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ILABORATORY EQUIPMENT

Illustration shows a group ot Standards and Measuring Instruments recently supplied by us to
a lea ling British firm, manufacturing Low Loss Coils and Variable Condensers, for use in their
London Research Laboratory. All are of *“G.R.” make, except the two meters. Extreme left :
Three Inductance ‘Standards;
Left, Capacity Bridge with Decade
Resistance ; Centre, Vacuum Tube
Beat Frequency Oscillator; Right.
Decade Bridge; Extreme right,
Audio Oscillator and another
Inductance Standard.

We have a complete range of
Electrical and Radio Research
Laboratory Measurement Instru-
ments. The demand now is not
“how cheap’’ but *“‘how good,” in
regard to radio components. Only
those firms who are prepared to
turn out components of real
efficiency, and thoroughly capable
of advertised performance, robustness, long life, etc., will survive the next season or two. To this end we respect-
fully direct the attention of the manufacturing trade to the COMPLETE RANGE of“ G.R.” Laboratory Instru-
ments. We have already supplied many leading British Firms and Government Research Departments, many
G.D.0. Radio Research Stations, etc. ~ All enquiries will receive the personal attention of our Managing Director, Mr. C. L. Lvoxs, MEMBER
IR.E., and will be treated with the strictest confidence.

To Amateurs and Home Constructors : Catalogus of over 130 “G.R.” advanced Ridio COMPONENTS sent, post free, on request. In view of the
above announcemenl it will be readiy wnderstood wiy ‘“G.R.” Componznts are both diff :vent and better. It yaur local Stockist does not handle
“G.R.” Parls, we will send themn post free on veceipt of vetail price, per return. “G.R.” Parts cover lhe whole fizldi. Do not purchase any
components fer your New Receiver, Eliminator, etc., elc., uniil you have studied our Catalogue. Noi only a Catalogue, bu! an education,

CLAUDE LYONS Ltd., 76, Oldhall Street, LIVERPOOL. & {50
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| } STANDARD TABLES
OF WIRELESS and EQUATIONS in
TECHNICAL TERMS RADIO - TELEGRAPHY

Definitions of Terms and Expressions By Bertram Hoyle, M.Sc.Tech., A.M.I.E.E.
commonly used in Wireless
Telephony & Telegraphy HIS BOOK is extremely valuable
to the advanced radio worker. It
Compiled bv S. O. PEARSON, B.Sc., AM.LE.E B saves time and ensures a high degree

of accuracy in working out all the
necessary mathematical calculations after

For all those experimenters and research o}l‘btainiglg ex}?erimenta[ dl:la. Mglr"y},(g
workers who are accustomedtto read widely e B lave nfever e?n pu 5 e”
e BICHONRRY prra ]
o ELESS TECHNICAL TERMS e .

will prove a valuable little book of handy gbdsf)luteéy aTc}c‘uratel within tge blmcllllts
reference. The volume is well-illustrated "; lf,ale . € volume 1s un Eu t;: y
and can be recommended to every young ° dt' ¢ greale}:t EREENES (D (9 15Uy

student, radio research worker.
PRICE 2/- BY POST 2/3 Price 9/- Post Free 9/5

From all leading booksellers or direct jrom : Obtainable from the Publishers of

ILIFFE & SONS LTD., ‘ “ EXPERIMENTAL IWIRELESS"

Dorset H
ocset House, Tudor Steeet, London, E.C4 ILIFFE & SONS LTD., Dorset House, Tudor St., London, E.C.4.

Kindly mention ** Experimental Wireless ™ when replying to advertisers.




THZ WIRELESS ENGINEER October, 1927

gou have been
.\ Wwaiting for —
‘and the label
you should look
for on every
Mullard PM
product

NEW VA

»

B\ \\

Now a 2 volt super-power valvewith the
wonderful Mullard P.M. Filament!

‘This new 2 volt super-power valve completes the
series of 2 volt valves. It is the only ene of its
kind and in the last stage of L.F. amplification
handles powerful signals with ease, giving pure,
majestic volume. Every user of 2 volt valves will
welcome the improved reception given by this
new Mullard Master Valve.

TheMullard P.M . 252+:.20/-

Attached to this and to every Mullard P.M. product
is the Mullard label,;your assurance of satisfaction.

THE -MASTER - VALVE | 6 16 and 16

Sept. 24 to Oct. 1

Advt. The Mullard Wireless Service Co., Ltd., Mullard Honse, Denmark Street, London, W .C.2
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White Line
Valve Holder

A great advance over all pre-
vious types of ~ Springy " valve
holders. Inter-electrode capacity
is reduced to a minimum and is
constant. Thus the " Whiteline ”
holder is admirably suited for
super-heterodyne and short-wave
receivers.  The springs are so de-
signed that while the initial
amplitude to any given shock is
as large as required, the damping
is quick and genile. Made of
genuine Bakehte and supplied
wit_h terminals soldering tags and
fixing screws. Overall dimensions
of base 1% ins. square.

25/-
io THE " WHITELINE” FOR

giving 18, 13, 360

anl 6 to 1 SAFETY
List 286 27/0 LIST 282 2/3
Also LOW UNIVERSAL D¢
FREQUENCY OUOKL Send 11d. in stamps for the new CHORKE
Lisi 257 20/- Bowyer-Lowe Catalogue List 258 9/

7 a:ag Z E{u;ﬁ‘,\
723 >

A BOOK THAT. EVERY EXPERIMENTER
SHOULD HAVE

“THE BOWYER-LOWE STANDARD
7 & &Valve SUPER-HETERODYNE’
How o Build and Operate
By A. E. BOWYER-LOWE
Price 2/-

Send your remittance for a copy to-day
BOWYER-LOWE CO., LTD
LETCHWORTH
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Regulation
of voltage
by means of

WESTON

Instruments
gives improved
reception

To obtain maximum results from your receiver
you must be sure that the H.T., L.T. and
G.B. voltages are regulated correctly. Foran
exact measurement of these variable voltages
use a Weston Pin-Jack Voltmeter with high-
range stand. Only the Weston standard of
accuracy and reliability is sufficiendy fine to
be of any use for such measurements.

The Weston free booklet “Radio Control” explains
the necessity for accurate electricalcontrol of yourradio
receiver and gives much helpful advice. Let us have
your name and address.

MODEL .506 Pin-Jack Voltmeter complete with
high range stand and testing cables £2:10 : 0

WESTON

STANDARD THE WORLD OVER
Pioneers since 1888

Weston Electrical Instrument Co. Ltd. ;
15, Ge. Saffron Hill,
London, EC. 1

- 2. O . b ' . .
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RESISTANCE
W i \ CAPACITY
| el \ COUPLER.

-
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PARBEREA)

WS B ow BAB® @ o

TYPE A—Suitable for use after Valves
with .C. Resistance (Impedance) of
15,000—40.000 ohms .. 20

TYI’E B—Suitable for usc after Valves

with  A.C. Resistance (Impedance) of ~VE T IBE & 8t % 2722 8 388 8 P38 0% 251 § 553
30,000—100,000 ohms .. .. 22/6 10 20 200 500 1000 2000 5000 10000
Write for our new Booklet ““Low Frequency Uniform Amplification at all frequencies
Amplification.”  Price 1/- The efficiency of this perlectly designed component is backed by the authoritative
y/ p g P y

seal of the National Physical Laboratory.
The new R and Varley Resistance Capacity Coupler is beautifully finished,
and every detail is perfectly matched and accurately balanced.
We have specialised in every form of L.F. Amplification, and invite you to write
for our leaflet “ L.F. Transformers” (free), giving particulars of our new
Straight Line Super Transformer.

THE MARK OF BETTER RADIO

Kingsway House, 103, Kingsway, London, W.C.2. Telephone : Holborn 5303
Kindly mention " Experimental Wireless” when replying to advertisers.
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‘‘F Type
Transformer

R

H.F. Choke

L.F. Choke

“F*» Type Transformer.

A successor to the popular “ E’’ Type L.F. Transformer. Con-
siderable improvements in design although the same external
appearance. Ratio3}:1. Anexcellent Transformerata moderate
price. Price 16/-

Power Transformer for H.T. Supply Unit.

A highly efficient Transformer suitable for full-wave rectitication
similar 1o those employed in the well-known Igranic H.T. Supply
Units. Suitable for operating off A.C. to the voltages and aperiodics
stated. Separate winding giving 4 volts forlighting filament of
Rectifying Valve. Output, 250 volts to each anode, 75 milliamps

100-110 and 200-220 volts A.C., 40-60 cycles.

115-125 amd 230-250 volts A.C., 40-60 cycles Price £2 5 0

*G” Type Transformer.

The latest lgranic L.I°. Transformer. A notable advauce on
anything previously produced. Has exceptionally large iron
core and a very high primary inductance. Made in two ratios
3.6:1 and 7.2:1. Former for first and single stages and the
latter for second stages. Price 30/

Some interesting
booklets on radio
matters can be
obtained by
writing us for
publication J.289

a postcard will
bring them.

\—/‘
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‘*G* Type Transformer

The Family Seven

Not another Igranic Circuit but the range
of Igranic Transformers and Chokes.

Birmingham, Bristol,

Power
Transformer

Smoothing Choke for H.T. Supply Unit.

Has high inductance and very effective for smoothing purposes.

Completely enclosed in an attractive metal shield with suitable

terminals. Specially suitable for use with Power Transformer.
Price 25/- each

“ 0,0 (Choke Capacity) Output Unit.

A filter for use after the last valve of a receiver. Prevents anode

current passing through loud speaker, thus protecting its windings

and preventing demagnetisation. Improves quality. Prevents

low frequency oscillation. Long loud speaker leads permissible

Price £1 1s. 6d.
H.F. Choke.
An exceptionally compact H.¥. Choke. lffective from 3,000
metres to lowest broadcast wavelengths. Very small external
field, low self-capacity and high inductance. Mounting bracket
provided. Enclosed in Bakelite case. Price 5/-

L.F. Choke. .
A high maximum induction Choke which may be used for inter-
valve coupling or as an output Choke owing to facilities for varying
the inductance by connecting coil sections in series or parallel.
Very low self-capacity and ample iron core, shielded.

Price 27/=

IGRANIC ELECTRIC CO, LTD.
149, Queen Victoria Street, London

Works : BEDFORD
BraNcliES
Cardiff, Glasgow, Leeds, Manchester, Newcastle-on-Tyne

JVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVY
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Smoothing Choke
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Editorials.

Screened Valves.

HE use of screened valves for radio-

I frequency amplification is now claiming

the attention of many of the advanced
workers in the radio field. In our present
issue two articles deal in a fundamental
manner with the problem and several
papers on the subject have been published
in recent issues of the Wireless World. No
one can read these without being impressed
with the possibilities of further development
in the design and use of thermionic valves.
Finality appears as far off as ever; a few
months ago the three-electrode valve with
a carefully designed neutrodyne circuit
seemed to be as near to the ideal as one
could hope to attain, although all those who
worked at the problem knew that the solution
was not all that could be desired. Now we
foresee thousands of enthusiasts during the
coming winter taking down their neutralised
high-frequency stages and exploring the
possibilities of screened valves.

One must not imagine, however, that the
screened valve is an entirely new invention.
Valves with two grids have been used for
many years, especially in Germany where
their properties were investigated both
theoretically and experimentally by W.
Schottky in the Siemens laboratories. Such
double-grid valves were used in two entirely
different ways. The first was due to Lang-
muir of the General Electric Co. of America,
who in 1913 inserted a second grid between
the filament and the usual control grid.

This second grid was given such a positive
potential with respect to the filament that
the electron emission was near saturation.
The positive potential of this grid may be
regarded as counteracting the negative
potential of the space charge, and it 1is
commonly known as the space-charge grid
or screen. The effect is to make the 7,-v,
characteristic steeper, i.e., to increase the
mutual conductance, at the same time
decreasing the internal resistance. It is
claimed by Wirtz in the Taschenbuch der
Dyrahitlosen Telegraphie that the amplification
is three times that obtained with the three-
electrode valve.

The second method of using an additional
grid was introduced by W. Schottky of
Messrs. Siemens and Halske in 1916 and it
is this invention of Schottky which forms
the basis of the screened valve. The addi-
tional grid was introduced between the
ordinary control grid and the anode and
was connected to a point on the H.T. battery
so that its potential was somewhat less than
that of the anode which it scre2ned. Schottky
called it the anode-screen grid because the
additional grid screened the control grid
from the alternating potential of the anode.
Such valves had a very high internal resist-
ance and a steep characteristic ; they could
be worked with a lower anode voltage
than the three-electrode valve.

These valves are known in Germany as
SS valves (Siemens-Schottky).

Although little use has been made of these
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valves in this country, they have been used
to some extent in Germany. Von Ardenne’s
book on the construction of resistance-
coupled amplifiers has a chapter on screened
valves and their application to amplifiers,
but the conclusions to which he comes are
not at all in accord with the views under-
lying the latest developments.

Although Schottky pointed out in January,
1921, that by suitable design of the leads
in the bulb and also of the socket the capa-
city between the grid and anode circuits
can be so reduced that there is no danger of
self-excitation due to back-coupling, interest
in the subject has only recently been aroused
by the work of Hull and Williams in America.
These two workers have improved the
screening by making the screening grid
enclose the anode as much as possible, thus
making it impossible for any electron to
reach the anode without running the gauntlet
of the small meshes in the screen. In the
language of Schottky they have decreased
the “ Durchgriff ”” between the control grid
and the anode. They have thus carried the
ideas of Schottky as far as possible with
results which open up new possibilities in
radio-frequency amplification, as will be
seen by a perusal of the articles on the
subject in this issue.

National Wireless Exhibition, Olympia, 1827.

T the time this issue appears the annual
Awireless show at Olympia will be in
progress, and this provides a unique
opportunity for getting a general impression
of the development of practical wireless
apparatus, though, of course, the bulk of
the exhibits are confined to the more popular
side of broadcasting. Engaged on work of
some specialised character it is often difhcult
to keep in touch with what is being done in
the wider practical applications of the
science, so that a visit to the Exhibition is
well worth while as an opportunity for
bringing our knowledge up to date in this
respect.

Wireless as applied to broadcasting has
been passing through a period of evolution
during the past few years, and to-day it is,
in the main, becoming more stabilised,
although the appearance of new apparatus
such as the screened valves, to which we
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referred above, remind us that we cannot
stand still and consider any phase of develop-
ment as approaching finality. In addition
to the screened valves, the attention of
the manufacturers of broadcast apparatus
appears to have been devoted mainly to the
simplification of broadcast receivers and
improvement of quality of reproduction.
There was a time when even the broadcast
receiver which was developed for the use
of the layman was a veritable mass of
knobs and controls, but to-day a process of
weeding out of unnecessary or auxiliary
tuning devices has cleaned up the appearance
of the panel of the set to a surprising extent.
To take only one example, the temperature
at which filaments of valves should operate
is no longer as critical as formerly, and it
has been possible, as a result, to dispense
with individual filament rheostats for the
valves, and, in many modern receivers,
fixed or semi-fixed resistors, not visible on
the panel, replace the row of knobs which
was characteristic of the early sets.

In attending to quality, it is interesting
to note that the development of suitable
valves has served as an impetus to manu-
facturers to put out resistance coupling
units in the endeavour to improve quality
of reception.

Loud-speakers have also received con-
siderable attention, and this is illustrated
by the growing popularity of the free coil
drive type and the numerous types of cone
loud-speakers which are fast proving their
superiority over the ordinary horn type of
instrument.

It has Dbeen recognised for some time that
one of the essentials of good quality is
adequate H.T. supply for the anodes of the
valves, and we have as aresult a large variety
of units designed for supplying current from
the mains for the receiver; and valves which
have their filaments heated from the mains
direct. The competition with manufacturers
of H.T. eliminators has also given an impetus
to the manufacturers of batteries, both
primary and secondary, and surprising
improvements have been brought about in
these products.

We hope in our next issue to deal in-
dividually with some of the outstanding
exhibits of the Show.
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Calculation of the Polar Curves of Extended

Aerial Systems.*
By E. Green, M.Sc.

ERIAL systems consisting of a large
number of wires in the same plane

properly associated and excited so that
the currents are always in the same phase,
have very marked directional properties,
provided the dimensions of the system are
large compared with the wavelength. These
aerial systems were originated and developed
practically, together with the necessary
feeding system, by Mr. C. S. Franklin, of the
Marconi Company, during the vears 1922
and 1923. Mr. Franklin worked out the com-
plete theory, and calculated the directional
effect and energy magnification possible,
and verified the results experimentally. I
was asked by Mr. Franklin to check his
calculations, and during this work developed
the methods of calculation and ways of
thinking of the working which are given in
the following paper.

The case considered is that of a line of
aerials, the adjacent ones separated by a
small fraction of a wavelength, and the whole
system extending in a straight line several
wavelengths long. Such a system is repre-
sented in Fig. 1, each vertical aerial (shown
as a dot) has an equal current in it, and the
phase is the same in all the aerials. This will
be the case if each aerial or group of adjacent
aerials is fed from a common transmitter
by cables of equal electrical lengths. At a
distant point P the current in each aerial, if
it acted alone, would produce a certain
alternating strength of electric field, which
can be represented by an elementary vector.
When all the aerials are present (each with
an equal current) the vector representing the
resultant field strength at P is obtained by
summing up these elementary vectors. For
*[We would draw the attention of readers
interested in this subject to a paper by Ronald M.
Foster entitled ‘* Directive Diagrams of Antenna
Arrays,” published in the April number (Vol. V.,
No. 2) of the Bell System Technical Journal. This

article gives many references to previous work on
the subject.—ED.]

distant points in the direction 0A at right
angles to the system, the field due to each
acrial will be in phase and the elementary
vectors are in a straight line as shown in
Fig. 1(a). The resultant is therefore OR.
For a distant point P in any direction 8
the elementary vectors of field intensity are
not in phase. Thus, starting from the end B,

R
C))
s
O] ® ®

Fig. 1.

with the direction of P as shown, the ele-
mentary vectors due to consecutive aerials
will lag in phase by a constant amount.
Hence they take the form of Fig. 1(b).
Since the elementary vectors are of equal
length and change in direction by equal
amounts, they form practically an arc of a
circle, and we shall treat them as such. The
resultant field strength is therefore repre-
sented by the straight line OR. (Fig. 1(b)).

c2
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To find the value of OR for any angle 6 we
proceed as follows: Note first that the
length measured along the arc OR is a con-
stant and equal to OR in Fig. 1(a) = E, say.
Second, the angle OXR(= ¢), subtended
by the arc at the centre of the circle, is by the
geometry of the circle equal to the angle of
phase difference between the first and last
vectors. Now from Fig. 1 the lag of the
vector due to O behind that due to B is

ON = nAsin @

in distance where nA is the length OB of
the aerial system.

If lag in distance is A the lag in phase is
27 radians (or 360°). Hence

¢ =

271 A ST

é = 27 sin @

A

If » equals radius of circle, we have
Length of arc OR =r¢ (radians)
Length of st.line OR = 27 sin (¢/2)

(1)

Therefore
Field intensity in direction 6 _stlineOR
Field intensity in direction 04  arc OR

¢

st -
$/2
¢

21 Sin 95
2 —

ré (rad.) (2)

E sin
b/2
If we calculate the value of this expression

for various values of # we shall be able to

plot the polar curve of the system. This

has been done in Fig. 2 for a system 22

long. But we can get a good general

idea from a direct consideration of the
forms assumed by the vector diagrams. As
the angle @ increases from o° the angle ¢
steadily increases. The vector diagram first
takes the form of Fig. 1(b), then that of

Fig. 1(c), then that of Fig. 1(d). In this

last the resultant is zero. Clearly this occurs

when the first and last vectors differ by

27 in phase, 7., when

Resultant OR =

2w sin 8 = 27
or

(3)

For a system two wavelengths wide (n=2)
this gives sin § = L and ¢ = 30°. Up to this

stn @ = 1/n

2

=2
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point the resultant field intensity has there-
fore steadily decreased from its value at
6= 0°. For further increase of 8 the elemen-
tarv vectors begin to overlap and the
resultant OR increases to a maximum
approximately when OR becomes the dia-
meter of the circle. (Fig. 1(e)). This occurs
when the first and last vectors have 3=
difference in phase,

ie., 2mn sin 0 = 3m, sin 8 = 3/2n.
For a system 2A wide (n=2) this gives
sin 6 =%, . = 49.5°.

The relative magnitude of this first side
maximum is independent of the width of
the system. We have

Intensity at this angle 0
Intensity at o°

B OR d

1} circumference  ind

Resultant OR = % E = .212E.
3m B

The next stage of the vector diagram is
that of Fig. 1(f), where the resultant intensity
is zero again, when ¢ = 47 = 2mn sin 0.
For # =2 this gives sin § =1, 6 =090".

In this particular case this completes the
curve, since each quadrant is the same.
One-half of the exact curve is shown in
Fig. 2. The back half is exactly the same.

For. wider aerial systems the next form is
shown in Fig. 1(g). Here

)

n

a2mn sin @ = 5w, .. sin 0 =

and
OR=2_E = .127E
XU

We can now see the general rule. This is

given in the table below.

t

sin ) =
2n

2

Intensity of

field 1 o — | o =t o — o -~y
37 5 | i 9w

= e R e | f——

If n=104= | 0o | 58° | 83° | 113° | 1449 | 174° 208° | 234° | 26%°
| ] ,,:,Etc'

The series ends when sin =1, 1t.e,

8= go°. For example, if width of system is
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10 wavelengths the values of § are given in
the last line of the table. There will be side
loops corresponding to all odd numbers
between 3 and 19 inclusive, ¢.e., g in all. A
drawing of half the polar curve is given in
Fig. 3.

[The position of the minima is given
accurately in the above table, but the
position and value of the side maxima are

Fig. 2. Polar curve
of system 2] wide.

Fig. 3. Polar curve
of system 10X wide.

only approximate, more especially as regards
the first. The accurate positions of the side
maxima are given by

o P
sm2 ; —0
2 ¢/
cos ¢ sin ¢
or 2 o 2 - O
b2 (¢/2)2 ~
that is /anf = f

This gives values for ¢/2 of 1.437, 2.457,
3.47%, etc., instead of 1.57, 2.57, 3.57,
given by the approximate calculation.
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For the first side maximum we get the
value .217F instead of .212F, and for n=2
the angle of the first side maximum comes
out at 46° instead of 49.5°. The approximate
calculation is therefore good enough for most
purposes. ]

By placing another set of aerials at a
quarter wavelength behind the first set, as.
shown in Fig. 4, we can reflect practically
all the energy that would go in this direction.
The shape of the polar curve in front is not
appreciably affected, but the energy in it
for a given input will be doubled.

[The accurate polar curve for the system
with reflector can be obtained by multiplying
the polar curve of the extended aerial alone,
by the heart-shaped polar curve given by a
system consisting of a single aerial, and a
single reflector wire a quarter wavelength
behind it. The reflector wire is assumed to
carry a current equal to that in the aerial
wire and leading it by go°. The equation
of the curve is

K
¥ = €O0S - I—cos
ik ¢)

The wvalues of » for various values are
given in the table below :—

60° 90° 180"

707

f=0°| 30° | 45° 135
994 |

r=1 974 | .924 225 o

From these it will be seen that the state-
ment that the reflector only slightly affects
the polar curve in front is true.

The polar curve for the extended aerial
and reflector will be

_ sin (nm sin 6)
nar sin @

COS{Z(I -cos@);’]

It should be noticed that an extension of

AERIAL
REFLECTOR

AERIAL
REFLECTOR see=

Fig. 4.

the aerial system in the vertical plane to one
wavelength or more of height (providing the
current is in the same phase throughout) will
result in a concentration in the vertical
plane. This can be effected by making each
vertical aerial unit a number of independent
half-wave aerials as shown in Fig. 9(c), and
keeping the currents in all of them in the






