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SOMETHING NEW EVERY MONTH

[ ——————

The fitst thoroughly reliable
SPEAKER FILTER

The action of most Loud Speakers is affected by
anode currents of more than a few milliamperes,
and the function of the speaker filter is to protect
the speaker windings from the direct current,
whilst at the same time allowing an unimpeded
tlow of alternating {requency current.

‘ The “G.R."” Type 387 filter is capable of covering
| avery wide frequency range, so that no distortion
|

is introduced ; it may be used in an impedance
range from 3,000 to 25,000 ohms.  lnstallation is
simplicity itself ; merely connect primary to the ‘
output of your amplifier and the secondary to vour
speaker. No attention need be paid to polarity. \
The unit may be used as an integral component, or [
I external to vour receiver, without alteration to
existing wiring.
You will never know what real leud speaker
reproduction can be—how mellow and truthful
—until vou install an output device. This new one
is a distinct advance, is robust, fully guaranteed,
entirelv reliable, and is produced by the leading
American Component and Laboratory Insiruments
Manufacturers. Price 29,6 post paid.
(In case of difficultv, remit cash direct.)
Complete Catulogue of over 120 advanced lines for
the experimenicr, profuselv illustrated free on requesi.
| Mention degrees or call sign.

OTHER INTERESTING LINES.

“G.R." Type 366 douhle 30H. Lliminator Choke entirely
shielded, very robust and capable of carrving very large
loads, !.e. 2 chokes, each 30H.

“G.R"” Type 365—110 or 23050 Volt Rectifier Transformers
entirely shielded, output centre tapped, with or without
filament windings for “ Ltuorkox’ or “Us ™ Lliminators.

“Crarostat”—The 20 Watt UnivErsar RANGE VARIABLE
REsistor—heavy dutv—send for folder. Approved by
“TCC” and used by over 5o Eliminator Manufacturing
concerns of International repute.

“G.R." Tvpe 334 double spaced, 2,000 Volt Transmitting
Condensers (air-dielectric varialile) ; prices verv moderate.

“G.R.” Low Loss Coils, Rheostats, Potentiometers, Variable
Condensers, A.F. Transformers, Output Transformers,
Superheterodyne Kits, Wavemeters, B.B.C. or Short Wave
(15 230 Metres), Hot Wire Ammeters, Geared \ernier
Dials, Laboratory liquipment, etc. etc. In short the
“G.R.” range covers the whole field and caters for
Professional, Amateur or Research Engineers.

m—  r— =

Sole Inporters and Dislributors of “ G.R.” Products :

CLAUDE LYONS (Dept. “X”)

76, OLDHALL ST, LIVERPOOL, LANCASHIRE

(Sce also other advertisement, Page 4)
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scores every time

zasily the most popular
resistance in the
country/

ND the reason ?»—

Because the resistance element is of a special
metallic nature, made by a process known only to
ourselves.

Consequently every Dumetohm after passing our
strict tests is guaranteed to be and to remain noiseless
and constant in operation. People no longer say “a
Grid leak, please ”—they ask for a Dumetohm-—in
itselfthe surestpossible
proof of popularity.

N.B.—The soldering of
leads to a Dumetohm is
liable to result in injury
to the resistance unless
carefully done.

The Dumetohm holder
with its terminals and
soldering tags costs only
1/- and makes a sound
workman-like job. 2 ins.
between fixing hole
centres.

¥

The Dumetohm is made in standard resistances of
025, 0’5, 1, I'5, 2,3, 4 and § megohms and costs 2/6.

T.C.

Advt. of the Dubilier Condenser Co. (1925), Ltd.,
Ducon Works, Victoria Road, North Acton, W.3.

Kindly mention ** Experimental Wireless " when replying to advertisers.
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PIEZO-ELECTRIC CRYSTALS for TRANSMITTING

ONTROL of frequency in a transmitting circuit is familiar to readers of this journal. It is now
generally accepted that every transmitting circuit should have quartz crystal control.

(V)

FIFTY years’ experience in making the highest quality of quartz prisms, and unequalled supplies of

quartz crystals gave our scientific staff unique opportunities for studying the piezo-electric behaviour
of quartz with all the technical resources developed in our laboratories for the selection, grinding, polishing,
measuring and testing of quartz crystals.

WO years' intensive research on the problem has placed us in a position to make Piezo-Electric
Crystals with the following Guarantees.

1. EVERY CRYSTAL OSCILLATES FREELY WITHOUT THE USE OF ANY FORM OF REACTION,
». THE FREQUENCY REMAINS CONSTANT BETWEEN WIDE WAVELENGTH LIMITS OF THE

TUNING CIRCUIT. PRICES
(In dustproof mounts ready for insertion in the circuit)
Wavelength St.c:clfx wa\trelengths Any desired wavelength Any desired wavelength
(Metres) (v{,‘;]sl b: s‘::‘trgi awr;;:l,fcl:?ii;lis (Guaranteed to 1 metre) (Guaranteed to } metre)
51-100 £5 13 o £710 o {10 o o
101-250 414 6 6 6 o 8 8 o
251-500 4 10 ©O 6 o o 8 o o
501-1000 4 17 6 6 10 O 813 o

National Physical Laboratory Report on any crystal £1 1 o extra.

ADAM HILGER LTD., 24, Rochester Place, LONDON, N.W.1, ENGLAND

IGRANIC SETS A NEW STANDARD IN
PURITY OF AMPLIFICATION

The Igranic Three-Valve Resistance Capacity Amplifier is designed to give purity of
reproduction of outstanding quality, together with very go od volume. The Components
include Igranic Wire-Wound Resistances, these having a mple current carrying capacity
without variation of resistance ; Igranic Fixed Condensers, the plates being of brass with
best Ruby Mica di-electric; Igranic Fixed Leaks, these bei ng perfectly silent and corstant
in operation.

A novel feature of the Amplifier is the means by which volume is controlled. The first
grid leak is of similar construction to the Igranic High Resistance Potentiometer, and
variations of this resistance effect smooth and complete control of volume. This method
of volume control does not affect the purity of tone and prevents the loudspeaker being
overloaded by very loud signals.

The whole Amplifier is built upon a moulded Ba_kelite
base, measuring approximately 11 in. long by 4% in. wide by
) in. high. The resistinces, condensers and grid leaks are
mounted on the under-side of the base with the valve
holders and terminals on top, and the whole forming a
particularly compact and neat unit.

Insulated terminals are provided. H.T. and grid bias can be -
supplied in two values. so as to permit of the use of a power
valve in the last stage.

Write for List No. J253.

IGRANIC ELECTRIC COL*

149, Queen Victoria St., LONDON
Works - - Elstow Road, BEDFORD

JGRANIC

Kindly mention ** Experimental Wireless” when replying to advertisers.
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Editorials.

A new Type of Loud Speaker.

N a letter to Professor Tait written in
11863, Lord Kelvin, as he afterwards

became, referred to the fact that a
condenser emitted a sound on being charged
and discharged. Since that time many
attempts have been made to develop con-
denser-telephones or, as they are sometimes
called, electrostatic telephones. Ort and
Riegger, two German scientists, published
an article in 1907 describing some very
interesting experiments on the subject, but
no practical commercial instrument was
evolved, able to compete with the wonder-
fully simple, small and effective electro-
magnetic telephone receiver. Sc long as
the receiver was intended for use as an ear-
phone it was necessarily very limited in
size and weight and consequently in capacity,
and the sounds emitted by it were feeble.
For use as a loud-speaker, however, these
limitations are of smaller moment, and it is
not surprising to learn that research work
has been carried on with the object of
evolving an efficient condenser loud-speaker.
The experiments to which we refer have
been made by Dr. G. Green, of the Applied
Physics Department of Glasgow University,
and have extended over several years. They
have been very successful, for we recently
had the opportunity of hearing the repro-
duction of broadcast speech and music from
some of Dr. Green’s condenser loud-speakers.
These were only experimental models, but

the quality while not perfect, was surprisingly
good.

The principle of the condenser loud-speaker
is easily understood. It consists of a large
condenser built up of alternate sheets of
metal foil and paper. The dielectric
separating the metal sheets will be partly
paper, and partly the unavoidable air, which
will act as a cushion when the plates. are
under voltage.

The metal sheets are connected alternately
to the two terminals as in an ordinary con-
denser, and a steady P.D. of, say, 200 volts
is maintained between the terminals. The
electrostatic attraction between the plates
will tend to compress the whole condenser,
and if the back plate is fixed the front one
will be moved towards it. If now an
alternating P.D. is superimposed upon the
steady P.D. the compression of the whole
condenser will be varied and the front plate
will move backwards and forwards, setting
the air in vibration and emitting a sound
having a pitch corresponding to the frequency
of the applied alternating P.D.

If the alternating P.D. is obtained from
the output circuit of an audio-frequency
amplifier, the speech or music will be repro-
duced, but the quality of the reproduction
will depend upon several factors.

The steady applied P.D. is the electrical
analogue of the permanent magnet of the
electromagnetic telephone receiver. It intro-
duces no difficulty since, by suitable circuit

B
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arrangement, it can be obtained from the
H.T. battery of the amplifier, in fact it is
only necessary to connect the condenser
loud-speaker as a shunt across the battery
and put a choke-coil in series with the
battery so that the audio-frequency currents
cannot pass through the battery, but are
shunted round it through the condenser.

The mathematics of the subject have been
published by Dr. Green in a paper entitled,
“On the Condenser-Telephone,” in the Phsl.
Mag., for September, 1926, page 497, to
which interested readers are referred

The experiments are being continued,and
we look forward to this type of apparatus
taking its place in the near {uture among
high-class commercial loud-speakers.

Tramway Interference with Broadcast
Reception.

ROADCAST reception in large towns
Bis subjected to interference to a much

greater degree than in the country.
There is not only the proximity of a
large number of receiving sets with the
probability that some of them will oscillate
at times, but electric motors and other
electric apparatus, especially electro-medical
apparatus, may cause Serious interference,
and electric tramways and railways in the
immediate neighbourhood are known to
cause trouble. The exact cause of this last
named interference has been thoroughly
investigated in Germany by the Post Office
with the co-operation of the Berlin Tramway
Company and the recently published results
of the experiments are of great interest.
The tests confirm the view of Burstyn that
the trouble is due to damped oscillations set
up by the interruption of the current passing
from the overhead wire to the contact wheel
or bow of the car. Contrary to what one
might expect, however, no trouble is caused
if the interrupted current is large, in fact,
the current has to be less than about 2
amperes before any interference is caused by
its interruption. Larger currents probably
draw an arc between the separating metals
and thus prevent the sudden break necessary
to produce an oscillation. This peculiar
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effect explains why the interference is greater
at night since then, even when the motors
are switched off, there is the current taken
by the car lighting, which amounts to some-
thing less than an ampere. With the car
coasting at night every momentary interrup-
tion of the contact between the overhead
wire and wheel breaks the lighting current
and causes an oscillatory current which
radiates a disturbance through the ether.
One obvious, if somewhat wasteful, way of
minimising the trouble is to connect a
permanent leak in parallel with the lighting
circuit so as to bring the total current above
2 amperes.

The trouble was found to be decreased
whenever steps were taken to ensure a
permanent smooth contact between the wire
and wheel, thus preventing the interruptions
of the current ; relaying badly worn track,
replacing worn overhead wire, using only
freely rotating round wheels or smooth,
broad-surfaced bows were all found to reduce
the interference. Condensers connected
between the collector-wheel and earth showed
no marked improvement, but in some cases
made matters worse. Since a current of
I milliampere can cause considerable dis-
turbance, leakage in the car wiring is
important ; in some cases the fact that the
interference was as bad by day as by night
was traced to this cause. Tests were made
using different contact materials, but
although carbon and zinc rubbing on copper
were superior to other metals, the results
did not lead to anything very practicable in
this direction. The most promising direction
in which improvement is to be looked for is
in the design of trolley wheels kept in close
contact with the wire by means of spring
pressure acting on the trolley head itself.
Tt is also stated that the trouble is eliminated
by the use of properly designed and well
maintained bow collectors as used in many
Continental towns.

It will be interesting if those who live in
the neighbourhood of tramway routes will
keep notes of interference and try to correlate
its intensity and frequency with the operation
of the street cars.
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Approximate Theory of the Flat Projector
(Franklin) Aerial used in the Marconi Beam
System of Wireless Telegraphy.

By Dr. J. A. Fleming, FR.S.

Wireless Telegraphy the projection of the

wave and its confinement to a defined
track is not accomplished by the use of a
skeleton parabolic mirror with single aerial
wire in the focal line as formerly, but is
attained by means of a system of vertical
aerial wires at equal distances and in one
plane with a series of reflector wires behind
in a parallel plane at a distance of one-
quarter wavelength. The plane of the aerial
wires is placed normally to a great circle
line of the earth passing through the trans-
mitting and receiving stations. These aerial
wires are supplied with high frequency
currents of exactly the same strength and
exactly in phase with each other.

The distance between the aerial wires
(=d) is made equal to half a wavelength or
to some small odd multiple of half a wave-
length. The distance between the reflector
wires is the same or else half that between
the aerial wires.

This type of aerial, as is well known, has
been the subject of several important patent
specifications by Mr. C. S. Franklin.

If stationary electric oscillations are set
up in an aerial wire placed vertically to the
earth’s surface and if the frequency is so
adjusted that the wavelength is equal to
double the length of the wire, then electric
radiation takes place which is a maximum
in a plane at right angles to the wire and
passing through its centre. If, however,
harmonic oscillations are excited of greater
frequency so as to create nodes and loops of
potential and current on the wire, then,
since the currents in adjacent half wave-
lengths are in opposite directions, these
create opposing magnetic fields in the radia-
tion and the effects at a distance on the
median plane may be nullified.

Part of the inventions of Mr. Franklin
have reference to means for suppressing the
radiation from alternate stationary half

IN the present Marconi system of Beam

wavelengths of the stationary waves on the
wires, so that all the residual portions radiate
waves which have their magnetic force in
the same direction.

The result of this is equivalent to putting
one on the top of the other a series of aerials
each of which is half a wavelength long and
radiate in step with each other, thus giving
means for generating a very powerful electric
radiation of short wavelength.

Concurrently with this the investigations
and discoveries of Senatore Marconi have
shown the important advantages of certain
short wavelengths for long distance radio-
telegraphy.

In one of Mr. Franklin’s specifications a
directive aerial is described comprising a
number of vertical wires arranged parallel
to each other and at equal distances in a
plane perpendicular to the direction of
propagation.

This aerial, under certain conditions of
construction, has remarkable directive pro-
perties which appear to depend essentially
on the phenomenon of wave interference.

The full mathematical discussion of this
aerial is rather complicated and has not vet
been given, but a certain reduced case can be
treated without difficulty which shows why
it is that such an aerial possesses these
important directive properties.*

For the sake of simplicity the only case
here considered is that in which each wire
Is supposed to be traversed by an electric
current which is at any instant in the same
direction all along the wire. The only
region in which the radiation field is con-
sidered is in the equatorial plane of the
wire and at a great distance.

Let Fig. 1 represent the plan of the aerial
and its reflector wires on which the inter-

* The chief British patent specifications of Mr.
C. S. Franklin on this subject are numbered Nos.
226246, 242342, 258942, 263943.

B2
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distarice 4 may be taken as halfa wavelength.
Suppose that the point P is taken on the
earth plane at such a large distance that
lines drawn from P to the various aerial and
reflector wires are very nearly parallel.

Let there be N such ‘aerial wires and let
y be the distance from one end wire to the
point P. Then the distances to the other
aerial wires from P are respectively

y, y+d sin 8, y +2d sin 8, etc.
y + (N—1) d sin 6.
Where 6 is the angle between the direction
to P and the normal to the aerial plane.

,'\ /
/
A = / //
/ 7 V) /
// ~. / // /
£/ / Ao /
/ / VLN
: / 7~ /
// 7 Fd)
~ueP
N,
/ VA XY ¥
A / 2 AER!AL/W!RES 3l / 2 LHIRY
T / / :
J é o
REFLECTOR WIRES 3 2 1
Fig. 1.

The magnetic field of each wire is propa-
gated as a wave, and is also inversely
proportional to the distance. Therefore at
a distance y and time ¢ may be considered

to be proportional to 5 stn (my—nt) where

m=2n/A and n=2x/T. T being the periodic
time and A the wavelength.

Since y increases step by step as we go
along the aerial we ought strictly to sum a
number of terms of the type

L sin (my—nt), — I sin[m (y-+dsin6)—nt]
Y

y+dsin 6
etc. But as the distance vy is very large
compared with (N—r1) d st 8, we can con-
sider the multiplier 1/y to apply to each
term and to be a constant. Also the direc-
tion at P of the magnetic field of each aerial
wire is practically the same. Hence the
resultant field at P is simply proportional to
the sum of the terms
sin (my—nt)+ sin [m (y+d sin 0)—nt]+ etc.

+ sin [m (y+ N—1d sin 6)—nt] ... (1)
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By a well-known theorem the series

sina, +stna+ f+sin o+ 28 + etc.

+osin (@t o—18) .. (2)
is equal to
Stn a+1\7:1§ sme
— 2.
sin

In our case o = my—ntand B =md sin §
Accordingly, if we sum the series of sines in
(1) and call that sum H, we have

H=sin l:(my—nt) + (N—1) w‘i sin 0:‘ g

where
g = :sin'ngsm 0‘-/31’% ™

a

X sin 0‘| (

4)
and H is proportional to the magnetic field
of all the aerial wire currents at P at a time {
and distance y.

In the next place we have to consider the
effect of the reflector wires.

The current in the aerial wires is a simple
sine curve current and creates a.magnetic
field of the same type. Trpe radiation does
not begin however until a distance of a
quarter of a wavelength from the aerial wire.
Hence the action of the current in the aeria
wire on the reflector wire is a purely inductive
action of its magnetic field.

When this field cuts the reflector wires it
induces in them a secondary electromotive
force proportional to the time rate of change
of the field at that instant at the reflecter
wire.

Owing to the inductance of this reflector
wire and its low resistance the electric
current generated in it lags nearly 9o°=m/2
behind the inducing electromotive force in
phase and as this inducing E.M.F. is go® in
phase behind the current in the aerial wire,
it follows that the induced current in any
reflector wire, as far as it is due to the current
in the aerial wire just in front of it is 180°
or = out of phase with it. In other words,
the current induced in the reflector wire is
in opposition as regards phase with that in
the aerial wire in front of it. It may
however be said that the current induced in
each reflector wire is due to the currents
in all the aerial wires to right and left, as
well as to that wire exactly in front of it.
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If, however, the aerial wires are spaced
half a wavelength apart and the reflector
wires also then a little consideration will
show that the aerial wires, taken pair and
pair on either side of one particular aerial
wire, nearly neutralise each other’s effect on
the reflector wire immediately behind that
particular aerial wire considered, since the
distances of each of those pairs differs by
nearly half a wavelength and therefore
their propagated magnetic fields are in
opposition as regards phase at the instant
when they reach the reflector wire considered.
Hence we may say that the current induced
in any one reflector wire is for all practical
purposes due only to the current in the
aerial wire in front of it.

Since the aerial and reflector wires are
only one-quarter of a wavelength apart and
are long compared with that distance, the
actual current induced in each reflector wire
is not only in opposition as regards phase
with the aerial wire current, but is practically
equal to it in strength.

We have then to calculate the resultant
field due to all the reflector wire currents at
the point P. Referring to Fig. 1 it will be
seen that the first reflector wire 1’ is at a

distance from P equal to 'y+2 cos 6 and

that the second reflector wire is more
distant than the first by a length d sin 6 if
d is the interdistance of the reflector wires.

Taking account of the phase difference
T'/4 of the reflector wire current and E.M.F.
creating it, we have the field at P due to the
current in the first reflector wire proportional
to

\

: A \ T
sin| m|y -+ = cos 8)—nlt— :I
[ T 4
or to

sin l:my—nt—}— 7—27 cos 0+ 2:]

Also the distances of the reflector wires
fromn P increase by steps d sin 6.

tlence, employing the same summation
formula (3) as in the case of the aerial wire
cuirents we have the total field H’ at P due
to the reflector wires given by

H'=| (my—nf +Z+Z cos 6

: a . F
+ (N I)ﬂ'/\SWL@:IG
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F sin‘\ N f:\i.sin 0

where S a4
Sin (o< stn 0)
K A , o (3)
Since the current in the reflector wires is
opposite in phase to that in the aerial wires
we have to subtract (algebraically) H' from
H to obtain the resultant current. The
above formule are difficult to employ
arithmetically except with certain limitations.
We shall, in the first place, consider that
the reflector wires and aerial wires are both
spaced apart by half a wavelength so that
d=A/2 and hence

T d stn 6 stn 0.

A

Also, to avoid merely mathematical diffi-

culties, we shall suppose that the distance A

Is an odd multiple of a quarter of a wave-
length, so that

A
=4
"3

Where [ is some integer.

Also we must select some epoch of time,
and we shall assume that ¢ = 27 where % is
some integer and .therefore cos #t=1 and
sin nt = 0.

In the next place we shall abbreviate these
formulae by writing

T
2

sin(NTsing\=F : sin <Zs17n0 =G;my=L;
2

g—{-gcos 0=Kand L + F—G=X

L+F-G+K=Y.
The formulee (4) and (s) then become

H=sin (X—nt)g; H'= sin(Y—nt)g
and
Htl' = L {sin(X —nt)—sin (Y—nt)}  (6)

Expand the contents of the bracket in (6)
and we have,
sin- X cos nt—cos X sin nt—
sin 'Y cos nt-+ ¢rs Y sin nt
or
(stn X —sin Y) cos ni—(cos X —cos Y) sin né.

For the epoch considered, viz., (=T
when cos nt=1, sin nt=o0, this reduces to

H—H'— g{szn X — sin Y} e (7)
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We have then reduced the formula to a
condition in which it can be used arith-
metically to predetermine the field of this
flat aerial at a distance great compared with
its linear dimensions.

For this purpose we shall assume that
N=30, that is, that there are 30 aerial wires
spaced half a wavelength apart.

The first thing is to calculate a table
giving the value of F/G for various angles (0)
from 0° to go° and for N=30.

This is given in Table I.

The next step is to calculate for the same
constants the value of sin X and sin Y.

390
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And take their algebraic difference. This is
done in Table II for various values of 6.
Meanwhile we can see at once the nature
of the radiation in three directions.
(i.) As regards the forward direction
perpendicular to the plane of the aerial. In
this case 8=o0. Hence we have

sSim - — Sins = 2.
2 2

For the same value § =0, we have F/G=N.
Therefore the radiation in a forward direction
is proportional to 2 N or to 60.

(ii.) In the next place consider the back-

i Ratio F/G
\
- - | . 7 sin (N " sin 0) 9
8 sin@ | sind N, sin 0 | sin (2 sin 0) sin (N sin 6) 2
sin (Zsin 0)
2
| |
— = - -~ - - Ll e~ w L —
o° o o o l o o ‘ 30.0 l o°
1° 0174 1 34: o 47° 0276 .7316 ‘ 2§.5 1:
2° .0349 3° 8 27" 94° 13" 48" | 0550 .9972 18.0 I 2
3° 0523 4° 42" 25" | 141° 12° 36" .0820 .6260 7.6 3°
3° 30 .0610 ° 30’ 165° " .0958 | 2588 2.7 3° 30
4 0697 6° 16’ 23 \ 188° 117 24" .1090 1427 —1.3 4
4° 30" | 0784 7° 3 | 213”42 |1227 5249 —43 4° 30
5° .0871 7° 50’ 207 | 235° 10" 127 1363 —.8208 —6.02 5°
10° 1736 15° 37° 26”7 | 468° 43 .2686 | .9469 3.52 10°
15° 2588 23° 17° 317 698° 45" 36" .3960 —.3624 —o0.91 15°
20° .3420 30° 467 48" 923° 24’ 5113 —.3900 \ —o0.77 20°
25° 4226 38° 20" 247 | 5141° 1’ 12 6202 8.740 1.41 25°
30° .5000 45° | 1350° , .7070 —1.000 l —1.414 3o:
35° -5736 51° 37" 26" | 1548° 43" 12 .7840 9469 , 1.21 35
40° 6428 57° 517 67 I 1735° 33" 36" .8465 | —.9o18 —1.06 40°
45° .707 63° 38’ 1908° 54’ .8962 [ .9460 ! 1.05 45°
50° .766 68° 56’ 24" | 2068° 12’ .9330 | -—.9994 —1.07 | 50°
60° .866 77° 56’ 24”7 | 2338° 12/ \ .9778 .0320 | .032 60°
90° 1.000 go° 2700° 1.000 ! o ] o° 9b°
We shall assume that ward direction. Then 6=180° sin 0=o0,

where [ is some integer.

Hence my == -+ l2m.  Since m = 27/A.
Y72

We have then to obtain the numerical
values of
sin [7—7 —}—N_I ™ sin 0]
2 2
and of

sin |:"+7T+Trcos 0 —{—N_Iyrsin 0]
2 2 '2 2

cos §—=—1, hence the radiation is

sin” —sin T =o.
2

There is therefore a complete projection of
the radiation forward and a complete pre-
vention of all radiation in the backward
direction.

Since radiation and absorption are always
proportional it follows that such an aerial
absorbs all rays coming straight towards the
aerial and prevents all waves from reaching
the aerial from behind the reflector. The
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combination is, in fact, a perfectly ‘‘ black
body " on the aerial surface and a perfectly
opaque or reflecting body on the opposite
side.

TABLE 11

X K ¥
9 1+N—stiuﬁ | "+ T cosy Z + +:c056’
2 2 2
|‘ + " xsing
e Sy S < S
o° 90° | 180° 270°
° 135° 26’ 180° 315° 267
2° 181° 57 21” | 180° 361° 5" 117
3° 226° 30" 117 | 180° | 400° 30" 11"
3°30" | 249° 30 130° 429° 30
W40, | 27155 180° 451° 55’
4° 30 294° 39 180° 474° 39
5° 317° 207 180° 497° 20’
10° 543° 5’ | 177° 20" | 720° 41’
15° 765° 28’ 177° 942° 28’
20° 982° 37’ 174° 30" | 1157° 7’
25° 1192° 40 48" | 171° 30 1364° 117
30° 1395° | 168° | 1563°
45° 1935° 167 | 153° 36" | 2068° 52’
60° 2350° 15” 135° | 2485° 157
90° 2610° | 90° 2700

Moreover, the reflection from the reflector
wires strengthens the effect in the aerial when
used as a receiver.

(iii.) In the third place, let us consider
the radiation along the plane of the aerial
wires that is for 6=go0°. Then sin 6—1
and cos 0= o.

The value of F/G or of

Stn <N;r sin 0 ',/sm 721- sin 0) for sim 6 =1
can be found as follows :—
[t is shown in books on trigonometry that

sin N _ N2—y .
Sk N cos ¢<I —7a S 24

+ (:\727_-4)1(:1\;2—162 o ¢
_ (N*—4) (N2;I6) (N2—36) sin® ¢ - etc.

If stn ¢ =1 and cos ¢ = o0, then
sin N ¢/sin ¢ is zero when ¢ is go®.
Therefore the value of F/G is zero for
8=o0. In other words, there is no radiation
in the direction of the plane of the aerial.
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To obtain the radiation in other directions
we have to consult Table II, which gives
it for various values of 6, and the last column
gives a series of numerical values which

my=" 4 [pp =L
2
stn XN—sin Y
; N-1__.
inT et “losing L
¥ A el F Radiation
G F [4

— sin —7r+’r cos ¢
. =18 From Table I.

- ¢ (sin X —siny)
.
+= T Sin 9] | I

2 30 | 460 o°

1.4 26.5 +37.1 1°
—0.038 18.0 - 0.68 2°
—1I1.45 7.6 —1II1.0 3°
—1.87 2.7 — 5.05 37 307
~—2.0 — 1.3 .+ 26 4
—1.82 — 4.3 + 7.8 4° 307
—1.36 -—— 6.0 I+ 8.16 5
+0.042 3.52 + o.15 10°
+1.39 — 0.91 — 1.26 15°
—1.90 | — o.77 + I.51 20°
+1.89 I.41 2.66 25°
—1.54 | — I.41 + 2.18 30°
+171 . 1.05 + 179 45°
“+o.4 \ 0.032 -+ o0.013 60°
+2.0 o o go°

may be taken to be proportional at a given
distance from the aerial of either the mag-
netic or electric force in the wave in that

60 r -

. ] [ ] T ]
t .
; -
& 50 — -
st
: |

[
z
5 g 40
g q

[
25 a0
@ <

=
o v
3 ) |
J - 20
<
2 ]
1]
E |
g 10 e t
o | l
S | |
E | |

0 10°  20° 30" 40° 50° 60° 70° 8o 90°
ANGULAR DIVERGENCE FROM GREAT GIRGLE LINE
Fig. 2.

azimuth. This radiation intensity for various
angular deflections is plotted graphically in
Fig. 2.

Now one thing shows itself at once from
these figures, and that is the rapid rate at
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which the radiation falls off for a very
slight angular deviation from the great
circle or normal line. Even two degrees
deviation in the case considered drops it
from 60 to 0.68. In other words, the beam
is very sharply defined. At a distance of
3,000 miles a length of 100 miles subtends
an angle of 2°. Therefore, such a beam
should not spread at 3,000 miles over more
than 100 miles, without falling to zero on
either side. As a matter of fact this is found
to be the case,

The next thing which is striking is that
after falling off to nearly zero at 2° deviation,
the radiation recovers again a little, for
greater deviation, and falls again to nearly
zero for 10° deviation. Beyond 10° it again
rises and then falls nearly to zero at 60°
and quite to zero at go”.

Thus there are a series of directions of
nearly zero radiation with intermediate
directions of decaying maxima. In short,
there are a series of inferference bands just
as shown in optical experiments.

Fach of the aerial wires is, in fact, like
an incandescent filament sending out mono-
chromatic radiation.

There is a well-known experiment of
Thomas Young in which two small holes
or slits in a metal plate placed very close
together are illuminated from behind with
monochromatic light. On a white screen
placed a little way in front of the slits are
then seen a series of bright and dark bands
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called interference bands. A point in front
at equal distance from both slits is a bright
band region. A little way on either side,
such that the distances from that point to
the two slits differ by half a wavelength
or an odd multiple of half a wavelength,
theré is a dark band with bright bands in
between.

There appears to be an exactly similar
effect in the case of a Franklin flat projector
aerial as above described. This is predicted
theoretically, and it could be tested prac-
tically by a ship with a single vertical aerial
wire moving transversely across the great
circle line of projection of such an aerial and
ascertaining at what distances from that
central line the wireless signal strength dies
away and revives again at rather farther
distances. It has been found by experiment
that such interference bands as predicted
theoretically do actually exist in the case of
this flat projector aerial. It has genc rally
been the custom to plot the radiation
diagrams of projection aerials in polar form,
as may be seen from the diagrams in the
Papers read by Senatore Marconi to the
Royal Society of Arts in the July 25th, 1924,
and December 26th, 1924, issue of their
Journal.

The plotting in rectangular form as here
given brings out rather better the interference
effects which present themselves in these
cases and are responsible for the sharply
marked beam properties of these grid aerials.

Laboratory Note.

An improvement on the “ Double Click” method of measuring the resonant wavelength of a circuit.

HE wavelength of a circuit, such as

I a coil with a condenser connected

across its terminals, may be measured

by the well-known ““ double click method,

the chief advantages of which are that no

subsidiary apparatus need be connected to

the circuit under test, and that an oscillating

wavemeter (* heterodyne ” wavemeter) is
the only instrument required.

The usual method is to bring the circuit

to be tested near a valve wavemeter, emitting
C.W., in the anode circuit of which phones
are connected ; on rotating the wavemeter
condenser through the resonant wavelength
of the circuit under test, clicks are heard
in the phones, and it is then assumed that
the reading of the wavemeter midway
between the clicks is the wavelength re-
quired. The method has two disadvantages :
first, the clicks only occur when the circuit
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under test is fairly tightly coupled to the
wavemeter, which 1is liable to cause
appreciable error in the wavemeter readings ;
secondly, when the coupling is, reduced as
much as possible to reduce the error, the
clicks are very faint, and can only be
distinguished with difficulty.

By the use of the grid-leak interrupter
effect described by F. M. Colebrook * a
much louder indication of resonance may be
obtained, with looser coupling.
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the usual method, it can literally be done
“with the phones on the table”: and
owing to the looser coupling that we can
now use, there is less likelihood of the wave-
length of the meter being affected by the
proximity of the circuit under test.

If the coupling between test circuit and
wavemeter is further loosened, the buzz of
the interrupter does not completely stop
when the resonant wavelength is passed
through, but the note of the  buzz ”’ changes,

(0000

—

Circuit of heterodyne wavemeier,

The figure shows the diagram of Mr.
Colebrook’s wavemeter, in which D repre-
sents the interrupter device. By reducing
the capacity of the interrupter condenser, a
point will be found where the interruptions
cease, and on increasing the capacity they
will start again. Adjust the condenser until
the interruptions only just restart (the
adjustment alters with change of coil F of
wavemeter), place circuit to be tested near
the wavemeter, and rotate wavemeter con-
denser through the resonant wavelength of
the circuit under test, when it will be found
that the interruptions suddenly cease over
a portion of the wavemeter scale roughly
corresponding to the space between the
‘“clicks ” of the usual method. By loosen-
ing the coupling between wavemeter and
test circuit, the width of this ** silent space ”’
can be reduced to about half a scale division
of the wavemeter. The “silent space” is
much easier to hear than the ‘‘ clicks ”’ of

* Design for a Wavemeter,” Wireless World,
6th October, 1926, p. 481.

it becomes ““ woolly " and drops a semitone
or two. The wavemeter condenser should
have some form of fine adjustment, or this
may be missed, as it only occurs over a very
small portion of the scale. The interrupter
condenser needs careful adjustment to pro-
duce the effect with the minimum possible
coupling. A little practice is needed to
distinguish the flattening of the “ buzz
note, it is not so obvious as the complete
cessation of sound with closer coupling, but
it is far easier to distinguish a change of
pitch of a loud note than it is to hear the
very faint “ click "’ of the usual method.
While no measurement of this sort can
claim to very high precision, it is suggested
that the use of the Colebrook interrupter in
the manner described increases the con-
venience of the method considerably, it
should also increase the accuracy owing to
the looser coupling employed ; a probable
error of } to I per cent. may be expected,
which approaches the inaccuracy of a

commercial wavemeter.
C.R.C.
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The Exact and Precise Measurement of Wave-
length in Radio Transmitting Stations.

By RAYMOND BRAILLARD, FEngineer A. & M., E.S.E., Advisory Engineer of Radio-Belgique,

President of the Technical Commission of the Union Internationale de Radiophonie ;

and EDMOND

DIVOIRE, Engineer A.LBr., in charge of classes at Brussels University, Secretary of the Technical Commission
of the Union Internationale de Radiophonie. .

(Continued from page 330 of June issue.)

Description of Wavemeter (continued).
B. Indicator Circuit.

N order to form an idea of the way
lin which the adopted arrangement

behaves, it is useful to place the problem
in equation form.

Fig. 4 shows the resonant circuit, Circuit
No. I, and the indicator circuit, Circuit
No. IL

RESONANT CIRCUIT

~
E PICK UP
CIRCUIT
M
o
011 Ly Ly Ry
———\vavvvvv—-—————%
R‘l

Fig. 4.

We will call E the effective electromotive
force in the resonant circuit; we will say
that it is constant, seeing that in principle
the reaction of the wavemeter on the
transmitting station to be measured should
be negligible.

We will also assume that the direct
induction between the transmitter and the
indicator circuit is inappreciable (which is
true) and consequently that there is mno
electromotive force acting in this circuit
other than that induced by the primary
(resonant circuit).

We will call M the coefficient of mutual
inductance.

Under these conditions, the equations of
electrical equilibrium of the two circuits

read as follows, adopting imaginary anno-
tations for the purpose :—

E=Il[j e +R1__]+ij12
\ wC

0 = I,[jLww + R:) 4 MwjI,

1

Whence we derive, eliminating I :-

. M2w2 )
g = L,—-L, |
E IL[]w(\ ' L22w2 + R-:Z /
_ ] R J[zfuz \
wC1+ fn 2L22w2+R22

The coefficient jwl is the apparent self-
inductance of Circuit No. I; itis composed
of two terms: L,, self-inductance, properly
so called, of such circuit, and

_ e
*Lew? + R
which, representing the supplementary self-
inductance carried into I by the reaction of
II, we will call equivalent self-inductance of

Circuit I1.
Likewise,

R1+R2

L

Mz2w?
L'22w27 + R,

the apparent resistance is made up of Circuit
I's own resistance and the equivalent
resistance of Circuit IL

L,, R, and C,, being defined as we have
said above, we have now to find what are
the most favourable values of R,, L, and M.

The first consideration is that of decre-
ment : it is necessary that the equivalent
resistance of Circuit II should be as low as
possible.
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Now, in examining its expression
R, Mro?
2w? 4 R,2

we see that it is necessary to have M small
and L, large. As for R,, we may bear in
mind that, for R, varying from o to infinity,
the above expression starting from o will
go through a maximum corresponding to the
equality of the two terms of the denominator
to revert again towards o.

There are, therefore, two interesting solu-
tions; but there is a further consideration
which is more important for a wavemeter,
and that is the necessity of a strict con-
stancy of standardisation.

Now, the value of R, does not always
remain constant; we know, as a matter of
fact, that on one hand the resistance of a
lamp of the four-volt type varies with inten-
sity of current flowing through it (it may
go from 3 to 4 ohms at dark red to 7 to 8
ohms at bright red). On the other hand,
if we use thermoelectric couples the re-
placing of one couple by another gives rise
almost inevitably to differences in resistance.

It is necessary, therefore, to ward off
such variations and consequently to choose
for 'R,, L, and M wvalues such that they
should give above all a self-inductance
equivalent to Circuit II as little dependent
as possible on R,.

The equations permit us to draw the
equivalent resistance and self-inductance
curves as a function of R, for various values
of M and L, and we can thus form an
approximate idea of the most favourable
values to be adopted.

Nevertheless it has been deemed prudent
not to be content with this theoretical
tracing and to plot the curves in question
experimentally.

We will not enter into details of this work,
which is long and critical, in view of the
extremely low variations of resistance and
self-inductance which we have to measure ;
we know the difficulties involved in these
high frequency measurements.

We will confine ourselves to pointing out
that the measuring instrument used was
an amplifying triode voltmeter of the type
built by the Cambridge Instrument Co.,
under the name of the Moullin voltmeter.
This instrument, which is a very sensitive
one, has the great advantage of not affecting
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in any great degree the circuit characteristics.
All we need bear in mind is its resistance.

For measuring resistance a concurrent use
is made of the method known as * resist-
ance variation ' including in the circuit
difterent known resistance values, and the
method known as ‘‘reactance variation ”
making use of the properties of the resonance
curve where such is possible, that is to say,
when circuits comprise a variable condenser.

We will not enlarge on this work, which is
well known.

R, IN OHMS
AN

50 10

45 09

coiL| ]

| | & €o; P
O)O ™ I ’ [ 6 ' ]
‘ S O ~IT ¢m COIL
oL LI 1 %y M =Fqyfem ol

12 3 4 5 6 7 8 9 10

We give, by way of example, in Fig. 5
the results of measurement of the frequency
of 1,130,000 cycles (265.5 metres wave-
length).

We there differentiate between the curves
giving the value of equivalent resistance of
Circuit II acting on R,—which is the proper
resistance of such a circuit and shows a
maximum, as has already been foreseen —
and curves giving the value, not of self-
inductance but rather the increase of wave-
length, involved in the wavelength of Circuit
I by the presence of Circuit II (these different
curves are plotted as a function of R,).

These curves have been drawn for various
diameters of winding, forming the inductance
L,—the distance between the two coils
remaining constant.

The values of 3 and L, have not been
measured in each case, but they are of the
order of 1 to 3 microhenries.
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The value of R, is about 3 to 5 ohms,
that of L, 105 microhenries.

The examination of these curves shows
that for a winding of 7.5 centimetres dia-
meter (value adopted) a variation of K.
between 4 and 7 ohms involves a variation
of wavelength lower than 2.5 centimetres
or 1/10,000 of the wavelength to be measured.
As for the supplementary resistance brought
into the circult it is lower than 0.15 ohm
and does not vary more than 0.05 ohm.
It is obvious that we might have been able
by increasing R, in some way or another,
or by diminishing L.and M, to get even
better conditions. But we must not lose
sight of the fact that a diminution of current
I. would be the result, perhaps sufficient to
stop the lamp from glowing even at a dull
red. This could only be got over by tighter
coupling to the transmitter, which would
involve undesirable reactions.

The wavemeter, being intended eventually
to measure the wavelength of stations not
having more than 200 watts power, and
the 3.5-volt glow lamp requiring a current
of 100 to 150 milliamperes to heat the
filament to dark red, we must therefore
confine ourselves to these limits.

Let us point out in passing that the
thermocouples supplied with wavemeters
have a resistance on the high frequency
side of 5 to 7 ohms, approximately equivalent
therefore to the resistance at dull red heat
of the filament of a pocket lamp, which
ensures constancy of standardisation no
matter what system of indicator be used.

C. Method of Standardisation—Precision of
Measurements.

Standardisation of these wavemeters has
been carried out in absolute values by means
of a method derived from the use of an
instrument studied by Messrs. Abraham
and Bloch* and well known under the
name of ‘‘ multivibrator.”

We tune the fundamental frequency of
the multivibrator to a tuning fork. This
tuning fork as a rule produces the note
C” (1,024 periods). Another triode oscil-
lator of any given type is tuned in by the
beat-method to successive harmonics of
the multivibrator. We thus get a series of

*See description in the book ‘“High Frequency
Measurements ~’ by Armagnat and Brilloin.
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known frequencies which we can use to
standardise the wavemeter,

Should the multivibrator not produce
sufficiently high harmonics the operation
indicated above is repeated using an ordinary
heterodyne. In this case the first hetero-
dyne plays the part of a multivibrator with
a high fundamental frequency, and a second
heterodyne serves to select harmonics by
the beat-method.

It is this last-named procedure which we
have used, seeing that the frequencies which
interest us extend from 500,000 to 1,500,000
cycles, while the multivibrator does not
allow of use being made of harmonics above
the 175th or a frequency of 175,000 approxi-
mately.

Arrangements Used. (See Figs. 6 and 7.)

We do not propose to describe in detail
the apparatus used; we will confine our-
selves to giving a few short notes as to the
precautions taken to secure an accuracy
of standardisation of the order of 1/10,000.

(@) Tuning Fork and Multivibrator.

Generally it is sufficient to compare from
time to time the fundamental note of the
multivibrator with that of the tuning fork
by the beat method.

There is a risk of the fundamental period
of the multivibrator varying a little, in the
intérval between tests, due to Dbatteries
dropping in voltage, etc. That is why we
have used a method already described,
which consists in maintaining the multi-
vibrator in synchronisation with the tuning
fork during the whole working time, by the
following procedure :—

The tuning fork is kept vibrating by one
or several triodes in the well-known way,
and the secondary of a transformer connected
in the plate circuit of the multivibrator. The
primary of the transformer is connected in
the plate circuit of one of the several triodes
used to maintain the vibration of the tuning
fork. In this way, when the multivibrator
js adjusted approximately to the tuning
fork frequency, a synchronising effect occurs
which tends to pull into step the fundamental
frequency of the former, this effect occurring
even within broad limits of mistuning.

A word of precaution, however, is neces-
sary. The maintaining of a tuning fork by
a triode gives rise to a very slight variation
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of its natural frequency. That is why we
compare, from time to time, the note of the
maintained fork with that of a fork mounted
on its resonance case, whick forms the real
standard instrumend.

We have thus been able to observe that,
due to the heating of maintenance triodes,
the period of the maintained fork may vary
by several points in 100,000.
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We have thought it to be indispensable
to carry out an experimental test of the
theory, and we have carried out a series of
tests at different temperatures : these showed
that the theoretical law was correct, at least
within very wide limits (from 15 to 25 degrees
Centigrade approx.).

We have therefore enclosed the main-
tained fork and the standard fork, used as a

QUARTZ
RESONATOR_ VALVE MAINTAINED
| 1 i TUNING FORK
! b | THERMOMETER
e al
| : f 1
] 1]
Y o i !
! AN | i '
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! ' o i | STANDARD
H ) MULTIiVIBRATOR i “T——TUNING
i 3 M o o i
| | oMo " ! FORK
e == L _J e e e b b e Y
= T —
HETERODYNE % é % HETERODYNE
H1 [ 5 Ho

S

+O

6 VALVE
lo AMPLIFIER

WAVEMETER TO
BE CALIBRATED

Fig. 6.

The standard fork, whose frequency is
1,024 (C”) has been standardised to within
1/10,000 at the Conservatoire of Arts and
Crafts. It is of steel, as we have not had
time to get a special fork made of allov
with a very small coefficient of expansion,
and we must therefore allow for a certain
working temperature variation.

Theory shows that the period of a fork is
inversely proportional to the square root of
the coefficient of elasticity, this varying with
temperature according to a linear law, at
least within the limits which interest us, and
that the coefficient of variation is of the
order of 2.4/10,000 per degree Centigrade ;
whence it results that the period varies
1.2/10,000,

|l

Cireuit arvangement used for wavemeter calibvation.

check, in a case lagged internally with a
thick layer of felt so as to keep a uniform
and sufficiently constant temperature during
measurement. This case was fitted with a
thermometer so that it was convenient to
read the temperature and deduce therefrom
the corresponding correction coefficient.

Local Oscillators H, and H..

These two instruments are completely
screened, so as to avoid stray effects which
might modify the transmitting constancy ;
the control condensers have geared-down
controls. As a means of control we have
coupled up to H, a piezo-electric resonator
of the Loewe luminous quartz crystal type.
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This resonator has been standardised to
210,000 by the Reichsanstalt Laboratory,
Berlin.

The principal use of this resonator is to
test, from time to time, by a rapid method,
the vield of harmonics of the multivibrator.

The beats between these harmonics and
the fundamental waves of H, and H, are
picked up and amplified by an arrangement
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measurements by keeping the various instru-
ments working simultaneously, so as to
ensure that inevitable reactions between
circuits may not modify the period of the two
others, if one of the oscillators is switched
off.

This method of procedure requires much
attention and a certain amount of experience
in beat measurements, but it has the great

iy
=0

Bad
L

Fig. 7. A corner of the laboratory arranged for wavemeler calibration.

consisting of a 4-stage resistance-coupled
amplifier of the Brillouin type, followed up
by a 2-stage L.F. amplifier.

This amplifier is sufficiently sensitive ‘to
pick up, without much difficulty, beats of
the order of 4 to 10 per second, either side of
the silent point of the beat between M and
H,, and beats of the order of 50 to 0o cover-
ing the silent point between H, and H,.

We are accustomed to carry out these

advantage of allowing a constant control of
experimental conditions and so avoiding
certain causes of error.

Standardisation of Wavemeter on
Fundamental Wave H,.

The indicator circuit of the wavemeter is
fitted up with a thermocouple having an H.F.
resistance of 7 ohms (corresponding therefore
to the normal working resistance), and of
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which the sensitiveness is 5 millivolts on open
circuit for 20 milliamps H.F. ; the galvano-
meter used was of the Cambrldge unipivot
type.

We can in this way get a long extension
lead to the measuring instrument without
any appreciable reaction on hererodyne H.,.

The resonance point is not found by
observing the peak of the resonance curve,
which is always a trifle inaccurate, but bV
finding two points of equal ‘lmphtude on
either side of it, a procedure which gives all
the accuracy desired and can be adopted,
thanks to the stability of working of # ,.

Accuracy of Wavemeter Standardisation.

Different causes of error arise as follows ;—

(a) That due to standardisation of the
tuning fork.
The error due to the tuning fork is
lower than 1/10,000, according to certified
standardisation.

(0} That due to inaccuracy of successive
operations above described for producing a
standardised wave.

The production of a standardised wave
comprises several operations :

I. Reading the thermometer with a
view to estimating the temperature cor-
rection, the accuracy being about 0.2° C.
This, therefore, gives us an error of
2/100,000 in estimating the frequency.

2. “ Pulling” of multivibrator by
maintained fork ; error, o.

3. Tuning of H, on a harmonic of
multivibrator. Approximate error, 1 to 2
beats per 150,000 average, or 2/100,000.

4. Tuning of H, on a harmonic of H,.
Approximate error, 10 to 20 beats per
500,000 to 1,000,000, or an average of
3/100,000.

(¢) That which arises in adjusting the
wavemeter to the standardised wave.

Effect on wavemeter heing standardised :

1. Accuracy of resonance reading.
Iet us suppose that we find the resonance
point by means of two readings of
equal amplitude on either side of the
resonance curve (see Fig. 8).

We know for this position we have :—

™ fx—fz
z [,
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determining the comparative width of
resonance curve.

Now = 0.016
whence 17 7 Je _ 0.0T approx.

As this width may be appreciable at
about 1/75, thanks to the steepness of
the two sides of the curve, this gives us
an error of appreciation lower than
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1.5/10,000 (as is shown by Fig. 8§,
representing the resonance curve of
wavemeter considered above).

2. The error in reading the graduated
scale may be valued at 0.8 of a degree,
t.e., at an average of 0.8/10,000.

(d) Lastly, that which may arise from
an accidental modification of the geometrical
dimensions of instruments.

Care has been taken never to deliver
an instrument which has not been standar-
dised twice by two different observations,
at several days’ interval, so as to eliminate
systematic errors of observation, as well as
those which may arise from the fact that
different parts of the instrument may not
have yet acquired their state of molecular
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equilibrium owing to various processes
carried out. As to ulterior modifications,
they do not appear to be appreciable
according to tests carried aut up to the
present.

For instance, we may quote the case of
the wavemeter of Radio Belgique Station.
After having timed the station by means
of this instrument, we brought the instru-
ment to our laboratory and completely dis-

Fig. 9.

mantled it, including the condenser. This
was later re-assembled and re-standardised,
when it was found that the new standar-
dised curve coincided practically with the
first.

To recapitulate the various causes of error,
we find that the error lim:it of standardisation
is—

I(1042+41+15+8)

100,000
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or about 4
10,000

As to the probable error, it is

- 2 2 2 | n2 2 2
100,000 \/IO 2241032 +150 48
or about 2
10,000

(1%

Showing the standavd wavemeicy instaled in the Radio-Belgigue station at Brussels.

Now, as each standardisation curve is
formed by half-a-dozen points, we may
admit that it is exact down to less than
about

2
10,000

As to the order of accuracy of measure-
ments which we may expect of this wave-

meter, it evidently depends on the indicator
used.

www americanradiohistorvy com
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If this is 4 thermocouple with a milli-
voltmeter, an experienced observer can get
an accuracy of 1.5/10,000, as we have shown
above ; if it is an incandescent or glow lamp,
the accuracy is not more than 2 to 3/10,000,
according to the operator’s ability, and
according to the degree of incandescence of
filament.

Influence of Surrounding Atmosphere.

It is possible to assess theoretically the
moditication of standardisation involved due
to temperature variation.

As far as the condenser is concerned, we
can easily see that its capacity depends
directly on the coefficient of linear expansion
of the aluminium, or a variant of 2.3/100,000
per degree C.

As for inductance, we must first of all con-
sider that the coefficient of expansion of
copper (1.9/100,000) neighbours on that of
aluminium, so that the sections of the coil
forming the facets of the hexagonal prism
will expand about the same amount as the
aluminium stars forming the bases, and

consequently the surface of the coil will grow

but not show any deformation.
The wavelength of the circuit varies

therefore as
3
(r+ o)
100,000

The result of this is a variation of 3/100,000
approximate per degree C., which it is easy
to allow for on standardisation curves.

We have started a series of systematic
experimental researches intended to verify
our mathematical accuracy. Nevertheless,
as these tests are very critical, owing to the
accuracy of measurements to be carried out,
and also the presence of numerous causes ot
error, we have not yet obtained results which
are sufficiently trustworthy.

Stray Electrostatic and other Effects.

The wavemeter is remarkably well shielded
from stray effects depending on the presence
of the observer, due to the careful lay-out,
in which the various components are mounted
on a metal panel which is connected to earth,
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and to the condenser, of ahich 'the outer
electrode forms a screen. This encloses the
moving plate as well as the dielectric.

Investigations carried out to study the
effects of the observer’s movements, and
particularly his passage between the wave-
meter and the transmitting circuit, have
shown us that the variations at resonance
point resultant therefrom do not arise, as
one was tempted to suppose, from a modi-
fication of the standardisation of the instru-
ment by the stray effect of capacity, but
really from the modification of the transmitted
wavelength, due to the presence of the body
of the observer.

This effect is even appreciable in stations
with a power of 1,500 watts to the oscillators.

Conclusions.

We think we have shown by this paper
that the problem of the exact and accurate
measurement of wavelengths of broadcasting
stations may be solved in an industrial
manner by the aid of simple and handy
instruments.

Fig. 9 shows the installation of the wave-
meter above described in Radio Belgique
Station, Brussels. It is titted close to the
independent oscillator circuit which fixes the
wavelength (drive circuit).

It is extremely easy for technical experts
on duty to correct the wavelength trans-
mitted by adjusting the variometer of this
circuit, and by observing the glow of the
diminutive glow lamp on the wavemeter.

Accurate daily measurements taken at a
distance on nearly all of the European
stations controlled by such wavemeters, show
that the constancy of wavelength transmitted
may be easily maintained at about 3 to
4/10,000, no matter how few operators pay
attention thereto, and that stations afford
the requisite technical qualities, as to stability
and accuracy of wavelength adjustment (in-
dependent oscillating circuits, variometers,
etc.).

There is no doubt that such solutions will
soon be imposed in all branches of radio-
electrical applications, by reason of the
incessant multiplication of transmitting
stations.
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Design and Construction of a Superheterodyne
Receiver.

By P. K. Turner, AMILE.E.
(Concluded from page 348 of Jume issue.)

the LK. output and the detector, there

is rather more to say. Fig, 24 shows
the simplest possible form of this. The first
point to be realised here is that the I.F. trans-
former must be different from the others.
They have had, as a secondary load, the grid-
filament circuit of a biased valve, of an
impedance (at 3,000 metres) probably some-
where between 0.1 and 0.5 megohm. This
one is loaded with a crystal which, if galena
is used as in this case, is probably in the
neighbourhood of 10,000 ohms. Conditions
of efficiency obviously dictate a smaller
secondary. Theoretically, this secondary
should be to the others as the square root of
its load is to theirs-—say about one-fourth.
But the matter is slightly complicated by the
question of reaction.

It was desired to include reaction over the
intermediate amplifier, and one’s first in-
stinct was to arrange the circuit as in Fig.
25. DBut reflection indicated that this was

COMING next to the stage comprising

TO REACTION
CoiL

TO st LF
TRANSFORMER
PRIMARY =1
Fig. 24. If no I[.F. re Fig. 25. dn obvios

reaciion civcuil, but not
likely to be successful.

action is lo be used, this
civcuit is corrvect for the
2nd detector.

not likely to work well. The transformer is
tuned to the working frequency, and there-
fore, it, with its tuning condenser, will behave
as a rejector. That is to say, that it will
offer a very high resistance to this frequency ;
hence the I.F. current in the anode circuit

as a whole is very small, although there will
be comparatively large I.F. currents circu-
lating round between the primary itself
and its condenser. But the reaction coil of
Fig. 25 is not within this * circulating
circuit,” so it will only have a minute L.F.
current, and hence will not be very efiective.

An alternative is that shown in Fig. 26,
in which the reaction coil 4s included with

To - 7o
EAGTION REACTION
GOIL COILc ©
0'005';'
ﬁ"?y
TO
0003 mfd | 1st
L.F PRIMARY
Fig. 26. This is a Fig. 27. Heve we have

the veaction civcuit finally
adopted, which proved
very satisfactory.

move satisfactory reaction

arvangement than that of

Fig. 25, but it is still by
no means the best.

the transformer primary within the scope
of the tuning condenser. It must, of course,
be remembered that in this set it is proposed
to operate all the condensers by a mechanical
connection, so that the etfective inductance
across each must be the same. Now the
effective inductance of the transformer
primary depends on its load. If we leave
the secondary rather too large, so that the
crystal acts as a bigger load, comparatively,
than the valves in the case of the other
transformers, the effective inductance of
the primary will be less, so that the condenser
will still tune, even with the extra inductance
of the reaction coil.

But we are still in a difficulty, for any
change in the reaction coil will upset the
tuning, and it is practically impossible to
say, before completing the set, what coil
is required, so that we want to be free to
change it if necessary.
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To meet these conditions, we tried, as a
new experiment, the circuit of Fig. 27, which
has been a complete success. The trans-
former secondary was re-wound to one-half
its former turns, which means that any coil
used for reaction only affects the tuning one-
quarter as much as it would if used as in
Fig. 26. It might be thought that the
current in the crystal circuit would be too
small to give effective reaction with a
reasonable coil, but—at any rate with a
galena detector—this is not the case. Quite
a small coil (of the order of 50 turns) is
needed, and the effect on tuning of a change
In the coil seems quite negligible.

As to the detector itself, I never had any
intention of using anything else but galena.
This hinges on the fact that with the right
holder, or detector, from the mechanical point
of view, galena is perfectly stable and simple
to handle, while its efficiency as a trans-
former of energy is on the average higher
than that of the other types that I have
measured. Many of the various brands of
galena on the market average over 50 per
cent. efficiency, occasional samples ranging
up to over go per cent., while other crystals
seldom, in my own experience, average above
30 to 40 per cent., these percentages being
input power to actual useful power in the
output transformer.

Further, galena has two useful character-
istics in connection with distortion. First,
its characteristic is very often practically
straight above the bend, which, as shown
by Colebrook,* is a necessary condition for
distortionless rectification of telephony.
Second, it has a low apparent output resist-
ance. This means that the output impedance
of the transformer primary is likely to be
much larger than the output impedance of
the crystal at all working audio-frequencies,
which in turn, means greater freedom from
distortion in this transformer.

I have set in italics a few words above on
the matter of the ‘““holder” or detector
in which the crystal is arranged. It is bad
mechanical arrangement here that is the
cause of just about one-half of the present
neglect of crystal rectifiers—the other h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>