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Editorial.

Range of Wireless Stations.—The current number of the Journal of
the Institution of Electrical Engineers contains the paper with this title
recently read by Captain Trench together with the discussion thereon.
A perusal of the discussion impresses one with the lack of data upon which
to base any calculation of the power required to cover a given distance.
The most important and fundamental figure which one requires to know
is the strength of the electric field required at the receiving station in order
to guarantee easily-readable signals twenty-four hours per day and seven
days per week, local thunderstorms excepted. This will depend to some
extent on the frequency employed, on the geographical position of the
station, on the efficacy of any devices employed for the elimination of
atmospheric disturbance, on the speed of wuriing and on other factors.
Attention was drawn to the fact that Captain Trench based his calculations
upon a power in the receiving antenna only a fifth of that assumed in our
article in the September number of the Rapio Review, This discrepancy
is a confession of our ignorance of the actual field strength required in any
given case to ensure continuous reception with the best modern apparatus.
It would be of great service if data could be collected of actual stations
of modern design in all parts of the world which can just receive continuously
or for say 90 per cent. of the time from other stations of known characteristics.

It is well known that all the early estimates of the power required to
cover a given distance have been falsiied. Experience has shown that
far greater powers are necessary to ensure a reliable service.

In his reply to the discussion Captain Trench says that he leaves it to
the verdict of general experience to say whether 2 kW in the aerial would
not give easy communication over 4,000 km with modern valve reception
and amplification.

We fear that the verdict has already been given by all those engineers
who have been responsible for long-distance radio stations. It is a verdict
based upon bitter experience and is exemplified in such things as 1,000-kW
arcs arnf discussions as to the possibility of the parallel running of 500-kW
radio frequency alternators.

Some Thermionic Tube Circuits for Relaying and Measuring.—A
Eaper with this title by Dr. W. H. Eccles and Miss W. A. Leyshon was read
efore the Wireless Section of the Institution of Electrical Engineers on
March 16th. The underlying idea embodied in the paper was the use of a

Q
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saturated diode as the load in the plate circuit of a triode. To obtain a
large voltage amplification it is necessary that the load in the anode circuit
should have a high resistance to oscillations, whereas its resistance to
continuous currents should be as small as possible in order to avoid the
necessity of a high E.M.F. in the anode battery. Expressed mathematically

%shnul«d be big and V¥/I small. An inductance has this property, but in

a degree depending on the frequency; a saturated diode maintains the
same current (d = 0) for all variations of dV over a certain range, and
dV/dl is therefore infinitely great. The use of a diode in this way has
been suggested by several physicists. The authors of the paper used it
in order to determine the voltage ratio of the tube 7V, /0¥, when the plate
current I, is kept constant. The saturated diode in the plate circuit relieves
one of any trnuEle in maintaining this latter condition. It should be pointed
out, however, that the geometrical conception of the voltage ratio implies
that the total emission current is kept constant ; as soon as the grid is made
sufficiently positive to take an appreciable current, a new factor is introduced
which has no connection with the geometrical conception of the wvoltage
ratio, This was clearly shown in the curves given in tE: paper, the voltage

ratio being constant under all conditions only so long as the grid current
was Zero.

The Effect of Emission on Filament Temperature —A short but
interesting paper on this subject by Mr. G. Stead was read before the Wireless
Section of the Institution of Electrical Engineers on March 16th. The
experimental work was done three years ago for the Admiralty. Pyro-
metrical observations were made at various points along the filament with
various values of emission current, keeping the filament current as read on
an ammeter in the positive filament lead constant.  The resulting temperature
changes which are plotted in the paper are due to two causes, viz., (1) the
cooling due to the energy carried off by the emitted electrons and (2) the
variation of current along the filament due to the emission. The paper
serves to emphasise several points which are always a source of uncertainty
in connection with thermionic devices. The characteristic curves are very
dependent upon the filament temperature and it is therefore important
to Zpecify it as accurately as pnssiﬁlci If an ammeter is inserted and its
reading kept constant, different results will be obtained according towhether it
is connected in the positive or negative lead since the emission current divides
between the two limbs, increasing the current in one and diminishing it in
the other. By inserting three ammeters, one in each limb and one in the
anode circuit, one can calculate the true filament current and the two parts
of the emission current and can keep the former constant if this is required.

Some experimenters have tried to keep the filament temperature constant,
but here again one is in difficulties since the distribution of temperature
along the filament depends on the emission current.

Another matter of interest is the difference which must exist between
the static and dynamic characteristics since when the emission current is
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varying with a high frequency the filament temperature will not follow the
rapid fluctuations but will assume a mean value at each point. Deductions
based on the static characteristics must therefore be mngtﬁcd when applied
to high-frequency oscillations.

To the Authors of Scientific Papers.—The editors of seventy German
scientific journals have issued a joint notice to all their contributors with
the object of increasing the general efficiency of such publications. The
notice appears in the February issue of the Fabrbuch Zeitschrift fiir drabtlose
Telegraphie. It embodies eight paragraphs and is commendably brief
and to the point. We give here a translation and commend it to all our
contributors :

1) Before starting scientific work find out exactly what has already been

published on the subject.

(2) Every article should be carefully planned and the sub-divisions
made clear, The manuscript should be ready for the printer,
preferably typewritten on one side of the paper; bad handwriting
and subsequent alterations add considerably to the cost.

(3) Keep the article within the narrowest limits, avoid foreign words and
choose the most careful German; omit lengthy introductions,
developments, and unnecessary calculations.

(4) As far as possible replace len thy descriptions by diagrams. Insert
all scales and figures in grawmg—ﬂﬂitt style. Brief particulars
under the diagrams increase their value and replace long descriptions..

(5) Diagrams should only contain the essentials ; omit secondary details
or well-known matter. If already published elsewhere give references,

(6) Carefully observe editorial suggestions for shortening the article,
Generally speaking, the shorter the article the greater its effect.

(7) Before sending in criticisms for the correspondence columns try to
come to some agreement with the author.

(8) Never offer an article to a second journal until the first one has declined
it. Any second publication should contain only short abstracts
from the main publication.

The Lafayette Radio Station.—As a result of the preliminary tests and
working of this new high-power station referred to in our February issue
(pp- 85—93) it appears from a report published in Radioélectricité, that
while its power is ample for communication with the United States, 1t is still
insufficient for continuous traffic with South America or with the East—i.e.
over ranges of 10,000 kms or more. The signals at these distances are
seriously interfered with by atmospherics. For example at Hanoi the

signals from Croix d’Hms can be heard strongly between 2100 and
o500 G.M.T., but at other times they fade. Similarly at Shanghai the
signals are unreadable between 1700 and 1900, although they are strong at
2100 G.M.T,, and throughout the morning. This is apparently one of the
reasons underl}rmg the project for the large Paris Radio Centre upon which
work has now been commenced. Further details of this project were
published in our March issue. [2120]
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Some Recent Designs for Ship

Radio Installations.”
By H. R. RIVERS-MOORE, B.Sc., A.).1.E.E.

Some standard equipments suitable for ship or other stations, which
possess several features of interest, have recently been developed by Messrs.
R. M. Radio, Ltd. The larger sets, of 11 and } kW respectively, are similar
in general conception, and a description of the latter will sufficiently indicate
the main features of both. The set is of the rotary spark type with the
familiar inductively coupled arrangement of circuits (see Fig. 1) and the
design aims particularly at the achievement of simplicity and accessibility
with small bulk, with a
view to providing an
equipment which can
casily be fitted and

maintained in  vessels
h.wmg limited space,
- Jlsemoane and  which offers little
pswro  complication  to  the
_ operator in charge.

o comene swree T ransmitter and  re-
ceiver are fitted in a
single cabinet (Fig. 2)

ALRIAL

o ") which also embodies the

MOANTIO L e operating table.  This

cabinet is only 3 feet

4 wide and both sides are
FOTURER CHOWE

kept clear of projections
or controls so that this
represents the total
width of space needed
to accommodate the set.,
Advantage is taken
of the absence of any
physical connection be-
tween the primary and
secondary oscillating cir-
Fic. 1.—High Tension Witing Diagram of § kW Set. cuits, to build up the
former entirely on the

motor alternator (see Fig. 3) which slides on runners into and out of
the space in the lower part of the back of the cabinet. The runners are
continued on the inside of the falling door which encloses the primary trans-
mitting unit, and thus, on opening this door, the whole unit can be drawr
forward into an accessible position. The leads to motor and alternator are

——— p——ees oo o s e S — e —

* Received March 16th, 1921,
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of strong workshop flexible and are connected to terminal strips inside the
cabinet. They are of sufficient length to allow of the machine being drawn
out and run in the exposed position if required.

To the generator carcase, at the alternator end, is fixed the cast aluminium
discharger housing, which has a flat top on a level with the top of the machine
Covering the whole is a teak platform on which the primary high tension

AE' lﬂ.[
Wave Chanae
Swiltch

Power o _ _r 1 .
Ht.'.gu'.qhn' - & ;E‘FF‘hﬂnﬂ#

standard w,, " 0‘ : : C
, ouplin
ROV R g 3 | AR
Tuner e . X 1’
i . = -r - . i -
= s o I I Iransmtler

Operalors
Correspondence

Drawer

Pedal

operated
SendtReceive
Switch

a2

F16. 2.—1 kW Spark Set.

unit is built up. At one end is the high tension transformer and about the
middle a bank of Dubilier condensers and a pair of air-core protecting chokes
constructed to be of the same size as one of the condensers. The condensers
and chokes are all contained in a teak outer case from which they can readily
be removed by sliding them out. The transformer is mounted on a small
hinged piece so that it can be tilted out of the way and the high tension
leads from the transformer, which are only about 2 inches long, terminate

Original from

UNIVERSITY OF MICHIGAN
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in plugs which engage in sockets in the choke coils. Thus the replacement
of a condenser is only a matter of seconds.

The arrangement of the connections of the primary oscillating circuit
adds to the ease of changing condensers and also avoids the use of flexible
connections, while keeping the area enclosed by the circuit a minimum. It
will be seen from Figs. 3 and 4 that the air core chokes and the condensers
are provided with heavy copper clips in lieu of terminals and that these

FiG. 3.~Interior of Set.

clips engage with tubular copper connectors running vertically. The tube
on the left in Fig. 3 interconnects one choke and one side of each condenser
and is extended by means of a copper rod into the discharger housing below,
where it connects to one side of the discharger. From the other side of the
discharger a rod runs concentrically up through the rlght hand tube, and
insulated from it throughout by an ‘ebonite tube, and is screwed into a boss
which forms the centre and starting point of the pancake winding of the
jigger l"-ril"[l:l!"_b." of ||e;w}' copper Htrip. This rod n fact supports the jiggcr

UNIVERSITY OF MICHIGAN
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primary which however is also
upheld and steadied by ebonite
pillars at the extremity of two
of the cross arms. At proper
points on the jigger primary to
give the required wavelengths
special contact clips are at-
tached which can be seen pro-
jecting downwards. They can
be ac‘i{justed to any required
position. The right-hand tube
‘already mentioned carries a
contact arm or blade corre-
sponding to each of the wave-
length clips, and as these
blades are gripped by friction
clamps on to the tube, they
can be set into positions corre-
sponding to those of the jigger
cfips with which they have to
engage, in such a way that a
fixed angular movement of the
tube will cause engagement of
a particular blade with its cor-
responding clip, wherever the
latter may have been placed.
Thus a wave-change switch is
provided which has the advan-
tage that it involves neither
Hexible leads nor pivot con-
tacts. Where however more
than three waves are required Fi6. 4. Rotary Spark Gap and Condensers.
it becomes difficult to keep the

blades and clips sufficiently separated for insulation purposes and a modified
form is used involving short Hexible leads and ﬁxfcr contact clips.

The discharger is somewhat unusual inasmuch as it consists of a crown of
fixed electrodes and only two rotating electrodes. The arrangement is
illustrated in Fig. 4. The crown is originally cast and machined as a single
plece to ensure accuracy and it is then divided into two portions and re-
assembled with insulating clamps without upsetting the alignment. The whole
crown is then fitted adjustably into brackets which are in electrical connec-
tion with the copper rods mentioned above. The crown is held by four
pointed screws which fit into a V-groove running all round its outer surface
and by their means it can be adjusted centrally with respect to the
shaft of the motor-alternator which carries the two rotating electrodes.
Leaving the four screws slightly loose in the groove the phase relation can
readily be adjusted by rotation of the crown, after which all the screws are

tightened up.

UNIVERSITY OF MICHIGAN
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The more usual arrangement in which the whole housing carrying two
fixed electrodes is swung for phase adjustment, does not lend itself to the
rigid platform construction acﬁ:-pted for the primary unit. Apart from this
r:unsitferatinn the fact that the two electrodes which have the heaviest work
are in rapid rotation causes most efficient cooling and it is found quite un-
necessary to provide a large mass of metal or any special cooling vanes for
them. They are themselves of flat form and act as fans. The power needed
to drive these electrodes should be less than in the case of a multiple rotating
clectrode. The spark obtained is of excellent quality and very penetrating.
The spark frequency is 700 per second.

The spark occurs, of course, at different points round the circle in succession
and the appearance produced is quite spectacular, as there is a crown of
brilliant sparks and Ee rotating electrodes appear stationary and multiplied
like spokes of a wheel. Any fear of the inductance of the circuit being varied
owing to the spark occurring in different positions is overcome by the arrange-
ment by whicE each half of the crown is connected electrically to its bracket
at three points, namely the two ai which it is held by the screws and an addi-
tional flexible lead of woven copper at the mid point, introduced as a safe-
guard.

Earthed condensers mounted on the platform of the unit serve to protect
the windings of the machines.

Immediately over the jigger primary when the unit just described is in
position in the cabinet (see Fig. 2) is the secondary, consisting of another

ancake winding of copper strip, mounted on a frame pw{:-ted along one edge
and controlled by a handle conveniently situated for varying the coupling.

The remamder of the space in the right side of the upper part of the cabinet
is occupied by the loading coils, of pancake form, and the secondary wave-
change switch. In later forms it 1s proposed that a single handle shall
control both primary and secondary wave-change switches. The loading
colls are banked together with plug and socket connections so that only the
actual number necessary with a given aerial need be fitted.

The send and receive switching arrangements call for comment. The
aerial is connected to the apparatus by means of a plug which fits into a
socket in a small leading-in insulator in the top of the cabinet. This socket
is formed in the upper end of a brass rod which is actually the pivot of the
send and receive switch and carries the switch blade at its lower, inside, end.
Thus no current has to pass through any moving contact but as the switch
blade turns from “send ™ to *“ receive ” position the aerial plug makes a
small angular movement which is easily absorbed by the flexible lead from
the deck insulator,

The movement of the *“ send and receive " switch blade is controlled by
a pedal beneath the desk and the same pedal gear operates a small switch
which controls the automatic starter for the motor generator. Thus the
entire switching operation is completed in about three seconds by merelL
depressing the fnm On removing the foot a spring pulls the aerial switc
into the “receive” position and the automatic starter switch falls back
into the *“ off” position. The switch pedal is quite light and no fatigue is
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involved in keeping it depressed and the whole arrangement is remarkably
convenient and simple, leaving the operator’s hands entirely free. An
alternative hand control is provided and can readily be changed for the other
if preferred.

an: only the automatic starter all switches are directly controlled by
straightforward levers which are fully exposed by opening the cabinet.
The operator has everything under observation and there is nothing intricate
to get out of order.

Behind the left side panel of the upper cabinet are two sliding rheostats

L]

Fi. §.—1} kW Spark Ser showing Cabinet and Operating Table.

controlling the speed and power of the generator by means of handles pro-
jecting through the panel. No other adjustments are provided in this set.
There are two ammeters in the slip dividing the two removable panels of the
upper cabinet, one of which indicates the key current and serves as an indi-
cation of power taken; the other gives the aerial current and is used for
tuning and as an indication of power output. A low frequency choke is
provided, of fixed value determined before the set is issued. The operator
therefore has only to vary his power according to requirements and then
vary speed until the best note and aerial current are obtained. The dis-
charger once set should not be altered except as the electrodes burn away.

Original from

UNIVERSITY OF MICHIGAN
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It will be seen that the object has been to provide minimum opportunity
for throwing the set out of gear and to simplify the adjustments to those
required by the authorities, namely wave change, coupling and power
variation, with in addition a small speed variation for securing low frequency
resonance and a good note.

The key is of the simplest and most usual description but is inverted and
mounted beneath the desk with the knob only projecting above. Adjust-

ments of travel and tension

TERMINALS FOR  \iaive DETECTOR can be made by putting the

o mms O Nk hand beneath the desk and

? ? the key is connected bv

plug and socket and can be

I withdrawn readily for re-
placing contacts.

The transmitter for the
1} kW set (Fig. 5) differs in
that the lower portion of
the cabinet is a silence
chamber with cork filled
walls. A wvariable low fre-
quency choke is provided,
and a slate switchboard
with instruments for mea-
suring D.C. and A.C. volts
and amperes. While re-
taining the main features
and simplicity of the smaller
set it provides rather more
adjustments and facilities
which can be utilised by an
operator who wishes to get
the best out of his instru-
ment. The receiver and
signalling key are fitted on
a bench or table separated
from the transmitting plant.

e The standard form of re-

FiG. 6.—~Wiring Diagram of Receiver. ceiver is the same for both

} and 13 kW sets. In the

former caseit is fitted into a recess in the operating desk, with the upper

face, containing the adjusting handles, set at a slope for easy handling.

Thr tuner prnwdes aerial tuning mductance and condenser and there is a

closed circuit sxmllarl}f variable and cuupled adjustably to the aerial circuit

by a coil swinging on its own axis (see Fig. 6). The wavelength range is
from 250 to 3,600 metres,

Provision is made for detection either by valve or crystal, the valve being
fitted in the left side panel of the cabinet when required. This is not shown
in the illustration and it is proposed in future to incorporate it in the tuner,

O«

TUNED CIRCUIT INDUCTANCE E
i ¥
i
:

USING CRYSTAL

TELEPHONES WHEM
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The tuner can easily be lifted from its recess and used as a wavemeter.
Two terminals and a press-button are provided, connected to some turns
of the closed-circuit mtructance A smaﬁ separate case containing a buzzer
and dry-cells is provided with contact pieces to engage these terminals and
thus provide means for testing the crystal setting and also for using the
tuner as a transmitter wavemeter. For teﬂmg the crystal the change-over
switch should be placed in the “ stand-by » position and the closed circuit
brought into resonance with the aerial circuit. In order to avoid absorption
of energy by the closed circuit when listening on the * stand-by * Eﬂust—
ment with the closed circuit coupled and set to the same wavelength, the
change-over switch opens the * tuned ” circuit when in the “ stand-by "
position. It is therefore necessary to provide an additional contact on the
buzzer key to close the circuit automatically when the buzzer is used.

The object in having the buzzer and its battery in a separate box is merely
for accessibility in changing the battery or adjusting the buzzer.

The tuner is mwdej with a safety earth gap of brass plates separated
by a mica disc, the sparking surface being totally enclosed to iET out dust

A valve of spﬁcial form is used which we hope to describe fully in another
article, but -standard “ R ™ valves can be used.

The crystal detector consists of a revolver drum, of ebonite, carrying eight
small cartridges. The cartridges comprise a cylindrical body of ebonite
within which are two very small crystal cups pressed together by a spring
which is adjustable from the nutsige at one end by a small screw-driver.
By turning the drum a fresh cartridge is brought into action and connected
between a brass anvil below and spring contact above the drum, so that it is
the work of a moment to change from a crystal which has become insensitive.
Eight cartridges are carried in the drum and a further supply can be kept
ready adjusted to replace these when required. The first set can then be
re-aj:"iust:d at leisure in readiness for further use. If trouble is exPenen-:ed
from the transmitter rendering crystals insensitive, a * half-cock ”* position
of the drum disconnects the cartridge completely and leaves only IEIE ve
small brass mountings of the cartridge in contact with the crystals to piz
up oscillations.

We hope in a later article to give a description of the several forms of
} kW and emergency equipments manufactured by the same firm.

Measurements of Radiation of
Radiotelegraphic Aerials.
By G. VALLAURI.
(Concluded from page 143.)

12. Experimental Results.—The first attempts at systematic measure-
ments of radiation and the first applications of same to the rational study of
the shape and properties of aerials, were J:ruhahly made by the Royal Italian
Navy. After a first phase of study and research work, standard measure-
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ments of radiation were made on September 13th and 1gth, 1916, on the
aerial of the Taranto Wireless Station (Fig. 7). In these measurements only
half the aerial was used, consisting of three wires (A, = 1,500 m; C' = 3-62 muF),
and it was excited by a 3 kW Poulsen arc generating a current of about
10 A with various values of A between 2,500 and 4,500. The receiving
aerial, placed on the Island of 5. Pietro (d = 12-1 km) was a closed vertical
frame of rectangular form with an area S, = 680 m2. The induced currents
were of the order of some tenths of milliamperes, they were measured by a
thermoelectric couple in vacuo, con-
nected with a reflecting galvanometer.
The resistance of the receiving circuit
was measured by the insertion of a
known resistance both with impulse
excitation produced by a buzzer, as
well as by the excitation due to the
wave transmission to be measured.
The effective height in the direction
Fic. 7. considered, which formed an angle
of 61° with that of maximum radia-
tion (according to the known properties of bent antennz), was found
to be 56:5 metres,

More exact measurements were carried out in 1917 for the Rome Wireless
Station (San Paolo), by installing the receiving station on the beach of
Fiumicino (d = 23-2 km) with a closed rectangular aerial the area of which
was 531 m?, far from any disturbing local influence. The instruments were
placed in a small shed. As receiver, a Duddell thermogalvanometer with a
4 ohm heater was used.

The calibration was carried out by inserting the Duddell galvanometer in
a local circuit containing a resistance box and an accumulator, the voltage
of which was measured at the same time by a precision voltmeter. From
the readings 8, for different values of the resistance R of the box, and the
zero reading &, one gets the deflection A = 8, — §,; and from the ratio

V -
between the value of the current I = 5-— and v/A we get the constant

of the thermogalvanometer K = Ij+/A. For the measurement of the
received current and of the resistance of the receiving oscillatory circuit, it
had been agreed that the transmitting station (Poulsen arc) at determined
hours should alternate constant emissions lasting ten minutes (each with a
given wavelength), with pauses also of ten minutes duration. During every
transmission, the opening minutes were devoted to carrying out the accurate
tuning of the receiving circuit, the capacity being varied until the maximum
deflection had been obtained at the galvanometer. After this the measure-
ment was begun, following a regular programme of readings ; viz.: 8, (open
circuit zero reading), 8, (closed circuit reading containing a known supple-
mentary resistance R’ adapted for high frequencies), 8, (closed circuit with
R’ cut out) and then in Dl‘(’ft]’ 8y, B Oy, B4 &), 8y 8,, etc. This succession of
measurements is necessary in order to be able to eliminate the effects both of
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accidental errors and of the slow displacement of the zero, Calculating the
mean deflections A, = 8§, — 8, and A, = 8, — §,

\ VA,

we EtI,:KﬂH"I R-FK __[_
I, dRXt10-1 )
I " 24n%, cosa =B

The following is an example of such measurements :—

from which k =

e T S — K =. =" = — —_

December 5th; _I:;I?._ Station at Fiumicino :
d = 232 km 8, = 53] m? a =0 A = 6,500 m.
CaLiBRATION OF THERMOGALVANOMETERS.
Resistance of heater = 4 ohms. Applied P.D. = 2:01 volts.
_ . - . .
& 8 3 N I = RT3 Lot I K = I tmilhf.tfpt-rm
' milliam percs. [ Wi
500 ] 373 195-5 177-5 3-80 | 0-300
T 373 282 Bl 286 0300
900 373-5 J18 55-3 2-225 0-209
1,200 3735 | 342 31-5 1-67 | 0-208
1,404 374 451 23 1-43 0-209
1,700 374 358-5 15-5 1-18 0-300
2,000 3745 382-8 11-7 1-004 | 0-204
1,004 3745 329 45-5 2-000 | 0-297
2,400 374-8 J66-8 8 0-837 i 0-206
| ' Mcan 0208
MeasureMENT oF RADIATION.
TIME. 8, & ] 4
11 h. 34’ 30° 341-5 |
J64-0 I
378-2
J64-4 ;
341-2 |
J364-5 I
I 3785
364-5 ;
341-8 :
11 h. 37° 30" 341 5 ;
364-5 !
3784
3645 |
341-5 |
364-4
3785
364-8
342-5 |
Mean values A, = 139 Ay = 36T, I =83T8 A
R' = 568 ohms R = 913 ohms h = 153-T m.
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As is known® in the Rome Station two different aerials supported by three
wooden trellis masts 218 metres (714 feet) high were tried in succession.
They are represented in plan and in general arrangement in Figs. 8 and 8a.
The numerical example is taken from the tests on the first aerial shown

Fic. 8.

* B. Micchiardi, G. Pession, G. Vallauri, ** The Rome San Paolo Radiotelegraphic Station.”
(L'Elettrotecnica, 7, pp. 218—224 and 241—244, May sth and 15th, 1920, and Publication No. 8
of the Electrical and Radiotelegraphic Institute of the Royal Italian Navy.)

[Also : Proceedings of the Institute of Radio Engineers, 8, pp. 142—161, April, 19203 Rapio
Review Abstracts Nos. 538, July, 1920, and 840, September, 1920.]

Original from
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in the top left-hand illustration of Fig. 8, for which we had A; = 2,960 m.,
C, = 99 muF (static capacity). From a large number of tests carried out
on this aerial which agreed very well for three wavelengths, we found the
following values :—

| s

Roerres

1532 1508 1496

! | I

| i
6,500 ‘B,ﬂnu rlu,lﬁu ‘

These confirm the theoretical forecast of a small decrease of & with increase
of A. Similar tests were carried out on the second aerial (represented in the |
bottom right-hand of Fig. 8, for which A, = 2930 m., C, = 11-2 muF from
which we obtained

A petres 6,830
ﬁlll!lr\tb ] 38.1

I
8,700 10,860
1384 1380

R

These comparative results, cnmEarﬂi with the various values of the current
which the Poulsen arc was capable of maintaining in each of the two aerials,
allowed of a rational choice between them. (See preceding footnote.*)

Fic. 8a.

Still more numerous measurements were carried out in January and
February, 1918, on the Coltano aerial. The aerial used at that time ahqwﬂ
diagrammatically in elevation and in plan by Fig. g consisted of thirty wires
of which twenty-four were included between the masts and the other six
divided into two sets of three and secured to the outside stays. The aerial,
moreover, presented the noteworthy feature of being fed at the middle and
the plant was still worked by the Marconi spark system (with an asynchronous
disc discharger). On this occasion a small measuring plant was used, easily
portable and quickly mounted.

The receiving aerial was a single triangular coil, supported by a bamboo
dismountable mast of the Marconi field type, 21 metres high (68 feet 10inches).
The mast could be set up and the aerial mounted in a few minutes; the

A s r ki 1~ &
UNINERSITY CIF wali HIGAN
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necessary material together with the measuring instruments and the mast
was transported in a motor lorry. In the rear cabin of the motor lorry the
thermogalvanometer was pl: wced (Fig. 10) ; on the footboard were placed the
variable condenser, the resistances, the coupling inductance, the buzzer, etc.,

HEICHT OF MASTS TSm

so that the operator might stand on the ground and the little lorry be per-
fectly steady, as is required for the stability of the galvanometer. A black
hood supported by the two open rear windows of the lorry came down all
round the observer and the footboard which acted as a table for the tests,
so as to avoid any air currents and to allow reflection (mirror) reading. The
insulation afforded by the rubber tyres of the lorry helped to exclude any
risk of the measurements being falsified by the action of any current passmg
through the ‘galvanometer, under the action of an E.M.F. induced, not in the
closed circuit of the aerial, but between this and the earth. The measure-
ment of the aerial resistance was effected by impulse excitation (par. 7),
produced by an aperiodic primary containing a L‘E"“P:l nd a good buzzer. As

IEm °F

Ba kiTe MO0

Figc. 10.

Original from
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or

A = § = & = Deflecrion of M-.lln_n.{
A-'I'.lrhill'lh.

R —— Messurement of the resistance B of the recevving senal by means of impubie exciiarion :
Y
ey
Mi{“ﬂMHuﬂlﬂ-ﬂ-ﬂhﬂH.
WA
R= K-
n"'l,,, u"'_".,
M= When the signali are CW. shey may be used for this mesrurement.)
Messsrement of the ronstast K of the thermagalvanomecer (B = B + K.
‘+- ok ats
vi &Ev3
-5 Ht--nuunr I M —
: < -rllm Caleulanion of the eflecrive heigh l'iﬁ'l'[’"i' e ™
=d |-|.-'um-|- i, JdRN, lﬂ"'"
L] e EoRT B Bk

wnd dor B = O (ir., with endamped concilllacisns) : l-T i os ©

=

BMLS. vabee of the vronsminey curmeni.
reecived Qerrent.

F'IH wl vhie vranamiived oecillaisona
receaving serial,
d = [.'ﬁt-uhnr_ the e wEEEoEL

A, = & — & with K included

By = & — &, wehow K. L = Teal indwersnce of the receiying circuit in cmi

R = Total revwiance of the Peeciving corcuit in C0.5, walit

8 = Tersd ellective (area ® tums] of the receiving aerial

Aw- ..h'h- brimom #.-..r of recmvang coal snd directien of sation
L & & snd 8 sre all in om. or om® i

Example — Febroary &th, 1918: Station [hhnhrm
Dissancs Simm Dalenion 10700 m.l i ithe Current & llll
Far ot : i
Measurement of (he Asrial Resistance, R S . 4—#1-““-'.:!- ;!' _— _"""_H‘"'""h e
—c s Col — 1 i, Ihﬁl‘lld-.l-l.h'lﬂ'l'lﬂ'f'ﬂlliq:l ;
b | & i i h | & R A o6 | & | & |
of the senial  BOrd® T e e T
e - AT 1% ﬂ | : 1078 s |
T 1.1} TR S R S oras 48| : 1
336 12 &oun v | o3l | = 180 |
s o triangular serial . 3928 m. Ly
i - 11 :J | 1080 "o
- 18 Heighe ., - w o+ 0w | 13 ::1 f L) 193
I =
3l = 36 E Riie 3 . mawmt | 1 | @ 105 T
a6
17 iy 181
- - B &, & readings of the therme s
244 L] I galvanometer with scale a1 | m, and m | .E 1o i3a
11 o i chm beater. i | M| s | 186
4 o bt _
s b "~ ZETNC LN G1dchms | 13 | 800 Lo & sy,
O R 6300 m. b :
- - . . meui. | 1 [ 2001 ] T 184,
sl - i) B & e kT e “FH B i s 31
ey m |c wiomgl. | 1 | apa .
e Kyt i & - o5 131 :::'ﬂnl D me
B | 3T EIE ) ITIs e o M'“r of iha ﬁ‘m i :? o .
e | A0 s 171s -
—_ : 7 i * vzl 2 ’;:: ™3 19T,
A, =817 A =000 A& = 1378 4, =200 PUHRUIOY & 4 ke B R ot A
LR | ‘am ! | il _ |
1 umlu W 016 | B8 gy, | e r
il N | W8 | i e
N o itk Ko 00 ,| 1% | | A& 8% 418
g —— 1 1o 138|50g || |- nrlsu.l | &L o 14
L) 1378 | millhampeir
- - = 1 — “1 R ——s o oawew
it bl Ralmbded Wos| 197 (g7 ||268 |15 |015e Caleularion of 4
lican R = 786 chma. | Im\Ln-m't'%um p—
1% 5
5
e o | T [} 2] ’ i LUR B, o N 0 160 - 'J'ﬂ-] e
L . | -l..l . - i [ = N
Decrement of the Receiving Merial, pos | 146 :: : 4318 M | olaT :,.m - “] ¥ r,_‘ym « 1T -
I.-.JE E s o AT mum'
3 | mnnm % fir B+ D3l ;
B =78 4 #11 = 139 L' - 0381 WL L i o op'sl = LTS
- T08 A = 00 K mean R ] ol =31 m
Fic. 11.

-:.'L.HHH L
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the transmitting plant would have been too much endangered by a long
duration of spark emission, it was agreed to execute for every series of
measurements and at a prcdctenmncd hour, twenty-four emissions each
lasting eight seconds and separated by pauses of twenty-two seconds dura-
tion. A duration of eight
seconds was sufficient for
the deflection of the
thermogalvanometer  to
attain the steady wvalue.
The first emission served
to regulate the tuning the
others for the measure-
ments.

The scheme of the
circuits, the formule and
the principal instructions,
together with a complete
example of measurements
and calculations, are repro-

duced in the table shown in
Fig. 11, which was com-
piled and distributed
— 7 among the F]:-:}yal Naval
=y o hrean-use  Radiotelegraphic services
i <o Erx\"“'f s wmiwin February, 1018, and
ol o \. serves as a guide for the
\'\ N current execution of radia-

sob{in '*-;,‘__:‘ =] tion measurements.*
With the pliances
0TI AT W W we i e e e described and mtE a fairly
Fic. 12. practised staff, Tt is easy

to erect two or even three
different stations in a single day. In such a way, for example, we were
easily able to determine the wvalues of the height and the radiation resist-
ance of the Coltano aerial we have described, measured in eight azimuth
directions. With these data we constructed the polar and Cartesian
diagrams of Fig. 12, from which we get (as stated in par. 9) the mean
radiation resistance R, = 0-108 ohm and the corresponding height
h = b51-8 m., which may be compared with the height of the masts A’ = 75 m.
(consisting of 45 metres of metal trellis and 30 metres of compound wooden
mast),
The diagrams of Fig. 12, the first of their kind if I am not mistaken, which
refer to large aerials in active service, present the features of two maxima of
different values in the axial direction and two minima in directions angularly

* The particulars given in this table (Fig. 11) have been translated before reproduction, the
original chart being in Italian.
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distant 100°—110° from that of the greater of the two maxima. Moreover,
the appreciable influence of the fact that the two halves of the aerial are not
exactly straight, but form an obtuse angle, is worthy of note. This produces
a notable difference between the two halves, in which the radiation giagrams
can be divided with respect to the lines of the maxima: The radiation
appears remarkably larger on the side of the convex angle than that of the
concave angle. Other experiments are now being made which are intended
to verify whether at greater distances than those chosen for the experiments
of Fig. 12 (distances equal to about 2A), the effects of absorption or of diffrac-
tion would appreciably alter the radiation diagram.

Conclusion.—The object of the present note has been to supply to those
who have to undertake the carrying out of the acceptance and the manage-
ment of radiotelegraphic plants, a guide for carrying out the radiation
measurements, which, in their turn, give substantial elements for judging of
the efficiency of an aerial as transmitter and receiver of electromagnetic
waves. For this purpose the principles are recalled on which the pheno-
menon of radiation is based, the analytical relations which connect the
several elements of the same and which povern the variations are deduced,
the approximations introduced in the calculations are discussed, and finally
the several experimental methods are set forth, the particulars being stated
and illustrated with practical examples which refer to certain typical shapes
of aerials excited both by damped as well as by persistent oscillations.

Leghorn,
October, 1920.

s e— —— e ——— —

The Effect of Modulation Waveshape upon
Received Signals,
By A. S. BLATTERMAN.
(Concluded from page 151.)

Interrupted Sine Modulation.

This type of modulation is obtained by supplying the plate circuit of a
transmitting vacuum tube with alternating voltage at audio frequency in-
stead of the usual D.C, voltage. High
frequency energy in this case is radiated
only during the positive alternation of
the audio plate voltage and the wave
train to be considered is therefore that of

Fig. o.
%’he Fourier series for the envelope
curve is

Fa
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VoL. n

l-|——1-sin [pf—’:'l'ﬂ”]——z sin (2pt — 90°) +
=, w2 Sar
2 . 6 2 . o
-t 15, SN (4pt — 907) -—Esm{ﬁ}ﬂ:—ﬂﬂ Y4 .. l
Let us assume that the receiving circuit has a decrement of 0-02, the wave-
length 600 metres, the modulation produced from a 500 cycle source ; the
note at the receiver will be essentially characteristic of 500 cycles. We have

A = 600 m.
w = 27 500,000
p = 27 500
6, = 002

1
So=1

1 ' T
Slzi ¢y = cos—1 0°965 = 17° 20
=3 by = cos 085 = 31° 50
S;=10
8y = li ¢y — cos—1 062 = 51° 40’
Sn=ﬂ

2

5=~ 5

The detecting current is therefore, by (19) proportional to

5 o] (o] (s

Constant x {

2

...I.

4

=T+

2

+

6 ) (s

4

_l_

4

+

4

o+

e

/!

e
—_—

O = constant X 0'970
The bracketed term of (16b) gives the envelope curve of the received current
and this is drawn for the case just considered on. Fig. 10, together with the
transmitted wave. The distortion owing to phase shift of the side fre-

quencies is clearly evident.*

constant X . (20)

* The lower half of the wave is omitted in this figure for the sake of clearness.
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Rectangular Chopped Modulation,

This type of modulation is
produced by such devices as a }1

rotary chopper directly in the
sending antenna circuit. The 5\ f

time interval between the pulses, [ \
or the periods when the antenna '( J\ /

18 inactive may be made any-
thing desired according to the I
construction of the chopper,
but we will here consider the
particular case wherein the
active and inactive intervals RECEIVED

b T g

3 I\
SRR &)
L1 N /
; e = = l““-.... jf
L Y
are equal, giving the waveform

of Fig. 11. The frequency of o w m w 4 w & ™

the pulses will be taken at

1,000 per second and the wave- Fig. 10.

length and receiver decrement

the same as above ; that is 600 metres and 0-02 respectively.
The equaticn of the rectangular envelope curve is, in this case

-4
2

-§-2

m

£=.Iu[%—gsinpt—3£;fsin3pt—;sinﬁpt — S & :I
1

therefore S,= ~

2
8§, =— 0-637 cos ¢, = 0-847 ¢, = 32°
S3= 0
Sy =— 0212 cos ¢, = 0-469 Py = 62°
Sg= 0
Sy =— 0127 cos ¢y = 0-303 $y = 72° 20

The factor by which the detecting current is to be measured is, therefore,
by (19).

Constant X 0-820. . . . . . . . . (21)

The waveform of received current modulation is contrasted with that of

the transmitter in Fig. 12, The distortion in this case is seen to be very
marked,
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By comparing (20) and (21) it
15 seen that the rectangular
modulation with equal antenna
current at the transmitter should
give weaker signals than the
interrupted sine modulation in

the ratio 829 to 970.
Spark Signals (Logarithmic
Modulation).
In this case the transmitter

sz ]

-T 0

Fic. 13.

current has approximately the
waveform of Fig. 13.

Assuming again A = 600
metres, spark frequﬁnqr 1,000
per semnd, receiver decrem:nt
0-02, transmitter decrement (-1,

the equation to the envelope curve of Fig. 13 is

1= 0, [S, + Sy sin (pt + 6,) + S, sin (2pt + 6,) +

where

S, = 0-02

S, = 0-0398
S, = 0-0387
S, = 0-0374
8, = 0-0357
S, = 0-0339
Sy = 0-0318
8, = 0-0299
Sy = 0-0282
S, = 0-0264
8, = 0-0259

+ Sysin (3pt + b)) + . . . ]
8, = 82° 50
6, = 75° 55’
8, = 69° 50’
8, = 63° 10’
8, = 57° 565’
6, = 53°

#, = 48° 40’
6, = 45°

6, = 41° 30
B, = 38° 30°

The envelope curve of received current according to (16) is then



ArriL, 1921.  BLATTERMAN : Errect oF WAVESHAPE 191

- __ ko (Sy+[8, cos ] sin (pt+ 8, —,)+[S, cos @] sin (2pt + O, ,) + '

r e | + [S3 cosdhy] sin (3pt + 8, — ) . . . .|
where ¢ = 32° 10 cos ¢, = 0-847

¢y = 51° 20 cos ¢, = 0-625

¢y = 62° cos g3 = 0-469

¢y = 68° 20/ cos ¢, = 0-37

¢ = 72° 20" cos ¢, = (-303

g = 15° 10’ cos ¢y = (-2565

de = T7° 10’ cos ¢p, = 02215

Ppg = 18° 45 cos ¢y = 0-195

¢y = 80° cos ¢y = 0-174

$p = B1° cos ¢ = 0:157
The measure of received signal strength (equation 19) is therefore

Constant x {E'%%=cﬂnstant x 0279 . . . . (22

This calculation is the result of using ten terms of the Fourier’s series. On
account of the fact that the coefficients in the series for the transmitted

current decrease much more
slowly than those for the
received current and are still
appreciable at the tenth term,
the factor just determined is
somewhat high.

Fig. 14 shows the envelope
curve of transmitting and
received currents and the dis-
tortion 1s again plainly evident.
It 1s to be noted that in this
particular case of logarithmic
transmitter modulation  the
mean square received antenna
current as well as the shape of
the envelope curve of same may
be calculated by Bjerknes’s
formul®, commonly stated in
text books. Results obtained
by these formula agree exactly
with those pgiven in this
paper provided a sufficient

Ll
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L ]
8-z
L]
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1

1
g
3
g
¥
-
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s L 154 e ] k1]

i
DEGREES
Fic. 14.

number of terms are used in the Fourler’s series in the latter case,

UMIVERSITY OF MICHIGAN
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Double Rectified Sine Modulation.

This type of modulation is shown on Fig. 15 and is produced in practice by
supplying the plate circuit of an oscillating vacuum tube from the source
shown on Fig. 164, or a pair of oscillating tubes may be used in some such
circuit as that of Fig, 168. In order to compare this case with those previ-
ously treated we may again take A = 600 metres, supply frequency 500 cycles,

Fic. 15. m !}

Fi1G. 16A. Fic. 16m.

receiver decrement (-02., The received note will be characteristic of 1,000
cycles.
The equation of the transmitter current is

1 —gsin (2pt — 90°) + 2 sin (4pt — 90°) — ]
.2 3 15
it = - -Ig 9 -
— Eﬁsm[ﬁpt —90%) 4+ ... ,

and weget S,= 0-636

S;= 0

Sy = — 0-425 ¢y = 31° B0’ cos ¢y = 0-85

Sa= 0

Sy= 0085 ¢y = B1° 40/ cos ¢y = 0-62

Sg= 0

Sg=—00364 = 62° cos ¢g = 0-47
The reception factor by (19) becomes

0-235866
Constant X 0319837 — constant x 0944,

It has been pointed out previously that the detecting telephone currents
can orly be tallj-:en proportional to mean square antenna current when the
latter 1s completely modulated; when the modulation is not complete a
correction factor must be applied. This correction factor for a sine modula-
tion is given on Fig. 7.

The present case is one in which the modulation is incomplete since the
received current is (according to (16) )
. k.

et

{{1'636 — 0361 sin (2pt — 121° 50°) 4 00527 sin (4pt — 141° 40') —
— 00171 sin (6pt — 152°) + . . . E sin cof

r
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Neglecting the small amplitude harmonics above the second, the percentage
modulation of received current can be taken as approximately equal to

0361 _
k= 0636 — 0-567
giving as correction factor from Fig. 7 the quantity 0-696. Applying this
correction, the quantity to be used as measure of the detecting current
becomes

Constant x 0-944 x 0-696 = Constant X 0867 . . . (23)

Sine Modulation.
This type of modulation has already been

P : . A
calculated above in connection with the explana- .
tion of receiving radio circuit distortion. It is
shown again on Fig. 17.

For the same wavelength and decrement as Fic. 17,
above and 1,000 cycle modulation the received
current is
i =FT0105 1 0425 sin (pt—31°50') sin o

The percentage modulation at the receiver is k= 0-85 giving correction
factor from Fig. 7, o = 0-902 and the proportionality factor for detecting
current (19) is therefore

05 +ﬂ-425*

2 4

— — J0902 =0-818. . . .. (24)
05 , 05

2 4

More AccuraTE TREATMENT.

The foregoing treatment has neglected the distortion effects of the detector.
The latter, as has been pointed out, tends to introduce changes in the ampli-
tudes of the harmonics present in the envelope curve of received antenna
current on account of its non-linear, imperfect rectification characteristics.
This affects the quality as well as the intensity of the signal somewhat. The
following formul®z permit calculations to be made of the detected (rectified)

telephone current and signal strength upon the assumption that the detector
characteristic is representable by the equation

1= Gy€ | el
As has been shown, e has, in general, the form
e= U {4+ B;sin (pt + a;) + By sin (2pt + o) +
+ Bysin 3pt+ ag) +. . . .} sinwl
Substituting this in the characteristic equation, gives for the audio frequency
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detecting current, after dropping all terms of radio and zero frequencies and
making certain transformations

1=3 iEABI sin (pt 4 o) + BBy cos [pt + (a; — a)] +
+ ByBycos[pl + (ag —ag)] + . . . .

+ 2A4B, sin (2pt + o) + BBy cos [2pt + (@ — ag)] —
2
— 20 cos (2t + 20q) + ByB, cos [2pt + (g —xg)] +

+ ByBgcos[2pt + (ag —ag)]+ . . . .

+ 2A By sin (3pt + a3) — BBy cos [3pt + (o + a5)] +
+ B, B, cos [3pt+ (o —ag) [+ By By cos [3pt+ (ag+ag)] + . . . .

+ 24B, sin (4pt + «,) — H{cuﬂ (4pt + 2a5) —
— BBy cos[4pt + (a; + a5)] + B, By cos [4pt + (x; —ag)] +
++ ByBycos [4pt + (g — ag)] + . . . -

+ 24 By sin (5pt + a;) — ByBy cos [5pt + (ag + ag)] +
+ B, By cos [5pt + (@ —ag)] + By By cos [Gpt +(ag—ap)] + . . . .

In this expression terms of the same frequency have been grouped together,
and the various frequencies corresponding respectively to pt, 2pt, 3pt, 4pt,
etc. follow each other in sequence. It will be seen that each of the series
giving the component current of a particular frequency has the form

I = [M, sin (kpt + gy) + My cos (kpt + ) + My cos (kpt + gs) +
+ M, cos (kpt + ) + - - - - 1¥
which may be otherwise written in the form
Iy = J1M1'+M,‘+Ma‘+ﬂﬁ+.-’Irff+. .
+ 2M, My sin (y — o) + 2M, My sin (fy, — ) +
- - + 2M, M sin (g — b)) + - - -
+ 2M My cos (Y — thy) + 2M M, cos (Y, — ) +
- +*3M=M_,,ms{¢,—|pi]+....
+ 2M3M, cos T%':ﬁf:ﬂjfh cos (3 — ) +
+ 2M3Mg cos (fg —thg) + « « -+

+ ... .psin(kpt 4+9). Y \
= [Be sin (kpt + ;)] Y
where L {25)
ey Mysingy + M;cosfy + Mgcos ey + .. ..
e T My cos iy — My sin g — Mgsin gy — .. . )
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The expression (25) may be used to calculate the amplitude and phase (y) of
any of the constituent frequencies in the telephone current ; and the effective
value of the actual distorted telephnne current wave is

\/:::2.........[25]

In making comparisons of this telephone current for different types of
modulation it must be noted that the constant Y is proportional to the square
of the maximum or peak value ,Jy of transmitted current, and if the com-
parisons are to be made on the basis of equal R.M.S. transmitter currents in
each case the equation (15) must be used as a divisor for the reduction of the
values given by (26). For comparison purposes therefore we employ in each
case the formula

ol = constant X \/

h—n 1
1-12'(8 +SII+S'!+335+ )2

The numerical manipulation may become a little cumbersome in some
cases. In order, however, to show the order of magnitude of deviation in the
ratio of telephone currents for different modulation waveshapes, determined
first upon the basis of M.S. antenna currents and then by the more accurate
method where the detector distortion is taken into account, the formula (25)
and (27) have been applied to two of the cases previously treated, viz.,

(a) Chopper modulation,
(6) Sine modulation,
with the results shown'in the following tables : —

. (21)

Chopper Sine
modulation. | modulation.

Fundamental : ; ; ; . . 0-542 0-425
2nd harmonice . . . : . . 0-093 0-0904
3rd ,, . . : . . : 0-0995 0-0
4th ,, 2 : . ; ; i 0-0414 | 00
bth ,, ; : : 0-0385 0-0
Sns,."ﬂ + 8 ‘,H; -+ :5' ’,r'-:-l- + . : 0-242 | 0-1895

_ale \/ E; ﬁt”ﬂ |
Constant — V (8,2/2 + S,2/4 + S,2/4....)2 1615 | 1-640

The signal strength ratios,* when calculated by the approximate and
accurate methods are then

® The term *“signal strength™ is used somewhat loosely. Obviously the discussion
concerns the effective telephone currents,
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By approximate method. By accurate method.
. Chopped 0-820 1615
Ratio W i Dm = 1-01 mﬂ = (-984

and are seen to differ by less than 3 per cent. It is therefore fair to assume
not only that the figures arrived at previously for the various types of
modulation may be used for comparison of the effectiveness of these
types among themselves, but also that the aprrn-clmatc method of calcula-
tion gives a way of comparing different modulation waveshapes, as far as
signal strength is concerned, which is sufficiently accurate for all practical
purposes.

SumMARrRY AND Discussion oF REsuLTs.

It has been shown that the waveshape of modulation has per s¢ an
appreciable effect on the intensity of received signals. It has also been
shown that different waveshapes of modulation are differently distorted,
thus differently affecting the quality or timbre of the received note. Several
types of modulation have been compared numerically on the basis of
equal R.M.S. transmitting antenna currents in each case. The relative
signal strengths have been calculated and formulz for calculating the
distortion have been given. In several cases the distortion has been shown
graphically.

wo methods for investigating the problem have been presented. (a) An
approximate method wherein the signal strength has been based on the
square of the received antenna current and (b) a more accurate method in
which the actual telephone current has been calculated. It has been shown
that these two methods agree closely with one another as regards the deter-
mination of strength of signal.

Distortion occurs at two points in the receiving circuits, first in the tuned
radio frequency circuits and secondly on account of the non-linear imperfect
rectification characteristic of the detector. The first distortion is caused by
the fact that the receiving antenna system is tuned to the carrier frequency
of transmission. The side frequencies resulting from the modulation at the
transmitter are therefore more or less out of tune. For this reason they are
suppressed and shifted in phase to a greater or less degree, depending upon
their divergency from the carrier frequency. When the carrier and the side
frequencies are recombined at the receiver they therefore give a waveshape
quite different from that originally transmitted.

The results of the investigation concerning the five types of modulation
treated may be summarised in the following table, In this table the signal
strength for a 100 per cent. pure sine modulation at the transmitter is taken
as unity. The strengths of signals for other modulations are referred to this
sine modulation as basis. The R.M.S. transmitting antenna current is
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assumed to be the same in each case, and the figures given are those deter-
mined by the approximate method described.*

Type of modulation. Audibility.
Pure sine (1,000 cycles) . 1-00
Spark (1,000 cycles) . 0-341
Interrupted sine (50O cycles) : 1-187
Double rectified sine (1,000 cycles) . 0-802
Chopper (1,000 cycles) . 1-014

In regard to the accurate method of calculating the J:htnnmena it should
be noted that this is based on the assumption that the detector characteristic
can be represented by the equation

1 = a,e + aget.

This equation is very nearly correct when the load in the output circuit of
the detector is pure resistance. If the load has appreciable reactance this
reactance will uEviuusly be different for each constituent frequency of the
modulation wave and the coefficients in the equation are thus no longer,
strictly speaking, constant. The error in assuming that the coefficients are
fixed, however, is not serious and so greatly simplifies the analytical treatment
of the problem, that it is believed to be justifiable.

The formula presented indicate that for given R.M.S.antenna current at the
transmitter the strength of signal increases with decrease in the pitch of the
transmission note. This, of course, takes no account of variation in sensi-
tivity of the telephone receiver or the ear with changes in frequency which
may to some extent alter this conclusion. The high value of signal strength
for the 500 cycle, interrupted sine modulation is accounted for, at least in
part, by the fact that the other modulations are calculated for 1,000 cycle
note.

The comparatively low efficiency of the spark transmitter is noteworthy.
Completely modulated sine transmission or the chopper give, theoretically,
nearly three times as much telephone current.

Signal Corps Radio Laboratories,

New Jersey, U.S.A.

A New Design of Aerial Insulator.

The output of a high-power radio station may be seriously limited by
inadequate insulation of the aerial wires from the cables by which they are
supported. It has been the custom in some recently-built high-power

* These results are determined for a receiver decrement of 0-05. For higher decrements
the differences indicated will be reduced, i.e., there is less difference between the various
strengths of signals. The waveshape of modulation is less important.
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Diagram of new H. T. Aerial
Insulator.

stations to employ strings of disc insula-
tors of the type customarily used on high-
tension overhead power distribution lines,
but it has been found that these have
certain disadvantages at high frequencies,
chief amongst which are their compara-
tively high capacity, and the unequal
distribution of the high-frequency voltage
along the string. At the high-power
station erected at Rome during the War
as many as eighteen of these insulators
were used in series. At the Horsea
station several units of this type are
employed, together with several others
as well as one or more granite blocks—
all in series.

As a result of a considerable amount
of experimental work carried out by Mr.
C. F. Elwell and others, Messrs. Bullers,
Ltd., of Hanley, Staffs,, have developed
a new pattern of high-voltage insulator
which is especially suitable for use on the
aerials of high-power stations, although
it will doubtless also have other important
appllcatmns as well. The insulator
consists of a long porcelain tube to the
ends of which metal caps are cemented.
The overall length of the insulator between
the end shackles is 5 feet 9 inches, while
the length of porcelain between the metal
caps is 4 feet 4 inches. The lower end
of the upper metal cap is belled out as
shown in the accompanying drawing, so
as to drain off the water from the surface
of the porcelain. The lower cap is fitted
with a metal ring 22 inches cEameter-—
of $-inch diameter mild steel rod—to
form a flux ring to ensure a more
uniform distribution of the electrostatic
flux lines at the high-voltage end of the

" insulator. Porcelain drip rings are also
. cemented to the insulator at several points

along its length, and help to further

increase the insulation resistance. When

tested electrically under ordinary alternat-
ing voltages it has not been found
possible to produce a breakdown, even



APRriL, 1921. Arc v. ALTERNATOR FOR HicH Power Work 199

when the insulator was at the same time subjected to a heavy precipita-
tion of artificial *“ rain.” With about 120,000 volts between the enc;:; of
the insulator when subjected to rain, the current flowing along the surface
was less than 1 m11113mpere.

Before being put into service all such insulators are subjected to a tensile
test of 10,000 lbs.,, while tests to destruction have indicated an average
breaking stress of 7} to 8 tons. When fracture occurs, it i1s found that
there are no indications of flaws in the porcelain, but it always takes place
where the cross-section is somewhat reduced at one of the serrations at the
end. The caps do not pull off under this load.

The electrical capacity of the insulators is extremely small, so that the
capacity currents flowing through the insulator when subjected to high-
frequency stresses should also I::e small, resulting in less deterioration of the
porcelain, The weight of a complete insulator is about 93 lbs., as compared
with approximately 240 lbs. for one of the strings of eighteen suspension type
insulators. The cost is also less.

Insulators of this new type have been installed at Honolulu, San Francisco,
and other large American radio stations, while they have also been put into
service at the recently constructed Lafa}rette station at Croix d'Hins. These
insulators will also be used at the new Post Office stations being erected at
Northolt, Leafield, and Cairo.

The leading dimensions of the insulators are indicated in the accompanying
drawing, which also shows the method of attaching the metal flux ring.

e — — —— = —

Arc versus Alternator for High Power Work.

In a recent issue of Le Génie Civil an article by A. Bidault des Chaumes
discusses the equipment proposed for the high-power station to be erected
near Paris.”

In the course of the article the author discusses the relative merits of
arcs and high-frequency alternators for high-power stations and in connection
with the decision to instal high-frequency alternators at the new station
he says:

It now seems certain that the arc systems which have rendered incontest-
able service in the past will gradually disappear from future installations
on account of their numerous inconveniences, This assertion is justified
by the following remarks :

In the first place the oscillations set up by the arc are more or less :rregular
and the useful wave is accompanied by many harmonics which cause inter-
ference at receiving stations within a considerable area round the transmitter.
Thus the emission from the arc station at the Eiffel Tower possesses man
harmonics corresponding to short waves of the order of 300, 600, 1,200
metres, etc., in addition to the fundamental wave of 7,000 to 10,000 metres
wavelength. These harmonics which are constantly varying interfere

* See Abstract No. 1639 in this issue; also pp. 125—1133 in our last issue.
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considerably with reception at stations which are accidentally tuned to one
or other of these frequencies, even when the receiving stations are as much
as 200 km from th:%iﬁel Tower.

The arc station at Salonica may also be quoted as a further example.
This station uses a normal wavelength of 6,300 metres and a harmonic of
900 metres can be heard at distances of 100 or more kilometres, while it
is even detectable at Crete 300 km from the transmitting station.

The usual process of signalling with arc transmitters consists in slightly
varying the wavelength of the oscillations to the extent of from 2 to 3 per
cent. in the intervals between the signals. A transmitting station thus
radiates two waves with the same power and this fact is particularly harmful
at the present time when we are trying to reduce the troubles of receiving
stations arising from unwanted transmissions and the multiplicity of
communications now necessary. This ‘question will be bmught up at the
next International Conference and it is practically certain that the
suppression of the harmful spacing wave will fu‘: rendered obligatory. This
suppression, relatively easy in the case of small and medium-power stations,
presents considerable difficulty when the power exceeds about 50 kw
while it becomes still more difficult as the power is further increased. In
practice no high-power arc at present operates with such a system and
the station at Croix d'Hins whicE is the most recent high-power arc station
uses the compensation wave for signalling.

The decomposition of the hydrocarbon atmosphere round the arc which
is indispensable to its operation gives rise to sooty deposits in the interior
of the arc chamber, the removal of which necessitates frequent and long
cleaning operations, so that it is essential to instal at least two arc converters
in a normal installation, one being in service while the other is being cleaned.
If the service is to be a continuous one a third arc is also necessary as a
spare. Thus the power installed in the station is for a commercial service
tErec times that which can be utilised at any time, while further a skilled
staff is necessary to carry out the cleaning operations and the replacements
of the cathodes, etc,

The irregularities in the arc oscillations give rise to excess voltages which
endanger the life of the insulators, while when the compensation wave is
used for signalling the insulators are practically always under electrical

- Stress,

The preceding remarks are of a general nature and applicable to all arc
stations, but the following refer principally to commercial equipments.
Flrstl}r, like the valve transmitter, the efficiency of the arc is low, the
maximum theoretically possible being 50 per cent. In practice, the efficiency
hardly exceeds 40 per cent. when the arc is carefully adjusted, while if this
is not done it falls still lower.

The true overall efficiency is also influenced by the fact that the energy
is radiated during the spacing periods while even if a non-radiating artificial
aerial is used for the spacing wave the same energy is still wasted as heat in

that circuit.
For the successful handling of commercial traffic high-speed methods of
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signalling are necessary. The methods of keying usually employed with
arc transmitters seriously limit the transmission speed since large and
irregular currents must be interrupted. When the power of the installation
is greater than about 50 kW complicated arrangements become necessary
involving a multiplication of the number of places where the circuit is
broken. Such arrangements prevent the attainment of speeds approaching
100 words per minute such as are possible with other systems. As a matter
of fact the large arcs working with America do not transmit at a greater
speed than sixty words per minute and even this is not attained without
detriment to the quaiity of the emission. The automatically transmitted
signals from Annapolis for example are irregular and often unreadable,
while on the other hand those received at the same time from Marion and
from New Brunswick which use high-frequency machines (on less power
than used in the arcs at Annapolis) are always clear and regular.

Practically the only advantage in favour of the arcs is the ability to
change rapidly the wavelength over a considerable range, but the maximum
power output is only obtainable on a given wavelength and falls off rapidly
when departures are made from this optimum wavelength. High-frequency
alternators now allow of a sufficient range of wavelengths (from 1 to 1-5)
by means of rapid change-over arrangements. Large wavelength changes
are practically only required for military stations, but for commercial
services they are not necessary, as if each station uses a large number of
wavelt%lgtha the resulting troubles would interfere with the general handling
of trathc, .

L

The Physical Society’s Exhibition.
A Description of the Exhibits (continued from page 153).

Messrs. Marcont’s WirerLess Tevecrapu Co., Lrtp.,, had a working
exhibit of their latest pattern of Marine Direction Finder, known as Type 11a,
The general arrangement of this instrument is the same as the earlier pattern
(Type 11) manufactured by this firm, but with the addition of a special
“sense ”’ indicator to show which of
the two directions given by the ordi-
nary readings is the correct one,

The action of * sense” finding in
this apparatus is illustrated in the
simplified diagram of connections
shown in Fig. 5.

The tuned closed circuit from which
the signals pass to the amplifier and
telephones is influenced by two inde-
pendent windings of an air core trans-
former. The first winding is connected Fie. 5.
to the search coil and thus has currents
induced in it which vary in strength according to the position of the search
coil with regard to the direction from which the incoming signals are being

T IRy
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received. This is the ordinary direction finding effect. The second winding
is connected on one side to earth and on the other to the common mid-point
of both loops through a fixed resistance of a special value. It thus forms
part of a simple open aerial-earth circuit and has induced in it currents
which are independent of all directional effects and remain constant in value
for all positions of the search coil.

The combination of these two effects on the secondary of the transformer
—that is on the tuned circuit—produces a resultant current which varies in
strength as the search coil is turned, but only rises to a maximum or dies to a
minimum for one position of the search coil, which is determined by the
actual direction in which the station lies.

It will be found that this maximum and minimum is not sharp enough
for accurate results. In practice, therefore, the earlier method of direction
finding is carried out as a preliminary operation. The operation of * sense ™
finding as described above being then resorted to as a method of determining
which of the two diameétrically opposed bearings obtained by the first
operation is the correct one.

A special demonstration was also given by Proressor C. L. ForTEscue
and I];n. Bryan illustrating some of the uses of a thermionic valve, for
generating oscillations and other purposes. This demonstration was
improvised at relatively short notice from ordinary laboratory apparatus,
a few valves, a three-valve note magnifier and a loud speaking telephone.
None of the apparatus was especially designed or made for the demonstra-

tion.
1. Characteristics of the Valves.

Apparatus was shown in which a spot of light was given two motions at
right angles, one proportional to the current and the other to the applied

UNIVERSITY OF MICHIGAN
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potential difference. By this means the characteristic curves and contour
surfaces may be traced out in a minimum of time. Fig. 6 shows the arrange-
ment of the two instruments and mirrors.

2. The use of the Valve as an Audible-frequency Generator.

A valve was shown generating alternating currents of from about 400 to
20,000 cycles per second. A very simple direct coupled circuit is used and
the currents are made audible by means of a loud speaking telephone receiver.

3. The use of the Valve for Alternating Current Bridge Measure-
ments.

A capacity bridge was shown in operation, the actual measurement being
that of the effective resistance of a 60-volt dry battery. The audible-
frequency valve generator just previously described was used and in order
to render the sound audible to those present in the room a three-valve
transformer coupled amplifier was connected up to a loud sf};caking telephone.
The particular type of bridge chosen accentuates the effect of harmonics
and combined witfl the amplifier shows the valve at its best and its worst,
The bridge was balanced on the fundamental to about one part in 8,000.

4. The use of the Valve as a High Frequency Generator to illustrate
the principles of heterodyne reception as used in wireless telegraphy.

For this purpose two valve sets were used, one representing the trans-
mitting station and one the receiving station. At the latter the valve was
used also as the detector, and by means of the amplifier and loud speaking
telephone the incoming signals from the transmitter were rendered audible
to the whole room. Several interesting experiments on beat reception were
shown, one employing the beat principle twice and showing a degree of
constancy of frequency of the ﬂscilfatiuns generated of a few parts in 200,000.

5. An Experiment with Modulated Continuous Waves.

Mathematical theory shows that if a pure continuous wave of frequency
fi1 is modulated in an irregular but cyclical manner at frequency f; then the
resulting wave is made up of a series of waves of frequency fy, f; + fo i — fo
fi + 2fn fi — 2fy, etc.. The wave generated h}re:Lt: high frequency trans-
mitter described in the previous paragraph was modulated at a frequency
of about 20,000 cycles by means of the audible-frequency generator and the
presence of the waves of frequency f; + f; fi —fa etc., was shown by
means of the heterodyne receiver.

e et Tar— P Y e c——

Notes.

Personal.

At the annual election of officers recently held by the Institute of Radio Engineers, New
York, Mr. E. F. W. Alexanderson was elected President of the Institute for the year 1gar,
Mr. Alexanderson is chief engineer of the Radio Corporation of America and consulting
engineer of the General Electric Company of Schenectady. Foulton Cutting was elected Vice-
President ; A. N. Goldsmith, Secretary ; and W. F. Hubley, Treasurer. [2873]

Commander C. P. Edwards, 0.B.E., A.M.E.L.C., the Director of Radiotelegraphs of the
g3
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Canadian Radio Service, has been elected Chairman of the Ottawa branch of the Engineering
Institute of Canada. [1738]

Lieutenant R.V. Ridges, R.N.C.V.R., M.B.E., who was fleet wireless officer at Halifax
during the war, has joined the engineering staff of the Marconi Wireless Telegraph Co. of

Canada, Ltd., and is now stationed at the Montreal headquarters. [2361]
Mr. C.V.Logwood, who has been on the Pacific coast during the past few months, is return-
ing to continue rescarch work with the de Forest Company in New York. [2356]

Ww. H.“Fhl'l.nlly, Director of the Research Laboratory, General Electric Company, Schenec-
tady, N.Y., was awarded the Perkin Medal on January 14th by the American Section of the
Society of Chemical Industry. Dr. Whitney received this honour for his many inventions in
chemistry. [2238]

Wireless Services, etc.

WireLess Trarric BETWEEN ENGLAND AND GeEamany.—To improve wireless traffic
between England and Germany the dispatch of wireless telegrams for the public has been
begun recently. Stonchaven is the sending station on this side and the main telegraph office
in Berlin acts as the German station. The charges are the same as the cable tolls.  [2188]

In view of the existence of several wireless telegraph services with the Continent auxiliary
to and at the same rates as those for the ordinary cables, the Postmaster-General notifies
that he reserves the right to use these services for urgent, ordinary, or Press telegrams, except
in cases where the original forms are marked thus * by wire.” [2182]

WireLrss SErRvICE BETWEEN GERMANY AND BuLGARIA.—A wireless service has been opened
between Konigswusterhausen and Sofia at the same rates as wire communication, viz. 1.15 M,
for ordinary and c.6o M. for Press messages. [2338]

MeteoroLocical Rapio TeLecrams.—Commencing December 1st last, the Hungarian
station of Csepel transmits daily at 11.30 (Central European time) the Bulletin of the
Meteorological Institute of Budapest. [mn]

On December 16th last the Mayor of New York officially opened the radiotelegraph service
of the ]nur-cln.r Radio Communication Cumpnn_? between the cities of New York, Cleveland,
Detroit and Ehicagn The radio stations used in this new service were d.cng-m:d and. EqUIpptd
by Mr. E. J. Slmon. [2357)

New Rapio Carr I.rﬁsnn—ﬂwing to insufficient call letters |'|1'.ing b-r,cn reserved for
]a an, the General Administration of Posts and Telegraphs of Japan will assign to Japanese
ah:pa cnl] letters composed of four letters by means of the letter A at the end of the com-
binations of three letters commencing with J.

The call letters OKA to OKZ have been reserved for the Republic of Czecho-Slovakia,

(2874)

Wireress Tei Ernonve News Services.—In reply to a recent question in the House of
Commons the P.M.G. stated that experiments had been made to distribute news messages by
means of wireless telephnn}' from a central station. So far as aud:h:ht}r of the speech was
concerned the experiments were satisfactory, but the rate of transmission was slow due to the
necessity for frequent repetitions. The news agency on whose behalf the experiments were
made has not adopted the system. It was also found that the experiments caused inter-
ference with other stations and the trials have been suspended for the present. [20564]

France : Wireress CommunicaTion wiTH Burcaria. —Wireless communication between
Bulgaria and France has been established for private and Press mrr:apnndcncc The fees
are the same as those levied on urdm:rjr lines, the mcssages bearing the words * non taxee :
voie T.5.F.” In case of overburdening or lntcrrll tion of the wireless route, the offices con-
cerned reserve the right of making use of the ordinary telegraph lines. [2042]

R
—

Commercial.

Compacnie GEnFraLE DE TELEGRAPHIE Sans FiL.—On December 3rd last it was decided
to increase the capital of this company by 25 million francs, by the creation of §o,000 new
shares of 500 francs each. [2121)
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A New Raoto Comrany.—On March 8th, C. F. Elwell, Ltd., was incorporated as a private
limited company with a capital of {50,000. "Some of the pnncipal objccts of the company are
stated to be the development and working of inventions connected with radiotelegraphy and
telephony and other methods of intercommunication, and the supply, working and main-
tenance of masts, arcs, machines, and other apparatus for use in connection with such methods
of communication. The first directors are Messrs. J. H. Scrutton (Chairman), B. Binyon,

C. F. Elwell, and B. E. Mittell. , |2381]

The Polish Legation at Washington announces the signature of a million dellar contract
with the Radio Corporation of America for the construction at Warsaw of the largest radio
station in the world. The station is to have twelve 400-foot steel towers and is to be capable
of handling 200 words per minute. [23688]

A New Bercian Hicu-rower StaTion.—The Belgian Government have decided to erect
a 1,000-kW station at Temsche near Antwerp to communicate with the Congo and U.S.A.
It will have eight towers 250 metres high. [2332]

A New WirerLess StaTion For SwiTzerLAND.—Marconi's Wireless Telegraph Company
have been authorised by the Swiss Federal Government to construct a wireless telegraph
station for operation over a period of twenty-five years by a Swiss company. The station
is to be erected near Berne about 1,004 feet above sea-level and will employ a valve transmitter
of 25 kW capacity ; the aenal i:u:mg carried on two towers each 300 feet high. Up-to-date
apparatus for high-speed automatic working will also be employed. The new u.tal.iun will
be ready for use by journalists attending the second session of the Assembly of the League
of Nations in September next. [2372]

The Australian Government is sending a party of experts to the Willis Islands, with a view
to reporting on the possibility of establishing a wireless station there. It is thought that
such a station would be of great service to the Commonwealth meteumlﬂgl:al gervice, —

The North Queensland Register, [2387]

WineLEss oN ITALIAN VEssELs.—It has been announced that a decree has been published
under date of December 27th last to the effect that all Italian moter and sailing vessels of
over 1,800 tons and carrying passengers are to be equipped with wireless installations. [2371]

Commerciar Wireress 18 ItaLy.—The use of radiotelegraphy for commercial purposes
appears to be making good progress in Italy. Communication has heen established with
Germany, the United Kingdom, Spain, Switzerland, Rumania, Bulgaria and Serbia, and
arrangements are in progress to link up with Hungary, Greece, Portugal, Czecho-Slovakia
and Russia. The traffic between ships and coastal stations exceeded 500,000 words last year
as compared with 80,000 words prior to the war. The stations on board ship have risen from
fifty to more than ﬂﬂ'ﬂ' Two radiotelegraph stations will shortly be established between
Sardinia and the Continent to obviate the inconvenience of possible interruptions of the
cahles. There is the possibility of an Italian company being formed to secure a concession
for a group of stations to be used solelv in the interest of the public service and of the national
and international Press. The Marconi Company has already filed a petition for a concession,
which will be examined by the permanecrt Board for Radiotelegraphic Service, (2382 ]

The Radio Research Board (Department of Scientific and Industrial Research) have been
advertising for research workers of high academic qualifications. Applications should be
addressed to the Secretary at 16 and 18, Old Queen Street, S.W. 1. [2211)]

WireLess anp Lowcrune.—To determine the exact position of the boundary between
South and West Australia it is proposed to utilise wircless telegraphy. To ascertain the exact
position of the longitude the use of time signals will be employed from a high power station
situated at some point between the Greenwich Observatory in England and Sydney in Aus-
tralia, the signals being received simultancously at both places. (2056 |

Wirriess DEVELOPMENT 1IN AusTRALIA.—Arrangements are being made for the estab-
lishment of wireless stations at Camoweal near the Queensland border, and Powell’s Creek, in
* the Northern Ternitory. The initial cost will be in the vicinity of f4,000. Tt is also hﬂp{'d
that Fn\rnt_c FEHI:IIT! will be tncuu::gcd to ndupt wireless means of communication and that
these two stations will act as collecting offices or exchanges for the private plants through

UNIVERSITY OF MICHIGAN
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which business will be conducted with the outer world. A special message fee will be charged
for all such private messages. [2875]

Wireress TeLeGrapHy AND Rainway CommunicaTion.—Experiments with wireless
telegraphy as an auxiliary means of communication on railways have been conducted by the
Marconi Co. between Euston and Crewe, and as soon as the Post Office grants a hn:nce
extended trials will be made under commercial conditions. {HHE]

Jaran: New Wireress Stamion.—The mr:lrn station at Tl:-rnlaka was opened on
January 11th. It is the most powerful station in the Orient and is receiving messages direct
from New York and other big world stations. Experiments in sending messages have proyed
very successful, and the station will commence about February 1st. [1997]

WirgLESS TELEPHDH‘I'. oN Ligutsuip.—The installation of the wireless telephone on the
Bar nghtshlp at Liverpool is stated to be the first of the kind for which a licence has been
issued. It is intended to provide communication between the lightship and the Dock Board
offices and a successful trial took place recently. To prevent interference with marine wireless
traffic it has been necessary for the lightship set to be operated on a short wavelength. [2200]

NEw Wireress STaTion ror ARGENTINA.—The Argentina Government has granted a
concession to the Cie. Générale de Télégraphic sans fil of Paris to construct a wir:lru station
on the Argentina coast for direct radiotelegraphic and tt'il:p]‘mnil: communication with France
and uthr:r Eurupran countries, The duration of the concession is for thirty years. The
station is to contain three sets of plant and will be of 800 kW capacity. [2397)

Recent announcements indicate that very good results have been obtained with the radio-
telephone station fitted up for experimental purposes by the Westinghouse Electric and
Manufacturing Co., Pittsburgh, U.5.A., ranges up to 1,600 miles having been obtained. A

recent innovation has been the transrmaamn from th:-s station of the musical services from a
local church. [2187]

Legal. o

On March 3rd, an important judgment concerning radiotelegraphic work in this country
was delivered by Mr. Justice Sargent in connection with the application for the prolongation
of the Poulsen Arc patent (No. 15599/1903) which was made by Mr. Christopher Hage, The
British and Overseas Engineering Syndicate, Ltd., and the Poulsen Wireless Telegraph
Co., Ltd. This patent expired on July 14th, 1917, and the application for extension was
]ndged on ]{u]}r sth, 1920. The early history of the patent in question as disclosed in the
course of the evidence is extremely mmphc:tcd and indicates the difficulty of developing
the commercial use of such an invention. Prior to the outbreak of war, the above-mentioned
Christopher Hage had secured the sole rights of the patent, After the outbreak of war, the
British and Overseas Engineering Syndicate (one of the applicants) was formed. The English
patents and some of the foreign ones were sold to this syndicate, which entered into some
onerous obligations with the Poulsen Company. By a deed of covenant between the Poulsen
Company and the Marconi Company, the latter undertook to fulfil the obligations of the
syndicate as regards the provision of capital, ctc. Amongst the causes of loss cited by the
applicants in connection with the apphcatlun for the extension of the patent was that owing to
the Treasury restrictions it was not possible to call on the necessary capital for the adequate
development of the patent, but Mr. Justice Sargent pointed out that the applicants were
in fact able to call on the requisite capital by virtue of the agreement with the Marconi
Company. He further stated that he did not think that any substantial prima facie case
had been made out by the applicants for saying that they have had a smaller user of their
patents than they would have had if the war had not broken out ; and that in his judgment,
and having regard to the very strong case which has to be made by any patentee coming
so long after the expiration of the patent, this is not a case in which the applicants have made
a sufficiently prima [acie case for it to be necessary to call on the Crown and on the opponents
of the applicants. An extension of the patent at the present time could not be in force for
more than fifteen months, and would be a hardship to others (notably the Post Office, and
Mr. C. F. Elwell who has carried out considerable development work on the system) who
had worked the system in the meantime on the understanding that the patent had expired.

The application was therefore dismissed with costs as towards the opponents. (2889 ]
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Review of Radio Literature.
1. Abstracts of Articles and Patents.

Radio Stations and Installations (General and Descriptive Articles).
1633. J. Komatsu. The Choshi Radio Station. (Pacific Radio News, 1, pp. 259—261,
February, 1920.)
An illustrated description.

1634. G. H.:FI.IIH. Socsterberg Wireless Station. (Radio Nieuws, 3, pp. 283—289, October,
1920,

An illustrated description of this Dutch station.

1635. J. C. N. Graafland. The Lyons Wireless Station. (Radio Niewws, 3, pp. 251—238,
September, 1920.)

1636. B.C. van der Nat. Wireless Telephone Apparatus. (Radio Niewws, 3, pp. 272—274,
September, 1920.)

1637. J. Corver. Nauen. (Radie Nieutws, 3, pp. 319—324, November, 1g920.)
An illustrated descriptive article.

1638. Van Romunde. Eighty Kilometre Radio-telephone Set of the S.F.R. (Radio Niewws
p. 363, December, 1920.)

A description of a set recently put on the market by the Soclété Frangalse Radio-Electrique.
A diagram of connections is given.

1639. A. Bldault des Chaumes. The Proposed Radio Station at Sainte-Assise, near Melun
(Génie Crod, 78, pp. 73—78, January 22nd, 1931, A

A general description of the proposed uannn, including a companson between high-

frequency alternators and arca (see pp. 19g—201 in this issue). A description is also given

of the high-frequency machines manufactured by the Société Francaise Radioélectrique,

together with the method of joining up two machines in parallel for transmission on the same
aerial.

Transmitter Control or Modulation:

i640. A. 8. Blatterman. The Effect of Modulation Waveshape upon Received Signals.
(See Rap1o Review, pp. 187-196 in this issue.)

1641. A. N. Goldsmith. Controlling the Amplitude of Radio Frequency Cnntmunu: Oscilla-
tions, (Wireless Age, 7, pp. 20—21, June, 1920. Technical Review, 6, p. 725,
August jist, 1920—Abatract.

In the arrangement described both the grid and plate circuits of the oscillating valve or
valves form a part of the aerial circuit and in order that the audio frequency control may be
more effective a low frequency reaction couplingis provided between the grid and plate circuits

80 that the modulation current first impressed upon the grid is magnified by the same valves
used as low frequency amplifiers.

1642. Soclété Frangalse Radlo-Eleotrique. Wireless Telephony. (Fremch Patemt 503076,
October 26th, 1916. Published June 2nd, 1920. Brirsb Patent 148955, July 1oth,
tgzo. Convention date October 26th, 1920. Patent not yet accepted but open to
inspection.)

The specification describes methods of modulating the exciting current of high-frequency
alternators by means of a microphone.

® See pp. 125—113 in the March, 1921, issue.
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1643. Cle. Frangalse pour I’Exploitation des procédés Thomson-Houston. Continuous Wave
Transmitter. (French Patent 501320, May 1oth, 191g. Published April gth, 1920.)
The specification describes a transmitting appar:tm employving modulated continuous
waves in which the aerial is tuned to a frequency equal to the sum or difference of the wave
frequency and the modulated or amplitude pulsation frequency, and the circuit of the source
of oscillations is tuned to the wave frequency or the frequency of the source with the object
of keeping the current supplied by the source in phase with the electromotive force.®

1644. Soclété Francalse Radlo-Electrique. Condenser, (French Patent 503003, August 28th,
1g16. Published June 1st, 1920.)

The spcnﬁcanun describes a variable capacity condenser for microphonic currents in which
the variation of the capacity is a function of a current in a telephone line. The vanation in
capacity of the condenser is brought about by vibrating discs of separate telephone receivers
on which the magnetic fields of the receiver magnets act.

1645. Le Matériel Téléphonique. Continuous Wave Transmitter. (French Patent gogiob,
September 6th, rg18. Published July 23rd, 1920.)

The system is one in which a high-frequency generator is employed and a number
of generators of lower frequency are connected through thermionic modulators to tuned
circuits coupled with the circuit containing the high-frequency generator.

See also Brinsh Patemt 132562—Rapio Review Abstract No. 224, March, 1g920.

1646. Compagnle Frangaise pour I'Exploiiation des prooédés Thomson-Houston. Wireless
Telephone Apparatus. (French Patent 505956, November 12th, 1g1g. Published
August t1th, 1920, L'Electricien, 52, p. 21, January 1st, 1g9zi—Abstract.)

For wireless trlt:phun:r the vacuum tube 1s pmvld:d with two independent grids, one of
which is connected in the high-frequency circuits and the other to a circuit carrying currents
of audible frequency, such as a microphone circuit. The transmitting aerial is coupled to the
plate-filament circuit and the circuit of the main grid and filament includes an inductance.
The main grid is coupled to the plate by a vaniable condenser. The circuit of the auxiliary
grid and filament is connected by a transformer to a microphone circuit.  For further
particulars see British Paten: 110924,

1647. E. W;}Sﬂlpmn. Nature of Vowel Sounds. (Nature, 106, pp. 632—634, January 13th,
]gl:
An oscillographic investigation of speech waveforms, with estimates of the amplitudes of
the harmonics therein.

Radio Receiving Apparatus.

1648, Time Signal Receiver Manufactured by the International Radio Company. (Everyday
Engincering Magazine, g, p. 250, June, 1920.)

1649. A Portable Recciver. (Everyday Engineering Magazine, g, p. 352, July, 1920.)
A short illustrated description of a set manufactured by the Esbro Company.

1650. The Uni-control Receiver. (Everyday Engineering Magazine, g, pp. 650—651, August,
1920.)
An illustrated description of a receiver manufactured by the Wireless Improvement Company
in which all the adjustments are effected simultaneously by one contrel handle.

1651. Gesellschaft [Or drahtlose Telegraphle, Berlin. Continuous Tuning for Wireless Tele-
graphy. (German Patent 317543, March 7th, 1g17. Patent granted December 24th,
1919, Fabrbuch Zeitschrift fur drabilose Telegrapbie, 16, pp. 384—385, ‘huv:mbtr,
1920.)
A scheme for tuning an antenna system through a very large scale of wavelengths by means
of several variable condenser systems and variometers geared together.

1652, F. M. Clement. Design of a Radio Receiving Set. (Radio News, 2, pp. 10—11, July,
1920 ; pp. 76—77, August, 1920.)

i — e e e s — -

* See also British Patent 1 3036g—Rapio Review Abstract No. 123, January, 1920,
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1653. M. B, Sleeper. Some Ideals for a Crystal Receiver, (Everyday Engineering Magazine,
9, Pp. 58—b6o0, April, 1920.)
An illustrated article giving constructional details.

1654. T. Harvey. Detector. (French Patemt fojg7z, December 18th, 1917, Published
June zznd, 1920. British Patent 126381, January 22nd, 1917.)

The invention consists of a mercury coherer for use in wireless telegraphy or cable code
telegraphy employing alternating current or interrupted direct current. It consists of one .
or more globules of mercury placed between two electrodes in a rotating chamber or between
two rotating electrodes,

1655. A, Bonnefont, Crystal Detector. (French Patent sofiooj, November 13th, 1g1g.
Published August 12th, 1920.)

The device described in the specification comprises a stand carrying a terminal and a milled
head which is :anly turned by hand. The milled head controls in the interior of the stand a
mechanism mmlmng of one or more movable parts which effect a movement, that is
an advance, recession or rotation, to permit a suitable point to explore the crystal carried in
the interior of the stand o as to find the most sensitive points of the said crystal.

1655. H. Rehmann. Contact E.M.F. and Rectification. (Physikalische Zentschrifi, 21,
PP 699—703, December 1st, 1920.)

Experimental investigation of fine micrometer contact phenomena between polished metal
surfaces, leading the author to the conclusion that there are two badly conducting layers, the
inner one giving the microphone effects and the outer the voltaic contact E.M.F. A platinum
and silver contact the moisture of which contains a minute amount of iodine gave a very
effective rectification, the resistance in one direction being more than 10* times that in the
other. See also Abstract No. 1240, December, 1920, for reference to earlier experiments.

1657. W. W. Inder. Balanced Crystal Working. (The Radiograph, 2, pp. 10—i12, July,
1920.)

1658, A Long Wave Receiver. (Everyday Engineering Magazine, 9, pp. 63—65, April,
1G20.

An illustrated description of the C.R.-7 set manufactured by the A. H. Grebe Company.

1659. L. M. Clemont. The Problems of Vacuum Tube Circuits: Detection with a Gnd
Condenser. (Everyday Engineering Magazine, g, pp. 66—67, April, 1g920.)
1660, M. B, Sleeper. Construction of a Portable Receiver, (Everyday Engineering Magazine,
B, pp. 4cB—411, March, 1920.)
An illustrated ducnptwt article of a single valve receiver for tuning between 200 and
2,000 metres wavelength.

1661. 5. D. Dimond and J. A. Hall. Equipment for the Radio Station. (Everyday Engineer-
ing Magazine, g, pp. 442—444, August, 1gz0.)
A wvalve receiver and ;gl] metre rotary spark transmitter are described and illustrated.
1662. M. B. Sleeper. A Short Wave Regenerative Receiver.  (Everyday Engineering Maga-
zine, 9, pp. §38—3539, September, 1920.)

Constructional details are given for a single valve receiver for tuning between 150 and
600 metres.

1663. Detector and Amplifier Units. (Everyday Engincering Magazine, g, p. 549, September,
1920.)
A short illustrated description of two units manufactured by the Clapp-Eastham Company.

1664. M. Latour. Relay. (Freach Patemt go2476, September 27th, 1915,  Published May
15th, 1920, British Patent 153319, July 12th, 1920. Convention date, September
27th, 1915. Patent not yet :cupt:d but open to inspection. )

The specification relates to thermionic relays in which an alternating current is directly
applied to the anode circuits of the receiving or amplifying valves. To eliminate the effects
of this alternating supply voltage, two valves are used, fed from the same source through the
pﬂmar}r windings of two transformers, the 5emndar\r windings of which are connected in
Opposition on l:l'u: output circuit of th: ampllﬁer, 50 that the impulses of plate current through
the two primaries cancel out. The input circuit is connected to the two grid circuits of the
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valves, so that the potential of one valve is raised when the other is lowered. This causes

an unbalancing of the two rlnte currents, with the result that the two E.M.F.s in the output
circuit no longer cancel. By inserting a

detector in the output circnit the device may T
be employed for continuous wave reception, v i1 B

the low frequency supply to the anodes acting h;
as a tikker. ' %

1665. E.F. Huth. Circuit for Wireless Transmis-
sion and Reception. (German Patemt

310774, October sth, 1918. Patent £ =
granted October 1st, 1919. Fabrbuch

Zeuschrift fir drabilose Telegraphie, 15, ool

P- 432, May, 1gzo—Abstract. v

A triode transmitter and receiver &ec Fig. 1)
in which one pole of the high tension battery is Fie. 1.
connected to the filament and the other through
a large choking coil C to the grid condenser. The telephone T and blocking condenser B
are cut out during transmission,

1666. Soclété Frangaise pour I'Exploitation des procédés Thomson-Houston. Receiving
Apparatus. (French Patent 504250, September 26th, 1g19. Published June 28th,
1920. L‘E'fsm'mm, 51, p. 547, December 15th, 1920—Abstract.)

Means are provided in a w1re|:sr. receiving system employing an electron discharge amphﬁtr
having resonant grid and plate circuits, for preventing the generation at all frequencies of
oscillations due to the electrostatic and electromagnetic coupling between the gnj and plate
circuits,. To prevent electromagnetic coupling of the resonant grid and plate circuits the
inductances of these circuits are enclosed in metal boxes or are provided with closed iron cores.
For further particulars, see British Paterz 119365,

1667. H. C. Harrold. Thermionic Valves and their Application to Wireless Telegraphy.

(The Radiograph, 2, pp. 72—74, September, 1920 ; pp. g5—g7, October, 19205 pp. 121
—123, November, 1920.)

1668, P. P. Godley. High Amplification of Short Wavelengths. (Wireless Age, 7, pp. 11—14,
February, 1920. 0.5.T., 3, pp- 5—1 February, 1920.  Electrical World, 75, p. 1015—
Abstract.) Also P. R. Coursey. e Most Eﬂiment Methods of Reception of Short
Waves both Spark and C.W. (Wireless World, 8, pp. 581—583, November 13th, 1520.)
Also H., W. Houck. The Armstrong Super-autmi}mt Amplifiers. (Radio Amateur
News, 1, pp. 401—405, February, 1920; pp. 46g—471, March, 1920, Radioélectricité,
L, ps ;rn, June, 191D—Ab:tracti

A dﬂcrlptlﬂn is given of a special amplifier for short wavelengths due to E. H. Armstrong.

Circuit diagrams of the arrangements for open acrials and for loop aerials are given and

constructional details are described for building the instruments. The principle of the

arrangement i3 covered by the patents referred to in Rapio Review Abstracts Nos. g83 and

992, October, 1920,

1669, Gesellschaft fQr drahtlose Telegraphie, Berlin. Continuous Wave Receiver. (German

Patent 317544, June 26th, 1918. Patent granted December 2znd, 191g. Fabrbuch
Zeistschrift fir drabilose Telegraphie, 16,

p. 385, November, 1920—Abstract.)
A heterodyne receiving circuit designed to

make the radiation of the locally produced I
waves a minimum (see Fig. 2). E l g% [erra—
1670, A. 8. Blatterman. Radio Frequency ———1

o

Amplification. (Radio News, 2, pp. 140
—142, and 166—170, September, 1920.)

A mathematical discussion 13 given of th-l: ~
method of radio frequency amplifications using FiG. 2.
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a supersonic beat frequency.® Formule are given to assist in the design of the amplifying
transformers and it 1s concluded that the method should be freer from interference by atmo-
sphenics and highly damped spark stations.

1671. E. H. Shaughnessy. A New Wireless Call Arrangement. (Electrical Review, B3,
pp. 68—6q, July 16th, 1920, Post Office Elecirical Engineers Journal, 13, pp. 263—267,
January, 1921, L'Electricité, 2, p. 5, August 15th, 1gzo—Abstract. Nature, 105,
p- 690, July 2gth, 19g20—Abstract. Techmical Review, 7, p. 182, November gth, 1920—
Abstract. Science Abstracts, 23m, p. 493, Abstract No. g36, October jist, 1920—
Abstract. Elekirotecbmische Zeuschrift, 41, p. 962, December 2nd, 1920—Abstract.)

A calling arrangement is described for wireless receiving depending for its operation upon
the rl'.'::e:p'l: of a prolonged dash of at least 15 seconds duration. In place of the usual telephone
receivers a two or three valve note magnifier is arranged to be plugged in when the operator
is not on watch. The output of this note magnifier is connected to a Turner valve relay.

The output circuit of this relay is connected to the first relay of an electrical retardation device

the function of which is to prevent the ringing of the bell for Morse signals or for short dashes

or by atmospherics. The receipt of the signal causes the Turner valve relay to operate and
thus to move the tongue of the first relay of the retardation device on to the marking contact
to close the circuit of a 4 microfarad condenser on to a 12 volt battery through a resistance of

3 megohms which causes the condenser to charge up very slowly. On the cessation of the

signal the tongue of this relay moves back and discharges the condenser through the second

relay of the retardation device, the local circuit of the second relay including the call bell.

Thus if the signal dash lasts for a sufficiently long period a charge will be accumulated in the

4 microfarad condenser of sufficient magnitude to operate the final relay and ring the bell.

Reference is also made to some tests of the apparatus on the cable ship Monarch and in the

Post Office research laboratories.

1672. A. A. Campbell Swinton. Wircless Telegraphy and Telephony. (Engineer, 130,
PP+ §92-—504, December 1oth, 1920.)
A full report is given of the opening address by the Chairman of the Council of the Royal
Society of Arts. (Sec Rapio Review Abstract No. 1386, January, 1921.)

1673. L. B. Turner. Relay. (French Patemt 505712, February 13th, 1g91g9. Published
August gth, 1g20.)
The slpm:lﬁcatmn describes arrangements employing a thermionic or lamp relay,
See also Britssh Patent 130408 —Rapto Review Abstract No. 196, February, 1920,

Amplifiers.

1674. M. B. Sleeper. A Radio Frequency Amplifier without Transformers. (Everyday
Engineering Magazine, 8, pp. 414—416, March, 1920.)
Constructional details are given of a two-stage 1mpllﬁ:r and detector with tuned circuit
inter-valve couplings.

1675. M. B. Slesper. A Two Step Audio Frequency Amplifier. (Everyday Engincering
Magazine, g, pp. 144—346, July, 1920.)
An illustrated descriptive article,
1676. M. B. Sleeper. Radio and Audio Frequency Amplifier. (Everyday Engineering
Magazine, 10, pp. 5658, October, 1920.)
Constructional details of a three-valve ampllﬁ:r and detector.

1677. F. Duroquler. A Resistance Amplifier. (La Nature, 48 (2), Supplement pp. 83—8s,
September 11th, 1920 : Supplement pp. g1—g13, September 18th, 1g920.)
Constructional details are given.

1678. F. Duroquler. The Construction of a Low Frequency Transformer Coupled Amplifier.
(La Nature, 48 (2), Supplement pp. 115—197, October gth, 1920.)

1679. A.H.de Voogt. Marconi's High-frequency Amplifier. (Radio Nveuws, 3, pp. 239—243,
August, 1920.)

® Sec also Rapio REview Abstract No. 1668 in this 1ssue.
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1685, J. Corver. Short-wave High Frequency Amplification. (Radio Niewws, 3, pp. 262—
265, September, 1920.)

1681. N, de ;iw:ﬁ. High-frequency Amplifier. (Radio Nieuws, 3, pp. 3318—141, November,
1920, .

1682. Gesellschalt fdr drahtlose Telegraphle. Reception of Continuous Waves. (German
Patent 310733, November gth, 1918,
Patent granted September zoth, 1g1g.
Fabrbuch Zeitschrift fur drabilose Tele-
grapbie, 16, p. 233, September, 1g920—

Abstract.
An arrangement of valves in cascade in which ﬁ
one valve acts both as amplifier and heterodyne. % = ]
(See Fig. 3.)
1683. Soclété Frangaise pour I'Exploitation des Plebie
procédés Thomson-Houston. Amplifier.
(Fremch Patemt 499563, May sth, 1914.
Published February 14th, 1g20.)
An amplifier for telephone currents. Fia. 3.

1684. Société Frangaise pour I'Exploitation des
procédés Thomson-Houston. Amplifier. (French Patemt gocbi18, June 11th, 1919.
Published March 18th, 1920.)

This specification describes a method of amplifying telephone currents.

1685. W. Tock. The Vacuum Tube in France. (Radie Amareur News, 1, p. 466, March,

1920.)
A description of French multi-valve amplifiers.

Subsidiary Radio Apparatus.

1686, M. Gouzon. A Method of Prolonging the Life of Dry Cells used for High Tension
Batteries. (La Nature, 48 (2), Supplement p. 117, October gth, 1920.)
1687. M. Marage, The Threshold of Audition. (Compres Rendus, 172, pp. 178—181,
January 17th, 1921.)
A consideration of the sensitiveness of the ear to sounds of different types.

1688. H. W, Secor. Loud Talking Reproducer for Radio and Telephone Signals. (Radio
News, z, p. 211, October, 192c.)
Constructional details are given for an instrument of the electrodynamic type.

168g. Radic Buzzer Instruments. (Everyday Engineering Magazine, 8, pp. 417—419,
March, 1g920.)

Aerials and Earthing Systems.

16go. J. Bethenod. Aerial Construction. (French Patens 497317, April 2cth, 1918. Published
December 3rd, 1919.)

The specification describes a system of aerials for the emission of electromagnetic waves of
great wavelength and produced by an arc or high frequency alternator, in which two or more
aerials are directed orthogonally and are fed with out-of-phase currents. There are no
drawings.

16g1. C. L. Allen. A Simple Ready-made Aerial. (Wireless Age, 7, pp. 32— 134, March, 1920.)
The use of rain water pipes and gutters as acrials for wireless receiving 18 described.

169z2. F.C. Brockman. The Construction of a Portable Antenna. (Wireless Age, 7, pp. 30—131,
September, 1920.)

i693. A. H. Rlee. The Construction of a Portable Antenna. (Wireless Age, 7, pp. 31— 34.
September, 1920.)

i6g4. P. H. Bousheron. Concerning Aerials. (Radio News, 2, pp. 18—z0, July, 1920.)
A general descriptive article.
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1695. M. B. Sleeper. The Design and Use of Loop Antennas. (Everyday Engincering
Magazine, g, pp. 440—441, August, 1920.)
1696. 8. E. Moore. The Tree Antenna. (Radio Amateur News, 1, p. 484, March, 1920.)
16g7. P. Dosne. A Table Antenna. (La Nature, 48 (2), pp. 302—304, November 6th,
1920.)
The author describes the use of a frame aerial in a horizontal position for general reception

purposes, the receiving instruments being mounted in the centre of the frame. The use of a
telegraphone for recording purposes is also referred to.

16g8. A. Esan. Frame Antennz. ( Fabrbuchk Zeischrift fur drabtlose Telegraphie, 15,
p. 486, June, 1920. Abstracted from Elektrorechnik und Machinenbau, 37, p. 401,
1919.)

1699. A. Gradenwitz. Braun Loop Antenna. (Radio News, 2, pp. 70 and 100, August,
1920.)

A general account of the development of frame aerials.

1700. A. A. Hall. Aenal Construction. (Fremch Patemt 505678, November 4th, 1919,
Published August 4th, 1920. British Patent 142886, November 13th, 1518, Patent
accepted May 18th, 1920.)

The usual aerials are not employed. The receiving and transmitting stations have a double
earth connection spaced apart by a considerable distance. The connections to the earth are
made by insulated conductors lying on the ground. The two earth connections are included
in the anode circuit of either the transmitting or receiving valve, a reaction coil being provided

for coupling to the grid circuit to enable the circuits to generate oscillations. For transmission
a key 1s placed in one of the earth connections.

17o01. Condenser Antennm, (Telegraph and Telephone Age, 38, p. 650, December 16th,
1920.)
Describes briefly experiments carried out by the Bureau of Standards on aerials consisting
of a pair of metal plates, the lower one of which is raised above the ground. For short wave-
lengths it is stated that these aerials give better signals than the more conventional forms,

1702. Submarine Radio. (Telegraph and Telepbone Age, 18, p. 650, December 16th, 1920.)
A short note on experiments on communication with submerged submarines,

1703. A. 3. Blatterman. Theory and Practical Attainments in the Design and Use of Radio
Direction Finding Apparatus using Closed Coil Antennas. (Fournal of the Franklin
Institute, 190, p. 421, September, 1920. Science Absiracts, 238, p. 546, Abstract
No. 1036, November joth, 1920—Abstract. Tecbnical Review, 7, p. 428, December
28th, 1920—Abstract.)

A !}uppltm:nt:.r}r note extending the data given by the author in an earlier paper.® Test
results are quoted for 4-foot and 6-foot loops having §-inch and rx-inch wire spacing respect-
ively. Three tables are given of the measured resistances at different wavelengths.

1704. A, Esau. Coil Aerials: their Inductance, Capacity and Natural Frequencies. ( Fabr-
buck Zewschbrifi fiir drabilose Telegrapbie, 16, pp. 162—199, September, 1920.)

Gives formule for the calculation of the inductance of rectangular and circular coils, the

effect of unequal distribution of the current at high frequencies, both over the cross-section

of the wire and along the coil, and the self-capacity of such coils. In all cases a number of

measured values are given, shnwmg the agreement with or deviation from the calculated
values.

1705, .lu!r Hum}r. A Loop Transmitter for Local Work. (Wireless Age, 7, pp. 25 and 41,
¥, 1920,
Fartﬂ:ui;ﬂ are given of an installation mmg an elevated antenna for long distance work
and a loop aerial for short distance transmission, the same equipment being transferred from
one to the other with appropriate switches.

1706. L. D. Dillenback. A 100 Foot Radio Mast. (Wireless Age, 7, pp. 2829, April, 1920.)
The mast described is built up of sections of iron piping screwed together,

* See Rapio Review Abstract No. 144, January, 1920,
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1707. F. H. Muleahy. An Easily Constructed Mast. (Wireless Age, 7, pp. 30—32, April,
1920,
Constructional details are given.

Radio Wave Transmission (Theory, Tests, etc.).

1708. G. W. 0. Howe. The Power required for Long Distance Wireless Transmission. (Serence
Abstraces, 218, p. 543, Abstract No. 1029, November joth, 1gzo—Abstract.)
Rapto ReEviEw, 1, pp. 598—608, September, 1520,

1709. P. Ludewlg. The Influence of Meteorological Factors on Wireless Telegraphy. ( Fabr-
buch Zeuschrift fiir drabtlose Telegrapbie, 15, pp. 479—480, June, 1920. Abstracted
from Elehtrotechnik und Machinenbau, 32, pp. 181—209, 1914.)

1710. C. E, Spell. The Function of the Earth in the Transmission of Electricity, (Electrical
Review, 87, pp. 421—423, October 1st, 1920.)

Brief summaries are given of the various viewpoints from which the subjects of electrical
current transmission through the earth and of electromagnetic wave transmission over the
earth's surface have been attacked. Some experiments are quoted bearing on the subject of
transmission of high frequency impulses along conductors from which it is concluded that for
the transmission of electric waves over considerable distances the most efficient method 15 to
connect the two points by a conductor of limited dimensions, and that this conductor must not
make contact em route with any considerable mass of conductive material,

1711. G. W. 0. Howe. Field Strength at Leghorn of Annapolis Signals. (Technical Revidw,
7, P- 391, December 21st, 1920—Abstract.)
Rapio Review, 1, pp. 652—655, October, 1920,

1712. G. Vogt. The Reception of Wireless Signals in the East Indies. (Radio Nieusws, 3,
PP. 291—204, Dctulger, 1920.)

1713. Wireless Telephony. (Electrical Review, 87, p. 146, July joth, 1920.)
Reference is made to long distance wireless telephone communication with the 5.5, Fretorian.

1714. Wireless Telephony. (Electrical Review, 87, p. 627, November 12th, 1920.)
Refers to tests between Keyport (N. ].), U.5.A., and Aberdeenshire, Ecuﬂand carried out by
amateurs,

1715. M. Sauzin. On the Propagation of Undamped Electric Oscillations in Water and on
the Dielectric Constant of Water. (Comptes Rendus, 171, pp. 164—167, July 19th,
1920. Revue Scientifique, 58, p. 473, August 14th, 1920—Abstract.)

Experiments are described using ultra-radio frequency oscillations from a valve generator,
and stationary waves on parallel wires, which could be immersed in water for part of their
length. Using wavelengths of 445 cms and 242 cms, the mean dielectric constant was found
to be 73 for distilled water, and 75 for tap water (at Nancy).

Atmospherics and Anti-Atmospheric Devices.

1716. Forecasting Weather from Static. (Radio Amateur News, 1, p. 465, March, 1920.)

1717. H. 1. J. M. de R. de Bellescize. Eliminating Atmospheric Disturbances. (French
Patent 504782, October 1oth, 1919. Published July 6th, 1920.)
For the reception of wireless thEgraph;.r or wireless te!tphuny a closed damping circuit
rovided comprising an inductance in series with two resistances of considerably different
vaﬁln, and the two resistances and the inductance are shunted by a rectifying contact.
The damping circuit is coupled to a feebly-damped resonator and by it parasitic currents
are eliminated.

1718, A New Static Eliminator. (Radio News, 2, p. 71, August, 1920.)
An acoustic resonance method 1s described.

1719. W. Gerlach. On a Method of Reducing the Effect of Atmospherics. (Fabrbuch
Zestschrsft fur drabtlose Telegraphie, 16, pp. 117— 3144, November, 1g920.)

After a briet discussion of the different schemes which have been pmpus:d to eliminate

atmospheric interference the author describes experiments illustrating the difference between

two types of atmospheric disturbance. The same atmospherics were registered by means

UNIVERSITY OF MICHIGAN
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of a crystal and galvanometer, by telephone and also by means of a thermo-element and
accessory galvanometer. Atmospherics of the strong type which last only a short time
were registered by the crystal and galvanometer but not to any great extent by the thermo-
couple. Weaker atmospherics of the growling type which are supposed to be of fairly long
duration produced much bigger deflections on the thermo-couple galvanometer.

A method of reducing the effect of an atmospheric is suggested in which a conductor or
cell of special type is used as a connection between a point on the aerial tuning inductance
and earth. This conductor or cell must be such that its conductivity does not become
appreciable until a certain potential difference is maintained between its ends (e.g., carbo-
rundum). Experiments were made on a large antenna at Jena to test the efficacy of this
method, Curves are given showing the relation between the ratio of the atmospheric effect
before and after making the parallel connection mentioned and the particular points on the
antenna inductance at which the connection was made.

Duplex Radio Communication.

1720. Soelété Frangaise pour I'Exploitation des procédés Thomson-Houston. Duplex Working.
(French Patent 503827, September 12th, 1919. Published June 18th, 1920, Briush
Patent 150798, June gth. Patent accepted September 6th, 1g920.) oy et

In a receiving system adapted for duplex telegraphy or telephony the receiving coil is in
two halves having large mutual inductance and the junction point is earthed so as to provide

a non-inductive path to earth for currents induced electrostatically by a neighbouring trans-
mitting aerial.

1721. H. J. J. M. de R. de Bellescize. Duplex Wireless Systems. (French Patent gobi41,
January 22nd, 1919. Published August 14th, 1920.) ‘ . _
In duplex wireless systems in which there is a transmitting station having associated with
it one or more receiving stations, the signals are received by the operator at the transmitting
station by being transmitted thereto over telephone lines connected to the receiving circuits,
See also Britsh Patent 114497, Rapio REview Abstract No. gob, October, 1920,

High-frequency Circuits and Measurements (Theory, Components, etc.).

1722. P. Boucherot. A New Method of Calculation by the Separation of Power Applicable
to Radiotelegraphy. (Radioélectricité, 1, pp. 73—81, July, 1920. LaT.5.F. Moderne,

1, pp- 283—285, November, 192c.—Abstract.) _ _ 1
The author suggests a simplification of the calculations necessary in connection with C.W.
transmitting apparatus, by the application of the simple formule of ordinary alternating-
current electrical engineering. The use of instantaneous values is dispensed with in favour

of the use of expressions for “ real” and * apparent” power of the type IV cosgp and
IV sin .

1723. H. G. Cordes, The Theory of Lincarsinoidal Oscillations. (Pbysical Review, 16,
pp. 179—201, September, 1920. Science Abstracrs, 23a, pp. 656—657, Abstract
No. 1645, December joth, 1g2zo—Abstract.) ]
When a vacuum arc is shunted with a discharge circuit containing inductance, capacity
and resistance, and is supplied with direct current through a large inductance the arc vapour
is ionised and de-ionised periodically at a constant frequency. The author terms the vanation
of potentials and current in a discharge circuit * linear-sinoidal oscillations "' and mathe-
matical expressions are derived for their logarithmic decrement, frequency and other quantities,
The relation between the values of the direct current supply and the effective currents through
the arc and in the discharge circuit is established. It is also shown that the value of the
series resistance required to produce stability depends upon the discharge circuit resistances
and on the rate of de-ionisation of the vapour. Auxiliary means are required to stabilise
the oscillations if required for radio signalling.

1724. K. W. Wagner. The Penetration of an Electromagnetic Wave into a Coil having Seli-
capacity. (Fabrbuch Zenschrift fiir drabiose Telegrapbie, 15, p. 484, ]June, 1920,
Abstracted from Elekirotechnik und Machinenbau, 33, pp. 8g—10§, 1915.)
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1725. K. Ziokler. The Calculation of the Alternating-current Resistance of Iron Conductors of
Circular Cross-section. [ Fabrbuch Zeitschrift fiir drabilose Telegrapbie, 15, pp. 486—
487, June, 1920. Abstracted from Elektrotechnik und Machinenbau, 37, p. 449, 1919.)

1726. J. Bethenod. On the Influence of Antenna Height on the Range of Wireless Stations.
(Radioélectricité, 1, p. 285, November, 1920.)

Assuming uniform electrical strain on the insulators supporting the antenna, and that the
whole effective capacity of the aerial is concentrated in the upper flat part, it is shown that the
dependence of the received signal strength on the height of the transmitting aerial is given
by a factor m == 1 4 2:55H/R where H = height and R = effective radius of the upper
flat part of the aerial.  An increase of the height of an aerial from 100 to 200 metres would
thus result in an increase of 33 per cent. only in the received signal strength.

Simple relations are also suggested for quickly determining the most economical height
of the towers from the point of view of their cost.

1727. P. R. Coursey. Multi-layer Windings for Radio Receiving. (Wireless World, 8, pp.
471—476, October znd, 1920 ; pp. s05—s08, October 16th, 1920 ; and pp. §39—541,
October joth, 1920, Technical Review, 7, p. 222, November 16th, 1920—Abstract.)
Also Lattice-wound Coils. (Wireless World, 8, pp. 635—637, December 11th, 1920.)

Describes the various forms of multi-layer windings including the honeycomb and duolateral
with similar modifications. Winding tables are also given.®

1728, Duolateral Type Inductance. (Everyday Engineering Magazine, g, p. 254, June, 1920.)

i1729. K. H. Stark. A New Development in Tuning Inductances, (Everyday Engincering
Magazine, g, pp. 446447, August, 1920.)

An illustrated description of a multi-layer inductance winding for radio frt-l:iu:m:]r con-
sisting of a combination of lattice winding and ordinary spiral winding used in alternate
layers.t
1730. Precision Radio Mcasurements. (Everyday Engineering Magazine, 9, pp. 542—541,

September, 1920.)

A short illustrated description of a wavemeter, a vanable condenser and a wvariable

inductance manufactured by the General Radlo Company.

1731. Variometer or Coupling Coils, (Everyday Engineering Magazine, 9, pp. 546—547,
September, 1920.)
Constructional details are given.

1732. Variometer. (Electrical World, 76, p. gog, October joth, 1g920.)
A short note illustrating the variometer type Z.R.V. manufactured by the Clapp-Eastham
Company.

1713. J. Philips. The New Inductance Coils. (Radio Nieuws, 3, pp. 244—245, August, 1920.)
A brief description of lattice windings,

1734 Gesellschaft fiir drahtlose Telegraphle, Berlin. Self-inductance for Wireless Telegraphy.
(German Patemt 30211, June 1gth, 1918. Patent granted
September 2and, 1919  Fabrbuch Zeuschrift fir drabilose
Telegraphie, 16, p. 215, September, 1920—Abstract.)

A coil (see Fig. 4) for use in valve work which has no external
electromagnetic effect and so does not give rise to undesirable
coupling.

1735. H. C. Sllent. Banked Winding. (Radie Amatewr News, 1,
p. 411, February, 1920.)

1736. 0. C. Roos. Anti-capacity Windings versus Coil Efficiency,
(Radio News, 2, p. 85, August, 1g920.)

The author concludes that a graded coil as regards size and

separation of wires and pitch would improve the efficiency. The

development of multi-layer windings 1s also traced. Fic. 4.

*® See also Rapio Review Abstract No. 1413, January, 1921,
+ This winding is also described in the article referred to in Abstract No. 1727 above,

LINI ERESHTY UF P Al I| AN
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1737. P. F. Geagan. Inductances that Fit. (Experimental Science, 1, pp. 54—35, August,
1920.)

Deals with the design of transmitting inductances for 200-metre wavelengths.

1738. A, Tobler. The Use of a Valve Oscillator for the Measurement of Inductance and
Capacity at the General Post Office, London. ( Fournal Télégrapbique, 44, pp. 18g—150,
December 25th, 1920.)

A correction to the article referred to in Abstract No. 1496, February, 1921,

1739. B. Ames. Condenser. (French Patent soroz4, June 24th, 1920. Published March
jist, 1920. British Patent 137003, May 29th, 1919.)

The specification describes a condenser of the type having alternate sheets of conducting
and insulating material and in which alternate conducting sheets project in two different
directions from the edges of the insulating sheets.

1740. L. B. Turner. Everyday Measurement of Inductance and Capacity in the Wireless
Laboratory, (Techmical Review, 7, p. 323, December 7th, 19z0--Abstract. Sciemce
Abstraces, 238, p. 515, Abstract No. g85, November joth, 1920—Abstract.)

See Rapio Review, 1, pp. §85—590, September, 1920.

1741. L. M. Clemont. The Measurement of High Frequency Resistance. (Everyday Engineer-
mg Mﬂgmu.r., g9, Pp- 252—253, June, 1920.) -

Ducrlptlun of various arrangements of bridge and other high-frequency resistance measuring
circuits,

1742. V. L, Freeman, A Simple Method of Measuring Inductances at Low Frequencies.
(Everyday Engineering Magazine, g, pp. 3154—1355, July, 1920.)

1743. G. Pesslon. Capacity of Aenals. (L'Elettrotecnica, 8, pp. 10—13, January, 1gz1.
See also p. 1 in same issue.)

A discussion of the static and dynamic capacities of aerials and the correct mtani:ng to be
attached to the latter expression. Accurate measurements on the San Paulo aerial at Rome
are recorded, the static capacity was fourd to be 13 milli-microfarads and the equivalent
capacity at the fundamental wavelength of 3,300 metres 11°8 milli-microfarads.

1744. M. B. Sleeper. A Heterodyne Wavemeter for 170 to 21,000 Metres. (Everyday
Engineering Magazine, g, pp. 247—250, June, 1920.)
An illustrated description with constructional details.
1745. U.S. Bureau of Standards Long Wave Wavemeter. (Everyday Engineering Magazine,
10, p. 64, October, 1920.)
An illustrated description.
1746. H.Veenstra. Direct Reading Wavemeter. (Radio Nieuws, 3, pp. 3311—1335, November,
1920.)
The arrangement described and illustrated is that referred to in connection with Fig. 3
on p. 721 of the Rapio Review Abstract No. 1056, November, 1g20.

1747. 4. 8. E. Townsend. High Frequency Measurements. (French Parent 499497, March

and, 1g18. Published February rzth, 1920.)
The specification describes a varinb!t inductance for use in measuning wavelengths and

tuning in wireless telegraphy. It consists of a variometer comprising two coils, one rotatable
within the other and a switch for changing the connections from series to parallel. For

further particulars see British Patent 115876.

1748. A. V. Ballhatohet. A Wavemeter. (Model Enginecr, 44, pp. 89—g1, February 3rd,
1921.)
Gives constructional details. "
1749. W. Burstyn, Measurement of High Fre-

uency Energy. (German Pateni j00043,

?ﬂnwc;htr :ﬂrh {:g:ﬁ. Patent granted —O00R0 ",
December 15th, 1919. Fabrbuch Zestschrifi 4 : i
fur drabtlose Telegrapbie, 16, pp. 317g—180, -

November, 1g20.) Fic. §.
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A method of measuring the high frequency energy associated with an oscillating circuit
without a spark gap. The direct current circuit (see Fig. 5) is suddenly broken, the energy
of the oscillating circuit then being } LJ? where J is the reading of the galvanometer when
the key is closed. The time constant of the direct current circuit is made smaller than the
time of contact by the insertion of a sufficiently high resistance.

1750. €. T. R. Wilson. On a Micro-voltameter. (Proceedings of the Cambridge Philosopbical
Seciety, 19, p- 145, February, 1920, Science Abstracts, 23a, p. 338, Abstract No. 1482,
November joth, 1920.)

An apparatus for the measurement of very minute quantities of electricity.

1751. R. 5. Whipple. Some Notes on the Electro-cardiograph. (Fournal of the Instrtution
of Electrical Engineers, 57 Supplement, pp. 13—28, Aprnl, 1920. Science Abstracts,
21A, p. 660, Abstract No. 1657, December joth, 1gz0—Abstract.)

The paper includes some particulars of the various patterns of Einthoven. galvanomecter
manufactured by the Cambridge Scientific Instrument Co. The maximum sensitiveness

quoted is 1 mm deflection on the screen ar 600 diameters magnification for 0-000015
microamperes,

1752. J. K. A. W. Salomonson. The Limit of Sensitiveness of the String Galvanometer.
(Proceedings of the Koninklijke Akademic van Weenschappen of Amsterdam, 23,

pp- 613—615, No. 4, 1921.)
The continuation of a paper published in 1918 on the sensitiveness of the Einrhoven
galvanometer. It is shown that the previously ebtained results should be modified by the

effect of the weight of the string and that when this 1s done the calculated deflection agrees
fairly closely with the observed values.

1753. W. Einthoven. On the Observation and Representation of Thin Threads. (Pro-
ccedings of the Koninklijke Akademie van W etenschappen of Amsierdam, 23, pp. 705—
706, No. 5, 1921.)
Discusses the observation of very thin threads for Einthoven galvanometers and the
limitations of their magnifications by means of a microscope.

1754. B. van der Pol. Discontinuities in the Magnetisation. (Proceedings of the Koninklijhe
Akademie van Wetenschappen of Amsterdam, 23, pp. 637—0643, No. 4, 1921.)

The use of an amplifier 13 described for investigating the sounds occurring when iron 1s

magnetised. The connection with the ** breathing " sound of a magnetic detector is pointed out.

2. Books.

A Coumrse or Mopern Awarvsis. By E. T. Whittaker and G. N. Watson. (London :
Cambridge Universsty Press. 1g2zo. Pp. xxin 4+ 608, Pnce 40s. net.)

The scope of the third edition of this well-known book is indicated by its sub-title, ** An
Introduction to the General Theory of Infinite Processes and of Analytic Functions ; with
an Account of the Principal Transcendental Functions.” It is divided into two parts dealin
respectively with the processes of analysis and the transcendental functions. It differs from
the second edition bythe addition of a chapter on Ellipsoidal Harmonics and Lamé’s Equation,
and by the rearrangement of the chapter on Trigonometrical Series so that the parts which
are used in applied mathematics come at the beginning of the chapter. A large number of
examination questions are given at the close of each chapter, together with a list of references
to more specialised works in the subject of the chapter. The large number of references
throughout the book greatly add to its value, as do also the tabulated list of the authors
quoted and the very complete index. It is essentially a book for the mathematican and
makes considerable demands on the reader’s mathematical knowledge and power of abstract
conception. To a physicist or engineer of modest mathematical attainments Chapter XVIIIL.

on the Equations of Mathematical Physics will appear somewhat of an oasis ; but even here
a close E.Eﬂl'n.ll'lﬂllun rna}r P-r'l.'l'll't d.l! EPPﬂlnt!nE

To the student of modern mathemartical nnalym the book will be mdnpen:ahlt
G. W. 0. H,
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EremenTs oF RapiotereGrapuy. By Ellery W. Stone, M.Inst.R.E., Lieutenant,
U.S.N.R.F. (New York: D. van Nostrand Co. London: Crosby Lockwood & Son.
1920. Pp. vii 4 267. Price 16s. 6d. net.)

This book is, in the main, a résumé of a series of lectures delivered to the radio classgs at
the U.S. Naval Radio Station, San Diego, and on this understanding much of the critigism
which might be levelled against it falls to the ground. Even the beliet of the author that
it will be found helpful in radio instruction in other military branches of the Government
and in civilian radio schools merits our cheerful acquiescence. DBut that it possessey any
special value for * the self-instruction of those interested in the subject " we must bg per-
mitted to doubt, without implying that as a source of information it is indifferent.

Lieutenant Stone's book contains 267 pages, including twelve covered by the Appgndix
and Index. Within this narrow scope are packed eleven chapters each of which dealy with
a number of subjects. In Chapter I., five and a half pages are devoted to the principles of
radiotelegraphy, three and a half to electrical terms, between three and four pages te con-
densers, a page to inductances, less than thirty lines to electromagnetic induction and ten
pages to alternating current,

One page only is devoted to the Marconi system of transmission, whilst the Telefunken
system is dismissed in eleven lines. On the other hand cighteen pages are given up to the
Poulsen arc transmitter and eleven pages to decremeters. The text referring to thermionic
valves is in the form of brief, condensed notes.

These examples are sufficient to show that for self-instruction the student should lock
elsewhere.

The only references to direction finding or to the directional properties of certain antenna
occur in the notes on the inverted L and loop types, no mention El:ing made of the Bellini-Tosi
aerial. Only two pages are devoted to high-frequency machines, in which no pretence of
detailed description is made.

The following might be improved . *' A condenser or capacity is made of a piece of dielectric
coated on each side with a conductor.”
The book is well printed on good paper and the half-tone illustrations are well done.

E. Braxe.
Report of THE Chier Siognar Orricer or THE U5, ArMy TOo THE SECRETARY oF War
(U.S.A.) for the year ended June joth, 1920. (Washington: Gevernment Printing
Office. 1920. Pp. 64.)
This report is largely concerned with the activities of the Signal Corps in the occupied
Rhine territory, especially Coblentz. It contains many interesting details and statistics
and is illustrated with photographs showlng different branches at work. G. W. 0. H.

= - -—

Rerort oF THE [IRECTOR OF THE AIR SERVICE TO THE SECRETARY oF War (U.5.A.) for
the year ended June 3oth, 1920, (Washington: Govermment Printing Office.
_ 1920, Pp. 49.) o : .
This report deals with the organisation of the Air Force, clearly set out under various
headings. Chapter IV. on Air Service Accomplishments, and Chapter V. on Projects and
Undertakings are especially interesting. Wireless work is apparently not referred to,

G. W. 0. H.

Books Received.

Mopers Hicu-sreen INrLvesce Macnings, their Principles, Construction and Applications
to Radiography, Radiotelegraphv, Spark Photography, Electro-Culture, Electro-Therapeutica,
High-tension Gas Ignition, the Testing of Materials, etc. V. E. Johnson, M.A. (London :
E. and F. N. Spon, Ltd. 1921, 8}" x 54". Pp, viii 4 278. Pnce 145 net.)

Norions Evimentaires pe TivLiGrarhie sans Fio er ConstrucTiOoN PRATIQUE DE
Postes Recepteumrs (Onpes Amorties ET EnTrRETENUES). By Jean Remaur. (Pans:
Librairie Générale Sciemiifigue et Indusirielle Desforges. 1921, B} = 5}".  Pp. mné,
Price 7 fr. 50.)
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Continvous Wave WireLess Terecraruy. By W. H. Eccles, D.Sc. (London: The
Wireless Press, Lid. 1921, B}" x 3§”. Pp. vii + 407, Price 25s.)

AritumeTic oF TeLeGraPay AND Tecepsony. By T. E. Herbert and R. G. de Wardr,
(London : Sir Isaac Pitman & Sons, Lid. 1921. 7% x 431°. Pp. vii 4 187.  Price
§5. net.)

E[HIUHRUNE I DIE EIIH.THHTICHHII: UHTEI ZUGRUNDELEGUNG DER VDHLESL‘H{;EN
Proressor SrAsvs, Revised by Otto Nairz. (Leipzig : 7. A. Barth. 107 x 6§,
Pp. viii 4 415. Price M.25.20.)

Episwan ErLectric Bevis, INnpicators, Puskes ano Accessories. (London: Edison
Swan Electric Co., Led. 11" x B§"., Pp. 36.)

A well-illustrated catalogue. '

Te YEar Boox or WireLess TeLeGrapHy anD TeErEpHony, 1921. (London: The
Wireless Press, Lid. qul 8* » 5' Pp Ixxxiv L 1355 Price 115?

Currespondence.

TRIODE CHARACTERISTICS WITH HIGH GRID POTENTIAL.
To tae Epitor or THE " Rapio Review.”

Sir,—In the course of some measurements of triode characteristics for the purpose of con-
structing the characteristic surfaces of the anode and grid current, it was noticed, that with
a high positive grid potential (.., 400 volts) and a lower anode potential (e.z., 300 volts) the
grid current was bigger than the normal saturation value. At the same time the anode current
was flowing in the opposite sense than is usual with lower grid voltages. The algebraic sum
of the anode and grnid current however was the normal saturation value.

No doubt this phenomenon is due to secondary clectron emission from the anode, this being
caused by the impact of the primary clectrons coming from the hot cathode.

With the constant - 400 velts on the grid and a varying anode potential the anede current
showed a falling characteristic over a big part of its course. It was very easy therefore to
obtain oscillations both of audio and radm frequencies by simply inserting in the anode circuit
a self-inductance shunted by a capacitance.

As this phenomenon was obtained and described by Dr. A. Hull for a specially constructed
tube called by him a dynatron, it may be of interest that an ordinary hard receiving triode
(we used a Mullard valve) has exactly the same physical properties.

If it is possible to keep the conditions steady enough this way of using an ordinary tricde
(thus having a high negative resistance to changes of anode current) as an aperiedic amplifier
is certainly a noticeable simplification of Mr. Turner’s kallirotron. As to the degree of
constancy when used as an amplifier, however, no experiments have been carried out as yet.
When used as a generator of oscillations the mnatant}' both of amplitude and frequency is
of the usual high grade.

Battn vax per Pou.
Physical Laboratory, Teyler's Institute,
Haarlem, Holland,
February 15th, 1921,

[We believe that it is generally known that an ordinary valve can be used to demonstrate
the principle of the Dynatron. The abnormal grid and anode currents are often obtained by
students determining characteristics at high grid potentials.—Ep.]

“THE HETERODYNE METHOD OF WIRELESS RECEPTION, ITS
ADVANTAGES, AND ITS FUTURE."

To ThEe Epitor or THE * Rapio Review.”

Sir,—I should hltl: to take isaue with M. Latour rtgardm; one point in his paper on
heterodyne rtccptmn The particular point to which I refer is his statement as follows :—
“In practice in heterodyne reception, the musical note is determined at the receiving
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station by the frequency of the local generator itself. It is not a characteristic of the
transmitting station. In modulated transmission on the contrary, the received note is a
characteristic of the transmitter itself.

“If we assume in the first case that a strong atmospheric discharge makes the antenna
vibrate at the frequency to which it is tuned, that is to say at the f quency of the transmitting
:t:tmn, for a time long enough to produce I:l:uu this rl:.m:harge will of itself give rise in the
receiver to the same note as that given by the tramm;ttl:r. Doubtless the p-umh:tme: of
this phenomenon will be reduced by receiving on a low note, as an un]‘.latnr}- duch.arge must
then last longer in order to give the same note as that of the transmitting station. The
phenomenon 1s, however, always likely to occur,

* On the contrary in the case where the note is formed by the modulation of the transmitted
current no discharge will be able to give rise to a note identical with that of the transmitter.
We must therefore conclude that acoustic resonance to the received note should be more
useful for protection against atmospherics when the note is given by the transmitting station
itself than when it is obtained by means of a local heterodyne. Doubtless future experiment
will bring out this peint.”

Are the facts regarding this quite correct ? For years, with spark stations, which are a
form of modulated C.W., we have been trying to use acoustic tuning to minimise X's with
no serious effect against the X's. The X always kicked our acoustic resonator into the note
with which it was tuned. As against this, heterodyne reception with acoustic resonance
is having a marked effect on X reduction.

Suppose we examine an elementary case of modulation at the transmitting end.

About the simplest method of medulation is to transmit simultanecusly with two wave-
lengths say from two C.W. stations near to one another. If the wavelengths are separated
by a frequency % then a receiver without a heterodyne at a distance will hear a musical note
of frequency . If one of these stations stops Mndlng Morse and makes a long dash, at the
receiving end no difference will be noted as far as signals are concerned. X's will, however,
be slightly altered by the action of the dash from the one transmitter during the spacing
intervals. It can, however, be easily imagined that this dash cannot seriously affect the X,
particularly when the signal is weak. Consequently there is no apparent difference between
the two methods of sending.

Now the receiver could not tell if this dash sent by the one C.W, station were replaced
by a heterodyne at the receiving station giving the same current and frequency to the receiving
aerial particularly if the heterodyne were arranged to simulate direction as well as strength
and frequency. So that obviously the modulation which M. Latour suggests is a property
of the transmitting station resolves itself into a clumsy way of heterodyning—without several
of the good properties of the heterodyne.

Every other type of amplitude modulation can be similarly analysed and although in
many cases considerable ingenuity would have to be exhibited to get the necessary h:t:rn-d}'m
—for instance in the case of a spark—nevertheless the result could be obtained.

Of course in the case of the two stations sending, the change in energy is twice that given
by one and proper design of gear would take advantage of this, but far simpler gear would
be obtained by concentrating the energy into one wave.

In the past, most of us have made the mistake of thinking that modulation, acoustic and
super-acoustic, gave a definite and new character to a signal but I believe now that all the
methods turn out to be merely methods of transmitting more than one wave simultaneously,
sometimes, of course, particularly on short waves and with telephony, with cbvious practical
advantages.

If we could argue that modulation gives a character to a signal other than that given
by the wavelength, then we should be able to give two modulations to the same station
and receive two messages from it simultaneously. We can do this but it should be noted
that such modulation produces s jtau'ntt wavelengths from the onginal wave—and why
should we modulate at all ?—instead of sending these separate wavelengths.

Perhaps the time has come to recognise definitely that the impulses—which is what most
experiments indicate the nature of the anum}r of X's to be—are very similar to white
light, and a signal is a narrow band on the spectrum, comparatively broad for a spark
infinitely narrow for a C.W. dash of constant frequency and of infinite length, and with some
disagreeable fringes when high-speed Morse is being sent. That just as Lockyer separated



222 THE RADIO REVIEW VoL. 11.

the line spectrum of the sun's atmosphere from the white light spectrum by continuous
expansion of the latter by a multitude of prisms leaving the lines still unexpanded, so we are
reducing our atmospherics steadily by sharper and sharper receiver resonance. The only
real distinction between C.W. signals and X's is that in the first, the energy is on one wave-
length and in the second it is distributed over a large part of the spectrum.

M. Latour accentuates one powerful property of the heterodyne namely that of giving
what may be called a straight line law of reception, a property also of the tikker and Gold-
schmidt tone wheel, which property is replaceable by high frequency magnification to any
desired extent, but the heterodyne has two other properties almost as valuable,

1) What might be called the floating zero of rectification.
2) The power of enabling one to remove one's tuning to a wavelength where circuit losses
are not so troublesome.

In receivers without heterodynes, any large X or signal remains in the low-frequency
inductances and condensers attached to the rectifier for a sufficient length of time to apply
E.M.F.s to the rectifier throwing it off its rectifying point. Such an effect does not matter
with the heterodyne, because with careful choice of rectifier and strength of heterodyne, quite
large values of low frequency potential can be applied to the rectifier without in any way
impairing its rectifying properties. Those used to working with a valve rectifier fitted with
a potentiometer and independent heterodyne will remember that before the heterodyne 1s
switched on the adjustment of the sensitive point for rectification is quite sharp whereas
immediately the heterodyne is put into use the potentiometer does not alter signals over
quite a long range of adjustment. The property 1s what I call a floating zero and its effect
in reception is the absence of a certain type of * wipe out " which is particularly evident if
any attempt be made to tune to a modulated transmitter in the low-frequency circuits of
the receiver.

The second effect probably remains as the most valuable of all the heterodyne properties.
Copper, iron and dielectric losses are easier to avoid economically on long wavelengths such
as those of acoustical—or nearly acoustical—frequency.

It can quite easily be seen by examining the production of a beat tone produced with a
damped wave of frequency 0, and a heterodyne, that the damping of the beat tone frequency
Ny is 1y 'ny times the damping of the damped wave, and from this it is easy to jump to the
result obtained by applving acoustical resonance to the beat circuit on the original high
frequency n,.

A circuit of damping d applied to a beat tone of frequency my is the same from the resonance
point of view as applying a circuit of roughly damping d(n;/n,;) to the original high frequency.
The reason such a frequency circuit as the latter is not used is on account of the great difficulty
in reducing circuit losses at high frequency. No doubt, finally, this will be done by means
of valve reaction, but at present, on account of the fact that reaction is vanable with
amplitude, the method is not very useful.

In the lower frequency beat tone circuit, however, the problem is simplified by the reduced
losses and with the same amount of material a total over-all damping of a comparatively
small value can be obtained.

Through all this I assume that such a straight detector characteristic is chosen that the
result of signals and heterodyne is A + H sin 2nt where n is the frequency of the beat tone,
and this can be done in practice fairly exactly by using a heterodyne far stronger than the
signal or X and a detector characteristic practically straight through any amplitude the
signals or X may have,

A secondary advantage of these beat tone circuits is that real intermediate circuits are
possible without enormous shielding between primary and tertiary circuits such as is necessary
when one is working in high frequency alone,

A point should be noted here, that the beat tone circuit is actually in tune with two wave-
lcngt];: although only in tune with one note and it is necessary to have an element of high
frequency tuning to separate out the one of these two wavelengths required.

Our real limitation is the fact that the Morse turns our line spectrum into a band and
renders the finest tuning impossible, difficulties increasing in proportion to the !ﬁud of trans-
mission and the wavelength used. When analysed out, no method such as scissors
sending will improve the case although some slight improvement would undoubtedly come
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by using two wavelengths—one for sending dots and the other for dashes—making all the
characters an equal length, a system quite easy with the arc or valve, but not very easy
with the alternator. .

When using the heterodyne without acoustic resonance, the ear does our tuning for us
by separating out the musical from the unmusical sounds but it is now being seriously replaced
by super-resonance and machine recording. A well-known American wireless expert once
expressed the opinion to me that it was a pity our ears could not be put in opposition or
cascade as it would render them still more useful.

Owing to the variability of transmitted wavelengths from the alternator on long waves
and from arcs on short waves and even with valves on all wavelengths unless fair precautions
are taken, we have not yet used to the full extent all the possibilities of the heterodyne method
of reception but to the steadiness of good valve circuits on medium powers and wavelengths
is due most of the advance that has been made in practice. [ attach much more importance
to this absolute constancy of wavelength than to almost any other point at the present time
and until a new transmitter is invented, which has, whatever its other advantages, a wave-
length constancy equal to that which can be given by the valve (although incidentally, it
is not always gi-.rencLy the valves one hears), the latter will hold the field.

Until some genuine method is discovered of getting a new character into the signal when
we have used our resonance to its practical limits, we have only directional properties to
fall back upon, any development of which will probably be up against serious night-time
difficulties. In various attempts to give this new property, the question of modulation of
the frequency has been seriously considered by us. If the frequency of the transmitted
oacillation could be varied at a frequency of the same order as the first frequency or preferably
higher—but with an incmomensurable ratio between the two frequencies say by some method
of varying inductance or capacity in a valve circuit and a receiver were constructed to
receive this, by some method of varying inductance or capacity in the receiver circuit
—not quite synchronously, a kind of heterodyne—a further property of signals might be
developed.

Such a system seems to have quite new properties, if it could be made practically workable
and if any authority could ever be persuaded that it would not jam the rest of the earth's
wireless.

To illustrate exactly my meaning, I will state a case in wavelength. The middle wavelength
of the system could be 10,0000 metres ( f = 30,000} and this wavelength could be varied from
8,000 to 12,000 metres at a frequency of o x 10,000 (the = merely being inserted to render
the ratio incommensurable).

If the scheme were carried out correctly, it would not seriously interfere with any sharply-
tuned simple harmonic receiver as it would rush so quickly through the wavelength that
no effect would be produced. The receiver would, conversely, not be interfered with by any
ordinary simple harmonic transmitter. What would happen in the case of impulses ? 1
am inclined to think that the final result of combining this new property with the older
sharp-tuning properties would be a still further reduction of X's and I base this on the broad
reasoning that as impulses are analysable into a sum of an infinite number of continuous
waves of different wavelengths and as the new type of wave is not analysable into any
combination of simple harmonic motions, therefore the X's will not get into the new receiving
circuits, The hmitation again being the length of the Morse characters but of course this
question can be put to the test of the mathematician before ever it can reach a practical
test,

H. ]J. Rounp,

Chelmsford,

February 16b, 1921.

DIRECTION FINDING.
To ™e Epitor oF THE "' Rabio Review.”

Sm,—In the Rapio Review for November, 1920, Major Prince criticised Captain Robinson's
article on a " Method of Direction Finding.” On page 6gg speaking of Captain Robinson's
method he says * the real essence of his method is the substitution of lwit:{ling for rotation
and that by the ingenious method of connection, difficulties of phasing arc avoided.” This
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statement, and the admission on the same page that there is some basis for the claim that
equality of signals is a better lu'!‘:ijeﬂ of observation than the minimum strength, are together
an indication of the novelty and utility of the invention. To these can be added the fact,
that previous to the introduction of the method, no satisfactory results had ever been obtained
in aircraft by any one clse.

The rest of Major Prince’s critigue of Captain Robinson's article is interesting, and in some
respects even entertaining, but as it is a piece of * special pleading ™" it need not be taken
very unuu-I}r Indtl‘:d how can onc take seriously such statements as the following (on

p. 696, line 25) : “ Except for secondary considerations (such as convenience ; or accuracy)
Il is lmmattnnl whether observations are made to the maximum or minimum,” and on
p. 697, line 20, " This constant signal . . . takes no part in helping to determine direction.”
In the first quotation he says that direction may be obtained by observation of a maximum,
in the second that a maximum observation is useless. He cannot have it both ways, and
the statement that ** convenience and accuracy " are * secondary considerations " is some-
what strange from the only important point of view, namely that of practical navigation.
Major Prince notes that in the Handley Page which was entered for the transatlantic flight
in 1g91g, two years after the date of Robinson's patent, a modified Bellini-Tosi system was
used with success. He does not mention however that the success of the first transatlantic
flight, that of the U.5.A. flying boat N.C. 4, was largely due to the use of Dr. Robinson's
apparatus, although in the published description in the Proe. Inst. Radio Engineers the
_invention has been ascribed in error to American officers.

The patents which Major Prince quotes, namely his own of 1912 and Captain Round’s
of 1909, have no real relation to Robinson's as the bearings given by both of them involve
ambiguities far more serious than the 180° ambiguity. Thus in Round's patent, Fig. 1,
it is obvious that equality of signals will be obtained not only in both senses of the direction
shown in the drawing, but also at the other two intersections of the curves. In Major Prince's
patent where the methoed of reducing signals to equality is employed, it is uncertain whether
the angle determined relative, say, to the north-south axis should be east or west of this
axis., Major Prince is therefore right in laying no great stress on these patents.

The claim that the Bellini method is ** basic " shows some confusion of thought. The
single turning coil is basic, as basic as the theory of electromagnetic induction, but the Bellini
apparatus was no doubt invented because at that time no detector was sufficiently sensitive
to give results on a single coil of manageable dimensions. The Bellini was thus a denved
method, depending ultimately on the single coil, but with fixed collectors which allowed of
the cail being moved in a stronger field than that uf the waves fram the temnsmitter; Mr.
Round showed in his paper at the Institution of Electrical Engineers what a formidable
train of errors htl‘ﬂmﬂ- possible on account of these more complicated circuits. Even from
the * minimum " point of view the Bellini methed is not basic, for the truth is that except,
perhaps, when used on a signal of just the right strength in a silent cabinet, the minimum
method is a misnomer, and is in reality always carried out by a rough comparison of signal
strengths on both sides of the minimum ; but as in moving the coil from a comfortably audible
signal on one side, to a similar one on the other, the signal passes through a gradation of
decreasing and increasing strengths, the companson can only be a rough one and by no
means as accurate as in Rnbmmn s method where the successive signals are of definite strength

and without mttrvemng varations.
J. ErsxiNe-Murray.

Directorate of Research, Air Ministry, London.
February 17th, 1921.

= - - —— =

ERRATUM.

Page 152, line 22, for log az read log, az.
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