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Two - Burndept instru-
ments that will make
your crystal or one-
valve set give Iloud
speaker reception

I' you want to listen to broadcast by m=ans
of a loud speaker and your set is giving
good results on headphones, the Etho-

phone-Uniplex one-valve amplifier and the
Ethovox Junior Loud Speaker will interest
you. If cost is a consideration there will
be no doubt about your choice, because
these instruments are surprisingly inexpen-
sive in spite of their cfficiency !

Owing to its special construction, the
Ethophone-Uniplex is a really distortionless
amplifier and its reproduction of speech
and music is all that could be desired.
The instrument is supplied with a Burndept
Super Power Valve (Type L.240).

The Ethovox Junior Loud Speaker gives
splendid results with low powered sets
and its rendering of broadcast is clear and
very pleasing.

The instrument, which is coloured a deep
shade of mahogany, is supplied with a five-

toot lead.

BURNDE

77 k T

o

HEAD OFFICE : Aldine House, Bedford St.,
Strand, London, W.C.2.

Telephone : Cerrard ooyz, Telegrams : Durndept, Westrand, London,

BRANCHES at Birmingham, Brighton, Bristol, Cardig, Exeter,
Glasgow, Leeds. Liverpool, Manchester, Newcastle, Northamp-
ton, and Nocingham.

The Ethovox Junior is 16} |
inches i height and the |
flair is no less than 11} |
inches in diameter. The |
sensitive magnet-system is |
adjustable. |

~ice, either 120 or 2,000 |
ohms resistance, I

l

|

|

|

|

£2:2:0

Price of Ethophone-Uniplex
(below), complete with L.240
valve,

£4:4:0

Further particulars of these new
Burndept products are given in
the 100-page Burndept catalogue,
a copy of which will be sent
free on application. The Burndept
Range includes everything for
radioc reception, from components
to complete installations.
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ANOTHER STEP FORWARD

EADERS  of Wireless

Weekly will be interested

"to hear that following upon
the visit of Mr. Percy W. Harris
to the United States to investi-
gate the radio position there,
Radio Press. Limiied, have now
decided to open an American
house, with offices in the heart of
New York, thus enabling readers
of our publications in this country
to keep right up to date with all
developments taking place in
America.

The importance of this step to
the British experimenter, and,
indeed, to the whole art in this
country, can scarcely be over-
estimated. No longer will it be
necessary for the British enthu-
siast 'to view new experiments in
America through American eyes.
New apparatus, new circuits, new
valves, and, what may be still
more important, new tendencies
which are showing themselves in
radio design and devek)pments
will all be reported upon imme-
diately, if necessary, by cable, by
a competent radio expert, fully
acquainted with radio matters on

Radio Press American House

The manager of. the new
American house is Mr. A. H.
Morse, A.M.I.LE.E., M.LR.E.,
who has held many important
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positions in radio both in England
and America, and whose practical
acquaintance with the art dates
back to the very earliest days.
Fuller details of Mr. Morse’s
career are given on another page,
and his standing in the world of
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fact that for some time he held
the position of Managing Director
of Marconi’s Wireless Telegraph
Co., Ltd., of Canada.

It will be seen that Mr. Morse
not only has considerable experi-
ence of administrative matters,
but he has also a wide technical
experience of the art. This com-
bination of administrative experi-
ence and technical knowledge is of
no little importance, since the task
of obtaining full information
on technical matters is not easily
performed. Mr. Morse’
ing assuses for him the entry into
many places which are normally
difficult of access, and his per-
sonal acquaintance and friendship
with some of the greatest men in
American radio will be of in-
estimable value to him.

The offices of Radio Press in
America will be situated in the
Bush Building, West 42nd Street,
New York City, one of the finest
office buildings in America, and
we have no doubt that before long
Radio Press, Bush Building, New
York, will become as well known
as Radio Press, Bush House,
London.
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This article, which is ihe first of a series to be contributed to ‘“ Wireless Weekly ’ by Capt. Round, discusses
the relative merits of the various methods of connecting valves in circuit for reception.

Some Methods of Connecting Valves
~in Circuit

By Captain H. J. ROUND, M.Cf, M.I.E.E.,,Chief of the Research Department of the Marconi Co., Ltd.

N both transmitting and receiving circuits
we us¢ a number of alternative ways of

but each of which is more convenient or
more economical in a ‘particular case.
Two of the best examples of this equiva-
lence are the so-called ‘‘ top and bottom ”’ feeds to a
circuit.  Both produce exactly the same result except
for minor effects, but sometimes one way is more
desirable than the other for purely practical reasons.

The Simplest Methods

Let us examine a very simple case where several
arrangeéments can be used to arrive at the same result.

connecting, which give equivalent results,

An aerial is required to be connected to a valve, and’

grid bias is required on the first grid.

Fig. 2.—Here the grid bias
battery is ai H.F. potential
to earth.

Fig. 1~—~Careful insulation
of the filament battery is re-
quired with this circuit.

Fig. 1 represents a way of doing this, but we have
run into an objectionable feature in that the negative
terminal of our low-tension battery is no longer at
earth potential; not, perhaps, a very serious -error in
4 simple one-valve circuit 1f care is taken to insulate
the battery, but this is not always easy to do, and a

|

Fig. 4—X in this circuit
may be either a leak or a
choke coil. .

WA \/\/\/‘——I

>
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Fig. 3.—With this arrange-
ment the grid bias cells
must be shunted with a con- -
denser,

battery leaky to earth would be liable to give noises
and incidentally to run down the grid bias battery.
Figs. 2, 3, and 4 represent other ways of doing this.
Fig. 2 is quite a possibility, but not good practice—
batteries at high H.F. potential are a nuisance. [ig. 3
is also not too good, because it nccessitates shunting
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the battery with a low-loss condenser of large value.
Fig. 4 is really the best practice. X in the figure is
either a leak or a choke, and the condenser wants
to be large enough not to have much potential drop”
across it, and, of course, if amplitudes are large, recon-
sideration on account of grid current is necessary.

The Use of Choke Coils

In the circuits mentioned, losses of battery energy do
not enter, so that there is really nothing to choose
between a choke and a leak, if the leak is of high
value, but we shall meet many other cases where the
use of a choke is cssential, and a little careful con-
sideration of its working will be necessary.

In Fig. 5 we have an inductance L in series with a
condenser C, an ordinary resonant circuit. If we
build Fig. 6, so that Li and L2 in parallel have the
same inductance as L, we have (neglecting resistance)

1]
i
C

A
L ¢

Lz cJ

C.

1

Figs. 5, 6 and 7.—These diagrams may be compared
with Figs. 8 and 9 below.

an equivalent circuit. The sum of the currents through
It and Lz is equal to that in L, and they are
divided inversely as the inductances L1 and Lz2. If
we make Lz very large it will take negligible current
compared with L1, but it will still be part of the circuit.
Incidentally trouble may occur due to capacity effects
in Lz if the inductance is made too large, but this is
a practical affair,
Modifications

We may now put blocking condensers in at Cr and
Cz (Fig. 7). 1If these condensers are so large that the
potential across them is small compared with that

&

L

Fig.8.—The normal * bottom
feed ”’ circuit.

L

Fig. 9.—A similar method
modified so that the H.T.
battery is removed from the
main oscillatory circuit.

across the tuning condenser (or inductance)—we have
as far as the high-frequency current is concerned still
not altered the circuit, and we can use this arrange-
ment to give us apparently a quite different valve
connection. :

Fig. 8 is the normal bottom plate feed and Fig. g
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the modified high-frequency circuit similarly fed; the
actions will be very obviously the same, but we have
removed the H.T. from the main oscillating circuit.
Re-draw Fig. g and shift the condenser Cz, and we
get the very well-known choke-fed plate circuit.

Fine Wire Choke Coils

This little bit of diagram reasoning shows that the
choke carries high-frequency current, and losses in ‘it

must be avoided, but as its currents are very small it

can naturally be made of fine wire.
But why all this twisting and contorting of circuits?

Fig. 10.—The circuit of Fig.
9 in a better known form.

Fig. 11.—This simple tuned
anode circuit with crystal
detector has certain dis-
advantages.

Because Fig. 1o is very often more convenient than
Fig. 8, in that we can tap off our main inductance
with the grid of another valve without having to worry
about H.T. potentials getting at our grid, or in a
transmitter we can remove Jangerous H.T. from the
oscillatory coils.

Tuned Anode Circuits

Of course, there are other methods still, such as
secondary windings round our oscillating inductances,
very often used, in fact, in both receiving and trans-
mitting transformers.

We will, however, take up a case where this informa-
tion regarding top and bottom-feed is useful. A
single-valve tuned anode circuit without, and then
with, reflex.  Suppose we want to set up a simple
tuned anode with crystal rectifier. The circuit of Fig.
11 s O.K. unless we want to put in a potentiometer
on to the crystal, when we shall find we cannot use
the valve battery for the potentiometer. Figs. 12 and

-

; Figs. 12 and 13.—Showing two methods of using a
ichoke coil which give more satisfactory circuits than
~ that of Fig. 11.

13 show two ways of using the choke to get a much
~ nicer circuit.
_ In both cases the H.T. gets removed from the tele-
phones, where it is always a possible source of shock
or trouble. - .
Reflex Circuits

Suppose we wish to reflex the circuit, Fig. 14 will
be the first method we shall think of, o

This will be objectionable, because any leakage of
gither the low-tension or the high-tension battery will
tend to short the transformer secondary T2

Wireless Weekly

Fig. 15 gets over this difficulty, and is similar to
Fig. 3 in principle, but has the very obvious objection
that the aerial capacity and the blocking condenser are
across the transformer secondary—a place where the
minimum capacity is desirable, and, secondly, the
aerial system and the transformer form a resonant
circuit capable of receiving (because of the aerial} low-
frequency currents such as from A.C. mains. The
circuit can apply these unwanted potentials to the grid,
and the valve will then amplify them to the phones.

Fig' 14.—Leakage of the L.T.
or H.T. battery will tend to
short circuit the secondary
(T2) of the L.F. transformer.

Fig. 15.—This shows some
improvement over Fig. 14,
but interference from A.C.
mains may be troublesome.

In some houses the trouble will not be serious, but, of
course, there is no need to ask for trouble.

Low-frequency Chokes’

Fig. 16 carries out the top-feed idea completely, and
seems to be the best general arrangement; it has the
least number of faults. '

Its only serious fault is that it has left our telephones
at high potential, a fault common to most receivers
and not really good practice, but here again an iron
core choke and a condenser will remove that trouble
if necessary. The design of the high-frequency chokes
has to be carefully considered, and the best form seems
to be to wind them of fine wire in one layer of a value

1L - h
= HT.
L

I\

Fig. 16.—The only serious objection to this circuit is
that the telephones are at H.F. potential to earth.

of inductance five or six times the main inductance.
It layer-wound chokes of. large value are used, there
is a danger of forming wave-traps at certain fre-
quencies,

Transformer Circuits

‘The greatest difficulties arise when chokes have to be
made to handle a big range of wavelengths.” A bold
alternative to all these simple circuits s the trans-

former circuit, but as this introduces at once ideas of

ratios of transformation, with all its complications, I
will leave it till later.

141
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A coil of this type would have a resistance of
between 5 and 10 ohms at high frequencies.

DISTORTION IN TUNING CIRCUITS

By J.H. REYNER, B.Sc.

o
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N my article in this series last

week [ discussed the question of

tuned circuits and the effect of
resistance upon the resonance curve.
At first sight it would appear that
the problem of selectivity is simply
that of making the resonance curve
of the particular circuit chosen so
sharp, that is to say having so
narrow a band width, that the unde-
sired stations may be eliminated
and the wanted station brought in
by a suitable adjustment of the
tuning controls.

The problem, however, is not
quite so simple as this, owing to
the fact that telephony is not con-
fined to an isolated frequency, but
requires a considerable .band of
frequencies for the satisfactory
transmission of speech or music.

Frequency Bands Required for

Telephony

]t is a little difficult at frst sxOht
to appreciate, without recourse to
mathematics, why telephony should
require a band of frequenciés. A
‘physical mterpletatlon however,
may be obtained by considering thc
problem as the reverse of a \xel]
known problem in 1eLuvmg If a
high-frequency oscillation is modu-
lated with a second high-frequency
‘oscillation of a shyhtly
frequency, the well-known hetero-
dyne note is obtained. 7This hetero-

different .

dyne note is produced by the alter-
nate addxtlon and subtraction of the
currents in the two oscillations.

Due to the slight difference in fre-’

quency, the currents alternately
come in and out of step, so pro-
ducing a variation of the resultant
amplitude which gives the hetero-
dyne ‘‘ beat’’ note.

Modulated C.W,
This principle is illustrated in

Fig. 1. Now the process in a tele-
phone transmitter is the exact
reverse of this. We have here a

continuous wave which is modu-
lated at a low frequency, that is to
say, if the high-frequency wave
were modulated with a pure note of
a definite frequency, the modulated
wave would be as seen in Fig. 1.
This same type of wave, however,
we have just seen to be capable of
being produced by two waves of
constant amplitude, but having dif-
ferent (high) frequencies. Thus it
will be seen that the modulation of
the original carrier wave gives rise
to two additional high frequencxes,
which are known as mde frequencies
or side tones.

Side Bands
“he frequencies of these side tones

are wnstant for a given note, but in -

the case of spewh or music where
the low-frequency vibrations im-
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In this article, the second of his series on
the theoretical principlzs underlying selec-
tivity, Mr. Reyner discusses the limitations
of selectivity when telephony is the main

(Hons.), A.C.G.I.,
D.I.C., Staff Editor.

objective of reception.
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pressed upon the microphone are of
all frequencies ranging from 5o up
to 5,000 or more, it is obvious that
there will be two side tones for each
partluulm frequcnu), so that waves
radiated will consist of the carrier
wave and a fairly broad band of
side tones.  This side band ex-
tends, as we have scen, to plus or
minus 5,000 cycles on each side of
the carrier wave, and if satisfactory
and distortionless speech or music is
to be received, then it is essential
that not only the carrier wave, but
the whole of this side band also,
shall be satisfactorily received.

Flat-Topped Resonance Curves

Now consider the ordinary reson-
ance curve. It will be seen that
the current has a maximum at one
frequency, and as the frequency
varies on cither side, so the current
gradually falls off,  The sharper
the resonance curve, that is to say,
the greater the selectivity of the

circuit, the more rapid will be the
falling away. Thus with the

ordinary resonance curve the higher
side band frequencies will not pro-
duce the same currents in the tuned
circuit as the carrier wave will.

AAMAMAAAMAAAAARRAAAAN M\f\!\'\f\,

AR AR
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vl\!\l\l\m\n aandii A M\M/\A nn/\{\f\f\p
AR AR
Fig. 1.—The combination of two

high frequencies produces a third
high frequency modulated at a lower
frequency. -

That is to say, if the circuit is at
all selective, it will tend to cut off
some of these side frequencies
instead of receiving them, and the
result will be distorted telephony.
The ideal resonance curve for
this type of work would be one as
shown in Fig. 2, having a flat top,
so that it amphﬁes all the fre-
quencies equally well within the
band, and a sharp vertical cut-off,
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An absolutely square-topped reson-
ance curve is, of course, not a prac-
tical proposition, but fortunately we
can obtain a very close approxima-
tion to this ideal condition.

Use of Band Filters
The only effect of varyving the
resistance in a single tuned circuit
is to alter the scale of the reson-
ance curve, This point was made
‘clear in my last week’s article, and
it will shortly be seen that no matter

what resistance we choose, we
‘cannot obtain a satisfactory solu-
- tion of the difliculty. It is found
‘that if good speech is to be
‘received, then the amplitude of the
oscillation at a frequency 4,000
cycles different - from resonance

must not be less than one-half the
resonant value.  If this limit is
exceeded, - then the side bands will
be cut off too much and distortion
will result.

Selectivity Impossible with a

Single Circuit

Fig shows the curve in which
this LW%IUOD of affairs is fulfilled,
and it will be seen that at a fre-
quency 10 kilocycles away from
resonance the current is still appre-
ciable.  Now 10 kilocycles is the
closest spacing ~ which can exist
between broadcasting stations with-
out serious difficulties. The
majority of broadcasting stations
are spaced a little farther apart than
‘this, but there are stations working
with a frequency difference of only
12 to 14 kilocycles. Thus if a sta-t
tion was being received with a fre-
quency difference of, say, 11 kilo-
cycles from

I

Currenr

— Frequency
Fig. 2.—A Hflat-topped resonance

" eurve is required for telephony.
by virtue of its proximity, was
supplying 100 times the amount of
energy or more, the selectivity of
such a circuit would be totally
inadequate.

Coupled Circuits

The solution of the difficulty lies
in the use of a series of L()upkd
circuits. If the first resonant cir-
cuit is coupled to a second tuned
circuit, either directly with a loose
coupling, or through 3 wvalve, in
order to make up for any loss of

_ curve.

a local station which,

signal strength in the transfer of
energy from one circuit to the

other, then the resultant resonance

curve'is found to be somewhat more
flat-topped and also steeper-sided.
It can be shown that the resonance
curve obtained with two similar
coupled circuits is obtained by
squaring the ordinates of the reson-

Current —s

|
|
1
|
|

{ ! 1 N {
90 95 00 105 70
-— Frequency (Ac)

Fig. 3.—A resonance curve for a
single circuit complying with the
condition for good qauality.

ance curve obtained for a smglu cir-,

cuit. This has been done in Fig. 4,
from which it will be seen that a
considcrably steeper cut-off is ob-
tained giving a curve having a fairly
uniform band width towards the
peak.

Increase of Resistance Necessary

This second resonance curve,
however, would produce too sharp a
cut-off on the higher side bands, and
it is necessary therefore to increase
the band width of the resonance
This is done by increasing
the resistance in the circuit, the
effect of which is to increase the
band width, and this results in a
resonance curve as shown in Fig. 5.
It will be seen that this curve is
not ;only wider at the top wthan
that of Fig. 3, but has a much
sharper cut-off towards the bot-
tom.  This means to say that
the various side band frequencies
will all be received perfectly satis-
factorily, but that interfering sta-
tions at a greater frequency differ-
ence from the resonant value than 4
kilocycles will be cut off to a
greater extent than with the single
circuit.

The principle can be extended to
comprise a whole chain of filters,
and as more and more tuned circuits
are incorporated, so the curve gets
more and more flat topped and
steeper and steeper sided.

Band Filters

Professor G. W, O. Howe has
recently worked out some actual
ﬁg ures for the resistances necessary
in the various filters in order to
comply with the conditions. He
takes as his criterion of selectivity
that a 10 per cent. departure from

143

would be horribly distorted.

‘Wireless Weekly

the resonant frequency should
reduce the currents to 1/10,000 of
the resonance value. A 10 per cent.
departure from resonance at the
ordinary broadcasting frequencies
employed would mean a difference
of from 7o to 8o kilocycles. Such
a circuit would at a frequency differ-
ence of 1o kilocycles only give a
current equal. to .00o8  of the
resonant value, which will be seen
to be satisfactory for ordinary wire-
less reception.
Distortion Due to Reaction

Now with a single circuit having
an inductance of 8o pH and a capa-
city of goo puF, the effective
resistance to obtain a . resonance
curve as sharp as this would have to
be .0o8 ohms. It is possible by
using suitable -reaction circuits to
obtain suech a very low resistance,
but if this were done the telephony
This
would be due to the fact that the
cut- off would be too sharp, and only

a very small percentage of the side

bands would be satisfactorily repro-
duced. The problem may be studied
from another angle, which serves to
render the importance of the side
bands a little clearer.

Another Point of View

Tke growth or decay of-current
in a circuit depends on the resist-

' ]

—> Current

] |
) )
' 1
A -

%0 95 100 105 110
—>Ffrequency Kc.

Fig.4.—This curve has a Aatter top,
but the cut-off is too sharp for good
quality.

ance thereof. In a circuit having
extraordinarily low resistance, such
as that which we have just con-
sidered, the building up and dying
away of the oscillation would be so
slow that it would be unable to
follow the variations of current
sent out by ‘the transmitting sta-
tion. Lonsequenﬂy instead of the
received currents varying according
to the modulation impressed on the
transmitter by the microphone, they
would lag hopelessly and would be
totally unable to follow the. very
rapid variafions, and the result
would be chaos. ‘
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Values of Resistance Required

We have just seen, however, that
in the case of a chain of tuned cir-
cuits coupled to each other, the
desired sharpness of cut-off may be
obtained while the top of the reson-
ance curve still remains fairly broad
and flat-topped if suitable resistance

Wireless
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Fig. 5.-:By inserting resisiance the

sharp cut-off is still maintained, but
the band width is made larger.

is inserted. Professor Howe has
worked out the resistance required

in’ the circuit previously mentioned

in - order that the telephony shall
be satisfactory. The criterion

for this, it will be remembered, is

“that the current, at a frequency of
4,000 cycles removed from the
resonant frequency, shall not be
less than one-half. For this con-
dition to be fulfilled, the resistance
required in each circuit is
2.31 ohms for the single circuit,
3.97 ohms for two circuits,
5.2 ohms for three circuits,
6.1 ohms for four circuits.
Three Circuits Essential

If a single circuit, however, were
made with such a high resistance
as 2.31 ohms, then at a frequency
difference of 8o kilocycles (10 per
cent.) the current would only be
1/33 what it is at resonance, which,
of course, is nothing like selective
enough. The ratio of the currents
at resonance to the currents at a
frequency 10 per cent. away, is
given by Professor Howe for the
partv‘ular values of resistance 1ust
quoted. Tor a smg]e circuit this
ratio is. 33.

For two circuits 337.

For three circuits 4,060.

For four circuits 24,300. :

It will be remembered that the
criterion laid down was that the
currents at ro per cent. detuniﬁg
should be 1/10,000 of the resonant
value, and it will be seen that this
condition is obtained somewhere in
between 3 and 4 circuits. ~ It is
therefore necessary to use four
tuned circuits, if adequate - selecs

these

tivity is to be obtained with perfect
reproduction; but if a certain
quality can be sacrificed, then three
circuits only may be employed
Practical Application

We now come to consider what
results mean when inter-
preted into terms of practical con-
ditions in a rcceiver. The problem
really depends upon how much

selectivity one is prepared to allow -

for. Tt is undesirable to multiply

the number of tuning circuits more.

than is absolutely necessary.  If
we have two tuned circuits, each
having a resistance at hxgh fre-
quency of 4 ohms, a condition
which is by no means ‘easy to
comply ‘with, then we shall: get
satisfactory quality, but we shall
not get particularly  selective
results. Reaction could, of course,
be introduced on to one of these
tuned circuits, which would have
the effect of improving the selec-
tivity to a considerable extent. It
would, . however, cause a very
noticeable alteration to the quality
of the telephony.
Four-Circuit Tuning

The problem is a little better if
three circuits are employed. Here
we may arrange for the circuit to
have a resistance of § ohms, and
the speech will then be perfectly
satisfactory.  The selectivity will
he good in the majority of cases,

but in the case where the set is to-

be worked within one or two miles
only of the local station, then a
higher order” of selectivity will be
required for receiving* those sta-
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tions which are close (in frequency)
to the local station.

If, as a practical compromise,
one is prepared to sacrifice a cer-
tain amount of quality in receiving
these stations, which after all are
only a few out of the whole broad-
cast band, then the application of
reaction upon the third circuit
would result in the desired selec-
tivity at a slight sacrifice of purity.

If four circuits are used, as has

been scen, both selectivity and

quality are absolutely satisfactory,

but the difficulty of operating such

‘a set rules it out of court for all

except the more advanced experis
menters.

High-Frequency Resistances

It should be remembered that
these values of resistance which
are given are all high-frequency
resistances. ~ Mr. Cowper and
others have shown in these columns
that it requires very special con-
struction to obtain a coil suitable
for tuning at broadcast frequencies,
which has a resistance as‘low as
5 ohms. Added to this are all the
resistances due to stray capacities

in the circuit, due to the damping

of the valves, and here again Mr.
Cowper has shown that anything
from 40 to 8o ohms may be intro-
duced by the ordinary grid con-
denser and leak method of rectifi-
cation. It will be seen, therefore,
that even if one decides to use only
three circuits, very particular care
must be taken, in designing those
circuits, ‘to keep the resistance
down as low as 5 ohms.

Herr Rarmstorf, who is seen testing the telephones while a microphone
- is attached to his helmet, recently successfully spoke by wireless from the

bottont of the sea near Helzgoland.

His speech was.relayed via land-lines

from various' German broad:asting stations,
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Mr.A.H.Morse, AM.ILE.E,, M.I.R.E.
2

E have much pleasure in in-

V‘/ troducing to our readers
Mr. A, H. Morse,
AMILE.E., M.LR.E. on his ap-
pointment as Manager of the
American House of Radio Press,
Ltd. Mr, Morse has been actively
concerned with the technical side of
both wired and wireless telegraphy

“for some years.

Post Office Telegraphs

In 1897 he entered the Telegraph
Service of the General Post Office
in London, leéaving this in April,
igoo, when the left England to
serve in the South African War,
with the Telegraph Section of the
Royal Engineers.  On his return
to England in 1902, for a short
time Mr. Morse was engaged in
journalistic work in Fleet Street.
In 1904 he proceeded to West

Africa, where he carried out the

construction of the first telegraph
line built to communicate with
Sokoto.
Wireless in Canada

On completion of this centract
in Africa he proceeded to Canada,
where in 1906 he entered the service
of the De Forest Wireless Cor-
poration ~as consulting engineer.
The following year he was ap-
pointed Superintendent of this
Company. During his period of
service with the De Forest Com-
pany, Mr. Morse was in charge of
the complete system of wireless
telegraph communications between

g nah e o o b o o >y

Information regarding the opening of our American House

will be found on the Editorial page in this issue. We give

below some account of the previous activities of Mr. A. H.

M.IR.E., who has been appointed
manager.

Morse, A.M.I.E.E.,

> - D il >~

- RADIO PRESS LTD. AND THE UNITED STATES
APPOINTMENT OF MANAGER OF OUR AMERICAN HOUSE
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the cities of Montreal, Ottawa and
Quebec.

In 1907 he proceeded to the
Pacific coast to take charge of five
wireless stations for the Canadian
Government, and on the completion
of this contract he entered the
service of the United Wireless
Telegraph  Company in  Seattle,
spending  the following year in
Alaska. In 1909 he was appointed
superintendent of construction and
maintenance for the United Wire-

in the next year be returned to
London to take charge of theaechni-
cal side of this Company’s European
business.

With the Marconi Co.

When the Marconi Company took
over the business of the Northern
Wireless Telegraph Company in
1912, Mr. Morse joined the former
company. Three years later he
was appointed adviser in wireless
matters to the Indo-European Tele-
graph Company.  Mr. Morse re-
turned to Canada in 1919, when he
accepted the position of Managing
Director of Marconi's Wireless

Telegraph Co., Ltd., in Canada.

This appointment he held until the

beginning of 1923, when he decided

to enter business on his own

account, and tendered his resigna-

tion with this object in view.
Radio Press Offices

The offices of the Radio Press,’
Ltd., American house, will be
situated in the Bush Building, 42nd
Street, New York, an admirable
position in one of New York’s most
famous thoroughfares.

Snessessesssseeesseess

sscos

R.A.F. REUNION DINNER i

The annual reunion dinner for
past and present officers of No. 1
(T.) Wircless School and Squadron,
Royal Air Force, will be held in
London on Friday, December 4,
1925.

All officers interested should com-
municate with the Hon. Secretary,
Mr. J. F. Herd,

Ditton Corner,
Datchet, Windsor,

who will send full particulars.

sesesnees

The receiving apparatus used on aircraft for the reception of telephony

from ground stations.

The remote control unit is seen in the centre of

the photograph.
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i The Nature and Sources of Atmospherics

A visible lightning discharge may be regarded as one cause of almosphertc

disturbances,

N these days, with mil-
lions of people using
wireless, there is no
necessity to describe
the crashes, clicks,
and rumbling noises
of atmospherics which are obtained
on all wavelengths. - They are a
nuisance to listeners, but to some
other classes of people they are
extremely useful.  Unfortunately
from the broadcasting point of
view, and also from the point of
view of carrying on long-distance
communication, they are unavoid-
able. However, to the meteorolo-
gist they are full of interest, and,
further, to the pure scientist, they
are a fruitful field for investigation.

Signal Strength of Disturbances

In any particular region these
crashes and clicks and rumbling
noises have an average strcngth,and
for perfect broadcast reception it is
essential to have the received signal

strength much greater than the
average strength of these dis-
turbances, and in this country at

the present time broadcast trans-
mitters are sufficiently powerful to
give signal strength larger than
that of the average strength of
atmospheric. This average strength
of disturbance depends on geo-

graphical situation to a very large
extent, some countries being very
much worse than others. The
crashes. and clicks are usually
called” by the name of *‘ Atmo-
spherics,””. but they  have other

names, “such as ‘‘ Strays,”” *‘ X's "’
¢ Parasitic -

and
common
and X's

Signals,”’
‘¢ Static.”” - The most
names are Atmospherics

What Are These Disturbances ?

The popular view is that they arc
due to lightning discharges in the
atmosphere. Thunderstorms  do
undoubtedly produce these disturb-
ing noises, but opinion seems very
definite that they are by no means
the only cause of atmospheric dis-
turbances. Before inquiring closely
into the real causes, we may con-
sider other disturbances peculiar to
certain localities, which are of the
same nature as atmospherics, and
which are often confused with them.

Power Lines
In Switzerland and Mexico, where
there are long lengths of high-

power electrical transmission lines
at high voltages, a large number of
disturbances are obtained which are
due to discharges from these high-
tension lines.
may be

Such disturbances
easily visible or they may
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By Major JAMES ROBINSON, D.Sc.,
Ph.D., F.Inst.P., Director of Research
to Radio Press, Ltd.

Much success in the elimination of
atmospherics in reception can hardly
be achieved without an appreciation

. of the nature of these disturbances.

This discussion of the extent of our
present knowledge in this direction
should prove of considerable interest.

L .

be more of the nature of brush dis-
charges.  Again, in large cities
where there are electric trams and
electric power systems on a large
scale, electric discharges of this
nature also take place.

Similar Disturbances

An instance is on record where
observations of atmospherics were
simultaneously recorded in Berlin
and other places in Germany, and it
was found that there were more of
these disturbances in Berlin than any
other place in the country.  This
was undoubtedly due to the large
number of electrical power lines in
Berlin,

Other Causes

Also the presence of long lengths
of overhead wires accentuates
the disturbance due to atmo-
spherics, as they act as collectors
of the waves, re-radiating them to
receiving aerials. Another source
of disturbance for which atmo-
spherics are wrongly blamed is a
faulty high-tension battery in one’s
own receiving apparatus.

Lightning Flashes

There is not any doubt that light-
ning flashes do produce atmospheric
disturbances.  Many instances are
on record where observations of
lightning flashes have been re-
corded by eye and in telephones or
loud-speakers at the same instant,
and it can be considered as-beyond
doubt that lightning discharges are
one source of atmospheric dis-
turbances. Whether they are the
only sources is a very difficult ques-
tion, but opinion seems to be that
lightning flashes are not by any
means the only cause of atmo-
spheric disturbances, In fact, the
distance over which an atmospheric
which is due to a lightning dis-
charge can be heard is usually not
greater than 130 miles.
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Natural Spark Transmission

It is quite easy to understand

why a lightning discharge causes
a disturbance m one’s receiver,
“because lightning is really a very
long spark discharge, the spark
“occurring between an electrified
"cloud and the earth or between two
“electrified clouds which are charged
‘to a high electrical potential. 'Such
‘a discharge is obviously of the same
‘type as the spark discharge of a
‘wireless transmitter. There is no
‘transmitting- aerial other- than the
path which the lightning happens
to follow.
Highly Damped Waves

There cannot be any definite
tuning of such a system, but,
on the other hand, there must be
tremendous power behind a light-
ning flash, as much mechanical
damage can be done by such a flash.
In spite of the bad wireless con-
ditions as we know them, wireless
waves are produced by a lightning
flash, but because of the large re-
sistance of the natural aerial of the
path of the lightning, and the low
inductance, the waves will be highly
damped.

Types of Disturbances

A very large number of observa-
tions has been made by very many
observers on the types of noises
which are characterised as atmo-
spherics, and a large number of
classifications has been made from
time to time. There are very many
types, but I think we can be satis-
fied by separating them into the four
classes 1—

Clicks,
Hisses.

The clicks are similar to the dis-
turbances that one obtains from
single lightning discharges. Crashes
~usually last from half a second to
five seconds. = They are obtained
when there appears to be no
thunder about, but when the
weather is squally, and when there
appear to be sudden violent changes
of temperature.  Grinders would
seem to consist of a large number
of clicks and crashes together,
although there has been much
difference of opinion as to the cause
of grinders. Hisses can occur at
various times. They are prevalent
in local rain or hailstorms, and they
may also occur in very dry weather.
Distribution of Atmospherics Over

the Earth’s Surface

A very large number of observa-
tions has been made regarding
places where the atmospherics are
of great intensity and frequency of

Crashes, Grinders, and

.

~has béen drawn;

occurrence, and places where few
atmospherics are observed. Also a
great number of general conclusions
but in running
through the literature on this sub-
ject there appears to be much con-
tradictory evidence. It is quite
easy to understand why there should
be such appatent contradiction, as a
large number of observers have re-
stricted their investigations to com-
paratively  small regions of the
earth’s surface.
give certain regions as very bad for
atmospherics, and others give quite
different comments.  One of the

reasons for this is that atmo-
spherics vary from time to time and
there are daily variations and

seasonal variations, which are by~

no means regular.

Observations

Out of the large mass of observa-
strength of

tions of the atmo-

The disturbance due to a lightning
flash is not usually audible at any
great distance from its source.

spherics at different places 'in the
world, and at different seasons and
different times of day, one set of
observations will be referred to. !t
would be very confusing to readers
to give the results obtained by a
number of ditferent observers, and
the particular set of observations

chosen will serve as the most
typical and probably the most
reliable.

The Marconi Expedition

This record of observations was

made on the Marconi Expedi-
tion round the world in 1922-
1923 to study the propagation of
wireless waves, A large number of
observations was made, since be-
fore any general deductions could
be formed, such a large mass of
evidence was required.  The first
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observation is that the *‘click”’
type, due to thunderstorms, may
occur anywhere. and at any time of
day or of the year.

Tropical Conditions

"

The ¢ grinders,” however, are
worst over large areas of land in
the tropics.. Again, in different
parts of the tropics they vary with
the time of the year, being worst
in the regions north of the Equator
during the northern summer, and
worst in the régions south of the
Equator = during the southern
summer. The daily variation is
fairly regular, the. worst atmo-
spherics occurring  usually -about
3 p.m.  From then till midnight
the intensity diminishes, a minimum
being reached in the early hours of
the morning, after which an in-
crease in intensity commences and
continues up fo the maximum again
in the afternoon.

Deductions

This complete series of observa-
tions is vefy instructive, and it cad
be used as a basis for a generalisa-
tion as regards the distribution of
atmospherics. The tropics are not
the only place where grinders are
produced, but undoubtedly there we
have the source of the most violent
grinders.

Law of Distribution

With these observations of the
Marconi Expedition, and with the
most reliable gbservations of other
investigators, a general law can be
given, that the most intense atmo-
sphevics of the grinder type have
their origin over large areas of
land in the tropics, and thal the
origin follows the sun with the
seasons and wilh the time of day.

Later in this article it will be
shown that the grinder and
crash types may also originate

in other regions besides the tropics,
and that in all cases mountainous
regions have a larze influence.

General Investigations

Having now some idea as to the
distribution of atmospherics geo-
graphically and with the scasons
and the time of day, we must con-
sider other investigations which
have been made regarding the -in-
fluence on meteorology, and also
how wireless reception is affected.
Such problems as the frequency or
the wavelength of the disturbance,
the wave form, the direction from
which the atmospherics come, and
how to make use of the observa-
tions for enabling weather fore-
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‘casts to be made, hawe all regenved
‘much attention.

Forecasting of Thunderstorms

Even before the days of wireless
it had been discovered that thunder-
_storms can be - recorded by a verfiz
“cal wire and a coherer, The first

‘records were made in the vear 1895 -

by the well-known scientist Popolft.
His obhservations were found to be
_very useful from the meteorologicul

tor give
Cindicate

which was observed, and observers
soon  began to know when a
thunderstorm - was . - approaching.
Thus it was possible to warn air-

ccraft in advance of the approach ot
A tlmndustm m,

Directlonal Obgervat 1ons

Later attempts were even made
more information, and to
from what direction the
thunderstorms  were approaching.

During the Great War much ‘useful work was done with aircraft in the
detecting of the approach of thunderstorms.

point of view, and were repeated

and used to a considerable extent.
Observations frcm Aircraft

. When the War started, and when

aircraft began to come into. their

own, it was found that exceedingly
useful information could be ob-
tained by such observations of

atmospherics, which by that time
were made by more modern wire-
less apparatus. This was princi-
pally with a view to determining
when thunderstorms were coming.
1t was the click type of atmospheric

Such information is, of course,
extremely useful, as aircraft, par-
ticularly airships, with such infor-
mation, could avoid the area of the
thunderstorm without having to
descend.

Dr. Watson Watts

work was started about
1917 under the control of Dr,
Watson Watts, who contributed
very considerably to our knowledge
of atmospherics as a result of this
work. He has used various
methods for recording the direction
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of thunderstorms, changing his

‘apparatus with the advance of -the
_technique of wircless.

In the eardy
,the Bellinj - Tosi
arrangement for

used
with an.

days he

The moving coil of the rddlm;()nm-
meter was moved to various direc-
tions, and the - number of atmo-
splu.rus counted for a definite time
interval for each position. Later he

.made these observations more auto-

matic by using a large rotating
coil and recording photographically,

Sources of Atmospherics

A number of stations made
simultaheous observations  round
the British coast, so  that the

origin of the atmospherics could be
plotted. The general result of his
observations was that the prevalent
source of atmospherics was on a
bearing 150 "degrees from true
actually in a south-south-
east direction, thus pointing to-
wards the Alps or to a position in
Northern Africa.  He further found
that the maximum appeared to vary
somewhat with the time of day, and
also with the time of the wvear,
practically varying over an angle of
30 degrees from the mean.

Further Investigations

In addition to determining these
very general results of the most
prevalent direction, he was able to
forecast the approach of thunder-
storms at any particular time, and

aiso the direction of approach. His
‘observations were of such impor-

tance that they have been repeated
by various people in other countries,
One typical example was in Berlin,
where a slightly different direction
for the prevalent atmospherics was
obtained, pointing in the magnetic
meridian. However, this direction
again pointed towards the moun-
tainous regions in Central Europe
or to some spot in. Northern Africa.
As a result of these variations, the
German observers are of the opinion
that the source of atmospherics
appears to follow the sun.

The atmospherics appear also to
come from a vertical direction, and
some observers consider that these
are the most intense, though those
from horizontal directions are most
frequent.

Frequency of Oscillations

This subject has been much dis-
cussed for many years, but it can
now be considered to be decided.
Without definite information it was
impossible to state whether an
atmospheric discharge was oscillas
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tory at all, and if so what frequency
it had. Observations were, of
course, made on the influence of
tuning wireless aerials to different
wavelengths, and recording ~ on
which wavelength the atmospherics
were most intense.

Long Wavelengths

The conclusion reached is that
atmospherics are worst on the
Jongest wavelengths.  This result
is undoubtedly correct, for on short
wavelengths of the worder of 100
metres, although atmospherics stiil
appear, they are not nearly so bad
as on a wavelength of ' 20,000
metres.  In fact, a very recent
observation by G. Marcuse, who
has been operating on 4o metres
with Australia, states that during
this recent summer he was not
worried by atmospherics at all.
Thus the tendency was to assume
that if atmospherics were oscillatory
at all they would have a very low
frequency, lower than 15,000 per
second.

Wave Form

In the last two or three vears
cbservations  bhave actually been
made to determine what wave form
an atmospheric has.  This brilliant
piece of work was done by Dr.
Watson Watts and Professor Apple-
ton.  They wused a cathode ray
oscillograph  to  investigate  the
wave form of an atmospheric, and
they found that, as a general rule,
atmospherics are not oscillatory,
although in some cases a highly-
damped oscillation was recorded.

Examples -

Some typical examplesof the wave
form are given in Fig. 1, A, B, C,
D.. Fig. 1A shows the most preva-
lent type, where it is seen that the
atmospheric is merely a. pulse in
one direction, the voltage produced
in the aerial rising very suddenly to
a maximum and dying away very
suddenly. Another type is shown
in Fig. 1B, this again being non-
oscilla