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Editorial.

The Natural Frequency and Self-capacity of Coils.—At a paper
on the calibration of wavemeters read before the Physical Society of London
in 1912 we showed that the self-capacity of coils could be allowed for to a
high degree of accuracy by assuming a condenser of constant capacity to be
connected across the terminals of the coil. It appeared somewhat sur-
prising that this effective self-capacity was independent of frequency right
up to the natural frequency of the freely oscillating coil, but’ subsequent
tests made by-various experimenters, notably by Hubbard, have fully
confirmed this result. This fact simplifies very considerably the allowance
which has to be made for the self-capacity of the coil. In our address as
Chairman of the Wireless Section of the Institution of Electrical Engineers
we have shown that if it be assumed that the current is distributed along the
coil according to a sine law then the self-capacity must necessarily be inde-
pendent of the frequency and dependent only on the radius of the coil, to
which it is directly proportional, and on the shape of the co’l. The capacity
will also depend on any dielectrics of specific inductive capacity greater
than unity which may be near the coil, e.g., the insulation on the wire and
the bobbin if any on which the coil is wound. If the current has a sine
distribution, the charge on the coil must necessarily have a cosine distri-
bution and the current and charge will have a simple relationship depending
on the frequency. For a coil of a given ratio of length to diameter the
E.M.F. induced in the whole coil by such a distributed current can be
calculated ; it will depend of course on the frequency. The E.M.F. must be
equal however to the electrostatic P.D. between the ends of the coil due to
the distributed charge, which can also be calculated. Now there is only
one frequency at wEich the E.M.F. can be equal to the P.D. and that
frequency which one thus obtains is the natural frequency of the coil.
Strictly speaking, the current and charge must have such a distribution
along the coil that the E.M.F. and P.D. neutralise each other over every
section of the coil and not merely at the terminals and this is the criterion of
the correctness of the assumed distribution. On the assumption of a sine
distribution a formula can be established for the capacity which connected
across the coil gives the effect of the self-capacity, and this formula is inde-
pendent of the frequency employed. Another fact which is of interest is
that the calculated effective self-capacity varies very little with the length
of the coil, if the diameter is kept constant, which agrees with the result of

cxperim ent.
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The High-frequency Resistance of Coils.—Papers of a theoretical
character read before the Royal Society are apt to be overlooked by those
engaged in the design and construction of apparatus ; we therefore wish to
draw special attention to a paper read in June by Mr, S. Butterworth, of the
National Physical Laboratory, on the high-frequency resistance of coils.
After a somewhat complex mathematical analysis of t{e losses occurring in
a cylindrical wire situated in an alternating magnetic field the results are
applied to the losses in coils and very important practical results are obtained
which are compared with measured values. Although some discrepancies
of an interesting nature are found to exist between the calculated and the
measured values, these detract little from the value of the results. Formula
are given to enable one to choose the best shape and size of coil and the best
stranding to employ to fulfil given conditions. Perhaps the most striking
fact brought out in the paper is the excessive losses in the end turns of short
coils. If the coil be divided into four equal sections, then of the total eddy
current losses in the coil 93 per cent. take place in the two end sections and
only T per cent. in the two middle sections., Tests made at the Imperial
Culltgeﬁy Mr. A. G. Warren on the initial rise of temperature of the various
turns on first switching on the current gave similar results. It shows that
great care is necessary in deducing high-frequency resistance from single
thermojunction measurements on coils since the temperature distribution
with A.C. is likely to differ considerably from that with D.C. A point of
considerable academic interest is that the two inner sections of the coil have
the higher effective resistance, since they act as the primary of a transtormer
of which the two outer sections constitute the secondary and the excessive
losses in the latter cause an excessive effective resistance in the former.
Mr. Butterworth shows that the end turns may even have a negative effective
resistance in spite of the large losses occurring in them.

The Transmission of Wireless Signals between

Toulon and Tahiti.*
By Lieutenant M. GUIERRE.

Objects.

The objects of the radiotelegraphic investigations carried out by the
s.8. Aldebaran were to receive and measure the strength of the special signals
sent out by the radio stations at Lyons-la Doua (French Army), and Nantes—
Basse Landes (French Navy).

The research was particularly concerned with :—

(1) The reception of radio signals in the Indian Ocean, with a view to

establishing the laws of wave propagation over an almost completely
continental path ;

* Abstracted from the Bulletin de la Société Francaise des Electriciens.  See Rapio REview
Abstract No. 2774 in this issue, for references.
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(2) Reception at ranges of 7,000 to 10,000 km ;

(3) Comparison of day and night ranges ;

(4) Reception in the neighbourhood of Noumea and the Antipodes ;

(5) Investigation of the field strength at Tahiti (the waves travelling
almost completely over sea).

Route.

The route followed by the sloop Aldebaran during the six months’ voyage
was as follows: Toulon, Port-Said, Djibouti, Mahé-des-Seychelles, Diego-
Suarez, Saint Denis (Reunion), Mahé-des-Seychelles, Colombo, Singapore,
Bataira, Freemantle (West Australia), Melbourne, Auckland, Antipodes,
Bluff Harbour (New Zealand, South Island), Auckland, Noumea, Loyalty
Islands, Fiji Islands, Samoan Islands, Tahiti.

Aerials and Wavelengths,

The wavelengths used for the investigations were 9,000 and 11,000 metres
for the transmissions from Nantes, and 15,100 metres for Lyons. The
aerials of these stations had the following characteristics :—

Lyons.—Inverted bk antenna, with the horizontal portion in east-west
direction, consisting of twenty copper wires 840 metres (2,750 feet) long,
supported by eight towers 180 metres (590 feet 6 inches high). Width of
aerial = 160 metres (525 feet). This antenna had the following constants :
Static capacity, at 6,050 metres wavelength, = 39 x 10-? p.fg; and at a
wavelength of 15,600 metres,

R=21Q,C= 3T x 103 uF, L = 1,875 mH.

Nantes—T antenna, having a horizontal part composed of ten wires
with fan-shaped down leads in the centre; ieight above the ground 180
metres (590 feet 6 inches); six towers; length of horizontal partr, 500
metres (1,640 feet), width, 200 metres (656 feet); capacity of the aerial
18 x 10-* uF, inductance 125,000 cm. BSeries inductance for

A = 9,100 m, 1,100,000 cm.
A = 11,000 m, 1,700,000 cm.

Effective resistance of the antenna for

’ A = 9,000 m, 3 ohms.
A= 11,000 m, 3:6 ohms.

Aldebaran.—Aerial consisted of two 6-wire cages 093 m (3 feet) dia-
meter parallel with the deck. Total length of antenna = 37 m (121 feet
4 inches), height above deck = 23 m (75 feet); down leads formed by
two small cages in V shape.

Signals and Hours of Transmission.

Continuous wave transmission by arc generators was employed. The
aerial current at Nantes was 200 amperes, and at Lyons 185 amperes. The
signals were sent out from Nantes at 0823 h, and 2023 h, G.M.T., on 9,000
metres, at 1023 h and 2053 h on 11,000 metres wavelength, and from Lyons

at 0845 h G.M.T.

¥va
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Previous Work.

It may be of interest to recall that M. H, Poincaré was the first to investi-
gate the law of the decrease of the amplitude of the oscillations. This law

as given by him was of the form e VE g being the great-circle distance
from the transmitter, A the wavelength, and m an appropriate factor. As
a result of the investigations of March, corrected by von Rybczinski, this

law takes the form of a product of two terms, one being 2/44/8 sin 6, and

the other Poincaré’s exponential, # being the angle which the two stations
subtend at the centre of the earth.

The only practical verification of these theoretical results was made by
Austin over ranges up to 3,700 km over sea, who derived the formula.

Iy = 495 1, 0% ¢-omnr vi
This formula is the only one now used in the design of radio stations, but
the measurements made by the Aldebaran show that it is inaccurate for long
ranges.

Method of Measurement.

The Eossibilit}' of effecting reliable measurements of signal strength on
board ship is due to an application of a method due to M. de Bellescize.

(1) Object of the Method.—To investigate the variation of the electro-
magnetic field set up by a station transmitting with constant power and
wavelength, as a function of the distance. In all the measurements carried
out on board, the inductive effect of the field under investigation on an
open aerial was compared with the induction from a local transmitter under
the control of the receiving operator, All measurements are relative, and
are referred to an arbitrary but invariable scale,

®
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FiG. 1.—Receiving Circuits,

(2) Arrangement of Apparatus.—The receiver (Fig. 1) consisted essentiall
of an inductive coupling L,L., between the receiving aerial A and the two-

UNIVERSITY OF MICHIGAN
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stage amplifier V,V,. The detecting valve Vj is interposed between this
amplifier and the receiving telephones T. The coupling between L; and
L, can be varied over wide limits by sliding the primary along a graduated
scale. The telephones T are shunted by a variable resistance (R" or R""") with
a resistance R’ of 2,500 ohms placed in series; and the circuit is suitably
earthed in order to keep the static potential constant and to eliminate currents
in the telephone receivers due to their capacity to the operator and earth—
such currents interfere with the measurements made with small values of
shunts R", R"’. The transformer primary is shunted by a capacity C' 4 C*,
the condenser C’' being put in or out of circuit by means of a plug; on
removing the plug, the sensitiveness of the amplifier is increased, but so
also is the tendency to oscillate. A heterodyne not shown in the figure
completes the arrangement for the reception of undamped waves.

;ﬁ”%%f e

i s s e e
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F1G. 2.~Arrangement of Auxiliary Transmitter.

The auxiliary transmitter (Fig. 2) employs an oscillating valve and is
suitably screened, with the exception of the coil L; which comprises the
radiating part of the transmitter. The number of turns n in this coil is
adjustable between 1 and 8.

The screen is connected to a point on the coil by a short wire of very low
resistance ; the radiation from the coil may be stopped by a short circuiting
switch. Calling the effective oscillating current in the auxiliary transmitter
tg its inductive effect Z is represented, for constant wavelength, by the
Erudu-::t ntg. The current i, may be adjusted by varying the plate voltage V,,

etween the limits 8 and 80 volts. The distance between the coil L; and
the antenna is so adjusted that with the receiver at its maximum sensitive-
ness, and the product nt; at its minimum value, the radiation from the
auxiliary transmitter can just be heard.

Each measurement consists in the adjustment of the two transmitters
under comparison (namely, the signals from the station under investigation
and those from the auxiliary transmitter) so as to produce the same effect
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on the telephone. The sensitiveness of the receiver should of course remain
constant throughout the test. Consequently the following ought to be
practically constant during the measurements :—

Inductive coupling between aerial and secondary circuit.
Tuning of circuits.
Impedance of the plate circuit of last valve.
Sensitiveness of the detector.
These last conditions may be attained as follows. The shunts R" and R
should be of the same value, and small compared with the series resistance
R’; the coupling between the heterodyne and the receiver should be suffi-
ciently close so that the rectifying effect of the detecting valve is linear.
When, however, the impedance of the shunts R" or R"" is small compared
with that of the telephone T, the strength of the signal due to the aaxiliary
station will remain constant if it is equal to the product of Z and the tele-
phone shunt; this provides a means for testing proper adjustment of the
apparatus.
uring a reading, the station to be tested and the auxiliary station
transmit alternately continuous dashes of ten seconds duration on exactly
identical wavelengths, The operator makes the following adjustments to
equalise the signal strengths :—
Adjustment of the auxiliary inductive effect Z which is proportional to nig,;
adjustment of shunts R" and R’ so that the shunt R* used with the field

Z gives the same strength as when the shunt R""’ is used with the test signals.
rr

The strength of the latter is then ni, B This is reduced if necessary to

refer to a constant current of 200 amps in the transmitting aerial.

(3) Investigation of the Inductive Field Z and of the effect of the Telephone
Shunts.—(a) Measurement of the oscillatory current i, in the auxiliary
transmitter.

This measurement is effected by means of a continuous current micro-
ammeter pA (0—150 micro-amps) connected through a transformer T; and
the thermo-element N (Fig. 2).

Two switches §; and §; enable the standardisation of arrangement to be
effected by means of continuous current from the battery B. This current
may be adjusted by a resistance R and is read on a milllammeter A. In
order to determine the current i; as a function of the plate voltage ¥, the
following operations must be carried out :—

(1) Standardisation of the thermojunction by continuous currents.
For this purpose the switch 8 is thrown over to connect in the
battery B and the resistance R is adjusted to a convenient value.
The continuous current i is read on a milliammeter and the two
successive deflections &, and &, of the microammeter are read for
the two positions of the switch E,. The continuous current 1, given
by the thermoammeter under the influence of an alternating current

Saﬁl

ia assumed equal to 1, will therefore be t, = -*———. The curve of
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1 = (i) can then be plotted between the possible limits of observa-
tion—that is 83 << 150 pA. Normally 1. 1s approximately propor.
tional to 2,

(2) Standardisation of the current 4 as a function cf the plate voltage V.
For these measurements the switch S, is thrown over to connect
in the transformer T,. The voltage ¥, is read on a voltmeter and
the current 1, is determined from the reading 4, of the microammeter
by means of the curve which has already been plotted. Prolonged
tests have shown that with a constant filament temperature and
between the limits of 8 and 80 volts with a given value, the alter-
nating current is stable and is approximately proportional to V.

() Relation between the telephone sll:unt and the local current 1, for

constant sound in the telephone. |

The induction from the local transmitter is evidently proportional to the

oscillating current producing it. This means that if the receiver is properly
adjusted (see § 2) the telephone shunt R* (or R"") ought to be inversely
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Fic. 1.

proportional to i, for constant sound in the telephone. The experimental
verification of this statement is difficult since each variation of the plate
voltage introduces a considerable change in the transmitted wavelength,
and consequently also in the received heterodyned beat note. This diffi-
culty is overcome by retuning the transmitter for each value of ¥, and of
14 50 as to produce the loudest sounds in the receiver which is maintained at
a constant adjustment. Complete silence is necessary for successful results
and each measurement is obtained as a result of a large number of readings.

() Effect of number of turns n.

Assuming that the potential of the coil ] is maintained constant by an
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earth connection the inductive effect is proportional to n. Hence if the
receiver is properly adjusted (see § 2) the telephone shunt R" (or R') should
be inversely proportional to n for a constant sound in the telephones. This
ma}r be checﬁed for any two values of n such as n; and n, h finding the

appropriate shunts R" and R'", for constant sound. The adjustments of
the coil | and of the telephone shunt should be effected simultaneously as
the accuracy of the measurements depends largely on the continuity of the
impressions received by the operator. These measurements which may
be easily and quickly carried out should be repeated from time to time as a
check on the proper adjustment of the apparatus.

Tests (b)) and (¢) above were carried out before the departure of the
Aldebaran for shunts between b and 150 chms, as it was thought unwise to

use values outside these limits.
3 ) Tests (Basse Landes and Lyons)—The station under investigaticn

e the following transmissions {F:g 3) :—

(a) Starting period during which rough adjustments of the receiver were
made.

() A series of V's for fifty seconds used first for adjustment of the hetero-
dyne and afterwards for the exact adjustment of four condensers C,, C,
C,, C; (Fig. 1). The strength of the spacing wave was always adjusted to
be less than that to be received from the local transmitter. For this purpoese,
at small and medium distances (probably up to 3,000 km) the local radia-
tion was adjusted to its maximum value and the heterodyne tuned to give
complete extinction of the spacing wave. The note thus obtained for the
marking wave is lower than that corresponding to maximum sensitiveness
of the receiver, but as the signals are very strong under these conditions no
difficulty was experienced. At greater distances when the receiver signals
became so weak that the auxiliary transmission and the signals could be
equalised it became imperative to tune the heterodyne so as to obtain the
strongest slgna_ls

(€) A series of six dots each preceded by a distinctive signal for use in
connection with the -::hn}nugraphs controlling the alternation of the dashes.

(d) The last four minutes were utilised for an uninterrupted series of
ten-second dashes sent alternately by the station under investigation and
by the local transmitter. During the first dashes the note of the auxiliary
station was adjusted to equality with that of the incoming Elgnala The
following dashes were used for equalising the strength by variation of the
induction from the local transmitter and if necessary of the comparison
shunts R" and R"". In order to avoid the variations of note which would
be caused by switching on and off the filament current of the valve at the
auxiliary transmitter the coil ] was short circuited when it was required to

stop the local radiation.

Value of the Method.

The lnng :xperlcm:e obtained in the use of this method enables us to
testify to its excellence in practical operation.  All the necessary chraUnna—
adjustment of tuning—starting of chronographs—equalisation of pitch and
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strength of sound—soon became habitual. A measurement by equalmattnn
of two sounds is much more accurate than a measurement made by extinction
of sound, since in the latter case serious errors are often made. The con-
tinued tests have shown that in the first case the personal error due to the
observer should not exceed 15 per cent. The essential feature of this method
is to ensure constant reliability of results in spite of variations in the sensi-
tiveness of the ear. This renders it possible to change the operator.

Criticism of Results.
(A) Route TouLoN—REUuNION-MELBOURNE.

During this voyage investigation was made of wave propagation over an
almost entirely overland route: firstly Toulon-Reunion {9,35[} km), then
Toulon—Melbourne (17,200 km). T he curves of the results give the type
of variation of the strength of reception in terms of distance. Their examina-
tion shows :

(1) That the range at night was always greater than during the daytime;
at the end of the journey Toulon-Reunion we were at the limit of
daylight reception but the night signals were very easily readable
in spite of storms. At the end of the Toulon-Melbourne test day-
time reception was zero, night time rﬂceptmn very strong, and
moreover each of these routes was at the time of transmission
either entirely in daylight or entirely in darkness.
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(2) That the variations in reception were greater by night than by day ;
(3) That the signal strengths were in the order of the wavelengths—
15,000, 11,000 and 9,000 metres;
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(4) That the crossing of the Red Sea was accompanied by irregularities

in the reception of 9,000 metre signals which were not experienced
on 11,000 metres.
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FiG. 5.—Received Signal Strengths between Toulon and Reunion.
Transmission from Nantes on 11,000 m.
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Fit. 6.—Reccived Signal Strengths between Toulon and Reunion.
Transmission from Lyons on 15,000 m.

Alternative Graphical Representation of the Results.—The factor f(DA)
which is proportional to the received signal strength and which is plotted
as ordinates of the preceding curves (Figs. 4—6) has the form
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' eFU VA
DN =<5,
the numerator of this fraction being the absorption coefficient. If we plot
as ordinates for the curves not this function f(D,A) but its product by the

distance I, we shall show up the variations in tht: absorption. On plotting
these ﬁgurcs we obtain a series of points the separation of which indicates

assoreTon moTor F(DA) * D
:
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Fia. 7.—Curves for Transmissions from Nantes on 9,000 m. Absorption factors
(reduced to 1,000 km) as functions of the distance.

the constancy of the transmission—a stability which can be defined by the
ratio of the separation of the envelope curves of these points to the mean
ordinate of those curves at any given value of [). The determination of
the wavelength to be employed for communication over a given distance
depends in fact on the relative and absolute values of these two factors.
This method of plotting which was designed by M. de Bellescize has also
the advantage of enabling a better determination to be made of the curves
near their origin, since evidently at zero distance the exponential factor
becomes unity, and our curves for night and day transmission should cut
the axis of ordinates at this point,
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Austin’s Curves.—Points calculated by Austin’s formula can be plotted
out in a similar manner. From an examination of these curves, it is evident,
apart from the above considerations ;:—

(1) That the absorption is less and at small distances varies less between
night and day, and that at the limit of observations, the advantages of
night transmission increase with the distance;

(2) That the constancy of transmission defined above is greater by night
than by day;

(3) That Austin’s formula gives inadequate results for ranges in excess
of 4,000 km, and increasingly so the greater the wavelength;

(4) That, since at distances where it is no longer possible to count on
reception, the signals still exist, although they are very feeble, the progress
to be made li¢s rather in the direction of utilising this residual energy than
in further increasing the power of the transmitting stations.
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Fi1G. 8.—Curves for Transmissions from Nantes on 11,000 m, giving absorption
factors (reduced to 1,000 km) as functions of the distance,

Experimental Results—It does not appear that the atmospherics are
uniformly stronger in tropical or equatorial regions that we have passed
through than they are in our own latitudes, it is more a question of seasons
and places, and in any case they were always stronger on a wavelength of
15,000 m than on those of 11,000 and 9,000 m.

On October 2nd, at Diego-Suarez (8,400 km) at 0823 G.M.T,, Nantes was
heard signalling to FRI, in spite of a slight storm. At St. Denis, Reunion
(9,450 km), at 0823 G.M.T., Nantes was heard transmitting to FRI. These
signals were readable except during storm maxima, and were verified by
the log of the station. At these places the limit of daytime reception
was reached and no regular service 1&'35dpﬂssib1: using a ship's antenna,
but the night reception of Nantes remained very strong. The log of signals
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received shows that on October 8th at 2023 G.M.T. at a distance of 9,450 km,
very readable signals were received with the coupling loosened by 10 cm,
in spite of a violent storm.

g

mevon f(DA) » D

190

(] OMOOE 3 4 B 8 7 B8 8 0 M IZ I3 M B3 8 Mood
DISTANCES [ In HALOMETRES

Fi16. g.—Curves for Transmissions from Lyons on 15,100 m, giving absorption
factors (reduced to 1,000 km) as functions of the distance.

The reception of Lyons was excellent by day as well as by night, and at
Reunion as at Diego-Suarez, communications were frequently received
from this station by day or night. The messages from Lyons were read
very easily at Melbourne (17, ﬂ'l}l} km) when they were sent at night,

(B) INvEsTICATION OF PHENOMENA AT THE ANTIPODES.

The belief in an increase of potential at the antipodes has up to the
present been based on formule, and on the particularly strong reception
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observed in New Zealand, and information furnished by the officers of
that country indicate a much stronger reception in the south (at Awarua)
than in the north (Awanui). According to Mr. Davis who has been in
charge of the station at Awarua for a long time the Eiffel Tower has been
heard by that station since 1917 between 6.30 and 7.30 a.m. local time,
much stronger than any other European station—two to three times stronger
even than Nauen. On the other hand the station at Awanui is reputed to

have only mediocre reception.

The route adopted by our cruise of investigation was : Auckland, Chatham
Is. (wireless station at 100 miles from the antipodes of Lyons), antipodes of
Lyons ; antipodes of Nantes; Bluff Harbour (a port near the Awarua radio
station), Auckland.

" o' s’
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F16. 10.—Chart showing Route followed in investigating the Phenomena
at the Antipodes of the Transmitting Station.

All the figures which follow correspond to transmissions made with
uniform intensity of 200 A for Nantes and 185 A for Lyons. It should be
noticed that on January 2nd at Auckland the Nantes daily signals (on
9,000 metres) which had been lost after leaving Colombo, were again received ;
the daytime and night time signals were of very nearly identical strengths.
This is easily explained, because transmissions made to the antipodes day
and night at twelve-hour intervals arrive by practically the same paths
(half the great circle is in darkness), one from the east and the other from the

west.
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The operators in the Chatham Islands state that during 1918 they often
heard Lyons about two o’clock mid-day, on their T aerial 100 metres long
and 45 metres high, using a valve detector without amplification.

However, at 100 miles to the north-west of the antipodes of Lyons, the
Aldebaran only heard that station very faintly—coefhicient 2-8.

On January 8th, at 0845 at the exact antipodes, in spite of rain which
diminishes reception, Lyons was received with coefficient 11-5, and the
message was taken down to the last letter. This strengthening only gradu-
ally diminished with increased distance to the south-west, and at Bluff
Harbour, 570 miles from the antipodes, the coefficient was still 3-3, whereas
it was 2-8 at 100 miles in the north-west of the antipodes.

The reception of Nantes on 9,000 metres gave rise to somewhat different
phenomena,

At 120 miles to the north-west of the antipodes reception was no better
than at Auckland ; at 25 miles it was 2-4. '

On January 1oth, at the exact antipodes, the Nantes signal at 0823 was
received with strength 13-3 with very sharp tuning. But on the 11th at
the same place and time this strengthening had disappeared, and the received
strength was 1-9; in the west it diminished also, then increased at Bluff
Harbour where it reached 2-8.

The bad working of Nantes on 11,000 metres prevented experiments on
this wavelength.

The two wavelengths 15,000 m and 9,000 m seem to act differently, the
first causing a strengthening at the antipodes, then a progressive falling off
to the west, the second showing a strengthening at the antipodes and at
Bluff with very weak reception between the two.

Strengthening of Nantes.—At the wireless station of Awarua (South
Island) the aerial is of the Telefunken umbrella type, with one mast 140
metres high, twenty-four wires 50 metres long, having a fundamental wave-
length of 1,390 metres. A single valve receiver without amplifier was
used. Three consecutive nights spent at this station enable me to state
that this station can easily receive the European stations; in the evening
Nantes, Lyons, Nauen and the Eiffel Tower could be heard with intensity
gupﬂrtiﬂnal to the power of the stations sending ; but in the morning the

antes signals on 9,000 metres could always be heard much better than
any of the other signals, especially than the one from Lyons sent almost
immediately afterwards.

The table of receptions drawn up by Mr. Willis, who is in charge of the
station, emphasises this fact; it is reproduced below,

The measurements made on board at the same time confirm these
statements.

On leaving Bluff Harbour for Auckland, it was noticed that received
strength decreased rapidly, although just at the head of Cook Straits one
is nearer the antipodes than one is in the roadstead of Bluff Harbour.

Conclusions.—The phenomenon of the antipodes extends over a very
restricted area (at least in the part explored); it is an interference phe-
nomenon ; the position of nodes and anti-nodes ought to be constant while
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RECEPTION IN NEW ZEALAND.
Te Lieut. GuiErrE,
Aldebaran,

Auckland.
RaDio AwARUA,

20th Fanuary, 1 g:n,

The following is a copy of the signals received during the visit of the French Wireless
Mission to this station.

Da Wave- Atmo-
uden Time. | oot Calls and Remarks. W oy gpberte.
Jan, 15th | 7456 pom. | 9,000 | UA sent routine ] ]
8.15 p.m. IE 100 | YN heard but X’'s too hﬂvgf R 4 6
4.40 p.m. 11, ;000 | UA unheard (missed through com-
' mercial work) ; ; -— 7
»n 16th | 440 am. | 12600 | NNF de POZ here note 7 ]
6.1 am. 4[[“] PS0 de FL note . . ] 6
6.33 a.m. 15 100 | NFF de YN messages . 5 ]
7.56 a.m. Q,iﬂ] UA sent routine and note for
mission . . g 6
8.2]1 am. | 15100 | CQ de YN French Press . . I ] (]
7.564 am. | 9,000 | UA sent routine : . 5 5
8.30 p.m. | 15,100 | NFF de YN note for HSS 4 5
8.5 p.m. | 12,000 | POZ sending 4 6
8.17 p.m. | 15,100 | YN sent routine. i 7
w I7th | 430 am, | 15,100 | YN sent Press ] 7
4.30 am. | 12,000 | POZ sending . i 7
6.50 a.m, | 4,000 | IDO and FL working - 7 6 |
6.50 a.m. iE 000 | POZ working NFF ; 7 6 |
7.54 a.m. B,[ﬂ] UA sent routine, Very strong !
while tuning but was weaker for
routine . ; B/8 5
8.30 a.m. | 11,000 | No sign of UA . — 6
7.53 am. | 9,000 | UA sent routine. : 4 6
8.15 p.m. 15 100 | YN sent routine but unreadable : 3 7
. 9.57 pm. | 11 'ﬂm No sign of UA : ‘ — 9
» 18th | 5.30 am, | 12,000 | POZ working . . 7 8
6.15 a.m. 0,000 | IDO de FL messages . 6 g
7.3l am. | 9,000 | IDO and FL still working ] 6
7.33 a.m. 0.0id) | OSN de FL remarks . ; [V 6
7.35 a.m. 9,000 | IDO de FL. Continues working ] ]
7.50 am. | 9,000 | UA tuned but did not send routine 5 5
Signals are computed on the scale 1 to 9,
Yours faithfully,
A. L. M. WiLus,

the wave remains the same, but the signal strength evidently depends on
atmospheric conditions :mcl on the distribution of land masses on the
different routes, It is an unstable phenomenon, since what I observed for
Nantes alone at Awarua has been observed at other times for the Eiffel

Tower—and also at the Chatham Islands for Lyons.
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FiG. 11.—Route followed by the Aldebaran. The figures marked give
the distances in kilometres from Nantes

Fic. 12.—The s.5. Alfebaran at P':I[‘r::'t oal
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A detailed investigation of this phenomenon ought to be of great scientific
interest,

Measurements taken at the same time on land and on board ship enable
us to state that the minimum reception on board corresponds to a readable
reception on a commercial station of average size. We may conclude that
a station like Lyons, which we heard right up to the antipodes (without
being able to read it between Melbourne and Auckland) should be able to
maintain a service by day and night with all the places on our route.

Reception of other European and American Stations.

Between the Antipodes of Nantes and Bluff Harbour.—NPM, NPN strong,
and POZ very strong at 1600h. ; d at 2137h., G.M.T.; NSS good at
1400h. Lyons strong at 1845h. and 2100h. G.M.T,

At Bluff Harbour.—Heard POZ very strong (value of shunt for silence = 8)
at 1700h. ; NSS good at 1200h. ; NFF very strong at 1200h. ; POZ good at
1345h. (all G.M.T.).

Between Bluff Harbour and Auckland —NPM very strong at 0145h. ;
NSS good at 1000h. ; NFF good at 1060h. ; POZ good at 1445h. ; Lyons
very strong (value of shunt for silence = 5) at 1530h., 1715h. and 2000h.
At 2145h. heard IDO Rome calling FL feeble. At 2010h. heard POZ calling
NFF—good transmission (value of shunt for silence = 20). POZ is often
heard.

At 0610h. heard Rome feebly. POZ strong at 1230h., IDO readatle
at 1810h., NSS very strong at 1125h.

Between  Auckland and Noumea.—NSS (Annapolis) good at 1400h.,
feeble at 0T00h. Lyons (YN) strong at 2000h., fairly strong at 0300h.
PKI strong at 2130h. Heard PKI calling PCG at 2200h. and PKX
calling AAP. POZ is frequently heard, although feebly except at 2000h.

At Noumea (receiver in bad condition) heard POZ strong at 1500h.,
fairly good at 1800h. Lyons strong at 2000h. and fairly good at 0900h.
Near New Zealand and New Caledonia, Lyons and Nauen were heard more
than any other station.

Near Tahiti.—Heard only the American stations, even on those days when
reception was very good.

Reception between Noumea and Tabiti.—From North Cape (North Island,
New Zealand) we lost all contact with Nantes—Lyons could be heard but
unreadable.

At Noumea we were obliged to add an amplifier to take down the Lyons
message ; that was 17,200 km from France—the same distance as Mel-
bourne, where the night time sigs were very strong.

There is a difference of longitude of 1 h 30 m between these two points;
and whereas in one case the whole of the route was in darkness, part of
the other was in daylight ; now in the preceding measurements, the sudden
way in which we lost the night signai to the east of Melbourne, shows
the tremendous influsnce of the position of the sun on transmission ; to
eliminate this factor it is necessary-to change the time of transmission as
the receiver moves,
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As the observer travels eastward the Nantes signals which travel towards
him by the shorter of the two arcs of the great circle will have a route partly
in dayvlight and partly in darkness. That is to say that at these distances
they would not have been heard even had the atmospheric conditions
been favourable. Now two cyclones having occurred within fifteen days,
the humidity of the air caused two faults to appear—one in a coupling
transformer which was soon repaired, the other in a telephone transformer,
which we unsuccessfully attempted to rewind.

Reception between Noumea and Tahiti was therefore very weak, but at
Tahiti 1tself a transformer lent by the local radio station was put in place
and the sensitiveness of reception was re-established, since the standardisa-
tion transmitter could be heard with two turns and 16 volts. However,
Lyons could not be heard at any time; Tahiti is 15,800 km from Paris and
the local time is ten hours behind the French time, so that the 0845h.
signals ‘traversed a path which was two thirds in darkness; it is very
surprising that even with the arrangement used at Noumea (amplifier
Type 3*") we were never able to receive these signals at Tahiri.

Conclusions.

In spite of the limitations imposed by the bad condition of the receiving
station, the fact that the standardisation transmitter could be heard with
two turns, makes it seem probable that the signals are weaker in the Pacific
than in the Indian Ocean. A report received from the .{fldebaran on June
17th, has turned this probability into a certainty,

Moreover, why should the distribution of the waves be symmetrical
round a sphere of such little homogeneity ! Has not the phenomenon
experienced at the antipodes given us a similar surprise ! Not only should
the law of attenuation of the energy over land and over sea be stucﬁed, but
rather a world map of the distribution of the radiated energy. To this
end regular transmissions could be arranged from a European high power
wireless station which could be rzceived by all ships, ans their reports—
like the meteorological reports—could be grouped together and thus furnish
a quick solution of the problem.

Institution of Eleotrical Engineers Wireless Section.

At a meeting of the Section on November gth, Dr. G. W. O. Howe delivered his address as
Chairman of the Section.

After reviewing the highly successful work of the Section since its inception Dr. Howe
took as the subject of bis address the effective inductance and resistance to self-capacity of
coils. He pointed out that the formula usually given for the inductance of partions of
conductors could not be strictly so called and that the inductance of a portion of a circuit was
difficult it not impossible to define. He described a new method of calculatirg the natural
frequency of a coil and showed that the self-capacity was independent of the frequency if
the current were assumed to have a sine distribution along the coil. This is dealt with more
fully in the Editorial Notes, as is also a reference to some interesting results obtained by
Mr. S. Butterworth in his work on the high-frequency resistance coils,

Izrz
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Some Dutch Wireless Apparatus.

A description of the new Dutch marine type receiver manufactured by
the Nederlandsche Radio Industrie was published in the July issue of the
Rapio Review. Details of other wireless apparatus of the same manufac-
ture are illustrated and described in this article,

FiG. 1.—Receiver Type “ T.K.A."

Combination Receiver Type ** T.K.A.”"—This set shown in Fig. 1 is
for use on wavelengths of from 400 to 20,000 metres and is specially con-
structed with universal plug contacts for experimenting on all kinds of
diagrams. It can be used either as a
simple combination, a short-wave receiver,
a standard variable range receiver or it
may be calibrated and used as a wave-
meter.

A special feature of this set is the control
panel, type C.8., of which there are two
models *“ A" (Fig. 2) and “ B,” the * B™
type panel having an extra 1n the form
of a grid potentiometer. It is only neces-
sary with the use of these panels to con-
nect up three sets of terminals to put the
receiver in action,

Other notable features of this set are
the variable condensers, tvpe *AM ™ of
000125 uF, coupling varnometeis, type
“RV" model “ H.,” inductances, tvpe Fie. 2.--Type * A Control Panel

Original from
UMIVERSITY OF MICHIGAN

i S .
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Fic. 3.—Parts of Loop Aerial Receiver.

“R 16,” of the ring coil form, which latter the manufacturers claim hold
advantages over honevcomb coils in that they have smaller self-capacity
and high-frequency resistance, less liability to bad contacts, finer coupling
if using variometers, only a portion of the circuit being coupled instgad of
the whole inductance and changing over is performed quicker and easier
by their use.

Loop Aerial Receiver.—-This consists of two sets (Fig. 3), a multiplex

FiG, §.—Decremeter Type “ Delta.” Fic. §.—Standard Wavemeter.

UMIVERSITY OF MICHIGAN
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variable condenser and an autodvne generator. The condenser can be
shunted in successive progression by four fixed condensers by means of a
switch with dead end contacts. The autodyne generator is a reactance
variometer using one or two valves in ]:r'=.rallf] and can be made suitable for
any wavelength or loop aerial. Both reactance coils can be lengthened by
a self-inductance,

Each piece of the receiver is mounted in a polished wood box with an
ebonite top on which are mounted the valves, terminals and controls.

Decremeter Type ** Delta.” 15 a direct reading instrument
(Fig. 4) which can be used as a wavemeter if desired. It is made up in
portable form with carrying straps.

FiG. 6.—Two-valve Low-frequency Amplifier.

The translation of the reading on the scale is provided for by a curve
which with a diagram of the set is fastened conveniently in the lid of the
case,

Wavemeter Type * Standard.”—This wavemeter shown in Fig. 5
consists of a variable condenser fitted with a precision reading pointer, an
inductance of three ranges 200 to 800 metres, 500 to 1,800 metres and
1,200} to 3,600 metres wavelengths, a high note buzzer and a crystal detector.

The set is made up in portable box form with the inductance mounted
in the lid. A patented feature is involved in the set, the inductance being
wound free from capacity and the wiring such that the whole inductance 1s
*in use for all ranges.

Original from

UNIVERSITY OF MICHIGAN
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Low-frequency Amplifiers.—The amplifiers are of three types, “ LFA,”

Fic. 7.—Four-valve Low-frequency Amplifier.

“LFB” and “LF.” Type “LFA” is a single-valve amplifier and type
“LFB” (shown in Fig. 6) a two-valve amplifier. They are fitted with a
fixed potentiometer tapped correctly for Philips valves, this potentiometer
being mounted in the box portion, while the whole of the rest of the fittings
and connections are mounted on the top ebonite panel.

Type * LF ”” shown in Fig. 7 is of similar construction and detail and is
designed in particular for use after the * Marine” type receiver. It is
of the same dimensions as that set but has four valves and a dead end switch
situated in the centre of the panel which puts into operation one, two, three
or four valves without plugging over the telephones.

Short Wave Receiver Type *‘ Torpedo.””—This receiver (Fig. 8) is
designed for wavelengths of 400 to 3,000
metres and is specially suitable for telephony

Fic. 8.—Short Wave Receiver. Fig. g.—Direction Finder.

UNIVERSITY OF MICHIGAN
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reception. The various pieces are mounted on an ebonite p;me] sunk nto
a1 polished wood box. A variable condenser is supplied exterior to the set.

.
]' Iis.

Direction Finder. The
type of direction finder durn
separate unit in a polished
wood case with a glass front
giving clear wvision of the
search coil the handle of
which together with the neces-
sary pointer and terminals are
mounted on the top of the
Instrument.

High Note Buzzer. De-
signed to form a constant high
note buzzer this set contains
an induction coill mounted in
the lid and the circuit is made
rra this induction coil, the tele-
phones and ]-u,-j. in such a man-
ner that the operating knob
interrupts the induced cur-
rents while the buzzer 1s con-
tinuously in operation. Its
current consumption is very
small.

Fig. 10 shows the set with
the lid both open and closed.

1o.- -High Note Buzzer.

Dutch military authorities emploved ths
g the war (Fig. g). It 1s constructed as a

FiG. 11.—Small Telephone Transmitrer.

UNIVERSITY OF MICHIGAN

=



Dec., 1921. Some Durcn WireLEss ApParATUS 641

Small Telephnna Set.—At present only in the experimental stage this
set will be fitted up in a polished mﬂhﬂgﬂtﬁ case with an ebonire front pnrwl
on which all the necessary connections and controls will be fitted. Fig. 1
shows the various components of the set which will consist of a variometer
for the grid and plate circuit, coupling variable condenser, filament resistance,

Fic. 12.- —].DHP Receiver.

valves 30 to B0 watt, aerial ammeter, plate milhiammeter, flament voltmeter,
earth aerial, high- and low-tension terminals and suitable contacts for a.
microphone or key.

Loop Receiver Type ** Tijdsein.""—This set shown in Fig. 12 is specially

constructed for the use of watch and clock makers for taking time signals

LUMIVERSITY OF MICHIGAN
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and controlling and adjusting electric clocks, etc. It is suitable for wave-
lengths up to 3,000 metres.

The accumulator, anode battery and telephones can be packed up in
the case, the lid of which is suitable for use as a writing desk.

Carborundum and its Rectification Effect.
By H M. DOWSETT, M.1.E.E., F.Inst.P,
(Concluded from page 594.)

(13) The following experiment which is related to the one just described
was carried out at a later date using a plain solder-mounted crystal.

Current was passed through the steel spring to heat the point contact to
various temperatures. The characteristic and the signal strength were
taken for various temperatures of the steel spring up to 200° C.—the current
then passing through the spring being 37 amperes.

The characteristic became steeper (Fig. 10)
and the signal strength increased as the tempera-

e a3 d ture rose and these changes were shown to
/ / depend solely on the temperature and not on the
L § e heating current as the signal strength only fell
/// off in intensity as the crystal cooled down.
=—1— & MO0
/V Temperature of
s A Curve, Contact Spring.
f 1 19°C.
- 1 i ] H 2 o0 C,
ke 4 100" C.
4 200° C.
= - |

Fic. 10.—Effect of Temperature on Characteristic of Crystal mounted in Solder.

The audibility increased four times for an increase in temperature from
19° C. to 200° C,

(14) What happens when a carborundum detector loses its sensitivity
due to heavy induction in the receiver circuit ?

If a sufficient DD.C. voltage not exceeding 20 volts is applied to a crystal
detector the current flowing through the point will heat 1t up, the mt:rna]
resistance of the crystal will fall :md there will be a progressive increase in
current. When it exceeds 1 ampere the point will be red-hot. A suitably
mounted crystal was heated up in this way, the minimum voltage being
used for the purpose (see Fig. 118). It was found on re-test when the
crystal was again cool that its sensitivity as a detector had remained

unimpaired, although the characteristic had altered as shown in Fig. 114
from A to A,
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In this case the working current—which usually does not exceed 5 micro-
amps—had been increased 250,000 times without burning the point or
breaking it down.

)
'!

e +— — t - o —

Fi16. 11a.—Effect of passing Strong Currents through Carborundum Crystal,

GREEN CARBORUNDUM,
Curve Aj = Characteristic before heating,

Curve Ag = I:h-:-I“ test—Characteristic after heating to a dull red by current of 1-23 amps at 18 volis in the positive
e Lion.
Curve A, = Second Test—Characteristic after again heating to a dull red by current of 1-25 amps at 24 volts in the
negative direction.
Afver first test point of contact appeared unaffected by the heat.
After second test point of contact appeared slightly burnt.

L ) Brack Cammomusnois,
Curve By = Characteristic before heating.

Curve BBy = Characteristic after heating with 4-0 amps at 20 volts in the negative direction.

A further application of 24 volts in the reverse direction did succeed in
destroving the point with signs of burning., but this only shows that the
current requirecrm produce breakdown
by burning is so extremely high that
no induction effect would have sufficient
magnitude to produce it. As shown in
Fig. 11a, A; the damaged point ceased
to rectify and became conducting..

The effect of heating up a negative
crystal is also shown in this fgure.
The characteristic was altered from B,

L

=2

\

N

N

RATIS OF + CURRENT TO -CURIENT
£

to B, but the crystal still remained i & i 0
a good rectifier even when 4 amps had
passed through the point contact. s o8 % w e

» . AMPLRCY OF PONTIVE CUSNRENT
But the momentary application of ARk

hlgh voltage from a low-current source F16. 118.—Curve showing Ratio of Positive

L e 5 Current to Negative Current taken
will often destroy the sensiuvity of a during First Heating Test on Green

detector. Thus various crystals broke Carborundum Crystal.

Original from

UNIVERSITY OF MICHIGAN
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down after being flashed several times from a drv battery at voltages
ranging from 60 volts to 200 volts, and also on the momentary application
of 60 volts high frequency (see Figs. 12 and 13). In these cases the maximum
current was within the values (001 to 0°04 ampere,

Under the microscope the damaged points either appeared to be fractured
with no signs of burning, or the crystal had lost its lustre or become dis-
coloured, and in a few cases there were signs of burning.

ool — :*. —!— ——AJ—’—R ‘
o] "
T | | ]
__ BN 3 e / .
uﬂ-d-un.‘lu': J /
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Fic. 12.~ Effect of application of High Voltages to Crystal.

Cievatal witn B1een Tor asxn Morsien Lrv=tal Movxten IN Sounes oxLy.

1% BOLLEM. . i
My sl Uy = Ohrctnal characteristic,

Ay o Uriginal characteristic, By — After apphication of 20 volts opposing tectification,
As — Alter '-lpi.illfqll.“m of 2000 volts (dry buatl- U - Adver appelication of 300 volts as=isting rectification,
tery) from plate o eryital oppemang
reciification.
Ay - Alter application of @AM volts from
vevatal B plite assisting rectifica-
Lidi.

The potential gradient is greatest at those parts of the lavers of the crystal
which enter into the rectification effect, and in the cases just quoted with
the crystals still cold this gradient was unquestionably very high, so that
there is little doubt that the manner of the%elrﬂkdﬂwm was by electrostatic
disruption of the rectifving layers, which was followed in a few cases bv
burning owing to the sudden rise of current resulting from the great fall in
eflective resistance, and the possible presence of impurities.

(15) In all the experiments just descgibed a large group of irregular
crystals has been emploved as n detector, but the conclusion has been reached
that the only part concerned in rectification is contained within the thickness
of the first cryvstal to which the point contact is made,

To carry the investigation further it would be useful to examine the
behaviour of a single crystal.

It is practically impossible to separate out and mount a single crystal
hut we can arrive at a similar result by employing a group of regular ::n'qtﬂ]s
layered evenly one on the other and by making our contacts all on the same

crystal of the layer,
One part of it must be steel tipped to ensure a stable low-resistance contact

UNIVERSITY OF MICHIGAN
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of reference, or a piece of carborundum may be chosen which has the layered
crystal grafted well into another single group to which the tipping process
can be applied and the results will be equally good.

M T
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Fii. 13.~—Effect of application of High Voltages and High-frequency Currents,

Muearpows Vorrwcr Frod © to B — 80 YVours DC, lirEaxrows VowLtane = i}ll Vaorrs (arreox.) Hon
pROM ey BATTERY 1IN NEGATIVE IMRECTION, FrEguescy (WAVELENGTH = BN METkE-].
Curve A = U o S before and after bhreakdown, Curve A = Nefore breakdown.

Cuyrve H = K 108 and B to C before breakdown. Curve B = After breakdown by induct ion.
Curve C = K oS and B to O after breakdow,

Using such a crystal having a width of face of about  inch the first facts
which can be established are that every perfect part of the crystal rectifies,
and rectifies in the same sense. The rectification voltage and the effective
resistance are lowest at a point and highest on a face. As much as 20 volts

may be required to be applied at some places on a face to produce a detectable
current while the nearest crystal point on this face mayv not require more
than 0-2 volr.

[t can also be shown that the internal resistances of cryvstals is inversely
PrﬂPDItmI'I.l] to their size, the resistances measured from natural neutral
. points on green positive carborundum to the steel-ti 'rpcd base of the large
crystal formation having values between 200 ohms and 2,000 ohms and t]'u.‘
small crystal formation having values 5,000 ohms to 10,004) ohms.

" Also for biack negative carborundum and large crystal formation 400 ohms
to 1,000 ohms and small crystal formation 2,000) ohms to 10,000 ohms.

Neutral points ptuduc:drg electrical breakdown covered a range that had

a lower minimum and a much higher maximum than any value mentioned
ﬂhﬂve

The next fact which is illustrated by Fig. 144 is one of considerable interest.



646 THE RADIO REVIEW Voi. 11

C, and C; are two neutral points at different distances from R the rectifying
oint and from S the steel-tipped base. The resistances through the crystal
from C, to C, G, to S, and C; to S are all different, yet either of these three
neutral contacts gives the same characteristic with R,
The same result was obtained with many other large crvstals, the neutral
oints used being preferably natural to the crystal or were made artificially
if required at a particular spot by fracturing the crystal.
The exceptions all gave higher resistance characteristics than that between
the rectifying point and the steel-tipped base, as shown in Fig. 148.
The only explanation one can offer of this effect is that when a rectifying
point is being used and a certain intimacy of neutral contact is obtained, the
crystal can be considered as having no internal resistance other than at the

rectifying part.
; lf
L]
-4 =& gy "R
b
T b

W) - A CE

FicG. 14a. Fic. 148,
Curve 1 = € to 5. Curve 1 = Cy lo 5.
Curve 2 = L o 5. Curve 2 = Cg to 5.
Curve 3 = €y to Ca. Curve 3 = Cj to Ca.

[R to 5. Curve 4 = K to 5.
Curve 4 = < R to (). Curve 5 = R to {4,
| R to Ca. Curve 6 = R to C1.

If this is so then it should follow that a change in contact pressure which
is capable of making a considerable alteration in the resistance between two
neutral contacts on a crystal, if applied to one of these contacts when it is
being used with a rectifying point should make very little difference to the
characteristic.

This was confirmed. Pressures varying from less than 100 grammes up
to 2,500 grammes caused a change in resistance measured through the crysta!
of 500 ohms down to 100 ohms in one case, but there was no Cﬂi‘T-EEpﬂndlng
effect on the characteristic.

The effect noted in section (5), that the steel tip could be removed and
replaced by solder and the original solder characteristic could then be repro-
duced is obviously related to the phenomena just described.

Also it is because of these results one must conclude, as intimated in
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section (9), that it is not entirely because the steel has a better mechanical
grip on the crystal than the other metals employed that it gives the best
results.

A further case of interest which may be quoted is that of a large green
crystal on the face of which a rectifying point contact had been established
instead of at an edge.

The application of 200 volts slightly altered the characteristic but did not
destroy the rectification effect. A certain amount of heat developed however
which caused a flow of fluid between the outer crystal lavers amf the crystal
became more transparent. This fluid would necessarily consist of the con-
stituents of low melting point, the Impurities, and as the rectification effect
remained still good the conclusion is that these impurities have no useful
function near the point contact.

It would also appear from this result that the presence of certain kinds of
impurity does not prevent the formation of a perfect carborundum crystal,
and if iron when applied in the molten state to the crystal finds its way
between the lavers without fracturing them, this would provide the most
reasonable explanation of the improvement which results from steel tipping.

With this crystal the blue glow which can often be seen when the apphed
voltage 15 high enough, started at a short distance from the point contact,
was fan shaped, and also appeared to be located between the I;Et}'trs.

These effects would appear to indicate that there is an easier molecular
and electric flow parallel to the faces of the crystal than normal to them,

(16) All the phenomena described are consistent with the following theory
of the rectification effect as exhibited by carborundum.

Normal conductivity takes place parallel to the faces of the crystal so that
for a non-rectified current flow from any point A to the base B (Fig. 15) the

N
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Fic. 135, Fia. 16. Fic. 17

crystal edge must be broken at A to establish a connection in line with the
direction of flow, a condition which is attained at B by establishing an
intimate contact of wide area.

But a current cannot flow through the crystal from a contact C normal to
a face without the molecules forming the crystal being strained apart at this
contact in order to provide an opening to introduce or extract the necessary
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electrons. When the applied E.M.F. reaches a certain value the equivalent
of an orifice is opened into one or more of the outer layers of the crystal
against an opposing elastic pressure resisting distortion which is felt through-
out the crystal, in the same way thar mechanical pressure is felt throughout
an incompressible fluid, so that no matter how far or how near the neutral
contact may be to the rectifying point, the effective resistance through the
crystal and therefore the characteristic will be the same.

[f the elastic disturbance is not carried to an extreme the orifice closes and
the crystal recovers as soon as the applied E.M.F, driving the current is
removed.

A contact at a perfect edge or still more at a perfect point of a crystal
requires a smaller applied E.M.F. to strain an opening into the crystal
structure than a contact on a face,

The first flow of current takes place through the outer crystal layer only
(Fig. 16) ; then as the applied E.M.F. is increased an entry is forced into one
or more inner layers until with a sufficient further increase of applied E.M.F.
the whole erystal conducts.

It is the successive layers coming into circuit which cause the bend in the
characteristic, the straight part being obtained when they arc all conveving
current,

Because the smaller crystals have fewer layers their resistance is higher
than that of larger crystals.

Crystals which have a high rectification voltage have many layers througl
which an elastic opening must be made before the layer is rca::iled which is
in good electrical contact with the base electrode. For this reason the small
crystals from the base of a block of carborundum which are practically all
faulty, on the average have a higher rectification voltage than the more per-
fect large ones from the top. A crystal ceases to grow as soon as it becomes
faulty, and most of the impurities are found at the base of the block.

In Fig. 17 the plate on the rectifying point of the crystal is represented by
P, the rectifying layers by L through which an orifice O is opened into the
elastic electrostatic and magnetic fields of the crystal C by the application
of the E.MLF. T,

This allows a current to flow from the steel-tipped base 5 to P as indicated
by the jet LP which will have a value depending on the size of the arifice
representing the number of crystal layers tapped, the specific resistance of
the crystal for normal currents, and the applied E.M.F.

Owing to the elastic pressure existing in C, tor every electron taken in or
expelled at O another leaves or enters at S and there is no resistance loss
therefdre in conveying the current from O to S or vice versa, provided the
crystal structure is only strained and not broken at 0. The whole potential
drop in the crystal due to resistance therefore occurs in the rectifying layers
and can be represented by V.

If Vo and Vj represent the total ahs-::nrgtiﬂn of E.M.F. in the crystal there
is nothing to prevent the current being subject to Ohm’s law, and if these two

& ITH
values can be separated we can write I == R
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(17) Much additional information can now be obtained from the current
voltage characteristic, such as curve A, Fig. 18, which is the working or
positive half as given by a positive crystal.

It may be divided into three distinct sections. In the first the E.M.F.
applied to the crystal can be increased up to a certain value without current
flowing, the crystal behaves in fact like a very small condenser having a
capacity which is however too small to measure, and the whole of the EM.F,
is applied in straining the crystal.

In the second section there is a flow of current the rate of increase of which
becomes greater as more crystal layers open, and the applied E.M.F. is divided
in varying proportions between straining the crystal and driving the current
through the layers. The third section of the characteristic begins when all
the layers are open so that the E.M.F. straining the crystal has reached a
constant value and the characteristic has therefore become perfectly straight,
the increase in current being proportional to the increase in applied E.M.F,
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Fic. 18.—Positive Portion of Characteristic of Positive Crystal with Calculated Resistance
Curves.

From the slope of the characteristic at every point we can then calculate
the true resistance of the crystal.

This is shown by the curve R, which may be compared with curve X giving
the apparent resistance obtained by dividing the applied EXM.F. by the
resultant current, and which never reaches a constant value.

The E.M.F. expended in driving the current through the crystal ¥V, is
given by the product of the current [ and the true resistance R at that current,
and the values obtained are plotted in curve V.

The difference between the applied EM.F. and Vg is ¥V the EM.F. used in
straining the crystal and these values are plotted in curve V|,

3 A
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. If it is required to separate ¥, from ¥y without working out the actual
values of R it can be done in a very simple manner as follows :—

For any value of applied E.M.F. draw the tangent to the characteristic at
the corresponding point, then where it cuts the abscissa it will divide the
applied E.M.F. in the required manner, the part towards zero being the
orifice voltage ¥, and the remainder V5.

The most interesting portions of the curves V, and Vj are the peculiar
bends which take place during the process of straining open the crystal.
Usually the last layers, those at the centre of the crystal, appear to open with
a rush as the final rise of ¥ to its steady value becomes fairly steep, and this
causes the E.M.F. driving the current to stop increasing or even to fall as
shown in curve Vg, Fig. 19,
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Fic. 19. Fic. 20,
Curve Vp = Resistance component of voltage, Curve V p = Resistance component of voltage.
Curve Vg = Valve component of voltage. Curve Vg = Valve component of voltage.
LCurve A = Characteristic. Curve A = Characteristic,

Curve ) = Telephone shunt for just audible signals. Curve D = Telephone shunt for just audible signals.

The best rectifying point as shown by the shunted telephone method (see
curves D, Fig. 19 and Fig. 20) occurs near the commencement of these bends
and apparently where the increment of E.M.F. divides more or less equally
between ¥, and ¥, as the curves at this point are approximately parallel.

The crystals vary in the number of layers and the critical voltage per layer,
so that for different crystals these curves differ considerably in detail although
thev all have the same general form.

(18) There remains finally to picture a structure of the atoms and molecules
forming the carborundum crystal which will be consistent with all the experi-

mental results described and with the theory of the rectification effect as put
forward in section (16).
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It possible this structure should explain why the crystals are electrically
polarised so that they act as normal conductors having a few hundred ohms
resistance for currents flowing parallel to the crystal faces, whereas at right
angles to these directions an E.M F. has to be applied to force an elastic
opening into the path or paths parallel to the crystal faces, which opening
has a very high resistance (of the order of 250,000 ochms down to 20,000 ohms)
until its elastic limit 1s exceeded.

An explanation is also required of the second polarisation effect, why all
the crystals of green carborundum find it easier to receive electrons than to
give them up, and all the crystals of black carborundum find it easier to give
up electrons than to receive them. And, finally, some definition is necessary
of the nature of the elastic medium which is active when the crystal is recti-
fying, but quiescent when a normal current is passing between neutral points,

As regards the first query, the arrangement of atoms in crystals can be
determined by the method of X-ray analysis so ably developed by the Braggs.

Carborundum has not yet been submitted to this process but from the
general results obtained with other hexagonal crystals we know that the
carbon and silicon atoms must be symmetrically placed relative to each other
on some form of hexagonal space lattice structure, but no experimental
method has yet succeeded in showing how these atoms are bundeg together.,

If current flows without much difficulty along the layers but has to be
forced through them, it seems probable that in the first case the current is
carried by electrons which are under very little constraint, whereas in the
second case they have to be displaced from tied positions such as are held by
bonding electrons.

As regards the second point we start from the facts that the crystal as a
whole is electrically neutral, and that silicon is electrically positive to carbon,

The work of the Braggs already referred to has shown the agreement which
exists between the close packing of spheres and the positions of atoms in
crystals, and may therefore be accepted as evidence that the external shape
of the atom is either spherical or spheroidal.

Rutherford has shown that the seat of all the measurable positive charge,
and therefore of practically the whole atomic mass, nccupies only a very
small space at the centre of this spheroid.

In a neutral molecule, then, the essential parts or nuclei of the two ions are
as far apart as the centres of two touching spheres so that when an electron
current—that is a stream of negative iuns—lsluws through such a molecule it
will enter the positive ion first.

We may therefore conclude that in the positive crystal the electron current
finds it easiest to leave the steel plate and enter the carborundum crystal
through a silicon atom, and in the case of the negative crystal the electron
current finds it easiest to leave the carborundum for the steel plate by way
of a carbon atom.

[t may be suggested that the negative charge of the carbon does not com-
pletely satisfy the silicon in the first case, and more than satishes it in the
second, but this would cause the two types of crystal to have resultant
charges whereas they are perfectly neutral.

3A2
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Or again it may be suggested that the silicon is nearest to the crystal
surface in one case and t:?sb{m in the other, but the probability is that they
are more or less equally scattered over it.

The most reasonable view is that conductivity depends on the orientation
of the molecules, that normally the conducting axes of the molecules are all
in the planes of the crystal faces, and that when a current flows through a
rectifying point the axes of the nearest molecules have been deflected through
a small angle with the silicon ends up in order to receive it in green carbo-
rundum, a similar change in orientation taking place but with the carbon
ends up when the black carborundum transmits an electron current to the
steel plate,

(19) To answer the last question we must examine the particular structure
of atoms and molecules,

Although many different models of the atom have been suggested, the
collective opinion of physicists at the present time is not definitely in favour
of any one of them.

There is a distinct leaning towards that develﬂpfd by Lewis and Langmuir,
but this model is too incomplete to be helpful in the present case.

It deals with the possible arrangements of electrons surrounding the
positive charge, but it is not concerned with the electrostatic and magnetic
fields which, until we have definite proof to the contrary, must be assumed
to accompany them and to play a very active part in the life of the atom.
These ﬁtlps necessarily must occupy the greater part of the space in the
atomic volume, and we must look to them to provide the elastic medium in
the crystal of which the rectification effect gives evidence.

The model described below is an attempt towards a more complete pre-
sentation of the atom based on the electromagnetic theory.

The nuclear part of it was outlined bv the author during the discussion of
Mr. S. Evershed’s paper on * Permanent Magnets ” read at the Institution
of Electrical Engineers in May last year.®

(@) The positive electricity at the centre of the atom has the form and
nature of a single vortex ring (P, Fig. 21), somewhat similar to the
Kelvin ether vortex atom. It is built up of a number of units
corresponding to the atomic number of the element concerned.

({) Surrounding this ring are one or more dense shells of electrons (N, Fig.
21) also in vortex motion. The individual electrons in the shells
move always so as to approach the positive electricity, if the ring
moves clockwise round its axis the electron shell or shells move
counter-clockwise, if the twist of the ring vortex motion is clockwise
the vortex motion of the electron shell or shells will be counter-
clockwise, so that the motions of the two kinds of electricity are
therefore in opposite sense.

() The charge of the positive ring is utilised partly in balancing the mutual
repulsion exerted by all the shell electrons and partly in constraining
them to move in vortex motion round the ring.

* Fournal of the Institution of Electrical Engineers, 58, p. 827, September, 1920.
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(@) The positive ring is not in the true centre of the electron shells. Nor-
mally it is nearest to the shell electrons as they pass through the

- -
e mmw® "

Fi16. 22.—Magnetic and Electrostatic Fields round Vortex Atom.,
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aperture of the system. As a result these inside electrons speed up
and open out, while the outside electrons slow down and close up,
so that on the extreme diameter one shell tends to screen the next
outside it from the direct action of the field from the positive ring.

This field (E, Fig. 21) therefore leaks out towards the atomic axis
and links up externally with the weakly held electrons from which
it is partially screened mtcmally, €0 that the ring system core of.the
atom is enveloped in an extensive and re-entrant electrostatic field,
and the shape of the atom as a whole therefore approximates to a
spheroid.

(e) Thc strength of the electrostatic leakage field (E, Fig. 22) is propor-
tional to the atomic number of the element, and is the positive charge
which is measured on the atom. For distances near the core its
intensity falls off according to the inverse square law in agreement
with the experimental results of Rutherford and Chadwick.

() The vortex motion of the positive ring produces an internal magnetic
field which is balanced by the opposite vortex motions of the electron
shells. Also the external magnetic field produced by the revolution
round its axis of the positive ring, is counterbalanced by the revo-
lution in the opposite sense of the electron shells, so that the system
as a whole tengs to have no resultant magnetic field in space.

With most of the elements this magnetic balance is not perfect so
ﬂ;ﬂF the atom has a small resultant magnetic field in space
, Fig. 22).

(g) The :ﬂ’e%t ug the compound electrostatic-magnetic field surrounding
the core on any stray electron is to draw it towards the core. Butits
progress there will not be direct. The magnetic field will cause it
to spiral, and at certain positions on its path the resultant of E and
H may even give it a fixed orbit. .

A B C ] ' P

Fic. 23.—Variation of Magnetic and Electrostatic Fields acting on Electron in various
positions round Vortex Atom.
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Imagine a free electron to travel from the outside of the atomic
core towards the core aperture following the path NABCDP (Fig. 22
Then the intensities of the E and H fields through which it will pass
are roughly indicated in Fig. 23,

From N to some point B the intensity of the electrostatic field
ccmmences high but steadily falls, and the magnetic field 1s so weak
that it only introduces a very small componcnt of motion at right
angles to the directions of both fields, which will carry the electron
out of the plane of the paper to some position normal to it.

From B to a point aEmnt midway between C and D the electro-
static field falls to a minimum while the intensity of the magnetic
field steadily increases.

This means that the component of motion in a plane normal to the
paper becomes relatively much stronger, and the deviation may be
so considerable that the electron is carried a negligible distance
nearer to P for a complete circuit round the atom,

About the region CI) while the electrostatic pull is almost constant,
the deviation effect of the magnetic field increases the nearer the
electron is to P so that there exists hereabouts a tendency for the
electron to be given a permanent orbit.

While the electron is in orbital motion in the region CD it i5 a
“valency ” electron, capable of being held by the fields of two neigh-
bouring atoms and by the same means assisting to hold the two atoms
together. In such a position when necessary it may even be
stationary relative to the two atomic axes, but it will still be in
relative movement to both atomic cores owing to their rotation.

Tetravalent atoms like carbon and silicon have two such electrons
at each pole.

() The E curve becomes steeper than the H curve near the atomic axis,

and the two fields gradually become more parallel, so that should
the balance be disturbed which keeps the electron within the orbital
region, on passing D it will be sucked into the aperture of the atom
at P, where, if there is room for it, it will remain spiralling in and out.

There are then two positions of stability for the electron in the
atom : (1) in a valency orbit, (2) in the aperture, and every ncutral
atom is accompanied by a definite complementary number of loose
electrons ::lwndid between these two positions. The elements in
group 0 have no valency electrons.

A current flows when either a valency electron or an aperture
electron is displaced and its position is taken by another one, and as
the aperture electron is under very little constraint from the magnetic
field it can be moved by the application of a smaller E.M.F. than is
required to displace a valency electron.

() When two atoms of different elements which each have a resultant

magnetic field, unite to form a molecule, they will come together as
do permanent magnets in such a way that these fields assist each
other, But the leakage electrostatic fields must oppose each other.
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The molecular fields will then have the general form shown in
Fig. 24 ; they will intersect at right angles where the atomic electro-
static fields meet, and the valency electrons will have their orbits in
this plane.

F16. 24.—Molecular Fields.

In the production of the carborundum molecule CSi (Fig. 25) two
electrons Fuwe been given up ; there are two electrons in a common
orbital region which are shared between the two atoms and two at
each end orbital region. In this figure the diameters of the two
elements have the same relative values as the atomic diameters given
by W. L. Bragg.*

(7) In the process of cr}rstul structure many molecules form chains of
various types, positive ion of one to negative ion of another, and the
two end valency electrons of one carborundum molecule share their
fields with other carborundum molecules so that the molecules
become bonded together.

In the complete crystal then there are sufficient valency electrons
to provide for the independent existence if necessary of each molecule,
but there are not sufficient to provide for the separate existence of

*® Philosopbical Magazine, 40, p. 180, August, 1920
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each atom. The bonding therefore between the molecules will be
much weaker than between the atoms.

It is not necessary for our present purpose to follow this theory further. It
is clear that on the application of an E.M.F. a molecule having the form
described will pass an electron current from X to X, without any difficulty
by drawing on the aperture electrons ; but if the E.M.F. is applied from Y 1o

Y, no current can pass until the imposed electrostatic field has reached such
a value as to disturb the stability of the valencv electrons.

For the reason given above it is the valency electrons between the molecules
such as those at Z and not those at the centre of the molecule in the plane
Y'Y, which will be the less difficult to displace, and in effecting this displace-
ment and the loosening of the crystal bonding the imposed field must un-
questionably alter the orientation of some of the molecules.
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Fi1G. 25.—Structure of Carborundum Molecule.

Also it is clear that the displaced valency electrons will tend to travel along
the XX, axis instead of along YY), if the two paths finally join, and as the
orbital stability in € and Si i1s not necessarily the same, and it must be
affected by the form of the space lattice structure, it is reasonable to expect
that the applied EM.F. will always establish conductivity more easily
through the carbon end of the molecule in one type of crystal, and more
easily through the silicon end of the molecule in another type of crystal, the
disturbance changing the orientation of the molecule as a whole, however.
not only of one or other atomic part.

Further, this molecular distortion involves the stability of the crystal asa
whole and is resisted by the combined magnetic and electrostatic molecular
fields as a whole, so that when stability is yet more disturbed by forcing
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clectrons in or taking them out at a rectifying point, an elastic pressure due
to these fields is felt throughout the crystal, and electrons will be forced out
or sucked in at any other point without energy being lost between the points
of ingress and egress.

A current which passes between two neutral points on a crystal involves
aperture electrons only and no change in the orientation of molecules, so that
there is no reaction in the crystal tending to neutralise the internal absorption
of energy.

The principle on which the rectification effect in carborundum appears to
be based has now been stated.

To follow out its operation in greater detail requires a more complete
knowledge of the space lattice structure of the two principal forms of crystal
than we at present possess.

All the experiments described in this paper have been carried out at various
dates in the testing laboratories of Marconi’s Wireless Telegraph Company
at Chelmsford, and in this connection the careful work of Mr. M. F. Willis,
B.Sc., deserves special mention.

Notes.

Personal.

Dr. Lee de Forest, for many years the head of the de Forest Radio Telephone and Telegraph
Company, resigned on September 26th as its active head. For the next few years he intends
to reside in Germany. Mr. Chas. Gilbert, who has been treasurer of the company since 1915,
has been elected its president and general manager. He will be assisted by Mr. R. M. Keator,
who will have charge of sales and manufacture, [4868]

Dr. G. W. 0. Howe, D.5c., M.I.E.E., head of the Department of Standards and Measure-
ments at the National Physical Laboratory, Teddington, has been appointed to the newly-
founded James Watt Chair of Electrical Enginecring in the University of Glasgow. [42562]

“Sir Charles Bright and Partners® is the style of a new firm of consulting engineers
which has recently been formed, its members comprising Sir Charles Bright, F.R.S.E.,
M.Inst.C.E. ; Mr. A. Hugh Seabrook, M.I.Mech.E., M.LLE.E. ; Mr. A. J. Stubbs, M.Inst.C.E.,
M.LE.E., and Licut.-Colonel H. W. Woedall, C.I.LE., M.Inst.C.E. [4237]

Commercial and General.

Ax ItaLian Marcon: Company.—We have been informed that the notices that have
appeared in the technical press recently with regard to the formation of an [talian Marconi
Company are without foundation, as no such company has been formed. [4284)

CHINESE-AMERICAN WiIRELESS AGREEMENT.—The American Minister in Peking has
notified the State Department of the signing of a supplementary agreement between the
Federal Wireless Company and the Chinese Government. The agreement relates to the issue
of bonds for financing the project. [4322]

RaptoteLerHONY BETWEEN Fintanp anp Swepew.—The directors of Sodra Finlands
Interurbana Telefon A.B., of Helsingfors, have made application to the Finnish Ministry for
Communications for the grant of a concession for the establishment of a system of radio-
telegraphy between Finland and Sweden for general public use. According to the company's
statement, it is proposed to form a separate company, in which the Finnish State would have
the opportunity of being represented, for the execution of the scheme. [4408]

New BeLcianw WireLEss STaTion.—A powerful wireless station is to be erected at Ruysselde
in Belgium ; the tower is to have a height of 325 metres. [4420]

INIVERSITY OF MICHIGAN
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ImperIAL WireLEss Coarv.—H.M.S5. Raleigh arrived at 5t. John's, N.F. recently on a
visit of inspection of the Admiralty wireless station with a view to its utilisation as a link in
the Imperial Wireless Chain. [4235])

Notes on Working oF Arc SeTs on 5.5, " Caronia "' anD * ScyTria."—The Caronia 1s
fitted with a 10 kW arc set, and the Scytbia with a similar 5 kW installation. Power 1s derived
from a motor generator set mnuntﬂi’ on the upper deck and controlled from the wireless
cabin.

After difficulties of adapting these sets to conditions of working on board ship had been
overcome, both have given extremely satisfactory service. Very little difference has been ex-

erienced 1n the ranges obtained in working coast stations due to the fact that the Caronsa is
imited in her performance to the ranges of the stations with which she works, as they have not
sufficient power to transmit to her as far as they can receive her. Reports indicate that good
signals have been received from the Caronia at a range of 3,500 miles.

Traffic is handled with ease at 2,200 miles both with Devizes and stations on the American
side, whilst traffic has been worked at ranges of 2,500 miles with Bar Harbour, Maine, U.5.A.
Traffic can be dispatched very rapidly at these extreme ranges on account of the fact that
signals are sufficiently strong to permit of batches of as many as twenty messages being sent.
Although it takes approximately sixteen seconds to start up the arc, working assumes a higher
rate of messages in a given period over valve sets of less power, whlch through necessity of
sending messages singly or in small batches due to weaker signals, lose thc advantage of more
rapid change over from send to receive. [4458)

Wireress TELEGRAPHY IN ITALY.—The first meeting of the Commission recently nominated
by the Associazione Elettrotecnica Italiana to study questions related to telegraphy, telephony,
and radiotelegraphy was held in July, when the use of wireless telegraphy by industrial
companies possessing electric plant was discussed as one among several means of extendin
the employment of wireless telegraphy generally, In Italy hitherto wireless telegraphy has
been limited to the naval and military services and to a few shipping concerns. To carry
out the Association’s plans three sub-committees have been appointed, whose duty will be
to find out the machines best suited for wireless purposes, to fix standards for the various
parts, to ascertain what dielectric rigidity is required, to settle the earth insulations of dynamos
and transformers, the choice of a direct-current type of machine able to work with sudden
and frequent :hnng-ca of load, the tendency of short-circuiting and sparking at the collector,
the insulation of conductors, protection against lightning, safeguarding of neighbouring
networks against disturbance, etc. [4157)

Review of Radio Literature.
1. Abstracts of Articles and Patents.*

(F.) Thermionic Valves, and Valve Apparatus,

(6) ArprLicaTion oF VaLves 1o Oscitration GENeraTioN (including Valve
Transmitting Apparatus).

2674. B. Rosenbaum [E. F, Huth Gesellschaft]. Wireless Transmitting Apparatus, (Brinsh
Patent 149216, July 12th, rgze. Convention date July 21st, 19g17. Patent not yet
accepted.)

* Particulars of the U.5.A. Patents abstracted in this section have been supplied by Mr.
%nhn B. Brady, Patent Lawyer, Ouray Building, Washington, D.C., U.5.A. ; #nd those of the

rench Patents by Messrs, |. E. Raworth & Moss, Patent Agents, 75, Victoria Street, London,
5. W.
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In a system for the transmission of undamped oscillations, feeble independently generated
oscillations are impressed upon and amplified by one or more power valves before trans-

mission to the aenal,

2675. Gesellschaft [{ir drahtlose Telegraphle. Wircless Telephone Transmitter. (British
Patent 158go1, February 8th, 1921. Convention date February gth, 1920. Patent not

yet accepted.)
An addition to British Patent 154181,

2676. Gesellschaft fdr drahtlose Telegraphle. Wireless Transmitting Apparatus. (British
Patent 159463, February 21st, 1921. Convention date February 28th, 1gz0. Patent
not yet accepted.)

In a thermionic valve transmitter the grid potential is derived solely from the aeral current
and is not influenced directly by the field of the plate inductance. The grid and anode con-
nections are taken to tapping points on the aerial tuning inductance, so that the power output
may be easily varied by changing the tapping point of the grid lead without changing the
aerial tuning.

2677. E. F. Huth Gesellsehaft. Thermionic Oscillation Generators. (British Patent 157928,
January roth, 1921. Convention date July 24th, 1g19. Patent not yet accepted.)
In order to overcome the interference effects that normally eccur when two or more ther-
mionic oscillation generators are connected with their output circuits in parallel, each valve
is caused to influence the other reciprocally by appropriate intercouplings.

2678. L. Lévy. Thermionic Valve Oscillation Generators. (British Patent 160799, March
24th, 1921. Convention date March 2gth, 1920, Patent not yet accepted.)

Relates to an arrangement of two valves having retroaction provided E}r capacities and
resistances only as used for the generation of large number of harmonics. A definite funda-
mental frequency with few harmonics may be generated by including a tuned loop in one of
the valve circuits.

2679. Gesellschaft fir drahtlose Telegraphle. Thermionic Oscillation Generators. (Brirish
Patent 160819, March joth, 1921. Convention date March jist, 1920. Patent not

yet accepted.
Relates to the use of A.C. of high audible frequency to supply the anode circuit of an

oscillating valve.

268c. W. H. Eceles and J. H. Vincent. Generating High-frequency Oscillations. {British
Patent 162067, January 21st, 1g20. Patent accepted April z1st, 1921.)
Mechanical means are provided so that the filament current is adjusted when the reaction
coupling is altered to ensure constancy of the generated frequency.

2681. Soelété anonyme pour I'Exploitation des Procédés M. Leblano-Viekers. Converting
Electric Currents. (British Patent 155784, December 23rd, 1920. Convention date
December 23rd, 1919. Patent not yet accepted.)

Relates to a valve filled with an inert gas or vapour and having an incandescent cathode,
one or more anodes and a gnd electrode. Its applications to oscillation, generation and

frequency changing are dealt with in the specification.

2682. L. A. Hazeltine. Producing Electric Oscillations. (British Patent 155789, December
23rd, 1920. Convention date November 28th, 191g. Patent not yet accepted.)
Relates to means for improving the efficiency of valve oscillation generators and for eli-
minating harmonics by the use of two or more valves simultaneously,

2683. C. L. Farrand [Marconi's Wireless Telegraph Company]. Valve Transmitters and
Receivers, (British Patent 145039, June 14th, 1920, Convention date June 14th,
191g. Patent accepted July r4th, 1921.)

The grid circuits of valve used for transmission or reception are supplied from independent
sources of H.F. of frequency generally differing from the wave frequency. For transmission
a modulation method similar to the " choke control "’ method is described but using a trans-
former between the two plate circuits in place of a common choke coil, and having the grid
circuit control or L.F. amplifying valve also supplied with a H.F. E.M.F. derived from a
coil coupled to the aerial.
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2684. C. L. Parrand [Marconi's Wireless Telegraph Company]. Wireless Transmitters,
(British Patent 145040, June 14th, 1920. Convention date June 14th, 1919, Patent
accepted May 12th, 1921.)

Relates to valves hawng two grids and two plates so arranged that when the current is a
maximum in one plate circuit it is a minimum in the other. The maximum emission from the

filament can thus be used at all times.

2685, Gesellsehaft fir drahtlose Telegraphle. Producing Electric Oscillations. (British
Patent 1484435, July 1oth, 192c. Convention date October 25th, 1918. Patent not

yet accepted.)
In oscillation generatprs using a number of thermionic valves in parallel, inductances are
inserted in the parallelling connections to prevent the generation of undesired frequencies.

2686, Gesellschaft fiir drahtlose Telegraphle. Producing Electric Oscillations. (Britsk
Patents 148447 and 148523, July 1oth, 1920. Convention date September gth, 1918.
Patent not yet ncu‘f

To suppress an undesire frcquem:}' in a valve oscillator an auxiliary condenser, inductance
or resistance is inserted into one of the oscillation circuits.

2687. H.J. Round. Thermionic Telephone Transmitters. (British Patent 148632, Apnl 28th,
1g1g. Patent accepted July 28th, 1920.)
Relates to radiotelephone transmitters of the qumscmt aerial ” type in which the high
D.C. voltage for 5uPpi}r1ng the n-s.nll:tmg valve is obtained by rectifying the alternating
speech currents obtained from a microphone and step-up transformer.

2688, Soclété Frangalse pour I'Exploitation des Procédés Thomson-Houston. Wircless Tele-
phone Transmitting Apparatus. (French Patent sog9304, March jist, 1920. Published
November 6th, 1920.)

Electric oscillations for wireless telephony are produced and controlled by an electron
valve in which the grid circuit is connected to a second electron valve, the potential of the
grid in the second valve being varied by a telephone transmitter. For further particulars,
sce British Patemt 7367/15.

2689. H.de F. Arnold [Western Electric Company]. Wireless Telephonic Apparatus. (Brarish
Patent 146881, July 6th, 1g20. Convention date December 1st, 1915. Patent not yet
accepted.)

A wireless transmitter with a resonant circuit to suppress one of the resultant modulated
frequencies ¥ + n, N, or N — n; preferably the carrier frequency N is eliminated.

26g0. W. C. White [Bﬂmh Thumsun—l—[uusmn Company]. Producing Electric Oscillations,
(Britssh Patent 146946, June 17th, 1920. Convention date July Sth, 1919. Patent
not yet accepted.
Two thermionic valves in cascade with the output of the sccond reacting back on the gnd
circuit of the first.

26g1. R. Whiddington. Producing High-frequency Electric Oscillations, (British Patent
150516, August gth, 191g. Patent accepted September gth, 1920.)
A valve containing traces of gas or vapour is adjusted to oscillate with a frequency deter-
mined by the grid potential, the dimensions of the valve, and the molecular mass and ionic
charge of the contained gas.

26gz2. H. 1. Round. Wireless Transmitting Apparatus. (British Patemt 150037, May 211t
1g1g. Patent accepted August 23rd, 1920.)
In order to reduce energy losses due to internal heating valve generators are supplied with
a square form voltage, and filter circuits are instituted to reject the harmonics in the output.

26g3. A. K. Macrorie, H. Morris-Alrey and G. Shearing. Thermionic Oscillation Generators,
(British Patent 163117, February 11th, 1920, Patent accepted May 1ith, rgzr.
Engineer, 131, p. 681, June 24th, 1921—Abstract.)

The retroactive connection between the aerial and the grid circuit of a generating valve
18 made through an intermediate circuit tuned to the aenial frequency. This arrangement is
claimed to produce approximately the optimum phase relation of 90 degrees between the oscil-
latory grid potential and the aerial current.
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. A. K. Macrorie and G. Shearing. Thermionic Qscillation Generators, (British Patems
163118, February 11th, 1920. Patent accepted May 11th, 1921.)

Two or more valves are connected with their anode circuits in series or series parallel, and
with their grid circuits highly insulated from one another and separately coupled to the aerial
circuit, By this means the inductance in the aerial circuit between earth and the anode
tapping point may be much greater than with the usual parallel arrangement of the valves.

26g5. M. K. Akers [Western Electric L‘umpan}'] Wireless Transmitters, (British Parent
l;ﬁlgg,dbccrmb:r jist, 1g20. Convention date December jist, 1919. Patent not yet
accepte
Ina thtr;ian?c valve oscillation generator, the effects of parasitic oscillations are overcome,
and the power output is made constant for any wavelength by various means, such as a small
variable condenser shunted across grid and plate of the valve, or across the anode inductance.
The constructional arrangement of special variometers for these circuits is also given.

26g6. Gesellschaft f{ir drahtlose Telegraphle. Wireless Telephony. (Brinsh Patent 157403,
]an uary 1oth, 1921, Convention date December 11th, 1g19. Patent not yet accept:d‘}

In a wireless tcltplmm: valve transmitter an amplifier valve controlled by the microphone
currents influences the degree of coupling of gnd or anode or both.

26g7. H. Fassbender and E. Habann [Deutsche Telephonwerke Guellu:haft} Wireless
Tl:ltphun}n (British Patent 157307, January 1oth, 1gz1. Convention date August
2gth, 1g18. Patent not yet accepted.)
In a system for telephony using H.F. oscillations, energy is transferred to the line or aerial
only when speech is in progress. -

2698. Soclété Indépendante de Telegraphle sans Fils. Valve Oscillators. (British Paten:
153259, October 28th, 1920. Convention date October 28th, 1919. Patent not yet
accepted. )

The oscillations are set up in an inductance shunting the grid and plate of the valve, the
interelectrode capacities forming the condenser of the oscillation circuit,

269g. Gesellschaft fiir drahtlose Telegraphle. Thermionic Oscillation Generators. (British
FPatent 147849, July gth, 1920. Convention date September 28th, 1g17. Patent not
yet accepted.)

2700. Gesellschaft filr drahtlose Telegraphle. Thermionic Valve Oscillators. (British Patent
147850, July gth, 1gzo. Convention date December 2znd, 1917. Patent not yet
accepted.)

Relates to means for filtering out the harmoenics in the oscillations generated by a valve.

2701. Gesellschaft fiir drahtlose Telegraphle. Thermionic Valve Transmitters. (British
Patent 147851, July gth, 1920. Convention date January gth, 1918. Patent not yet

accepted.)
Relates to the use of two tubes connected in opposition so as to avoid loss of efficiency due

to grid currents.

2702. Gesellschaft fiir drahtlose Telegraphie. Thermionic Valve Oscillators. (British Patent
147854, July gth, 1920, Convention date October z5th, 1918, Patent not yet

accep ted.
Inductances are inserted in acnts with the anode of each valve of a series of valve oscillators

in parallel to prevent the generation of undesired frequencies.

2703. H. E. Bussey. A Radiophone employing A.C. and a Chemical Rectifier. (0.5.T. 4,
pp. 17—18, June, 1921.)
2704. A. K. Macrorie and G. Shearing. Wireless Transmitting Apparatus. (British Patent
163458, February 16th, 1g20. Patent accepted May 17th, 1921.)
Relates to valve oscillators in which a variable condenser is placed across the grid coupling

coil, and comprises means for minimising the rise in the current in the gnd circuit and
for giving & visual warning (such as by a lamp) should the grid current be excessive owing to

incorrect adjustment,
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2705. D. 8. Basin. A Tube Transmitter using A.C. on the Plate, (Radio News, 2, p. 863,
June, 19z21.
Gives constructional details.
2706. P. R. Coursey. Experimental Wireless Telephony. (Wireless World, 9, pp. 127—144,
May 28th, and pp. 164—167, June 11th, 1921.)
A paper read before the Wireless Society of Landon. See Rapro Review, 2, p. 481, Sep-
tember, 1921, for Abstract,

2707. M. Latour. Wireless Transmitting Apparatus. (British Patent 164ccg, July jrd, 1g20.
Convention date December 8th, 1915. Patent not yet accepted.)
An arrangement of a transrhitting clrcult where the plate and grid of a thermionic valve
are connected to either end of the aerial tuning inductance. The transmitting key is inserted
in the filament connection or aerial circuit,

2708. W. Sehiffer. Radiotelephony with Triode Transmitters. (Tijdschrift van bet Neder-
landsch Radiogenootschap, 1, pp. 35—67, March, 1921.)

A paper read at Delft in November, 1920. The author is apparently associated with the
Telefunken Company. The paper gives a very full and clear explanation of the application
of the triode to radiotelephony, with many excellent diagrams of connections, including one
ascribed to Krafft-Kolpitz.

2709. A New Continuous Wave Type Transmitter. (Radio News, 2, p. 285, November,
1920.)
An illustrated description of a three-valve transmitting set.

2710. H. M. Pruden. A Vacuum Tube Transmitter operating on a Six-volt Storage Battery.
(Radio News, z, p. 286, November, 1920.)

2711. J. Bethenod. Continuous Wave Transmitter. (French Patem: 511933, May 26th,

1916,  Published January 7th, 1921.)
Thf electric oscillations are generated by a three-electrode valve in which the anode and

the incandescent cathode are connected by two circuits in parallel, one consisting of an
oscillating circuit comprising an inductance and a capacity and the other a supply circuit.
See also British Patent 107581.

2712, R. V. L, Hartley. Vacuum Tube Amplifiers in Parallel. (Proceedings of the Institute
of Radio Engineers, g, pp. 250—254, lJm:u:r, 1g921.)
The general theory of the power output of a number of similar vacuum tubes in parallel is
outlined assuming that the cunent-v&ﬁage characteristics are linear.

2713. Physlkalisches Institut der Unlversitiét Jena. Thermionic Valves. (Brinsh Patent
165006, _{unc 2oth, 1921. Convention date June 1Bth, 19z0. Patent not yet

accepted
Relates tI:.:u an arrangement of reaction coupling for oscillation valves, in which the gnd
circuit of the valve is coupled both to the plate circuit and to a secondary circuit coupled to
the plate, with the object of preventing the production of a double wave. A suitable short
circuiting switch to one or other of the couplings permits the production of either of the

wavelengths.
2714. M. B. Sleeper. A B-Battery Telephone Set. (Radio and Model Engineering, 1, pp. 1
M ]l'!a}r, 1921.) A
Gives detatls of construction.

2715. R. E. Lacault. A Radiophone and C.W. Set. (Science and Invention, g, p. 645, Sep-
tember, 1921.)
An illustrated description of a six-valve set.

(7) anp (8) MiscerLaNeous AppLicaTions oF Two- aND THREE-ELECTRODE VALVES.

2716. Cutler-Hammer Manufacturing Company [Igranic Electric Company]. Electric Supply
Systems. (British Parent 162961, June 21st, 1920. Patent accepted May 12th, 1921.)
Relates to the application of two- and thr:&:l:ctmdt thermionic valves to power transmis-

sion systems for controlling the speeds of motors, etc.
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2717. A. W. Hull. Electron Tubes Soon in Heavy Power Service. (Electrical World, 77,
p. 1263, May 28th, 1921.)

An abstract of a lecture before the American Institute of Electrical Engineers at its Annual
Meeting in New York on May 2oth and dealing with the possible future applications of high
power two- and three-electrode vacuum tubes. A new tube termed a Magnetron was also
described. In this tube the control of the electron current is effected by means of a magnetic
field and a tube built on these lines and capable of an output of 5 kW was exhibited.

2718. W. H. Eeeles and F. W. Jordan. Converting Electric Currents. (British Patent
155854, April t7th, 1918, Patent accepted January 6th, 1921, Engineer, 131, p. 167,
February 11th, rgz1—Abstract.)

Relates to the use of triode valves for maintaining the vibrations of a tuning fork or the
rotation of a small motor or similar mechanism.

2719. J. Malassez. The Use of a Three-Electrode Valve for the Measurement of Ionisation
Currents. (Comptes Rendus, 172, pp. 10g3—10g4, May 2nd, 1921. Revue Scienu-
Sique, 5g, p. 255, May 14th, 1g21—Abstract.)
The grid of the valve is connected to a condenser plate in the ionisation chamber and is
initially charged to a potential of — 40 volts, and then insulated. The positive ions attracted
to this plate raise the potential of the grid and so vary the plate current of the tube.

27z0. T. W. Case. Photoelectric Effect in Oxide-coated Audion Bulb. (Electrical World,
77, p- Bg4, April 16th, 1921; p. 1175, May 21st, 1921. Electrical Review, 88, p. 687,
May 27th, 1921.)

It has Eecn observed that the oxide-coated filament in a high vacuum valve shows a
slight photoelectric effect both when heated and when cooled. When the plate is kept
positive an increasing action is found. The active material appears to be a brownish
deposit on the plate. The effect is immediately destroyed if a trace of oxygen is admitted
to the bulb.

2721. E. Merritt. Photoelectric Phenomenon in Coated Filament Audion Bulbs. (Pbysical
Review, 17, pp. §25—526, April, 1g21.)

Experiments are described similar to those made by T. W. Case on this subject (see
preceding abstract.) Photoelectric emission was also found from the deposit on the plate,
The phetoelectric current measured with the filament warm was considerably greater than
that obtained from the Elster and Geitel platinum-hydride cell arranged to give maximum
effect although the area illuminated in the latter case must have been a hundred times
greater than the area of the valve filament. The phenomenon is also connected with the
effects of secondary emission in such tubes.

z722. F. Brelslg. Converting Electric Currents., (British Patent 144720, June 11th, igzo,
Convention date March rith, 1919. Patent not yet accepted.)
The power supplied from a C.C. source over a long line is converted to A.C. by means of
cathode tubes.
2723. Slemens and Halske. Telegraphic Recciving Apparatus. (British Patemt 146122,
June 23rd, 1920. Convention date September 27th, 1g18. Patent not yet accepted.)
Deals with the application of a threc-clectrode valve as an amplifier for line telegraphic
reception.

27:4. Bosch Akt. Gesellschaft. Internal Combustion Engines. (British Patent 158270,
January 1gth, 1921, Convention date January 1gth, 1920. Patent not yet
accepted.)

Deals with the employment of thermionic valves in place of interrupters in ignition systems
of internal combustion engines.

2725. J. J. Dowling. Dircct Reading Ultra-Micrometer. (Proceedings of the Dublin Royal
Soctety, 16, pp. 1835—188, March, 1921, Science Absiracts, 244, p. 113, Abstract No.
717, May 7ist, 1gz21—Abstract.)

Refers to an carlier paper, Rapto RevieEw Abstract No. 2125, August, 1921. The present
paper describes improvements in the apparatus which render it more suitable and reliable.

2726, A. Plllger. Mecasurement of Small Angular Movements, (Physikalische Zeitschrift,
22, p. 73, February 1st, 1921, Science Absiracis, 244, p. 313, Abstract No. 758, May
J1st, 1921.)
' 1B
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The valve method described is similar in principle to that used by Whiddington.® The
variable condenser used consists of a fixed plate and a movable one capable of rotation about
an axis coincident with one edge, the plates being initially parallel.

2727. 0. Bothe. Apparatus for receiving and reproducing Sound. (British Patent 161979,
April zoth, 1921. Convention date April 20th, 1920. Patent not yet accepted.)
The app]:catmn of a thermionic valve to the amplification of photoelectric currents.

2728. E. C. Hanson. Telephones. (British Patent 154516, November 23rd, 1g20. Con-
vention date June 11th, 1919. Patent not yet accepted.)
The use of valve amplifiers for apparatus for use by deaf persons,

2729. A. van T. Day. Railway Signals. (Britsh Patent 148381, July gth, 1920. Conven-
tion date October 18th, rg16. Patent not yet accepted.)
Relates to the application of valve amplifiers to railway track circuit signalling.

2730. J. H. Smart and J. Tocker. Valve Receiving Systems. (British Patent 152190,
September 23rd, 1919. Patent accepted October 14th, 1920.)
The use of a thermionic valve amplifier for line telegraphic reception.

z731. E. Waltz and H. Meusser. Transmitting and reproducing Motion and Sounds. (British
Patent 153300, November 1st, 1920, Convention date November 1st, 1919; 157124,
January 3th, rgz1. {:un'.rentmn date December 2nd, 1919, Patents not yet
accepted,
Deals with the application of thermionic valves to a species of electrostatic gramophone in
which the variations in the record vary the capacity of one of the valve circuits,

2732. J. Engl, J. Marsolle and H. Vogt. Sound-recording Apparatus. (British Patents
157440, 157441, 157443, all of January roth, 1921. Convention dates June 2nd,
1919, June 3rd, 1919, April sth, 1g1g, respectively. Patents not yet accepted.)
Arrangements for producing a photographic record of sound waves a thermionic tube
supplying the source of illumination the said tube being controlled by the receiving micro-
phone.

2733. L. Duverger. Electric Signalling Systems. (Brinesh Patents 157386, 157387, and
157388, January roth, 1g21. Convention dates January 1sth, 21st, and May 8th,
191g. Patents not yet accepted.)

Additions to Brirish Patent 157185 (Rapio Review Abstract No. 2602, November, 1921)
dealing with the applications of the special valve amplifier there described.

2734. L. Langmulr Eﬂﬁtish Thomson-Houston Company]. Thermionic Amplifying Appara-
tus. (British Patent 147806, July gth, 1920. Convention date February sth, 1g14.
Pat:nr not yet accepted.)

Deals with various applications of thermionic valves—such as to amplifying photoelectric
currents, regulating the voltage of a generator, etc.

2735. C. A. Briggs and R. F. Yates. Measuring One Five Hundred Thousand Millionth of
an Inch. (Popular Science Monibly, g9, pp. 64—65, July, 1921.)
Describes an elaboration of the ultramicrometer. (See Rapio Review Abstract No. 162g,
March, 1g21.)

2736. B. van der Pol. Some Physical Applications of the Triode. (Pbysica, 1, pp. 97—100,
July, 1921.)

An EIPE;Im{'!'I‘EEI lecture delivered at Utrecht in April, dealing with various applications,
¢.g. production of short waves on Lecher wires and the detection by a two-stage beat method
of the change in specific inductive capacity of the air by sucking out some of the air from an
enclosed air condenser, the change in frequency being 1 in 108,

2737. F. W. Meyer. The Applications of Thermionic Devices to the Control of Electrical
Machinery. (Elektrotechnische Zettschrift, 42, pp. 689—693, June 3oth; pp. 725—728,

July 7th, 1921.)
A lecture delivered at Essen dealing in a general way with the possibilities of employing

* Rapio Review Abstract No. 1629, March, 1g21.
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thermionic devices with their absence of inertia and friction, rapidity of action, extreme
sensitiveness, etc., for the accurate control of large amounts of power, without the disadvan-
tages of hunting, etc. Diagrams of connections are given showing the feld regulation of
dynamos and motors to give constant voltage or speed.

2718. New Uses for the Audion. I:Ea'_per:mmml Science, 1, P. 155}‘:{!11]}?, 1921.)

Deals with its use in connection with measurements of solar radiation, measurements of
small diameters, measurements of high temperatures, stellar photometry and magnetic
permeability measurements,

2739. Cutler-Hammer Manufacturing Company [General Electric Co., Ltd., London].
Thermionic Regulating Apparatus. (British Patent 164924, April 22nd, 1920.
Patent accepted June 23rd, 1921.)

Relates to the application of thermionic valve apparatus for the controlling of electric
motors, etc., by arrangement of the anode circuit of the valves in series with the field circuit

of the mutﬂr. .

(g) VaLvE MaNUFACTURE.

2740. G. Holst and E. Oosterhuls [Naamlooze Venootschap Philips’ Gloeilampenfabrieken].
Removing Gases from Vacuum Apparatus. (British Patent 151611, September 22nd,
1920. Convention date September 23rd, 1919. Patent not yet accepted}
An alloy of alkaline metals 1s used for removing inert gases, etc.

2741. 1. Langmulr [British Thomson-Houston Company]. Vacuum Tubes. (British Patent
147322, {UI}F gth, 1g2o. Convention date October 16th, 1913. Patent not yet
accepted.

In a process for removing ionisable gas from the anode of a vacuum tube, the anode is
subjected to prolonged electron bombardment,

(10) Sreciar Tyres oF VarLves,

2742. T. Meyenburg. Thermionic Tube. (German Patent 317920, October 28th, 1915,
Patent granted December 31st, 191q.  Fabrbuch Zeitschrift fir drabilose Telegrapbie,
16, pp. 310—1311, October, 1920—Abstract.)
A tube in which the cathode is maintained incandescent not electrically but by means of
an external source of heat.

2743. Q. A. Brackett [Metropolitan-Vickers Electrical Company). Thermionic Valves,
(Britsish Patent 149349, July 218t, 1920. Convention date August sth, 1919, Patent
not yet accepted

Describes a special form of thermionic detector which utilises the interference between two

indtptndmt streams of electrons. The secondary winding L, of the receiving circuit AL; E

15 connected to the two electrodes

PPy of the output and the centre \sa

p{:m}.luf th.i:Fwind{i)ng ]iu joined t?

the filament F,. n the receipt o "

the signal two “stiéams. of c]rcl:mm | Iele ol

are set up between F; and P, and

P,. These streams interfere with

the Hfow of electrons between Fy

and P and hence produce a sound
in the telephones T connected in this
circuk,

2744. 4. A. Fleming. Thermionic
Valve Apparatus.  (Brinsh
Patent 149422, May 12th, 1g919.
Patent accepted August 12th,
1920.)

See Rapin Review, 2, pp- 38—40,

January, 1921, for description of the

apparatus covered by this specification. Fic. 1.
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2745. A. H. de Voogt. Double-Grid Valves. (Radio Nieuws, 4, pp. gg—104, April, 1921.)
A non-mathematical explanation of the action of these valves.

2746. J. Corver. The Use of Double-Grid Valves. (Radio Nieuws, 4, pp. 104—107, April,
1921.)
A brief description of some simple detecting and amplifying circuits employing these
valves,

2747. K. Rotigardt [E. H. Huth Gesellschaft]. Thermionic Valves. (British Patent 149014,
July 12th, 1920. Convention date July 7th, 1917. Patent not yet accepted.)
Thermiohic valves for generating or receiving oscillations have two or more grids and an
oscillatory circuit connected between each grid and the filament, one of the osaillatory circuits
being also connected to the plate.

2748. H. M. Dowseit. Thermionic Valves. (Brirish Patent 159564, November 22nd, 1919,
Engineer, 131, p. 317, March 25th, 1921—Abstract. Patent accepted February 22nd,

1921.)
The cathode of the valve, which is of the three-electrode type, is formed by a crystal which
is refractory and a bad electrical conductor—such as carborundum, bornite, zincite or silicon.

g T

™

FiG. 2. ’

2749. H. J. Round. Thermionic Amplifiers and Detectors. (British Patent 159984, Decem-
ber gth, 1919, Patent accepted March gth, 1921.) ,
Relates to thermionic valves having more than one grid. The input circuit is connected
to one grid, and couplings are arranged between the other grids and the plate crcuit for
further amplification. Suggested connections for valves using two and six grids respectively

are shown in Figs. z and 3.

G §
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2750. J. Massolle, H. Vogt, and J. Engl. Thermionic Valves. (Briush Patent 157706, Janu-
ary 1oth, 1921. Convention date December 2nd, 1919. Patent not yet accepted.)
A thermionic valve having a filament cathode, a control grid, and two anodes which are
connected together through a n:a:at:m:e, s0 that one of them 1s maintained at a higher poten-
tial than the other.

2751. A. W, Hull [British Thomson-Houston Company |. Wireless Receiving Apparatus,
(British Patent 147150, July 7th, 1920. Convention date June sth, 1916. Patent
not yet accepted.)

Describes the * pliodynatron " and its applications to wireless reception.

275z. R. Hesketh. Thermionic Valves. (Brinsh Patent 147252, April 5th, 1919. Patent
accepted July sth, 1920.)

An arrangement of valve using two clectrodes (connected to the receiving circuits) so as to
sct up a transverse electric field to deflect the main electron stream from the anode. These
electrodes may take the form of plates, or of two interleaving spiral grids in a valve of the
ordinary cylindrical type,

2753. 8. Loewe. Electron Discharge Apparatus. (Britisb Patent 152311, July 12th, 1920
Convention date April zoth, 1918, Patent not yet accepted.)
A thermionic vacuum tube utilises the interference between two or more independent
electron streams. The arrangement may be used as a detector, amplifier, or relay, or as an
oscillation generator.

2754. J. Massolle, H. Vogt, and J. Engl. Thermionic Amplifiers. (British Patent 157435,
January 1oth, 1921. Convention date December 2nd, 1g919. Patent not yet
accepted.)

A valve having muluple anodes and grids and one commoen filament is employed for
multiple amplification.

2755. Western Eleotrio Company. Telegraphic Repeating Apparatus. (British Patent 153157,
July 24th, 1919. Patent accepted October 25th, 1920.)
Thermionic valve repeating apparatus having means for restoring a distorted signal to its
original form.

2756. 1. Langmuir [Brtish Thomson-Houston Company]. Electron Discharge Devices.
(Brstish Patent 148133, July gth, 1920. Convention date October 2qth, 1913, Patent
not yet accepted.)

A valve with two or more control electrodes.

2757. A. W. Hull [British Thomson-Houston Company]. Electron Discharge Devices.
(British Patent 148134, July gth, 1920. Convention date December 2gth, 1g913.
Patent not yet accepted.)

An additional electrode is used to neutralise the space charge, and a magnetic ficld is pro-
vided to control the position of the electron stream.

2758, H.t:u A. D}nnilthnrpn. The Thermagnion. (Model Engineer, 45, pp. 37—38, July
14th, 1921,
A desml;tmn of the new type of thermionic valve referred to in Rapio Review Note

No. 8887, August, 1921. Details are given of the winding for producing the magnetic field
used with this valve.

2759. H. Oort, Two- and Three-Grid Valves as High Frequency Amplifiers. (Radio Nieuws,
4, PP 133—135, May 1st, 1921.)
A short theoretical discussion with a circuit diagram of a three-grid valve amplifier,
2760. J. Corver. Double-Grid Valves. (Radio Nieuws, 4, pp. 200—203, July, 1g921.)

A simple account of the valves devised by Schottky and also of Scott-Taggart's method of
using double-grid valves.

2761. R. A. Weagant [Radio Corporation of America]l. Vacuum Valve Detector. (U.S.
FPatent 1379706, March 10th, 1917. Patent granted May 31st, 1921.)

276z, R. A. Weagant [Radio Corporation of America]. Vacuum Valve Detector. (U.S
Patent 1380206, March 1oth, 1g17. Patent granted May 31st, 1921.)
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2763. A. W. Hull [General Electric Company]. Electron Discharge Apparatus. (U.5.
Patent 1385873, June sth, 1916. Patent granted July 26th, 1921.)

Elﬂ:tmn discharge apparatus, in which a charge controlling mtmbtr in proximity to the
cathode is provided and by varying the potential between this member and the cathode, the
effective emission of primary electrons is varied, that is, the number of primary electrons whick
will reach the co-operating electrode is varied. When this is done the number of secondary
electrons produced and the negative resistance of the device are also varied, and the current
in an external cirguit between the cathode and the co-operating electrode is varied accordingly.

2764. A. W. Hull [General Electric Company]. Electron Discharge Device. (U.S. Parem:
1387985, November 13th, 1916, Patent granted August 16th, 1921.)

Electron discharge device, which is controlled by a magnetic field set up about the tube.
The stream of electrons from the cathode to the third electrode produces from the third
electrode an emission of secondary electrons sufficiently to give the device a negative resistance
characteristic. The variable magnetic field controls the stream of electrons thereby varying
the number of primary electrons which can reach the third electrode.

(12) TuerMmionic Varves as Necative RESISTANCES,

2765. M. Latour. Thermionic Valves. (British Patent 148gg35, July 12th, 1920. Conven-
tion date December 16th, 1g18. Patent not yet accepted.)
Relates to a thermionic tube system intended to create the effect of a negative resistance.
The arrangement is similar to that illustrated on p. 472 of the June, 1920, issue of the Rapio
Revizw,

2766. A. W. Hull [General Electric Company]. Negative Resistance. ([/.8. Paren
1387984, August joth, 1915. Patent granted August 16th, 1921.)
A negative resistance, or a dcwct of the Dynatron type, in whlch the current will decrease a
the potential applied thereto increases in contradistinction to the ordinary resistance deviees
in which an increase of potential is accompanied by an increase in current,

(L.) Radio Wave Transmission.

(1) GEneraL E.M. Tueory.

2767. Long-distance Wircless Transmission. (Electrical Review, 88, pp. 739 and w42, June
toth, 1921. Electrician, 86, pp. 718—71g, also p. 709, June 1oth, 1921.)
Abstract n[ discussion at the Institution of Electrical Engincers opened b}' Mr. C. F. Elwell.
(See Rapio Review, 2, p. 373, July, 1921, for Abstract.)

2768. L. B. Turner. Optimum Wavelength and Atmospherics. (See pp. 524—534 &
October 1ssue ; also p. 505 for editonal notes,)

276g. Discussion on Long-distance Wireless Transmission. (Journal of the Instizution of
Elecirical Engineers, 59, pp. 677—692, June, 1921.)
See Rapio Review, 2, p. 393, July, 1921, for Abstract.

2770. T. Carlbaum. Electromagnetic Oscillations in Slightly Heterogeneous Media. (Archr
fiir Matbematik Astronomik och Fysik Stockbolm, 15, pp. 1—24, 1921. Science Abstract,
24A, P- 5§75, Abstract No. 1461, August jist, :gﬂ-ﬂhﬂtmcr}

A mathematical article dealing with the theory of electromagnetic wave propagation in
special media,

2771. H. Bateman. Notes on Electrical Theory. (Bulletin of the American Matbematica:
Society, 27, pp. 217—225, February, 1g921.)

2772. K.F.Lindman. The Velocity of Propagation of Electric Waves in Air and along Wires.
(Ofrersigt of Finska Vetenskaps-Societetens Forbandlingar, 58, 1915—1916. Fabrbuct
Zeitschrift fiir drabtlose Telegrapbie, 18, pp. 48—49, July, 1921—Abstract.)

Various experimenters have found dllEll:PiﬂElEE between the velocity of waves along wires
and the velocity of light. The author finds that with very careful experiments the difference
lies within the range of experimental error in the determination of the velocity of light.
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(2) Transmrssion Tests AnD MEASUREMENTS.

2773. J. Willlamson. Physical Features and Wireless Transmission, (Wireless World, 8,
pp. 189—395, August 21st, 1920. Technical Review, 7, p. 29, October 12th, 1920—
Abstract. Scientific American, 123, p. 571, December 4th, 1920—Abstract.)

A paper dealing with observations on the fading of signals in the area of the Persian Gulf
and Aden; a large amount of data is supplied with maps and diagrams. Finally, the con-
clusion is put forward that, as far as ordinary ranges are concerned the intercepted wave does
not pass to a considcrable height (probably not more than one or two miles) and that the
maximum height attained increases with the distance.

2774. M.Gulerre. Hertzian Exploration between Toulon and Tahiti. (Bulletin Société Fran-
caise des Electriciens, 10, pp. 247—268, July, 1920, Science Abstracts, 238, pp. 551—
552, Abstract No. 1047, November joth, 1g20—Abstract. Technical Review, 8, p. 214,
March 1st, 1gz1—Abstract, Revue Générale de fE'J'rﬂn'n'j'é, $, p. 66, July 17th, 1920
—Abstract.)
Sce pp. 618—614 in this issue.
2775. G. Vallaurl, Measurement of Radiation from Wireless Aerials., (L'Elettrotecnica,
8, pp- 213—218, April sth; and pp. 233—237, April 15th, 1921. Technical Review, g,
p. 158, June 7th, 1921—Abstract. Science Abstracts, 241, p. 314, June joth, 1921—
Abstract. Radioélectricité, 1, p. 125D, May, 1g21—Abstract.)
See Rapio Review, 2, pp. 77—85, February ; pp. 138—143, March 3 and pp. 179—187,
April, 1921,

2. Books.

Tue ArexanpersoN SysTem ror RaploTeLecrarH AND RaploTELEPHONE TRANSMISSION.
By Elmer E. Bucher. (New York: Wireless Press, Inc.; London: The Wireless
Press, Ltd. 1920, Pp. g5. 103" ¥ B". Price 109, 6d. net.)

This publication collects together in handy form a considerable amount of information about
the Alexanderson high frequency alternator, and its electrical characteristics when used for
radio transmission, which has previously appeared in American periodicals. The term
“ Alexanderson System " is used to cover high power radio transmitting equipment, using
the Alexanderson alternator, the Alexanderson magnetic amplifier, and a multiple tuned
antenna, and each of these are discussed in turn. Detailed illustrations are also given of the
complete machines and apparatus and of their component parts,

P.R. C.

AppareiLs ET INsTALLATIONS TELEGRAPHIQUES. By E. Montoriol, with a Preface by M.
Blondel, (Paria: Librairie F. B, Bailliére et Fils. 1921. Pp. 625, with 440 figures,
9" X 6°. Price 4o fr.)

A comprehensive text-book setting out the present position of telegraphy in France and
other countries, and giving detailed descriptions of the various apparatus employed. After
the introduction, chapters are devoted to the following branches of the subject :— Morse
Apparatus ; Sounders ; Modified Morse Systems ; Printing Apparatus ; Telegraphic Writing
Apparatus (" Telautographs "} ; Means for Increasing the Carrying Capacity of the Lines
(Overhead and Submarine); Automatic Transmitting Apparatus; Multiplex Systems ;
Batteries, Accumulators, etc.; Auxiliary Apparatus and Station Equipment. Good dia-
grammatic illustrations are given of all the apparatus described.

P. R. C.

Das DeurscHe Bucu. Monatsschnft fiir die Neuerscheinungen deutscher Verleger.
Leipzig. Kreuzstr. 3b. (A monthly bulletin issued by the German Association for
the Export Book Trade in Leipzig.)

In addition to the classified catalogue of recent books, each monthly number deals with
some special branch or subject and contains three or four short articles from the pens of well-
known authorities on the special subject. The current number, which 1s No. 8 of the series,
is devoted to children’s books ; the subjects dealt with during the past months have included,
Relativity, Eucken, Scandinavian literature. As may be expected the bulletin is well pro-
duced ; each number contains one or two illustrations,
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RaproTereronia. By Domenico Ravalico. (Turin and Genoa: §. Lawer & Co.
Pp. vii 4 219. 6}" x 44" ;*with 83 figures. Price 14 lire.) ‘

A desenption in simple non-mathematical language of the principles of telephonic com-
munication and of the various methods that have been used for wireless telephony, including
the modulated searchlight with selenium receiver. Descriptions are given of the work of
Fessender, Slaby and Arco, Collins, Ruhmer, Poulsen, Colin and Jeance, and Majorana.
The last two chapters are devoted to the thermionic valve and the recent advances made in

radiotelephony.
G. W. 0. H.

De InTErRNATIONALE ORGANISATIE VAN HET Rapio-Evecrriscue Verkeer. By G. F.

van Dissel. (Leiden: 4. W. Sijiboff's Uitgeversmaarschappij. Pp. 48. 93" x 61%.)

This pamphlet consists mainly of a translation, edited by G. F. van Dissel, of lectures

delivered by Commandant Brenot before the Ecole Supérieure d'Electricité during the

Session 1920—21. These have been printed in French in Radioélectricité {August and
September, 1g20—Rapio Review Abstract No. 1858, May, 1921).

Correspondence.
-A NEW DESIGN OF AE_RIA.L INSULATOR.

To ™vE Epitor or THE " Rapio Review.”

Sir,—In the Rapio Review for October there appears a letter from Mr. E. W.
Sawyer claiming priority for the Ohio Brass Company and a number of American engineers
as the original investigators of the low capacity type of aerial insulator described on p. 198
of your issue for April.

Mr. Sawyer probably does not know that the need for low capacity aerial insulators has
long been recognised in this country and it is difficult to say who were the original investigators
of the type. Porcelain rods, some 2 feet long, have been used for small aerials since February,
1gof. Since then the length and mechanical strength have been steadily increased as the
demand arose, and as our porcelain makers have been able to overcome the very considerable
manufacturing problems. For instance, insulators being made at the present time require a
straight and perfect porcelain rod or tube nearly @ feet long, capable of standing up to a
routine proof test of 4} tons in tension.

The only date which Mr. Sawyer gives is Octobér, 1920 ; rather late in the development of
these insulators |

A claim for novelty of type would, among wireless engineers in this country, be absurd.
The design which has been described in these columns is merely the result of a courageous and
skilful development along well-known lines ; the only novel point being the provision of three
drip rings, due to Major R. J. P. Briggs. Under heavy rain a stream of water flows along
the under side of low capacity or ** candle " insulators hanging about 20° from the horizontal.
Major Briggs found by experiment that carefully placed drip rings broke up the stream and
very greatly reduced leakage and flash-over. The rings are separate pieces and they do not
destroy the uniformity of the tube.

I am confident that Mr. Sawyer will find the insulators we are making in this country to be
more efficient than those he mentions, and if he cares to have further details I shall be glad

to supply them.
B. MitTELL,

Director, C. F. Elwell, Ltd.

London, W.C. 2.
October 25th, 1921.

ERRATUM.

Page 6oz, Abstract No. 2564, the autbor's name should be: J. Nienhold.
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The Edison Swan Electric Co., Ltd., are manufacturers of the following

Electrical Apparatus :—

ACCESSORIES (Lighving).
ACCUMULATORS.

BELLS AND ACCESSORIES,
CIRCUIT BREAKERS.
DECORATIVE FIXTURES.
DRY CELLS.

ELECTRIC FIRES.

FANS AMD VENTILATORS.

HEATING AND COOKING
APPLIANCES.

INDUSTRIAL FITTINGS.
INERT CELLS.

INSTRUMENTS (Indicating).
IRONCLAD SWITCHGEAR.
LECLANCHE CELLS.

“LITTLE GLUTTON"™
VACUUM CLEANER.

METERS.

OIL SWITCHES.
RADIATORS.
SWITCHBOARDS

TELEPHONES AND
ACCESSORIES

WIRES AND CABLES,

ROYAL
“EDISWAN”

ELECTRIC LAMPS

for every

purpose.

Let va knowe im sekich articles you are inlerested and we will semd you the appropriate calalogue,

THE EDISON SWAN ELECTRIC CO., LTD.,,

PONDERS END,
T

MIDDLESEX.
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The “Brown™ Mlcrophnne Relay, Type *M.”

This Relay is a modification of the ;ﬁc used hi the Royal Air Force and - ‘..TE'

s, l:!n tlﬂ: Wireless
side it has a resistance of 4,000 ohms, and has a transformer mounted on a
separate base with condenser, suitable for telephones of 120 ohms resistance.

the Admiralty. [t is enclosed in a shed tea

This is a highly efficient instrument, especially for the amplification of
feeble signals, and enables the operator to dispense with the use of valve
amplifiers. Whereas the current mnsunu:d with valve amplifiers is con-
siderable, the current required for the * M ™ RELAY is minute, being
m:lllumpq supplied from a 6-volt battery.

spproximately only 25

The “Brown"™ Relay has a mde reputation in the highest scientific
circles, and the present type “ M ™ RELAY is designed to bring this

valuable instrument within the reach of amateurs.

The nhnrﬁ“l“m.ﬂilth Transformér Board
The * ﬂ!m"hﬂl Iﬂhﬂhﬂhnﬂwlmmr

wonnd to special high resistances ... upto
The “Brown' *“A™ I‘.nlll Il.din Hlldp.'lnn-—
low resistance pair
high resistance per pair ﬂ ! 0&
The "ili::;-n e “t::::_h'u End;hm-u {improved flat
low resistance Hlfiﬂt
u“.“ﬁ. miE TS

£ 5 d.

8 8 0

510 O

6517 @&

g18 0

3 8 0

g g8 0 “Brown” Lmd Epnh.-r and Head.
212 0 phones with "M™ RELAY and
05 @& TRANSFORMER BOARD

Sole Ageni for the Argentine :

Sole Manufacturers ;

Horacio D, Guerrero, Las Heras, 2480, Buenos Aires,

S. G. BROWN, LTD., Victoria Rd., North Acton, W. 3.

Telegrams: " Sidbrownix, London.™

Telephone : Chiswick 146g,

. i

UNIVERSITY OF MICHIGAN
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| We specialise in the manufacture of High
and Low Tension Mica Condensers for all
types of Radio equipment, and shall be
glad to provide prices and drawings on
| receipt of specification of requirements.

All enquiries other than American
should be addressed to (Depariment R).

DUCON WORKS,

All Amevican Enguiries to be addressed—

MICA CONDENSERS

The DUBILIER CONDENSER CO,, Ltd.

Goldhawk Road, SHEPHERD’'S BUSH, W.12.

DUBILIER CONDENSER CO., Inc., 217, Centre St., New York.

Cutting out the
Risk
Are you daily risking the entire break-
down of your clectrical plant, through
faulty insulation? Minerva Insulating
Varnishes and Compounds effectually
cut out this danger Do not wait until Bhlaiiva inbiuli
trouble overtakes you. When next you ting specialities
revarnish, be sure you use us:d“;::y llilii-.fE ?:le:::;
electrical manufac
turing firms, lighting

and power slations,
INSULATING VARNISHES railways, tramways,

AND COMPOUNMDS ele, Dﬁﬁnitfmﬁlrﬂf
their practical utility

Pinchin, Johnson & Co, Ltd.,

ASSOCIATED WITH WILKINSON, HEYWOOD & CLARK LTD,
General Buildings. Aldwych, London. WC2

J

UNIVERSITY OF MICHIGAN




Supreme
Arc Alternator Valve

There is no room to-day for the damped wave
system any more than there is for induction coils
to produce low frequency current.

The bulk of the world's radio traffic is carried by
continuous wave systems, Of the three C.W.
transmitters available—the arc, the alternator and
the valve—the arc is first and foremost,

More than 1,000 C.W. arc stations, totalling over
10,000 kw,, have been designed, constructed and
installed under Mr, C, F. Elwell's supervision.
The alternator and the valve are recelving his
close attention, and we are In a position to advise
as to their fitness for any proposed Installation.

We invite your enquiries for complete C.W. stations,
Arc, Alternator or Valve, or for the component
equipment.

C.F.ELWELL

C]'ﬂ\-"EIl HGLISE‘ KlﬂgSWﬂ_‘_')f LUI'ICID‘II 2"

Cables Eﬂ"fﬂﬂ"}ﬂlﬂj £ an oo

Fefephones Regenr rOO07
2 Mﬁm Weseeras Lfaieon CTCode

¢ Landbe

Designers and Manufacturers of High Power Installations on the
| Continuous Wave System—Commercial operation guaranteed.

Jhe (ontinuous Wave Systenl |

1l
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(‘whn TRACTORS FOR THE SUPPLY AND ERECTION
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FOR COMMUNICATION OVER ANY DISTANCE
I ANY PART OF THE WORLD.

Head Office: MARCONT HOUSE . STRAND . LONDON. W.C.2.
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The chain is no stronger than its
wull:lt link. The life of a valve 1s
no longer than that of the Alament—
unless the filament is renewable.
Tl'ul un:qu: tented futur: of
Power ﬁllm means cutfing
m ]IIH the lnm:u] cost of valves at
your wireless station. The renewal
of the hlament s an inexpensive
operation and when the valve is
repumped, it is as good as new.
In Mullard Power and Power Rectifying
alves in glass up te 500 watts and in
fused silica for greater oulputs, the
patented construction permits hlament

renewal. You cannot do better than e -
the.n—they will save you meney.

For receiving sets use Mullard 4-pin
sockets, price 2/- cach,

Trade terms are liberal and
will be quoted on request.

Mullard

Radio Valve ColLid

Claybrook Road.
Hmnmr—:rmmﬂ'\ W6

b [ All:l!"l.i.'l Im‘l—l-

Contracfors to HMAdmiralty
War Office Rgval Air Force & PostOffice

W
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2= RADIO =g
COMMUNICATION
COMPANY, LIMITED;,

34-35 NORFOLK STREET, LONDON, W.C. 2.

N -
. CONTRACTORS FOR

RADIOTELEGRAPH
INSTALLATIONS ‘
LEMBDDTING THE LATEST IMPROVEMENTS & DEVELOPMENTS,

RADIO RECORDING APPARATUS

at any

Creed speed up to
Undulator 250 words
(a robust form per minute.
of S}'p!u‘m Recorder) , The signa]s
. nd Carpenter Relay, : being recorded L
set up for the recording in wave form are
on tape of radio signals particularly easy to read.
CREED & CO., LTD., Croydon, Surrey.

Phone: CROYDON 2120, Telegrams: CREDO, CROYDON. I

Princed by the WHITEFRIARS PRESS, LTD., London and Tonbridge, and published by THE WIRELESS
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(JUST PUBLISHED.)

Fifty Y ears of Electricity,

The Memories of an Electrical Engineer,
B
J. A. FLEMING, MA., D.Sc., F.R.S.

371 Pages. Price 30/_ Rt 111 Plates,

(Postage 1s.)

CONTENTS—

Introduction. Cuar. I: Telegraphs and Telephones in the Last
Fifty Years. Caae. Il: Dynamos, Alternators, Transformers and
Motors, 1870-1920. Cuae. 11I: Electric La:pps and Electric
Lighting. Cnar. IV: Electric Heating, Cooking and Furnaces
in Five Decades. Cuar. V: Electric Eupplg tatrions, Storage
Batteries, Railways and the Transmission of Power. CHAP, :
Theory and Measurements. Cuar. VII: Wireless Telegraphy and
Telephony. Conclusion.

l The Wireless Press, Ltd. oo™ 3323,

THERMIONIC TUBES IN R A DIO.
TELEGRAPHY & TELEPHONY

By JOHN SCOTT-TAGGART.

Price 25/- net,

_ (Postage 9d.)
CONTENTS.
Two-electrode  Valves and the Theory of Multi stage Retro-
Thermionic Curr:::: ;h. Reception of m nﬂul:;ll Clrcwits.
The Three-electrode Vatoum Tube ransmission  of
The Vacuum Tube as a Detector. v.':::-“:m ;r Continuoys Waves with
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