of the radiated
energy, for constant generator voltage, is possible
if the modulating resistance is arranged at the
voltage nodes of the line. To detect the frequency
variatiohs introduced by the modulation, a
measuring method [Fig. 10] is developed on the
heterodyne principle. The influence of temperature
on the frequency of a back-coupled decimetric-
wave transmitter is treated briefly.
development of load modulation in the decimetric-
wave region is gone into thoroughly. The com-
parison of load modulation with other known
modulation methods, on a back-coupled trans-
mitter, a magnetron, and a Barkhausen-Kurz
generator, shows the superiority of the load-
modulation method as regards linearity of charac-
teristic, depth of modulation, and {requency
changes.

‘ During the carrying-out of these researches, a
paper by DParker [4447 ol 1938] appeared on a
modulation method for television transmitters
which in its fundamentals agrees with the modula-
tion method here described with simple load
circuit in a non-quasi-stationary system. The
results established in Parker’s paper for the power
relationships correspond to the curves given by me
in Fig. 4 for the general case.”

Fig. 18 shows the application of the ‘' load
modulation "’ method to a decimetric-wave trans-
mitter with a parallel-wire (telescopic) system whose
ends carry a dipole. The absorbing resistance is
given an infinitely high value by a suitable bias
and is slid along the parallel wires until it reaches
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its optimum position near a potential node : owing
to the capacity of the absorbing organ the resonance
length of the parallel-wire system is slightly below
A2, The distance between the dipole and the
modulation resistance, and the coupling between
generator and Lecher-wire system, are adjusted till
maximum signals are obtained in a local crystal-
receiver circuit. For reasons of symmetry the
modulating resistance is formed from two diodes
in series, each taking half the voltage between the
tapping-points on the Lecher system. Iilament
and modulating voltages are brought in over
choking coils. The whole apparatus is mounted
on an aluminium plate which serves as a reference
plance as regards capacity eftects, and screening is
provided so that the test receiver is attected only
by the dipole radiation; otherwise erroneous
resuits on the modulation range would be obtained.
In plotting the modulation characteristic the
necessary changes in the d.c. modulating voltage
are carried out through a relay to avoid capacitive
eltects by the operator’s body.

Figs. 19 & 20 show comparisons between anode-
voltage modulation and load-modulation for a
back-coupled transmitter, Iigs. 21, 22 & 23, 24
similar comparisons for a magnetron, the first pair
showing the limitations of anode-voltage modula-
tion; Fig. 25 shows the same for magnetic-field
modulation of a magnetron compared with load-
modulation (at full modulation by the latter method
marked ettects on the frequency are, however, liable
to occur under certain conditions of magnetic field).
The tinal figures compare load-modulation with
anode-voltage and grid-voltage modulation for a
B-K generator. It is mentioned that simultaneous
modulation of grid and retarding-field voltages will
give an approximately frequency-stable modulation
over a limited range.

70. THE Numans OsciLLaToR: NEeEw STYLE
[Advantages of Mazda AC/SP1 for Transi-
tron Circuit, including Wide Frequency
Range up to & over 12 Mc/s].—T. J. Rehfish :
Cocking. (Wireless World, Oct.. 1940, Vol. 40,
No. 12, p. 442.) Prompted by Cocking's
article (3792 of 1940.)

71. THICKNESS VIBRATIONS OF PIEZOELECTRICALLY
Excitep  CrystaL PraTes.-—Bechmann.
(See 150.)

RECEPTION

72. ELECTROMAGNETIC CAvITY RESONATORS IN
SHORT-WAVE TECHNIQUE [in Transmitting
& Receiving Circuits, etc.].—Borgnis. (See
61.)

73. AN ULTRA-HIGH-FREQUENCY SUPERHETERO-
DYNE RECEIVER FOR DIRECTION IINDING
fon 1.67m Waves from Radio Sonde].
L.C.L. Yuan & C. E. Miller. (Review Scient.
Instr., Sept. 1940, Vol. 11, No. 9, pp.
273-276.)

Primarily for the work dealt with in 3752 of 1940
and back reference. Super-regenerative receivers
are not suitable for this purpose owing to their
automatic-volume-control action, and the ordinary
superheterodyne receiver has a band-width in the
i.f. amplifier which is too narrow to allow for the
slight changes in the signal or heterodvne-oscillator
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resulting from temperature variations, ctc. The
present receiver has an i.f. circuit with a constant
gain of 110000 over a 110 kc/s band. The over-
all input/output curve of the receiver can be made
very steep (llig. 4, curve “D”), which is very
desirable for d.1. by a null-point method.

74. THE INVERSION PHENOMENA IN CRYSTAL
DirTEcTorRs AT ULTrRA-HIiGH FREQUENCIES
[in Lecher-Wire Measurements].—Shinyan-
ski. (See 147.)

75. SHORT-WAVE INTERVALVE COUPLINGS ;| ADVAN-
TAGES OF A MoDIFIED TUNED-ANODE CIRCUIT
[Difficulties due to Unwanted Circuit-
Capacities : Use of Circuit equivalent to
Auto-Transformer with Capacitive instead
of Inductive Tapping-Point].—W.T.Cocking.
(Wireless World, Oct. 1940, Vol. 46, No. 12,
PP 424-420.)

76. SHORT-WAVE RECEIVING CoxpITIONS [and
Prospects for the Current Month].—Cable &

Wireless, Ltd. (Wireless World, Oct. &
Nov. 1940, Vol. 46, Nos. 12 & 13, pp.
1360 & 472.)

77 REDUCING INTERFERENCE : METHODS APPLIC-
ABLE TO THE RECEIVER [lnvestigation of
Course of Transient through Receiver, and
the Limitations of Simple * Hole-I’unching ”’
Devices : Use of Auxiliary Parallel Amplifier
to provide Correctly-Timed Blocking Pulses :
Successful Modification of the de Monge
Auxiliary-Aerial System]—R. I. Kinross.
(Wireless World, Oct. & Nov. 1940, Vol. 40,
Nos. 12 & 13, pp. 432436 & 469-470.)

Continued from 3816 of 1940. I'or de Monge’s

arrangement see 99 & 1857 of 1938.

78. Noist LIMITER : SATURATING DETEcTOR CIr-
cuit [Triode used as Detector, with Grid
controlled by Signal and Anode/Cathode
Path operating as Diode].—R.C.A. Labora-
tories. (Wireless World, Oct. 1940, Vol. 46,
No. 12, p. 427).

79. REGULATIONS FOR THE HIGH-FREQUENCY [In-
terference] SUPPRESSION OF ISLECTRICAL
MACHINERY AND APPARATUS OF NOMINAL
Powkrs ur to 500 \WarTs [with Table of
Minimum Values for Various Types of
Machine, etc.].—Verband Deutscher Lilektro-
techniker. (E.T.Z., 15th Aug. 1940, Vol. 61,
No. 33, pp. 759-760.) See also p. 707.

30. COMPULSORY  INTERFERENCE SUPPRESSION
[Editorial Comment].—(Wireless World, Oct.
1940, Vol. 46, No. 12, p. 415.)

“If a law covering this matter had been already
in force, it is likely that the present restrictions
would have been unnecessary, or at least that they
would have imposed very much less hardship on
private users of h.f. apparatus. . . .”

81. " D1 WARTUNG DER ELEKTRISCHEN I'LUGZEUG-
AUSRUSTUNG "’ [Care of FKlectrical Installa-
tion on Aircraft, including Interference-
Suppression : Book  Review].—Klinker.
(£.T.Z., 25th July 1940, Vol. 61, No. 30,
Pp. 703-70.4.)
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82. TesT REPORT: ARMSTRONG MODEL EXI48
ffor Export & Home Marketsl.—(Wireless
World, Oct. 1940, Vol. 46, No. 12, pp.
430-431.)

83. ‘" AcTivi SErvIck 7 TrRaNsrorTaBLE [Car Radio
Receiver in Wooden Case carrying Car
Battery & Telescopic  Aerial].—Delco-
Philco.  (Wireless World, Oct. 1940, Vol. 46,
No. 12, p. 439.) Cf. 1004 of 1940.

AERIALS AND AERIAL SYSTEMS

84. CALCULATION OF THE RADIATION PROPERTIES
or HoLLow P1pes AND HorNs [Analysis using
Vector Kirchhoff l'ormula).—L. J. Chu.
(Journ. Applied Phys., Sept. 1940, Vol. 17,
No. 9, pp. 603-610.) Supplying the mathe-
matical discussion of the curves given in the
Chu & Barrow paper (3944 of 1939). For
the sectoral horn see 1446 of 1939.

85. AERIAL REFLECTORS : SOME MEASUREMENTS
o~ THEIR EFFECTS [particularly in Reception
of Ultra-Short-Wave Transmissions].—E. L.
Gardiner. (Wireless World, Oct. 1940,
Vol. 46, No. 12, pp. 419-423.)

86. PRINCIPLE OF THE PaPER-TUBE ‘ TICKLER '
(UNCURLING WHEN Browx OUT) APPLIED
TO COLLAPSIBLE AERIAL FOR CARS, ETC.—
(Sci. News Letter, 28th Sept. 1940, Vol. 38,
No. 13, p. 201.)

87. THE MeAasUREMENT oF [Lightning-Conductor]
IFARTH RESISTANCES WITH HiGH-FREQUENCY
Test CURRENTS.—Tritsch.  (Sec 158.)

VALVES AND THERMIONICS

88. VELOCITY-MODULATED Transit-TiME VALVES
[Survey].—I. Doring & L. Mayer. ([5.T.Z.,
25th July & 1st Aug. 1940, Vol. 61, Nos. 30

& 31, pp. 685600 & 713-715.) .
The concept of velocity modulation : conversion
ot velocity modulation into an clectron-density
modulation (phase-focusing : mathematical rela-

tions). Theoretical design of a velocity-modulated
valve, and energy considerations :  difference

between maximum  theoretical cfficiency of the
“ Heil chamber ” device, where the voltage at the
modulating organ is necessarily identical with that
at the " coupling-out "’ (*‘ catcher ') organ and the
two fields are opposed in phase, and those devices
where the choice of voltage and phase relations is.
iree : the respective figures arc 35% and 589%
(Geiger's  paper—2950 of 1940—is cited here).
Practical forms: the Klystron and the Hahn-
Metcalf amplifier : advantages and applications of
the new devices (including aircraft landing beams,
replacement of coaxial-cable links for television by
horn-radiation automatic relay stations, and
medical uses : Hollmann’s article—2222 of 1940—,
1s quoted in this last connection). Present diffi-
culties (such as the necessity, in the blind-landingﬂ
system mentioned, of having to keep the Klystron
continually on the vacuum pump) will no doubt
be gradually eliminated.

D
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89. THE ULIRA-SHORT-WAVE GENERATOR
Prase-Focusing (Kystron).—Lidi.
62.)

WITH
(See

90. THE OPERATION OF EricTRON TUBES AT HigH
FREQUENCIES [I-300 Mc/s : Survey of
Previous Literature, and Experimental
Checking of Theoretical Results with Diodes,
Triodes, Pentodes, & Hexodes : Production
of Negative Resistance by the Induced
Current :  ‘‘ Current-Distribution ** Control :
Disappearance of Virtual Cathode at Certain
Plate Current, & Its Results: etc.].—H.
Rothe. (Proc. 1.R.E., July 1940, Vol. 28,
No. 7, pp- 324-331.) i

The German version was dealt with in 2574 of

1937 : for allied papers see 2575/7 and (for later

work) 4023/4 of same year.

91. ParasiTic ELECTRONIC OSCILLATIONS AND
CourLING FREQUENCIES IN A Power TUBE
{Type RK-38 Triode with 100 Watts Plate
Dissipation & Four-Wire Filament: Curves
show Two Distinct Simultaneous Primary
Frequencies, Each of which may be replaced
{near Resonance) by Two Coupling Fre-
quencies : Interpretation in Terms of Doubly-
Resonant  Space-Charge Region and  of
Coupled-Circuit Theory : Wavelengths 50
250 cm, Great Intensities]. —R. King.
(Journ. Applied Phys., Sept. 1940, Vol. 11,
No. g, pp. 615-620.)

g2. ON THE DIELECTRIC CONSTANT OF AN LLEC-
TRONIC MEDIUM [Anode/Screen-Grid Space]
AT MepruMm  Rapio-FREQUENCY.—S. R.
Khastgir & C. Choudhury. (Indian [ourn.
of Phys., June 1940, Vol. 14, Part 3, pp.
213-229.)

Iixtension of the ultra-high-frequency investiga-
tions dealt with in 2055 of 1937 and 456 of 1940
to much lower frequencies: Prasad & Verma's
results at such frequencies (408 of 1938 & back
reference) * were vitiated by the fact that in
determining the d.c. of the electronic medium the
effect of the conductivity of the medium was
not considered at all.” A multiplying factor
w = A/A.f{t) was introduced into the Lorentz
formula to obtain the effect of the time of stay of
the clectrons in the inter-electrode space. Keeping
current and transit-time constant and changing
the wavelength, ‘‘ the effective d.c. was found to
decrease strictly proportionately with the [in-
creasing] square of the wavelength. In order to
fit in with the Lorentz formula (after introducing
the factor u) it was concluded that the transit-time
{factor p must be independent of the wavelength.
The constant A should therefore vary directly as
the wavelength.”  With fixed thermionic current
and wavelength, the change of capacity on filling
the inter-clectrode space with clectrons increased
steadily with the increase of the transit-time of the
clectrons. ‘* This meant that the effective dielectric
constant . . . decreased steadily with the increase
of the transit-time. It is therefore concluded that
the multiplying factor p depends only on the
transit-time.”
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93. HiGH-FREQUENCY DMEASUREMENTS OF THE
AMPLIFICATION FACTOR AND INTERNAL KRE-
SISTANCE OF A THERMIONIC VAaLvE—M. K.
Rao. (Indian Journ. of Phys., June 1940,
Vol. 14, Part 3, pp. 247-252.)

Joshi & Saxena (2776 of 1038 : the date given in
the present footnote is incorrect) and Mitra & Sil
(1032 Abstracts, p. 463) have already dealt with
the subject : the present paper gives results with a
Telefunken RE 134 and a Philips B 406 (the latter
for R, only, without any voltage on the plate).
For the former valve, p increased steadily up to
about 1600 kc/s and then decreased, perhaps
because at the higher frequencies the ‘' non-
inductive ” resistance used in the modified Miller
bridge could not be considered non-inductive.
The internal resistances (by the detuning method)
of both valves diminished at first with increasing
frequency and then increased steadily. For the
Telefunken valve the minimum was at about
1600 ke/s (mis-printed as 600 ke/s), that is at the
frequency where p has been found to be greatest.

04. THE PROPER ALGEBRAIC SIGN FOR THE TRANS-
CONDUCTANCE OF VALVES [Proposal to alter
Definition so that Transconductance of
Conventional Triode would become Nega-
tive : Denunciation].—H. A. Wheeler: B. J.
Thompson. (Proc. I.R.E., Aug. 1940, Vol
28, No. 8, pp. 385-386.) Further opinions
are invited.

05. SECONDARY EMIssioN FrRoMm FiLms oF PLATI-
NUM oN ALUMINIUM [Direct Proportionality
between Primary Inergy (up to 8ooeV)
and Max. Depth from which the Secondary
Electrons come : etc.].—P. L. Copeland.
(Phys. Review, 1st Oct. 1940, Vol. 58, No. 7,
pp. 604-607.) Comparison with Hasting's
results (2595 of 1940) ; Wooldridge's picture
(147 of 1940) is also discussed.

96. THE RELATIVE SECONDARY LELECTRON EMISSION
pUE TO He, Ne, AND A IONS BOMBARDING
A Hot NickeL TARGET.—M. Healea & C.
Houtermans. (Phys. Review, 1st Oct. 1940,
Vol. 58, No. 7, pp. 6o8-610.}

97. SECONDARY LEMISs1oN AND ELECTRON DIFFRAC-
TION ON THE GLASS SURFACE {Difficulty due
to Charging-Up of Surface obviated by pro-
jecting Second Beam (of Low-Velocity
Electrons) and adjusting till Resultant
S.E2.  Factor is Zero]—H. Kamogawa.
(Phys. Review, 15t Oct. 1940, Vol. 58, No. 7,
p. 660.) See Salow, 1881 of 1940: the
present letter wrongly refers to Zeitschr. f.
Phys.

8. DESIGN AND PERFORMANCE OF AN LLECTRON-
DirrractioN CaMera [for Study of Photo-
and Secondary-LElectron Emissive Surfaces].
—J. E. Ruedy. (Review Scient. Instr,
Sept. 1940, Vol. 11, No. 9, pp. 292-295.)
A summary was referred to in 3429 of 1040.

99. TEMPERATURE DEPENDENCE OF THE WORK
FuncTioN oOF TUNGSTEN FROM MEASURE-
MENT oOF CONTACT POTENTIALS BY THE
KeLviNn Mernop.—J. G. Dotter. (Phys.
Review, 1st Oct. 1940, Vol. 58, No. 7, pp.
623-632.)
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‘““ The coefficient obtained resolves the dis-
crepancy between the experimental value of A
in the Riehardson equation and the theoretical
factor of 120 without the introduction of a reflection
coefhicient.”

100. THE EFFECT OF ABSORBED GASES ON THE
TuerMionic EMIssioN FrROM TUNGSTEN
AND PLATINUM AT Low TEMPERATURES.-
M. N. Dyachenko & M. I. Allenbach. (/ourn.
of Exp. & Theorei. Phys. [in Russian],
No. 1, Vol. 10, 1940, pp. 58-62.)

The Geiger-Milller method of counting separate
electrons was adapted for this investigation (cf.
2982 of 193%) and the thermionic emission measured
under the following conditions: W in hydrogen
at 700 to 850°C, Pt in nitrogen at 850 to 1030° C,
and It in hydrogen at 1000 to 1600° C. The
apparatus used is described and a number of experi-
mental curves are shown. It is pointed out that
this investigation is the first so far recorded in
technical literature to give quantitative data on the
subject under discussion.

to1. THE DISTRIBUTION OF AUTELECTRONIC IIMIs-
SION FROM SINGLE-CRYSTAL METAL POINTS :
I.—TuNGSTEN, MOLYBDENUM, NICKEL IN
THE CLEAN STATE [including Changes in
Pattern with Temperature & Applied Field
and the Geometrical Shape of the Point
(Explanation of Flash-Arc Phenomena in
High-Vacuum Devices: Highest Safety
given by Tungsten: Effect of Gas Traces) :
etc.].—M. Benjamin & R. O. Jenkins.
(Proc. Roy. Soc., Ser. A, gth Oct. 1940,
Vol. 176, No. 9635, pp. 262-279.) Miller’s
equation (1428 of 1940) is criticised in a
footnote.

102. CRYSTAL-STRUCTURE MODELS FOR CLOSE-
PACKED SysTEms.—D. B. Langmuir & R. B.
Nelson. (Review Scient. Instv., Sept. 1940,
Vol. 11, No. 9, pp. 295-297.) Modification of
the method used by Martin (619 of 1940).

DIRECTIONAL WIRELESS

103. AN ULTrRA-HIGH-FREQUENCY SUPERHETERO-
DYNE RECEIVER FOR DIRECTION FINDING
fon 1.67 m Waves from Radio Sonde].—
Yuan & Miller.  (See 73.)

104. DIRECT-READING D.F. [particularly for Air-
craft : Suggestions of Neon Lamp revolving
with Goniometer Search Coil, and Cathode-
Ray Tube with Pointer formed by Solid
“ Figure-of-Eight ”’  Image, produced by
feeding Search-Coil-Amplitier 1.F. Output
into Second, Synchronised Search Coil].—
J. A, McGillivray. (Wireless World, Oct.
1940, Vol. 46, No. 12, pp. 428—429.)

l'or previous work by the writer see 562 & 1013
of 1939; for Marique’'s neon-tube indicator see

550 of 1937 and 2370 of 1939. lor a survey of

atrcraft compasses see¢ 3044 of 1940.

105. A METBOD FOR DETERMINING THE ACOUSTIC
REF¥LECTION COEFFICIENTS OF THE EARTH'S
SurracE.—Iirnsthausen & wvon Wittern.
(Journ. Acous. Soc. Am., Oct. 1940, Vol. 12,
No. 2, pp. 310-311.) lLong summary of the
German paper dealt with in 1095 (see also
3442) of 1940.
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ACOUSTICS AND AUDIO-FREQUENCIES

106. S1X-WAYy DirEcTioNAL MicroPHONE [Type

6398, and Its Applications].—W. R. Harry.

(Bell Lab. Record, Sept. 1940, Vol. 19, No. 1,

pp- 10-14.)

METHOD FOR PRODUCING LEXTREMELY
STRONG STANDING SOUND WAVES IN AIR.—
Oberst. (Journ. Acous. Soc. Am., Oct. 1940,
Vol. 12, No. 2, pp. 308-309.) Long summary
of the German paper dealt with in 1898 of
1940.

108. ’UBLIC ADDRESS ILQUIPMENT [Recent B.T-H.
Designs : including Speech-Amplifying De-
vice without Valve Amplifier (Special Push-
Pull  Carbon Microphone with Specially
Designed Loudspeaker)].—(B.T-H. Activities,
Oct. 1940, Vol. 16, No. 5, pp. 183-184.)

109. PROPERTIES OF ROCHELLE SaLt: III.—H.
Mueller. (Phys. Review, 15th Sept. 1940,
Vol. 58, No. 6, pp. 565-573.) Extension of
the ‘interaction’ theory dealt with in
3052 of 1940.

107. A

110. A PHYSICAL ANALYSIS OF DISTORTION PRO-
DUCED BY THE NON-LINEARITY OF THE
Mrpium  [in High-Output Loudspeakers :
Treatment (by following the Carecr of Plane
Progressive Wave) gives Correct Quantita-
tive Results and Straightforward Inter-
pretation of Them].—L. J. Black. (Journ.
Acous. Soc. Am., Oct. 1940, Vol. 12, No. 2,
pp. 266-267.)

111. OLD PHONOGRAPH RECORDS REJUVENATED
[Re-Recording on Discs, using the Philco
P’hotoelectric Pick-Up].—Philco.  (Science,
4th Oct. 1940, Vol. 92, Supp. p. 8.) For
this pick-up see 3449 & 3906 of 1940.

112. A New OpTicaL METHOD OF MEASUREMENT
FOR GRAMOPHONE RECORDINGS [for In-
vestigation of Characteristics of Cutting
Head, etc.].—Buchmann & Meyer. (fourn.
Acous. Soc. Am., Oct. 1940, Vol. 12, No. 2,
pPPp- 303-306.) Long summary of the German
paper dealt with in 1930 abstruacts, p. 458
see also 3245 of 1938.

113. SYMMETRICAL SAND FIGURES ON CIRCULAR
Prates.—Colwell, Stewart, & Arnett. (Journ.
Acous. Soc. Am., Oct. 1940, Vol. 12, No. 2,
pp. 260-265.)

““ The conclusion of Kirchhotf’s theory, that two
modes cannot exist simultaneously on a vibrating
plate, is inherent in his hypothesis "’ : if his solution
is generalised, ‘‘the very intricate figures actually
found upon circular plates may be calculated. . .”’

I114. INVESTIGATIONS ON ‘' RECORDERS' [with
Description of Method of Analysis].—von
Liipke. (Journ. Acous. Soc. AAm., Oct. 1940,
Vol. 12, No. 2, pp. 307-308.) lLong summary
of the German paper referred to in 1908 of
1940.

115. TuE ‘* SorLovox " [llectronic Musical Instru-
ment clipped to Under-Side of Piano Key-
board].—Hammond. (Sceence, 4th Oct.
1940, Vol. 92, Supp. p. 12.}

D2
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116.
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TRANSMISSION OF SOUND THROUGH I’ARALLEL
Conpults [and Low-Pass Lilters formed
from Series of Parallel-Tube Sections].
L. W. Labaw. (Journ. Acous. Soc. Am.,
Oct. 1940, Vol. 12, No. 2, pp. 232-240.)

“ By varying the cross sections and the lengths,
practically as many or as few frequencies as desired,
from o to 10 0oo c/s, can be attenuated.”

117.

118.

119.

120.

I2T1.

123.

124.

. AcousTIcs

NEw VoOICE-FREQUENCY ELECTRICAL DELAY
NETwork.—H. M. Thomson. (Bell Lab.
Record, Sept. 1940, Vol. 19, No. 1, pp. 15-18.)

THE RECORDING OF SMALL PITCH-VARIATIONS.
—Griitzmacher & Lottermoser.  (Journ.
Aocous. Soc. Am., Oct. 1940, Vol. 12, No. 2,
pPpP- 309-310.) Long summary of the German
paper dealt with in 1912 of 1940.

A METHOD FOR DETERMINING THE
REVLECTION COEFFICIENTS OF THE
SURFACE.—Ernsthausen &
(See 1035.)

AcCOUSTIC IMPEDANCE AND SOUND ABSORPTION
{Agreement of Theoretical Curves (Acoustic-
Impedance/Frequency) with Measured Values
of Impedance shows that these Curves will
yield Values for Effective Porosity, etc., as

ACOUSTIC
LLARTH'S
von Wittern.

well as Reasonably Accurate Values ot
Absorption Coefficient : etc.].-——Morse, Bolt,
& Brown. (Journ. Acous. Soc. Am., Oct.

1940, Vol. 12, No. 2, pp. 217-227.)

SoUND ABSORPTION IN RECTANGULAR DucCTs
[Newer Concept of Specific Normal Acoustic
Impedance of Lining is a More Satisfactory
Designation for Absorbing Properties of
Lining than the Reverberation-Chamber
Absorption Coefficient].—L. L. Beranek.
(Journ. Acous. Soc. Am., Oct. 1940, Vol. 12,
No. 2, pp. 228-231.)

1N Stubpros [Disadvantages of
Rooms with Parallel Walls (Harmonically
Related Eigentones, Coincident Regions of
Max. & Min. Sound Pressure, Excessive
““ Deadness ™) : a Scoring Stage at Holly-
wood].—M. Rettinger. (Proc. 1.R.E., ]July
1940, Vol. 28, No. 7, pp. 296-299.)

‘ SCHALLABWEHR IN BAU- UND MASCHINEN-
WESEN '’ [Protection against Noise in Build-
ing & Machioery Technique : Book Review].
—1¥. Lubcke. (Hochf:tech. w. Elek:akus.,
Aug. 1940, Vol. 56, No. 2, p. 64.)

“ ELEMENTS OF ACOUSTICAL ENGINEERING "’
[Book Reviewl—H. F. Olson. (Journ.
Acous. Soc. Am., Oct. 1940, Vol. 12, No. 2,
p- 312.) “ Very definitely nceded.”

5. THREE MECHANISMS OF HEARING BY LLEC-

TrRICAL STIMULATION [Electrophonic Percep-
tion : Normal Ear, through Electrostatic
Action in Cavity of Middle kar (Square-Law
Response) :  Ear lacking Tympanic Mem-
brane (Linear Response) perhaps through
Inverse of ‘‘ Cochlear Microphonic " (Hair
Cells) :  Buzzing Noise through Direct
Stimulation of Auditory Nerve].—Clark
Jones, Stevens, & Lurie. (Journ. Acous. Soc.
Am., Oct. 1940, Vol. 12, No. 2, pp. 281-290.)
Further development of the work dealt with
in 3119 of 1939.

120.

127.

129.

130.
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THE INTERFERENCE OF TONES IN THE COCHLEA
[New Type of Effect (in addition to Beats,
Combination Tones, & Masking): * Tonal
Interference,” revealed by Electrical Re-
sponses of Cochlea, occurs between Tones of
Any Frequency: etc.].—Wever, Bray, &
Lawrence. (Journ. Acous. Soc. Am., Oct.
1940, Vol. 12, No. 2, pp. 268 280.)

RESULTS OF THE WORLD'S Fair HEARING
Tests [New York & San Francisco: Rela-
tion of Hearing Acuity to Place of Residence,
Economic Status, etc.].—Steinberg, Mont-
gomery, & Gardner. (Journ. Acous. Soc. Am.
Oct. 1940, Vol. 12, No. 2, pp. 291-301.) See
also 1055, 1480, & 3468 of 1940.

INVESTIGATIONS OF VOCAL-CORD VIBRATION
[by Recordings by Condenser-Microphone or
Photographic  Method]. —Trendelenburg &
Wullstein.  (Journ. Acous. Soc. Am., Oct.
1940, Vol. 12, No. 2, pp. 306-307.) Summary
of a 1935 paper.

A RELATION BETWEEN VELOCITY OF SOUND
IN LiQuips AND MOLECULAR VOLUME.—
M. R. Rao. (Indian Journ. of Phys., April
1940, Vol. 14, Part 2, pp. 109-116.)

A NEw TECHNIQUE FOR DETERMINING ULTRA-
soNIC VELOCITIES IN Liguips [More Precise
Method using Diffraction Pattern for Number
of Wavelengths simultaneously].—Narasim-
haiya & Doraiswami. (Indian Journ. of
Phys., June 1940, Vol. 14, Part 3, pp. 187~
189 and Plate.)

PHOTOTELEGRAPHY AND TELEVISION

31. QuaLITY IN TELEVISION PicTures [Investiga-

tions to determine Best Quality obtainable
within American R.M.A. Standards: in-
cluding Photographic Method of producing

Artificial Television Pictures permitting
Variation of Contrast, Brilliance, Spot-
Shape, ctc.].—P. C. Goldmark & J. N.
Dyer. (Proc. 1.R.E., Aug. 1940, Vol. 28,

No. 8, pp. 343-350.)

32. PORTABLE EQUIPMENT FOR OBSERVING TRAN-

133.

134.

SIENT RESPONSE OF TELEVISION APPARATUS
Oscillator, Modulator, & Attenuator
(Carbon-Disc Type suitable for Ultra-High
I'requencies), Square-Wave Generator, Syn-
chronised Oscilloscope, etc: Some Results
on British (1938) Receivers, & (ompauson
with Owners’ Satisfaction : etc.|.—
Kallmann. (Proc. [.IR.E., Aug. 1940, Vol 28
No. 8, pp. 351-360.)

CorLour FILTER 1S HEART OF
BROADCASTING SvYSTEM TELE-
visiox [in Colours, using only One Com-
munication Channel].—Goldmark. (Sce.
News Letter, 218t Sept. 1940, Vol. 38, No. 12,
p. 191.) Cf. lLorenzen, 3944 of 1940.

MULTIPLE INTERLACED SCANNING [including
Colour Television].—Reichel. (£.7.Z., 15th
Aug. 1940, Vol. 61, No. 33, p. 765.) Sum-
mary of the paper dealt with in 1513 of
1940.

ROTATING
CoLUMBIA
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135. THE SPHERICAL ABERRATION OF MAGNETIC
Focusing Coirs.—H. Marschall. (Tele-
tunken-Rohrve, No. 16, 1939, pp. 190-197:
I:T.Z., 22nd Aug. 1940, Vol. 61, No. 34,
p. 785—summary only.)

The writer replaces the air-cored concentrating
coil by an ideal circular conductor and calculates
the spherical aberration (aperture error) for this.
By combining the result with Glaser's spherical-
aberration formula he obtains a simple formula,
given in the summary, in which all the values arc
easily measured directly. The calculated results
agree within about 89% with experimental
measurements.

136. SrACE-CHARGE LIMITATIONS ON THE Focus oF
ErecTroN Beams [Derivation of Equations
for Beams of Circular & Rectangular Cross
Sections :  Curves calculated for Direct-
Viewing & Projection Kinescopes: Advan-
tage of High Second-Anode Voltages for
Television:  etc.].—B. Thompson &
L. B. Headrick. (Proc. I.R.IZ., July 1940,
Vol. 28, No. 7, pp. 318-324.)

A summary of the original Rochester Fall Meet-
ing paper was referred to in 1153 of 1938. For the

work of von Borries & Dosse see 2947 of 1938.

137. TRANSVERSAL FILTERS [primarily for Tele-
vision].—Kallmann. (See 55.)

138. SOME FACTORS AFFECTING THE CHOICE OF
LLENsEs FOR TELEVISION CAMERAS [Deriva-
tion of Equations & Charts for Selection of
Lens to meet Requirements of ick-Up Tube
employed].-—H. B. De Vore & H. Iams.
(Proc. I.R.E., Aug. 1940, Vol. 28, No. 8,
pp- 360-374.) '‘Leading to conclusions
reasonably close to the observer’s judgment
of picture quality.”

139. INVESTIGATION OF THIN EVAPORATED SILVER
FiLms oN GLass.—Strong & Dibble. (/ourn.
Opt. Soc. Am., Sept. 1940, Vol. 30, No. 9,
PP- 431-438.) A summary was dealt with
in 2337 of 1940.

140. INTERPRETATION OF FERROMAGNETIC COLLOID
PATTERNS ON FERROMAGNETIC CRYSTAL
SurFACEs [Bodily Motion responsible more
than Magneto-Optic Effect: Simple Rela-
tion Dbetween Colloid Concentration &
Magnetic Ilield Intensity near Crystal
Surface : Chain Formation to be expected
in Suspensions but Not in Colloids whose
Particle Size is 100 mu or Less].—W. C.
Elmore. (Phys. Review, 1st Oct. 1940,
Vol. 58, No. 7, pp. 640-642.) Yor previous
work see 3101 of 1940.

141. THE OpTicaL ProprerTIES oF COLLOIDAL
SUSPENSIONS IN RELATION TO THE MEASURE-
MENT OF PARTICLE-S1ZE KFREQUENCY. —
Richardson. (Journ. Applied Phys., Oct.
1940, Vol. 11, No. 10, pp. 653-657.)

142. DESIGN AND PERFORMANCE OF AN ELECTRON-
DirFracTioN CAMERA [for Study of Photo-
and Secondary-Electron Emissive Surfaces].
—J. E. Ruedy. (Review Scient. Instr., Sept.
1940, Vol. 11, No. 9, pp. 292-295.) A
summary was referred to in 3429 of 1940.
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143. ON THE POSSIBILITIES OF USING PHOTOCELLS
For AvuToMATIC CoNTROL.—N. S. Khleb-
nikov. (Automatics & Telemechanics [in
Russian], No. 1, 1940, pp. 107-116.)

The properties of existing types of photocells,
including the sulphur-thalllum barrier-layer cell
developed in Russia (see back references in 716 of
1940) are discussed from the point of view of their
use in automatic controlling devices.

1.44. NOTE ON THE BARRIER-LAYER RESISTANCE OF
SELENIUM PHOTOELEMENTS.—A. E. Sand-
strom.  (Phil. Mag., Nov. 1940, Vol. 30,
No. 202, pp. 428-429.)

Supplement to the paper dealt with in 2349 of
ig40. * Tiring " effect occurs only if the external
resistance is high enough: no simple relation
between this effect and the change in barrier-layer

resistance (Elveglrd & others, 1984 of 1938):
effects of electric shock (Schweikert, 4047 of
1938) : element without apparent barrier layer

develops this after shocks: dark resistance of
element increased by shock treatment from 6700
to 11 800 ohms, falling to 150 ohms when exposed
to very intense flood of light : etc.

145. Cuprous-Cupric OxIDE TiLms oN COPPER
[Electrolytic Reduction Method applied to
study Influence of Film-Thickness on Com-
position]. —C. G. Cruzan & H. A. Miley.
(Journ. Applied Phys., Oct. 1940, Vol. 11,
No. 10, pp. 631-634.)

146. PHOTOVOLTAGE AT THE ELEMENT METAL/
SEMICONDUCTOR/METAL : VII—THE NORM-
AL SEMICONDLCTOR PHOTOVOLTAGE AT THE
ELEMENT METAL/CUPROUS-OXIDE/METAL.—
W. Rohde. (Ann. dev Physik, Ser. 5, No. 1,
Vol. 38, 1940, pp. 46-58.) Continuing
Monch’s work (1116 of 1940).

MEASUREMENTS AND STANDARDS

147. THE INVERSION PHENOMENA IN CRYSTAL
DEeTECTORS AT ULTRA-HIGH FREQUENCIES
(PRELIMINARY COMMUNICATION). — L. A.
Shinyanski. (Journ.of Exp. & Theoret. Phys.
‘in Russian!, No. 1, Vol. 10, 1940, p. 126.)

Cases have been recorded (see Hollmann, 1929

Abstracts, p. 647, and Kopilowitch & Tschernez,
107 of 1935) of changes in the direction of the
current through a crystal detector when either the
frequency or the applied e.m.f. is varied. In this
communication a brief report is made on yet another
case of inversion of the detector current, observed
by the writer while measuring the wavelength (of
the order of 6o cm) of an oscillator with a lecher
system. It appears that if the detector '(galenaj
steel) is connected at certain points to the input ot
the Lecher system (I7ig. 1), then (depending on the
distance of the condenser bridge from the detector)
the inversion effect will take place, as can be seen
from lig. 2. I, however, the position of th_e
detector is altered a normal resonance curve 1s
obtained (Fig. 3). A further investigation of this
phenomenon is being carried out.
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148. THE Twin-T : A New TyPE or NULL INSTRU-
MENT FOR MEASURING IMPEDANCE AT FrE-
QUENCIES UP TO 30 MEGACYCLES [Advan-
tages : Design Features: Examination of
Residual Parameters causing Error: Their
Reduction & Correction].—D. B. Sinclair.
(Proc. I.R.E., July 1940, Vol. 28, No. 7,
pp. 310-318.) Commercial instrument based
on one of the circuits dealt with by Tuttle
(1549 of 1940).

149. HIGH-FREQUENCY MEASUREMENTS OF THE
AMPLIFICATION FFACTOR AND INTERNAL RE-
SISTANCE OF A THERMIONIC VALVE.-—Rao.
(See 93.)

150. THICKNESS VIBRATIONS OF PIEZOELECTRICALLY
ExciTED CrvsTAL Prartes [Strict Solution
based on Hamiltonian Energy Principle].—
R. Bechmann. (Hochf:tech. w. Elek:akus.
July 1940, Vol. 56, No. 1, pp. 14-21.)

The treatinent applies to plates of any material
and any orientation and is based on the intro-
duction, into the Haniltonian principle, of the
piezoelectric potential in addition to the kinetic,
potential, and frictional energies of the plate.
" Since this contains the whole electrical field
working on the plate, the solution leads also to a
representation of the purely electrical behaviour
of the piezoelectric resonator. TFor the derivation
of the natural vibrations we consider the plate as
infinitely large and assume [in an earlier paper :
see 503 of 1935] plane processes. The assumption
of infinitely large plates eliminates the effects of
transverse contraction [interactions with degrees
of frecdom depending on the transverse dimensions
and the elasticitv moduli determining the natural
vibrations are obtained as the roots of a secular
equation of the third order, which we have alreadv
calculated numerically for quartz as a function of
the orientation [1556 of 1936]. So long as mechan-
ical considerations are concerned, as in the
determination of the natural vibrations, the assump-
tion of infinitely large plates is allowable. On the
other hand, in considering the oscillating plate as
an electrical system, electrode surfaces of finite
dimensions must be introduced in order to arriveat
finite current strengths : in the representation of
an electrical equivalent circuit the exciting elec-
trodes are a determining factor. Herein lies a
serious difficulty {or the solution of the eclectrical
problem; for if the surface of the exciting electrode
1s considered as finite, the assumption of plane waves
in the crystal plate, whether the latter is infinite or
finite, is no longer fulfilled, and a correction becomes
necessary.

“In the following work we assume that the
crystal surface is large cnough to justify the
assumption of plane waves, and that the surfaces
of the electrodes are smaller than, or equal to, the
crystal surfaces. The arcas of plate and electrodes
are in any case taken as large compared with the
thickness of the plate.”

Taking the Hamiltonian energy equation 26, the
writer introduces expressions for T (the total
kinetic energy of the plate, eqn. 27), for U, (the
total potential energy of the mechanical motion,
eqn. 28), for Ue (the potential energy of the total
piezoelectric interaction, eqn. 29, taken in con-
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junction with eqns. 22a and 23a), and for §’A4 (the
work of the internal frictional forces, eqn. 25) : he
thus obtains the double integral eqn. 30. From
this, after partial integration and other processes,
he arrives at the equation for the natural frequencies
of the free undamped vibrating plate (eqn. .44).

“ The natural frequencies of the free thickness
vibrations of crystalline plates are thus modifted
in a dual manner by the piezoelectric effect: first
by a piezoelectric supplementary force acting on
the volume unit and increasing the miwodulus of
elasticity by 8we/e [eqns. 32, 3za], and secondly
by a surface force which diminishes the frequency
to a degree dependent on the arrangement of the
electrodes, their size and spacing from the crystal
plate. The natural frequencies of the piezoelectric
plate are, as a result of the supplementary factor
(1 —y,) due to the piezoelectric effect, no longer
purely harmonic. The strict expression 44 difiers
in two ways from that given by Cady for the same
problem [3890 of 1936]. According to Cady the
modulus of elasticity is submitted to two correc-
tions, one of the value 47e?/e, only the half of that
appearing in eqn. 32a, and the second corresponding
to the supplementary factor in eqn. 44 arising from
the boundary conditions. In this way the elasticity
modulus (and also the propagation velocity) is
dependent, according to Cady's assumption, on the
order of the vibrations: a result which cannot be
reconciled with the assumption of plane waves.
However, this has little signiticance in Cady's
work, which considers only the fundamental
vibration.”’

Torced oscillations are next considered (egns.
45-52) : ‘‘ thus the amplitude and phase of the
vibration have been determined for every plane, and
the mechanical problems of {ree and forced vibra-
tions solved. We turn now to the electrical
problem,”” and eqn. 53 gives the current tlowing
between plates 1 & 4 (lig. 1) of the condenser
containing the crystal : this vields eqn. 54 which,
in the neighbourhood of resonance, reduces to the
simpler eqn. 53: ‘“with this expression the
electrical problem of the vibrating piezoelectric
resonator is solved.”” A later paper will deal with
the numerical working-out of the relations here
obtained, and with experimental results with quartz
and tourmalin plates.

151. PROPERTIES Of ROCHELLE Sart: IIl.—1If.
Mueller. (Phys. Review, 15th Sept. 1940,
Vol. 58, No. 6, pp. 565-573.) Extension of
the “ interaction” theory dealt with in 3052
of 1940.

152. THE DeatH oF Pror. E. GiEe.—(E.7.Z.
18th July 1940, Vol. 01, No. 29, p. 683.)

153. STANDARD-I'REQUENCY [1000c/s| TraNsais-
sioN oF THE P.T.R. ovER THE DEUTSCH-
LANDSENDER, ON WORKDAYS AT 10 h 50 MN.
[Table giving Daily Deviations for April
1940].—Scheibe & Adelsberger. (Hochf: tech.
u. Elek:akus., July 1940, Vol. 56, No. 1, p. 21.)
See also 3523 of 1940. There was an out-
standing deviation on 6th April (+ 22
compared with the usual 1-7). A reading
is given for 31st April.
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154. PrRECISION SHORT-INTERVAL TimING LQuip-
MENT [up to 100 Sec. with Accuracy better
than 0.1%].—Fry & Baldeschwieler. (Journ.
of Scient. Instr., Oct. 1940, Vol. 17, No. 10,
p. 252 : summary only.) It had been found
that mains-driven clocks were liable to
crrors as great as 0.39% for such measure-
ments : ¢f. Tritschler, 1151 of 1940.

155. THE MUTUAL INDUCTANCE OF Two CIRCLES:
A PROBLEM IN APPROXIMATION [Determina-
tion of Dominant Part of lfunction when
Difference in Radii is Smalil].—E. H. Neville.
(Phil. Mag., Oct. 1940, Vol 30, No. 201,
p. 340.)

INDUCTANCE OF HoLLow RECTANGULAR CON-
pUcTors [One the Return for the Other].
Higgins. (See 54.)

“M.K.S. Units aND DinvENnsioNs ” [Book
Notice].— Jauncey & Langsdorf. (Journ. of
Scient. Instr., Oct. 1940, Vol. 17, No. 10,
p- 250.) Ser also next page, under “Pondors.”

TeE MEASUREMENT OF lLARTH IRESISTANCES
wiTH HicH-FrREQUENCY TEST CUKRRENTS.
V. Fritsch. (Hochf:tech. u. Elek:akus., Aug.
1940, Vol. 56, No. 2, pp. 54-59.)

See also 41, above. Iarths are generally tested
by methods employing low- or medium-irequency
currents. So long as only power or communication
systems are concerned, such methods are satis-
factory as a rule, though there are exceptions ; but
when lightning-conductor earths are to be dealt
with the case is very different. Although a lightning
stroke is considered a direct-current surge, it is
known to behave just like a h.f. altcrnating current
to the conductor ; and since current conduction,
particularly in gcological conductors, is very
dependent on the frequency, a test of the earthing
by li. currents may lead to a completely false
picture of its powers. This has often been con-
firmed disastrously in actual practice, and the
writer urges that all such earths should in future be
tested by a h.f. method.

He elaborates this point, with the help of various
equivalent circuits which he derives for different
practical conditions, in sections 1, 2 & 3. The
argument frequently used, that 1f. measurements
are good enough in most cases, is dismissed as
unsound : in loamy soil, for instance, there may
not usually be much difference between h.f. and Lf.
results, but even the most apparently homogencous
ground may contain slight discontinuities capable
of aftecting the properties of an earth connection
which, as a rule, is of small area. Section 4 deals
with the h.f. method recommended. The choice
of frequency is first discussed by considering the
shape of a normal lightning-current characteristic :
the front duration is taken as half a microsecond,
and it is assumed that if the over-voltage is led
away successfully in that time, the conductor
system is working satisfactorily. An equivalent
test current, if sinusoidal, would have a period of
about 2 microseconds, or a frequency of 500 kc/s.
For various reasons it is necessary to reduce this
frequency slightly, using about 300 kc/s or in certain
circumstances 100 kc/s : ‘ the 300 kc¢/s should never
be exceeded, except in determining the corrosion
layer " [Fig. 5 and adjacent text: the meaning of
this dictum on frequency is partly explained below].

156.

157.

158.
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In practice what is measured is the sum of the
earth-plate, bedding-material, and surrounding-
ground (' propagation ') resistances, ' though for
various reasons it would be desirable to keep the
last separated from the two others.” To measure
this sum, the exploring electrode or probe must be
driven in at a certain minimum distance from the
carth plate, determined by the ‘* voltage funnel ”’ ol
Fig. 11: the procedure described in the adjacent
text is that of d.c. methods. For the h.f. method
the probe must be arranged ditferently from usual :
thus if connection is made to a metallic conductor
(e.g. a water-pipe to a well, as in Fig. 11b), the
characteristic impedance of this must be calculated
roughly and an estimate made of what length can
be considered as involved in the carrying-away
process : the probe must then be driven in at a
distance somewhat exceeding this.  Apparatus
used in wireless technique is employed ; in practice
the potentiometer method has proved to be the
best, and Fig. 13 shows the arrangement. Modu-
lated h.f. is supplied to the circuit, which includes
the earth element Fo, the auxiliary earth-point //,
and the probe S. The resistance /' is adjusted so
that the voltage drops in R, and K, are cqual;
there is then no p.d. between the points 1 and 2.
If £, and K, are equal, the currents in the upper
and lower branches are also equal. Contact 3 on
the resistance I is then so adjusted that there is
no p.d. between the points 3 and 4. Then the total
earth resistance is equal to R.af/(e + b). A ' magic
eye” indicator with amplifier and detector is used.

Fig. 15 shows how the eftect of a corrosion layer
can be cstimated by raising the test frequency.
If R is the ohmic and X, the capacitive component
of the corrosion resistance, the diagram is obtained :
“if the frequency is increased, X, will diminish.
This will make the resultant resistance approach
nearer and nearer to the only practically important
sum of R, (resistance of carth plate), Rs (of bed-
ding material), and of R, (resistance in the sur-
rounding ground). By high irequency it is thus
possible to decide whether a change in the total
resistance is due to deterioration in the geological
conductors or to plain corrosion ”’ [see also pp. 55—
56]. Finally, measurements by the Siemens-bridge
method and by the h.f. method, on an installation
(Fig. 16) which had led to (isaster, show that the
former method gave 27 & 31 ohms for the resistances
nieasured at the two points 4 & B respectively,
whereas at 300 kc/s the figures were 20 & So.
\When the apparatus used for the h.f. method was
worked at only 1000 ¢/s, the results differed only
slightly from those given by the Siemens bridge.

159. A SCREENED \WHEATSTONE BRIDGE FOR
MiASUREMENTS oN H.F. IroN-CoreD CoiLs
AT FREQUENCIES UP To 10 Mc/s.—Zimmer-
mann. (See 211.)

160. MERCURY-CONTACT RuEOSTATS FOR CONTINU
ous Fint AbpjustMENT.—C. R. Barber.
(Journ. of Scient. Insiy., Oct. 1040, Vol. 17,
No. 10, pp. 245-247)

161. SCREENED MERCURY-ELECTRODE CLAMPS FOR
DiELECTRIC MEASUREMENTS [at Frequencies
from Zero up to 1 Mc/s].—E. Rushton &
E. J. Pratt. (Jowrn. of Scient. Instr., Oct.
1940, Vol. 17, No. 10 pp. 247-248.)
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162.

103.

164.
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ErectrosTaTic HiGH-VOLTAGE METERS [Sur-
vey of Types for Absolute and Relative
Measurements, including Designs for High
Irequencies]. —H. Bécker. (E.T.Z., 8th
Aug. 1940, Vol. 61, No. 32, pp. 720-733.)
The h.{. instruments are of the Starke &
Schroeder type (Abstracts, 1928, p. 585, and
1929, pp. 220-221).

COORDINATED POWER SuPPLY AND CONTROL
EQUIPMENT FOR INSTRUMENT AND METER
TesTING. —Weller & Giroux. (Gen. Elec.
Review, Oct. 1940, Vol. 43, No. 10, pp.
420-424.)

ON THE CONSTRUCTION OF VERY SENSITIVE
Vacuum THERMOELECTRIC CELLS [primarily
for Astrophysical Research].—Rogers. (See
286.)

SUBSIDIARY APPARATUS AND MATERIALS

165.

A PorTABLE CATHODE-RAY OSCILLOGRAPH
{using the 2}” ** Monitor "’ Tube, Type 4081:
Design for Compactness, Simplicity of Opera-
tion, & Versatility : Provision for Green
Celluloid Screen for Use in Well-Lit Room].
—DMacfadyen. (Journ. of Scient. Instr., Oct.
1940, Vol. 17, No. 10, pp. 240-250.) The
author’s abstract is confused by the intro-
duction of a superfluous ‘“ and.”’

166. A MuULTI-CHANNEL Deravy UNIT [for Use

167.

168.

169.

170.

171.

with Cathode-Ray Oscillograph : primarily
for Research on Action Potentials], and A
MULTIPLE-SWEEP SYSTEM FOR CATHODE-RAY
OscILLOGRAPHY [giving Several Successive
Lines on Screen : Trigger Unit shifts Trace
and brightens It during Transit].—Marshall
& Talbot : Talbot. (Review Scient. Instr.,
Sept. 1940, Vol. 11, No. g, pp. 287-289 :
pp. 289-291.)

THE SUPER-MICROSCOPE WITH ELECTROSTATIC
LeNsEs [A.E.G. Model, with Semi-Automatic
Locks for Changing of Object and: Plate,
Provision for Dark-Field & Stereoscopic
Working, and Other Facilities]. Henneberg.
(E.T.Z., 22nd Aug. 1940, Vol. 61, No. 34,
Pp-' 773-776.)

THE SPHERICAL ABERRATION 0F MAGNETIC
Focusing CoiLs.—Marschall. (See 135.)

SPACE-CHARGE LIMITATIONS ON THE Focus or
ELEcTRON Brams.—Thompson & Headrick.
(See 136.)

THE PrisM AND THE THEORY OF OPTICAL
KREsoLuTiON [especially the Use of the
Interferential Method, More Precise than
Method of Geometrical Optics, Less Intricate
than Method of Diffraction].— Ramsay,
Koppius, & Cleveland. (Journ. Opt. Soc.
Am., Sept. 1940, Vol. 30, No. 9, Pp-
439-444.)

LUBRICATION IN VACUUM BY \ APORISED
TuiN METALLIC FILMs [primarily for Rotat-
ing  Anodes in X-Ray Tubes].—Atlee,
Wilson, & Vilmer. (Journ. Applied Phys.,
Sept. 1940, Vol. 11, No. g, pp. 611-615)
See also Gen. Elec. Review, Nov. 1940, P. 471

172,

173.

174.

175.

176.

177-

178.

179.

180.

181.

182.

THe LEFFECT OF AN ACTIVATOR ON THE
ABSORPTION SPECTRUM OF ZINC-SULPHIDE
Powpers [Long-Wave Limit of Absorption
Band at 3800 AU, moving to Longer Wave-
lengths with Increasing Concentration of
Ag Activator: etc.].—Brasefield. (Phys.
Review, 15t Sept. 1940, Vol. 58, No. 5,
pp- 436-438.)

A THEORY oN CaTHODE LUMINESCENCE
[IZxamination of Large Difference in Order
of Magnitude of Efficiencies of Alpha Rays
& Cathode Rays whose Velocities are nearly
the Same, leading to Theory that Efficiency
of Production of Luminescence is propor-
tional to Average Depth of Production of
‘" Excitons” (... of Energy Loss by
Electrons)].—Fano. (Phys. Review, 15th
Sept. 1940, Vol. 58, No. 6, pp. 544-553.)

APPARENT SPLITTING OF LIGHT FROM FLUORES-
CENT L.aMPS BY REFLECTION ¥rROM THIN
FiLms [and Application to Estimation of
Thickness and Optical Regularity of Reflect-
ing Surfaces of Thin Plates].—Scull.
(Science, 13th Sept. 1940, Vol. g2, pp.
236-237.) For previous work see 3157 of
1940.

BaFrLEs ror O1L DirrusioN Pusrps [Relative
Advantages of Charcoal Traps, Cold Traps,
Hot Bafiles, Electrical & Mechanical
Baffles : Designs for High-Speed Baftles].—
Morse. (Review Scient. Instr., Sept. 1940,
Vol. 11, No. 9, pp. 277-281.)

A COMPARATIVE STUDY OF WATER ASPIRATORS.
—Little & I’ond. (Review Sctent. Instr.,
Sept. 1940, Vol. 11, No. g, pp. 285--286.)

NEw LamP UsiNG TELLURIUM VAPOUR [giving
Light very close to Daylight].—Westing-
house. (Science, 4th Oct. 1940, Vol. 92,
Supp. pp. 9-10.)

THE CHARACTERISTICS AND FUNCTION OF
ANODE SroTs IN Grow DISCHARGES [Im-
portant RRéle in Gaseous-Discharge Devices
employing Thermionic or Cathode-Spot
Emitters, where Discharge Currents may
become Large]—Rubens & Henderson.
(Phys. Review, 1st Sept. 1940, Vol. 58, No. 5,
PP- 446—457.)

DEVELOPMENTS AND IMPROVEMENTS IN THE
CONSTRUCTION OF IRON-CASED RECTIFIERS.
—Dallenbach & Gerecke. (E.T.Z., 15t &
8th Aug. 1940, Vol. 61, Nos. 31 & 32, pp.
705-709 & 734-738)

MEeTHOD OF CALCULATING THE CURRENT
HArRMONICS IN RECTIFIER OR CONVERTER
Circuits.—Werners. (See 60.)

THERMOSTATIC ConNTROL [Simple Completely
A.C.-Operated Circuit using Dual Triode as
Half-Wave  Grid-Controlled  Rectifier].
Butt. (Science, 11th Oct. 1940, Vol. 92, pp.
339-340)

Cuprous-Cuprric OXIDE FiLms oN COPPER,
Cruzan & Miley. (See 145.)
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183.

184.

186.

187.

188.

189.

190.

191.

192.

193.

ELECTRICAL AND OPTICAL BEHAVIOUR OF
SEMICONDUCTORS : NXV—ELECTRICAL MEAS-
UREMENTS ON LEAD SELENIDE [including
I.arge Unexplained Temperature-Depend-
ence of Resistance of Certain Samples
(exceeding That of Iron)]: XVI—ELEc-
TRICAL MEASUREMENTS ON LEAD SULPHIDE.
—Bauer : Eisenmann. (dnn. der DPhysik,
Ser. 5, Nos. 1 & 2, Vol. 38, 1940, pp. 8496
& 121-138))

THE MOLECULAR Basis OF RESIN BEHAVIOUR
[Critical Survey].—Kraemer. (Journ. Frank-
lin Inst., Sept. 1940, Vol. 230, No. 3, pp.

405—-410.) Continued in the October issue.
. THE DIELECTRIC PROPERTIES OF SOME
THERMOPLASTICS [mainly determined by

Rotation of OH Groups), and MOLECULAR
RELAXATION AND THE ELASTIC AND DIELEC-
TRIC PROPERTIES OF PrasTics [Comparison
with Kiihn’s Theory regarding Elastic
Behaviour].—Hartshorn, Megson, & Rushton.
(#roc. Phys. Soc., 1st Nov. 1940, Vol 52,
Part 6, pp. 796-816: pp. 817-821.)

THE MEASUREMENT OF SOLID FRICTION OF
PrasTics [including Measurements on Poly-
styrene & Paraffin Wax].—Gemant. (Journ.
Applied Phys., Oct. 1940, Vol. 11, No. 10,

pp. 647-653.)
ABSORPTION OF WATER BY PLASTICS.—
A.S. T.M: Kline, Martin, & Crouse. (Tech.

News Bull. of Nat. Bur. of Stds., Sept. 1940,
No. 281, pp. 74-75: summaries only.)

[Book Review].—
1st Nov. 1940,

‘“ INDUSTRIAL PLASTICS
Simonds. (Engineering,
Vol. 150, pp. 342-343.)

THE NATURE OF ORGANIC INSULATING Ma-
TERIALS [and Recent Progress in Synthesis
of High-Molecular  Substances].—Fuller.
(Bell Lab. Record, Sept. 1940, Vol. 19, No. 1,
PP 779

BLENDING OF NATURAL RUBBER [with Syn-
thetic] 1MPROVEsS ITs QuaLiTiEs [including
Insulating Properties].-——Longman. (Set.
News Letter, 28th Sept. 1940, Vol. 38, No.
13, p. 206.)

IncrEAasING THE UseEs ofF Lac f[including
Promising Development of Shellac Injection
Moulding as distinct from Compression
Moulding].-—(Sct. & Culture, Calcutta, Sept.
1940, Vol. 6, No. 3, p. 168.)

A NOTE ON THE REFRACTIVE INDEX OF
SHELLAC [measured by Simple Refracto-
meter Method : Some Results : Importance
as a Test of Properties of Resins in General].
-——-Bhattacharya. (Indian Journ. of Phys.,
June 1940, Vol. 14, Part 3, pp. 237-240.)

THE DIELECTRIC PROPERTIES OF THE RUTILE
¥orm or TiO, —Berberich & Bell.  (Journ.
Applied Phys., Oct. 1940, Vol. 11, No. 10,
pp. 681-692.) A summary was dealt with in
2726 of 1940.

194.
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COMPRESSED MAGNESIA AS ELECTRICAL IN-
SULATOR [in the Search for a Plastic Homo-
geneous Inorganic Dielectric].—Gemant &
Glassow. (fJourn. Franklin Inst., Oct. 1940,
Vol. 230, No. 4, pp. 471-481.)

Prompted by the advantages of inorganic in-
sulators (as illustrated by fibrous glass—4149 of
1939) and by Bethenod’s paper (2546 of 1938) on
Pyrotenax cable with magnesia behaving like a
plastic material.

195.

196.

197.

198.

199.

200.

20I.

202.

203.

204.

205.

THE CONDUCTIVITY OF INSULATING OILS
UNDER  ALTERNATING [60c/s] STRESS
[Dielectric Losses are due entirely to Electric
Conduction : etc.].—\Whitehead & Kang.
(Journ. Applied Phys., Sept. 1940, Vol. 11,
No. 9, pp. 596-603.)

‘“ PROPERTIES OF ORDINARY \WATER-SUB-
STANCE ”’ [Book Review].——Dorsey. (Curvent
Science, Bangalore, Aug. 1940, Vol. 9, No. 8,
Pp. 385-386.)

BREAKDOWN POTENTIALS OF GASES UNDER
ALTERNATING VOLTAGES [up to 1 Mc/s].—
Fox & McCoy. (Journ. Applied Phys.,
Sept. 1940, Vol. 11, No. 9, pp. 592-595.)

THE VARIATION OF SPARKING POTENTIAL
WITH INITIAL PHOTOELECTRIC CURRENT.—
Meck. (See 39.)

ELECTROSTATIC GENERATOR WITH CONCENTRIC
ELECTRODES [Voltages up to 4.5 Megavolts].
—Herb & others. (Phys. Review, 15th Sept.
1940, Vol. 58, No. 6, pp. 579—-530.)

A Low-FREQUENCY ALTERNATOR [Frequency
continuously Variable from Zero up to
(e.g) 10c¢/s, Amplitude independent of
Frequency: D.C. (Motor-Car) Generator
with Brushes rotating].—Roberds. (Review
Scient. Instr., Sept. 1940, Vol. 11, No. 9,
P- 299.)

CATHODE SPUTTERING IN A MAGNETIC FIELD.—
Penning & Moubis. (Proc. Koninklijke
Nederlandsche Akademie van Welenschappen,
Jan. 1940, Vol. 43, No. 1, pp. 41—56: in
English.) Issued also as Reprint 1486 of
the Philips’ Company.

P’APERS ON CATHODE SPUTTERING, ESPECIALLY
SINCE 1932.—(Sci. Library Bibliographical
Series No. 537, 1940, 3 pPp.)

PLATINISED GLASS AS A LABORATORY SUB-
STITUTE FOR MassivE Pratinum.—Cothn.
(Canadian Journ. of Res., Oct. 1940, Vol. 18,
No. 10, Sec. B, pp. 318-321.)

INVESTIGATION OF THIN EVAPORATED SILVER
FiLms oNx GLass.—Strong & Dibble. (Journ.
Opt. Soc. Am., Sept. 1940, Vol. 30, No. 9,
PP. 431-438.) A summary was dealt with
in 2337 of 1940.

CATALYTIC ACTIVITY, CRYSTAL STRUCTURE,
AND ADSORPTIVE PROPERTIES OF Evaro-
RATED METAL Firms [Oriented & Unoriented
Films obtained by Control of Gas Pressure :
Former have Fivefold Activity of Latter:
etc.]—Beeck, Smith, & Wheeler. (Proc.
Roy. Soc., Ser. A, gth Oct. 1940, Vol. 176,
No. 965, pp- S 57-58)
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206. SLIDING LLECTRIcaL ConTacTs [Short Sur-
vey|.—Windred. (BEAM. Journal, Sept.
1940, Vol. 47, No. 39, pp. 42—44.)

207. INVESTIGATIONS oN PPURE CHROMIUM IN THE
Anomarous KREGioN [Bridgman’s Anomaly
of a Marked Resistance-Minimum at about
Room Temperatures].—Séchtig.  (Ann. dev
Physik, Ser. 5, No. 2, Vol. 38, 1940, pp.
97-120.)

208. THI HIGH-FREQUENCY RESISTANCE OF SUPER-
CONDUCTING Tix [measured by Calorimetric
Method at 20.5cm Wavelength :  Gradual
Decrease, as Temperature falls below Transi-
tion PPoint, in Contrast to Sudden Drop with
D.C: Explanation: Normal-State Con-
ductivity at Liquid-Helinm Temperature
considerably lower for H.I*. than for
L.I'|.—London. (Proc. Roy. Soc., Ser. A,
gth Oct. 1940, Vol. 176, No. 905, p. $64.)

209. MoprFiED CiNco Imrurse CoUNTER [made
Direct-Reading and Sources of Error
eliminated].—Petrauskas & Northrup. (Re-
view Scient. Iunsir., Sept. 1940, Vol. 11,
No. 9, p. 298.)

210. A D1aLLING CIRCUIT OF INCREASED RANGE.
Low. (Bell Lab. Record, Sept. 1940, Vol. 19,
No. 1, pp. 32-36.)

21I. MEASUREMENTS ON HiGgu-FrEQUENCY IRON-
CorRED COILS WITH A SCREENED WHEATSTONE
BRIDGE AT [IFREQUENCIES Ur 10 10 Mc/s
lalso on Air-Cored Coils and on Solid & Litz

Wires]. — Zimmermann. (Hochf:tech. u.
Elek:akus., Aug. 1940, Vol. 56, No. 2,
Pp- 33—471.)

In section 1 the special precautions taken to make
the screened bridge accurate over the high-frequency
range of 2.5-10 Mc/s are described : thus Siemens &
Halske short-wave carbon resistances are used for
the fixed arms R, and R,, since these components
remain constant up to very high frequencies : the
adjustable resistance Ry is a spring-stretched
bifilar nickel-chromium wire with continuously
displaceable short-circuiting contact (with vernier)”:
resistance variations due to skin effect are negligible.
The very complete screening (double at certain
points) and its connections are described.  For the
sake of obtaining the highest possible sensitivity,
the null indicator, a compensated audion, is matched
to the bridge by a transformer whose sccondary
inductance can be tuned bv a condenser. The
over-all accuracy is estimated at 1% -- 0.03 ohm.

The coils investigated were Siemens & Halske
commercial types (and some special forms cut by
the writer) with *‘ Sirufer 5”7 as core material.
“ Sirufer 4 7" and ' Sirufer 6~ were also tested for

comparison : all these types differ in effective
permeability, owing to their different * filling
factors.” The preliminary measurements confirmed

the square-law variation of inductance with number
of turns, for various shapes of coil, with and without
iron cores (Fig. 0); they also showed that the
inductance (and therefore the permeability) re-
mained practically constant over the range of
frequencies. This result was to be expected; a
significant change in the effective permeability
would only occur if the frequency were so high that
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the eddy currents could no longer flow over the
whole section of the individual particles (diameter
3—5u) and could only penetrate into a skin on the
surface, when the magnetic flux also would sufter a
skin effect : this would occur at about 1000 Mc/s.
The shght rise in the curves of Fig. 6 at a small
number of turns is explained by a small change in
the magnetic path length which only becomes
noticeable when the turns are few. Fig. 8 shows
the influence of the number of turns on the coil
quality wl [¢: the pot coils tested, both with and
without iron cores, show different optimum values
for the number of turns at the different frequencies,
but these optima move, with increasing frequency,
only slightly towards the lower winding numbers.
This behaviour is investigated further (lig. 9 and
text) : the displacement of the quality maxima is
traced to the fact that with increasing frequency
the straight portion of the curves R = f (n?) be-
comes shorter and moves towards lower turn-
numbers, because the '‘ coil-field "’ resistance (that
component of the total resistance which s due to
eddy-current loss from the winding of the wire into
a coil) increases with the square of the {requency.
For the later investigations on iron-cored coils,
18 and 28 turns were employed, these being approxi-
mately the optimum values for the 30 and Som
waves respectively. Finally, Iig. 10 shows the
comparison, as regards resistance, between sohd
wire and Litz of the same d.c. resistance; the
abscissae represent the squares of the frequency.
At first the dissipative resistance of the solid wire
exceeds that of the Litz, but then, instead of
increasing with f? like the Litz, it increases only as
the square root of f (I'ig. 11) * so that at the highest
irequencies the resistance of the solid wire is less
than that of the Litz *’ [it does not, however, appear
from the curves of Fig. 1o that this statement
applies literally to the finer Litz wire of 25 strands of
0.04 mm diameter|. These tests also show that the
turns should be wound “looselv,” so that the
resistance component due to copper losses may not
increase too much.

The exploratory tests being now completed,
section 111 describes the measurements on the
various types of coil. The results are summed up
in section 1v as follows :—* All the tests show that
that shape of iron core is the most favourable for
which the least possible number of lines of leakage

flow through the copper of the winding. This can
be attained in two ways. First, the etffective per-
meability of the iron can be increased. . . . This

can only be done by raising the ‘ filling factor ' of
the core; that is, by increasing the proportion of
the iron particles to the insulating material; but
since the added resistance due to the core is chietly
dependent on the eddy currents in the iron particles,
such an increase of the factor will make the loss
resistance of the coil larger.”” That this is the case
is seen in Iig. 16, where the “ Q" values of coils
with cores of Sirufer 4, 5, & 6 are compared with a
similar air-cored coil. The core with the highest
permeability, Sirufer 6, gave the lowest " Q,”
although it gave the highest inductance. ‘* The best
core material for the short-wave range is Sirufer 5.”

" The second possibility of raising the quality of
the iron-cored coil is to choose the best shape of
core, taking into consideration the permeability of
the material. As the measurements show, the best
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shape is that for which all leakage lines through the

copper are avoided, and this is most nearly fulfilled,

for the material employed, by the ‘ pulley ’ design

[Fig. 3 b].

‘" At what frequencies the use of iron cores
presents no advantage as regards coil quality, com-
pared with an air core, depends according to these
investigations on (1) the construction of the coil,
(2) the core material, and (3) the shaping of the core.
The application of the winding to the most low-loss
former possible must, for short waves, be carried
out in the form of a single-layer ‘ loose ’ winding ;
too close a winding increases the loss resistance.
As has been pointed out earlier [Fig. 13], at 10 Mc/s
the ‘) ’-value of a pulley-type coil with thick solid
wire equals that of a coil with the finest Litz wire
used. The value is there about 200, but falls as the
frequency is increased ; this is because the number
of turns chosen was the optimum for about 5 Mc/s
(Fig. 6). With fewer turns about the same figure
of merit can be obtained at the higher frequencies.

‘* The great advantage, however, of the iron-cored
coil lies in the simplicity with which its inductance
can be adjusted by altering the magnetic resist-
ance ; thus with a pulley-type coil an inductance
variation of some 10% can be obtained by drawing
out theiron. When aniron core is used for trimming
purposes only, account must be taken of the ficld
distribution of the core thus introduced.” The
advantage in smaller size is mentioned only at the
beginning of the paper.

212. CIRCUIT ARRANGEMENTS FOR QUICK-ACTION
MagNETS [using Condensers to shorten the
Delay].—Blankenburg. (E.T.Z., 25th July
1940, Vol. 61, No. 30, pp. 693-690.)

213. AN ANALYSIS OF THE LAWS GOVERNING THE
DISTRIBUTION OF THE MAGNETIC FLUX IN
THE MAGNETIC CIRCUITS OF NEUTRAL
IELECTROMAGNETIC IDEVICES, TAKING INTO

ACCOUNT THE NON-LINEARPITY OF THE
Mac~eTIsSaTION CURVES.—Livshits.  (Aufo-
matics & Telemechanics [in Russian], No. 1,

1940, pp. 27-38.)

The method proposed in a previous paper (4431
of 1940, where the year should read ‘1939 ”’) for
determining ¢ = f (x) was based on the assumption
that the impedance of a magnetic circuit is inde-
pendent of its inductance. In this paper a more
accurate method is discussed, in which the non-
linearity of the magnetisation curves and the
effect of inductance on the impedance of the circuit
are taken into account.

214. ARMATURE REACTION IN AN A.C. GENERATOR
EXCITED BY A RING-SHAPED PERMANENT
MaGNET [produces No Series \Weakening of
the Modern-Alloy  Magnet].—Pohlmann.
(Avch. f. Elektrotech., July 1940, Vol. 34,
No. 7, pp. 3033381 : [I:.T.Z., 8th Aug. 1940,
Vol. 01, No. 32, p. 744—summary only.)

215. AN IMPORTANT NEW MAGXNETIC ALLOY
['* Vicalloy "’].—Nesbitt & Kelsall.  (Bell
Lab. Record, Sept. 1940, Vol. 19, No. 1,
p. 30.) See also 4057 of 1940.

216. TEMPLATE FOR MEASURING CURVED ARCS
[Path-Lengths in Magnetic Design, etc.].
Hague. (Engineering, 4th Oct. 1940, Vol
150, pp. 263-264.)
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217. ELEMENTARY PROCESSES OF MAGNETISATION
IN THE REGION OF INITIAL SUSCEPTIBILITY
[with Experimental Confirmation of Becker’s
Theory : the Great ITmportance of Internal
Strain Conditions : etc.].—Thiessen. (Ann.
der Physik, Ser. 5, No. 2, Vol. 38, 1940,
PP 153-176)

218. CRYSTAL-STRUCTURE MODELS FOrR CLOSE-
PACKED SvysTEMS.—l.angmuir & Nelson.
(Review Sciemt. Instr., Sept. 1940, Vol. 11
No. 9, pp. 295-297.) Modification of the
method used by Martin (619 of 1940).

STATIONS, DESIGN AND OPERATION

219. BETTER CoVERAGE [Tests of Comparative
Lffectiveness of I'requency-Modulated and
Amplitude-Modulated Transmitters of Equal
Power : Service Arca may be 33 Times
greater : etc.].—Weir. (Gen. FElec. Review,
Oct. 1940, Vol. 43, No. 10, p. 425.) See also
p. 426, for frequency modulation in a utility
industry and in a police system.

. A FREQUENCY-MODULATION  MONITORING
SysTEM [to prevent Adjacent-Channel Inter-
ference & Distortion in Recciver : Analytical
Discussion & Computed Charts of Spectra
produced by F.M. Waves : Monitor plotting
Amplitude ~ & Frequency Distribution of
Spectrum, on Oscilloscope Screen: Com-
parison of Results with Calculated Charts].
Pieracci. (Proc. I.R.E., Aug. 1940, Vol. 25,

No. 8, pp. 374-378.)

N
v
o

GENERAL PHYSICAL ARTICLES

221. PHYSICAL AND ASTRONOMICAL INFORMATION
CONCERNING D’ARTICLES OF THE ORDER OF
MAGNITUDE OF THE WAVELENGTH OF LIGHT
— Ehrenhait. (See 11, above, and 222,
below )

222. PRODUCTION OF SINGLE MAGNETIC POLES BY
LiGHT : A HyPoTHESs1s oF MAGNETIC 10NS
AND MacyETIC  CURRENTS.—LEhrenhaft.
(Unpublished paper referred to in the work
dealt with above.

I.UMINESCENCE EXCITED BY IIXPOSURE TO
NEUTRONS.—Wick & Vincent. (Phys. Re-
view, 15th Sept. 1940, Vol. 58, No. 6, p. 578.)

223.

NOTE ON INTERACTION IINERGIES IN RaD1a-
tion THEORY [Linergies calculated for
Photon & Electron, Mesotron & Photon,
Two FElectrons, and Two Mesotrons|.
Hurwitz. (Phys. Review, 1st Sept. 1940,
Vol. 58, No. 5, pp. 467—471.)

THE LATERAL DIFFUSION OF A STREAM OF
lons [or Electrons] 1N A Gas [under Action
of Uniform FElectric Field: Alternative
& More Convenient Analysis: Lffects of
Added Magnetic Field].—Huxley. (Phil.
Mag., Nov. 1940, Vol. 30, No. 202, pp. 390

13.

The 1(1?/e)mtages of this treatment were discussed
by Green (1931 Abstracts, p. 632) in an investiga-
tion of heat conduction in terms of wave-trains.

224.

225.
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226. RaNDoM PaTHS IN Two aND THREE DIMEN-
sIoNs.—McCrea & Whipple. (Proc. Roy. Soc.
Edinburgh, Session 1939/40, Vol. 6o, Part 3,
pp. 281-298.)

227. ' ELECTRODYNAMICS ' [Book  Review].—
Leigh Page & Adams. (Journ. Applied
Phys., Sept. 1940, Vol. 11, No. 9, pp. 572~
573.) The last chapter deals with special
problems, including the magnetron and
cosmic-ray trajectories.

228. ON THE ErecTROMAGNETIC Two-Bopy IPROB-
LEM [on Assumption of Small Mass Ratio].
Synge.  (Proc. Roy. Soc., Ser. A, ogth

Oct. 1940, Vol. 176, No. 965, p. S 65.)

“1If the orbit of the light particle is initially
approximately circular it remains so, but its radius
decreases steadily to an ultimate collision. This
agrees with the classical conclusion that an accele-
rated charge radiates energy, but the rate is much
smaller than that given by the Larmor formula.”

220. A CoMPLETE IsoMETRIC CONSISTENCY CHART
FOR THE NATURAL CONSTANTS e, m, AND A.-
DuMond. (Phys. Review, 1st Sept. 1940,
Vol. 58, No. 5, pp. 457-460.)

230. ON THE RADIO-FREQUENCY SPECTRA OF
Sob1uM, RuBiDIUM, AND CAESIUM.—Millman
& Kusch. (Phys. Review, 1st Sept. 1940,
Vol. 58, No. 5, pp. 438-445.) For previous
work see 3219 of 1940.

231. QUATERNION ANALOGY OF WAVE-TENSOR
CarcurLus [Quaternion Algebra used in
place of Eddington’s E-Number Algebra].—
McCrea. (Phil. Mag., Oct. 1940, Vol. 30,
No. 201, pp. 261-281))

232. RECIPROCITY : PARTS 2-4: ScALAR WAVE
Funcrions, RecipRocaL WavE FUNCTIONS,
SPINOR Wave Functions.—Born, Fuchs.
(Proc. Roy. Soc. Edinburgh, Session 1939/40,
Vol. 60, Part 1, pp- 1oo-116: Part 2, pp.
141-146 & 147-163.)

233. GENERALISED BOLTZMANN'S FORMULA AND
Pranck’s Law.—Mathur & Singh. (Sci.
& Culture, Calcutta, Sept. 1940, Vol. 6
No. 3, pp. 189-190.)

234. '* REPORTS ON PROGRESs IN PHysics: VoL.
VI [Book Review].—Awbery (Edited by).
(Phil. Mag., Oct. 1940, Vol. 30, No. 201,
p. 348.)

235. " AN INTRODUCTION To THE KINETIC THEORY
oF GasEs "’ [Book Review].— Jeans. (Nature,
20th Oct. 1940, Vol. 146, pp. 535-536.)

>

236. " ELECTROCAPILLARITY : THE CHEMISTRY
AND PHysics oF ELECTRODES AND OTHER
CHARGED SURFACEs ' [Book Review].—
Butler.  (Nature, 26th Oct. 1940, Vol. 146,
P- 536.)

237. THE THERrRMAL AND ELEcTRIcAL CoONDUC-
TIVITIES OF METALS AND ALLOYS [and the
Anomalies in Their Relationships].—Chubb.
(Phil. Mag., Oct. 1940, Vol. 30, No. 201,
PP- 323-330)
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MISCELLANEOUS

238. THE MATRiIXx THEORY oOF FoUrR-TERMINAL
NETWORKS.—Dipes. (See 57.)

239. A MATRIX GENERALISATION OF HEAVISIDE's

Expansion THEOREM.—Pipes. (See 58.)
240. NOTEs ON MATHIEU FuncTioNs : I—A CLass
oF HyprrBoric MATHIEU FuxcTIiONs.

Bickley. (Phil. Mag., Oct. 1940, Vol. 30,
No. 201, pp. 312-322.)

241. THE PERIODIC LAME FUNCTIONS, and FURTHER
INVESTIGATIONS INTO THE PERIODIC LAME
Funcrions.—Ince. (Proc. Roy. Soc. Edin-

burgh, Session 1939/40, Vol. 60, Part 1,
PP. 47-03 and 83-99.)
242. PROPERTIES OF THE WITCH OF AGNESI:

ArpPLICATION TO FITTING THE SHAPES OF
SPECTRAL LINES.—Spencer. (See 59.)

243. SOME CONFLUENT HYPERGEOMETRIC FuNc-
TIONS OF Two VaRrRIABLEs.—Erdélyi. (Proc.
Roy. Soc. Edinburgh, Session 1939/40, Vol.
6o, Part 3, pp. 344-352.)

244. INTERPOLATED DERIVATIVES.—Spain.  (Proc.
Rov. Soc. Edinburgh, Session 1939-40, Vol.
60, Part 2, pp. 134-140.)

THE MINKOWSKI GEO-
[Book Review].

245. ' DEVELOPMENT OF
METRY OF NUMBERS "

Hancock. (Phil. Mag., Oct. 1940, Vol. 30,
No. 201, p. 347.)
246. “ THE PRINCIPLE OF STATISTICAL MECH-

aNics 7’ [Book Review]—Tolman. (Science,
27th Sept. 1940, Vol. g2, pp. 287-288)

ASSOCIATION MATHEMATICAL
TABLES : Vor. VIII—NuMBER-DIVISOR
TaBLEs ” [Book Review].—(Phil. Mag.,
Nov. 1940, Vol. 30, No. 202, pp. 435-436.)

247. " BRITISH

248. ELECTRICAL MEASURING METHOD FOR THE
DETERMINATION OF INTEGRAL AND AVERAGE
VarLuks [Ordinates (representing Pressures,
Velocities, etc.) converted into Conductivi-
ties which control the Speed of Discharge
of Condenser in Relaxation-Oscillation Cir-
cuit].—Schemmrich.  (Awch. f. Elektrotech.,
July 1940, Vol. 34, No. 7, pp. 415-422:
£.T.Z., 8th Aug. 1940, Vol. 61, No. 32,
P- 744—summary only.)

249. NATIONAL DEFENCE AND THE PHYSICIST [and
the Need for Speeding-Up Research as well
as Material Output: Editorial].—(Journ.
Applied Phys., Sept. 1940, Vol. 11, No. 9,
p- 507

250. BOARD OF SCIENTIFIC AND INDUSTRIAL RE-
SEARCH AT WORK.—(Sci. & Culture, Calcutta,
Aug. 1940, Vol. 6, No. 3, pp. 103-105.)

251. THE SYDNEY-MELBOURNE TyPE ] CARRIER
TELEPHONE SysTEM.-—OQO'Leary & others.
(Elec. Communication, July 1940, Vol. 19,
No. 1, pp. 3-17.) For a transportable testing
equipment for 12-channel systems see ibid.,
pp. 66-67.
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252. PREPARATION OF HIGH-MELTING ALLOYS WITH

THE AID OF ELECTRON BOMBARDMENT.—
Hultgren & DPakkala. (Jowrn. Applied
Phys., Oct. 1940, Vol. 11, No. 10, Pp.
643-6406.)

253 Tue DETECTION OF DEFECTS IN MAGNETIC
MATERIALS BY MAGNETIC METHODS [Survey],
and THE SPERRY RAIL-DEFECT DETECTING
CAR.—Armour : Sperry. (Sci. Abstracts,
Sec. B, 25th Aug. 1940, Vol. 43, No. 3512,
PP- 340-341 @ Engineering, 20th Sept. 1940,
Vol. 150, pp. 223—225.) For earlier work on
the Sperry system see 1929 Abstracts, p. 406.

ALTERNATING CURRENT SOURCE FOR RESIST-
ANCE WELDING [and the Use of a Series Con-
denser to Stabilise the Voltage against Load
Fluctuations].—Matano. (Electvotech. Journ.,
Tokyo, July 1940, Vol. 4, No. 7, pp. 150~152.)

254.

NoON-EXISTENT DIFFICULTIES IN WELDING
[ Arc Welding has Too Many Doctors "'].—
Lincoln. (Elec. Engineeving, Aug. 1940,
Vol. 59, No. 8, p. 330.)

255.

ConTiNuous TrsTING OF CopPPER-COATED
IRON WIRE FOR THICKNESs OF CoaAT
[Electro-Magnetic Probe with Split Tip:
Valve-Amplified Indication].—(E.T.Z., 1st
Aug. 1940, Vol. 61, No. 31, p. 715.) Sum-
mary of an Electrical 1World article.

256.

. MagNETIC ULTRA-MICROMETER [particularly
for Measurement of Metallic, Paint, or Other
Deposit on Magnetic Material] —Elwood.
(Bell Lab. Itecord, Sept. 1940, Vol. 19,

No. 1, pp- 37-38)

PRrRiCISION SHORT-INTErRVAL TIiMING EgQulr-
MENT.— Fry & Baldeschwieler. (See 154.)

Tue AUTOMATIC OBTAINMENT OF STATIONARY
IMAGES OF INTERNAL SECTIONS oF MoVING
OsjeEcTs.—Ivanov. (Awutomatics & Tele-
mechanics [in Russian}, No. 1, 1940, PP.
67-74.) o i
General discussion of the principles underlying

' tomography,” i.e. the technique of obtaining

stationary scctions of moving details of machines

by synchronising the movements of the X-ray tube,
the moving object, and the screen or film.

258.

259.

260. THE * RivrLay’” [Metrovick Ripple-Relay
System for Remote Control, A.R.P. Signal-
ling, etc.].—Smith. (Met. Vickers Gazette,
Oct. 1940, Vol. 19, No. 330, pp. 76-80.)

261. Rytumatic ConTROL [and the Development
of the System for Remote Switching by
Currents superposed on Power Mains].—
Mackenzie. (Strowger Journ., Aug. 1940,
Vol. 5, No. 2, pp. 42-61.)

262. ON THE DAMPING OF OSCILLATIONS DETER-
MINED BY A LINEAR DIFFERENTIAL EQua-
T1ON OF THE THIRD ORDER WITH CONSTANT
COEFFICIENTS.—Ayzermann. (Automatics
& Telemechanics [in Russian], No. 1, 1940,

pp- 55-05.)
Periodic oscillations may appear in the moving
part of -an automatic mechanical regulator during
the process of regulation. Taking into account the
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mass of the moving part, these oscillations can
usually be represented by eqn. 1. It is pointed out
that no gencral method has been proposed for
determining the damping coefficient of these oscil-
lations without integrating this equation, and it is
shown that approximate formulaec (7) and (9)
derived by previous investigators are very in-
accurate and can only be used in a limited number
of cases. Accordingly a conception is introduced
of the “ periodicity coefficients ”’ of a system, X
and Y (top of page 59), and an equation (13) is
derived from which a family of curves representing
the percentage damping j can be plotted (Fig. 2).
Knowing X and Y, whose values depend on the
coefficients of eqn. 1, the percentage damping of the
system can be determined immediately from Fig. 2.

263. THE DPROPAGATION OF LELECTROMAGNETIC
Waves ALONG OPEN WIRE LINES, and
CERTAIN CONSEQUENCES ARISING FROM AN
ANALYSIS OF THE PROPAGATION OF ELECTRO-
MAGNETIC IENERGY ALONG THREE-PHASE
SyMMETRICAL Lings [in Connection with
Telemechanics].—Kovalenkov: Dyakov. (See
33 & 34, above.)

CoNTROL MECHANISM : DEVICE STOPS A
MacHINE ERROR BEFORE 1T HapPENS
[High-Spced  Regulator and Gyroscopic
Stability Control sensitive to Acceleration
rather than to Velocity].—Westinghouse.
(Scient. American, Oct. 1940, Vol. 163,
No. 4, pp- 199—200.)

. PaPER ON DPuoTOcELLS AND THEIR SUIT-
ABILITY FOR AUTOMATIC CONTROL SYSTEMS.
—Khlebnikov. (See 143.)

PHOTOKLECTRIC REGULATION OF REVOLVING
FURNACES IN MANUFACTURE OF CEMENT.—
Rogers. (E.T.7., 11th July 1940, Vol. 61,
No. 28, pp. 060-061 : summary only.)

264.

(8]
(o}
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266.

PHOTOELECTRIC COLORIMETER-FLUOR-
METER.—Froman & McFarlane. (Canadian
Journ. of Res., Aug. 1940, Vol. 18, No. 8,
Sec. B, pp. 240-245.)

267. A

268. OpTicAL SMOOTHNESS-METER  [Correspond-
ence]. —Guild.  (Journ. of Scient. Instr.,
Sept. 1940, Vol. 17, No. 9, pp. 231-232.) See

4161 of 1940.

269. PHOTOCELL APPLICATIONS [Sorting Rice:
Sugars : Distillation : Calorimeter for Chemi-
cal. Analysis: Spectrum: Rate-of-Feed
Control (in Printing) : Air-Brush: Control
of Cultivators].—Seymour. (Sci. Abstracts,
Sec. B, 25th Aug. 1940, Vol. 43, No. 512,
P- 340.)

PAPER ON PHOTOGRAPHIC EXPOSURE AND
PHOTOELECTRIC LExrosurRe METERs [Influ-
ence of Varying Tonal Characteristics on the
Readings : etc.].—Harrison. (E. & Tele-
viston & S-T".117., June 1940, Vol. 13, No. 148,
p. 266 : summary only.)

270.

271. “ ELECTRIC LEYE' MEASURES PROTEIN 1IN
WHEAT FLoUr.—Zeleny. (Journ. Franklin
Inst., Aug. 1940, Vol. 230, No. 2, p. 280))
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274.

275.

276.

. RADIO-THERAPY :

. AN ELECTRICAL INTEGRATOR FOR
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PHOTOELECTRIC CONTROL OF PAPER REGIS-

TRATION IN THFE DPRINTING INDUSTRY.-—
Forster. (L. & Television & S-W.W., Aug.

1940, Vol. 13, No. 150, pp. 353-355 and 357.)
From the B.T-H. laboratories.

. AERIAL PHOTOGRAYHS BY NiGgHT [U.S. Army's
y

Explosive Light Bomb of 1000 Million
Candle-Power : Photocell opens Camera
Shutter at Moment of Greatest Illumina-
tion].—(The Times, 12th Oct. 1940, p. 3.)

TyrpicaL CoLour CURVES [taken with Photo-
clectric PPhotometer] AND THEIR APPLICA-
TION FOR PURITY TESTS 1N PHYSIOLOGICAL
RESEARCHEs.—Singh & Rao. (Curvent
Science, Bangalore, Aug. 1940, Vol. g,
No. 8, pp. 368-369.)

VitamiN A MeTER [using Special Photocells
& Circuit for measuring Ultra-Violet Radia-
tion remaining after Passage through Fish
Oil].—~G-M Laboratories. (Journ. Applied
Phys., Sept. 1940, Vol. 11, No. g, p. iv))

BiorocicaL ErFecrts orF HigH-FREQUENCY
AND MAGNETIC FIELDs [Experience with
" Inductotherm ”*  Short-Wave Diathermy
shows Definite Part played by Magnetically-
Produced Currents].—Nagelschmidt. (Nature,
2nd Nov. 1940, Vol. 146, p. 590) These
currents “‘ probably account for the imme-
diate relief of pain in some cases, long before
any measurable rise of temperature in the
tissue occurs.” For Summers & Hughes’s
results with h.f. magnetic fields acting on
microorganisms see 4134 of 1940.

WIRELESS IN THE SERVICE
oF MEeDICINE.—Dalton.  (Wireless World,
Oct. 1940, Vol. 46, No. 12, pp. 416-418))
See also 1284 of 1940.

“ ActioN
CurreExts ' [Amplified Currents charge
Condenser till This is discharged by Gas-
Filled Tube to activate Impulse Counter]-
Freeman & Hoffman. (Review Scient. Instr.,
Sept. 1940, Vol. 11, No. g, pp. 283-284.)

. PAPERs ON MuULTI-CHANNEL DErLay UNIT

AND MULTIPLE-SWEEP SvysTEM ror C-R
OsCILLOGRAPHS  [primarily for  Action-
Potential Research].—Marshall, Talbot. (See
166.)

. ""SoME POINTS ON THE RELATIONS OF RaDIo-

GEOLOGICAL PROSPECTING TO LIGHTNING
RESEARCH " [Book Review].—Fritsch. (See

40.)

. ELECTROMETRIC py MEASUREMENTS IN IN-

DUSTRIAL TECHNIQUE [Recent Develop-
ments, including Valve-Amplifier Equip-
ment].—Lieneweg & Naumann. (£.7.7.,

25th July 1940, Vol. 61, Nos. 29 & 30, pp.
665-668 & 690-692.)

2. “ PROCEEDINGS OF THE SEVENTH SUMMER

CONFERENCE ON SPECTROSCOPY AND ITS
ArprricaTioNs ' [Book Review].—Harrison
(Edited by).—(Journ. Applied Phys., Sept.
1940, Vol. 11, No. g, p. 570.)
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283. THE OpTICAL PROPERTIES OF COLLOIDAL
SUSPENSIONS IN RELATION TO THE MEASURE-
MENT OF D’ARTICLE-S1ZE FRrEQUENCY.
Richardson.  (Journ. Applied Phys., Oct
1940, Vol. 11, No. 10, pp. 653-657.)

284. THE TRANSMISSION OF INFRA-RED LIGHT BY
Foc.—Sanderson. (Journ. Opt. Soc. Am.,
Sept. 1940, Vol. 30, No. 9, pp. 405-409.)
A summary was dealt with in 3661 of 1940 :
contrast Smith & Hayes, 4519 of 1940.

285. OpTICAL TELEGRAPHY AND TELEPHONY [Suni-
mary of Lecture to VDE Meeting].—
Schwenkhagen. (E£.7.Z., 22nd Aug. 1940,
Vol. 61, No. 34, p. 785.)

286. ON THE CONSTRUCTION OF VERY SENSITIVE
Vacuum THERMOELECTRIC CELLS [primarily
for Astrophysical Rescarch].—Rogers. (Re-
view Scient. Instr., Sept. 1940, Vol. 11, No. 9,
pp. 281-282))

“ Almost as convenient to handle as commercial
radio tubes ' : the light from Betelgeuse, through
a 24-inch reflecting telescope, produced a double
deflection of 12cm at a scale distance of 2m
with a Paschen galvanometer.

287. CHEMICAL TREATMENT [as opposed to Applied-
Film Method] To INCREASE THE TRANS-
PARENCY OF Grass.—]Jones & Homer.
(Science, 4th Oct. 1940, Vol. g2, Supp. p. 8))
For the previous methods see, for example,
3656/8 of 1940.

SYMPOSIUM ON OPTICAL METHODS FOR STUDY
OF  MoLECULAR  STRUCTURE  [X-Ray-
Diffraction, Electron-Diffraction, & Raman-
Spectra  Methods].—Warren &  others.
(Journ. Opt. Soc. Amn., Sept. 1940, Vol. 30
No. 9, pp. 369-404.)

. " THE RaMAN EFFECT aAND ITs CHEMICAL
APPLICATIONS ”’ [Book Review].——Hibben.
(Journ. Applied Phys., Sept. 1940, Vol. 11,
No. 9, p. 569.)

. DEVICES FOR MEASUREMENT OF AIR TURBU-
LENCE [for Design of Acrofoils] AND
PROPELLER VIBRATION [causing Crystallisa-
tion of Metal] —Weske: Kearns. (Proc.
I.R.E., Aug. 1940, Vol. 28, No. 8, p. 383 :
summaries only.) See also 2808 of 1940.

283.

. UtiLisinG SunN Ravs [including Recent De-
velopments using ‘‘ Alcoa " Metal Mirrors
and “* Aroclor ”” Liquid in Thermos Bottles].
—Abbot.  (Scientinc Monthly, Sept. 1940,
Vol. 51, No. 3, pp. 195-200.)

- THE UTtiLisaTion or Wixp Powrr [Data
relating to Design of ““ Wind Turbines ' :
Necessity for Increased Diameters (to
6om) & Higher Wind Velocities (as at
200 m above Ground): Need for Prolonged
Tests].-—van Heys. (E.7.7., 22nd Aug.
1940, Vol. 61, No. 34, pp. 787-790.)

[N
el
]

OriGINS OF ELECTRIC TRANSMISSION BY
Resonance [Letter prompted by Death of
Sir  Oliver Lodge].—ILarmor. (Natuve,
5th Oct. 1940, Vol. 146, p. 459.)

293.
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Wireless Patents
A Summary of Recently Accepted Specifications

The following abstvacts ave prepared, with the permission of the Controlley of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1/- each

ACOUSTICS AND AUDIO-FREQUENCY CIRCUITS
AND APPARATUS

527 026.—Loud-speaker diaphragm fitted with a
dust-excluding element so arranged as not to
introduce any undesirable resonance eftects within
the signal range of frequencies.

Standard Telephones and Cables {conununicated
by P. A. J. Visschers). Application dale 28th March,
1939.

527 395.—Simplified magnetic system for a gramo-
phone pick-up of the moving-iron type.

Cosmocord and A. Schumann. Application dale
11th April, 1939.

DIRECTIONAL WIRELESS

526 036.—Short-wave direction finder based on the
use of two crossed pairs of spaced dipoles with
feed-lines of constant length.

Soc. Francaise Radio-Ilectrique.
date (France) 4th March, 1938.
526 055.—DMeans for accentuating the relative
strengths of the ‘ complementary’ signals used
to mark out a radio-navigational course.

Standard Telephones and Cables and C. W. Earp.
Application date 7th March, 1939.
526 114.—Removing the D.C. component of the
“complementary " signals used to mark outa radio-
navigational course or ‘‘ blind-landing ™’ system.

Standard Telephones and Cables and C. W. Earp.
Application date 7th March, 1939.
526 182.—Direction-finding system in which the
" complementary ' signals are also used to charge
two condensers for the purpose of applying auto-
matic volume control.

. R. Steinhoff.

19th March, 1938.
526 318.—Arrangement of a number of radio
beacons for defining a clear-cut navigational route.

Standard Telephones and Cables (assignees of Le
Maiéricl Téléphonique Soc. Anon.). Convention date
(France) 12th March, 1938.

Convention

Convention dale

(U.S.A4)

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

525 405.—Switch-tuned receiver in which the
station-selecting device is arranged to operate the
tuning condenser without the use of intermediate
gearing.

N. Hansen.
July, 1938.
525 470.—Amplifier with positive reaction in which
the feed-back circuit includes a non-linear impedance
to reduce the gain of stronger relatively to the
weaker signals.

L. E. Ryall. Application date 18th February, 1939.
525 6Go6.—Controlling the band width accepted by
a radio receiver or gramophone amplifier, aunto-

Convention date (Denmark) 25th

matically and solely by means of the low and
intermediate sound frequencies.
Philips’ Lamps. Convention
22nd  July, 1938.
525 611.—Switch-tuned wireless set in which the
press-buttons or selectors can also be utilised, in
one position, to allow of continuous manual control
of the tuning.
E. K. Cole and R. Kemp.
February, 1939.

date (Germany)

Application date 17th

525 613.—Remote tuning and volume control for a
wireless set through an impulse transmitter at the
distant point.
A. R. Fokerd.
1939.
525 722.—Remote tuning system for a set fitted
with A.V.C. and allowing for an additional manual
control of volume.
Philco Radio and Television Corporation (assignees
of W. E. Gilbert). Convention date 14th Mavrch, 1938.

525 829.—Push-button control for the wave-band
settings of a wireless receiver, and also for changing
over to gramophone reproduction or to television
reception.

The Geneval Electric Co. and F. R. Jones. Applica-
tion date 1st March, 1939.

525 869.—Arrangement of the band-pass filter
Circuits and associated automatic selectivity control
in a superhet receiver.

Philips’ Lamps. Convention date (Germany) 27th
May, 1938.

525 g51.—Amplifier circuit for very high frequencies
in “which means are provided to prevent damping
of the grid circuit due to the ' transit time” of
the electrons.
Telefunken Co.
Mavrch, 1938.
525 953.—Negative feed-back amplifier with means
for reducing the so-called Johnson and other
“valve noise,” relatively to the signal level.
Standard Telephones and Cables; K. G. Hodgson ;
and A. H. Roche. Application date 3rd March, 1939.

526 087.— Wired-wireless receiver with a volume
control safeguarded against the effects of a short-
circuit in the loud speaker or its leads.

Philips’ Lamp Co. Convention date (Netherlands)
25th February, 1939.

Application date 23rd February,

Convention date (Gevmany) 3rd

526 153.—Cam-control mechanism for a push-
button receiver designed to give a graduated
control as the critical tuning point is approached.

Philco Radio and Television Corporation (assignees
of L. H. Zepp). Convention dale (U.S.A4.) 10th
March, 1938.

526 173.-—Amplifying circuit including a non-linear
impedance in the feed-back circuit whereby the
effective reaction is automatically made greater for
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weak than for strong signals. (Addition to
525 470)) o
L. E. Ryall. Application date 8th March, 1939.

TELEVISION CIRCUITS AND APPARATUS
For TRANSMISSION AND RECEPTION

525 608.—Discharge tube in which a picture pro-
jected on to a caesium-coated screen is focused
and reproduced on a fluorescent screen arranged at
right-angles to the first screen.
The Mullard Radio Valve Co.
(Netherlands) 13th October, 1938.

525 616.—Cathode-ray television receiver in which
the picture is reproduced on an enlarged scale by
scanning a crystalline screen of an alkali-halide,
so as to vary its transparency.

Marconi’'s W.T. Co.; L. M. Myers; and 4. T.
Starr.  Application date 23vd February, 1939.
525 628.—Television system in which the sound
signals are transmitted by frequency modulation
and the picture signals by amplitude modulation.

H. E. Kallmann. Application date 24th February,
1939.
525 629.—Automatic gain control for television
based upon first bringing the average picture
brightness, and then a datum level, to a sub-
stantially constant value.

Telefunken Co. Convention date (Germany) 25th
February, 1938.
525 791.—Means for producing ‘‘ fade-outs,”
‘“ rolling-cuts ”’ and similar effects in a television
programme.

Baird Television and G. 4. R. Tomes. Application
date 1st Mavch, 1939.
525 826.—Superhet receiver, for combined sound
and picture signals, using a common intermediate-
frequency amplifier covering a range of from
500 kecfs to 10 Mc/s.

Kolster Brandes and D. S. B. Shannon.
tion date 28th February, 1939.
525 967.—Arrangement for showing a ““ close-up
of a television picture, and for controlling the
brightness or ‘‘contrast” values accordingly.
(Addition to 520 2335.)

Kolster-Brandes ; R. E. Prichard ; and C. N.
Smyth. Application date 33rd March, 1939.
525 968.—Sound and picture receiver in which an
oscillator valve, of the electron-coupled type, is
used as a mixer for both sets of signals.

Kolster-Brandes and C. N. Smyth. Application
date 3rd March, 1939.
526 032.—Saw-toothed oscillation generator de-
signed to avoid key-stone distortion, when receiving
television signals. (Addition to 483 999.)

Telefunken Co. Convention date (Germany) 3rd
March, 1938.

TRANSMITTING CIRCUITS AND APPARATUS

(See also wunder Television)

Convention date

Applica-

525 183.—Signalling syvstem in which a modulated
oscillating valve serves either as a means for volume
compression or expansion according to the operating
conditions.

Kolster-Brandes and W. A. Beatty.
date 17th february, 1939.

Application

January, 1941

525 343.—Valve oscillator back-coupled through
a piezo-electric crystal in which frequency stability
is ensured by the inclusion in the feed-back circuit
of an in-phase impedance combination.

“ Fides "’ Ges. (assignees of Siemens and Halske
Akt). Convention date (Germany) 17th February,
1938.

525 934.—Electron-amplifier circuit for the modula-
tion of ultra-short waves.

Magyar Wolf Ramlampa Co.
(Hungary) 3vd March, 1938.

Convention date

526 418.—Resistive coupling arrangements par-
ticularly for the modulator and sub-modulator
stages of a wireless transmitter.

Marconi’s W.T. Co. and N. H. Clough. Applica-
tion date 16th Februarv, 1939.

CONSTRUCTION OF ELECTRONIC-DISCHARGE
DEVICES

525 243.—Llectrode arrangement for an electron-

multiplier used as a carrier-wave modulating
device. .
Farnsworth  Television, Inc. Convention date

(U.S.A.) 215t February, 1938.

525 344.—Photo-electric cell in which a luminescent.
coating is combined with a light-sensitive cathode
to produce electron-emission.

" Fides " Ges. (assignees of Siemens and Halske

Akt.). Convention date (Germany) 17th February,
1938.
525 378.—Construction and arrangement of the
electrodes of a valve for handling very-high fre-
quencies wherein a cathode of large surface sur-
rounds the anode.

The M-O. Valve Co. and M. R. Gavin. Applica-

tion dates 20th February, 1939 and 24th January,
1940.
525 6or.—Arrangement of the focusing electrodes
in a cathode-ray television receiver designed to
reduce the number of voltage-supply of lead-in
connections.

The Mullard Radio Valve Co.
(Germany) 13th June, 1938.

Convention date

SUBSIDIARY APPARATUS AND -MATERIALS

525 758.—LElectron-multiplier circuit arranged to
include the use of controlled positive or negative
reaction.
Kolster-Brandes ; W.
Chatterjea.

A. Beatty,; and P. K.
Application date 28th February, 1939.

525 882.—High-frequency resonant line of the
coaxial type, with means for stabilising its inherent
frequency against temperature variations.

Marconi’s W.T. Co. (assignees of H. E. Goldstine).
Conventiopn date (U.S.4.) 2nd February, 1933.

525 938.—Perforated metallic shield for screening
the ignition system of a motor car and preventing
high-frequency radiation.

R. H. Stone and M. F. Peters.
(U.S.4.) 16th Mavrch, 1938,

526 377.—Valve-oscillator circuit for generating
square-topped wave-forms, rich in harmonics.

Telefunken Co.  Convention . date (Germany)
14th March, 1938.

Convention date



