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EDITORIAL

Broadcasting by
Telephone

Necessity for Assurances

~YHE announcement last week of

the Government’s decision to

renew the licences of the broad-

cast relay companies by a

further term of ten years was coupled

with a statement that the Post Office

also - participate in the relay

business by means of the wires now
connecting telephone subscribers.

Some time ago, it will be remembered,
the Post Office made known their inten-
tion to enter this field and proposed to
start with a relay service for South-
ampton. That project was abandoned,
at least for the time being, because of
the strong opposition which it called
forth from the radio industry, which
quite naturally feared that a com-
petitive means of receiving broad-
casting run under the auspices and
with the resources of the Post Office

- would be the kind of competition

which the private enterprise of the
radio firms could not hope to survive.
So here the matter ended for a
time, but now A.R.P. has been called
to the aid of the Post Office to provide
the excuse apparently for obtaining
authority for a policy which a demo-
cratic Parliament would probably not
have sanctioned in normal times.
The nature of the new proposals
suggests, however, that there has been
some recognition of the devastating
effect which a national Post Office relay
system would have upon the radio

industry, for the proposal is now to -

supply programmes by ‘‘ wired wire-
less” on the telephone wire and for

the reception to be carried out on the .

listener’s own receiving set which he
will tune to the programme he selects ;

COMMENT

he will also be able to tune in other
programmes received through the
medium of his aerial as at present.

Now, if the legitimate activities of

“the radio industry are not to be unfairly

hampered and if the listener is to
continue to have a free choice of pro-
grammes it is essential that an assur-
ance should be forthcoming from the
Post Office that they will not at any
time compete with the radio industry
by themselves supplying receivers or-
other reproducing apparatus to their
subscribers or listeners. Such an assur-
ance is vitally necessary if the goodwill
of the radio industry, both manu-
facturers’ and local dealers’, is to be
retained, and it should contribute a
great deal towards helping in the
A.R.P. aim which the Post Office have
made the justification for their present
autocratic action.

There is another important assur-
ance which is required from the Post
Office. This is that ‘their adoption of
a relay service should not result in a
lessening of their zeal in fighting the
problem of electrical interference. It
is easy to appreciate that with a relay
system of this kind, less prone to inter-
ference than ordinary reception, the
Post Office may be tempted to make
this fact an argument to persuade
listeners to adopt the system. As we
have pointed out before, relay services

thrive where interference is particularly
bad.

Given these assurances that the Post
Office will -never compete with the
Industry-in the supply and mainten-
ance of receivers and that their efforts
to reduce electrical interference will
not slacken, we see no reason why the
new proposals should not proceed with
the approval and even with the active
support of the radio industry. But
these assurances must come first,
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COMPACT
THREE-VALVE
BATTERY
RECEIVER

(Concluded from page 293
of last week’s issue)

Tﬁ‘e Wireless

Stand-by

TESTING

HE receiver is built as a unit on
a metal chassis which can be of
steel or aluminium as preferred.
Unless the chassis is bought
ready-made, aluminium is to be preferred
to steel, since it is easier to work. The
gang condenser is bolted to the top of the
chassis, but wires should first be attached
to the soldering tags on its underside, since
these are rather difficult to reach when it
“is in position.
. The coils must be mounted after most
of ‘the wiring has been done. This is

readily carried out in spite of the small
space available, but care must be taken
to-keep wires, condensers and resistances
close to the chassis, so that they do not
foul the coils when these are put in.

The cross-screen does not extend up to

the chassis top. There is a gap through
which the cross-wires pass. The centre-
pin (screen) of the output pentode is used
as a general junction point for positive

1 hree

CONSTRUCTION AND

HT. To avoid soldering
many wires directly to this
pin, which is not very
easy, it is best to solder a
length of fairly thick wire to the pin and
bend it so that it stands up for about three-
quarters of an inch. The various posi-
tive HT leads are then readily soldered to
points along this wire.

The most awkward connections are

-some of those on the switch, and the

easiest course is to attach wires to the
least accessible lugs before mounting it in
the set. The connections to the volume
control should also be made before the
switch is mounted.

The switch may be a little confusing at
first, for it has so many contacts. If in
doubt, the best way of identifying the con-

The back of the cabinet
removed, showing how
the batteries are stored.

tacts is by a
continuity test.
For this an ohm-
meter can be
used, a volt-
meter and bat-
tery, or a
battery and a
flash-lamp bulb.
Set the switch
in the middle
one of its three
positions  and
connect the coils
to the contacts
which show continuity. The battery and
chassis connections must also be made to
a pair showing continuity, and a further

‘or reaction coil.

The Wireless World, April 6th, 1939

HE .construction and
adjustment of the re-
cetver are dealt with in
this article and the per-
formance obtained from
the original model is
described. Notes on the
LT supply are
given,

also

lug connected so that there is again con-
tinuity when the switch rod is rotated
clockwise. These notes, together with the
drawings, should obviate any difficulty
here. oy

The two intervalve coils:are identified
by their carrying a red spot on the former.
The medium-wave coils are the ones with
the tuned winding in several sections;
incidentally, the coil numbers are stamped
on the brass mounting strips.

In every case the pair of long solder
tags is for the tuned winding, and the
short pair for the primary or reaction.
On the medium-wave coils the grid end
of the winding is remote from the primary
This lead can readily be
traced to its tag. Once the grid tag is
found, all other connections follow auto-
matically from the drawings. On the long
waveband it does not matter which of the
long tags is made the grid lead. The coils
are multilayer side-by-side, and it is only
their relative connections that matter,

f Preii;rlinary Tests

The receiver should be tried out before
being fitted to its cabinet, since it is then
easier to adjust the trimmers, The con-
trols all operate logically; that is, mini-
mum volume and:reaction are obtained
with . the knobs turned. anti-clockwise.
The three positions of the switch are : left,
off ; centre, on, medinm waves ; right, on,
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Stand-by Three—

long waves, A direct drive is used for
the tuning condenser, since it is quite easy
to tune with it, and it occupies less space
and costs less than a dial with a reduction
ratio. ’

Adjustment and Operation

The trimmer C3 is included because the
trimmers fitted to the gang condenser have
insufficient capacity for this receiver.
With tuned grid coupling, the stray capa-
city on the intervalve circuit is rather
high, so an unusually large amount of
trimming capacity must be added to the
first circuit.  The gang condenser trimmer
on C1 should be screwed up and forgotten,
adjustments being made to C3 and the
trimmer on the other section. Set this
latter about half-way in, tune in a station
on the lower end of the medium wave-
band, using reaction, and then adjust 3
for maximum response. . A rough adjust-
ment can be made on a strong signal, but
afterwards a weak one should be found
upon which precise adjustments of the
two trimmers can be carried out.

When satisfactory ‘results have been
secured, the set can be fitted to the

cabinet. It is held in place by two wood-
screws through the front; if the holes n

Underside’ of the receiver chassis.

Wireless
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the chassis are small, the screws bite their
way into the metal quite well and hold the
chassis firmly.

The LT batteries fit behind the receiver
and the HT behind the set and loud
speaker. In connecting the LT batteries

315

door, or, better, outdoor aerial. An earth
is advised wherever possible. It is not
essential, but it improves stability. With-
out an earth there may be some insta-
bility, which can be corrected by the
volume control.

Tre top of the receiver chassis with valves removal.

it is convenient to join the battery leads
one-to each battery and to place the re-
sistance RI1 to join the two batteries. The
batteries then support the resistance- at
cach end. The centre terminal of the bat-
tery is the positive.

Tested in London with a fifteen-foot
length of wire for

%R

The value of 10 ohms specified for Rt
is correct for a new LT battery giving
6 volts, since the drop in it at the current
of 0.2 ampere is 2 volts. If a high-resist-
ance voltmeter is available, the voltage
applied to the set should be checked occa-
sionally so that Rr1 can be reduced in

an aerial in a steel-
framed building,

both local stations
were well received.
By hanging the
wire out of a win-
dow,. these two, as
well as Droitwich,
provided a terrific
signal, and at good
strength many other
stations could be

The cabinet dimen-
sions and how the

RECEIVER CHASSIS

receiver, speaker
and batteries are
accommodated.

received in  day-
light.  These in-
cluded - Fécamp,
North Regional,
Cologne, Brussels,
Weather London,

Radio-Paris.

The quality and
volume proved sur-
prisingly good in
view of the low-

HT BATTERY

current drain on
the battery, and,

in fact, consider-
ably surpassed expectations. Selectivity
is not high, but is adequate for the pur-
pose for which the set is intended.

The set is not designed for use with a
large aerial, and with one the selectivity
is too low. It is intended for a short in-

value when it falls appreciably. Alterna-
tively, an ammeter of low resistance can
be inserted in series with the battery to
check the current.

If no meter is available, the only course
is to reduce the resistance arbitrarily when
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LOUD SPEAKER
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Full assembly and constructional details of the receiver chassis. The reference letters will make easy the identification of components when com-
pared with the full circuit diagram included in last week’s instalment of this article.
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Stand-by Three—

the performance falls off. A drop of
0.5 volt in the battery will probably pass
unnoticed, so that one can assume that
the battery voltage is down by nearly one
volt when the performance falls off. A
value of § ohms is then indicated for Rr1.

Wireless
World

In conclusion it should be pointed out
that a receiver of this nature is not only
extremely useful, but its construction is
of value. .The beginner will find the con-
struction instructive, and this applies also
to those who lack practical experience but
have yet a good theoretical knowledge.

Steel Aerial Mast

BOUT four years ago the writer had
the need to erect an aerial, at that
time intended as a temporary
measure, and did not wish to

expend much money, or to have to obtain
assistance with the erection. Now even
the simplest scaffold pole, if of any height,
is heavy, and not very cheap to buy. Thin
steel masts require to be lashed to a ladder
during erection, as otherwise they are in-
clined to buckle, and they can be quite
difficult to erect, particularly in windy
weather. A very satisfactory arrangement
for a temporary or even permanent mast
is a framed structure consisting of bamboo
poles fixed end to end and braced by
means of cross-pieces and tensional wires.
Poles of this kind, however, are not ob-
tainable everywhere, and it was in the
absence of these that the mast which is to
be described was evolved.

VERTICAL _ '
MEMBERS ——

Fig. 1.—Method of boiting together the three
vertical members at the top of the mast.

Steel electric-light conduit is inexpensive
to buy and may be obtained anywhere,
and for this reason it was selected as the
material for. construction. The method
decided on was that used at Lisburn—
that is, the mast would be purely a com-
pressional strut held in position by guys
reaching from the top to the ground. This
would mean that the two ends would be
pointed and the thickest part of the mast
would be at the centre. To make erection
easy, and to economise so far as possible
in material, it was decided to make the
strength as low as reasonably possible and
to use the minimum number of individual
members. This meant that the top section
would be a tripod, the legs of which would
be as long as they could possibly be with-
out buckling. The bottom would be an
inverted tripod, and the intermediate sec-

EASY CONSTRUCTION
IN CONDUIT TUBE

tions between the two tripods would each
consist of six members, which number of
members is the minimum with which tri-
angulation producing complete stability is
possible,

The method of construction was as fol-
lows: Three 15ft. lengths of 3in. diameter
steel conduit of the cheapest quality were
placed side by side and temporarily tied
round with string. They were then drilled
through near the end two at a time, and
three -%in. eyebolts passed through and
nuts lightly screwed on. This end was
intended to be the top of the mast, and
eyebolts were used to facilitate connection
of guy wires. These bolts had to be placed
at slightly different distances from the ends
of the tubes so as not to foul one another
(see Fig. 1.). Three lengths of 3in.
diameter steel conduit, 15ft. long, were
then treated in a
similar manner, but
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TH E triangulated mast described
in this article is easy to as-
semble from steel conduit tube,
which is readily obtainable. As
the structure is light in weight and
has considerable inheient rigidity
it can be erected with a minimum
of trouble.

By A STRUCTURAL ENGINEER

The members of the mast then took up a
curved form.

At approximately quarter intervals the

plain  bolts were
used in place of
eyebolts. The other
ends of the three
3in. tubes were in-
serted for a few
inches into the ends
of the $in, tubes
and a hole was
drilled through the
junction of each
tube and a <%in.
bolt passed through
the hole. Thus, an
approximate 3oft.
length of triple tube
was produced.

A piece of iin.
diameter steel con-
duit was then flat-
tened with a ham-
mer at 2ft. inter-
vals and also at the
ends, and bent into
an equilateral tri-
angle. This was

CENTRE LINE > °
OF BOLT

Fig. 2.—This sketch
how the central and interme-
diate triangles are made; also
their assembly position in rela-
tion to the vertical and dia-
gonal members of the mast.

VERTICAL MEMBERS

/DIAOONAL MEMBER

shows .

drilled through the
flattened portions at the angles of the tri-
angle. The three main steel tubes were
then sprung apart and the triangle in-
serted in the centre and secured to the
main tubes by the bolts which fastened the
tubes together at the centres (see Fig. 2).

distances - apart of the members were
measured, and two triangles, similar to
that previously mentioned, were made to
fit, and the main members and the tri-
angles were drilled and bolted together.
The exact positions of these intermediate
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Steel Aerial Mast—

triangles were determined when the dia-
gonal members (to be described) were bent
to shape and measured. The resultant
structure was unstable in that it was not
completely triangulated. To overcome
this, three lengths of tube were taken and
flattened at the centres and the ends so as

Although the mast—seen from below in this
photograph—was set up as a temporary
structure four year ago, it is still standing.

to form diagonal members. These were
then drilled and bolted in position with
the bolts that secured the triangles to the
. vertical members. Fig. 3illustrates the side
elevation of the mast during assembly ; all
three sides of the mast are similar.

Alternative Assembly

It was found that the diagonal members
fitted into position better if placed between
the triangles and the vertical members
when bolting up. There are two ways in
which these diagonal members may be
placed. First, as shown in Fig. 3, a bent

Wireless
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This latter method was the one actually
used during construction, although there
is no particular advantage in one method
over the other. o

It was found to be important that during
the drilling and bolting together of the
members the ends and intermediate por-
tions of the mast should be propped up
at the correct distances from the floor, and

“kept propped up in this manner until the

whole of the structure is completed and
all bolts tightened up. If this is not ob-
served, the mast may be visibly crooked
or twisted on completion. When the bolts
were tightened up the projecting ends
were cut off and burred over.

Finally, to protect the structure from
rust, the lower end—that is, the section
constructed of §in. tube—was placed in
a small tin and set in molten lead and the
top end similarly protected by a tin filled
with putty. The joints were stopped
thoroughly with putty, which was rubbed
over all bolts and nuts, and afterwards
beund with insulating tape. This method,
although rough, did not give a bad ap-
pearance after painting. The whole struc-
ture was painted ‘with two coats of grey
paint.

To erect the structure it was necessary
first to drive a central pin for the mast to
rest on, to drive six 1}in. angle iron stakes
3oin. long, spread well out, for securing
the six guys, and to connect the guys,
which consisted of stranded galvanised
steel wire. The mast was then seized by
the centre, being held at the junctions of
the members, and the bottom was placed
on the central pin and tied to the pin to
prevent the lower end from lifting. 1Tt
was then lifted vertically, hand over hand,
one of the distant guy ropes being pulled
gently by an assistant until the mast was
brought into a vertical position. The near
guy ropes were previously temporarily fas-
tened to their stakes at approximately the
correct length. Aeroplane strainers had
been fitted in-the guy ropes, together with
insulators, to break up the lengths, but
the strainers were found to be unneces-
sary, as the required degree of adjustment
could be made easily without them. The
true vertical of the mast was found by
using a cotton thread plumb line hung
down the centre. The mast was provided
with a permanent halyard, consisting of
stranded wire passing through a pulley
fastened to the mast, and supporting a

INTERMEDIATE

MAIN VERTICAL MEMBER
TRIANGLE /
Tor BOTTOM
DIAGONAL CENTRAL
MEMBER TRIANGLE

Fig. 3.—Side elevation of mast during assembly; all three sides are similar.

member may pass from one vertical tube
to another and back to the first tube.
Secondly, the diagonal member may be
passed from the first tube to the second
and then across another side of the mast
to connect to the third vertical member.

pulley through which was passed a plaited
cord halyard. The idea of the metal hal-
yard was to make possible easy renewal of
the halyard normally in use. Incidentally,
the use of two halyards doubled the load
on the mast due to the pull of the aerial.

APRIL 6th, 1939.

The mast when finally erected was
found to be sufficiently strong to take the
pull of a normal aerial in all weather con-
ditions. Storms had no effect on it owing
to its low wind resistance. It has now
been standing four years, during which
period two nearby trees have been blown
down during a heavy gale. Nevertheless,
slightly heavier members (say, about 3in.
and gin., in place of §in. and }in.) are
perhaps to be recommended for general
use, as the smaller sections require careful
handling during erection. Proportionately
larger sections should be used for higher
masts.

Additional guys may be connected to
the lower triangle of the mast in order to
prevent a rotating motion that may occur
during strong winds.

¥

TWO NEW COSSOR SETS

A Table Model Superheterodyne and a
Battery Portabie

IN the Model 73 superheterodyne there are

five valves excluding the rectifier and
cathode-ray tuning indicator. A radio-
frequency amplifier functions on all three
wavebands, the lowest of which covers 16 to
52.5 metres. The output valve is a large
triode and the controls include a combined
selectivity and tone control. The set is for

manual tuning only and a large easily read
dial has been provided.
Model 73 is 124 guineas.
The new Model P43 battery portable
makes use of a

The price of the

¢

‘straight”’ circuit with a

The new Cossor
Model %73 and
(right} Model
P43 battery por-
table.

pentode RF amplifier, pentode detector,
triode first AF amplifier and either a pentode
or tetrode output valve. An interesting
feature is that the detector is an indirectly
heated valve. The price of £6 15s. includes
a 120-volt HT battery and an 18 ampere-
hour accumulator which is easily removed
through a door in the side of the cabinet.
Controls are on the front panel and the
tuning scale is on top. It is calibrated in
metres and a replacable list of station names
is fitted in a frame behind the dial. - The set
is finished in blue leatherette with grey-
moulded knobs and escutcheon.
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The Television |F Amplifier

Practical Considerations in Design

HEN considering the design of
the intermediate - frequency
amplifying stages for a super-

- heterodyne vision unit, one is
confronted with a somewhat
bewildering choice in the type of coupling
that can be employed. To cite some of
the more well known of these, there are
arrangements giving a form of low-pass
coupling and there are conventional band-
pass coupling units in which any of the
usual methods of circuit coupling can be
utilised, namely, mutual inductance, series
inductance or capacity.  Alternative
arrangements, essentially elaborations of
the above, are sometimes used and in
reality assume the form of a filter net-
work. * Finally, there is the simple tuned-
grid or tuned-anode circuit.

It is well known that the gain obtain-
able from a given stage in a wide-band
amplifier varies inversely with the circuit
capacity, which comprises the input and
output valve capacities and a certain
value of unavoidable stray capacity. In-
cluded in this value of stray capacity will
be that created by the arrangements for
adjusting the resonant frequency of the
circuit.

The subject has already been dealt with
theoretically in some detail in The Wireless
World'; the conclusions arrived at in
that article were that the simple tuned
anode circuit or a slight variation of it,
has many advantages over the more
elaborate forms of coupling.  Not the
least important of these is the ability to
employ a simple mechanical arrangement

By S. WEST

HE best arrangement for a

television amplifier is often
difficult to decide, for there are so
many possible alternatives. In
this article is described a simple
system which is capable of a
very good  performance and
which is not difficult to construct.

dependent upon the fact that the circuit
constants are not chosen to obtain a
broad response curve with each’ circuit
tuned to resonance at the desired inter-
mediate frequency. They are rather
determined experimentally so that a
number of such stages are resonant at
frequencies on either side of the true
intermediate frequency and taken together
provide quite high gain with the required
overall résponse characteristic.

Dealing first with the mechanical
arrangements for varying the inductance.
The best way of effecting this is to arrange
for a brass or copper plunger, which is a
snug fit to the coil former, to be moved
in and out of the coil’'s field, the induc-

[

which enables the
circuit’s  resonant
frequency to be ad-
justed by varying
the coil inductance.
This results in in-
creased gain, for
the capacity present
is restricted mainly
to the unavoidable
capacities men-
tioned earlier.

“paxoLiN”

1/a" sQ.
'BRASS ROD
@»-
e s : ]

(e)

There is, of course,
inevitably some
slight capacity due
to the arrangement for varying the coil
inductance, but this can be kept very
low.

It should also be pointed out that, as
shown in the article cited above, the
performance of such circuits is entirely

Fig. 1.—The familiar tuned-anode circuit is shown at (a) and at (b) the tuned grid arrangement
in which the conventional RF choke is replaced by the resistance Ri.

Fig. 2.—Various methods for terminating the coil windings when
the coil bore is occupied by a tuning plunger are shown here.

tance being lowest with the plunger in the
coil. This in statement is simple, but, in
practice it is difficult to apply this simple
scheme. :

In the first place, with the plunger a
snug fit in the coil former, it is obvious
that some unconventional means for
fastening the coil ends must be found.
Secondly, if brass studding is employed
to carry the plunger, it is highly desirable
that this be earthed. It will necessarily
protrude from the coil screen for adjust-
ment purposes and can, therefore, either
provoke regeneration, due to feedback
between adjacent rods, or will act as a
miniature aerial and pick up interference
from stations operating in the IF pass-
band. It is not always satisfactory from
the mechanical viewpoint to have the
bearing for the rod attached to the coil
can, for then both accurate coil and can
assembly is essential, if the plunger is to
operate freely.

Thirdly, any arrangement that will
necessitate the tuning to be accomplished
from beneath the chassis should be shown
disfavour, for nothing is more provoking
than to carry out adjustments upon a
reversed chassis or upon one that is
hazardously propped to render the con-
trols accessible.

Before considering the details it is

! High-Gain Television Amplifiers. The Wire-
less World, November 24th, 1038.
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The Television IF Amplifier—
necessary to dlgress and to consider briefly
the various forms that a simple inductance
coupled circuit can assume and these are
given in Fig. 1. At (a) is depicted the
familiar tuned anode coupling. The
resistance R and capacity C comprise the
decoupling network, Cx is the interstage
coupling condenser and Ri1 is the grid
leak of the valve V2.- This grid leak can
conveniently be of suitable value to damp
the inductance L by the required amount.

In Fig. 1 (b) is shown a tuned-grid
coupling. Here a resistance R1 replaces
the usual RF .choke and is assigned a
value such that the inductance L is
damped to the necessary degree, normal

values being in the region of 3,000-6,000

ohms. Obviously the anode voltage is
reduced with this scheme ; with R1 some
5,000 ohms and VI a Mazda type-SP41
valve, by approximately 40 volts. This
is, however, quite unimportant, for with
the resistance values usually employed,

the drop- in voltage reduces neither the -

stage gain nor the output by an appre-
ciable amount. As it is, in practice, satis-
factory to work with the anode at a lower
potential than the screen, common de-
coupling can still be used and is provided
by R and C. Of course, if an abnormally
high value of resistance R1 can be used
and the value is required to give more
than a very small output, the lower anode
. voltage will be detrimental. The tuned
anode coupling will then be the more
suitable.

Coil Construction

" If the straightforward tuned-anode
arrangement of Fig. 1 (a) is to be em-
ployed, it is apparent that both ends of the
coil . winding are at anode potential;
anchorage for one end cannot, therefore,
be secured from the coil former support
as is shown by Fig. 2 (a). In this sketch
is also shown one way of anchoring the
top termination. A strip of folded empire-
tape is laid along the coil former a few
turns from the end; the winding is com-
pleted over this and the free end is passed
through the loop where it is securely held
upon drawing back the tape. A similar

Wireless
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scheme can be adopted for both ends of

the coil, see Fig. 2 (b), but the disad-
vantage of this arrangement is that it is

APRIL 6th, 1939.

mounting purposes, a short length of }in
square rod is employed. It is a simple
matter then to tap this at one end to per-

COUPLING
CONDENSER 0.0005 mfd

(a)

GRID LEAK 50000

HT LINE

TO MIXER & »
RF STAGES

LT LINE

(b)

Fig. 4—An excellent manner in which to connect the various components comprising a stage
is shown here ; (a) gives the connections to the coil and coupling components while (b) shows
the under chassis wiring.

not an easy matter to adjust the number
of turns once the coil is wound. A better
scheme is depicted in Fig. 2 (c).

In place of the conventional flat brass
strip passing through the coil former for

J

CHASSIS

o - - - - -

TAP 2BA
2BA STUDDING

(a)
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: LOCKNUT }
I i
t i
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H }
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1 ]
i H 1
tflo of flia> H

LJ —
TAP 2BA

(b)

Fig. 3.—These diagrams show two methods of arranging a tuning plunger to permit variation

of the coil inductance.

That of (b) is preferable as adjustment is effected from above the chassis.

mit the mounting of a strip of paxolin
carrying soldering tags at which the coil
ends may be terminated. This square
brass rod will also provide a simple means
for mounting the tuning plunger. This
can be effected in two ways [Figs. 3 (a)
and (b)]. The arrangement of (a) necessi-
tates adjustment to be effected from be-
neath the chassis, whereas in (b) the BA
studding is carried through the top of the
coil can. The fact that the studding is
permanently in the coil’s field will not in-
fluence the static inductance to any marked
extent. This arrangement is convenient
in all respects. The coil mounting and the
tuning device are independent of the coil
can, and the assembly is easily mounted
in the chassis and its tuning effected, after
which the screening can may be fitted.

. Fig. 4 (a) shows the actual arrangement
of the complete coupling unit when em-
ploying the circuit connections of Fig. 1 (a),
the complete assembly comprising a
robust, trouble-free unit. In Fig. 4 (b)
1s depicted a suggested layout for the com-
plete stage as viewed from beneath the
chassis. The advantages of such a layout
are obvious., The method of wiring the
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The Television IF Amplifier—

valve socket—this is for a Mazda type -

SP41 valve—is worthy of note. With the
connections made in this manner, very
short leads are preserved for all the de-
coupling components, an extremely im-
portant factor, which largely influences
the gain and stability of the amplifier. In
order to reduce the stray capacity for the
coil leads passing below the chassis, these
are actually extensions of the coil wind-
ing—i.e., they are of the same light gauge
of wire. '

Initial Adjustments

With the coils and valves staggered in
this way the problem of holding the coil
“screening cans in position is easily solved.
A strip of angle metal, suitably drilled,
can be placed along the tops of the cans
and held tightly with lengths of BA stud-
ding to the chassis. Alternatively, the
normal can lid may be held between the
square mounting rod and chassis.

Assuming an intermediate frequency of

13 Mc/s, the inductances can have ap-
proximately 27 turns of No. 26 gauge
enamelled wire close-wound on a §in.-dia-
meter coil former. The turns number is
best determined, however, by pruning the
coil until the resonant frequency is ap-
proximately correct. To facilitate this, the
coils are slightly overwound, say, with 28
turns for the intervalve couplings and 30
turns for the diode detector coupling. It

is assumed this valve will be a Jow-capacity-

type, such as the Mazda D1.

The adjustment procedure is then as
follows. A signal generator is attached io
the grid of the last IF valve, and the diodc
coupling adjusted to resonance at approxi-
mately 14 Mc/s, with the tuning plunger
located midway in the coil winding. In

3/ev
o———dali-

_ll—-‘ﬂ‘i--ﬂ:

i

Fig. 5.—The circuit diagram for a simple

valve-voltmeter which will facilitate tuning

is given here. The valve V is any medium-
impedance triode.

this case a meter in the diode load can bhe
employed to indicate resonance. This pro-
cedure is continued for each IF circuit in
turn, a valve voltmeter, which can be
quite a simple affair (see Fig. 5), being
employed to indicate resonance. The
method of attaching both the signal gener-
ator and the valve voltmeter is shown in
Fig. 6.

The tuning plungers are in each case sct
to be approximately mid-way in the coils.
The variation in resonant frequency ob-
tained at the two limits of the plunger’s
adjustment is a little over 2.5 Mc/s; it is,
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therefore, apparent that some slight initial
staggering of the resonant frequencies on
either side of 13 Mc/s is required for a
double-sideband amplifier. In practice, it
is extremely simple to arrange this; for
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It should be added that the inter-
mediate frequency pass-band is equal to
fo — f, = 2fn, where f, is the highest
modulation frequency, and f, and f, are
the frequencies at the edges of the pass-

band. * The inter-

mediate frequency

is given by the re-
lation f, - fi=
fi’—flzfm; th]S
is a little higher

° than the reson-
ant frequency
fo= Vil but
this difference is
negligible for inter-
mediate frequencies
of the order of
10 Mc/s and over.

The overall gain
of the amplifier
can be assessed
with tolerable accu-
racy by applying
the output of the

VALVE
VOLTMETER}

S ——— Y

OSCILLATOR
8f18
MEGACYCLES

signal generator to
the detector diode
and observing the
meter deflection,
then transferring
this signal to the
grid of the first

Fig. 6.—The method for connecting the signal generator and simple
valve-voltmeter when carrying out tuning adjustments.
voltmeter is attached to the anode of the valve and earth, the coil
being short-circuited and the decoupling condenser-disconnected at X.

example, with a four-stage amplifier there
are five couplings, and these are evenly
disposed at 0.5 Mc/s intervals on either
side of 13 Mc/s. No particular accuracy
when pruning the inductances is required,
for the final tuning is accomplished with
the plungers. To avoid any ambiguity, it
must be added that the desired overall
characteristic is not necessarily secured
with the circuits uniformly mistuned; in
many cases it is only necessary to mistune
two or three of the circuits. However, by
pruning the coils in this way it will be
found possible to achieve the final tuning
solely by adjusting the plungers.

The overall response of the amplifier
can now be roughly checked by swinging
the signal generator over the required
bandwidth and observing the correspond-
ing deflections. on a meter in the diode
load. Care must be taken not to overload
the amplifier, and a low-resistance attenu-
ator between the signal source and the grid
of the mixer is desirable. With the ad-
justments satisfactorily completed, em-
ploying this approximate method, it is as
well to plot the overall response character-
istic, in the first place as against a ver-
tical co-ordinate of readings in milli-
amperes, then converting these to decibels
drop from the maximum response. A
response of — 3 db. at the edges of the
pass-band is entirely satisfactory. The
response between the limits of the pass-
band should be substantially level; any
marked non-uniformity must be eradi-
cated, for this will result in unpleasant
picture distortion.

valve and adjust-
ing the attenuator
until the same de-
flection is. secured:
) The signal gener-
ator 1is naturally set to provide a
signal of appropriate frequency. The
ratio of the attenuation then gives
the gain. A very low-resistance L-type
attenuator is necessary, and the accuracy

The valve-

or otherwise of this measurement will

largely depend upon the efficiency of the
screening of the signal source and upon
the accuracy of the attenuator at high fre-

DECIBELS
]
[

10 11 42 13 14 35 16 17 18
MEGACYCLES PER SECOND u

Fig. 7.—A typical. overall response curve
for an amplifier constructed on the lines
described in the text. The oscillator
frequency should be 58 Mc/s, single-sideband
reception being employed.

quencies. The method is sufficiently
accurate for the purpose needed, however,
and where greater accuracy is required a
signal of known voltage should be used.
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An experimental four-stage amplifier
that had circuit constants as given in
Fig. 6, and employed Mazda type SP41
valves, had an overall characteristic as
shown in Fig. #. It can be seen that the
lower modulation sideband is favoured,
for this permits a reduced band-width in
.the RF amplifying stages, at the same
- time allowing an adequate response to the
sound channel to be secured. The lower
vision sideband extends from 43-45 Mc/s;

DECIBELS
sy
-...hunnn-_..
—

9 M 11 12 13 14 15 16 17
MEGACYCLES PER SECOND

Fig. 8.—The same amplifier giving the re-

sponse shown by Fig. 7 is here re-tuned to

permit either single-sideband reception with

an oscillator frequency of 57 Mc/s, or double-

sideband reception with an oscillator fre-

quency of 58 Mc/s. The advantages of this
are described in the text.

the local oscillator frequency is 58 Mc/s,
so that the intermediate frequency should
‘be 5845 Mc/s to 5843 Mc/s—ie.,
13-15 Mc/s. This clarifies the apparent
anomaly of the lower modulation sideband
being favoured with the IF amplifier re-
sponding to the higher mixer valve out-
put frequencies. S

 The overall gain measured to a reason-

-~ able ‘degree of accuracy is approximately .

13,500 tiumes, giving an average stage gain
-of 10:8 times. This is quite an acceptable
figure, and, moreover, 1s secured with com-
parative ease whilst retaining the desired
frequency response. Of course, any

Wireless
| World

desired’ response characteristic is readily
secured, and the considerations governing
a decision upon this point will largely
depend upon the receiving conditions.
The readiness with which almost any
characteristic is secured is a useful feature
of this form of amplifier, and to convey
some idea of its versatility the same ampli-
fier is shown retuned for double sideband
reception with an oscillator frequency of
58 Mc/s, or, for single sideband reception,

~with the oscillator tuned to 57 Mc/s in °

Fig. 8. It often is advantageous to be en-
abled to vary, in this manner, the type
of reception employed, as it gives a means
of combating certain forms of interference
that are not always present. Also, the in-
herent noise level of a receiver employed
at some distance from the transmitter,
where the signal strength will vary, can
be reduced by restricting the frequency
response, thus permitting reception of
tolerable quality when poor reception con-
ditions prevail. It should be noted that
the best frequency response with an over-
all characteristic of the nature of that de-
picted in Fig. 8 is secured when employ-
ing an oscillator frequency of 57 Mc/s;
that is to say, when single-sideband recep-
tion is employed.

In concluding, it is emphasised that care
is very desirable during the tuning of such
amplifiers, for the overall gain can, and
will, vary over wide limits independently
of the frequency response.

PROBLEM CORNER—14

Test your Powers of Deduction

All Hallows School,
Berkhamsted.
Dear Henry,

You remember the battery superhet I
worried you about three weeks ago? Well,
after all the short circuits and things I
thought I'd be on the safe side and have
fuses in the HT. I got a pair of those neat
wander plug affairs with lamp fuses inside.

APRIL 6th, 1939.

A jolly good thing I did, too, because they
blow every time. But the funny thing is I
.can’t find the short; everything seems quite
O.K. As my prestige is at stake, do be a.
good egg and send along your usual infal-
lible. solution.
Yours ever,
Tony.
P.S.—I hope you hung on to the circuit
diagrams and things I sent you.

- The Work of the N.P.L.

RADIO RESEARCH IN 1938

THE Annual Report of the National
Physical Laboratory, which has just
been published (H.M. Stationery Office, price
2s. 6d.) contains in its radio section an in-
teresting account of the year’s progress in
the research work which is going on con-
tinuously both at the Laboratory itself and
at Slough and Leuchars research stations.

The two latter stations are used mainly
for investigation into the origin and nature
of atmospherics. Forty-four main types of
these have been distinguished and it has
been established that they have their origin
in lightning discharges to the west or
south-west of this country.

Meteorological .observations by means of
the well-known ‘' sounding’’ balloons have
also occupied the attention of the laboratory
to a considerable degree.. A compact trans-
mitter, housed in an aluminium cylinder,
has been specially developed for this work.
The transmitter, which has a power of only
200 milliwatts, works on 35 megacycles (8.6
metres) and is modulated by two AF oscilla-
tors. The frequency of one oscillator varies
between 700 and 1,000 c/s, according to
air pressure, while the frequency of the
other ranges from 1,400 to 1,700 c¢/s in
accordance with the temperature.

Another most important section of the
laboratory’s work has been in connection
with the cause of frequency variation in an
ordinary valve-operated oscillatory circuit.
Investigations have covered the valve itself
and also the auxiliary components in the
circuit. This particular line of research is
of special importance in view of the wide-
spread adoption of push-button tuning with

its demand for freedom from ‘‘drift.”’
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Here is the circuit diagram of Tony’s receiver, If everything is O.K. why do the fuses blow? For the solution see page 326.
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Wired Wireless Broadcasting

THE POST OFFICE RE-DIFFUSION" SCHEME

HE announcement in the House

of Commons that the Postmaster-

General proposes to relay broad-

casting by the telephone system

is of great interest to all. The method is

a form of wired wireless, and consists

essentially of the utilisation of the ordinary

telephone wires to carry the modulated
radio“frequency carrier,

The proposal is to supply up to four

alternative programmes on carrier fre-

The output impedance of the system is
to be 100 ohms, and the aim is to provide
10 mV. of signal across this impedance.
The subscriber will connect the aerial and
earth terminals of his receiver to these
output terminals and then tune in the re-
layed signals in the usuwal way. If he
wishes to be able to use an aerial and
obtain normal wireless reception as an
alternative, he can do so by fitting a
change-over switch so that the receiver

216 kofs

A F SIGNALS FROM B8.8.C.

L 280 kc/s

TRANSVMITTERS -
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Fig. 1.—This diagram shows the general arrangement of the proposed scheme.

quencies of 172 ke/s, 216 ke/s, 252.5
kcfs, and 280 kec/s.  The B.B.C. will
provide the programme material and
supply the audio-frequency signal by
land-line to the Post Office, who will use
it to modulate a small transmitter of a few
watts output. Separate lines and trans-
mitters will, of course, be needed for each
of the four channels.

The outputs of the transmitters will be
at different radio-frequencies, and can be
combined with the aid of suitable networks
and filters.  The signals are then to be
passed out over the telephone system.
Amplifiers and filters will be provided at
the branch exchanges, and the signals will
finally reach the subscriber over his tele-
phone lines.

At the Listener’s End

The subscriber will be provided with a
distribution box containing high- and low-
pass filters together with an output trans-
former. These filters are to separate the
radio-frequency currents of the relay
system and the audio-frequency currents
of the normal telephone service so as to
avoid interaction between the two.

can take its input at will from the tele-
phone line or from the aerial.

The general arrangement described is
sketched in Fig. 1 in the form of a block
diagram. The output of the transmitting
filter network is shown as connected

- presents no technical difficulty.

ceptible to interference from broadcasting
stations. The carrier spacing to be
adopted varies from 44 kc/s to 27.5 ke/s,
and will thus be adequate for really high
quality reproduction. It should be pos-
sible to retain modulation frequencies up

~to 10,000 c¢;/s, and with this channel

spacing their ‘retention in the receiver
The
ordinary broadcast set will not, of course,
be able to take full advantage of this, but
special apparatus which will do so will no
doubt be developed as the need arises.

The immunity from interference should
enable high quality reproduction to be
obtained even by those who are a long way
from a broadcasting station, and a further
advantage is that the system is expected
to be largely free from man-made inter-
ference. On trolley-bus routes, however,
it may be necessary to connect subscribers
by twisted-wire cables instead of the usual
open pairs.

In Time of Emergency

Another advantage of the system is that
it is immune from deliberate jamming by
other stations, such as might occur in the
event of hostilities, and it is less susceptible
to damage by bombing than is the

- ordinary broadcasting system. Although

local interruption of the service might
occur, it is unlikely that more than a small
proportion of the subscribers would be
affected.

The system would not interfere with
the normal use of the telephone, and calls
can be made or received as usual whether
or not the receiver is in wuse.

Systems of this nature have been
adopted in Germany, and one such was
described in Electrical Communication
for April, 1938. This was the Lorenz
system, and the use of modulation depths
up to 80 per cent. was contemplated.
The appearance of the receiving equip-
ment is well brought out by the photo-

Fig. 2.—A view of the Lorenz apparatus in a
connected to three junction boxes

directly to the local exchange, but in many
cases there will be several other inter-
vening exchanges.

It is claimed that the system is not sus-

subscriber’s house ; the distribution box is
for the receivers and telephone.

graph of Fig. 2, which shows the distri-
butor unit on the wall and wired to three
junction boxes. One of these is for the
telephone and the others are for receivers.
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Random Radiations——

Batteries Abroad

‘ GO on giving us any news there is about
battery sets,” writes a reader from
Northern Rhodesia; ‘“and don’t be put
off by those who try to make out that the
battery set is a museum piece. Apart from
two or three million battery users at home,
there are thousands upon thousands of us
scattered over the Empire.”” My correspon-
dent’s great trouble is LT supplies. He
can’t get accumulators charged and is at
present using large dry cells. These are not
too bad, or rather they wouldn’t be if you
could be sure that they hadn’t been in stock
for some months when you buy them. I've
written to suggest the air-depolariser cell as
a possibility.  Lots of people don’t know
that these have been made for years in this
country and that the DBritish product is
much more suitable for LT work than the
American. The latter can’t be recharged;
the former can. When it runs down after
its first charge, only the zinc and the elec-
trolyte need renewal ; the fat porous carbon
rod, which is the life and soul of the cell
should be good for at least two zincs. If
it has been well treated it may last longer
than that. These cells also stand up very
well to trying climatie conditions, which is
more than can be said of many dry cells.

For AR.P.

‘A good many people are investing in bat-
tery portables or transportables for their
A.R.P. dug-outs. Sets using the new low-
consumption valves, which draw their fila-
ment current from a single dry Leclanché
cell are excellent for the purpose, save for
one snag. The shelf life of dry cells is not
indefinite ; hence even an unused cell on
open circuit deteriorates in time. The Army
used to employ inert cells (“ cells, electric,
inert ’’) for various purposes, and I believe
that it still does.  Are they purchasable
by the civilian? If so, they would appear
to be the very thing for the bomb-shelter
set. ~ The inert cell really is dry. So long
as you keep it properly, it is completely
inactive until you pour a little water into
it. Hence it can remain for ages on the
shelf in its original inert condition without
suffering any adverse change. I bought a
whole lot of such inert cells after the war,
when surplus stocks were going cheap, and,
wired in series, they made an HTB which
lasted for an immense time. At one time,
I think I'm right in saying you could buy

i By “DIALLIST” |
!

Radio Links

Talking of A.R.P. (as a good many of us
are nowadays!) I have often wondered why
ultra-short-wave wireless hasn't been given
more of a show in the various schemes for
local communications. As it is, we are
relying almost entirely on the Post Office
telephone service for communications
between wardens’ posts and report centres.
The same applies to the medical, fire, de-
contamination and other services. Even
with augmented staffs at the-'phone ex-
changes, this might mean delays; and if
either the exchange itself or a multi-wire
underground cable were badly damaged
messages couldn’t be got through at all by
telephone. Small combined radio transmit-
ting and receiving equipments wouldn’t cost
much and they’d enable communications to
be kept going at all times and without con-
gestion.  If instruments designed to work
on some. very, short wavelengths, such as
two or three metres, were used their trans-
missions wouldn’t interfere with those of the
police or of the fighting services.  There
must be keen wireless folk in many areas
who’d gladly rig up the necessary gear if
permission to use it could be obtained.

"= s e

W6XBE

N a recent issue of The Wireless World 1
gave the transmission times of W6XBE

as 04.00-07.00, Pacific Standard Time
(12.00-15.00 GMT) 'and 15.30-17.00 PST
{23.30-03.00 GMT), and stated that the
15.33-megacycle frequency was in use during
both periods. A correspondent draws my
attention to a paragraph in the April num-
ber of an American radio magazine which
gives quite different information! In this
it is stated that the station is at work from
03.00 to 09.00, Eastern Standard Time
(08.00-14.00 GMT), and that alternative
frequencies are used: 9.53 Mc/s when the
path between the transmitter and the
‘““target”’ of its beam is entirely in the
dark, and 15.33 Mc/s when it is partly in
daylight and partly in darkness. Well, my
information came straight from the station
—and so, in all probability, did that given
in the magazine. A bit puzzling, but I
think there’s a satisfactory explanation. I
believe that it was at first intended to

inert HTBs. Are they still obtainable? operate the station only for one period a
I've an idea that Siemens made them. day, with alternative frequencies. That was
ks
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Frequency response of the M.R. push-pull output transformer when connected to two PXys.
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the latest information to reach the magazine
before it went to press; mine reached me
only the day before I wrote the paragraph,
and I believe that it represents a correction
of the original scheme and can be con-
sidered as accurate. i

"= "= "a

Melbourne Going Strong

THE best hour for listening for Australian
stations used to be described as break-
fast time by those whose habit it is to be
afoot betimes.  Saluting the dawn was
never a strong point of mine; in fact, I'd
far rather sit up for it than get up for it.
Hence the occasions when I have received
Australian stations haven’t in the past been
very numerous. I hail with joy the arrival
now on 11.88 Mc/s (25.25 metres) of VLR3
of Melbourne at the altogether satisfactory
hour of 20.30. No longer must I rise early
to receive Melbourne; Melbourne most
obligingly rises early (at 20.30 here it is
06.30 the next day on the other side of the
world) to provide me with entertainment at
a reasonable time. And what a splendid
signal comes in from VLR3 for an hour or
so, whilst the greater part of the track fol-
lowed by the radiations is in darkness.
Then, as daylight spreads westwards, it
begins to lose both volume and steadiness,
and by 22.00 it has usually become a mere
fluttering ghost of what it was. What
power is the station using, T wonder? In
the lists it is credited with only 2 kilowatts;
but the present figure must be a good deal
more than that. At any rate, VLR3 is often
much stronger than the 24 kW WS8XK,
though more than three times as far away.

M'.R. Push-pull Oﬁtput

Transformer

THE.overall dimensions of this component

are 53in.x53in.x44in., and it has a
massive closed iron-core rated to carry 20
watts AC and 100 mA of DC per half pri-
mary. The secondary is wound in four sec-
tions, which by various series'parallel con-
nections can be made to give ratios of 18,
24, 36 and 72 to 1. As all four sections are

e

in use for each ratio the frequency character-
istic will not vary appreciably when the
connections are changed.

The transformer was tested in a push-pull
circuit using PX4 valves, and showed a
well-maintained response up to 20,000 ¢/s.
The output is only 3 db down at 18,000 ¢/s.
At the lower frequencies there was no serious
shunting of the load by the primary
inductance, and the loss at 20 c¢/s under
the conditions of test was less than 2 db.

The price of the transformer is 37s. 6d.,
and the makers are M.R. Supplies, 68, New
Oxford Street, London, W.C.1,
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B A S S (The AF Kind, of Course)

HE title of this article suggests a
controversial subject, whether
pronounced with a long a or a
: short, As the latter variety is
outside the scope of this journal (with the
exception of Free Grid’s page) I am con-
fining my views strictly to the former.
The fact that it is pronounced base is
significant, for it is the foundation of
sound, giving depth and power to music
and voices.
little dispute. It is in its reproduction
that the arguments and difficulties occur.
'Years ago—circa 1925—bass was prac-
tically non-existent in
the reproduction of
broadcasting.  There
were a number of
technical reasons why
that was so. But
when the thrill of
hearing sounds from
far distances began to wear thin, and the
technical people turned their attention to
throwing off the reproach about ‘’tinni-
ness,’”’ bass became a sort of El Dorado
that all strove to find but nobody reached.
I remember how impressed I was when
I first heard the ‘“Kone’ loud speaker,
which at that time was unique in having
been designed on scientific lines to repro-
duce a wide range of frequencies. It
seemed that at last here was true music
in all its depth.

The Moving Coil Speaker

Then a rumour went round of a
loud speaker, the electrodynamic,
better known as the moving coil, with
wonderful bass. And it was. The
newly discovered low tones became the

new
now

symbol of modernity in sets, and manu-

facturers entered a race for bassier and
bassier reproduction. It was about this
time that organs first began to be Mighty.
Now, when the common varieties of out-
put valve are rated to give about 8 watts
each, and moving-coil loud’ speakers are
universal, it is no longer clever to achieve
the all-thumping tone that was fashion-
able a few years ago and even now—
alas!—is not quite dead. Yet really good
bass reproduction is still very rare indeed.
That is why the vast majority of people
are unaware that there is anything wrong
with the bass they commonly hear. It
needed the moving coil to show up the
limitations of the ‘““Kone’’; and history
repeats itself. Only now it is much more
difficult to recognise an improvement
even when it is heard, as well as being
difficult to obtain even when it is under-
stood.

The reasons are quite interesting. I
mentioned above that it is easy to get at
Jeast the appearance of a full bass now
that common output valves give several

On that point there will be

By
“CATHODE RAY"”

watts of power. Readers who have not
already gone some distance into the sub-
ject may wonder what this has to do with
it. In a general sort of way it should not
be difficult to see where power enters into
the problem, for all instruments capable
of producing very low notes are large and
demand much more power to play than
high-pitched instruments. One has only
to think of the bass drum, which 1is
operated on a similar principle to the
““Try Your Strength’’ machines at fairs;
or the tuba, which
makes even a full-
winded musician show
symptoms of impend-
ing apoplexy if in-
cluded in- the com-
poser’s score for any
Iength of time; and,
above all, the pedal notes of an organ,
which absorb most of the several horse-
power that may be given by the blower
motor.  Like radio waves, or any other
waves, the wavelength is got by dividing
the speed by the frequency. As the speed
of sound in air is

100 c/s to 50 c/s it is necessary to have a
loud speaker that can vibrate four times
as far. And it is very difficult to do that
without causing serious distortiont by the
coil coming outside the uniform part of
the magnetic field (see the accompanying
drawing). One way is to reduce the neces-
sary amplitude of vibration by increasing
the size of the cone (which may make it
difficult to reproduce the high notes as well
as before) ; another is to increase the size
of the magnet system, but there is still a
risk of distortion due to the uneven con-
straint of the coil and cone suspension
when they are pulled to and fro so
violently. And either way is expensive,

Peculiarities of the Ear

There is another reason why a lot of
power is needed. It is to do with the
listener himself. I said just now that to
produce a bass sound of the same inten-
sity as the treble it is necessary to have a
vastly greater vibration. Infensity. That
is quite a different thing from loudness.
To make a 50-c/s

about 1,100 feet per
second, the wave-
length of a high
note, three octaves i
above middle C }
(frequency 2,088 N
cycles per second), N,
is a little over 6 )

CONE SUSPENSION

sound just audible
to the average pair
of ears it is neces-
sary for the sound
to be 200,000 times
4 as intense as a just-
audible 2,000-c/s
sound. And for a

inches. But a very
low rate, three
octaves below | cone” N\
middle C (frequency [ N\
33 ¢/s) has a wave-
length of 33 feet. ’ A
A child with a stick
can make ripples of i
short wavelength on

COIL
SUSPENSION ~ 3,

more complicated’
reason, which I ex-
plained some time

FIELD ago as ‘‘Scale Dis-

COIL
tortion,”” the pro-
portion of bass
MAGNET tone present in a
POLE

programme ap-
parently diminishes

the. surface of movina — 77 if the programme
water, but it is oow is reproduced at a
only the passing of A lower intensity
a liner driven by 4 than the original
great power that e performance. - So
gives any sort of VA4 even if the repro-
imitation of full- ya WAGNET QAP ducing equipment
sized ocean waves. Y is perfect, the re-

It is much the o sult lacks bass un-
same with air § ’ less the original in-
waves. Actually tensity of sound is

the distance a loud
speaker cone or

given. (To silence

other sound - pro-
ducing surface has
to vibrate between
its backward and
forward limits to
produce sound of a
given intensity is proportional to the
square -of the wavelength. So to extend
the reproduction of bass notes from, say,

Cross-section of a moving coil loud speaker

to show the difficulties that arise when the

- amplitude of vibration (indicated by the

dotted lines) is large, as is necessary for

reproducing very low notes at sufficient
strength to be audible.

any scornful ecriti-
cisms that may still
remain after - my
frequent assurances
on this point, I
repeat that this
does not necessarily
demand the full power of the original
sound source. For example, a very high
intensity can be ‘produced in the ear by
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Bass— ’
headphones fed with quite low power.) -

For reproducing a programme by.loud
speaker in an ordinary room the "early
sets with their -fraction of a watt output
were unable to do justice to the bass'even
apart from their technical deficiencies. So
power. does matter.

Until now I have cast most of the blame
on the loud speaker. But although the
difficulties in the amplifier itself are far
less, they must be attended to. There is
one particular difficulty, in addition to the
need for ample power output, that is im-
portant—the output transformer. To pass
the ample power output from the-ampli-
fier to the loud speaker at very low fre-
quencies without distortion it is necessary
for the transformer to be much larger and
more expensive than is generally sup-
posed. s
~ Expense “‘again, = Expensive methods
are not popular with radio manufacturers,
at any rate those who make ‘‘competi-
tive’- sets.. Yet-leaving out the bass is
no:longer tolerated. So- this is an-awk-
ward dilemma. It has, however, been
found pessible to. solve - the problem -to
the satisfaction of perhaps g9 per cent. of
the public. “In this the manufacturers are
helped by peculiarities -of the very™ ears
that make things difficult for them in the
other ways that I'have already explained.
. Take an ordinary piano of what I
believe is known as the ‘cottage’’ type.
Its lowest note has a frequency of 27 c¢/s.
That is a very low note indeed, far below
the --capabilities of the ordinary loud
speaker. ¥et-it is not merely audible on
the said O.L.S., it is heard with body
and -depth that satisfies all but the very

critical listener: Surely a flat contradic-

tion!* Even the pidno itself seems theo-
retically incapable of playing a note with

. a wavelength of 4o feet; requiring in an
organ a pipe 20 feet high, not at all
adapted to the bijou flatlet (or the “‘ cot-
tage”’).

The explanation of this seeming impos-
sibility is that the cottage piano (and, still
more, the O.L.S.) does mot reproduce
any really appreciable amount of 27-c/s
sound. How, then, is it heard ?

Creating an Illusion

Most of the sound is at harmonic fre-
quencies—54, 81, 108, 135, etc.—some of
which do come within the range of the
reproducing equipment. It is a remark-

able fact that if sound at the fundamental

frequency—and even the first few har-
monics—is  entirely eliminated, the ear
still recognises the fundamental pitch:
Suppose, for example, that everything
below 100 c/s.is perfectly silent, the
fundamental and the first. two harmonics
being removed, the listener does not hear
what is left as a 108-c/s sound. It is still
a-27-c/s sound; a little lacking in
“body,”” no doubt, but quite recognis-
able. The meore loudly ‘it is heard the
“more the ear re-creates the missing low
tones.. i ’

_ This is lucky for the manufacturers, for
it covers up the shortcomings of their pro-
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ducts. They are also favoured by the
fact that the O.L.S. almost inevitably
resonates at some frequency usually in
the region of 85 c/s, and thereby boosts
sounds of around that frequency, so mak-
ing up for the falling-off due to the use of
small output transformers and . other
deficiencies.  Also the air space inside
the cabinet resonates. If it does so at
the same frequency as the loud speaker
the result is an unbearable boominess,
but things are generally contrived so that
the cabinet resonance bolsters up some
other part of the frequency scale.

When the lowest note in the piano is
played, the loud speaker will probably
respond strongly to the third harmonic
(81 c¢/s). If it is definitely of a cheap
variety, and is driven strongly, it is likely
to distort a good deal, producing sound
of double this frequency. But as that is
the sixth harmonic of the piano funda-
mental it just strengthens what is -already
there, and the ear accepts it all quite

happily.
True and Faked Bass

So much for the O.L.S. Now suppose
that expense is no object; at least, not
much object. Is true bass reproduction
distinguishable at all from the fake just
described, and, if so, how can it be
obtained? In using the word ‘‘ fake’’ 1
hope I will not be understood to class
O.L.S. manufacturers along with forgers,
counterfeiters, and other persons of un-
worthy motives. There is nothing at all
reprehensible in the policy followed; I
would do the same myself. Hardly any-
body at all is critical enough to detect
the fake without a direct comparison with
the. genuine article, and not many people
are ‘able to do so even then. And of
those: who are, few are able or willing to
pay several times the ordinary price for
the privilege of having it.
fact that jewellery purchased at the six-
penny store is not constructed of genuine
pearls and diamonds does not reflect
adversely on the honesty of the business
nor prevent it from giving pleasure to a
vastly greater number than are served via
Hatton Garden.

The difference between fake
genuine bass is not always obvious even
to the experienced listener with facilities
for % direct switch-over between the two.
One tendency of the less good sets is to

render speech boomy ; but even perfect.

equipment does this if the reproduction is
much louder than the original, so that is
not an infallible guide! - Programmes
with an absence of bass instruments
cbviously are unsuitable for the compari-
son. Even when the bass is strong, if it
is provided by instruments with funda-
metals higher than about 70 ¢/s or with
very pronounced harmonies the distinc-
tion is not clear. The. tendency of the
cheap equipment to tear up the higher
parts of the programme when the. bass is
very strong is sometimes noticeable. But
the best programmes for the test are those
that include notes with relatively- strong
and very low fundamentals. Some of the

former).

After all, the

and
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organ pedal notes (preferably not a
cinema. organ) and the ‘‘string bass”’
used by dance bands are good. : It may
be found that the high-quality equipment
is uttering distinct ‘‘ zoomps’’ that the
O.L.S. won’t touch. Or if it does, there
is a subtle difference in tone, something
like the difference between the ‘‘ cottage ”’
piano and a concert grand, or a har-
monium and a pipe organ.

I'm afraid I can’t start on a full account
of how an approximation to true bass is
achieved, but here is a quick sketch. A
moving-coil loud speaker must have a
very freely suspended movement, and
cither a large cone or a long magnet gap
or both. Then to prevent the very low
tones from running straight round from
front to back and neutralising the sound
it is necessary to have a huge baffle. To
attempt to produce a useful amount of
sound at, say, 20 c¢/s with a baffle-
mounted loud speaker involves almost
impossible requirements because of the
enormous amplitude of vibration. That
is because the cone gets a grip on such a
relatively small amount of air. But by
using a horn, the design of the speaker
itself is much easier, because it is
““ matched ”’ more efficiently to the load
of air it moves (much as the output valve
is matched to the loud speaker by a trans-
But the horn must be a big one.

So, as I said before, true bass is rare.
Between the O.L.S. and the rather awk-
ward (for domestic use) types just
described there are these that can fairly

be called ““ high quality " ; that is to say,

they fall short of perfection in dealing
with the very lowest pure tones (which
hardly ever occur in programmes, any-
way) but are more or less substantial im-
provements on the mass-production
article. The aim now is to make these
better and cheaper.

Webb’s Amateur Radio
Station Log

HIS log book has been prepared
especially for keeping records of all
calls sent out and received at amateur trans-
mitting stations. It contains 75.pages, with
columns and headings for making all the
necessary entries.

A semi-loose-leaf form of binding is
adopted. One page is devoted to a list of
the most used “‘Q’’ code signals, also the
R.S.T. codes, while at the back is a quick
reference to valve-holder connections.

It is obtainable from Webb’s Radio, 14,
Soho Street, London, W.1, and the price
is 2s. 6d.

HENRY FARRAD’S SOLUTION
\ ) (See page 322)

CONDENSER is shown across the HT
- battery, and as. it is marked .as_an
electrolytic type it can be assumed to be of
at least several microfarads. " The charging
current at the moment of switching ‘on ‘is
quite enough to blow a low-current lamp.
If such a large capacity is essential, the
fuses should be of a higher rating though
sufficiently low to protect the valve filaments.
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GERMAN WIRED WIRELESS

New Method of Br

A 'Y Distt'l. red

*HE German Post Office an-

nounces the introduction of

a system of wired-wireless broad-

casting similar to that proposed

by the G.P.O.. and described
elsewhere in this issue.

The new high-frequency dis-
tribution service, which has been
opened after tests which have ex-
tended over several years, will
be made available to those who
own a wireless receiver at no
extra cost above the normal
wireless licence fee of Rm.2 per
month. At present, there will be
a selection of three programmes
—two regionals and the
Deutschlandsender

The system of distribution is
carried out by using the main
trunk telephone lines and the
normal local cables up to the
point of entry into the house
whence a special two-way cable
is connected to the aerial and
earth terminals of the ordinary
broadcast receiver.

4

Modulation is ‘‘ piped’’ from
the broadcasting station to the
central telephone trunk ex-
change, where it is applied to a
special low - powered
wireless *’ transmitter. The radio-
frequency output of this trans-
mitter is then ‘‘ piped "’ to a sub-
transmitter in the area to be
served, and so by telephone line
to the listener’s home.

The German authorities point
out that the new service cannot
be jammed, is free from electri-
cal and atmospheric interference
and can be used during hostilities
when radiation from broadcast-
ing stations would be stopped to
obviate their use for direction
finding.

Users of the service are not re-
stricted to its use only, for by
the simple procedure of changing
the leads to the aerial and earth
terminals of the receiver the
normal method of reception can
be used.

AMERICAN TELEVISION
Mr. Gerald Cock to Visit New York

E understand that Mr.
Gerald Cock, B.B.C. Direc-
tor of Television, will leave Eng-
land for New York on April 15th
to see the inauguration of N.B.C.
television, and will be away for
about a month. He expects also
to visit the Columbia Broadcast-
ing System’s television head-
quarters, where Mr. D. H.
Munro, the B.B.C. Television
Productions Manager, will be
assisting in the establishment of
the service a month later.
Difficulties of installing the
C.B.S. television transmitter on
the 73rd and 74th floors of the
Chrysler Building in New York
have taxed the ingenuity of the
engineers to the utmost, but the
work goes on, and the chief
problem: to be solved now is

the

It is to withstand a wind
velocity of 150 miles an hour and
must be anchored withcut sup-
port from the comparatively
flimsy burnished steel plates
which serve as a decorative
covering for the tower.

Meanwhile the 6} tons of
power cable has been brought up
through the conduit from base-
ment level.

Because the cable almost filled
the conduit there was danger of
the lead covering expanding
from heat generated by friction,
and so causing a jam. This was
avoided by lining the conduit
with heavy grease and the cable
was hauled up by the Ilift
mechanism from which the
actual lift had been disconnected.

THREE FAMOUS MEN who worked for the rearrangement of wave-

lengths at Lucerne and who now control the Comité du Plan at

‘Montreux.

Left to right, M. Braillard, Belgium, Dr. Muri, Chairman

of the Conference, Switzerland, and Herr Giess, Germany.

““ wired-

installation of the aerial.

HEIGHT is a pre-
dominant factor in
the location of a
television transmit-
ting aerial, and the
N.B.C. aerial shown
here on the top of the
Empire State Build-
ing, New York, cer-
tainly covers a wide
horizon. Designed by
N. E. Lindenblad, of
the R.C.A., the upper
system consists of
four dipoles for the
sound, and the low-
er, which, as shown
in our close - up
picture on March
16th, resembles four
footballs, consists
of two dipoles for
vision, The band to
be accommodated by
the vision carrier
is 5.5 Mc/s and the
aerial gives a con-
stant low impedance
Jover this wide band.
No quality in the
generated  signal
should therefore be
lost by transmission
through this aerial.

WHITHER TELEVISION ? )
A Plea from Lord Hirst

IN a letter to The Times stress-

ing the need for the estab-
lishment of provincial television
centres, Lord Hirst, chairman
of the General Electric Com-
pany, said: "I do not believe
that any but a few people have
yet realised what television is
capable of giving this country.

““ Not often does there emerge
a new British industry with the
clear opportunity of a lead over
all other countries in the world
market. Yet that is what tele-
vision, resolutely, promptly, and
imaginatively developed, will
give us.

Financing the New Industry

““I should not in this difficult
hour plead for any additional
expenditure for the sake of a
new form of entertainment. I
do not hesitate to plead for the
investment on behalf of a new
British industry (which may
well have incidental defence
implications) of the very mod-

erate sum which alone is needed.

It could probably be provided
by the transfer to the B.B.C. of
that part of the wireless licence
revenue which the Government
still retains for its own purposes.

If not, the Government might
“well allocate for this special pur-

pose some small fraction of the
£15,000,000 which it has re-
ceived from the licence revenue
during the last sixteen years.”

EMPIRE LISTENERS

B.B.C. Advises on Set Purchase

and Relaying '

HE B.B.C. is bombarded

with requests from Empire
listeners for advice on purchas-
ing a set. As the Corporation
points out, it cannot give advice
on, or make recommendations
concerning, specific makes of re-
ceiver,

In general, however, Empire
listeners are being advised to
buy a set of reputable manufac-
ture for which efficient servicing
is available. Listeners are
warned against buying obsolete
receivers, especially if the set is
bought abroad.

The Corporation is also open-
ing a service of advice to broad-

_casting and other authorities in-

tending o establish relay
stations for re-diffusing the
Daventry programmes to lis-

teners within a certain area, the
advice being based on the Cor-
poration’s own experience of
relaying programmes during the
past twelve years.

CINEMA TELEVISION

Mr. Ostrer’s Views

AFTER the public showing of

the B.B.C.’s television
transmission of the Boat Race,
which was marred by unfa-
vourable weather conditions, at
the Marble Arch Pavilion, ‘Mr,
Isidore - Ostrer, chairman of
Gaumont-British Picture Cor-
poration, the owners of the
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News of the Week—

theatre, gave his views on the
future of television and the
cinema.

He stressed the point that it
was the desire of Gaumont-
British to obtain a television
transmitting licence from the
Postmaster-General for the sole
purpose of covering outstanding
sporting and national events for
reproduction in their own
cinemas, a number of which are
now in-the process of being
equipped with Baird big-screen
projector receivers. It was not,
he said, the wish of Gaumont-
British to compete with the
B.B.C. who should remain the
purveyors of home television.

AMATEUR AWARD
Nominations Closed for Third
Annual Paley Trophy

OMINATION of candidates
in Canada and the U.S.A.
was completed this week for the
third annual William S. Paley
amateur radio award. Nomina-
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RATIONALISING RADIO

Developments in the German Industry

FOLLOWING the example of
the German motor in-
dustry, which has reduced the
number of models to enable
manufacturers to mass-produce
a few types with the resultant
reduction of costs, the German
radio industry has decided to
standardise not only sets, but
also valves and components.
At present eighteen special com-
mittees are sitting to discuss the
proposed changes.

Each of the manufacturers
will limit the number of types

to about three, as has already
been done in the manufacture of
superhets by the German Philips
Company. It is expected that
all straight receivers will in
future be built on the reduced
profits scheme of the People’s
Set.

The scheme will, of course,
bring down the prices, with the
result that not only will the Ger-
man people benefit, but Ger-
many will also be able to com-
pete advantageously in foreign
markets,

AMATEURS AND BROADCASTING

MERICAN amateurs are con:
- X cerned about the encroach-
ment of broadcasting stations in
the 7-Mc/s band. The Cairo
Conference agreed that from
September 1st, 1939, broad-
casting stations could transmit
on frequencies between 7.2 and
7.3 Mc/s, but the complaint of
American amateurs, which is

voiced in QST, is that the
French colonial station, Paris
Mondial, is already broadcasting
within this band—on 7.28 Mc/s.

The American Radio Relay
League has appealed to the
U.S.A. Department of State
that representations be made to
the French Administration to
cease this “‘ violation.”

THE RADIO
OFFICER at his post
in the radio control
room on the upper
deck of Pan-Ameri-
can Airways Yankee
Clipper, which in-
augurated the new
transatlantic air
service. A hundred
waft transmitter,
WCBN, which was
installed by the Co-
lumbia Broadcasting
System for the trans-
mission of com-
mentaries during
the initial flight, is
located in the lower
compartment of the
plane’s nose.

tions are being compiled in a
brochure to be sent to members
of the Board of Award, which
is constituted by well-known
personalities in various walks of

life. For the first time since the
award was instituted women
have made their appearance

with men as contenders for the
title of the outstanding 1938
amateur radio operator.

The award was inspired by
the 1936 flood disasters, when
amateur wireless operators ren-
dered valiant rescue service to
stricken areas.

The first trophy went to
Walter Stiles, jun., WS8DPY,
and last year Robert T. Ander-
son, WgMWC, received it for
services “rendered during the
Ohio river flood.

The name of each year’s win-
ner is engraved on the base of
the original trophy, which is
kept in the custody of the
American Radio Relay League,

and a smaller replica becomes.

the permanent property of the
winner.

FROM ALL
QUARTERS

B.B.C. Knapsack Transmitter

Tue B.B.C. is testing a new
type of portable transmitter which
can be used by commentators at
sports meetings. It is extremely
light, and its low power is just
sufficient to give it a range of a
few hundred yards; its signals
being picked up by one of the
0O.B. vans. Tests are being under-
taken with a view to using the
transmitter at sports fixtures dur-
ing the summer. The transmitter
uses an ultra-short wavelength,
and permission for its general use
has not yet been obtained from
the Post Office.

French Television

Tug first public demonstration
of big-screen television in Paris was
given last Sunday at the Theatre
Marigny on a screen Oft. by 4ft.
The performance, which marks the
beginning of a television drive in
France, was attended by M. Jules
Julien, Minister of Posts and Tele-
graphs. From April 15th outside
broadcasts are to be televised.

New York Television

Our New York correspondent
informs us that the R.C.A. tele-
vision transmitter at the top of
the Empire State Building, New
York, is being rebuilt, and will
be working again early next
month, in readiness for the open-
ing of the New York World’s Fair.
As no service is yet available the
production of television receivers
is proeeeding cautiously.

Television Debut

Visitors to the Golden Gate
Exposition at San Francisco will
not only see practical home tele-
vision demonstrated, but, like
visitors to our own Radiolympia,
will themselves have an oppor-
tunity to be televised. This will
be -the first public showing of
high-definition television on the
Pacific Coast.

Police Wireless

IN order to make police com-
munications even more immune
from air attack, a micro-wave
transmitter operating a beam ser-
vice to Scotland Yard has been
installed at the police transmitting
station near West Wickham,
Kent.

APRIL 6th. 1939.

Foreign Language Transmission

THE early evening clash be-
tween the English programmes in
German and the German trans-
missions in English has not gone
unnoticed by the B.B.C. To dis-
entangle this awkward situation
steps may be taken to change the
time of the German bulletins
from this country. The problem
then facing the B.B.C. would
probably be that the German
transmitters would follow suit.

Receipts from Sponsored
Programmes

TuE Minister of Posts and Tele-
graphs in Dublin announced that’
it is anticipated that the State
will collect £35,000 from ‘‘adver-
tising and other receipts’’ derived
from the Radio-Eireann sponsored
programmes.

North Atlantic Marine Wireless

COMPULSORY equipment of all
vessels employed in North Atlan-
tic and Arctic work with complete
radio equipment is proposed in a
Bill * before the Norwegian
Government. It is also pro-
posed to raise the power of the
two sub-Arctic commercial radio
stations at Bear Island and Sval-
bard (Spitzbergen) which will in
future chiefly radiate telephony.

Ship’s S O S’s to be Rebroadcast

Tue Danish Government has
ordered that all telegraphic and
telephonic distress calls from ships
recetved by Danish Authorities
are in future to be rebroadcast
during the normal programmes
even if this procedure necessitates
the interruption of a  pro-
gramme. In this way the mes-
sages may be picked up by small
fishing craft which carry an
ordinary broadcast receiver only,
and it is hoped thereby to effect
a speedier rescue.

Broadcasting in Russia

THE number of Russian listeners
is reported as 22 per 1,000 inhabi-
tants. Difficultics of receiver pro-
duction have not yvet been solved,
and, according to the journal of
the Russian Heavy Industry Com-
missariat, during the last three
years of the present five-year plan
only 25 per cent. of the produc-
tion programme has been carried
out.

Baird

Ir was announced by Sir Harry
Greer, chairman, at the adjourned
ninth Ordinary General Meeting of
Baird Television, Ltd., held last
Friday, that from July 1st Baird
would be manufacturing and mar-
keting their own televisors.

Record Sales

Last year about 335,000,000
gramophone records were sold in
the United States, which was
equal to 1912. Some 100,000,000
records were sold in 1921. By the
late 1920’s radio had taken a firm
hold, and the gramophone in-
dustry was given up for dead,
though actually it. continued to
sell records by the million, and
the low mark reached in 1933 was
equal to that which had seemed
a booming business in 1g907. The
sales curve rose from 1933 to 1938
identically with the rising curve of
1907-12.
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The Modern Receiver

Part VL. —INTERMEDIATE-
FREQUENCY AMPLIFICATION

OLLOWING the frequency-changer
there is the IF amplifier in which a
single valve is usunally employed.
In large receivers two stages, or

even more, are often used, but most sets
have only one.

Essentially, an IF amplifier differs from
an RF amplifier only in the resonant fre-
quency of its circuits being fixed and not
tunable over a wide range. The same
general design considerations apply but
are modified in two ways by the fixed fre-
quency of operation—it is possible to use
circuits which would be unsuitable for
ganging and there is no restriction set on
the LC ratio of the circuits by any need
for waveband coverage.

The two main requirements are amplifi-
cation and selectivity. We saw earlier
when considering the RF amplifier that

C1
c2

Fig. 15.—This diagram shows the usual IF
transformer connected to act as the coupling be-
tween the frequency-changer and the IF valves.

the gain depends on the dynamic resist-
ance of the tumed circuits »L.Q, and the
selectivity upon Q. As we have no
restriction imposed by waveband coverage
on the choice of inductance we can have
high gain with low selectivity by making
L large and Q small, or we can have low
gain and high selectivity with small L and
large Q. Low gain and low selectivity
can be obtained with small L and Q, and
conversely high gain and high selectivity
with large L and Q.

Now with coils of a given construction
there is usually one value of inductance
which gives the greatest Q) and another
higher value which gives the greatest
dynamic resistance. The values referred
to are those for the total circuit, including
the losses introduced by other components.

It is unwise, therefore, to make the
inductance very high. No optimum
figure can be given, for it depends on so
many factors. There is also the question
of the trimming condenser to be taken
into account. With a moderate or low
mductance coil the capacity required for
resonance is likely to be 100-500 puF.;
this is greater than can be economically
obtained with an air-
dielectric condenser,
and the compression-
type mica trimmers
are used.

As the inductance
increases the capacity
needed decreases.
Both coil and con-
denser losses increase

and a point is
reached at which Q
begins to fall off

rapidly. With a capacity of 60 uuF. or

less an air-dielectric trimmer becomes
feasible and its lower losses lead to a
higher Q for the circuit.

The air condenser also has the advan-
tage that its capacity is much more stable
than that of a condenser of the compres-
sion type. It is much less affected by
temperature, humidity. and vibration.
Even in small-capacity form, however, it
is more expensive and takes up more
room,

Cdupled Circuits

When the coils have powdered-iron
cores it is possible to dispense with adjust-
able condensers and to arrange for the core
to be movable for trimming. The con-
densers can then be of fixed capacity and
of a low-loss and stable type. This course
has not yet been generally adopted, but
there are signs that it will become much
more common than hitherto.

Single circuit couplings, such as are
commonly used in the RF amplifier, are
quite rare at intermediate frequency and
it is usual to employ pairs of circuits
coupled together. It is also usual to use
mutual inductance coupling between the
tuned circuits of each pair.

The arrangement is shown in Fig. 15;
the primary circuit L1 C1 is usually identi-
cal with the secondary L2 Cz2, and the two
are coupled by the mutual inductance be-
tween the coils. The coils are placed so
that the magnetic field set up around L1
by the current in this coil cuts the second-
ary coil L2. The changing primary field
induces a voltage in the secondary which,
in its turn, produces the secondary
current,

N the superheterodyne the adjacent
channel selectivity is obtained very
largely in the intermediate- frequency
-amplifier, and in this article the more
important factors governing its perform-
ance are discussed. The problems of
variable selectivity are also touched
upon. |

Stage by Stage

Now this current also sets up a magnetic
field around the secondary which cuts the
primary coil L. A voltage is conse-
quently induced in L1 by the secondary
current and this acts to modify the primary
current.

This reaction of the secondary back on

to the primary leads to some important
effects. We saw earlier that when two
circuits are in cascade and separated by a
valve the overall resonance curve is given
by the product of the
responses of the in-
dividual circuits.
"~ The circuits are
then coupled by a
one-way device—the
valve—so that the
second circuit does
not react back on to
the first. When a
reactive coupling is
used and. is very
weak, the . overall
response of a coupled pair of circuits is
very similar. As the coupling is increased,
however, the overall curve departs more
and more from that given by the product
of the individual circuits.

What happens . is illustrated by the
curves of Fig. 16.  Here A shows the
results with fairly loose coupling, while
B is for optimum coupling. It is assumed
that the circuit is of the-form of Fig. 15,
and that the only coupling is that pro--
vided by the mutual inductance M
between L1 and La. 4 g

As M is increased, so the efficiency of
transfer rises and the stage gain increases
until the optimum value is reached ; there-

i
|
|
|
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Fig. 16.—The effect of varying the coupling
M of Fig. 15 on the resonance curves is well
brought out here.

after, any further increase in M reduces
the gain at the resonance frequency. Up
to the optimum value of coupling the
resonance curve maintains the same
general shape, but selectivity falls off

_somewhat as M is increased.
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When the coupling exceeds optimum
two peaks appear in the resonance curve
with a trough between them, as shown by
curves C and D in Fig. 16. In some
ways the circuit behaves as though the
primary and secondary were tuned to
frequencies on either side of the central
frequency, indicated by the dotted line.

Mutual inductance is by no means the
only way of coupling two circuits. Top-
end capacity coupling can be used; in
Fig. 15 this would be obtained if M were
zero and a capacity were connected from
the anode of the first valve to the grid
of the second.

Capacity Coupling

With sub-optimum coupling the results
are much the same, but with the coupling
greater than optimum the peaks are no
longer symmetrically displaced about the
resonant frequency of the circuits. The
effect obtained is shown in Fig. 17, and
it will be seen that one peak remains
centred on the top of the single-peaked
curve A, while the second appears on the
side of it.

Now in the practical case of mutual
inductance coupling there is always some
capacity between the circuits. There is
the capacity between the coils themselves
and their wiring, and there is often
appreciable capacity between their trim-
mers. The result is that the coupling

RESPONSE
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Fig. 17.—The use of ‘‘top-end '’ capacity
instead of mutual inductance coupling makes
the curve open out to one side of resonance.

really consists of a mixture of mutual in-
ductance and top-end capacity coupling.
As might be expected, the effect of
increasing the coupling now lies between
that obtained with either form of coupling
alone. The results are sketched in Fig.
18.  With greater-than-optimum coupling
the curve (B) opens out into two peaks.
Neither peak remains on the original fre-
quency, as one does with top-end capacity
coupling alone, nor do the peaks move
outwards symmetrically, as with mutual
inductance coupling. They move out-
wards, but more on one side of resonance
than on the other. : .
The importance of this lies in its relation
to the problems of variable selectivity. It
is well known that a transmitter does not
radiate only a single frequency but a-band
of frequencies, The band has a width of
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twice the modulation frequency. For a
really high standard of reproduction {fre-
quencies of up to 10,000 c/s are needed,
so that a station on 1,000 kc/s actually
transmits a band of frequencies between
990 kc/s and 1,010 ke/s.

At an intermediate frequency of 465
kc/s, the equivalent band is 455-475 kc /s,
and the top of the resonance curve should

RESPONSE

FREQUENCY
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Fﬁ. 18.—A mixture of capacity and mutual
inductance coupling gives results between
those with either alone.

be flat enough for all frequencies within
this band to be evenly reproduced: The
present station spacing is only 9 kc/s,
however, so that interfering signals on
456 and 474 kc/s are likely to be found.
1f the IF resonance curve is bread enough
to accept. modulation frequencies up to
10,000 c¢/s it will equally well pass the
interfering signals.

There is no way out of the difficulty,
and the only course is to sacrifice quality

to selectivity. The problem is, however,

modified by the relative strengths of the
wanted and unwanted signals. If the
latter are initially much weaker than the
wanted, as in local reception, then there
may be no audible interference, and the
band-width can be wide enough for the
highest quality. On the other hand, if
the interfering signals are stronger than the
wanted one, then very considerable
attenuation of the higher modulation fre-
quencies must occur if the selectivity is
adequate. In this case, little above
4,000 c/s can be reproduced.

There is thus an optimum degree of
selectivity for the reception of any signal—
a degree which gives the best compromise
between quality and interference. Con-
tinuously variable selectivity over a wide
range would seem to be ideal.

Variable Selectivity

Experience shows, however, that it is

very difficult to secure a good system of -

continuously variable selectivity. It is
extraordinarily difficult to secure a sym-
metrical resonance curve which opens out
evenly- as the coupling is increased.
Instead of the curves being like those of
Fig. 16 they are more like those of Fig. 19.

If the coupling is varied by moving one
coil of a coupled pair relative to the other
there are likely to be small changes in
the capacity between them and between
the moving coil and the screening can, as
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well as the wanted changes in mutual in-
ductance. In addition, the altering
efficiency of transfer between primary
and secondary affects the gain of the
amplifier and hence the signal fed to the
detector. :

The automatic volume control system
then operates to change the operating con-
ditions of the valves to offset the change
in gain. As a result of this the input and
output impedances of the valves alter
slightly and affect the tuning and damping
of the IF circuits. Consequently, it some-
times happens that the major apparent
effect of varying the selectivity is to shift
the tuning !

Experience also shows that the optimum
selectivity is usually in no way critical,
and that it is quite adequate to be able
to vary it in steps instcad of continuously.
This removes many difficulties, but an

_ ideal solution is still difficult or costly.

Switching

If one is content with two degrees of
selectivity and will tolerate a slight
amount of asymmetry, then a very simple
and cheap solution is possible. This is
shown in Fig. 20 and is the scheme
adopted in the Three-Band AC Super.
The first transformer, between the fre-
quency-changer and the IF valve, consists
of two tuned circuits, L1 C1 and Lz Cz2,
the positions of the coils being fixed to
give slightly sub-optimum coupling. ‘A
small coil L3, consisting of only a few
turns of wire, is overwound on L1 and
can be connected in series with Lz by
means of the switch S. The coupling
between primary and secondary is then
considerably increased.

The coils being fixed there is no change
in the capacities, but the inclusion of the
extra inductance L3 in series with L2
does change the resonance frequency of
the secondary. L3 is so small in relation
to L2, however, that the change of fre-
quency is of a very minor order.

. RESPONSE
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Fig. 19.—In practice the curves obtained are
often of this form, through changes in
capacity and regeneration.

In practice, the scheme works well and
is better than many more elaborate and
theoretically better systems. At high
selectivity when L3 is not in circuit the
coupled pair, L1 C1 and L2 Cz, which
form the IF transformer Tr1, gives a
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single-peaked resonance curve. At low
selectivity it gives a double-humped curve
with a marked centre-trough.

In itself this is undesirable, but it is
filled in by the response of the second
transformer T2, which is not variable and
which itself gives a single-peaked curve.
The overall response of the two trans-
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* formers thus tends to the form of a flat

top with steeply sloping sides. At high
selectivity the resonance curve is single-
peaked and quite sharp.

The secondary of the transformer T2
feeds into the detector, which will be dealt
with in the next article. It is actually
considerably damped by the input resist-
ance of the detector.

The IF wvalve is

C3

naturally an RF
pentode, and one
with a mutual con-
ductance of some 2.0
mA/v gives ade-
quate gain. The
precise type of RF
pentode,  however,
depends upon

T2

L4
G4

is applied to it, and

we must conse-
quently defer this
until we have dis-
cussed AVC itself.

Fig.20.—This diagram
. shows the IF ampli-
fier ; two degrees of
coupling are provided

in Tr to give two de-
grees of selectivity.

Letters

'Recewers for the Tropics

SHORT-WAV}L broadcasting has by now
< succeeded in reaching a standard of
definite entertainment value for listeners in
India. 1t is no longer-necessary to explain
to friends who come .to listen to Daventry
that ‘“ for some reason conditions are un-
usually bad to-day ; you should have heard
the set yesterday.” ‘
"~ But there is still a defect in all receivers,
which becomes a serious one for those who
are almost entirely dependent on the short
waves for their listening. It is the inability
to tune rapidly to any wanted station and
bé sure of getting it. In every set which T
have yet seen the tuning system has left
much to be desired. A two-speed tuning
drive is no solution when 20 or 30 stations
may fall within a quarter of an inch on the
dial. A few commercial receivers have intro-
duced the ‘‘ band-spread’’ principle, but I
feel it does not provide the perfect solution.
The total coverage of a modern universal
receiver for the tropics should be 23} mega-
cycles—that is, from about 12 metres to 550
metres. - The long-wave band is not neces-
sary. Call it 24 megacycles. That would
sub-divide into eight bands of 3 megacycles
each. The tuning dial should be broad
enough to allow the printing in legible type
of eight vertical columns of station names
with their call signs, wavelength in metres
and frequency in megacycles, and tall
enough to allow the printing of all important
station names for the most thickly populated
3-megacycle band. Twelve inches by eight
inches should be ample, and this would not
be impossibly large for the more expensive
type of set, in which alone this tuning sys-
tem could be incorporated.
If there are no technical snags I think
such a tuning system could leave nothing
to be desired. I am aware that eight bands

the Editor

would necessitate rather a large number of
coils and elaborate switching, but the sys-
tem would only be for the man who wants
the best available and does not mind paying
a little more for it.

What do the experts thmk of my idea?

H. R. MEREDITH.
Bhagalpur, India

Interference from Domestic
Appliances

YOUR editorial in The Wireless World of

March 16th is very welcome. Having
been kept in bed with the 'flu, I have used a
mains portable to pass the time away, but
find that reception before about 12 o’clock
is almost impossible because of interference
from vacuum cleaners.

About 7.30 a.m. there is a quite distinc-
tive noise which 1 assume is an electric
shaver. Are these latest *“ boons and bless-
ings”’ to be yet another source of trouble
for the radio man? G. A. HOSKINS.

South Croydon, Surrey.

Coastline Distortion

A FEW broadcasting stations as received
here show an unusually vicious periodical

distortion at intervals of about two to five -

minutes, usually unaccompanied by fading,
occurring on soft passages as readily as on
loud ones, and, therefore, not attributable
to overloading. Nice is especially bad ; the
two Toulouse stations also show it; and
several of the Italians. This place (some-
what east of the town of La Ciotat itself)
is situated almost exactly half-way between
Marseilles and Toulon; and it so happens
that a line from here to Nice parallels the
general coastline and cuts the actual coast
repeatedly for part of the way, as is also

whether or not AVC.
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the case for a line to Toulouse. (As regards
the Italians, the problem is complicated by
the fact that there are, as a rule, several
stations™on éach wavelength ; but Rome ap-
pears to be especially bad, and the line to
Rome is also along a coast.)’

It strikes me as just possible that there
may be interference between two radiations,
one over land and one over water (cf., the
false radiogoniometric bearings of stations so
situated) ; it might be of interest to ask for
observations from listeners so situated that
sxmﬂar geographical conditions occur.

R. RAVEN-HART (Major).

La Ciotat (B.du-R.), France.

Television Programmes

An hour’s special film transmission in-
tended for demonstration purposes will be
given from 11 a.m. to 12 noon each week-
day except during the Easter holiday.

THURSDAY, APRIL 6th.

3, Jack Payne and his Band. 3.30, British
Movietonews.” 3.40, 231st edition of Picture
Page.
9, Henry Hall and his. Orchestra. 9.30,
Gaumont-British News. 9.40, Cartoon Film.
9.45, 232nd edition of Picture Page.” 10.15,
News.

FRIDAY, APRIL 7th.
3, Friends from the Zoo. 3.15, Pas Seul.
3.30, Gaumont-British' News. 3.40, Cyril
Smith, pianoforte, playing Beethoven’s Concerto
No. 2 with the Television Orchestra.

9, Friends from the Zoo. 9.15, British Movie-
tonews. 9.25-10.25, “ The Pilgrim’s Progress,”’
by John Bunyan, adapted for television by
H. D. C. Pepler. Cast includes Dennis Arundel
as Bunyan and Stafford Hilliard as Christian.

SATURDAY, APRIL 8th.
3-4.30, Jack Melford a‘nd Mary O’Neil in

‘ Someone at the Door,” a comedy thnl}er by
Dorothy and Campbell Christie.

9, Alfredo and his Orchestra. 9.30, Gaumont-
British News. 9.40, Cartoon Film. 9.45, The
Vic-Wells Ballet in ** The Rake’s Progress,” a
ballet in six scenes. 10.30, News. .

SUNDAY, APRIL ogth.

3, Cartoon Film. 3.5-<4.5, “ The Pilgrim’s
Progress ” (as on Friday at 9.25 p.m.).

8.50, News. 9.5-10.35, ““ The Little Father of
the Wilderness,” by Austin Strong and Lloyd
Osbourne (the Command play from the
Coliseum).
MONDAY, APRIL 1oth.,

3, Alfredo and his Orchestra. 3.30, O.B. from
Regent’s Park of some of the outstanding entries
in the Easter Monday Van Horses Parade.
3.50, British Movietonews. ’

9, “ Candida,” the first full-length Bernard
Shaw play to be televised. Cast includes Marie
Ney and Julien Mitchell. 10.30, News.

TUESDAY, APRIL 11th.

3, Cabaret Cruise No. 8, with Commander A. B.
Campbell, Irene Prador and Walsh and Barker.
3.45, Gaumont-British. 3.55, Cartoon Film.

9, O.B. from Earls Court. The first of two
visits to the Ideal Home Exhibition. 9.15,
Cyril Fletcher in “ Re-View.” 9.45, Cartoon
Film. 9.50, Schoolboy Howlers by Cecil Hunt.
10, British Movietonews. 10.5, Pas Seul.
10.25, News.

WEDNESDAY, APRIL 12th.
3, Edward Cooper in songs at the piano. 3.5,
British Movietonews. 3.15-4, “ The Rake’s
Progress ”’ (as on Saturday at 9.45 p.m:).

9, O.B. from the Ideal Home Exhibition.
9.15, Gaumont-British News. 9.25, ‘“The
Taming- of the Shrew,” Shakespeare’s play,
prepared by David Garrick. +10.25, News.
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UNBIASED

By FREE CRID

One for Syd Walker

ALTHOUGH there are black sheep in
every fold I think that I can say with
some pride that the majority of my readers
are law-abiding citizens, and this in spite
of the fact that the law does very little to
encourage them, but seems, on the con-
trary, by its irritating irrationalism and
pettifogging puerilities, to go out of its
way to discourage them,

Only the other day I came across a
striking instance of the sort of thing I
mean. A friend of mine who has been a
broadcast listener since the early days and
is'now an ardent teleophile, recently re-
ceived the customary wireless licence
renewal notice commanding him to renew
his licence within fourteen days. Unfor-
tunately, he was rather financially em-
barrassed at the time, and his bank
manager being as unaccommodating as
these gentry usually are, he was faced with
the necessity of temporarily carrying out
the injunction on the licence renewal notice
to disconnect the aerial and dismantle the
set.

Now, there is no difficulty about discon-
necting an aerial, but to take to pieces a
television receiver is a far more formidable
task and he sought the advice cf the local
postmaster as to whether it would suffice to
take the receiver out of its cabinet since
his dictionary teld him that the funda-
mental meaning of ‘‘dismantle’” is ‘‘to
divest of clothing,” and, after all, the
cabinet does represent the receiver’s cloth-
ing. There was an unfortunate misunder-
standing at first as the postmaster thought
that he was talking about sunbathing and

He sought advice

referred him to the Public Health Depart-
ment of the local Town Council.
Eventually, however, my friend man-
aged to explain matters, but I am sorry
to say that an adverse decision was given
and he is now faced with the prospect of
taking to pieces the myriad parts of a
sixty-guinea television -set and then put-
ting them together again after the lapse of

a week or two when he expects his
financial condition to be sufficiently im-
proved to enable him to afford the cost of
a licence. He- has asked me to advise him
as to whether or not he should risk it and
let the set remain undismantled. It is a
most unfortunate state of affairs, and I
have declined all responsibility in the
matter and advised him to send a post
card referring the whole problem to Mr.
Syd Walker, who is used to this sort of
thing.

What the Butler Saw

ISUPPOSE that most of you will be
reading these few notes as you are
consuming your hot-cross buns and
Easter eggs on the chilly beaches of one
of our damp and dismal seaside towns. It
always surprises me that resorts within
fifty miles or so of London do not make
use of television to popularise their wind-
swept piers and such-like ‘‘attractions.”

I have spent the past week making a brief

tour of them and not one has installed a
public viewing booth for demonstrating
the wonders of television, thus missing a
marvellous opportunity of popularising it
during the weary hours when people
shiver uncomfortably in these places in a
hopeless endeavour to pass the time until
the train leaves for home. Seaside autho-
rities are, 1 found, still endeavouring in
many cases to entertain patrons by the
old-fashioned animated bioscope machines
in which you are encouraged to put your
penny in the slot, turn the handle, and
see ‘‘What the butler saw.” 1 very
foolishly wasted some of my own hard-
earned money on these out-of-date

machines, and all I can say is that pre-.

war butlers must have been very easily
shocked. What I saw would not have
sufficed to bring a reproving tut, tut, from
the lips of a newly-fledged curate.

Who is Right ?

ONE of the most irritating things about
a mains-driven set is that after switch-
ing on you have to sit cooling your heels

" for the best part of half a minute while the

valves warm up. Some of my readers
may, .of course, think that half a minute
is short and sweet, like a donkey’s gallop,
and so it is in certain circumstances. It
would not, for instance, seem very long
if you found yourself falling off the top of
a skyscraper and realised that only this
amount of time remained for you to enjoy
life. On the other nand, when in the

- dentist’s chair it seems an eternity.
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This being so, it is not unnatural that
I was very interested when a friend
returned from America last autumn with
a mains set purporting to have no time lag.
I was very greatly impressed when 1
heard it, for it was as quick ofi the mark
as a battery set and I railed bitterly at the
slowness of our manufacturers in allowing
Americans to beat them to it in producing
a receiver of this type.

My friend was, however, very surprised
at the comparative rapidity with which it
lost its golden tone and relapsed into sullen
silence. On investigation he found that
valve failure was the cause, and he went
to considerable expense in replacing them
only to have the same trouble recur just
recently, when he promptly did what he
should have done in the first place,
namely, called me into consultation.

I was not long in discovering the reason
for it. The problem of waiting for the
valves to heat up had been solved in a
very simple manner by arranging that the
on-off switch merely disconnected the HT

.supply, the valve heaters being on con-

tinuously once the set had been plugged
into the mains. It seemed to me that

It seems an eternity.

with this gruelling test it was small wonder
that the valves died young, and I
promptly put through a transatlantic tele-
phone call to tell the makers of the set
what I thought of them. :

To my amazement the firm, instead of
expressing contrition, took a very high-
handed attitude and explained that leav-
ing the valve heaters continuously in
operation not only did no harm to them
but actually prolonged their lives. They
explained that the valves certainly would
not lose emission, since with the HT
switched off all the emitted electrons
would fall back like the water of a foun-
tain. As for the heaters burning out,
they stated that it was the violent con-
traction and expansion due to switching
on and off which caused this, and if
switched on continuously their lives would
be nearly as long as if switched off con-
tinuously.  They went still farther and
explained that by leaving the valves on
all the time the lives of smoothing con-
densers and chokes are prolonged, as they
are relieved of the strain of HT surge
voltages which occur when switching on
and off. 1 must confess that it is all very
bewildering, but it doés not alter the fact
that the valves did fail.. What do you
think about it?
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Overcoming
Harmonic Radiation

N the past transmitting amateurs have
not had to worry very much about
‘harmonic radiation, but now, with
such a large increase in the number

of stations and the ever-increasing popu-
1ar1ty of television, the matter is becoming
quite serious.

Overcoming® harmonic radiation is
neither difficult nor expensive. The
trouble, when it
exists, is usually
due to either lack
of knowledge or
laziness on the part
of the station

HE various amateur wavebands
are so related that any even
harmonic (twice, four times, etc.,
fundamental frequency) that may be
radiated by an incorrectly designed or

The procedure for detecting whether
the aerial load is reactive or not is quite
simple. Disconnect the aerial and asso-
ciated feeders. Tune the final tank cir-
cuit for minimum dip on the PA (power
amplifier) anode current meter and note
the reading on the condenser dial. Con-
nect up the aerial and tune again for mini-
mum dip on the meter. If it has been
necessary to alter
the reading on the
final PA condenser,
the load is reactive,
and this must be
obviated either by

the

owp(;,r. hIn this  ooerated transmitter will fall within ffappigigff trhflt aelgigé
ar_‘gllc ebt ree pomts another amateur band, on which inter- g; a thee ecouplin
Which, if ‘amicq Jerence may accordingly be caused. Ui “ihen“one s
out successfully, That is bad enough, but the radiation  yeeq or checking

will go a long way
to help the novice
overcome harmonic

radiation.
The first and
most  important

point is the. matter of matching the
aerial to the transmitter. . Transmitters will
radiate under very bad matching condi-
tions, and it is nof until the novice has
gained sufficient experience to realise that
his radiation is not so-efficient as it might
be that he starts to think about improving
it. Unfortunately, his inefficient radiator
will in the meanwhile have been causing
a large amount of unnecessary interfer-
ence while the amateur in question has
been getting his experience.

For a transmitter to radiate efficiently
and yet be reasonably free from har-
monics, its output must be matched into.a

’ )

AERIAL
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G
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Fig. 1. End-fed or Windom aerial system
in which a single-wire feeder is used. .

non-reactive load ; in other words, a pure
resistance, where a dummy load is used,
or in the case of an aerial, a tuned circuit,
the aerial being the tuned circuit.

of odd harmonics (three, five times, elc.)
1s more serious still, as it may interfere
with essential services.
behoves a transmitter to make every
effort to minimise harmonic radiation.

up on the imped-
ance match of the
untuned feeder sys-
tem. (An untuned
feeder system, of
course, being the
type which has a certain constant line
surge impedance throughout its length,
and has no standing waves on it.)

The novice usually starts with either a
Windom aerial (Fig. 1) or an aerial tuned
by Zepp feeders {Fig. 2). In either case
the feeders should be tapped on so that
the load can be matched. The diagrams
show the connections approprlate for these
two types.’

It therefore

Single-wire Feeders

It might be pointed out that although
Windom aerials are very popular they are
bad harmonic radiators, the reason being
that it is never quite possible to get a per-
fect match, due to the fact that the one
and only feeder relies entirely on the earth
for its balance. The earth, however,
cannot quite take the place of another

“feeder.

Referring again to Fig. 1 the reader will
notice that the feeders are taken to a
matching section which, in this case, is a
coil and condenser tuned to resonance
with the transmitter output frequency:
This matching section may be any stan-
dard system, a more elaborate one being
the well-known ‘* Collins Coupler.”” The
system is now coupled into the PA by a
low impedance line (say, 80 ohms) more
commonly known as a link.  This link
may consist of standard lighting flex and
the coupling coils may consist of one or
two turns; the exact number will have
to be found by trial and error, so that the
transmitter draws its correct load current.
If now the centre point of the link coil,
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By A. G. CHAMBERS (G5NO)

AN OBLIGATION OF
ALL TRANSMITTERS

on the PA side, is taken to earth, the link
will then act as a Faraday Screen. This
screen will have no effect on the output
of the transmitter ; but will tend to sup-
press the harmonics. The earthing point
should be made on the chassis of the
transmitter with heavy copper wire (14
gauge) and the connection made. as short
as possible. The external earth is then
connected to a terminal placed at this
point.

The amount of capacity used in the final
tank circuit is of vital importance and
must be considered in connection with
harmonic radiation. The correct amount

AERIAL

FEEDER

TANK
CIRCUIT

(]

Fig. 2. Aerial with Zepp feeder.

to be used is a subject which would take
too long to go into in this article. Those
who are in doubt should consult any of
the well-known handbooks on the subject.
In the recent Wireless World article on
PA design a value 1.5 m-mfds. per metre
was suggested as a good rule to follow.
Many amateurs believe that by eliminat-
ing nearly all the ““ C’’ out of their final
tank circuits they are making their trans-
mitters highly efficient. By cutting the
‘““C” down they no doubt improve the
““Q” of the circuit, but beyond a certain
point this is of no value, since the har-
monic output increases to a much greater
extent and the increased efficiency usually
leads to instability—and poor quality, if

“the station happens to be using phones.

Now here are a few points about aerials.
Current-fed aerials should be used when
possible, as these discriminate against
radiation of even harmonics. (They are
responsive, however, to odd harmonics.)
Radiators fed by means of a shorted stub



334

Overcoming Harmonic Radiation—

and untuned line provide about the best
discrimination against harmonics, but
these will radiate some third and other
odd harmonics. These, although outside
the amateur bands, are not out of the pre-
sent television band. For example, let us
imagine a transmitter whose final tank cir-
cuit is tuned to 14 M/cs, the third har-
rronic being 42 M/cs. The television

sound is 41.5 M/cs and the vision is 45"

M/cs; a,good vision receiver will accept

all and sundry between these frequencies, -

including our third harmonic, which
makes a nasty line on the screen of a tele-
_vision set.

Now to finish with a few final dont’s.

Wireless
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Don’t use valves in parallel, put them
in pushpull for preference.

Don’t use a doubler for the final ampli-
fier. '

Dor’t use more bias or excitation than
is necessary for reasonable efficiency.

For a guide to the novice the writer has
a 10-watt transmitter radiating on the 8o-
metre band, and after these points men-
tioned were put into practice the follow-
ing results were obtained. At a distance
of about a mile on a sensitive receiver no
harmonics could be heard. However, at
a. distance of about 100 yards a harmonic
could be picked up on the 20-metre band ;
even this could probably be overcome by

. the use of a filter in the feeder lines.

Test Report

H.M.\V. MODEL 1102

Table Model Superhet (6 Valves - Rectifier) with Automatic
Frequency Controlled Push-button Tuning. Price 15 Guineas

E cabinet design of this receiver
breaks the sequence of polished
walnut front panel and woven

metal loud-speaker grilles which -

have been a characteristic of H.M.V. sets
in recent years. There is a woven fabric
covering extending over the whole of the
sloping front panel, and the tuning dial is
slightly offset to allow for the loud speaker,
the exact position of which is not em-
phasised.

Although the basic circuit has only four
valves in the direct line of amplification
between aerial and loud speaker, the re-
ceiver is not intended to compete with the
‘“ bread-an-butter’’ . superheterodynes "in
the f1o class, but to appeal to those who
are willing to pay for a set with something
more than the bare necéssities. There

are a number of refinements associated,

with the manually operated side of the set
and a really efficient push-button tuning

WAVERANGES
Short - - 13.8— 50 melres §
Medium - 196 —580 metres i
Long - 726 — 2,000 metres |

system with which automatic frequency
control is included,

Circuit.—A high-impedance inductively
coupled tuned aerial circuit includes pro-
vision for image rejection on long waves.
Pretuned circuits with capacity trimmers
are substituted for the two-gang tuning
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condenser when press-button tuning is in
operation. In the oscillator section of the
triode-hexode frequency changer, per-
meability tuned circuits are employed, the
capacity being fixed.

The output transformer in the IF am-
plifier has an untuned secondary con-
nected to the signal rectifier and AVC
diodes, and a tuned tertiary winding feeds
a double diode rectifier in a balanced cir-
cuit to produce a bias in its cathode
resistances, depending on the degree to
which the intermediate frequency is’ off-
tune. This bias is applied to the triode
section of the second detector stage which,
in addition to its function of first AF am-
plifier, acts as a DC amplifier for the AFC
system. Variations in its mean anode
current pass through a special “‘trans-
former,”” the tapped secondary of which
is connected in series with groups of the
push-button oscillator circuits. In effect,
this supplies a degree of auxiliary perme-
ability tuning, the inductance of the
secondary winding being controlled by the
current in the primary, which always tends
to bring the intermediate frequency back
to its correct value. ' .

The connections of the second detector
and output stages are conventional with
the exception of the tone-control circuit,
which consists of a resistance-capacity
filter between anode and grid of . the
tetrode output valve.

Perfermance. — The first thing -that
one learns on switching on the set is to use
the volume control with restraint. The
automatic volume control is effective in
neutralising fading, but will not prevent

_ overloading of the output stage and pos-

sibly the first AF amplifier on strong
signals. When push-button tuning and
the AFC circuit are in operation, motor-
boating is added to the noise created by
overloading, and there is little doubt that
the designers have been generous to a
fault in the supply of overall magnifica-
tion.

With this proviso we have nothing but

WITH PRE-TUNED CIRCUITS

Y POWER
. o el e RECTIFIER
Functional circuit diagram of the H.M.V. Model 1102,
U50
X65 KTW 63 DHé3 KTé3
SIGNAL RECTIFIER
FREQUENCY INTERMEDIATE o~ AFC o 1st AF AND AFC OUTPUT
CHANGER > AMPLIFIER 7 IDISCRIMINATOR ~ ] DC AMPLIFIER STAGE
»| AVC RECTIFIER
Y
TUNING
INDICATOR
~
N Y63 EXTENSION SPEAKER
= = w;Pgmzcs
= INDUCTANCE )
~ UNIT
. ; INTERMEDIATE
-BUTTON TUN
PRESS-BUTTON TUNING FREQUENCY

465 kofs.
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H.M.V. Model 1102—
praise for the performance of the receiver.
The quality of reproduction is bright and
clear, and no attempt has been made to
coax more bass than one has a right to
expect from a 5in. diaphragm. The set
*1is excellent in speech, small orchestras and
all transmissions which do not depend for
their realism on a heavy foundation of
low notes.

The short-wave performance is especi-
ally good and there is no microphonic in-
stability. Without a circuit to refer to it
would be easy to be persuaded from the
silent background and high signal-to-
noise ratio that a radio-frequency stage—
and a really effective one at that—was
functioning before the frequency changer.
On some strong signals a few self-generated
whistles were noted, but they were not
sufficiently marked to interfere with what
is undoubtedly an outstanding perform-
-ance on short waves. -

One whistle was found on the medium-
wave band, but the long-wave range was
clear. Sensitivity was well maintained at
the ends of both these ranges and it will
be seen from the table that a wide wave-
length coverage has been provided.

The selectivity on medium waves is
equivalent to the loss of 1} channels on

- Wireless
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an ‘‘off”” button on the left. The auto-
matic tuning action was tested by mis-
tuning one of the trimmers and was found
to be effective over a range of several
tarns of the adjusting screw on either side
of its normal setting: The setting of the
tuning point under the influence of AFC,
as judged by the cathode-ray tuning indi-
cator, is indistinguishable from that
obtained by accurate adjustment of the
manual tuning control.

Constructional Details.—The escutch-
eon plate covering the push-buttons is re-
movable after unscrewing two knurled
studs, one of which automatically operates
a switch to cut out the AFC circuit. Be-
hind the plate will be found an insulated
screwdriver for adjusting the trimmers,
which are easily identified by red lines
connecting each button with its oscillator
and aerial trimmer. The oscillator
trimmers, which adjust the cores of the
permeability tuned circuits, are provided
with miniature wavelength scales which
indicate the limits of the range covered as
well as the approximate setting of the con-
trol. ~

The push-button facilities have not been
developed to the exclusion of the ameni-
ties of manual control. A well-arranged
wavelength and station dial carries in addi-

335-

Individual wavelength scales are provided
for each oscillator trimmer in the H.M.V.

Model 1102. The appropriate aerial and

oscillator trimmers are indicated in each case

by red lines radiating from the push-button
aperture.

chassis to various points on the low
potential frame of the condenser.-
Summary.—The Model 1102 is an ad-
mirable general-purpose receiver for
manual operation in the usual way. . It
has an outstandingly good short-wave per-
formance with very low background

IF AMPLIFIER

FREQUENCY  KTW6

CHANGER

X65
~

TUNING
INDICATOR
Y63

PICK-UP

SIGNAL RECTIFIER,
AVC RECTIFIER,
st AF AND AFC
DC AMPLIFIER

VOLUME

OUTPUT VALVE
KT63

DHS power

RECTIFIER
U s

EXTENSION SPEAKER
AFC DISCRIMINATOR D63

TONE

"MAINS VOLTAGE ADJUSTMENT

INTERNAL SPEAKER PLUG

MANUAL
OFF  «TATION (WAVERANGE)
BUTTONS BUTTONS

Controls and positions of valves in the H.M.V., Model 1102.

either side of the London Regional station
at a distance of 15 miles. On long waves
there is a clear space between Droitwich
and Radio-Paris and the Deutschland-
sender comes through at satisfactory
volume and with only a slight background
of sideband interference.

Under push-button control the receiver
is easy to operate. The buttons are well
spaced and clearly identified with wave-
range controls on the extreme right and

tion to the tuning indicator a vernier slow-
motion dial calibrated in arbitrary divi-
stons for noting the setting of short-wave
stations and a ‘' thermometer’” type
volume control indicator. The tuning con-
trol has a light touch and just the right
reduction ratio for short-wave tuning.
The tuning condenser has ceramic in-
sulation and is exceptionally well sprung
on thick rubber washers. There are no
fewer than six flexible pigtails from the

noise. Range and selectivity on medium-
and long-waves are average for a four-
valve superheterodyne. Quality of re-
production is clear and the balance is good
for all transmissions except those with a
preponderance of extreme bass. Overload-
ing is, however, rather too easily pro-
voked by mishandling of the volume con-
trol. The press-button tuning has been
well carried out and accuracy of adjust-
ment should be maintained indefinitely.
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SOCIETIES

Directory of Amateur Clubs Throughout
- the British Isles

THIS list of clubs and societies whose reports appear from time to time in our pages is

arranged in alphabetical order under towns.

The name of the club is in each case

followed by that of the Honorary Secretary, from whom prospective members and other

interested persons may obtain information.

Many of the local clubs and societies are

affiliated to the national parent body, the Incorporated Radio Society of Great Britain,

53, Victoria Street, London, S'W.1.

We shall be pleased to have details of any active

societies whose names may have becn inadvertently omitted.

ALDERSHOT

Aldershot and District Radio Society.—H. Atthill,
* Ardvarney,” College Road, Farnham, Surrey.

ASHTON-UNDER-LYNE
Ashton.under-Lyne and District Amateur Radio Society.
—K. Gooding, 7. Broadbent Avenue, Asbton-under-
Lyne, Lances.

BARNSLEY
Barnsiey ‘and District Radio Transniitters’ Society.—
W. Peacock, 12, Locke Avenue. Barnsley, Yorks.
Barnsiey and District Wireless Association.—(. Web-
ster, ** Upland,” Yews Lane, Worsbro Dale, Barnsley,
Yorks.
BELFAST
City of Belfast Y.M.C.A. Radio Club.—J. Gallaughcr,
00, Somerton Road, Belfast.

Radio Society of Northern Ireland.—H. I.
Little Vietoria Street, Belfast.
BIRKENHEAD
Wirral Amateur Transmitting and Short-Wave Ciub.—
J. R. Williamson, 49, Neville Road, Bromborough,
Cheshire.

BIRMINGHAM
Midiand Amateur Radio Society.—F. E. Barlow, “*Drake-
ford,” Poolehead Lane, Wood End, Tauworth-in-
Arden, Warwickshire.
Slade Radio.—(i. (. Simmonds, 38, Rabone Lane, Smeth-
wick, Birmingham.

BOLTON
Radio Signal Survey League (Boiton Chapter).—N.
Mooreroft, 218, Duane Road, Bolton, Lancs,
BRADFORD

Bradford Experimental Radio Society.—S. Hartley, 7,
Blakehill Avenue, Fagley, Bradford, Yorks.

Bradford Short-Wave Ciub. Fischu 10, ll;ghhcld
Avenue, Idle, Bradford, Yorks,

_BRENTWO0OD

Brentwood Amateur Radio Society.—B. A. Pcttit, ¢ The
Laurels,” Worrin Road, Shenfield, Essex.

Ruberry, 19,

CARDIFF
Cardiff and District Short-Wave Club.—H. H.
132, Clare Road, Cardiff.
CHATHAM
Medway Amateur

Phillips,

Transmitters’ Society.—S. A. C.

Howell, ** Veronigue,” Broadway, Gillingham, Kent.
CRANWELL
Royal Air Force Amateur Radio Society.-—N. Davis,
E. and W, $chool, R.AF,, Cranwell, Lines,
DERBY

Derby Short-Wave Radio and Experimental Society.—

H. Turner, Nunsfield House, Boulton Lane, Alvaston,
Derby,
DONCASTER
Thorne Amateur Radio Society.—(G. Beaumont, 15,
Marshland Road, Moor-Ends, Near Doncaster, Yorks,
DOUGLAS, 1.0.M.
Isle of Man Radio Society.—\W. Lawson, 13, Sccond

Avenue, School Road, Ouchan, lsle of Man.

DUBLIN
Jrish Amateur Radio Sosiety.——J. Butler,
cular Road, Portobello, Dublin,
EASTBOURNE
Eastbourne and District Radio Society.—T. G. R. Dow-
sett, 48, Grove Road, Eastbourne, Sussex.
EXETER
Exeter and District Wireless Society.—\W.
Sivell Place, Heavitree, Exeter, Devon,
GLOUCESTER
Gloucester Radio Club.—G. G.
Avenue, Gloucester.
HODDESDON

Hoddesdon and District Radio Society.—T. Knight,
Caxton House, High Street, Hoddesdon, Herts.

02, South Cir-

J. Ching, 9,

E. Lewis, 80, Kitchener

KETTERING

Kettering Radio and Photographic Society.—I. L.

Holmes, * Miami,” The. Close, Headlands, Kettering,
Northants.
KILMARNOCK ?

Kilmarnock and District Short-Wave Society.—R. Mit-
chell, 151, Bonnyton Read, Kilmarnock, Scotland.
KINGS LANGLEY

West Herts Amateur Radio Society.—A. W.

) Birt, 6,
Hempstead Road, Kings Langley, Herts.

LEICESTER
Leicester Amateur Radio Society.—7T. Cribb, 55,
Knighton Drive, Leicester.

LINCOLN

Lincoin Short-wave Club.—C. Babbs, 203, Wragby Road,
Lineoln,

LITTLEHAMPTON

Sussex Short-wave and Television Club.—C.
‘ Aubretia,” Seafield Road, Rustington,
i C. Cosh, * Anslyn,” Mill Road,
Sussex.,

LIVERPOOL
Mersey-side Transmitting Society.—(.
Stanley Road, Bootle, Liverpool, 20.

LONDON AND DISTRICT

British Sound Recording Association.—¥. J. Chinn,
14, Tirlemont Road, South Croyden, Surrey.

cwy angh Guilds- eollegn Radiv ‘Society.—J. 1. McNeil,
City and Guilds College, Exhibition Road, South Ken-
sington, London, S.W.7.

Croydon ‘Radio SOGxety —E. L.
Road, South Croydon, Surrey.

Dollis Hill Radio Communication Society.—1, Eldridge,
79, Oxgate Garvdens, Crieklewood, London, N.W.2.

Edgware Short-wave Society.—F. Bell, 118 Colin
Crescent, Hendon, London, N.W.9.

Golders Green and Hendon Radio Scientific Society.—
Lt.-Col. 1l. Ashley Scarlett, 60, Dattison Road,

London, N.W.2
A, L. Beedle,

Goldsmiths’ Radio Society.—
Avenue, Morden, Surrey.

Hiord and District Radio Society.—(C. L. Largen, 44,
Trelawney Road, Barkingside, Ilford, Essex,

International Short-wave Club.—A. E. Bear, 100, Adams
Gardens Kstate, London, S.E.16,

Kingston and District Amateur Radm Society.—D. N.
Biggs, 44, Pooley Green Road, Egham, Surrey.

London Transmitters’ soniety.—G. Yale, 40, Raeburn
Road, Edgware, Middiesex.

National Radio Society.—(C. F.
Lane, London, N.17.

North London Radio Society.—E. Jones, 60, Walmer Ter-
race, Firs Lane, Palmers - Green, London, N.13.

Peckham District Short-wave Ciub.—L. J. Orange, 11,
Grenard Road, London, S.E.15.

Radio, Physical and Television Society.—C. W, Edmans,
15, Cambridge Road, North Harrow, Middlesex.

Radio Society of Great Britain (District 13, Wimble-
don and District Section).—11. M. Blaber, 9, Stanton
Road, London, S.W.20.

Robert Blair Radio Society.—W. H. C.
Craven Park Road, London, N.15,

Romford and District Amateur Radio Society.—R. C. E.
Beardow, 3. Geneva Gardens, Chadwell Heath, ex
Short-wave Radio and Television Society of Thornton
Heath.—R. K. Dabbs, 4, Nutficld Road, Thornton

Heath, Surrey.
Southall Radio Society.—1I. I,
Southall., Middlesex.

J. Rockall,
Sussex, and
Angmering,

E. Cunliffe, 368,

Cumbers, 14, Campden

67, Hilleross

Biggs, 86, Lordship

Jennings, 82,

-

Reeve, 26, Green Drive,

South London and District Radio Transmitters’
Society.—H. D. Cullen, 164, West Hili, London,
S.W.15.

Surrey Radio Contact Ciub.—A. B. Willsher, 14, Lytton
Gardens, Wallington, Surrey.

Television Society.—J. J. Denton, 25, Lishurne Road,
Hampstead, London, N.W.3,

Thames Valley Amateur Radio Transmitting Society.—
D. R. Spearing, York louse, Queens Road, Tedding-
ton, Middlesex.

Tottenham Wireless Society.—W. B. Bedemeaid, 56,
Nethertands Road. East Barnet. Herts.

World Friendship of Radio Amateurs.—A. H. Bird, 35,
Bollwnod Rup\d Waverley Park, Nunhead, London,

S.E.15.

MAIDSTONE
Maidstone Amateur Radio Society.—P. MM,

S. Hedge-

fand, 8, Hayle Road, Maidstone, Kent.
MANCHESTER
North Manchester Radio Society.—R. Lawton, 10.
Dalton Avenue, Thateh Leach Lane, Whiteficld, near
Manchester,
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NEWCASTLE-ON-TYNE
Newcastle and District Short-wave Club.—K.
Farquhar Street, -Newcastle-on-Tyne.
OXFORD
Oxford University Wireless Society.—M. Ryle,
church College, Oxford.
POOLE
East Dorset and West Hants Radio Club.—D. M. Wil
liams, ** Amberley,” Cornwell Road, Poole, Dorsct.
SCARBOROUGH
Scarborough Short-wave Ciub.—P. R.
Fieldside, Northstead, Scarborough,
SLOUGH
Slough and District Short-wave Club.—R. J, Sly, 16,
Bucklaud Avenue, Slough, Bucks.
SOUTHEND
Southend and District Radio and Scientific Society.—
J. M. 8. Watson, 23, Eastwood Boulevard, Westeliff,
Southend, Essex.
SOUTHPORT

Southport Amateur Transmitters’ Association.—R. W.
Rogers, 21, Chester Avenue, Southport, Lanes.

Scott, 1,

Christ-

Briscombe, 48,
Yorks.

STAFFORD
Stafford and District Short-wave Club.—
** Branksome,”” Acton Gate, Stafford.
STOCKPORT
Stockport Amateur Radio Society.—S. Pearson, 89,
Northeliffe Road, Offerton, Stockport, Cheshirc.
STROUD
Stroud and District Amateur Radio Club.—XK. D. Ayers,
8, Hamwell Leaze, Cashes Green, Stroud, Glos.
TONYREFAIL
Tonyrefail and District Radio Society.—E. Powell, 44,
Pritchard Street, Tonyrefail, Wales.
WATFORD
Watford and District Radio and Television Society.—
P. G. Spencer, 11, Nightingale Road, Bushey, Herts.
WEYMOUTH
weymouth and District Short-wave Club.—E. Kestin,
55, St. Mary Street, Weymouth, Dorset.
WOLVERHAMPTON

G. L. Wale,

Wolverhampton Short-wave Radio ~Society.——V. C.
Hague, 76, barlington Street, Wolverhamptlon;.
Staftis.

WORTHING

Worthing Scientific Association.—C. J. Ainsworth, 381,
Belvedere Avenue, Langing, Sussex.

Club News

Aldershot and District Radio Society

Headquarters: 41, Grosvenor Road, Aldershot, Hants.
Hon. Sec.: Mr. H. Atthill, ** Ardvarney,” College Road,

Farnham. Surrey.

This Society held its inaugural meeting on March
17th.  The next wmneeting has been arranged for April
6th, at 8 p.m.

Lectures and morse instruetion are to be arranged
as soon as possiblz, and during the summer it is hoped
to hold DF field days and other outdoor cvents.

Croydon Radio Society
Headquarters: St. Peter’s Hall,

Croydon, Swurrey.

Meetings: Tuesdays .w 8 p.m.
Hon. Pub. Sec.: Mr. L. Cumbers, 14, Campden Road,

South Croydon, hmle)

At the last meeting Mr. Humphreys, of A. €. Cossor,
Ltd., gave a lecture entitled ** Applications of the
Cathode-ray Tube.” The lecturer demonstrated a new
oscillograph baving dual beams, and dealt with its
many uscs, more especially those of a medical nature.

Exeter and District Wireless Society
Headquarters: Y.W.C.A.. 3, Dix's Field, Exeter, Devon.

Meetings: \Ionda)s at s p.n )
Hon. Sec.: M. W, J. Ching, 9, Sivell Place, Heavitree,

Ledbury Road, South

Exe tcr Devi on
Dr. Wroth gave an mtmestmﬂ leeture on March
20th ou "¢ Xopays and Gamma-rays.” The lecture actu-

ally took place at the Royal Devon and Exeter Hospital,
and was illustrated by lantern slides.

Kilmarnock and District Short-wave
Society

Headquarters: Wardneuk Receiving Station,

Road, Kilmarnock, Scotiand.

Meetings: Sundays at 2.30 p.m., Tuesdays and Thurs-
days at 8.0 p.nn.

Hon. Sec.: Mr. R. Mitehell,
marnock, Scotland.

This socicty, which has been recently formed. has
twenty-seven members, including  two  fully-licensed
transmitters, and three with artificial aerial licences.
Fhe subscription is 5s. annually and 6d. weekly for
seniors, and 2s. 6d. annually and 3d. weekly for mem-
bers between the ages of 16 and 18, At present a
series of lectures is being given on Thursday evenings,
entitled * Short Wave Receiving and Transmitting for
the Beginner.” Morse instruction is also being given,

Glasgow

151, Bonnyton Road, Kil-

{A number of reports are unavoidably held over—Ed.]
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Recent Inventions

RECEIVING 7-METRE
SIGNALS

HE invention discloses a con-

venient method of extending
the tuning range of an ‘' all-
wave *’ broadcast receiver from
the normal short-wave limit of 15
metres down to 5 metres so as to
include the sound transmissions
seat out with the 7-metre tele-
vision programmes.

This is done by forcing the local
oscillator valve to produce, when
desired, a harmonic frequency -of
the right value to ‘ beat ”” with
the 7-metre carrier-wave so as to
produce the required fixed inter-
mediate frequency. .

When operating on the usual
wavelengths, the anode of the local
oscillator valve includes a series
resistance, which is short-circnited
when it is desired to receive ultra-
short wave signals. The resulting
increase of potential on the anode
** overdrives *’ the valve, so that
it produces powerful harmonics,
one of which is then selected by a
suitably tuned circuit and mixed
with the incoming signals.

F. R. W. Strafford and Belling
and Lee, Lid.  Application date
June 8th, 1937. No. 494979.

~ooo0o0

AUTOMATIC FREQUENCY

. CONTROL

THE lower part of the Figure
represents a normal superhet
circuit, comprising an RF ampli-
fier V, a heptode frequency-
changer VI generating local oscil-
lations in the circuit LO, and a
- band-pass intermediate-frequency

Brief descriptions of the more interesting radio
devices and improvements issued as patents
will be included in this section.

stage A which feeds the second
detector and AF stages D. The
object of the invention is to pro-
vide an automatic frequency con-
trol which is independent of the
signals.

For this purpose the coil L of
the input circuit to the frequency-
changer VI is centre-tapped to
earth, one end being connected to
the grid of that valve, as shown,
whilst the other end is connected
to the grid of an auxiliary amplifier
Vz. This accordingly receives part
of the signal energy and is.coupled,
in turn, to a second frequency-
changer V3. The local oscillatos
circuit of the latter is controlled
by a piezo-electric crystal Q, which
is tuned to the ,correct beat-
frequency when the circuits are
properly in tune, The frequency
supplied from the valve V3,
through the lead N and ceil L1,
to the circuit LO is therefore that
which the latter circuit should
have for correct tuning, and serves
to force it to that frequency.

]. Robinson. Application dates
Mavch 24th, May 11th and August
27th, 1937. No. 494577.

0000
HE control voltage available
for correcting an initial tuning
error, up to, say, 5 kc/s, will
‘““hold”” any‘ subsequent . fre-
quency drift in the local oscillator

valve up to, say, 20 kc/s. Bat if
the drift is continuous, a point will
be reached when the control
voltage can no longer ‘“ hold *’ the
tuning. It is then found that the
tuning tends to ‘‘jump’ to a
value some 30 kc/s away from the
controlled point. The same thing
happens if the manual tuning
control is moved over a short
distance, representing, say, 20
kc/s from the first point.

This tendency to ‘' jump”’
three broadcast channels at once
makes it difficult to change over
from a streng station to a nearby
weak station if the AFC control is
left permanently in operation, so
that it is usual to arrange for the
control to be made ineffective
during the actual process of inter-
station tuning.

The object of the invention is to
overcome  this tendency to
“‘jump,”” so that the AFC can be
left permanently in operation with-
out ‘“‘masking ' any weak station
within the shadow of a stronger
one. The desired effect is secured
by designing the discriminator and
frequency-adjusting  circuits to

follow selected characteristic
curves.
Mavconi's Wireless Telegraph

Co., Ltd.; N. M. Rust; and O. E.
Keall. Application date May 4th,
1937. No. 495313.

e
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frequency control.

Superheterodyne with crystal
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‘LOUD 'SPEAKERS
WO or more diverging par-
titions, which extend inside
and beyond the usual diaphragm,
are used to improve the quality of
reproduction. As shown in -the

Disposition of deflectors in rela-
tion to a loud speaker diaphragm.

figure, the partitions P and P1 are
hinged at a point in or near the
plane of the baffle-board B, to
which the edges of the ordinary
conical. diaphragm D are loosely
secured, as usual.

The effect of the partitions is to
break up or separate the radiation
from those parts of the conical
diaphragm which, particularly at
kign frequencies, may be vibrating
out of phase. It is found that the
use of the partitions increases the
high-note content of the reproduc-
tion, and radiates a flat * beam ”’
of sound with a large angular
spread. L

N. V. Philips - Gleeilampenfab-
rieken. Convention date (Holland)
January I4th,o 109307‘0 No. 495240.

SIGNALLING ON CENTIMETRE
WAVES |

TRANSMISSION line of the

‘“ dielectric-guide ’’ type con-
sists of two plane, or two circular
and coaxial conductors, the ends
of which are flared  out to form a
parabolic or cylindrical surface
which serves as an aerial. Trans-
fer of energy between the dielectric
guide and the aerial takes place
through the slit formed between
the two flared surfaces, this being
arranged to coincide with a current
loop along the line.

Several flared surfaces may be
locatedd at different points along
the line, the spacing being such
that the radiation takes the form
of a beam, similar to that pro-
duced by the well-known aerial
array. The flared-out aerials may
be fitted with side-walls to limit
the spread of the radiated beam.
A similar arrangement is used in
reception.

O. Bormann (J. Pintsch. Ges).
Convention date (Germany) March
6th, 1936. No. 493695.

The British abstracts published
here are prepared with the
permission of the Controller of
H.M. Stationery Office, from
specifications obtainable at the
Patent Office, 25, Southampton
Buildings, London, W.C,2, price
1/- each.
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PRIN CIPAL BROADCASTING STATIONS OF EUROPE

Arranged in Order of Frequency and Wavelength (Stations with an Aerial Power of 50 kW and above in heavy type)

Tuning
Positions.

Station. ke/s. ) Positions. l Metres. | kW. Station. Ko/, Metees. | kW.
Istanbul (Turkey) Bucharest (Romania) 823 364.5| 12
Kaunas (Lithuania) Kiev (No. 2) (U.S.S.R.) 832 360.8| 35
Hilversum (No. 1) (Holland) Stavanger (Norway) ... 832 360.6| 100
Radio Romania (Romania) Berlin (Germany) 841 356.7| 100
Lahti (Finland) . Sofia (Bulgaria) 850 352.9).100
Moscow (No. 1) (U.S.S. R) Valencia (Spainj e 850 352.9 3
Paris (Radio” Paris) (France) Simferopol (U.S.S.R. ) 859 349.2| 10
Ankara (Turkey) ) Strashourg (France) . 100
Irkutsk (C.S.8R.) ... Poznail (Poland) . . 50
Deutschlandsender (Germany) London Regional (Brookmans Park) 70
National (Droitwich) .. Graz {(Germany) . . 15
Minsk (U.8.8.R.) . Linz (Germany) 15
Reykjavik (Iceland) .. Helsinki (Finland) 10
Motala (Sweden) Hamburg (Germany) .. 100
Novosibirsk (U.S.S.R.) Dniepropetrovsk (U.S. S.R. ) . 10
Warsaw (No. 1) (Poland) Toulouse (Radio Toulouse) (Franea) 60
Luxembourg ... Brno (Czechoslovakia) . 32
Moseow (No. 2) (U.S. S.R. ) Brussels (No. 2) (Belgium) 15
Kalundborg (Denmark) Algiers (Algeria) . 13
Kiev (No. 1) (US.S.R.) Goteborg (Sweden) 10
Tashkent (U.S.S.R.) ... Breslau (Germany) 100
Bergen (Norway) Paris (Poste Parisien) (France) 60
Oslo (Norwayh... ... ... Madrid (EAJ7) (Spatn) 5
Vigra (Aalesund) (Norway) ... Odessa (U.S.S.R.) ... 10
Leningrad (No. 1) (U.S.S.R.) Northern Ireland Reglonal (Lxsnagarvey) 100
Tromss (Norway) Bologna (Radio Marcom) (lta!y) 50
Tiflis (U.S.S.R.) Torur (Voland) . 24
Saratov (U.S.8.R.) .. Hilversum (Holland) . . 15-65
Finmark (Norway) Bratislava (Czcchoslovakm) 13.5
Bodo (Norway) . Chernigov (U.S.S.R.) .. 4
Archangel (U.S.S8.R.) .. . Midland Regional (Dronwich) 70
Budapest (No. 2) (Hungary) - Barcelona (EAJ15) (Spain) . 3
Sverdlovsk (U.8.8.R.) Konigsber: (No. 1) (Germany) 100
Banska-Bystrica (Czechoslovak)a) Parede (Portugal) ... 5
Lulea (Sweden) - Leningrad (No 2) (U.S.S.R. ) 10
Rostov-on-Don (U.S. s R ) Rennes-Bretagne (France) ... 120
Ostersund (Sweden) .. West of England Regional (Washfor.l) 50
Voronezh (U.S.S.R.) .. .o Bari (No. 1) (Italy) ... 20
Oulu (Uleaborg) (T‘mland ) . Tiraspol (U.S.S.R.) ... 10
Baranowicze (Poland) Bordeaux-Lafayette (France) 80
Ljubljana (Yugoslavia) Falun (Sweden) 100
Viipuri (Finland) Radio Normandie (anco) 20
Bolzano (Italy) Vinnitsa (U.S.S.R.) 10
Wilno (Poland) . Kuldiga (Latvia) 50
Budapest (No. 1) ’Hungary) Tripoli (Libya) . 50
Beromiinster (Switzerland) ... Prague No.2 (Melmk) (Czechoslovak:a) 100
Klaipeda (Lithuania) ... Nyiregvhaza (Hungary). ... . 8.25
(atania (ltaly) North-East Regional (Stao'shaw) 60
Palermo (Italy) . Horby (aweden) . 100
Radio Eireann (lreland) Genoa (No. 1) (Italy) 10
Stuttgart (Germany) Trieste (Italy) oae 10
Alpes-Grenoble, (P.T. ’l‘ ) (France) ... Turin (No. 1) (Imlv) 30
Madona (Latvia) London National (Brookmo.ns Park) 40
Vienna (Germany) North National (Slaithwaite) . 40
Athens (Greeco) Scottish National (Weslerglen) 50
Rabat (Morocco) Kassa (Hungary) . 10
Sundsvall (Sweden) Monte Ceneri (Sw:tzerland) 15
Florence (No. 1) (Italy) Copenhagen (Denmark) 10
Brussels (No. 1) (Belgium) ... Nice-Cote d’Azur (France) ... 80
Cairo (No. 1) (Egypt) Frankfurt (Germany)... 25
Kouibyshev (U.S.S.R.) Freiburg-im-Breisgau (Germany) 5
Christiansand (Norway) Troppau (Germany) 5
Lisbon (Emissora Nacional) (l’ortugal) Lille (Radio P.T.T. Nol‘d\ (France) 60
Trondelag (Norway) .. . Rome (No. 2) (Italy) . 60
Prague (No. 1) (Czechoslovalua) Gleiwitz (Germa,ny) b
Lyons (P.T.T.) (France) Gorlitz (Germany) 5
Petrozavodsk (I7.8.8.R.) Cork (Ireland)... e 1
Cologne (Germany) Saarbriicken (Germany) 17
Jerusalem (Palestine) Riga (Latvia) . 15
North Regional (Slmthwaxte) Burgos (Spmn) 20
Sottens (Switzerland) .. Niirnk erg (Gumany) P
Belgrade (Yugoslavia) Aberdeen . 5
Paris (P.T.T.) (France) Klagenfurt (Gcrmmny) 5
Stockholm (Sweden) . \Y omrlberg (Germany) . 5
Rome (No. 1) (Italy) Radio Mediterranée (l"rancc) 27
Hilversum (No. 2) (Ja,zvrsveld) lHulland) Naples (No. 1) (Italy)... 10
Kharkov, (No. 1) (U.SS.R}.. . Malmé (Sweden) 2.5
Madrid (EAJ2) (Spain) Bremen (Germany) ... 2
Seville (EAJS) (Spain) Lédz (Poland)... 2
Turi (Estonia) - s Dublin {Ireland) 05
Munich (Germany) Salzburg (Germany) ... 9
Marseilles (P.T.T.) (France) Genoa (No. 2) (Italy) 5
Katowice (Poland) Turin (No. 2) (Italy) 5
Scottish Regional (Burghead) Milan (No. 2) (Italy) 4
Scottish- Regional (Westerglen) Bordeaux-Sud-Ouest (France) 25
Stalino (U.8.8.R Warsaw (No. 2) (Poland) 7
Toulouse (P.T.T. ) (France) . Lyons (Radio Lyons (Fx'anca) 25
Leipzig lGerman Vaasa (Finland) . . 10
Barcelona (EAJ l) (Spaln) . Kaiserlautern (Germany) . 2.5
Lwéw (Poland) Turin (No. 8) (Italy) . 5
Welsh Regional (Penmon) ( Anglesey) Paris (Eiffel Tow er) (ance) . 1
Welsh: Regional (Washford)... - ... Bournemouth . e e . 1
Milan: (No, 1) (Italy) . . .. Plymouth . ... e . 03
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EDITORIAL

News and Propaganda

How Long Will Listeners
Respond ?

Y comparison with a year or
so ago the broadcasting pro-
grammes of Europe have
undergone a marked change.
The proportion of music to talks has
been greatly reduced so that broad-
casting to-day no longer offers the
variety of entertainment which it
formerly did. The reason is, of course,
that each country seems to have so
much to talk about, and, not content

with providing news and propaganda’

for its own listeners, devotes hours of
broadecasting time to edifying the
listeners of other countries.

How long this state of affairs can go
on before listeners of all countries
switch off their sets from sheer nausea
it is difficult to predict but certainly
the novelty of the thing will wear off
in time. Meanwhile broadcasting as a
source of entertainment and relaxation
is deteriorating apace.

The next innovation we may expect
is that programmes will be so compiled
as to mix in the news and propaganda
amongst the best items of musical
entertainment as is done in so many
advertising programmes in order to
have the best chance of catching the
listener even against his will. This
stage in propaganda technique will not,
of course, come until listeners have
tired of the novelty of the present
arrangements. Europe will no doubt
have to call in the experts of America
who compile the subtle propaganda of
advertising in sponsered programmes to
show how to make sure of catching the

-attention of those listeners who still

remain sufficiently interested to provide
an audience,
It is to be hoped that the rumoured

COMMENT

move on the part of the B.B.C. to
change the time of transmission of their
news in German to a much later hour
will not materialise, for it seems to us
to be very ill-advised when looked at
from the point - of view of a desire to
reach the largest number of listeners.

Without having -any substantiating
information before us we would hazard
the opinion that the majority of
listeners on the Continent are earlier
risers than ‘in our own country and
consequently go earlier to bed.

The B.B.C. have already discovered
that far fewer people here listen to our
second news bulletin as compared with
the number who take the first, and it
is presumed to be because so many
retire to bed early.

How much greater therefore may
we expect the loss of Continental
audiences to be as a result of a late

mstead of an early foreign transmission
by the B.B.C.

The Short-wave Side’

Taking it Seriously

HERE are many ‘‘all-wave’
broadcast receivers of which
the sensitivity and selectivity
on the short-wave bands are quite
adequate, but few in which the tuning
arrangements are entirely satisfactory.
Adjustment is often too critical, and,

’

- worse still, it is seldom possible to tune

with certainty to the desired frequency.

Existing artifices to overcome these
difficulties are mostly susceptible to
improvement, and further efforts in
this direction would surely not be
wasted. The needs of Empire listeners
were voiced in last week’s issue ; the
matter is also of importance to those
wireless users at home who in these
troublous times are coming to depend
more and more on short waves for news
of world happenings.



340

Phase/Sphttmg in Pus

DEVELOPING THE
, QUALITY : AMPLIFIER

HE use of push-pull arﬁpliﬁcatign

quality "reproduction. Its popu-
larity . was _established in large measure
by The Wireless World Push-Pull Quality
Amplifier, and although it is now five
years ‘since it was described no:improve-
ment in perform.mce has yet" ‘been pos-

sible, nor would it be necessary if it were

possible.
The frequency response is even, within

the limits which the ear can detect, over-

a range wider than the audible, and the
amplitude distortton is exceedingly low up
to the rated output. The phase charac-
teristics are also’ good, although it is still

" doubtful whether these are of importance.
The output was originally 4 watts, but an
alteration in the rating of the PX4 valve
enabled this to be increased to 7 watts by
increasing the anode voltage.

Since the performance cannot be im-
proved, development has lain chiefly in
the direction of obtaining as good results
with less material. Experience has shown
it to be permissible to omit certain by-pass
condensers and - decoupling components
and a simpler version was produced for
the Pre-tuned Quality Receiver.!

The next step was to increase the output
to 7 watts by taking advantage of the
increased rating of the output valves.
The changes which this necessitated were
chiefly to the mains equipment, for the
output stage needed some 350 volts at

Y The Wiveless World, Sept. 25th and Oct. 2nd,
1936.

-HT

Fig. 1.—This phase-sphtter is simple and
gives high gain, but neither input terminal
v ~ ‘can be earthed.

* ‘with resistance coupling is- now:
- firmly established for -ultra-high -

- choke.

ment of Fig. 1 can be

~ choke and acting as such,

100 mA. instead of 285 volts at 70 mA.

Originally, provision was made for
energising the field winding of a loud
speaker from the mains equipment, the
field being inserted in series with the main
HT supply and also acting as a smoothing
The resistance of the field was
1,250 ohms, and at 120 mA. the drop
across it was 150 volts.
supply after the first choke of 435
volts  necessary.

This made an HT:

The Wireless World, April 13th, 1939

and the current rating increased. ™ The
lower voltage made it possible to use ‘the
cheaper electrolytic type of condenser for
the reservoir capacity instead of the paper-
dielectric condenser of the earlier models.

So far, the general arrangement of the
amplifier proper had been retained ; that
is, a pair of push-pull PX4 valves were
used in the output and preceded by a pair
of push-pull MHL4 valves, or their equi-
valent, with resistance coupling. The pre-
ceding stage, however, had to be a phase-
splitter, and considerable development
took place here. As it is in connection

~With the in-
creased current
consumption
of . the —output
valves under- the
new -rating it
proved very diffi-
cult to retain the
field winding in the
HT supply and at
the same time have
an economical
supply. Itwascon-
sequently decided
in a later amplifier*
to make no pro-
vision for energis-
ing a speaker field,

A e,

i

Fig. 2.—The arrange-

applied to a grid de-
tector, but the whole
input circuit is floating.

and this decision was arrived at after
taking two further points into account.
First, permanent-magnet speakers were
widely used, and, secondly, the field
requirements of energised speakers varied
enormously.,

The power needed varied from 6 watts

" to 20 watts and the resistance from 300

ohms to 5,000 ohms. No standard method
of connection could be devised, therefore,
which would meet all requirements with
even reasonable economy. :

The H.T. Supply

as a smoothing
the smoothing
provided by the field in early models was
not really necessary.. No audible increase
in hum was’ found to result from its
omission, and there was also the saving of
a smoothing condenser.

Instead of having to provide 435 volts
after the first choke, only 350 volts were
needed for the full rating of the valves, so
that the voltage rating of the HT winding
on the mains transformer could be reduced

% The Wireless World, Communication Recei-
ver, Aug. 18th, 25th, Sept. 8th, 1938,

Although connected

-anode circuit.
.advantage of a

-volts,

with phase-splitting that the newest
development occurs, it i1s of interest to
trace the various methods adopted and to
see their advantages and disadvantages.

The original arrangement used for
gramophone is shown in Fig. 1. Equal
resistances R1 and R2 are connected in the
cathode and anode circuits of a triode and
equal voltages exr and ez are developed
across them; er and ez are in opposite
phase, however.

- The valve gives its normal stage gain,

just as if Rr and Rz were both in the

There is the minor dis-

potential difference
between heater and cathode of 50-100

but the main drawback is that
neither of the input terminals can be

earthed. ’

The input terminal connected to R2 and
R3 fluctuates with respect to earth by the
output voltage ez, and the other terminal
by e, + ey, where ey is the input voltage.
This is inconvenient, in practice, and
although it can be made to work well, it
is more liable to hum pick-up than other
arrangements.

For radio, a similar method can be used
with the’ val\e functioning as a grid

-Pull
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mplifiers ..

ANY of the more imporiant methods of feeding a resistance-

coupled  push-pull amplifier are discussed in this article

with particular reference to the Push-Pull Quality Amplifier.

The application of a new circuit is treated and is shown to lead
to a simplification of the amplifier.

detector, as shown in Fig. 2, or else with
a diode preceding Fig. 1. In either casc,
no point on the detector circuit can be
earthed. This normally rules out its use
in a straight set with ganged tuning, and
in any case it makes it more difficult to
secure RF stability. Nevertheless, very
good results can be secured, and the
method has been used in several receivers.

The next method to be used is shown in
Fig. 3. The valve V1 is a normal first-
stage amplifier and its output er across
Rr1+Rz is fed to one side of the push-pull
amplifier. A portion of the output is
tapped off across Rz and fed to V2 through
the C1 R4 combination. The voltage ez
developed across R3 is in the opposite
phase and feeds the other side of the push-
pull amplifier.

For equality of the two outputs (e1=e2)
it is necessary that R2/(R1+R2) be equal
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By
COCKING

This self-balancing action
makes very precise setting
of the input control to V2
unnecessary, and it is often
satisfactory to feed it from a

fixed tapping point as
shown in Fig. 3. It should,
however, be pointed out

that we do not necessarily

want perfect equality of the
outputs, for the push-pull stages them-
selves may not be perfectly balanced. A
deliberate inequality of output may be
needed to obtain the correct overall
balance.

However, if the pairs of push-pull
valves are operated with a common un-
by-passed bias resistance, there is a self-
balancing action in each stage. This 1s
not always a possible condition in the
output stage, for a by-pass condenser may
be desirable for
other reasons.

The balance on a

R2:

WA+ HT

signal in Fig. 3 is
R6 only good over a

range of fre-

R1
e, E

% ~v;"
N

!

quencies, At very
low and very high
frequencies it -fails
because of the cir-
cuit capacities. The
voltage e1 is pro-
duced from en
without any fre-
quency discrimina-
tion or phase shift
at low frequencies.
The input to V2,
however, and

-
(@)
[S]

hence e2, is taken

Fiz. 3.—A well-known~arrangement is shown here.
a tapping on the coupling resistance of Vi.

“to the gain of V2. It is usual, therefore,
to make the tapping point variable and to
adjust it under working conditions. When
R3=Rr1+Rz, the valves are similar, and
¢1=ez, the alternating components of the
anode currents through Rs, are equal and
opposite. No by-pass condenser is conse-
quently needed to prevent negative feed-
back. ,

If the stage is not properly balanced,
however, there is feed-back which tends to
restore balance. Thus, if the anode cur-
rent of V1 is greater than that of V2, so
that e1 is greater than ez, the voltage
developed across R5 gives negative feed-
back on V1 and positive feed-back on V2.
It thus acts to reduce ex and increase e2.

from er through
the coupling Cx R4.
Inevitably, e2
falls off in respect
to er at low frequencies and is no longer
180 degrees out of phase with it. By
making the product C1 R4 large enough,
we can push the frequency at which the
departure from balance occurs as low as
we like, but we cannot avoid it.
Similarly, at high frequencies the stray
capacities across R1+Rz make the ratio
of ex/e;y fall off; ez2/e, falls off more
rapidly, however, because V2 is fed with
a fraction of er and its anode circuit pro-
duces its own additional attenuation.
Matters are made still worse by the input
capacity of V2, which acts to make the
input voltage to this valve less than the
normal fraction of ex. By suitable design
the frequency at which these effects

V2 is fed from

become important can be kept very high.

A normal push-pull stage is balanced as
regards disturbances in the HT supply:
that is, any hum or feed-back voltage
affects both anodes equally and in the
same phase. The circuit of Fig. 3, how-
ever, is not balanced from the point of
view of the HT supply, for although equal
voltages are applied to the anodes a por-
tion is also applied to the grid of Va.

Decoupling of the HT supply is conse-
quently necessary and is provided by R6
and Cz. This reduces the voltage applied
to the valves and so restricts their
output.

Negative Feed-back

It should be noted that these two valves
do not operate in true push-pull, because
the input of V2 is derived from the output
of Vi. If V1 introduces distortion the

G1

Fig. 4.—This circuit is similar to that of
Fig. 1, but the input is applied between grid
and earth. There is then heavy negative
feed-back and the stage gain is very low.
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Phase-Splitting in Push-Pull Amplifiers—
input of V2 is not a true copy of the
input to Vaz.

- The method of phase-splitting which has
probably been most widely used in, con-
junction * with the Push-Pull Quahty
Amplifier is a modification of Fig. 1. It is
shown in Fig. 4, and the only essential
difference is that the input is applied
between grid and earth instead of between
grid and cathode. The phase-splitting
action remains unchanged, but there is
now lieavy negative feed-back along the

Wireless
World

undistorted output with a reasonable HT
supply and allowing for decoupling. The
arrangement of Fig. 3 has the dis-
advantages already pointed out.

A new circuit® offers distinct possibilities,
however, and its basic arrangement is
shown in Fig. 5. R4 and Rj are provided
for grid bias purposes; for the moment
ignore them and consider the grid of V2
as being returned to earth, as it is
effectively for alternating currents. The

“input is applied to the grid of Vi and

causes variations in its anode current
which produce ex
across Rz1; the

variations also pro-

€N

duce voltage varia-
tions across Rc,
which are applied
R4 to the grid of V2
and cause anode
current changes in
this valve, and
hence produce ez.
The operation is

- +HT

stood by assuming
RS a small definite

> change of grid
potential on Vi
and following its

02T

results. Suppose
J the grid potential

Fig. 5.—A new phase-splitting circuit is shown here.
There is some negative

input ftom the cathode circuit of VI.
feed-back on V1.

cathode resistance, with the result that the
gain is only about 0.8—0.9 per side; that
18, eI/e=€2/e=0.8 to 0.9,

The feed-back results in great linearity
and quite a large output can be obtained ;
it is not sufficient to feed the output stage
directly, however, so that this valve
precedes the push-pull MHL4 stage. For
balance R1=R2+R3, or if R2 is shunted
by a 50-uF: condenser, Rt =R3.

Perfect balance is not obtained at very
low frequencies because of the impedance
of the decoupling circuit; at very low fre-
quencies eI/e2 tends to rise somewhat.
If the stray capacities across R1 equal
those across Rz +R3, the balance will be
maintained at high frequencies, but if the
cathode circuit capacity is higher than the
anode ex/e2 will increase with frequency.

A New Circuit

As with the circuit of Fig. 1, there is a
difference of potential of 50-100 volts
between heater and cathode, but this is
usually unobjectionable. The circuit is
unbalanced as regards the HT supply, for
although a ripple on the supply affects ex
and e2 in the same phase, it does not affect
them in equal magnitude. Hence, the
necessity for thorough decoupling.

Now it will be apparent that the obvious
step in simplifying” the Quality Amplifier
is to obtain the phase-splitting in-the stage
immediately preceding the outpuf valves.
If this can be done without affecting the
performance a valve will be saved. The
circuits of Figs. 1, 2 and 4 are hardly suit-
able, because: they will not give su%ment

changes in a posi-
tive direction. This
causes a Trise in
anode current in
Vi, and consequently a rise in cathode
potential and a fall in anode potential ex.
The rise in cathode potential means that
the cathode wvoltage of Vz rises with
respect to the grid, which is at a fixed
potential. This is equivalent to a fall in
the grid potential of V2 relative to its own
cathode, and so the anode current of this
valve decreases. This fall in anode cur-

Vz derives its

more easily under-

APRIL 13th. 1939.

e2 to be equal it is clear that the alter-
nating anode currents of the two valves
must also be equal. They flow in opposite
directions through Rec, however, so they
will set up no voltage drop across it ; con-
sequently, Vz will have no input and be
unable to produce an alternating anode
current.

This is impossible, and if the valves are
identical and R1 and Rz are equal, e
and ez cannot be equal. To make -the
outputs the same R2 must be greater than
R1, for to obtain an input tc V2 the alter-
nating - anode current of Vi must be
greater than that of Va.

Accuracy of Balance

Although with R1=Rz2 perfect equality
of output cannot be secured, the balance
can be made as nearly perfect as we like
by increasing Rc sufficiently. Then the
input to V2 is very nearly equal to the
grid-cathode voltage of V1. So far as VI
is concerned the voltage across Rc acts
as a negative feed:back voltage and the
stage gain of VI is very nearly one-half of
what it would be if Rc were absent. The
input required for a given total output
el +ez is almost the same as that needed
by the same two valves in normal push-
pull, but instead of the input voltage
being balanced to earth it has one terminal
earthed.

If we express the balance as the
ratio er/ez, then the value of Rc for
a given degree of balance is given by
Re={Ra+R1}/(1+p) (ex/e2—1), where
Ra and p are the AC. resistance and
amplification factor of the valves, assumed
identical. With valves of the MHL4 type
Ra is about 10,000 ohms and p is 20, then
if we permit I0 per cent. unbalance
(er1/ez=1.11) and R1 is 23,000 ohms, Rc
should be 15,000 ohms. If Rc is made
20,000 ohms, -then the error becomes
8.3 per cent.

The cathode re-

sistance Rc cannot

+HT be increased in-

definitely  because
of the voltage drop
across it set up by
the steady anode
current of both
valves. If the cur-
4 rent is 7 mA. and
Rc is 20,000 ohms,
the voltage drop is
140 volts and the
effective operating

voltage of the
valves is reduced
by this amount.

As the cathodes
are at a high voltage

Fig. 6.—This modification of Fig. 5 shows a simpler way of obtaining
grid bias by the voltage drop across R3.

rent causes a fall in cathode potential and
a rise in anode potential e2. er and ez
thus change in potential in opposite
directions.

If R1 and Rz are equal, then for er and

1 Journal of Scientific’ Instruments, March,
1938.

with respect to
earth, the grids
cannot be returned
to earth, but must be taken to a positive
point. This is provided by the voltage
divider R4 R5. With the cathodes at
+ 140 volts the valves might need — —4 volts
grid bias with respect to cathode, so in this
case the potential at -the junction of Ry4
and R5 must be +136 volts, -
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Phase-Splitting in Push-Pull Amplifiers—

For a given anode current it is desirable
to make Rc as small as possible, for then
the voltage lost across it is a minimum.
The factors which affect Rc are the ampli-
fication factor of the valves, their AC
resistances and the values of the coupling
resistances. In general, R1 must be
roughly proportional to Ra to obtain
reasonable stage gain and good linearity.
As the current taken is also likely to be
roughly proportional to Ra, the voltage
drop across Re will be nearly independent
of valve resistance for constant unbalance.

The only way to reduce the cathode
voltage, therefore, is by increasing the
amplification factor . In fact, Rc and

Wireless
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rent of 5 mA. ; therefore, R3=600 ohms.

-As R3+R4 is to be 15,500 ohms, R4

should be 14,900 ohms. Actually, 15,000
ohms is quite near enough.

We thus find the following values suit-
able for Fig. 6: Vi=Vz=DMullard 354v.
or equivalent; Ri=Rz2=50,000 ohms,
R3=600 ohms, R4=15,000, R5=R6=
2 megohms ; Cx=Cz=o0.01 uF. The total
current is 5 mA. at 350 volts and the out-
put is just sufficient to load a PX4 push-
pull stage. The stage gain ex/ey=14.5
and ez/e;y=13.1. These are calculated,
not measured, values and allow for o0.25
megohm grid-leaks in the following stage.

The circuit of Fig. 6 is perfectly
balanced at all frequencies as regards dis-

0.01 mid

+HT

s A

Fig. 7.—This diagram shows a phase-splitter feeding the output stage.

This was the arrangement

used for measurement purposes.

the cathode voltage are roughly inversely
proportional to u, assuming the other
values to be constant. Valves of high

mutual conductance are, therefore, desir-

able. The MH4 class should consequently
be preferable to the MHL4.

Operating Conditions

The AC resistance Ra of the 354v.
under normal working conditions for RC
amplification is about 15,300 ohms and u
i5 about 37. Suppose we make Ri=
50,000(), then for 10 per cent. unbalance
Rc=15,500 ohms. This is little lower
than before, but the valves take less
current, so the cathode potential is lower.

With 350 volts HT and grid bias of —3
volts each valve takes 2.5 mA., so that
the cathode potential is. +77.5 volts; the
grids, therefore, must be returned to a
point 74.5 volts above earth. The poten-
tiometer for grid bias is rather incon-
venient, and its use can be avoided by
taking the grid return leads to a tapping
on Rc as shown in Fig. 6. Here Rc is
split into two parts, R3 and R4. :

In the particular case we are consider-
ing we need 3 volts across R3 with a cur-

turbances in the HT supply so long as V1
=V2, R1=Rz2, C1=C2, R§=R6, and the
output impedance of the preceding stage
is negligibly small. The arrangement of
Fig. 5 is not quite so well balanced in this
respect.

As regards the signal path the balance

in Fig. 5 is substantially independent of
frequency, but in Fig. 6 there is the extra
coupling C2 R6 which upsets the balance
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A balanced output can be secured by
making Rz somewhat larger than Ri.
If this is done the circuit is no longer per-
fectly balanced as regards the HT supply.
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Fig. 8.—The input-output curve of the
amplifier is linear up to 7 watts or slightly
. more,

The error is small, however, and if an
adjustable balance is provided any lack of
balance in the output stage can be cor-
rected.

Measured Performance

The difference of potential between
heater and cathode is a disadvantage, but
most valves will withstand 8o wvolts
between the two without harm. The
Mullard 354v. is rated for a maximum of
50 volts, however. =~ The difference of
potential can be avoided by using a
separate heater winding for these valves
and connecting it to cathode. The capa-
city of this winding, and of the associated
wiring to earth, then appears across Rec,
but owing to the very low output impe-
dance of the stage viewed across Rc, it
does little harm. Even at 20,000 c/s the
effect of shunting Rc by o.oor pF. is
barely measurable.

In order to check the performance of
this phase-splitter the amplifier shown in
Fig. 7 was set up. No special precautions
in the choice of valves or components were
observed ; resistances, for instance, were
picked at random and might differ from
their nominal values by the usual toler-
ances. No effort was made, either, to
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FREQUENCY IN CYCLES PER SECOND

Fig. 9.—The frequency-response, including the output transformer, shows a drop of about
1 db. at 20 ¢/s and 20,000 c/s.

at very low frequencies. This is not im-
portant in many applications, however,
and the method of biasing adopted here is
the more convenient.

obtain matched valves, and the conditions
were consequently such as one might
expect in practice. In view of the possible
variations one cannot expect very close



344

- Phase-Splitting’ in Push-Pull Amplifiers—

- agreement. between the measured per-

- formance and .the calculated.

The input-output curve of Fig. 8 shows

that for 7 watts output the input to V1 is

. 2.45-volts.RMS, .or 3.46 volts peak. The
amplifier--was, of course, ‘balanced by
means of R6. "This is easily done by in-
serting a 50-ohm resistance in series with
thé HT lead to the output transformer at
the point X in Fig. 7 and connecting a
pair of 'phones or an oscilloscope across it.
An AF oscillator, or a pick-up with a con-
stant frequency record, is.connected to the
input, and R6 is-adjusted for minimum
output in 'phones or oscilloscope. With
a small input the balance is quite sharp.
The test frequencyshould be of the order
of 400-1,000 c/s. :

- The overall frequency response is shown
“in Fig: 9;-at 20 ¢c/s the Tesponse Is ~I.2
~db. and at 20,000 c/s it is —0.9 db. The
. maximum deviation over the range-of.zo-

20,000 c/s is thus +0.6 db. It sheuld

bé" noted that this includes the output .

. transformer which has itself a variation of
about +0.5 db.; the amplifier alone thus
is likely to vary by only +o0.1 db. Such
variations are quite unimportant ind are,
in fact, near the limit of accuracy of the
Imeasuring gear.

The input-output curve of Fig. 8 also
includes the output transformer, so that

-the 7 watts output is available on the
secondary. The component used was a
Sound Sales Type SSo36, with a resistance
for the secondary load.

Comparative Advantages =

" Comparing this niew arrangement with
“the amplifiér of The Wireless World Com-
“munication Receiver, we find that one
“valve less is used and that for the same
‘output the input required is 3.46 volts

© peak, or, say, 3.5 volts, as compared with.

2.35 volts peak. The total anode current
consumptions are about the same—
105 mA.—but the heater current of the
" extra valve is saved. There is also a sav-
ing of four fixed resistances, one tubular
condenser, one 8 uF. electrolytic con-
denser and one valve-holder, against
which must be offset the * potentiometer
R6. For the same accuracy of balance,
this would be needed with the earlier cir-
cuit, however.

Wireless
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The saving effected is thus a worth-
while one, and if it lives up to its promise
during extended tests it will undoubtedly
be employed in future ultra-high quality
apparatus described in The Wireless
World. It should, perhaps, be pointed
out that the amplifier of Fig. 7 does not
give enough gain for many purposes;
usually an additional stage will be needed.
As a gain of some 4-7 times -would be
adequate for radio and for most. pick-ups,
there is the possibility of making this
stage of the tone-control type.

PROBLEM CORNER-15

An extract from Henry Farrad’s corre-
spondence, published to. give readers. an
opportunity of testing their own powers of
deduction :—

‘“ Radiovilla,””
Hackbridge.
Dear Mr. Farrad,

1 have been making up a dynatron oscil-
lator for experimental work, but so far have
had no success. The valve seems all right ;
in fact I have taken a characteristic curve
of it which I enclose. As I wanted to make
use of the downward slope to the maximum
advantage, I decided to work at an anode
voltage of about 45, which, as you see, is
about half-way down the slope. I am run-
ning the screen off a go-volt battery (see
circuit diagram), and to avoid tappings the
anode is supplied through a voltage-dropping
resistor. The anode current being 2} mA
at the working point, I think I am correct
in using a 20,000-ohm- resistor to drop 45
volts. The grid bias is supplied by a small
separate cell as I believe it is advisable not
to run the valve without bias.

Well, so far I have not succeeded in get-

1

AAAAAA
VVVWWV/
o

—t

1t

__._|!_

]

AN

GRID

SCREEN VOLTS = 90
VOLTS

The circuit diagram
and valve charac-
teristic curve en-

A2

TN

™

closed with Mr.
Lea’s letter. Do
they disclose the

ANODE CURRENT IN MILLIAMPERES

_L‘

NN

reason for the fail-
ure to oscillate ?

L
A0 50

8

ANODE VOLTS

L

APRIL 13th, 1939.

ting anything to oscillate. I have checked
over all the connections many times and
tried tuned circuits that I know should oscil-
late easily with the. slope of this valve.
Having heard that you are good-at solving
these little mysteries, I am writing in the
hope that you will do me this favour.
Yours sincerely,
Ray Lea.

Turn to page 355 for Henry I'armds
solution.

The Elements of Radio Communication.
By O. F. Brown, M.A., B.Sc. (Oxon.),
B.Sc. (Lond.), and E. L. Gardiner,
B.Se. (Lond.). 551 pp.+viii. Oxford
University Press, Amen House, War-
wick Square, London, E.C.4. Price
16s. net.

THIS book is at-once recognisable as out-

standing among elementary textbooks
on radio communication, for it is one of the
very few that give the general reader a
really comprehensive and authoritative
survey of the underlying principles without
recourse to mathematical treatment. In the
preface the authors point out that particular
attention has been paid to lucid explanation
of the principles and reasons underlying
radio phenomena; and every effort made to
treat the subject comprehensively, rather
than with great depth.

Each branch of the subject is treated from
the beginning, early methods and historical
stages being considered first, and then fol-
lowed up by modern developments. No
attempt has been made to describe in detail
all the modern devices of transmitting and
receiving equipment, for, as the authors
say, ‘‘ countless existing works do this very
completely.”” But the fundamental prin-
ciples and the reasons for the various pheno-
mena are very fully explained in a style
easily read and understood by the beginner.
The reader is given a sound general know-
ledge of his subject, enabling him subse-
quently to study the more highly specialised
and technical works thhout loss of per-
spective. -

The introductory chapter is a survey of
historical aspects, from Maxwell’'s pre-
dictions to present-day achievement. Then
follow chapters on high-frequency alter-
nating currents, electrical oscillations and
radiation, thermionic valves, etc. Where
electrical formulae have to be introduced,
free use is made of that most useful ex-
pression : ‘It can be shown that . . .”" and
the small amount of AC theory required is
very simply expounded. There are very
few statements open to criticism.

It may be somewhat unexpected to find
a whole chapter on the now- obsolescent
method of spark transmission, but this has
been included as a convenient theoretical
introduction to other systems, apart from
its. historical interest. The sections on
valves, detection, amplification, selectivity
and reception in general, taken as a coherent
whole, give the reader a survey which is
remarkably complete and detailed for a non-
mathematical treatment.

Due prominence has been given to tele-
vision in the last two chapters, covering no
fewer than 65 pages. Basic principles and
early methods are treated at somewhat great
length in the first section, the second and
shorter section being devoted to the prin-
ciples of modern electronic television.

For the benefit of those studying for ex-
aminations in radio communication, selec-
tions of past examination questions have
been appended to each chapter, 0. P.
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Suppression and

Car Performance

ITS EFFECTS UNDI;ZR VARIOUS CONDITIONS

By C. ATTWOOD,

-A TTENTION has. repeatedly been
called in the pages of The Wire-
less World, both in Editorial
articles and correspondence, to

the lack of information on the effects of
suppression on the performance of a
vehicle. This article, which deals only
with resistive suppression, gives the results
of observations extending over more than
three years on the practical effects pro-
duced by suppression on the running of
two cars, both fitted with six-volt coil
ignition, with which the author has been
concerned during this period.

The alleged deleterious effects of sup-

pression may be classified as:

1. Making starting difficult.

2. Sooting up the sparking plugs and
increasing the necessity for decar-
bonising the engine,

3. Increasing the wear
breaker points.

4. Causing pinking.

5. Reducing engine power.

on contact

B.Sec., B.Sc. (Eng.)

no experience of car interference suppres-
sion than by those motorists who have
suppressors fitted to their cars. The only
occasions on which the author has used
the starting handle during the three years
during which he has had suppressors fitted
to his car are once when the starting pinion
jammed and later during the time that an
old run-down battery had deliberately

‘been installed as part of the series of tests

described below. During the unusually
cold weather several months ago the
engine (fitted with 25,000-ohm suppres-

THIS article gives the results

of several years’ experience
and an exhaustive series of tests on
the effects of resistance suppression
on actual road performance of a

popular type of car—a Ford 8 h.p.
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the cooling water
froze on two occa-
sions.

Regarding the
sooting up of plugs,
combustion cham-
bers and allied parts
of an engine, suffice
it to say that the

Afp—g———1ls}e

* author kept his first
car fitted with sup-
pressors until it had

Circuit diagram of the ignition system, showing the addition of a
relay for short-circuiting the suppressor resistance, thus permitting
rapid comparative observations of the effect of the resistance on

engine performance,

It is unwise to be dogmatic on any
aspect of this subject, but it is the author’s
personal opinion that the first two effects
are based more on imagination than on
observation, for both complaints are more
frequently uttered by those who have had

covered 20,000
miles, and during
that time no plug
was changed and
the engine was not
) decarbonised. This
is not, as seme readers may feel inclined
to suggest, a case of blatant neglect:
engine behaviour simply indicated that
neither procedure was necessary. Starting
troubles and sooting up are far more de-
pendent on reasonable battery attention,
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Construction of the magnetic relay ; the use
of two wide gaps in series prevent misleading
results due to high-voltage flash-overs.

choice of suitable petrol, and correct car-
burettor and ignition adjustment than on
the presence of interference suppression
resistances.

The remaining three factors cannot be
dealt with so easily. Wear on the contact
breaker-points is affected to a very pro-
nounced extent by the electrical constants
of the coil and condenser together with the
time intervals of the make-and-break
periods, and it is quite possible for wear
of the contact breaker points in the prim-
ary circuit to be increased by the altered
electrical conditions produced by series
resistance in the secondary circuit of the
coil. The author has never experienced
excessive wear or undue need for adjust-
ment on the small type of four-cylinder
car, but these factors are so different on
other cars, particularly those with six or
eight cylinders, that reports of intelligent
observation on this question by owners of
the larger type of car would be interesting.

«« Effects Entirely Negligible >’

The author has long believed that the
effects of suppression on engine perform-
ance—the effect on power and the prone-
ness to pink—is entirely.negligible, but an
effort has been made to study the effects
of suppression resistances in a more satis-
factory manner than is possible by testing
the car successively with and without sup-
pressors. A relay has been devised that
is suitable for making and breaking the
high-tension ignition circuit, and this relay
has been mounted a few inches from the
distributor, the controlling switch being
fixed by the side of the steering column
of the car. In order to simplify the design
of the relay a single resistance is used in
the distributor lead instead of separate
resistances in each sparking plug circuit,
the relay being arranged to short-circuit
this resistance. The effect on high-fre-
quency suppression of the single resist-
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. ance is, of course, entirely different from
that of resistances of equal value, mounted
. one in each sparking plug lead, but it is
believed that the effect on engine perform-
ance is approximately the same in each
case. At first sight it might appear that
the 'position of a series resistance in the
high-tension circuit is immaterial, but the
. actual mechanism of ignition in an internal
. combustion -engine is very complicated,
and the fact that the capacity. distribution
is altered is one of several factors that
suggest that this conclusion is not neces-
sarily valid. However, tests indicate that
even under the severest conditions detailed
below. the difference in engine behaviour
between a resistance before distribution
and four equal-valued resistances after
distribution cannot be detected.

A relay of this nature must not only
have its contacts very well insulated from
earth but the contacts must be capable of
opening a surprisingly large distance, for
the size of gap that the voltage developed
across a high-resistance suppressor is cap-
‘able of bridging must be seen to be be-
‘lieved. The opening of the relay points
‘must be sufficiently wide not only to pre-
vent arcing but also to avoid a corona
discharge which is visible only in the dark
but which would completely invalidate
the results of any test. The photograph
shows the final design for the relay, the
actual ““gap’’ consisting of two gaps in
series so as to keep the relay within
reasonable dimensions.

Details of Tests

The procedure in this series of tests was
to allow the car to travel at a steady speed
and, without moving the throttle position,

. to try the effect of opening and closing the
relay by seeing whether the slightest effect
on speedometer reading was discernible.
Observations were also made on the acce-
leration and pulling power, but no definite

How the relay was mounted on the engine.

- GAP TOO WIDE.

~ the
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SUMMARY OF TEST RESULTS

Conditions of Test

Effects of Suppression

. .

NORMAL

SPARKING PLUGS
WIDE. (0.065" instead
of 0.022")

BATTERY VOLTAGE
VERY LOW. (Normal
= 6 volts.)

TIMING ADVANCED.
(8° from normal
TIMING RETARDED
(6° from normal)
CONTACT BREAKER

(0.028” instead of
0.0127%)

CONTACT BREAKER
GAP TOO NARROW.
(0.005” instead of
0.010".)

PLUGS BADLY
SOOTED UP.
INFERIOR PETROL.

No difference in power up to 3 megohms. Idling speed reduced and running

. slightly erratic above I megohm. Will not start from cold above 3 megohm.

No difference in power up to 3 megohms. Effect on slow running of resistances
above 1 megohm not so pronounced.

Tested with worn-out battery with car generator inoperative and engine
started by hand. Voltage controlled by parallel load.
At 3 volts, no difference in power up to # megohm. Engine can be started
when hot with # megohm but not when cold.
At 2 volts, engine will operate with no resistance but will not start.
stalls with § megohrm but not with 25,000 ohms. Y

No difference in power up to 3 megohms but bigger effect on slow running of
values above § megohm. No difference observed in onset of pinking.

Efféct of resistances the same as for normal conditions.

Engine

No difference in power up to 3 megohms but bigger effect on slow running
for values above # megohm.

Effect of resistances the same as for normal conditions,

No difference in power up to 3 megohms but slightly bigger effect on slow
running of values above § megohm.
| Same as normal conditions. No difference observed in onset of pinking.

difference could be detected in any of these
tests. The effect on starting from cold
was also observed only when it was
thought that this might be of interest, for
a complete test of this nature would in-
valve almost infinite patience.

The normal value for suppressor resist-
ances is between 20,000 and 25,000 ohms,
A 25,000-ohm resistance in the distributor
circuit was connected to the relay so that
it could be readily shorted and for several
weeks a direct comparison was made
under all kinds of running conditions. In
no case could any difference in perform-
ance be detected. The value of the resist-
ance was then increased in stages, and not
until three megohms had been reached was
there any suggestion of a difference in per-
formance, and even then the possible dif-
ference was too small to be conclusive!
The engine would start when warm; -but
starting from cold with this value of re-
sistance was not possible. The resistance
had to be reduced to 750,000 ohms before
the engine would start from cold. The
only other difference that could be de-
tected was the effect when the engine was
idling. Resistances greater than one
megohm reduced the idling speed and
made running slightly erratic.

At seven megohms the engine stalled
immediately the relay contacts were
opened. Caution is necessary when quot-
ing the ohmic values of these high re-
sistances. In the preliminary tests certain
specimens behaved in such a manner as
to suggest that their resistances under high-

-voltage conditions were very much lower

than their measured DC resistances, but
this trouble was traced to arcing between
parts of the resistance element. In one
case of a resistance that misbehaved itself
the current was conducted: by the paint of
manufacturer’s trade mark, there
being a spark from each end terminal of
the resistance to the paint.

The remainder of the test was directed
towards ascertaining the effects of sup-

pressor resistances when the car was
operated with very low battery voltage,
incorrect timing and other adverse ad-
justments. The differences produced by
some of these incorrect operating condi-
tions compared with normal running were,
of course, pronounced, but under no set
of conditions was it possible to detect the
effect of the presence or absence of a sup-
pressor resistance unless its value was ex-
cessively high. The conditions under
which the car was tested and the effects
observed are summarised in the accom-
panying table. The effect of all these
faults together (in so far as they are not
mutually exclusive) has not been tried!

To sum up, it may be stated as the
author’s conclusion that the effect on
engine performance of suppression resist-
ances on the type of car with which this
article is concerned is entirely negligible.
The ‘‘factor of safety’” of the ‘ignition
system is so high that resistances must be
increased to more than ten times the
values normally used for suppression pur-
poses before any effects become dis-
cernible, and - even then the mechanical
effects on the engine are very small. At
the same time it should be pointed out
that these conclusions are not necessarily
to be inferred as applying to all car
engines. The conclusions established in
these tests would most likely least apply
to. engines built for extreme economy
which operate, particularly at low throttle
openings, with very weak mixtures. It
would be interesting to hear of similar
observations conducted by owners of this
type of car and also by readers who
possess six- or eight-cylinder cars.

Finally, in case any motorist reader
should decide to conduct similar tests to
those described here, it should be pointed
out that the electrical stresses brought
about by the high values of resistances
used in these tests produce a very severe
strain on the whole of the ignition system,
particularly on the insulation of the coil.
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agnetic Nickel ‘Alloys

THEIR USES IN RADIO EQUIPMENT

By A. B. EVEREST, Ph.D.

{The Mond Nickel Company Ltd.)

HE magnetic properties of nickel
" and its alloys have been
described from time to time, and
it has been emphasised that in
this respect, as in many "others, nickel
demonstrates its wide versatility. Among
its alloys are many that are non-magnetic,
others, on the other hand, which have
maximum permeability properties, while a
third series represents the best permanent-
magnet materials now commercially avail-
able.. In addition, nickel itself has in-
teresting magnetic properties, showing to
‘a marked degree the phenomenon of mag-
netostriction—that is, change of dimen-
sions on being subjected to a magnetic
field.
© All these materials find extensive appli-
cation in the radio industry, and the pur-
pose of this article is-to give a brief review
of some of their uses in this field,

Alloys of nickel and iron (which may
also contain small proportions of ether
elements, such as copper) have been found
to have an exceptionally high permea-
bility, especially after heat-treatment, and
they provide some of the magnetically
““softest”” materials known. This means
that the material, in suitable form, shows
a marked response when subjected to a
magnetic field of low intensity, the induced

magnetism often reaching the saturation
value of the alloy. The behaviour of the
metal in a magnetic field may be modified
by varying the composition or the heat-
treatment, and in this series different alloys
have been developed to give, respectively,
(1) maximum permeability at low field
strengths, (2) high permeability at high
inductions and under conditions of polar-
ised magnetisation and (3) constancy of
permeability over a relatively wide range
of applied field strength.

The first group includes some of the
well-known ‘‘Permalloys,”” ‘‘ Mumetal,”’
etc., the second group, ‘‘Radiometal,”

A B.T.H. high-fre-
quency loud speaker
employing aluminium-
nickel-chrome alloy
magnets.

’

and other grades of ‘‘ Permalloy,” while
in the third group are ‘‘ Perminvar”’ and
““Rhometal.”” The choice of the par-
ticular alloy for a given set of conditions
is also determined by other factors, in-
cluding the saturation value of the metal
and its electrical resistance, so that com-
binations of properties may be selected,
such as high permeability with low satur-

SURVEY of the various

applications of nickel-iron,

nickel-aluminium and other alloys

in the construction of wireless
apparatus.

ation, or alternatively, constant permea-
bility with high saturation.

In radio, and in communications gener-
ally, all these alloys are used in equipment
where a high degree of magnetic response
is required in weak magnetic fields, as in
transformers, chokes and similar appara-
tus. Perhaps an equally important use of
the alloys, however, is in the magnetic
screening of sensitive equipment which
must be shielded from the
adverse influence of stray
magnetic fields, or in
‘screening " off part of the
equipment which might
itself produce magnetic
fields disturbing to neigh-
bouring apparatus.

For some time past it
has been the practice of
most radio manufacturers
to employ the high perme-
ability nickel-iron alloys
for the cores of audio-fre-
quency transformers. These alloys, which
can be used in the form of ordinary trans-
former stampings, have an effective per-
meability about twenty times that of
ordinary transformer iron, and this has
resulted in a very substantial reduction in
the size of transformers. An accompany-
ing photograph gives a comparison of the
size of radio transformer stampings in
nickel-iron and silicon steel to give corre-
sponding results. Quite apart from any
saving on account of the lower weight
and smaller dimensions of the trans-
formers, the use of the nickel-iron alloys
materially reduces distortion, owing to the
lower iron and copper losses resulting,

respectively, from the better material and -

smaller size.
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These two AF transformer stampings, the

larger in silicon iron and the smaller in

“ Mumetal *’ nickel-iron alloy, have identical

ratings (in the absence of polarising direct
“current).

The advantages of the nickel-iron alloys
for cores is realised in inter-valve trans-
formers, output transformers, microphone
transformers and, more recently, in scan-
ning for television. In the case of scan-
ning transformers for television a peculiar
type of wave form is required, and the
clarity of the image obtained on the screen
is absolutely dependent on the use, for the
transformer core, of magnetic materials
with a high degree of response at high fre-
quencies. These conditions can only be
met by the nickel-iron alloys.

The arguments which have led to the
use of the high permeability nickel-iron
alloys for transformer cores have also
prompted their use for the cores of chokes
in radio equipment. In fact, wherever a
high degree of response at low field
strengths is required, one or other of the
nickel-iron alloys will give the highest
degreb of efficiency.

For Screening

The fact that the nickel-iron alloys have
a good response to weak field strengths
makes them eminently suitable for screens.
As already mentioned, it is frequently
necessary in radio equipment to isolate
transformers or other parts which might
produce stray magnetic fields and thus in-
fluence adjacent apparatus. Alternatively,
in the case of other equipment, such as
cathode-ray tubes used in television, it is
frequently necessary to screen it from any
possible interference by outside magnetic
fields. The nickel-iron alloys are well
established for use in both cases.

The wide range of properties available
in the nickel-iron alloys offers a large choice
of materials to meet particular conditions.
Thus, if screening against only a weak
field is required, oné of the high permea-
bility alloys will be most effective; if,
however, the interfering field is strong, the
alloy with the highest permeability may
have the disadvantage that its saturation
value is low, and for this reason it may
not be sufficiently effective. In these
circumstances a double screen is some-
times used. The interfering field is faced
first ‘with a material of high saturation
value and moderately high permeability
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which serves to intercept the greater part
of the field. Anything which passes
through the first screen, however, may
subsequently be dealt with by a second
screen of high permeability, low saturation
material, thus effectively restricting the
field and minimising interference.

Whilst cores for transformers, chokes,
etc., on the one hand, and magnetic
screening, on the other, represent the main
uses of the high permeability alloys in
radio, there are other applications of in-
terest to the radio engineer. For example,
‘“ Mumetal ” is used in the manufacture of
gramophone pick-ups by reason of its low
coercive force and low hysteresis loss, thus
ensuring a rapid response where minute
variations in flux are involved.

Another application of great technical
interest is in commection with permeability
tuning. In the first experiments in tuning
high-frequency circuits by the insertion of
a core of magnetic material within a tuning
coil, nickel-iron alloys were employed for
the core material. With the development
of push-button tuning, equipment of this
type is becoming of greater importance,
and although pure iron in finely divided
or powder form is to-day often used as the
material for the core, interest is still being
taken in the nickel-iron alloys, which with
their lower loss and higher permeability,
offer greater efficiency in this application.

Other applications of the high permea-
bility alloys include the so-called
““needles "’ for picking up speech from the
magnetised tape used in magnetic record-
ing machines, such as the Blattnerphone,
‘and certain parts of the external magnetic

“circuits used in conjunction with cathode-
ray tubes in telévision.

Loud-speaker Magnets

The development in the last few years of
the nickel-containing permanent magnets
has revolutionised the magnet industry.
Permanent magnet ‘‘steels,”” such as the
nickel-aluminium alloy ““Alni’’ and the
nickel-aluminium-cobalt type known as
““Alnico,”” offer higher efficiency at a lower
cost than before. Experience has shown
that the new magnets are permanent, re-
taining their high magnetic energy content
even under such adverse conditions as re-
latively high temperatures and shock.
Another advantage which they offer over
the earlier materials, such as cobalt steel,
is a lighter specific weight, and this com-
bined with the fact that a smaller magnet
may be used for. a given output, has led to
substantial economies. The magnets are
available only in the cast form, but this is
‘no disadvantage to the radio industry since
the modern type of loud-speaker unit, for
_example, is easily adapted to make the
best use of the cast magnet.

For high-quality loud speakers, for
speakers in battery-operated sets, and for
extension speakers for ordinary domestic
purposes, units mcorporatmg the new
nickel alloy magnets are’ now widely
adopted. Compared with the electro-
magnetic units employed in ordinary radio
sets, those incorporating the new mag-
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netic alloys have many advantages, in-
cluding lower seryicing costs, and less

trouble with distortion of the moving«coil .

due to overheating of the unit in service.

No mains hum can be developed by the’

and, moreover, no sub-
hum

energising coil,
sidiary coils,-such as those used for **
bucking,”’ are necessary.

The advantages of the permanent-mag-
net unit become greater in the larger- sizes
of loud speaker, and for this reason, even
in mains-operated sets of the larger sizes,
permanent-magnet units are now used for
the loud speakers.

The magnets used in loud speakers of
the size employed in public halls and
cinemas weigh as much as 71b. each, and
give a flux density in the air gap in- the
unit of some 14,000 to 15,000 lines per
sq. cm,

In the case of microphones, as with loud
speakers, efficiency and faithful reproduc-
tion depend on a high field strength. For
this reason microphones incorporating per-
manent magnets are now designed to use
the high efficiency offered by-the !* Alni”’
and “‘ Alnico’” types.

A specially interesting application of
““ Alnico’’ is in the so-called magnetron
oscillator, in which control over ultra-short
waves in radio apparatus is effected by
means of an intense magnetic field. In
the apparatus in question-the wavelength

‘of the oscillations inside the valve is

Magnet assembly of a ribbon microphone,

as used by the B.B.C., embodying an

aluminium - nickel - chrome alloy magnet
(Darwins, Ltd.).

controlled by the magnetic field pro-
duced by the large block of ‘* Alnico,” the
field being controlled by means of $crewed
pole extension pieces.

At-the other end of the scale, minute
magnets are now being employed in the
construction of gramophone pick-ups.
Some of these magnets are too small to
cast, and alternative methods of construc-
tion, such as shaping the magnets by
pressing from powder, are being worked
out in different parts of the world.

A recent development is in connection
with focusing magnets for cathode-ray
tubes as used in television. In this case,
ring or similar type magnets placed around
the tubes serve to focus the cathode-ray
beam. .

- Other "applications of the magnets in

-magnetic field.
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apparatus associated with, the radio in-
dustry include instruments of all. types
for radio control rooms, and generators
used in aircraft for providing energy for
the operation of radio sets. In~ any
applications, in fact, where permanent

- magnets are required the new materials

offer interesting possibilities.
Magnetostriction Oscillators

In discussing the magnetic properties
of nickel and its alloys in the radio in-
dustry, reference must be made . to the
magnetostriction oscillator, in which the
peculiar properties of nickel have led to
its use as the oscillating élement in appara-
tus for establishing frequency standards.
As already mentioned, the principle of
magnetostriction is that the material alters
its dimensions on bemg ‘subjected to a
It has been found that a
bar of nickel, for example, when placed

in a magnetic field, actually contracts to

quite an appreciable extent, and when the
field is alternating, it is obvious that the
bar will contract and expand to the move-
ment of the field. If the dimensions of
the bar are adjusted so that the vibration
induced in it by the alternating field cor-
responds to the natural frequency of
vibration of the bar, then the resonance
effect becomes operative, and the bar will
vibrate with such amplitude that an
audible note may be emitted. Alterna-
tively, the vibration of the bar may be
made to react on electrical circuits. This
principle is applied to frequency standards
for use in radio work. Provided that the
dimensions and temperature of the rod of
nickel are all standardised, then the fre-
quency of the resonant vibration may be
calculated. By determining experiment-
ally the conditions under which resonant
vibration takes place,.it is-possible either
to check the frequency of unknown vibra-
tions or, alternatively, to maintain a
standard frequency, as, for example, in a
broadcasting station.

Limitations of space preclude a detailed
discussion of all the applications of nickel
alloys for magnetic purposes in the radio
field. Sufficient has been said, however,
to indicate that for high-permeability pur-
poses, as permanent magnets, and in other
special directions, these alloys offer im-
portant and interesting properties, which
have all contributed their share towards
the development of high-efficiency radio
and television.

Learning Morse

NEW booklet with the above title has just

been published to enable those desirous of
learning Morse to master it with a minimum of
effort. As more rapid progress can be made
by memorising the sounds represented by the
dots and dashes at the outset, a smiall self-
contained Morse practice set is described and
constructional details given.

The contents include the complete Morse
code, ““ Q7" code abbreviations, the QSA and
RST codes employed by amateur transmitting
stations, and a list of International Prefixes
for identifying amateur stations.

It is- obtainable from the publishing offices
of The Wireless World, Dorset House, Stam-
ford Street, London, S.E.1, and the price is
6d. net, or 7d. post free.



The Wireless World, April 13th, 1930

UCH interest has been shown by
readers in the article by H.
Harris! on the advantages of
" the multivibrator for rapid and
easy alignment of superhets. The follow-
ing are particulars of a commercial multi-
vibrator produced by the makers of the
well-known ‘‘ Monarch’’ Signal Genera-
tor.
It will be remembered that the object
of the multivibrator is to supplement, not
to supersede, the signal generator; and
that the adjustment of oscillator padding
condensers, which with a generator alone
is a rather tricky and lengthy process, is
made as simple and quick as straight-
forward trimmer adjustment. It can,
therefore. be carried out expeditiously by

AID TO RAPID
ALIGNMENT OF
SUPERHETS

. All controls are mounted
on the front panel, here
partly removed to expose

the chassis.

The difficulty about padder adjustment
with the signal provided by the usual form
of signal generator is that the frequency to
which the preselector circuits are tuned is
not known exactly, and that as they have
already been set at the high-frequency
end of the scale it is allowable to adjust
them to the lower frequency generator
signal only by means of the gang con-
denser, which carries the oscillator tuning,
too. A process of trial and error is, there-
fore, needed to arrive at the setting of the
gang condenser and padding condenser
that are optimum for the signal frequency
selected. If a continuous band or spec-
trum of signal were available, of substan-
tially uniform strength over the small
range of adjustment concerned, it would

349

“Monarch’
Multivibrator

sets by the thermal agitation noise; but
the multivibrator supplies a suitable sig-
nal controllable up to a strength sufficient
for even the least sensitive superhet. It
does this by generating an oscillation at a
frequency of a few hundred cycles, so
rich in harmonics that all the usual radio-
frequency tuning bands are covered by
them.

In the ‘“Monarch’ the fundamental
frequency is about 400 c/s, and har-
monics up to and beyond the 50,000th are
detectable.  The result in the receiver to
which it is applied is a 400-cycle not re-
gardless of the frequency to which the
receiver is tuned. The first stages of
alignment are carried out as usual on a
single signal produced by the signal
generator ; then for the padder adjustment
th» multivibrator is substituted.

Detecting ¢¢ Flat Spots”

A further advantage of the multivibra-
tor is that it enables the sensitivity (and
hence the accuracy of tracking) of a re-
ceiver to be roughly checked over the
whole of each waveband; a process that
is generally omitted when only a signal
generator is available, on account of its
being excessively tedious.

The circuit diagram of the ‘“ Monarch ”’
shows it to be similar to the one previously

SIGNAL
OouTPUT

OUTPUT
coNTROL_

S |

PR PR P ————————y P
R ] Tttt Lk et

1%"cnussm

Circuit diagram of the ¢ Monarch’’ multivibrator.

comparatively unskilled operators ; which
is particularly helpful when large numbers
of sets have to be dealt with economically.

Y The Wiveless World, February 23rd, 1939,
p- 181

mains lead is also screened by a braided sheath.

merely be necessary to adjust the padder
to maximum response, which would occur
when it caused the oscillator to track cor-
rectly with the preselectors. Such a con-
tinuous signal is provided in very sensitive

The dotted lines indicate screening cans within the metal case of the instrument ; the

described by Harris as regards the two
back-coupled valves that generate the
signal ; but a valuable additional feature
is an amplifying stage, employing an
acorn triode, for counteracting the ten-
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dency for the harmonics to diminish in
strength as their frequency progresses,
and so to secure a reasonably constant
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with the valve capacity at about 20 Mc/s

and at lower frequencies presents a load

approximately proportlonal to frequency.

Direct or inductive coupling to the out-
put control can be

selected by a
+20 5,000 switch ; on test the
2 direct  connection
g+ £ (switch to the left)
g o x - 500 %- was adopted, and
w 1 : 3 gave a somewhat
= £ greater output than
< %
R 50 the other. )
o 1"l The instrument
3% ) undoubtedly fulfils
- 40 N T the claims made
L 5135 88 E,_- ‘_i ’ F 788 for it; and particu-
N 'F , . , larly it was con-
ke/s FREQUENGY ‘Me/s firmed that the
; character of the

RMS values of 30‘ per cent modulated generator signal equal in
peak voltage to the multivibrator signal at the frequencies indicated.
Considering the very wide range of frequency, the strength is re-

markable uniform.

signal strength over the whole of the
bands from 150 to 20,000 kc/s (except for
a deliberate hollow in the region of 460
Mc/s to prévent direct IF interference).
That this has been satisfactorily achieved
is shown by the results
of measurements taken
at some of the impor-
tant signal frequencies.
Incidentally, in testing
the - instrument some
thought was required to
arrive at a method of
measurement that
would give a fair com-
parison between the
multivibrator signal and
the usual 30 per cent.
moduldted signal from
a genetator. The
straighitforward methods
were found unsatis-
factory,, owing to- the
rather ' pecuhar nature
of the multivibrator

Although screening

is thorough,. the in-

terior of the multi-

vibrator is. easily -
accessible.

signal, and eventually use was made of a
receiver with a detector that could be
“backed off”’ for muting  purposes, and
adjustment made until each signal could
be just heard. The comparison is there-
fore on a basis of equal peak voltages.
The signal is smoothly controllable
from this maximum down fo zero, at
which the screening of the instrument was
found effective in excluding direct pick-
up even by a sensitive receiver. In spite
of this, the interior is quickly accessible
for changing valves, etc.
The output from one of the pair of
oscillator valves is shunted by an IF trap,
is.led to an acorn valve, in the anode
circuit of which is.a coil that resonates

signal is such that
padder adjustment
can be judged quite
well by ear, which
is practically im-
p0551b1e in the usual method. Consider-
able numbers of ** Monarch * multivibra-
tors are in use in many of the American
radio factories, and no doubt there. is
scope for them wherever receivers are

They are obtain-
Ltd.,
180-182a, Tottenham Court Road,
London, W.1, and the price is £14 1s. net
for single instruments.

- Mains voltages are 200-260 volts 40-60
c¢/s AC; the black crackle-finished case
measures 8%in. high by r1ojin. broad by
63in. deep overall, and weighs 10 1b.

aligned in quantities.
able from Messrs. Claude Lyons,

SPECIAL RECORDS

}OSWORTH and CO., LTD., 8, Heddon
Street, London, W.1, have issued a classi-
fied catalogue of gramophone discs for use in
arranging a musical background to broadcast
programmes, amateur film displays, etc. The
playing speed is 78 r.p.m., and the duration of
each section is given to the nearest second.
The price has been standardised at 2s. 6d., and

the diameter of the records at 10 inches.

APRIL 13th, 1939.

Television
Programmes

Sound 41.5 Mc/s Vision 435 Mc/s

An hour’s special film transmission in-
tended for dernonstration purposes will be
given from 11 a.m. to 12 noon each week-
day. The National or Regional pro-
gramme will be radiated on 41.5 Mg¢/s
from approximately 7.45 to 9 p.m. daily.

THURSDAY, APRIL 13th.

3, Cyril Fletcher in ““ Re-View.” 3.30, Gaumont-
British News. 3.40, 233rd edition of Picture
Page, introducing the Chester Hale GII’]S from
the Dorchester Hotel.

9, Cabaret Cruise, with Commander A. B.
Campbel} Irene Prador and Walsh and Barker.
9.45, British Movietonews. 9.55, 234th edition
of Picture Page. 10.25, News.

FRIDAY, APRIL 14th.

.3, Vanity Fair, a parade of inexpensive Summer
“clothes. = 3, 15 Cartoon - Film. 3.20, British
Movietonews. 3.30-4.5, “ The \Ionkey s Paw,”
by W. W. Jacobs and Louis N. Parker.

9, Vanity Fair (a.s at 3 pm.). 9.15, “ The
Shoemaker’s Last,” a new play by Geoffrey
Thomas. Cast includes Hazel Terry and Cyril
Chamberlain. 10.45, News.

SATURDAY, APRIL 15th.
3, Francis Redvers Miniature Theatre. 3,10,
Gaumont-British News. 3.20, Joan Collier in
Songs. 3.30, Cartoon Film. 3.35, Tom Walls
in ““ The Van Dyck.”

9, The Chester Hale Girls and Vera Haal, from
the Dorchester Hotel. 9.15, Cabaret Cartoons.
9.30, British Movietonews. 9.40, Demonstra-
tion of Catch-as-Catch-Can Wresthng 10,
Cartoon Film. 10.5, “ The Almost J’erfcd:
Murder ” a “ telecrime ” by Mileson Horton.
10.20, News.

SUNDAY, APRIL 16th.
3, A Charlie Chaplin Film. 3.25, Friends from
the Zoo. 3.40, Cartoon Filfh. 3.45, *“ The
Charcoal Burner’s Son,” a play for the<hildren.

8.50, News. 9.5, Irene Llslnvel soprano,
accompanied by the Television Orchestra.
9.20-10.50, '* A Night at the ‘Hardudstles’ "

A modern version of Goldsmith’s play ‘‘ She

Stoops to Conquer,” by Giles Playfair.
MONDAY, APRIL 17th.

3-4.30, "“The Shoemaker’s Last” (as on

Friday at 9.15 p.m.).

9, Charles Heslop—'‘ In the Barber’s Chair.”

9.10, ' Derby Secrets "—-Film. 9.20, “ Diver-

tissement,” a song and dance programme.

9.40, DBritish Movietonews. 9.50, ‘‘ The

Monkey’s Paw " (as on Friday at 3.30 p.m.).
10.25, News.

TUESDAY, APRIL 18th.
3, Starlight. 3.10, Cartoon Film.
the Barber’s Chair.”’
3.35-4,

3.15, “In
3.25, British Movietonews.
“The Coffin,” a one-act comedy by

_John Taylor.

9, Coliseum Night. O.B. from the stage of the
London Coliseum. 10, Gaumont-British News.
10.10, “ From the_ Tree,”’ scientific, artistic
and utilitarian treatments of wood. 10.30,
News.

WEDNESDAY, APRIL 1g9th.

3-4.30, “ Candida,” the first full length Bernard
Shaw play to be televised. Cast includes Marie
Ney and Julian Mitchell.

9.5, Oliver Wakefield—The Voice of Inexperi-
ence. 9.15, Cartoon Film. 9.20, Demonstra-
tion of ballroom dancing. 9.35, British
Movietonews. 9.45, ‘“ Soho.” Introducing
personalities at the Café Cosella. 10.25,
Leila Howell, "’cello and Henry Bronkhurst,
piano. 10.35, News.
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ANTI-INTERFERENCE MEASURES

Radio-Interference~-Free Mark for Electrical Appliances

IN 1937 a British Standards

Specification for the limits
of the magnitude, duration and
frequency of occurrence of the
interference with radio caused by

electrical apparatus was pub-

lished. The Specification indi-
cated that a special Mark was
being registered under the Trade
Marks Act, the use of which
would be permitted to manufac-
turers to denote that the appara-
tus bearing the Mark was radio-
interference-free within the limits
laid down in the Specification.

This Mark has now been, regis-
tered, and the reproduction
shown is from the new edition of
British Standards Specification
No. 8co. It may therefore be
expected that in due course elec-
trical apparatus bearing the
Mark will become available to
the public, but some time must
necessarily elapse to enable
manufacturers to redesign their
equipment and to dispose of
existing stocks of unsuppressed
apparatus. It should be noted
that the Mark may only be used
by manufacturers who have been
licensed by the British Standards
Institution.

Another important feature of
the Specification is the descrip-
tion of the schemes of sampling
and the respective tolerances per-
mitted for compliance with the
Specification, the original edition
of which merely laid down the
limiting figure for the magnitude
of the interference, no indication
being given as to the basis on
which tests for compliance with
this figure were to be carried out.

Copies of the Specification,
No. Bo0-1939, may be obtained
from the British Standards In-
stitution, Publications Depart-
ment, 28, Victoria Street, Lon-
don, S.W.1. The price is 2s. 2d.
post free.

BREAKING UP A STATION

Famous Long-wave Transmitter Scrapped

ONG waves have already
been largely replaced by
short waves for wireless com-
munication, and many a station
which was the pride of its con-
structors ten or twelve years ago
is now silent or broken up.

The famous long-wave station
at Caernarvon, which was one of
the largest transmitters in
the world, is now being dis-
mantled by Thomas W. Ward,
Ltd., of Sheffield.

The 400-ft. masts (ten tubular
and six lattice) were built in
rows 300 yards apart on the side
of the Cefn-du, one of the lesser
heights of Snowdonia. They
originally supported an aerial
3,900 ft. long and a second aerial
was added later.

At the outbreak of war the
transmitter had only begun test-
ing, and it passed straight into
Government servire,

A :ecord of the changes and
extensions at Caernarvon would
indicate the various stages in the
progress of long-wave transmis-
sion, for every type of trans-
mitter, from synchronous spark
to water-cooled valve, was tried
outinturn. The ‘‘ timed-spark "’
system, the most highly de-
veloped form of this method of
transmission, was also employed.

Later the station was used for
transatlantic traffic and sub-
sidiary services in European and
other countries. It has also
been used extensively for the
transmission of . pictures to
America, and words could be
transmitted across the Atlantic at
the rate of 100 per minute.

On September 22nd, 1918, the
first message ever sent to Aus-
tralia was transmitted from Caer-
narvon by means of the timed-
spark system.

NATIONAL TELEVISION
- Mr. Ogilvie’s Observations

“ E want to take further

steps to make television a
national system at the earliest
opportunity,” said Mr. F. W.
Ogilvie, Director-General of the
B.B.C., when opening the
B.B.C.’s travelling exhibition at
Liverpool last week.

‘“The speed at which we can
go forward,”” he added, ‘‘de-
pends on the result of technical
experience as to the means of
transmission—it is hoped these
results will be known before very
long, although certainly not this
year—and the question of
finance.”’

A B.B.C. LOAN? -
Reasons Against It
AGOOD deal of surprise has

been expressed as to why
the B.B.C., badly in need of
money for television, does not
exercise the right conferred in
the Charter to float a loan.

The reasons against borrow-
ing are that a loan could only
be obtained for the period of
the Charter, which, at the
moment, is less than eight
years. Doubt has also been
expressed as to the value of the
Corporation’s realisable assets.
In this respect the B.B.C. is at
a disadvantagz. Apart from
buildings, it possesses very
little that would satisfy specu-
lators by way of security.
Unlike a great newspaper, or a
department store, with their
machinery and goods, the Cor-
poration has little of value to
any other organisation.

It possesses a few - lattice
masts ‘which might appeal to
the Electricity Commission for
extensions to the Grid Systemﬁ
a collection of partly used
valves for which readers of The
Wireless World might make an
offer; and three -pipe organs
which might tickle the fickle
fancies of cinema proprietors.

The B.B.C. will not attempt
to raise a loan._

EUROPE’3. FIRST mountain-top television trans-
mitter on the Brocken (4,000ft.), which will serve
a large area of Central Germany, is housed in the
175-ft. woolen towar on the right. -
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MOUNTAIN TELEVISION
STATION

The Brocken Transmitter

ERMANY'’S first mountain

television transmitter, which
has frequently been announced
as completed, is now installed
on the Brocken in the Harz
Mountains, and will soon start
operating ; in fact, it may be
testing by the time these notes
are in print.
. The 175-foot-high square
tower, which forms the trans-
mitter building, has been con-
structed of wood, as it is to
house the aerial as well as the
transmitter.  The reason for
placing the aerial within the
building is to protect it from
smow and frost and the con-
sequential impairing of effi-
ciency.

The engineers will have 1o
ascend the 4,000-ft. mountain by
a mountain railway; the only
inhabitant of the fourteen-storey
tower being a porter, who has a
small apartment.

Programmes will emanate from
the television studios in Berlin to
which the transmitter is linked
by cable. It is estimated that
the station will have a range of
one hundred miles and will
serve a thickly populated area
which includes Leipzig, Bruns-
wick, Hanover and Magdeburg.

The television service from

.Berlin, which has been succes-

sively postponed from October
last year, is now expected to be
put into operation for the open-
ing of the Berlin Radio Exhibi-
tion in July.

POLICE WIRELESS
Nationa! Short-wave Chain

HOME OFFICE plans for
developing short-wave wire-
less for the Police Forces are
now going akead, and it is hoped
that the force of every large town
and city in Great Britain will
soon have its own radio service.
The danger of a national
emergency has given added im-
petus to the installation of police
wireless, for a short-wave system
would prove invaluable in the
event of a breakdown in tele-
phonic communications.

A general plan instituted four
years ago by Sir John Simon,
who was then Home Secretary,
dividing the country into large
regions each with a police wire-
less station having a service
radius of at least fifty miles, has.
proved successful, and the plan
will gradually be extended to
smaller towns where the range of
transmitters will be twelve or
fifteen miles. Experiments re-
cently. carried out at Derby, in
the presence of Home Office
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News of the Week—
officials, produced
ordinarily good results.

Progress in police wireless has,
however, been retarded owing to
the delay of the G.P.O. in allo-
cating wavelengths.

extra-

GRAMOPHONE RECORDS
Import Duty Exemption
N the recommendation of
the Import Duties Ad-
visory Committee, the Treasury
has extended the exemption
from duty of matrices for the
pressing of gramophone records
to cover all such matrices.
Wax and copper matrices
were already on the Free List,
and the Committee explains that
the reason for. its present
recommendation is the develop-
ment of the type made of alu-
minium with a cellulose coating.
The new Order, which became
operative on April 5th, allows
duty-free importations not only
of this type, but of any other
matrices which may be intro-
duced.

ES.T. TO ED.S.T.
HEN on Sunday, April
3oth, the time in the
Eastern United States changes
from Eastern Standard Time to
Eastern Daylight Saving Time
and advances one hour, the
times of short-wave transmis-
sions intended for listeners
abroad will also be advanced
one hour.

This will mean that in
countries where they do not
observe Summer Time, the
American  short-wave  pro-
grammes will be received at
their usual times. In Great
Britain, which goes over to
Summer Time on April 16th,
and other countries observing
Summer Time, the programmes
will be received one hour later.

ULTRA-SHORTS FOR
MERCHANTMEN

IT has been suggested to the

Swedish Government by the
National Association of Swedish
Wireless Officers that ultra-
short-wave transmitter-receivers
should be fitted in all Swedish
merchant ships trading between
home and foreign ports. These
would serve as a sure means of
communication, with a reason-
able degree of secrecy, between
the vessels and the convoying
warships which are already
equipped with USW apparatus.

This Assocciation has pointed
out to the Government that the
shortage of fully trained wire-
less operators has become acute,
and that in the event of mobil-
isation less than half the required
number for the Navy and Mer-
chant Service would be avail-
able. This shortage is ascribed
chiefly to the extensive mal-
practice of combining the duties
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of radio operator with other
offices in merchant ships and
also to the growing use of auto-
matic alarm apparatus.

AMERICA’'S FIRST
television transmitter on the

hill - top

Helderberg Hills (1,500ft.),
twelve miles from New York,
is equipped with two of these
new ‘‘cubic’’ aerials. Each
aerial has eight elements, each
of which are seven-foot copper
tubes of 4 inches in diameter.
The 10-kW station, which is
owned by General Electric, has
been assigned the call letters
W2XB.

STUDIOS IN BOURNEMOUTH
OURNEMOUTH, although
losing its transmitter, is to
have new studios, these will be
able to be linked to any B.B.C.
transmitter, but will normally
feed the Start Point station, the
connection being through the
control room at Bristol.
Incidentally, the B.B.C. is re-
routing a considerable portion of
the S.B. system, and the Glou-
cester relay point, formerly the
focal point for all programmes
destined for the west, will as-
sume less importance. Bristol,
on the other hand, promises to
be a ‘‘Clapham Junction’ for
West of England radio.

INTERNATIONAL MEETING ON
PHYSICS
URING the Swiss National
Exhibition, which opens on
the shores of Lake Zurich on
May 6th, will be held an Inter-
national Meeting on Physics
organised by the Federal Insti-
tute of Technology and the
FPhysical Society of Zurich.
The meeting, which will take
place from September 4th to
16th, will include sessions on
television and high frequency.
Among the lecturers on tele-
vision will be Mr. Blumlein, of
EM.I., Dr. Okolicsanyi of
Scophony, and Dr. Zworykin of
R.C.A. The main lecturers on
high frequency will be Mr.
T. i.. Eckersley of Marconi’s
and M. E. M. Deloraine of Le
Matériel Téléphonique.

FROM ALL
QUARTERS

Wireless in Coal Mines

Tue State coal mine at Lithgow,
Australia, is to be equipped with
two-way radio-telephone appara-
tus. Tests are being made by
Amalgamated Wireless engineers,
and already communication - has
been maintained over a distance
of two miles. The innovation
will enable the drivers of coal
trucks to receive signals while
they are travelling underground.
It should also contribute generally
to safety in coal mines.

Radio to Help Railways

Tae National Union of Finnish
Railway Employees has started a
campaign to equip all important
railway stations and junctions
with wireless transmitting and
receiving gear.  Primarily de-
signed as a national defence
measure, these transmitters will
also be a great asset in peace time,
as the destruction of the railway

signalling wires is a frequent
occurrence during the winter
months.

Gentlemen of the Force
MIcrOPHONE technique, or the
art of speaking on the air, is part
of the curriculum which Lanca-
shire police undergo at the
county’s police road instruction
centre near Preston.

Televising the Cup Final

ArtHouGH the B.B.C. is being
permitted by the Football Associa-
tion to televise the Cup Final from
Wembley Stadium on April 29th,
it cannot allow its transmission to
be reproduced on large screens to
paying audiences. This is because
the F.A. has declined to grant
the necessary permit.

Olympic Games Television

AcCoOrRDING to the Finnish news-
paper, Hufvudstadsbladet, nego-
tiations bhave been opened be-
tween the television department
of the German Reichspost and
the Finnish Olympic Games Or-
ganising Committee regarding the
installation of German television
apparatus at the Olympic Games
Arenas at Helsinki. Negotiations
are also proceeding with the pro-
prietors of the larger Helsinki
cinemas for their temporary con-
version into public television
halls.

Recording on Lundy Island

ParTLY by air, and partly by
sea, the components of the B.B.C.
Recording Unit have been trans-
ported to Lundy Island, in the
Bristol Channel, for the purpose of
collecting -material which, in a
later broadcast, will tell the story
of the island and its people.

School Radio

ILrorp Counecil are to spend
over £500 in supplying wireless in-
stallations to all the- senmior and
middle schools in the borough not
already equipped with them.
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The B.B.C. Exhibition
PusLIc attendance figures regis-
tered at the B.B.C. travelling ex-
hibition which has been touring
the Midlands have been compiled
by The Nottingham Journal. They
include: —

Birmingham, 12 days 16,400
Nottingham, 15 days 10,562
Leicester, 13 days .. 7,486
Wolverhampton, 14
days ...l 4,872
The exhibition is now in Liver-

pool, and will remain there until
April 23rd, after which it will
close down until the autumn.

Empire Public Relations

Mr. Denis Morris has been
appointed Empire Public Rela-
tions Officer in the Overseas
Intelligence Department of the
B.B.C. He joined the Birming-
ham staff of the B.B.C. in 1936 as
Talks Assistant, and the following
year became Public Relations
Officer for the Midland Region.

Norwegian Amateurs’ Military
Training

MeEmBERS of the Norwegian
amateur organisation, N.R.R.L.,
have been invited to co-operate
with the Army. Those who join
the spring manceuvres are offered
free uniform, billeting and pay
equivalent to s5s. a day.

Indian Relay Station

A.I.R. has erected a receiving
centre at Peshawar for picking up
the Delhi transmissions. Pesha-
war, working on 200 metres, is
now mainly a relay station taking
Delhi transmission 11I except for
an hour in the evening, when it
gives local programmes. It is
stated in The Indian Listener that
this change has been necessitated
by financial difficulties.

Television in the Operating Theatre

By means of a television camera
suspended  directly above - an
operating table in the Israel Zion
Hospital, New York, students in
another part of the building ob-
tained a close-up view of the
surgeon at work, on vision receivers
worked from a closed circuit.

Fishermen Fined

WHEN two fishermen were fined
10s. each at Campbeltown, near
Edinburgh, for operating un-
licensed  wireless  receivers on
their skiffs, the authorities stressed
the fact that a licence for a home
receiver did not cover any other
wireless installations belonging to
the licensee.

French Power
It is reported from France that
the power of the 20-kW Tunis
P.T.T. transmitter will shortly be
raised to 100 kW.

A New Aerial
A NEW 640-ft. mast-radiator of
uniform cross-section and weigh-
ing 56 tons is to be installed for
the Minneapolis station WCCO
during May. It has been designed
to handle 500 kilowatts.

Progress in Physics

THE fifth volume of the Physical
Society’s ‘‘ Reports on Progress in
Physics,”” which “deals with ad-
vances in physical science up to
the end of 1937, is now obtainable
from the Physical Society, 1,
Lowther Gardens, London, S.W.7,
price £1 post free.
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The Modern Receiver

Part VIL—DIODE DETECTORS

HEN the wanted signal has
been amplified and selected
from other signals it is neces-

sary to rectity it in order to
obtain the modulation in a form whieh is
suitable, after further amplification, for
operating a loud speaker. The waveform
of the signal at the output of the IF ampli-
fier is as shown in Fig. 21(a), where there
are two cycles of modulation.

It is clear that the amplitude of the
radio-frequency carrier changes with the
modulation ; in fact, it is this change of
amplitude that corresponds to modula-
tion. There are, of course, many more
cycles of carrier to each cycle of modula-
tion than can be

part of the cycle some of the electrons on
C leak away through the shunt resis-

tance R. ’ :

The same action occurs on the next an
succeeding cycles, and after a few cycles
a condition of balance is reached when the
number of electrons flowing into C during
the time the diode is conductive is equal
to the number flowing out through R dur-
ing the time it is not conductive. The
action is sketched in Fig. 23 after the
steady state has been reached. At (a) are
shown three cycles of the RF input vol-
tage and at (b) the resulting anode cur-
rent. Note that the current flows in pulses
and only at the tips of the positive half-
cycles. of - input;

shown in a drawing.
A loud speaker
cannot respond to
radio - frequencies
and the average
value of a modu-
lated wave is zero,
so that the applica-
tion of the IF signal
straight to a loud
speaker ‘has no
result.

But suppose that
in some way we
" wipe out one-half of-
the signal (a), so
that it is like (b),
then the half-cycles

-]

this is because of
the negative voltage
developed on C.
The condenser
voltage is of the
form (c) and of
roughly saw - tooth
waveform. This is
because the con-
denser charges
rapidly through the
low resistance diode
when this is con-
ducting, but dis-

(b) charges slowly

through the high
resistance R when
the diode is not con-

of signal have a
mean value, for the
changes all take

ducting. The larger

() the value of the pro-

duct CR, the longer

place on one side of
the zero line. The
average is of the
form (¢) and is
equivalent to an
alternating current of modulation fre-
quency superimposed on a direct current.

The purpose of the detector is to pro-
vide an output of the form of Fig. 21 (c)
from an input of the form (a). It does
this by rectifying, or suppressing, one-half
of the input and smoothing out the IF
pulses of (b).

Fig. 21.

The Rectifier Action

Probably the most widely used detec- -

tor is the diode with the basic circnit of
Fig. 22. The IF signal is developed across
the input transformer secondary and at
first we shall consider it to be unmodu-
lated. When the signal is applied the first
positive half-cycles on the diode anode
draw electrons from the cathode which
flow into the condenser C, making the
point A negative with respect to B.

The RF signal then goes negative, cut-
ting off diode current ; during this negative

The sketch (a) shows the form of

a modulated wave and (b) the effect of wiping

out one-half of it, as by a detector.
mean value of (b) is shown at (c).

it takes for the
charge to leak away
and hence the
greater the voltage
remaining on the
condenser at the next conductive cycle,

A large CR product thus gives high
efficiency and minimum ripple on the
output. With a very large value the saw-
tooth ripple of Fig. 23 (¢) would be almost
non-existent, and there would be a steady
potential across C almost equal to the
peak IF input to the diode. In practice,
there is some ripple, and the mean value
of the output (the DC output) is about
80 per cent. of the peak IF input. The
ripple is small and of roughly saw-tooth
waveform; it can be considered as made
up of a series of sine waves of frequencies
equal to the input and its harmonics.
Those up to about the tenth may be
appreciable, although they decrease as
their order gets higher.

When the intermediate frequency is
465 kc/s, harmonics higher than the third
are not usually important. It is neces-
sary to confine this ripple to the detector,
because serious troublé may arise if it is

The

Stage by

Stage
OLLOWING wupon the dis-
cussion of the IF amplifier,

the detector and AV C system are

now dealt with and the importance
of the correct wvalues for the
various circuit elements is shown.

Some of the advantages attached

to a particular method of obtain-

ing delayed AVC are described.

allowed to reach other circuits. If it is
allowed to reach the AF amplifier, for
instance, it loads up the valves so that
they cannot handle as much AF signal as
they. should do. Further, stray couplings
from the AF amplifier to the RF or IF
circuits may permit the ripple to be fed
back to the input circuits.

Harmonics

This may also occur directly from the
detector, and if there is feed-back in any
appreciable intensity very unpleasant
effects may occur. If the fundamental
component of thé ripple reaches the fre-
quency changer there may be actual
instability of the IF amplifier. If the
harmonics reach the RF circuits there will
be whistles when receiving signals on fre-

A3

Y
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Fig. 22.—The basic detector circuit is shown
here.
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quencies near those of the harmonics.
With a low intermediate frequency, such
as 110 kc/s, it is quite possible for nearly
every medium-wave station to have a
whistle on it which is caused entirely by
such feed-back.

The possibilities are much smaller with
a higher intermediate frequency and with
465 kc/s are confined, on the medium-
wave band, to a few stations around
930 kc/s and 1,395 ke/s. It is, however,
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The Modern Receiver Stage by Stage—
important to see that the feed-back is not
permitted in any appreciable intensity.
Adequate screening removes nearly all
direct feed-back, and a filter is connected
in the detector output to remove the

AWAWA
VARVARVA

(a)

1

A

o\ N

(b)

<

(e)

Fig. 23.—Several cycles of the IF input wave-

form to the detector are shown at (a) with

the resulting ' anode current at (b). The

detector output voltage takes the form in-
dicated at (c).

ripple on the output. No filter can, of
course, remove it entirely; it merely
attenuates it to any desired degree. Such
a filter is shown added to the detector in
Fig. 24, and consists of the RF choke L
and condenser C1. The choke offers a
high reactance to radio-frequencies and
the condenser a low reactance.

Across C1 we obtain a steady voltage
which is about 8o per cent. of the peak
RF input; if the input increases, the
voltage across C1 increases also, and if
it decreases then the output voltage de-
creases. Now a modulated input is
nothing more than an RF input of vary-
ing amplitude, so it

<W§F@ﬂ@§§
- Werld

a certain time to leak away through a
resistance, and if the amplitude of RF
input is changing more rapidly than the
voltage across the condenser can fall the-
output is distorted.

The effect increases with modulation
frequency and sets a limit to the values
of capacity and resistance which can be
used if good-quality reproduction is to be
secured. In general, a resistance of the.
order of 0.25 M() is used with capacity
not exceeding 0.0007 puF. Theoretically
this capacity is actually on the large side
from. the quality point of view, but in
practice the distortion introduced is ex-
ceedingly small and the improvement in
the RF filtering is a decided advantage.

R.F. Filtering

The practical detector is rarely so
simple as shown in Fig. 24, and the more
general arrangement is illustrated in Fig.
25. Here R1 and C2 form the RF filter,
a resistance being used instead of an RF-
choke because it is cheaper and more
compact. Rz is now connected across C2
instead of C1 because it is often the AF
volume control. It is then a potentiometer
with C4 joined to its slider.
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wanted, however. We thus take the de-
tector .output through a simple filter
R3 C3, which substantially removes the
AF modulation and -leaves the steady
voltage across C3.

The time-constant C3 R3 must not be
too large, otherwise AVC will be too slow
in operating; if it is not large enough,
however, low-modulation frequencies will
operate AVC. There are also limits to
the maximum and minimum values of R3.
Normally R3 is made 1-2 M(2 and C3 is
0.05—0.1I uF.

For the AF amplifier we need the AF
voltages on Rz without the steady
voltage another simple filter is conse-
quently used. This is R4 C4. It forms
a complete barricr to the steady voltage,
but allows the modulation to pass freely.
R4 is 1-2 MQ) and C4 about o.01 uF.

The values assigned to R3 and R4 are
important from the point of view of
quality, for the presence of these resist-
ances reduces the depth of modulation
that the detector can handle without dis-
tortion. Referring to Fig. 25, the load
resistance of the detector is R1 + R2 as far
as direct current is concerned, but for
alternating current Rz is effectively

stantially. the same

as before, but the
voltages across R2
are slightly smaller
because there .is
some loss in Rr.
This is small, how-
ever, if R1 is small
in comparison with
Rz. Normally Cr
may be 0.0002 uF,

The action is sub-

GlT

shunted by R3 and R4.
)

R1

R2

e

TC2

Fig. 25.—The detec-

tor with the AF

coupling C4 R4 and

the AVC filter C3 R3
is shown here.

I R3
Ave

dLos +

|

with C2 0.0005 uF and R1 10,000 ohms.

Across R2 we obtain a steady voltage,
which is substantially proportional to the
RF carrier input to the detector, with
a superimposed modulation frequency
alternating voltage dependent on the
modulation. The voltage is negative with
respect to the diode cathode.

is clear that it will
produce a voltage

>y

across C1  which
varies in the same
way.

The values of

capacity and resist-

¥

Fxg 24.—This dia-

gram shows the basic

detector circuit, with

the RF filter L and
C1 added.

T

TC1

ance are important, however, because the
voltage across Cr may not be able to
follow' the modulation if they are too .
large. The charge on a condenser takes

For automatic volume control purposes
we require a voltage which is negative
with respect to earth and which increases
with detector input. No modulation is

With R1=10,000 ohms and R2=o0.25
megohm, the DC load is 0.251 MQ, If
R3 is 2 megohms and R4 1.5 megohms,
as in the Three-Band AC Supeér, the AC
load is 0.1945 megohm. The maximum
modulation depth which the detector will
handle is equal to the ratio of the AC to
the DC load resistances, or 77.5 per cent.
in this case. Actually, unless the detector
input is large, distortion does not occur
in the practical case until the modulation
is somewhat deeper than this.

It is not practicable to increase the
values of R3 and R4 to obtain a better
ratio, for these resistances are included in
the grid circuits of other valves and their
makers place a limit to the maximum grid-
circuit resistance. Indeed, if it were not
for the particular method adopted for
delaying AVC, R3 would have to be con-
siderably less than 2 megohms,

The only way of improving the ratio
of the loads, therefore, is to reduce Rz
or increase R1. Either course drops the
efficiency: If Rz is reduced the detector
efficiency falls off and the detector has a
lower input resistance; that is, it damps
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the input tuned circuit more heavily, thus
reducing selectivity and the stage gain of
the last IF wvalve. There is conse-
quently a considerable drop in the overall
Lefficiency.  If Rr is
increased, while

Wireless
Worrld

Call the voltage across R5 E, and the
detector output e, then, ignoring the diode
V2, the output voltage on the AVC line is
no-longer —e, but E—e. In the absence
of a signal the AVC line is positive, and

reducing C2 pro-
portionately, the
detector input re-
sistance increases,
so making selec-
tivity better and
the IF gain higher.
The detector out-
put across Rz,

+HT

AAAAA
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however, falls off C4
seriously. ) R2

This is a case :;R 5
where a compromise $

between conflicting

Fig. '26.—Delayed
AVC can be obtaired
with the aid of an
additional diode Vz ;
the delay bias is ob-

s

tained from Ry R6. AV

factors must be made, and the values
selected in any case will depend largely

on the importance placed by the de-

ner on the various effects. The values
gﬁ/en in this case are chosen for a good
cbmpromise which sacrifices quality to a
very small degree. It is not uncommon
t¢ find Rz made higher than o.25 MQ,
and then quality is necessarily somewhat
poorer, although sensxtlvny and selec‘nwty
may be rathor petter. -

“Turning now to AVC, the steady voltage
developed across C3 is applied as grid
bias to the early valves. These valves
have variable-mu characteristics, and an
increase in their negative-grid bias reduces
their mutual conductances and, hence,
their amplification. When a signal is
tuned in, the steady component of the
detector output is applied to these stages
and reducés their amplification; the
stronger tWe signal, the greater the de-
tector output and their ‘bias, and hence
the lower the gain,

The simple circuit of Fig. 25 can be
used in this way without any difficulty
and gives very good results. One disad-
vantage is that the AVC action is always
present and so reduces the sensitivity for
weak signals. Another is that R3 cannot
be as high as 2 M£ if more than one stage
is controlled.

This drawback may be overcome by
using a’ particular form of delay, and this
is shown in Fig. 26. Here VI is the
detector ‘diode and functions as already
described. The cathode and the DC load
resistance R2 are joined together as before,
but are not now returned to the earth line
but to a point positive with respect to it.
This point is the junction of R5 and R6,
and Rj is shunted by a large capacity Cs.
This can be of the electrolytic type and «
suitable value is 50 pF.

as the signal increases the positive voltage
falls to zero and then increases in a nega-
tive direction. ,

The diode V2, however, prevents the
AVC line from becoming appreciably posi-
tive, for it conducts until its anode is more
negative than about — 1 volt. Its internal
resistance is only a few thousand ohms
at.most, and as R3 and Rz are high in
comparison, the drode acts ‘nearly as a
shert-circuit across'. C3. No mafter how
large E is, the AVC Tine never becomes
positive by more than a small fraction of
a volt.

When the detectér output is more than
about 1 volt greater than E, the anode
potential of V2 is more than 1 volt nega-
tive with respect to its cathode, and this
valve becomes non-conductive and plays
no further part. Apart from introducing
delay, V2 completes the grid return cir-
cuits when it is
conductive. It is
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The effect of this bias is-to mute the
detector ; that is, ‘to prevent it from
functioning on signals below a certain
level. This is not disadvantageous in
practice, for in a’sensitive receiver of this
nature all signals which are sufficiently
stronger than the noise level to be useful
will operate AVC. As soon as AVC
works, the detector bias disappears.

In practice, of course, two separate
diedes, V1 and V2, are not used, but one
of the duo-diode assemblies. The older
types having a common cathode are un-
suitable, but the newer ones have separate
anodes and cathodes and can well replace.
the two separate valves of Fig. 26.

HENRY FARRAD’'S SOLUTION
(See page 344)

THh voltage at the anode for any current
passed through the 20,000-ohm voltage--
dropping resistor can be indicated on the
valve diagram by a straight line, as shown
here. For example, when no current is
passed the voltage is the full go ; when 44 mA
is passed the voltage is nil, because it is all
absorbed by the resistor (0.0045 x 20,000 =
90); and when the current is 2} mA the
voltage is 45, as shown by the point B on
the line. B also happens-to be on the valve
characteristic curve, so the go-volt supply
is correctly distributed between valve and
resistor at that current, which is exactly what
was intended. But it can be seen that there
are two other points, A and C, where the
same thing applies.  So there are three
possible ways in which go volts can be allo-
cated between resistor and valve anode. Of
these, the only one "that has a mnegative
resistance slope, and is therefore. suitable for
generating oscillations, is B, Unfortunately,
of all three points that is.the only one that
cannot be maintained in practice, because it
is an unstable condition, like balancing an
egg on its point, Although theoretically
possible, it is practically impossible, because
the slightest disturbance of the balance (such
as the start of osc1llat10n) tends to, drive the
working point to either A or C. If Mr. Lea
were to measure the anode current he would
find it to be not 2} mA, but either 0.7 or 3.7.
The cure is to supply the anode from ‘a
tapping or from a low-resistance potential
divider. The latter is not very economical
for battery HT, of course.

for this reason that

R3 can be as high 5
as 2 MQ).

The inclusion of
V2 affects the de-

A
tector - slightly.
When it is conduc-
tive the detector 3 /

\

has a small nega-
tive bias applied to

it, because R2, R3,
and V2 form a
potentiometer

ANODE CURRENT IN MILLIAMPERES
- »
L

N

across R5 and the Y4
anode is taken to / N

the junction of Rz '

and R3. For thig o 10 20 36 0 E] 0 70 C] %0

bias to be a mini-
mum R3 should be

ANODE VOLTS

large compared
with Rz2. :

Why Ray Lea’s dynatron refused to oscillate.
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[ etters to the

The Editor does not necessarily endorse
the opinions of his correspondents

Henry Hall from Germany
k THE last statement of your correspondent,
Mr. A. E. Thorn—‘ Compared with
transmissions of this orchestra from the
B.B.C. studios, the balance seemed much
better,” may have quite a lot to do with the
improvement in quality.

It is almost certain that the orchestra in
Germany was balanced by the studio en-
gineers, specialists in this particular job.

I remember seeing a picture in a B.B.C.
journal of Henry Hall balancing the orches-
tra himself. It is quite possible, therefore,
that anyone combining this work with con-
ducting, arranging, announcing, etc., etc.,
may not be able to devote so much attention
to it as a specialist. J. R. HALE.

Harrow, Middlesex.

Television Service for the North
READ with interest in the issue of The
Wireless World for March 3oth the para-
graph by your contributor ‘“ Diallist,”” which
stated as too optimistic a claim made by cer-
tain newspapers that a television transmitter
at Manchester would cover most of the large

towns in Lancashire and the West Riding of

Yorkshire.

I am in complete agreement with your con-
tributor, because for the past year I have
been carrying out 5-metre tests in the West
Riding of Yorkshire, particularly in the
Sheffield district.  Assuming that wave-
lengths of 5 metres are representative of the
general characteristics of wavelengths which
are now used, or have been allotted for
future use for television purposes, I think
my tests can be regarded as of value.

On the eastern side of the Pennine Range,
taking Nottingham as the southern point and
Leeds as the northern point, each within a
radius of, say, 35 miles of Sheffield, excep-
tional field strengths have been obtained.
These field strengths are consistent under all
weather and atmospheric conditions, and
thus give great promise of good television
coverage in the area marked out. To the
east of Sheffield results are not yet tabulated,
but I think they will be as good as, or better
than, those obtained to the north and south.
To the west results are very poor because of
the intervention of the Pennine Range, where
you have between Sheffield and Manchester
varying contours rising to 1,500 feet on peaks
and averaging 8oo feet or more. Lancashire
5-metre transmissions are not received very
well at my station, but, of course, when a
mobile transmitter is taken on to a peak ex-
tremely good results are obtained.

It is my opinion that if radio links are used
for distributing television the possibilities of
fixing a terminal distributing station on a
peak between Sheffield and Manchester
would ‘enable good pick-up to be obtained
from a link station at, say, Nottingham or
Birmingham, and make easy the distribution
of the link to Manchester, Leeds, Sheffield,
Huddersfield, and many other towns. This
scheme would involve the erection of a num-
ber of lower-power stations in the centre of
populous areas, but I am sure that it would
be much more efficient, and cheaper than

erecting a replica of Alexandra Palace in
these hilly districts.

The experiments and tests on 5 metres are
still proceeding, and I wish to acknowledge
my indebtedness to several amateurs in the
North Midland and South Yorkshire districts
without whose help the experiments could
not be carried out so efficiently. The infor-
mation gained about ultra-high-frequency
propagation in Sheffield and surrounding
districts has been offered to interested De-
partments, and it is hoped that they will
make full use of the information obtained,
which may be the means of saving expense
when field strength surveys are made.

Sheffield. G. W. BAGSHAW,

G8KD, G8KF.

Electric Shock
’I‘HE American amateur, Phil C. Murray,
whose death you report in your issue
of March 30th, was killed by a shock from
the microphone lead of his speech amplifier;
a ‘“short’’ had developed in the rectifier
filament winding of his power transformer.
The transmitter was not switched on.

The lesson to be learnt from the untimely
death of Murray and others is that it is not
only the high -voltage circuits in a trans-
mitter which are dangerous if not properly
constructed, but lower voltage circuits in
more commonplace pieces of apparatus as
well. Even 200 volts can be fatal if you
can’t let go. W. D. HORNIMAN,

Captain, Royal Signals.

Catterick Camp.

Reproduction Levels and ¢ Scale
Distortion ”’
IN a very interesting article entitled ‘‘ New
American ‘ Quality ' Receiver’’ (The Wire-
less World, March 23rd) in the section de-
voted to ' Scale Distorion,”” T noted the
following passage: ‘‘ The maximum allow-
able loudness in the home is much less than
the best loudness for such musical items.
Under these conditions tone compensation
is absolutely necessary if the- reproduced
sound is to have the same tonal balance at
domestic volume as it would have if listened
to at concert volume.”” All that follows
from this statement, in the way of the ap-
plication of the ‘* field of audition’’ diagram

"to the design of compensating networks to

give the desired ‘‘ tonal balance,”” is, of
course, sound in every way and by now
fairly well understood. In my view, how-

ever, the whole case is erected on a funda-
* mentally incorrect foundation. ; .
1t is true, of course, that if we listen at

a level lower than the original, then tone
compensation is essential to preserve the
original “‘tonal balance.”’ It is, however,
perfectly possible to produce, under domes-
tic conditions, the same intensity at the ear
as would exist at the ear if listening to the
same item in the concert hall, although,
naturally, in such a confined space, the
acoustic output of the speaker need be only
a fraction of the acoustic output of the
orchestra. Presumably this latter point is
the basis of the misconception.
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We are concerned here with *‘high-
fidelity "’ reproduction, and this all-too-
common acceptance of the inevitability of
incorrect level listening is a counsel of de-
spair which must rule out the possibility of
real high quality. If the loudness of an
item when heard by radio is not the same
as would be experienced in the concert hall,
then the reproduction cannot fairly be called
““high fidelity.”” The realism and the re-
sulting emotional appeal of a symphony is
not capable of simplification in terms of
‘“tonal balance.”” Given the knowledge of
harmonic analysis (and sufficient patience),
no doubt one can analyse music in terms of
frequencies and amplitudes. To do this to
Beethoven is as ludicrous as to describe the
work of Michael Angelo in terms of so many
grams of different kinds of pigment. The
loudness of a symphony is part of the sym-
phony ; if we change it, no amount of ‘‘ tonal
balance’ can resurrect the murdered
original.

Some may reply to this that they do not
like too great a loudness, that they prefer
to sit at the back of the concert hall, or even
in the ‘““gods.”” Perhaps they do, but, if
so, then their “tonal balance ” is ** upset,”’
and we hear of no demand for correcting
appliances for the ears of such listeners. In
no natural way is it possible to hear music
softly and yet preserve the same ‘‘tonal
balance’ as exists when it is heard loudly.
Why, then, should we try to introduce this
unreal condition into our ‘‘high-fidelity’’
radios?

This letter is not an attempt to decry the
value of compensating networks. Many
faults still exist in the mechanism of sound
reproduction and valuable work has been
done on means of correcting these. Do let
us be careful, however, not to introduce
scientific over-simplification into the realms
of Art and delude ourselves that a diminu-
tive potted version of a symphony with a
‘“ corrected,’” but, in the circumstances, un-
real ‘“tonal balance” can ever sound like
the original. High-quality reproduction
must aim at the reproduction of the original,
faithful in every respect, including loudness.

J. R. HUGHES, A M.I.E.E.

London S.E.

STAND-.BY THREE CABINET
A CABINET designed for The Wireless
World Stand-by Three has been received
from Lockwood and Co., of Lowlands Road,
Harrow, Middlesex. It is solilly made of

#in. oak-faced wood with %in. panel,
There are rubber feet, a removable back,
perforated metal speaker grille, and carry-
ing handle. Holes for the panel controls are
drilled, and the cabinet is nicely finished in
natural oak colour and polished. It is priced

at 14s.

It can also be supplied with polished
medium or dark oak, mahogany, walnut, or
coloured enamel finishes at 16s. 6d.
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Automatic Frequency Control

SIMPLE VARIABLE INDUCTANCE SYSTEM

N ingenious method of obtaining
automatic frequency control is
adopted in the H.M.V. 1102 and
Marconiphone 874 receivers. It

operates on the push-button circuits only,
and the control is effected by varying the
permeability of the iron core of a coil con-
nected in the oscillator circuit.

The arrangement is sketched in Fig. 1,
where V1 is the IF valve and V3 performs

‘several functions. The IF transformer

primary L1 is tuned to the intermediate
frequency, and the secondary Lz is un-
tuned and feeds one diode in V3. This

racts as the detector with the by-pass con-

denser Cr, filter resistance Ri1, and load
resistance R2. The AF output developed

“across Rz is applied through Cz and the

volume control R3 to the grid of the triode
section, and the AF output appears across
Rjs in the usual way. The other diode in

. V3 provides AVC, and as its circuit is

normal it is not shown ; it is fed through

" a condenser joined between the two diode
~anodes.

The duo-diode V2 is part of the dis-

~criminator, and is the first step in the AFC

circuit. - This part is normal, the diode
being fed from L3, which is coupled to L1
partly magnetically and partly capaci-
tively by C3. The voltages produced
across R6 and 'Ry are of opposite polarity,
and when the signal through the IF ampli-
fier is exactly at the intermediate fre-
quency they are equal. The total voltage
across R6 and R7 is then zero.

" The Control Circuit

When' the signal is not exactly at the
intermediate frequency the voltages do
not balance exactly, and there is a volt-
age across R6 and Ry of polarity depen-
dent on whether it is higher or lower than
the intermediate frequency and of magni-
tude depending on the frequency dif-
ference. :

This voltage is applied through the filter
R8 C4 as grid bias to the triode section of
V3 and changes the bias positively or

‘negatively about the normal bias voltage

provided by R4. - These changes of bias
alter the anode current of V3 and hence
the current-through the primary-of the
control transformer. T.

The -sécondary of this transformer is

~connected in ‘series with the oscillator coils
"L, the whole secondary being used for two
“of the coils, and portions only of it for the

others. The oscillator * circuit- is. -of the
Colpitt’s type with fixed condensers C5 C6
to provide the cathode tap. The coils L

-have adjustable powdered-iron cores for
trimming. V4 'is, of course, the triode-

hexode frequency-changer,

The transformer T is so designed that
with the normal anode current of V3
through the primary the core is partly
saturated. A change in the value of the
primary current then alters the effective
permeability of the core and hence the
inductance of the secondary. As the
secondary is connected in series with the
oscillator coil, the total oscillator induct-
ance changes.

If a trimmer is imperfectly set, so that

the intermediate frequency produced does
.not fall exactly on the peak frequency of
the IF amplifier, the discriminator V2 pro-
duces an output which changes the anode
current of V3. This alters the perme-
ability of the core of T, and hence the
oscillator inductance,  This in turn
changes the oscillator frequency and-so
brings the intermediate frequency nearer
the correct value.- The frequency error is
thus kept very small.
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Fig. 1.—In this diagram V2'is the discriminator and control of thé oscillator is effected by
varying the current through the transformer T.
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~ Random Radiations

By “DIALLIST”

The Boat Race

OME hard things have been said about the
7 televising of the boat race. There’s no
doubt that those responsible made the best
job they could of it with the money, the
material and the apparatus at their dis-
posal. The boat race course is rather over
4 miles in length. To give anything like a
continuous picture of the race you’d need
dozens of emitron cameras, connected by
co-axial cables or radio links to the Alexan-
dra Palace. A vast staff would be required
and the total eost of the televising of an event
lasting 20 minutes or so would be enormous.
I've no deubt that the O.B. de&artment at
A.P. would be wishing to give its collective
ears for the chance of doing the thing on the
grand scale ; as it is, it must put up the best
show that'it can with very limited resources.
I must say, though, that the method of
showing large parts of the race by means
of model boats and a relief map is not im-
pressive. It is also hardly in keeping with
the march of progress; I think I mentioned
Jast year that I saw the same thing done
in either 19o6 or 19oy at the Union at Cam-
bridge, the only difference being that the
link was then the landline telephone, so that
there was a time-lag of some minutes.

"= "s "a

The Battle for Television

N R. OSTERER is not going to let the

grass grow under his feet in the matter
of television in the cinemas. His point of
view is that the public wants television—par-
ticularly television of current events—and
that the quickest and surest way of making
it available to the largest numbers is to be
found in the use of the big-screen process in
the ciné theatres. He’s not content with a
single transmitting station, serving just the
London area ; he wants to see the television
service extended rapidly to other parts of the
country. This has hitherto been prevented

by lack of funds, but Mr. Osterer has hinted .

(if it hasn’t been rather more than a hint)
that the cinemas might help to the tune
of millions of pounds. Much hard thinking
would have to be done and the most cast-
iron of safeguards devised before any such
offer could be accepted. Whatever happens,
the birthright of television must not be
thoughtlessly bartered away. At the same
time we can’t help realising that television
badly needs a real boost—and hardly looks
like getting it under present conditions.

" s s

A Nasty Noise

UST before an outsize in colds caused me
to retire to the bed where I am writ-

ing these notes, the worst interference that
I've ever had with medium- and long-wave
wireless reception developed quite suddenly.
My better-half tells me that it still con-
tinues, so I must see what can be done
about it when I'm allowed up again. The
interference is, apparently, mains-borne. So
loud is it with a mains receiver that it pro-
duces about a one-to-one noise to signal
ratio when the London Regional is coming
in. 1 just had time before retiring to bed
to try a battery set on the same aerial and

earth.. With this you had to listen hard to
hear the noise when any strongly received
station was tuned in, though it ruined any
weak transmission.  One of my neighbours,
I suppose, has stood himself or herself a
new domestic gadget of some kind .and
didn’t bother to find out first of all whether
or not it radiated interference. If only
people would do that, what a difference it
would make. I suppose, though, that they
just won’t and that’s that.

"= "= "

A Puzzling Business

LOOKING through my morning paper the
other day, I counted no fewer than seven

advertisements extolling the merits of

domestic appliances,  every one of which

radiates. interference with wireless reception. .

That was rather saddening; but I received
a far worse blow when I opened a copy of
the trade journal Radio and Electrical Mar-
keting. In this I found a list of 175 models
of vacuum cleaners available in this country.
Those of non-radiating types were starred ;
and how many of these do you think that
there were ?  There were just 32 out of 175
—18.28 per cent.: In other words, nearly
82 per cent. of the vacuum cleaners offered
for sale in the seventeenth year of broad-
casting in this country are of a kind that
interfere with wireless, _reception. One
astonishing aspect of the business is that a

“considerable proportion of these interference-

radiating appliances are made (or at any
rate marketed) by firms concerned with the
manufacture and distribution of wireless
sets or the components that go to make
them up!

What 1s the Idea?

To the best of my belief the motor car
manufacturers do not encourage people to
strew the roads with brickbats and large
nails; they do not design and sell imple-
ments specially contrived to facilitate the
making of pot-holes. They know that the
better the roads, the greater will be their
sales of cars. The wireless manufacturers
should know that radio interference prob-
ably does more than anything else to cramp
the sales of new wireless sets and of tele-
vision receivers. . Yet here they are helping
to increase it! And the shops often gaily
take a leaf outof the manufacturer’s book,

- The van which delivers at' your house a

wireless set sent hopefully on trial may also
deliver at your next-door neighbour’s some
domestic appliance that is certain to ruin
its performance!
of affairs and a priceless example of short-
sightedness.

PA Quality
THE letter from Mr. D, W. Aldous on the
subject of PA quality, which appeared
in a recent issue, must, I am sure, have been
welcomed by many readers. To me it has
long been a mystery that the reproduction of
sound in the average movie theatre should
be so appallingly bad. One knows that cine
photography has been brought. to a fine art
and that everything possible is done to-en-
sure that the pictures projected on to the

"2 "»

Truly an amazing state’
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screen shall be as nearly perfect as they can
be made. Why are those who take all this
trouble over the pictures content to let the
accompanying speech and music be so vilely
reproduced? Overloading is so common that
one has almost come to regard it as inevit-
able. The loud speakers boom and blast,
but those who operate them seem to regard
that as their proper function. Often the low
audio - frequencies are so strongly. pre-
dominant that male characters are barely

_intelligible and even the ladies seem to speak

from their boots. TIt's a pity that none of
the big cine theatre chains has yet seen fit to
specialise in high-quality sound reproduc-
tion. To do so might be well worth their
while. As it is, there are many who, like
myself, sigh for the old silent films.

"= "= "a

Adventures with Records

RITING from Winchester, a reader

sends me an astonishing tale of his
misfortunes with gramophone records. He
bought a record of classical music, published
by a well-known firm, and, after playing it
twice, he found that a ‘‘ repeat groove’’ had
developed on one side and that on the other
there was a*place where the needle would
jump about two grooves. Neither of these,
he says, were in very loud passages. He
returned the record to the shop from which
he had bought it and was told there that
they didn’t think it was much use sending
it back; that they had done so with others
and had simply had the reply that a bad
needle had been used. In this case the
needle happened to be one of the record
firm’s own, so the reader insisted on a
return being made. He obtained a replace-
ment but the same two faults developed
the first time that it was played. This
reader agrees that records may become
faulty when -they have been used a goed
deal, but he doesn’t see why records made
apparently from a defective ‘‘master”
should be sold. Neither do I. I shall be
glad to hear if others have had similar
experiences.

"2 "m "

Surprising Figures
THE other day I was talking to a man
who knows the ins and outs of wireless
in India pretty intimately. Though I knew
that the number of receiving sets in use
wasn’t very large, 1 was astonished, I must
say, to learn from him that it probably
wasn’t more than 70,000 for the entire coun-
try. If those figures are correct—and I hope
that théy’re not—they’re most disappoint-
ing in view of the splendid efforts made by
A.1.R., the Indian equivalent of our B.B.C.
India’s broadcasting service, with its medium-
wave stations serving listeners at moderate
distances, and its short-wave stations serving’
those farther away, is a remarkably good
one, and its completion in a very short time
was a splendid piece of work. I wonder
why it is that broadcasting is so slow to
catch on there? One knows that the num-
ber of very poor folk is immense; but in a
country with nearly 400,000,000 inhabitants,
there must be many times 70,000 who could
afford to run receiving sets. It’s rather a
puzzling business.

C-R Tubes

ONE matter that urgently requires atten-
tion in the television world is the con-
ditions of replacement of cathode-ray tubes
in- vision receivers? What is a new tube -
going to cost? - What guarantee is it going

"= "
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to carry? Does that guarantee cover other
components of the receiver should a tube
blow up and damage them? 1 am asked
these questions by folk who are toying with
the idea of installing televisors. I can’t
answer them, and when 1 refer enquirers to
dealers T find that the latter are as much in
the dark as I am. Surely it's about time
that these things were properly cleared up?

The Wireless Industry

Taylor Electrical Instruments, Ltd., have
moved to a new address at 45, Fouberts Place,
London, W.1. (Gerrard 5255.)

<= <> %> i

A new booklet describing the Keates-Hacker
Series 3 receiver and giving photographic
examples of alternative cabinets in their appro-
priate settings has been issued by the Keates-
Hacker Co., Ltd., 91 /93, Bishopsgate, London,
E.C.2.

<> <= = <>
Catalogue No. 640, issued by Siemens Electric
Lamp and Supplies, Ltd., 38/39, Upper

Thames Street, London, E.C.4, contains infor-
mation on inert cells of the type discussed by
““ Diallist ** last week.
<> < < <
The latest Bulgin ‘‘Bulletin’’ contains,
among other things, particulars of a new range
of vibrator HT eliminators with efficiencies of
the order of 6o-75 per cent. The approximate
maximum voltage and current outputs are 150
volts and 50 mA respectively and the price for
4-, 6- or 12-volt inputs is £3 158.
<3 <> < <
Grampian Reproducers, Ltd., Kew Gardens,
Surrey, have sent us three recent leaflets deal-
ing with their dance band outfits, 15-watt am-
plifiers for mains or battery operation, and
projector type loud speakers.
< <> < <
Hints on the installation of the Belling-Lee
“ Fliminoise’’ anti-interference system for
multi-point operation in blocks of flats are con-
tained in Radio
Interference Bulle-
tin No. 59 and
should prove use-
ful . to contractors
who may have to
estimate for such
work.

BALLOON TRANS-
MITTER. Designed
by the Blue Hills
Observatory of
Harvard University
for the automatic
transmission of
meteorological in-
formation from the
upper atmosphere,
this miniature set
is equipped with a
clockwork mecha-
nism (mounted on
cover) a barometer,
thermometer and
hygrometer. The
transmitted im-
pulses are con-
trolled by contact
pins bearing on a
rotating helix.
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Club News

Ashton-under-Lyne and District Amateur
Radio Society

Headquarters: Commercial
Ashtoni-under-Lyne, Lancs

Meetings: Alternate Wednesdays.

Hon. Sec.: Mr. K. Gooding, 7,
Ashton-under-Lyne, Lanes.

On March 18th several members paid visits to trans-
mitters at Oldham. From there seven amateurs went
on to Royton to pay a visit to another transmitter.

Mr. B. L. Simpson is now licensed as 2HAP.

Hotel, 86, Old Street,

Broadbent Avenue,

Croydon Radio Society

Headquarters: St. Peter's Hall, Ledbury Road, South
Croydon, Surrey.

Meetings: Tuesdays at 8 p.m.

Hon, Pub. Sec.: Mr. E. L. Cumbers, 14, Campden Road,
South Croydon, Surrey.

At the annual general meeting on Mareh 28th, Dr.
Bailey made a point of applauding the encouragement
given to the Society’s own members in giving lectures.
He pointed out that it was from this souwrce that the
amateur gained the most useful hints.” Mr. P. G.
(larke suggested a scheme whereby members should
meet at The Wireless World stand at Radiolympia
next August and proceed thence round the Exhibition.

Dollis Hill Radio Communication Society’

Headquarters: Brainteroft School, Warren Road,
Cricklewood, London, N.W.2.

Meetings: Wednesdays at 8 p.m.

Hon. Sec.: Mr. E. Eldridge, 79, Oxgate Gardens,

Cricklewood, London, N.W.2,

The President has now completed -a series of talks
on the design of a power supply modulator and PA
for a 25-watt transmitter. On April 11th a junk sale
was held,

On  April 25th, G660V will lecture on methods of
rendering first-aid in cases of electric shock.

Eastbourne and District Radio Society

Headguarters: The Science Room, Cavendish
Sehool, Eastbourne, Sussex,

Hon. Sec.: Mr. T. G. R. Dowsett, 48,
Eastbourne, Sussex.

On Mageh 28th the Society held an exhibition night,
at which there weré many interesting exhibits, includ-
ing a selection of old-time valves, and -also erystal
and electrolytic detectors and many other relics of the
early days. There was also a very good example of
a precision-huilt micro-ammeter.

Senior

Grove Road,

Exeter and District Wireless Society

Headgquarters: Y.\W.C.A., 3, Dix’s Field, Exeter, Devon,
Meetings: Mondays at 8 p.m.
Hon. Sec.: Mr. W. J. Ching, 9, Sivell Place, Heavitree,
Exeter, Devon.
On March 27th the Society’s amplifier, which fms
been reconstructed by Mr. C. J. Poulter, was demon-
strated.
On April 17th a lecture will be given by Mr. D'Arey
Ford, entitled ** Unusual Detector Experiments.”

" al Short-wave Bands.”
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Golders Green and Hendon Radio
Scientific Society
Headguarters: Regal Cinema

stead, London, N.W.2,
Hon. Sec.: Lt.-Col. . Ashley S

Road, lampstead, London, N 2.

At a recent meeting Mr. G. Parr gave a talk on
 Blectro-Physiology.” The lecture was itlustrated by
numerous lantern slides.

Finchley Road, Hamp-

carlett, 60, Pattison
) ‘

Radio, Physical and Television Society

Headouarters: 72a, North End Road, West Kensington,
London  W.14.

Meatings: Fridays at 8.15 p.m.

Hon. Sec.: Mr. €. W. Edmans, 15, Cambridge Road,
North Harrow, Middlesex. .
On March 11th a party of members and friends visited

the printing works of The Sunday Graphic. Particular

interest was shown in the Wire Room and in the appara-

;uns for the transmission and reception of photographs

by wire,

At the last meeting Mr. G. Konried, of H. Tinsley
and Co., Ltd., gave a lantern lecture entitled * The

%alx)lig ”Frequency Dielectric Test Set Designed by the

On April 2ist a representative of Partridge, Wilson
and Co., Ltd., will lecture on * Rectifier Equipment.”

Royal Air Force Amateur Radio Society

Headguarters: Electrical and Wireless School, R.AF.,
Cranwell, Lines.

Hon. Sec.: Mr. N. Davis, Electrical and
School, R.A.F., Cranwell, Lines.

Full membership of the Society is open to all serving
members of the R.A.F., the Dominion or Colonial Air
Forees, auxiliary air force, R.A.F. Reserve, or civilians
who are, by virtue of their employment, directly con-
nected with the R.A.F. Members must have had ex-
perience  of researeh -or experimental activities in
radio-technology and be not less than twenty years of
age. The subseription is 3s. annually for those "at
Cranwell, and 1s. 6d. for those stationed elsewhere.

Associate membership is open to all who are inter-
ested in radio-technology and who are, or have been,
connected with the R.AF. or with the Dominion or
Colonial Air Forces in either a serving or a civilian
capacity. The subscription is 9d.

Those stationed at Cranwell who are not eligible -for
ordinary membership ean become student members.
The sub ption is 1s. 6d. If they do not wish to use
the Society’s experimental laboratory, the subseription
is 6d., in which case they will be known as associate
student members.

Both full and associate members receive copies of
*“ QRV,” the Society‘s journal.

Wireless

Slough and District Short-wave Club

Headguarters: 35, High Street, Slough, Bucks.
Meetings: Alternate Thursdays at 7.30 p.m.
Hon. Sec.: Mr. R. J. Sly, 16, Buckland Avenue, Slough,
Bueks, -

At the last meeting there was a discussion on ** The
Causes and Effects of the Present Poor Conditions on
This was followed by a talk
entitled * The Short-Wave Receiver,” given by Mr.
¥. J. Tuckfield.

The construction of the club receiver is proceeding
under the direction of Mr. Baldwin (2BWYV),

At the next meeting Mr. R. J. Sly will lecture on
*“The High Frequencies,”

Southend and District Radio and
Scientific Society i
Headguarters: Strand Chambers, High Street,
end, Essex.
Meetings: Alternate Fr
Hon. Sec.: Mr. J. M.
vard, Westeliff, E

South-

ridays &t 8.15 p.an,
S. Watson, 23, Eastwood Boule-

On March 31st Mr. W. G. J. Nixon, of the General
Electric Co., Ltd., lectured on *‘Some Aspeets of
Modern Valve Manufacture.” On April 14th My, J. F.
Veevers, of E. K. Cote, Ltd., will give a lecture

entitled '* Radio Receiver  Measurements ”; and on
April 28th Mr. G. P. Britton, of Steatite snd Porcelain
Products, Lid., will lecture on ** The History, Pro-

perties and Manufacture of Ceramic Materials.”

Tottenham Wireless Society

Headquarters: The Institute, 10, Bruce Grove, Totten-
ham, London, N.17.

Hon. Ses.: Mr. W. B. Bodemeaid, 6, Netherlands Road,
East Barnet, Herts. B
Great interest was shown in a recent lecture and

demonstration given by Mr. Redgrave, of Voigi Patents,

Ltd. Demonstrations were given from gramophone

records, medium-wave broadcasting and the sound trans-

missions from the Alexandra Palace.

Watford and District Radio and
Television Society

Hon. Seec.: Mr. P. G. Spencer, 11, Nightingale Road,
Bushey, Herts.

Regular meetings of this newly formed society are
held in the town, the next being fixed for this evening
at 8 p.m. (April 13th) at- the Carlton Tea Rooms, 77,
Queen’s Road, Watford.

Wirral Amateur Transmitting and
Short-wave Club

Headguarters: Beechcroft Settlement, Whetstone Lane,

Birkenhead, Cheshire.

Meetings: Last Weodnesday evening in the month, at

7.30 pam.

Hon. Sec.: Mr. J. R. Williamson, 13, Harrow Grove,

Bromborough, Cheshire.

The annual general meeting was held on March 29th,
Suggestions have been made for the holding of fleld
days, and these will be discussed by club members. It
is proposed to hold a diseussion on ‘‘ Antennae™ at
the April meeting.
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Recent Inventions

Brief descriptions of the more interesting radio
devices and improvemenis issued as patents
will be included in this section.

ELECTRON MULTIPLIERS
HE target electrodes in an elec-
tron multiplier are usually
made as plane surfaces. It has
been found that this allows the
cross-section  of the amplified
stream to increase to such an ex-
tent that many of the electrons
fail to strike against the later
targets. The result is a falling-off
in the efficiency of the tube!. '

According to the invention. the
target electrodes are made either
cylindrical or concave, so thygt
they tend to form the stream into
a definite beam, and to keep. it in
this condition during the whole of
its passage through the tube to
the collecting anode.

Fernseh Akt. Convention dates
(Germany) April 11th and October
201/, 1930. Noo. 493714.

o o O

‘“ HOMING ' BY WIRELESS
HEN a pilot is flying along a
. guideway marked out by
wireless beams, the rectified signal
voltages across the output of the
homing indicator are as shown in
diagram (a). If he is flying to the
port side, they take the form
shown at P, whilst S shows the
signals 1o starboard. The un-
broken line M, which keeps the
indicator needle at zero, shows
the centre-line course, where both
signals merge together.

L

serves no useful purpose.
cuit used is shown in diagram (b)
where the signal input is applied
to the valve V and reappears in the
coil L. The second valve VI is
adjusted until the steady current
passed through the coil L1 equals
0OX. The two coils L and L1 are
then reversely wound on the in-
dicator magnet so that the effec-
tive torque on the needle is the
difference between them, i.e., the
amplified signal voltage P or S,
freed from the DC component OX.

Standard Telephones and Cables,
I.id. (assignees of Le Materiel Tele-
phonique Soc. Anon.). Conven-
tion date (IFrance) December 17th,
1936, No. 495145.

0 00 o0

LOUD SPEAKERS FOR TELE-
VISION SETS
MOVING-COIL loud speaker,
when mounted close to the
cathode-ray tube of a television
receiver, is likely to produce dis-
tortion owing to the effect of stray
fields from thc permanent magnet
on the electron stream flowing
through the tube. The risk can
be reduced by using an intense
magnetising ficld which helps to
prevent the lines of force from
leaving the surface of the iron and
spreading outwards.
According to . the invention,
auxiliary energising coils are pro-

;lv

.

(a)

vVVVV

(b)

Arrangement for cancelling out the steady DC component of the
actuating current fed to a homing indicator. .

In all cases the current applied
to actuate the indicator includes a
comparatively large DC component
OX on which the signal peaks or
depressions are superposed. The
latter supply the effective torque
on the indicator, and the object of
the invention is to climinate the
DC component OX since this

vided "on the speaker magnet,
either on the outer limbs of an E-
shaped core, or inside and outside
the casing of a pot magnet. One
or more members are-also arranged
to connect the back face .of the
magnet to the front, so.as to pro-
vide a flux path between the two.

Both these expedients help to pre-

The cir-_

vent the setting-up of any field

external to the magnet system.
Telefunken Ges fur drahtlose

Telegraphie m.b.h.  Convenlion

It appears that this is due to the
fact that the ‘‘ artificial earth’’ or
counterpoise used with the aerials
is itself set into oscillation, and
since; - the earth-wires are hori-
zontal the radiation from them is
polarised in that plane. Accord-
ing to the invention,- instead of
using one common counterpoise,
each aerial radiator (and reflector)
is provided with a separate coun-

date (Germany) July 3vrd, 1930. terpoise.  Each counterpoise 1is
No. 498470. effectively insulated from the
©cooo others, so that the undesirable
AMPLIFYING SYSTEMS earth currents are thus broken up.
TELEVISION signals, which in- R. ]. Berry (communicated by
clude {frequencies down to C. Lorenz Akt.). Application dale
zero, can be ampliied by first  October 22nd, 1937. No. 498344-
A R
T
R1
—¢
I M < l
———] - ]"
‘ :
Biock diagram showing method
of stabilising a television modu-
o lator.
L
mixing them with a carrier- MUTING CIRCUITS

frequency in a so-called balanced
modulator, and then rectifying
the output. But to get efficient
results in this way the modulation
must be fairly deep, which means,
especially when the available
signal voltage is small, that the
balance of the modulator must be
critical, and must be kept so.
The invention  discloses means
for maintaining this working con-
dition when handling television
signals combined with periodical
synchronising impulses. As shown
in the Figure, the signals are ap-
plied at I to a balanced modulator
M, where they are mixed with
a carrier-frequency from a local
source O . The output is amplified
at A and rectified at R. A peak
rectifier R1, 'with a time-constant
longer than the synchronising im-
pulses, but short enough to follow
changes affecting balance, then
feeds back a regulating voltage
across the potentiometer P to

- stabilise the working conditions of

the modulator M.

Baird Television, Lid., and
P. W. Willans. Application dale
March 30th, 1937. No. 493050.

C 0 0 o

NAVIGATIONAL WIRELESS

ELATES to short-wave trans-.

mitters of the kind used to
mark out a navigational course,
say, for an aeroplane, along the
centre-line of two overlapping
radio beams. When such a trans-
mitter is installed at an aerodrome,
it would be better to use quarter-
wave instead of half-wave acrials,
so as to.minimise the height of
the structure, but it is found that
the shorter aerials tend to radiate
an undue proportion of horizon-
tally-polarised waves.

IT is possible for the muting ar-
rangements, normally provided
to ensure noise-free interstation
tuning, to come into operation
when a station that is being re-
ceived starts to ‘* fade,”” thus cut-
ting off reception inadvertently.
One object of the invention is to
prevent this from happening by
improving the overall automatic
regulation of a wireless set.

The circuits include a ‘‘ direc-
tor”’ designed to deliver a rectified
output which varies according to
the degree to which the RF input
is mistuned, and a ‘‘corrector’’
which automatically brings the RF
circuits into resonance. The dircc-
tor is s6 arranged that it is inoper-
ative so long as the signal strength
is below a threshold value.

The automatic regulation is in-
dependent of frequency ; that is to
say, it is constant over the whole
tuning range of the set. It is also
made to relinquish control if the
tuning knob is advanced beyond a
strong signal towards a relatively
weak one in the near vicinity, thus
allowing the latter signal to be
easily tuned in.

Johnson Laboratories Inc. (as-
signees of S. Y. White). Conven-
tion date (U.S.A.) July 22nd, 1936.
No. 493542.

The British abstracts published
here are prepared with the
permission of the Controller of
H.M. Stationery Office, from
specifications obtainable at the
Patent Office, 25, Southampton
Buildings, London, W.C.2, price
1/~ each.
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EDITORIAL

Post Office Relays

Assurances Given

OST OFFICE officials have met
representatives of the Radio
Industry and have given them
the two assurances which /e

Wireless World asked for when com-
menting in the issue of April 6th on
the position created by Post Office
participation in the relay service.
The Post Office has stated that there
is no intention of competing with
private enterprise and that if ultimately
special receivers are produced for the
reception of programmes from the

. Post Office System, such sets would

in no circumstances be sold by the
Post Office, but through the usual
marketing channels.

The second assurance given was that
although the freedom of the new
system from interference would be
emphasised, the Post Office would not
its efforts to bring about
general legislation to prohibit inter-
ference at as early a date as possible.

These are the assurances for which
we asked, and we believe that the
Post Office Relay System will -now
receive not only the approval, but the
active support, of all branches of the
radio industry.

Provincial Television
- Ways and Means
F‘X TENSION of the television

service to cover areas not al-

ready served by the Alexandra
Palace transmitter is being urged from
several influential quarters. Perhaps
the most powerful appeal was that of
Lord Hirst, Chairman of the General
Electric Company, who, as reported
in a recent issue of this journal, based

COMMENT

his plea on the -importance of the
matter to an industry in which this
country has already gained a clear
lead over all others. . Lord Hirst
emphasised the point that in these
difficult times he would not advocate
the "allocation of money to a mere
entertainment, but- that he did not
hesitate to plead for the investment
of the relatively small sum necessary
to establish a new British industry
firmly on its feet. He proposed that
the cost of extension should be met
either by transfer. to the B.B.C. of
moneys deducted from wireless licence
revenue or by a Government grant.

Another way of overcoming financial
difficulties has been suggested by the
Radio  Manufacturers’ Association,
which has offered to bear any loss
consequent on an extension of television
to the Birmingham area. We venture to
question both the practicability and
desirability of this scheme. As tele-
vision reception is covered by the
normal broadcast licence fee, it is
surely permissible to regard every
penny spent on extending.the service
as ““a loss”’ unless it can be proved-
that individual viewers :would not
take licences for sound reception only
—indeed a difficult matter.. Again, the
scheme savours of a reversion to the
original scheme .of broadcast finance,
in which the: industry contributed
directly to the B.B.C.

As to the technical means of distri-
bution, opinion seems to be swinging
over in favour of a wireless link, at
any rate for the initial extensions. At
the end of last year a scheme devised
by E.M.I. (believed to be of this nature,
although details were not made public)
was submitted to the Television
Advisory Committee and the Post
Office. No statement' has yet been
issued as to whether the scheme was
considered acceptable.
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Distortion in Recording

Amplifiers

By HUMFREY ANDREWES, B.Se., AM.LE.E.

Part I.—The Right
and Wrong Place

to Effect Frequency
Correction

CONSIDERABLE amount of
‘material has been published in
connection with distortion in
the output stage of broadcast
sets, but there is far less information avail-
able concerning the equivalent part of a
home recording amplifier. ’
‘Though many attempts have been made
to record direct from the output stage of
a broadcast set the writer is of the opinion
that the serious home recordist does, or at
least he should, employ a special amplifier
for the purpose.
-~ With amplifiers of the type employed
by commercial companies, film studios
and broadcasting organisations, and where
special recording heads are used, the pro-

T s explained in this article that
when frequency correction is em-
ployed in a recording amplifier certain
precautions must be taken, as if in-
correctly applied it may introduce an
unusual form of distortion. Two
methods that avoid this undesirable
effect are then described.

results of some re-
cent experimental
work may prove of
interest.

In the first place
the output power
available from the
recording amplifier
is an important fac-
tor. This output is
usually  obtained
from a power stage
using two valves of
the Marconi PX25
or Mullard DO24

RECORDING :(}
HEAD

class, which give
some IO or 12 watts
per pair.  When
such a stage is used
to feed a non-
inductive load, or

(o7}
50 mids 50 mfds, Fig. 1..—Output stage
. \ ] of a recording ampli-
°- 7 - fier having a bass
=L R2 R3 attenuator joined in
= 600 600 2 series with the re-

cording head.

blems to be discussed do not arise. But
where the best possible results are aimed
at with a minimum financial outlay, the
writer hopes that these notes giving the

well-designed loud speaker with associated
transformer, no serious difficulties arise.
When, however, such an output stage is
coupled to a direct recording head certain

unexpected difficulties appear on the
scene.

For a number of fairly obvious reasons
it is .desirable that the records which are
made should when played back, be as loud
as possible at the points of maximum
modulation.

In the first place they will usually be
compared with commercial recordings,
and, therefore, if of a lower general level,
will not sound as satisfactory although
they may be of equal fidelity, particularly
on an acoustic reproducer. Secondly, in
order that the great advantage of the
directly recorded record, namely, its low
surface noise, may be fully exploited, the
recording level must be kept as high as
possible. All this means “that the last
stage of the recording amplifier is often
working ‘‘all out’ on peak modulation,
unless a very sensitive recording head is
available or a larger output stage than
that mentioned is used.

Monitor Loud Speaker

The output circuit of the amplifier must
therefore be designed to give the most
efficient working conditions, and care must
be taken to see that all the energy avail-
able goes to the recording head, and that
none of it is wasted.

The monitor speaker used to listen to
the programme while we are recording is
an example of this. Unless the experi-
menter has his head inside the cone, at
least two or three watts are required to
operate the speaker satisfactorily. As

~ some recording machines make a fair

amount of noise, this figure may have to
be exceeded on occasion. - The author
has, therefore, always advocated feeding
such a loud speaker from a separate one-
valve amplifier, fed from the penultimate
stage of the main amplifier or direct from
the recording head terminals. By doing
this all the energy from the output stage
of the main amplifier is available.
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We next come to the question of. the
actual method of coupling the recording
head to the output stage. In the experi-
ments to be described later, an amplifier
having two DO24 valves was used,
initially connected in parallel. For reasons
which have already been discussed (The
Wireless World, August 4th, 1938), it is
necessary to attenuate the lower - fre-
quencies to obtain the correct recording
curve, and to do this a fixed bass attenu-
ator was used in series with the recording
head. Fig. 1 shows the general arrange-
ment of the output stage. It will be seen
that the circuit is quite conventional. The
values of the condenser and resistance in
the fixed bass attenuator found to be suit-
able for the recording head which was
used, were 0.25 mifd. and 2,000 ohms
respectively.  This arrangement gave
quite a satisfactory response curve, but, on
observing the wave form of a gliding fre-
quency record made under these condi-
tions, appreciable distortion was noted
below a frequency of about 500 c/s,
although above this frequency the wave
form was quite good. An examination of
the wave form of the voltage applied to
the recording head

Wireless
Worrld

of the recording amplifier is the fact that,
with a balanced armature-type recording
head, the impedance of the head varies
widely with frequency and will offer a
load below that of the optimum load of
the valves at the lower frequencies. This,
again, is unsatisfactory and must lead
towards wave-form distortion, and coupled
with the other difficulty just described
calls for a modification of our original out-
put circuit shown in the first figure. In
passing, it may be mentioned that where
a recording head of this type is used with
a push-pull output stage, although the
impedance of the head may be much
higher, the same difficulties arise. In
some recording heads the connections of

. the operating coils are brought out separ-

ately so that they may be connected in
series or parallel, giving a 4 to 1 ratio of
impedance. . If the head is fed direct from
the anodes of the push-pull stage, via

~condensers, using a centre tapped choke,

although the values of the fixed bass
attenuator will be different,
tuned circuit exists.

The first and most obvious way of

- remedying matters is to remove the bass

attenuator R1, C2 from the recording head

showed the same
trouble. In these
tests the wvoltage
applied to the R1
recording head INPUT G2
was adjusted so
that the last stage

G1

of the amplifier was
just below the over-
load point at 1,000
c/s.

The circuit was
therefore carefully
examined to see
how the difficulty
could be overcome.
The inductance of

RECORDING L_:Q
HEAD

the recording head
was first measured
and found to be

Fig. 2.—Final stage
of a recording ampli-
fier with the bass
attenuator connected
in the grid circuit.
Apart from Ri, Cr,

the values of the
components are the
same as for Fig. 1. l

C4
\ 50 mids
© 1 X
- R2 R3
- 600 Q 600

approximately 0.6 Hys. The DC resistance
of the head was 250 ohms. On reference to
Fig. 1 it will be seen that condenser C2 of
the fixed bass attenuator and the recording
head form a tuned circuit connected across
the output of the amphﬁer the resonant
frequency of which is just over 400 c/s.
The resonance curve of this circuit will not
be sharp, as we have the DC resistance of
the recording head and the shunt resist-
ance across the condenser to consider, but
it is obvious that such a state of affairs is
not very satisfactory.

Another important point which must be
considered in examining the output stage

=1

circuit as shown in Fig. 1 and arrange for
the attenuation to take place earlier in
the circuit. This may, of course, be done
at the first stage of the amplifier or at any
other suitable point in the circuit, such as
the grid of the last stage. In the latter
case we get the circuit shown in -Fig. 2.
Care must be taken to adjust the values of
R1 and C2 so that the same attenuation
curve is obtained as before, remembering
that the circuit impedance is much hlgher
in this case.

With such an arrangement 1t is no
longer possible to feed the monitor ampli-
fier direct from the last stage if the

the same .
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response from the monitor speaker is to
be reasonably flat, and probably the
simplest way out of the difficulty is to feed
the monitor amplifier from the anode cir-
cuit of the penultimate stage. Alterna-
tively, the monitor amplifier may be fed
from the output stage and a suitable
boosting circuit introduced to correct the
low frequency response. This arrange-
ment is not too satisfactory as it is difficult
to make the attenuation and boost curves
correspond exactly.

Negative Feed-back

A simpler and, in the writer’s opinion,
more satisfactory solution of the difficulties
described can be found, however, by
utilising negative feed- back. Let us again
consider Fig. 1. It has been shown that
the fixed attenuator R1, C2 causes distor-
tion, so let us short-circuit it. The con-
densers C3 and C4 each normally have a
value of 50 mfds. or more. If, now, this
value is made much smaller, the imped-
ance between the filaments of the output
valves and earth will increase as the fre-
quency falls. Part of the output voltage
will then be fed back to the grid circuit,
the amount of feed-back being inversely
proportional to the frequency from about
500 c¢/s downwards. Such an arrange-
ment gives us, therefore, the bass attenua-
tion which we require, and also has the
advantage that at the lower frequencies
where distortion is most likely to occur
the greatest negative feed-back is being
introduced.

The new bass attenuator circuit -was
therefore tried out on an experimental
amplifier and a suitable value for the by-
pass condensers was found to be 2 mfds.
In order to check the recording curve
readings were taken of the voltage across
the recording head at different frequencies
from 1,000 to 50 ¢/s. for constant input
to the amplifier. A curve was first plotted
for the old type condenser-resistance
attenuator and then for the negative feed-
back arrangement. The two curves were
found to be very similar in shape, a maxi-
mum loss of about 18 db. being obtained
at 50 ¢/s in each case.

Further check was made, using the
Buckmann-Meyer image method described
in The Wireless World of August 1rth,
1938, and the photograph shown in Fig. 3
confirms the fact that the characteristics
are similar for the two types of attenuator.

Actual recording tests were now made
and the results fully confirmed expecta-
tions. Various different types of pro-
gramme material were recorded, and it
was immediately noted that there was a
big improvement in the recording of the
lower register. It has been previously
found that certain instruments, particu-
lariy the French horn and alto saxophone,
were difficult to record faithfully, but this
trouble was largely overcome when the
negative feed-back attenuator was used.
A big improvement was also obtained
with a piano recording. Readers who are
musically inclined will realise that the
fundamentals of the wind instruments
mostly occur near the frequency of the
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““tuned circuit’”’ mentioned, and this
clearly indicates that for once theory and
practice-show a tendency to agree. In a

Fig. 3.—This Buckmann-Meyer image shows
that either method of bass attenuation des-
cribed in the text will yield the same results.
Note, there are two recordings on this disc.

further article it is hoped to give quantita-
tive data of the voltages which it is pos-
-sible to produce from a recording ampli-
fier without distortion, and also to give the
results of a comparison between parallel
and push-pull operation of the output
stage.

Estimating

Coil Inductance

SIMPLIFIED
APPROXIMATE FORMULA

ADIO experimenters interested in
short-wave work frequently find it
necessary to calculate the inductance of a
coil from its physical dimensions, or alter-
natively to determine the number of turns
- required on a given former to obtain some
required value of inductance.

In such cases The Wireless World book
of Abacs proves invaluable, and these
factors can be determined in a few
minutes. When these Abacs are not avail-
able one may fall back on the classical
formula, but this has the disadvantage
that the dimensions must be in centi-
-metres, and in-any case a table giving
values of the correction factor X’ for
different ratios of diameter/length is
-necessary. - Also the working is rather

Wireless
World

laborious unless a slide rule or logarithm
tables are at hand.

There is a formula which is widely used
in America but does not appear to be so
well known over here. In this formula
all the dimensions are in inches, and calcu-
lations can be made quickly. The results
obtained by it are stated to be accurate
within about 5 per cent., which is suffi-
cient for most practical purposes.

The formula is:—

Inductance (microhenrys) =

' 0.2 DN

3D + gL 9L

‘where D is diameter in inches, L length

in inches, and N number of turns.
The alternative form is:—

N = \/3[) * 9 x Inductance
(microhenrys).

The writer has made considerable use
of these formule, and results have always
agreed closely with those obtained from
Abacs or the more usual formule.

PROBLEM CORNER—16

An extract from Henry Farrad’s corre-
spondence, published to give readers an
opportunity of testing their own powers of
deduction :—

go, Fays Way,
Vectorford.
Dear Henry,

I have just acquired rather a nice multi-

range meter—DC and AC—and in playing

APRIL z0th, 1939.

about with it came across somiething that
has been puzzling me.  No doubt it will
be quite clear to you, So perhaps you would

- enlighten me.

Our receiver picks up a lot of noise, and
as I suspected it came along the AC mains
I put in a simple filter circuit I read about
somewhere, like this:—

FUSE
l
1 mid
—
MAINS RECEIVER
et
T mid
e T
o0

For something to do with my new toy I
measured the current taken by the set, with

~and without the condensers connected, to

see if they increased it much. T measured
the current in each side of the mains by
pulling out the branch fuses and substitut-
ing the meter, nothing else being on in that
branch. With receiver only, as originally,
the current was almost exactly o.4 amp.;
and when the filter was connected, instead
of the current increasing, it did practically
nothing at all in one line, and in the other it
actually dropped slightly. How do you
account for that?
Yours sincerely,
Fred New.

For Henry Farrad's explanation, turn to
page 377.

Sound Accompaniments and Effects

LOCATING THE APPROPRIATE
RECORD GROOVE

NEW device, known as an Automatic

Gramophone Pick-up Control, has re- -

cently been introduced by Kinevox
Studios, 1a, Doughty Street, London,
W.C.x. This mechanism is designed to
enable an operator to lower the needle in a
pick-up into any preselected groove of a
record. This facility is of great value to
amateur cinematographers for producing a
sound accompaniment to films and also for
ensuring ‘that sound effects from gramo-
phone records, when used in theatres, etc.,
will follow instantly to cue.

The outstanding feature of this device is
that no link between projector and disc
reproducing turntable is necessary, but
accurate synchronisation between picture
and sound is possible, dependent only on
the alertness of the operator,

The method of working is as follows:
the speech commentary must be divided
into short paragraphs and the beginning of
each paragraph should be inspired by a
particular scene at the commencement of
any sequence in the film requiring explana-
tion. After making certain that the com-
mentary is well within the running time of
the film, it can be recorded at the Kinevox
Studios, if desired. The ability of the
operator - to synchronise the commentary

throughout a film is due to the predeter-
mined blank section on the record between
each paragraph, by which the spoken
words will always coincide with the scene
commented upon. Thus, for instance,
when Broadcasting House appears on the
screen, the operator has only to depress a
lever for the words ** Broadcasting House,
this imposing edifice . . .”" to be radiated
from the loud speaker.

At the end of the speech the operating
lever is released, raising the pick-up ready
to drop on the next section of the com-
mentary. During the lifting of the pick-
up a delayed action is incorporated, the
short delay period corresponding with the
blank space between the paragraphs and
so prevents the repetition of the last words
of the previous paragraph.” With this
system about 400 words can be recorded
on one side of a 12-inch record. A white
card indicator for marking preselected
grooves is also provided. By using a
second turntable, suitable background
music can be empioyed to cover the gaps
in the commentary.

A complete playing-desk, fitted with the
Kinevox Pick-up Control unit, costs
£10 10s. and the pick-up control
mechanism alone costs £6 6s., exclusive of
fitting. A descriptive folder is available
from the manufacturels at the address
above. D. W. A.
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Receiver Fault Finding

LOW SENSITIVITY IN

THE SUPERHETERODYNE

By “TRIMMER”

HE superheterodyne which

works but is somewhat below

its proper standard in sensitivity

or selectivity is often a much
stiffer proposition from the fault-tracing
point of view than the receiver which is
dead or is drastically wrong.

Of the innumerable faunlts which can
cause reduced sensitivity the majority will
be found to reduce valve slope, to put out
the circuit alignment, or to reduce the
magnification of a tuned circuit. It must
be admitted that the above represents an
exceedingly broad generalisation, but it
is worth keeping in mind, even if only to
keep the testing work upon some sort of
systematic basis,

Valve slope may prove to be down
either as a result of an actual valve defect
or through some fault which upsets the
valve operating voltages. The circuit
alignment may have been thrown out by
some trimmer or padder misadjustment or
by some fault which is responsible for
giving a tuned circuit an abnormal LC
value.

Any question of tuned circuit magnifi-
cation is apt to prove awkward outside a

(®) (b)

Fig. 1.—A tuned circuit containing induc-
tance L and capacity C is shown at (a), and the
electrical equivalent at (b) in which R sym-
bolises the total RF resistance of the circuit.

well-equipped laboratory, but, fortun-
ately, it very often happens that clues to
the location of the fault can be found
while making a check on the circuit align-
ment. In this connection it will do us no
harm to refresh our memories regarding
some of the facts about circujt magnifi-
cation.

Fig. 1(a) is a theoretical diagram of a
tuned circuit made up of an inductance L
and a condenser C. Fig..1(b) more closely
indicates the electrical character of the
circuit, R being an imaginary resistance
inserted in series with the circuit and rep-
resenting its total RF resistance. The
‘““ magnification ’” of the circuit is given by
the expression oL /R, where v =6.28 times
frequency.

The magnification of any tuned -circuit
forming part of the amplifying chain of a

~damping load on a

superheterodyne has much to do with the
sensitivity of the receiver, as can readily
be appreciated when it is remembered that
the voltage built up across the circuit.by
current oscillating in it is equal to the in-
ternal EMF of the circuit x magnifica-
tion. A glance at the expression for cir-
cuit magnification will make it clear that
any increase in the

necessary, if the circuit magnification is
down, to direct suspicion not only to the
valve itself but even items in its screen or
anode circuits.

When working on a- practical problem
of reduced sensitivity, it is convenient to
regard the superheterodyne as made of
three sections: the signal-frequency sec-
tion, including any RF -amplifying stages ;
the frequency-changer stage, including
the oscillator circuit; the IF and post-IF
stages, including the detector,

If the faults causing the reduced sensi-
tivity are confined to any one of the above-
_ mentioned sections

RF  resistance of
the circuit will drop
the magnification.
Where R of Fig.
1(b) is concerned
any  abnormally
high value will be
due to some fault
directly associated
with L, or C, or the
wiring between

THE complexzty of the modern
receiver often makes the loca-
tion of faults difficult unless the
correct testing procedure is adopted.
In this article some notes are given
on the tracing of those elusive defects
which cause a drop in sensitivity,
without entirely preventing the set
Jfrom working.

it is generally pos-
sible to detect which
particular sec-
tion is responsible
by making very
close observation of
the performance of
the receiver on a
straightforward re-
ception test. The
first move, there-

these components.

Fig. 2(a) represents the same LC circuit,
but with a shunt resistance R1 connected
across it. Rt acts as a load upon the cir-
cuit and must account for a certain ex-
penditure of energy abstracted from the
tuned circuit. In effect, the presence of
R1 modifies the circuit conditions in a
manner equivalent to that of adding an
extra series resistance to the circuit. In
Fig. 2 (b), R represents the RF resistance
of the circuit, without reference to Ri.
Fig. 2(c), however, is the electrical equiva-
lent to Fig. 2(a), and in this diagram R2
represents the effective increase in the RF
resistance of the LC circuit, produced by
the presence of R1 across the circuit.
(Rz=L/CR1.)

Thus any shunt resistance on a tuned
circuit increases the RF resistance of that
circuit and drops its magnification.
Assuming that the presence of R1 across
LC (Fig. 2(a)) is in order, note particu-
larly that it would
be a reduction of

fore, should be to
make a survey of all the details of the
receiver’s performance.

The IF Amplifier

Since the amplification of the IF stages
of a superheterodyne contributes so largely
towards the overall sensitivity of the re-
ceiver special consideration should be
given to the possibility of the IF amplifi-
cation being down. With the exception
of a special case, low IF amplification will
reduce the sensitivity on a4ll the wave
ranges of the receiver, An exception
may, however, be provided by the type of
superheterodyne which incorporates IF
circuit switching, giving one value of in-
termediate frequency for the medium- and
long-wave ranges and a higher value for.
the short-wave bands. In such a case
there could possibly be trouble in the
intermediate-frequency circuits on short-

the value of Rx

which would cause
the magnification to
drop below normal
(and not an in-
crease in the value ;
of R1). While the
simple arrange- | (a)
ment of Fig. 2(a)

(b) ()

is sometimes to be
found in practice,
it is more usually
the case that :the

tuned circuit is of

much more complex character than a plain
resistance shunt.
a valve are connected respectively to the
two sides of the LC circuit it may become

If grid and cathode of -

Fig. 2—A tuned circuit associated with a shunt resistance R1 is shown
at (a) and the equivalent diagram at (b) in which the RF resistance R
is included. . This has the equivalent of (c) where Rz symbolises the
effective increase in the RF - resistance of the circuit caused by the

loading of Ri1.

waves, but not on medium and long, and
vice versa,

It is useful to check up on the accuracy
of the dial readings on any waverange
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that is showing defective performance.
When tuning a superheterodyne for maxi-
mum response on any signal two fre-
quencies are being varied simultaneously
—that of the signal-frequency circuits and
that of the oscillator circuit. = Since the
frequency-changer stage, which includes
the oscillator circuit, has all the amplifica-
tion of the IF stages following it, the oscil-
lator frequency normally takes charge of
the tuning, in the sense that maximum re-
sponse will be given by the ganged tuning
. setting which puts the oscillator frequency
right for the conversion of the signal to
the correct intermediate frequency. It
follows that if there is any trouble in the
oscillator circuit which makes its tuning
in any way abnormal, then the dial read-
-ings will automatically provide a certain
indication.

Valves

If the sensitivity is normal on one wave-
range and down on another but the dial
readings are reasonably accurate on the
latter, then suspicion should be directed
to the signal-frequency section of the
receiver. _

Once the maximum amount of in-
formation has been picked up from ob-
servation of the receiver’s performance
the real task of fault location can be
tackled.

First; a valve check should be made.
If the results obtained on the preliminary
reception tests have pointed to one of
the above-mentioned receiver sections as
probably containing. the whole trouble,
then the valve, or valves, associated with
this section should be checked either in'a
valve tester or by the .direct (and- quite
unbeatable) method of substitution, using
test valves known to be up to standard.
1f there. is the slightest doubt as to which
section of the. receiver is faulty, or if it
séems that there are faults spread through
thereceiver, itis'to be strongly advised that

- {b)

“ming or padding

. padders
“happens.
. » While making a ganging check it must

Fig. 3.—The normal response curve for the
IF: settion of a particular superheterodyne

" js shown at (a), while (b) and (c) depict
““the’ effect of a single trimmer misadjust-
ment. ‘

all the valves be checked. It never pays to
be careless where valves are concerned.
The valve manufacturers have performed
wonders in bringing valves to their present
stage of efficiency, standardisation of
characteristics and reliability, but it must
never be overlooked that no thermionic
valve has an everlasting life and that it
must inevitably deteriorate sooner or
later. So make certain of the valves.
Many of the simpler faults that cause
low sensitivity are responsible for making

Wireless -
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the valve-operating voltages incorrect and
if the valve check has not revealed the
trouble the next move should be to run
over voltages at the valve-holder sockets.
In particular, screen voltages are worth
watching and, with a battery set, the fila-
ment voltages (a dry joint or defective
LT connection in a 2-volt filament circuit
can have devastating effects on the re-
ceiver performance).

The tests (assuming that further tests
are necessary) have
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have not been those of wrong-ganging-ad-
justments : — . .

The trimmer condenser of the first tuned
input circuit of a superheterodyne was
found to produce exceedingly ‘“flat”
tuning. This effect led to the discovery
that there was a bad resistance leak across
the first section of the ganged condenser
caused, actually, by a deposit of soldering
flux, plus dirt, between the vanes,

Another excessively ‘“ flat’’ tuning case

now reached the

ganging check
stage.  The best
procedure wil

vary according to
the indications that
were given by the
receiver’s perform-

ance on the pre-
liminary reception
tests and much,
too, will depend
upon the testing
equipment  avail-
able.

. ~Certainty. is im-
portant in ‘connec-
tion with ganging
adjustments and 1

>

AAAAAA
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it is advisable to
make the resolu-
tion that no trim-

adjustment will be
altered unless:—

AA
Vv

AWV
—n—

'

I. You have
very good reason
to believe that any

+

AVC <€
contemplated  re-

adjustment will be
beneficial.

2.. You know the
circuit position and
function of the par- .
ticular trimmer or padder involved.

3. You can, with certainty, restore the

.adjustment to its original setting.

Haphazard turning of trimmers and
must " be avoided, whatever

be remembered that one is doing so not

- with the sole idea of tracing a misadjust-

ment but also with a view to the possibility
of spotting a fault, other than that of a
misadjustment, which is having the effect
of throwing the circuit alignment out. Tt
is thus of great importance to look out for

- anything unusuval in the results obtained

while testing -the adjustment of any
trimmer or padder. Particularly look for
such effects as : excessively ‘“ flat’’ tuning,
a trimmer or padder adjustment making

negligible variation in output on a test

signal; any adjustment becoming ab-
normal for the best obtainable results, e.g.,

a trimmer condenser needing to be screwed-

hard in or full out; any intermittent effects
caused by making a readjustment. The
following examples are quoted from the
many cases in the writer's experience

*where the clues leading to the location of

faults have béen obtained from the results
of a ganging check and where the faults

Fig. 4—A duo-diode-triode circuit. For an oscilloscope response curve
trace take the oscilloscope Y input from peint A. To cut out AVC
disconnect the AVC line between B and C and join C to chassis.

was associated with a secondary IF circuit
and the following valve was found to be
producing the heavy damping directly re-
sponsible for the effect. The valve itself,
however, was not defective, and the actual
fault was that of low capacity in a screen
decoupling condenser.

Trimming Condensers

One receiver was down in sensitivity on
long waves, and suspicion became directed
to the LW tuned input circuit. When the
trimming setting of this circuit was checked
it was found that on a test signal the out-
put progressively increased as the capa-
city of the LW trimmer was increased
right up to the limit of the available varia-
tion. This particular circuit employed a
fixed capacity trimmer condenser shunted
across the variable trimmer. The effect
obtained on the ganging check showed that
most probably the fault was.that of an
open-circuit in this fixed condenser, and
such proved to be the case. Needless to
say, the original variable trimmer setting
was actually the normally correct one.

Reverting to the general aspects .of -a
ganging check, let us assume, first, that it
seems advisable to check the IF section of
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the receiver. A response curve test using
a CR oscilloscope and a ‘‘ wobbulated ™’
oscillator represents the ideal method.
Not only will faults that are causing in-
correct alignment adversely affect the
response curve (which, of course, is visible
on the CR tube screen), but it becomes a
very simple matter to observe the exact
effects of any trimmer readjustments that
.may be made.

Fig. 3(a) shows the oscilloscope trace
obtained from the IF section of a certain
superheterodyne in normal condition. Very
slight misadjustment of the secondary
trimmer of the last IF transformer pro-
duced the curve of Fig. 3 (b). Fig. 3(c)
shows the effect produced by a misadjust-
ment of the secondary trimmer of the first
IF transformer,

Using a ¢ Wobbly »* Oscillator

When testing the IF stages with
an oscilloscope the Y-plate input should
be taken from the detector load resistance.
Then, if the *“ wobbled *’ test signal is ap-
plied to the signal grid of the frequency-
changer, the response of the IF section as
a whole will be obtained. The oscillator
section of the frequency-changer should be
cut out, and it is advisable to cut out
AVC also.

Fig. 4 represents a conventional duo-
diode-triode circuit for detection, delayed
AVC and AF amplification. For IF re-
sponse curve testing the oscilloscope’s Y-
input can be taken from point A. To cut
out AVC, disconnect between B and C and
join C to chassis.

In the absence of an oscilloscope, but
using a modulated oscillator and an out-
put meter, one must be careful not to make
a fetish of maximum meter reading on a
given test signal. In the effort to regain
lost sensitivity this is, of course, rather
a natural tendency while making test re-
adjustments. With IF stages designed for
single-peak response, or of the variable
selectivity type set for maximum selec-

* tivity, no harm would be done, but with
stages designed (or set) for pronounced
band-pass characteristics it is necessary to
take particular care not to upset the re-
sponse curve. It is possible, fortunately,
to gain some idea of the shape of the
response curve by watching the output
meter variations as the oscillator frequency
is slowly run up and down a few kc/s
above and below the IF value. Such a
check, rough though it may be, is to be
advised as the first TF alignment test to
be made, and a keen eye should be kept
open for any double peaks of obviously
unequal amplitude or for any signs of bad
asymmetry of response characteristic.
AVC should be kept out of action, and,
if the output meter is sufficiently sensitive,
this can be done by the simple expedient
of working with a low amplitude of test
signal.

If circumstances demand a check on the
oscillator circuit adjustments peak output
indications are to be aimed at, but it must
be remembered that the accuracy of the
dial readings over the scale-is an equally
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important criterion of success with any re-
adjustments. This implies that the tests
must include the oscillator tracking.

Trimming adjustments should, of
course, be made near the lower wavelength
end of the range and padding adjustments
near the upper end. Where commercially
built receivers are concerned, the adjust-
ments should, strictly, be made at the par-
ticular trimming and padding frequencies
specified by the manufacturers, which, in-
cidentally, is a point indicating how use-
ful the service manual for the receiver can
be.

Details of the tracking arrangements
vary between different receivers, and very
often between different wave ranges of the
same receiver. One outstanding difference
between receivers is that some employ
ganged condensers made up of sections all
of similar kind, whereas other receivers
have ganged condensers with the vanes of
the oscillator sections specially shaped and
differing from the other sections. As re-
gards circuit variations and when padding
condensers are used, some circuits will con-
tain fixed capacity padders, others vari-
able capacity ones, and others combina-
tions of fixed and variable capacity
padders. . ,

If the tracking is out on any given wave
range and cannot be corrected by any
available padding
and trimming ad-

30y

centre. This is a fault which could cause
a lot of bother if unsuspected.

Pointer setting incorrect, relative to
ganged condenser spindle. This would
probably be spotted during the initial re-
ceiver tests, however.

IF stages lined up at the wrong inter-
mediate frequency.

A check on the alignment of the signal-
frequency circuits should be made only
when it is evident that the IF and oscilla-
tor alignment is correct. Any test read-
justments of trimmers should be made on
a test signal near the lower wavelength end
of the range (and, preferably, at the cor-
rect specified “* trimming frequency " for
the receiver). If oscilloscope gear is avail-
able, it is advisable, as a final check, to
take an overall response curve for all
stages up to the detector. In this case the
““wobbled "’ signal should be applied to
A and E of the receiver.

The detector and AF circuits must not
be overlooked in many cases where the
cause of reduced sensitivity is being
sought. It will be understood that any
fault in a post-IF circuit will affect the
performance on all wavebands, a fact
which, again, emphasises the importance
of an initial check on the general per-
formance of the receiver on all its wave
ranges. Trouble in the detector circuit

justments, the cir-
cuit should be exa-
mined to see if any
fixed capacity con-
densers are in-
volved in the
tracking  arrange-
ments. If so, it
should be estab-
lished with cer-
tainty that these
condensers are not
defective before
any other move is
made towards the
fault location.

If the oscillator
circuit proves to be
obstinate and will
not track properly,
although no defect

Trimming a re-
ceiver with the
aid of a
modulated test
oscillator,

can be traced associated with any of the
trimming and padding capacities, it does
not necessarily follow that the oscillator
coil is at fault (although this is a possi-
bility that may have to be considered

" later). ~

It becomes of importance to know how
the receiver behaves as regards tracking on
the other wave ranges. If it is found that
there are tracking difficulties on all the
wave ranges, the following possibilities are
worth considering: —

"Varnes of ganged condenser retor. off

will usually make itself obvious when the
alignment of the IF-circuits is being tested.
One example was provided by a receiver
which contained the duo-diode-triode cir-
cuit of Fig. 4. The last IF secondary,
LC2, showed up very badly when the
trimming was being checked, the second-
ary trimmer adjustment having very little
eftect. The fault was that of a defective
diode load by-pass condenser C1.

The adjacent channel selectivity of a
superheterodyne is largely a matter con-
cerning ‘the -design and--ganging  adjust-
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ment of its IF stages, but if there is any
trouble in the IF section of the receiver
it, will probably -draw attention more on
the score of distortion or of reduced sensi-
tivity. Where reduced selectivity, and
only reduced selectivity, calls for investi-
gation, it generally becomes a matter of
tackling whistles. The selectivity of the
signal-frequency section of the receiver
then demands the closest consideration.

An unwanted signal will appear in the
JF stages (and tend to cause a whistle) if,
first, it can reach the signal grid of the
frequency-changer, and, secondly, beat
with the oscillator fundamental, or an
oscillator harmonic, or another signal oscil-
lation, to produce the intermediate fre-
quency. Additionally, interference may
be caused if the beats work out to a value
equal to a harmonic of the IF.

The oft-quoted case of second-channel
interference is that in which an unwanted
signal having a frequency equal to the
frequency of the wanted signal plus twice
the intermediate frequency beats with the
oscillator fundamental. (There is the

~assumption here that the frequency of the
‘wanted signal is lower than the oscillator
‘frequency, which is normally the case.)

It will be appreciated that in all the

above cases unwanted signal voltages are
present at the input grid of the frequency-
changer. The importance of the selec-
tivity of the signal-frequency section of the
‘recetver needs no further emphasis.
i IF harmonic feed-back represents an ex-
iceptional case. The interference is caused
‘by IF harmonics getting back to the in-
put circuits, via stray couplings, from an
IF stage, the detector, or an AF stage
i(assuming defective IF filtering).

Some receivers incorporate adjustable
‘““image rejectors’’ for the suppression of
second-channel interference. If the re-
ceiver does embody any adjustment which

Wireless
World

fs intended to cut out second-channel
whistles it is as well, at the outset, to look
specially for any -signs of second-channel
trouble, and, if such is found, to test the
adjustment provided.
prove to be necessary to search for defects
in the suppression system.

The signal-frequency section of the re-
ceiver (including any preselector RF
stages) should be checked most carefully
for correctness of alignment, and no fur-
ther move should be made until this can
be established with certainty.

A check upon the frequency-changer
valve, preferably by substitution, and upon
its operating conditions, may: prove to be
worth while. Any excessive non-linearity
of operation of the frequency-changer is a
case of asking for trouble.

The work detailed above is associated
with the majority of whistle interference
possibilities, but there may still be IF har-
monic feed-back to tackle. The valves,
and operating conditions, in the IF stages
may have to be investigated from the-point
of view of excessive harmonic generation,
but where the IF stages are concerned per-
haps the most likely possibility'is that of
defective screening. If any extensive
-overhaul work has previously been done
on the receiver, the possibility of displaced
wiring is worth more than a passing
thought, too.

It is important that any voltages at in-
termediate frequency - developed in the
detector circuit shall be kept at negligible
amplitude at the input of the AF section
of the receiver. If the detector does apply
appreciable input at IF to the AF stages,
the possibilities of IF harmonic feed-back
become considerable, so it is particularly
advisable to make sure of the effectiveness
of all the IF filtering arrangements pro-
vided in the detector circuit. Any screen-
ing associated with the detector circuit
should be carefully checked.

The Rider

“Chanalyst”

A VERSATILE FAULT - TRACING INSTRUMENT

THE principle of operation of this service
instrument is different from that of the
more familiar types. It is virtually a
high-grade receiver in itself, and is divided
into separate sections or channels, each cali-
brated and provided with its own indicating
device. -

The input to each section is through a
flexible screened cable terminating in a probe
or clip. In the case of the RF and oscillator
sections the series capacity of the lead is only
1 micro-mfd., so that the instrument can be
connected in-parallel with the receiver under
test without appreciably disturbing the cir-
cuit conditions. “* Magic eye’’ indicators
are provided for each section, and it is pos-
sible to leave the receiver on test and to see
at a glance in which part of a receiver an
intermittent fault is located.

There are five sections in the ‘‘ Chanalyst.”’
The first is the RF-IF channel with three
amplifying stages tuned by a three-gang con-
denser, a diode rectifier and a cathode-ray
tuning indicator. Three frequency ranges of
600-1,700 kc/s, 240-630 kc/s, and 95-260

kc/s are provided.  The amplification is
level over each range, and an attenuator in
the input circuit gives a range of 10,000 to 1.
An input of 6 micro-volts can be de-
tected. There is an
output jack which
permits the use of
phones or an oscillo-
graph.

The ‘‘oscillator”’
section is virtually a
wavemeter with a
tuned amplifier stage
preceding the diode
detector and
cathode-ray tuning
indicator. The range
is from 600 kc/s to
15 Mc/s in three

Visual indication of
faults is given simul-
taneously in different
parts of a superhet-
_erodyne circuit by the
Rider “ Chanalyst.”

It may, of course,-
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bands, and the input is provided with a gain
control.  As the input capacity is only 1
micro-mfd. this circuit may be connected to
the receiver oscillator to check the frequency
for correct tracking and possible drift. The
constancy of the output over the waveband
may also be observed.

In the AF channel a triode amplifying
stage, flat from 50 to 50,000 c¢/s, precedes
the detector and indicator, and a calibrated
input attenuator is provided.

The valve voltmeter channel is interesting
for the fact that it has a centre zero and will
indicate potentials either positive or negative
with respect to earth. There are four ranges
covering o to + 500 volts.

Finally there is the power channel which
measures the current supplied to the set, and
on the assumption of constant mains voltage
gives direct readings in watts. Faults result-
ing in an increased drain of the power supply
are shown visually by a cathode-ray tuning
indicator.

With the ‘“Chanalyst’’ it is possible to
check the amplification stage by stage, start-
ing with the aerial input, IF and oscillator
alignment, AVC voltages, and an almost
infinite variety of cross checks such as leak-
age of IF into the AF circuits.

The instrument costs 30 guineas, and is
obtainable in this country through Holiday
and Hemmerdinger, Ltd., 74-78, Hardman
Street, Manchester, 3.

The Murphy “70” Series

THIS range of instruments which includes
consoles and radiogramophones as well as a
table model has been developed to provide at
a reasonable price what the makers regard as
the minimum acceptable specification for “a
mains superheterodyne. The three waveranges
cover 16.7-50 metres, 190-500 metres, 970-2,000
metres and the valve arrangement is as follows :
Triode hexode frequency changer, pentode IF
amplifier, double-diode-triode signal rectifier,
AVC rectifier and first AF amplifier, tetrode
output valve and power rectifier. AVC is
undelayed.

An 8in. loud speaker is used and quality and
selectivity are comparable with the performance
of the ‘72" receiver with its selectivity
switch in the intermediate position.

Like the ‘“ 72 *’ receivers the new models are
adaptable for push-button tuning either on the
set or with remote control. An ingenious slid-
ing loud speaker fret on the consoles and radio-
gramophones conceals the recess for the push-
button unit if the latter is not required.

Prices for the AC table model, console and
radiogramophones are £10 5s., £14 15s. and £22
respectively. DC/AC versions are available
at slightly higher prices. “~Push-button units

may be added to the latter sets but not remote
control units.
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HOW IT IS CAUSED :
MINIMISING THE EFFECTS

have no effect (apart from a negligible
effect which will not be described here)
upon the properties of the wire, so that it
might be considered as non-existent in the

- DC case. :

By F. R. W. STRAFFORD (Rescarch Dept., Belling and Lee, Ltd.)

VERY radio engineer and experi-
menter knows (or should know)
that the resistance of an electrical
conductor depends upon the fre-

quency of the current which is made to
flow through it. ‘

Formula are available from which it is
not difficult to calculate this increase for
any frequency, given additional informa-
tion regarding the specific resistance (the
resistance between spaces of one cubic
centimetre) of the material and its dimen-
sions.

The mathematical treatment of this
interesting phenomenon is exceedingly
complicated, and is probably one of the
most difficult in radio physics. At the
same time there is no reason why one
should not attempt to understand how the

By
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Fig. 1..—An end view of a conductor with
uniform current distribution.

phenomenon occurs. Most people with a
scientific turn of mind rather abhor the
necessity for accepting technical proposi-
tions without some knowledge of their
derivations, and this is as it should be.

Consider a wire of circular section of
radius », and apply between its ends a
source of EMF, such as a dry cell or a
dynamo. Current will flow through the
conductor and, what is important, will be
uniformly distributed through the section
of the wire.

We may imagine that the wire is com-
posed of a bundle of filaments all fitting
snugly together, with each side contiguous
with its neighbour, and each carrying an
identical current flow.

The end section of the wire would look
something like that depicted by Fig. 1, in
which the uniform shading indicates a

T is well known that the resist-

ance of a conductor increases

with frequency, but the reason for

this effect is not so generally realised.

The mechanism involved is explained
in this article.

uniform current distribution throughout

“the section.

We say that in such circumstances the
current density is uniform within the con-
ductor. If I is the total current as mea-
sured by an ammeter, and A is the cross
sectional area of the wire, then the current

density is obviously ID:;I— that is the

A’
current per unit area.

Under these conditions the resistance of
a conductor may be calculated from the
well-known formula

rR=?

where p is the specific resistance,
{ is the length,
A is the cross sectional area.

Having conquered the field thus. far we
may now consider certain properties asso-
ciated with this current flow.

This flow of steady current creates a
magnetic field, the direction of force of
which lies in concentric circles around and
within the conductor. Fig. 2 shows this
state of affairs, and the thickness of the
lines indicates, roughly, their relative
intensity.

It is seen that the magnetic force is
greatest at the surface of the wire, and
falls to zero at the centre, and also falls

Fig. 3 represents a length of the wire
severed down its centre. The rectangle
A B C D represents the face of the length-
wise section, and since the lines of mag-
netic force are concentric circles about the
axis X Y of the wire, the direction of the
force is through the page on which the
illustration is printed.

The source of current is now replaced
by an alternator instead of a steady volt-
age, so that the direction of the current I
rapidly alternates at the frequency of the
supply. ‘

At the instant depicted in Fig. 3 the cur-
rent is flowing to the left so that the mag-

34

Fig. 2.—This sketch illustrates the distribu-
tion of the magnetic field around and inside
a conductor.

netic force acts into the page on the top
and out of the page on the bottom.

At this stage the reader must not forget
that these lines of force due to the current
exist inside the conductor as well as ex-
ternal to it, so that in the little rectangle
of area a b ¢ d the dots represent
the ends of the lines of force passing
through the face of the wire.

Now when a

magnetic field is
changing its in-
A tensity (it must do
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this to change its
direction) an EMF

bl X I - Fig. 3—A length-

wise section of wire
is shown here. The
main current flows
in the direction XY.

e
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. but there are eddy:
B currents flowing as
shown by the ar-
rows around a b ¢ d.

away as one recedes from the surface of
the wire into space.

Now when the current is steady as in
the case already discussed, the presence
of the accompanying magnetic field ‘will

is produced around any circuit affected by
this changing magnetic field.

Faraday discovered this famous law,
although the correct magnitudes were later
established by Neumann, ’
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Thus an EMF s generated around the
little dotted rectangle a b ¢ d, and since
this is a closed circuit it must cause a cur-
rent to circulate around the perlphery of
this rectangle.

‘This current is called an eddy current

e

Fig. 4—The white square indicates an ele-
ment of the conductor which carries no
current while the black square shows one

which carries double the normal current.

and acts in such a manner as to oppose
‘the current supplied through the wire.
Thus over every element of longitudinal
section of the wire these little circular cur-
rents are flowing, and the direction of
‘their flow is indicated by the little arrows
around the rectangle a b ¢ d.

It can be seen that the direction of the
arrow lying nearest the centre of the wire
;opposes the direction of the arrow repre-
senting the instantaneous direction of the
current supplied to the wire. Now this is
happening throughout the whole longi-
tudinal section of the wire so that it is
obvious that there is a net reduction in
current at the centre of the wire, and a
little thought will indicate that the current
will tend to become denser towards the
surface of the wire. v

Effective Resistance

The greater the frequency of alternation
“from the applied generator, the greater
will be the eddy current effect, so that at
‘very high frequencies one can imagine
that the current density is distributed only
on the surface of the wire, possibly to a
‘depth of a few thousandths of an inch.

The most important thing to observe is
the fact that the eddy currents ultimately
cause a departire from non-uniform cur-

rent density in the section of the wire.

So far the foregoing does not explain
why- the resistance of the wire is going to
increase because of this non-uniform dis-
tribution of current. Surely, asks the
reader, the specific resistance of the
material is a function of the material only,
and cannot change therefore with current
distribution.  Nor have the dimensions
altered. The answer is simple.

In_ order to understand clearly the
reason for the increase of resistance due to
the non-uniform distribution of current

Wir@ﬂ@gg
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density within the wire we must turn again
to Fig. 1, in which each filament of wire
carries an equal current density.

Let us by some agency reduce the cur-
rent in one of the filaments to zero, and
double the current in a neighbouring or
another filament. This state of affairs.is
shown in Fig. 4, in which the black square
indicates that it is carrying twice the cur-
rent of any other of the shaded squares,
and the white square ‘is carrying zero
current.

The resultant total current is the same,
but the current density is not uniform.

Now the power dissipated in each fila-
ment of wire is equal to the square of its
current multiplied by its resistance. , All
the filaments of current have the same
resistance, and when they are all carry-
ing the same current the result is that each

filament is dissipating the same amount of

electrical power.

When, however, the current is doubled
in one of the filaments the power is ob-
viously increased by four times, in which
case, for the same total current flow
through the conductor, the power has

.been increased by a small quantity. Thus

we must infer only that the total resistance
of the conductor has increased since the
total current has remained constant.

It is not difficult to appreciate that the

forms of Bessel functions.
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effects of the non-uniform  current: distri-

‘bution within a conductor are going to be

greatest when the conductor has a large
radius, and for this reason it is important
that wires which are used for apparatus in
which known resistances are required over
a wide range of frequencies, or are re-
quired to be independent over a wide
range of frequencies, should have as small
a diameter as possible consistent with their
current-carrying capabilities.  For ex-
ample, at television wavelengths corre-
sponding to a frequency of 45 megacycles
per second, a length of 22 SWG copper
wire has an HF resistance some sixteen
times greater than its DC resistance. If,
on the other hand, 40 SWG copper wire
is used, this increase only amounts to ap-
proximately twice.

The general formula from which the re-
sistance of any conductor may be calcu-
lated at different frequencies is very com-
plicated, and makes use- of particular
Providing cer-
tain precautions are taken with regard to
the frequency and the diameter of the wire
to be employed, the formula is very much
simplified, and certain formule have been
derived by E. B. Moullin in his book
““Radio Frequency Measurements’’ for
application with negligible error in par-

ticular circumstances.

RANDOM RADIATIONS

By “DIALLIST”

Short-wave Transmitters . . .

WHAT amazing advances have been

made in short-wave broadcasting in
recent times! 'Not so long ago the only
distant transmissions on these wavelengths
that we could feel anything like certain of
receiving with ample volume and good
quality were those of stations in the United
States. Other far-away countries were
heard, it is true, and very well heard indeed
at times; but there was always a consider-
able element of luck about picking them up.
Nowadays, when conditions are not entirely
adverse, one can be almost as sure of tuning
in India, China, Australia, South Africa or
South America as of hearing the news bulle-
tins from Droitwich. It isn’t only that so
many more high-powered short-wave trans-
mitters are in action; the reliability of dis-
tant short-wave stations is due also to:a
very great extent to the use of wavelengths
which have been found as the result-of: re-
search and of experience to be best suited
to particular times, seasons and conditions.

. . . and Receivers i
The pity of it is that the receiving sets
used by listeners at large have not kept
pace with the improvements made in short-
wave transmission. The ‘‘all-wave’’ re-
ceiver was really launched before the time
was quite ripe for it. It appeared with-a
flourish of publicity trumpets and the an-
nouncement that the world was the oyster
of anyone who bought a receiver with a
short-wave range. The world proved to be
an. oyster whose opening then demandéed
rather more patience and skill than the man

in the street was prepared to give and a toot
somewhat better than the average ‘‘all-
wave "“set. Hence short-wave listening did
not leap into the popularity that had been
predicted for it. Tuning was too difficult;
results too uncertain. To-day I doubt
whether one per cent. of the “all-wave”’
sets of the country are used oftener than
once in the proverbial blue moon for short-
wave reception.

Something Better Needed

Consider the short-wave tuning arrange-
ments of the average moderately priced
““all-wave 77 set. = The {frequency  range
covered is probably 18 to 6 megacycles per
second, against 1,500 to 500:Kkilocycles on
the medium-wave range. Thus, on the short
waves the pointer travels just the same dis-

- tance to .cover 12,000 kilocycles as it does
_ to .cover one thousand on the medium-
wave range.

On the average, then, tumng
on the former appears to be twelve timés as
difficult as it is on’ the 1atter Actually, it

“may well be more dxﬁicult even than‘that!
* In the cheaper ‘‘all-wave”
‘tions marked on- the shért-wave -dial” are
.often a long way out ; no attempt is‘made to
-suppress second-channel images: hence each
_stationt comes in at two different settings at
JJeast. I say.
“tor often produces harmonics strong enough
to bring in the better received stations at a
‘variety ‘of “highly

- sets the calibra-

at least’’ because the oscilla-

improbable readings.
Last, and perhaps worst of all from the point

‘of view of the man-in the street, the short-
iwave “dial may be so cramped and so
-coarsely graduated that it is next to impos-
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Random Radiations—

sible to note the setting of a received station
for future reference. Something better than
this is needed, and now that such vast im-
provements in short-wave transmission have
been made and still are being made, there
would seem to be a golden opportunity for
introducing the ‘‘all-wave’’ receiver whose
short-wave department is not just a poorly
designed makeshift. .

" " "m

More Crackle Makers

AST week I described how I had found
to my dismay that not a few of the
vacuum cleaners made or marketed by firms
closely connected with the radio industry
were of the kind that radiate interference.
Since then I've been looking through some
catalogues of domestic electrical appliances
with still more saddening results. 1 wonder
how many of those who manufacture or dis-
tribute wireless sets, valves and so on could
put their hands on their hearts and say,
‘“We neither make nor sell any apparatus
that can cause interference with broadcast
reception? ”’ The list of the things that
can cause listeners to tear their hair by fill-
ing their loud speakers with crackles and
other horrible noises is a formidable one.
Fans, washing machines, plate-washers,
lawn-mowers,  refrigerators, hair-dryers,
electric razors, floor-polishers, coffee-mills,
cream-whippers, ironers are just a few of the
commoner kinds of household electrical
gear that are liable to cause trouble unless
fitted with suppressors. And how many of
those made or sold by firms bound up with
the radio industry are so fitted?
should be all, but 1 sadly fear that it isn’t.

] T
Chungking Calling
UITE a number of people have told me
that they’ve heard that a Chinese station
is coming in strongly just now, and asked
when and where to find it. The station is
XGOY, of Chungking, which works on 11.90
Mc /s (25.21 metres). If you've been listen-
ing to VLR3 of Melbourne on 11.88 Mc/s
(25.24 metres) from 20.30 ‘onwards, you'll
find the Chinese station just a little above

The Model
883  (left)
is a con-
sole version
of the
Model 878.

Push button se-
lection of six
medium -wave
and two long-
wave stations is
provided' in the
Marconiphone
Model 878 (right).

The answer -
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or below it, according to whether you think
in metres or megacycles. It may be heard
(probably giving weird Chinese music) at
just about the time when VLR3 goes flut-
tery and then fades out. A little later there
comes a news bulletin read by an announcer
in most excellent English. The station is
one of the best received of the distant short-
wave transmitters just now. On most
nights it is as loud and as clear as any of
the European ‘‘locals.””

"u e "

U.S.A. Facsimile Broadcasting

YOU may remember that some time ago
certain American stations decided to
test the probable public response to fac-
simile broadcast of news and pictures by
lending a number of receivers to selected
owners of radio sets? The results have
been so promising that simultaneous broad-
casts are now being made weekly by the
three Mutual network stations WGN of
Chicago, WOR of Newark, N.J., and WLW
of Cincinnati. The transmissions are made
between 2 and 3.30 a.m. E.S.T. (07-08.30
G.M.T.) on Saturdays. The service may
shortly be extended to all other Mutual
stations licensed by the Federal Communica-
tions Commission to transmit facsimile.
About 1,000 receivers are believed to be in
use in the area covered by the three stations
mentioned, and it is expected that these
regular broadcasts will lead to a consider-
able increase in their numbers. It is hoped
later on to make the broadcasts bi-weekly
and eventually daily.

One rather wonders whether those respon-
sible for inaugurating the service are not
being unduly optimistic about the numbers
of people that it is likely to attract. The
history of facsimile broadcasting in this
country was not precisely encouraging—vyou
remember the Fultograph?  Admittedly,
the two cases are not exactly parallel.  Our
B.B.C. confined the transmissions to pic-
tures—and mostly ““demmed dull "’ pictures
at that. The Fultograph, too, was rather a
messy contraption; you had to soak the
special sheets of paper in a developing dish
filled with a chemical solution and put them
on to the machine damp.

However good they make facsimiile broad-
casting over there, I have a feeling that
people will be inclined to hang back, just as
they did in this country, in the fond hope
that television will shortly be available for
all.

New Marconiphone Push-Button Receivers

THE Model 878 table receiver and the Model 883 console
released this month have four-valve (plus rectifier)
superheterodyne circuits for AC mains with push-button

selection of waverange for
manual tuning as well as pre-set
tuning for two leng-wave and six
medium-wave stations.

The oscillator circuits are per-
meability tuned and each circuit
is capable of covering half the
waveband. Thus, three of the
medium-wave buttons cover 195
to 340 metres and the remainder
310 to 600 metres. Both long-
wave buttons may be adjusted
for stations lying between 1,200
and 2,100 metres.

A new style of loud speaker
grille with louvres finished in
light gold has been adopted for
the table model, and in the con-
sole model is provided with a
sloping front panel.
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Television
Programmes

An hour’s special film transmission in-
tended for demonstration purposes will be
given from 11 a.m. to 12 noon each week-
day. The National or Regional programme

- will be radiated on 41.5 Mc/s from approx’-

mately 7.45 to 9 p.m. daily.
Sound 41.5 Mc/s Vision 45 Mc/s

THURSDAY, APRIL 2oth.

3, Cabaret. 3.30, British Movietonews. 3.40,
235th edition of Picture Page. ‘
9, ‘ Grandfather’s Further Follies’’: The

Grosvenor House cabaret, with the B.B.C.
Television Orchestra, conducted by Sydney
Lipton. 9.30, Gaumont-British News. 9.40,
236th edition of Picture Page. 10.20, News.

FRIDAY, APRIL 21st.

3, Training a Police Horse, O.B. from Imber
Court. 3.25, Jane Carr and Marianne Davis.
3.35, Gaumont-British News. 3.45, “ The
Almost Perfect Murder,”” a * telecrime ”’ by
Mileson Horton.

9, Cyril Fletcher in Intimate Cabaret. 9.20,
British Movietonews. 9.30, Margaretta Scott
in " Shall. We Join the ILadies ? "’ a one-act
play by J. M. Barrie. 10.15, News.

SATURDAY, APRIL 22nd.
3, Ballet—" The Selfish Giant *”; choreography
by Joy Newton, music by Eric Coates. 3.20-
4.20, “ Katharine and Petruchio.”” The acting
version of Shakespeare’s ‘‘ The Taming of the
Shrew,”” prepared by David Garrick in 1754.
9, Cabaret. 9.30, Gaumont-British News.
9.40, Golf Demonstration by Ernest Bradbeer.
9.55, * The Coffin,” a one-act comedy by John
Taylor. 10.20, News.

SUNDAY, APRIL 23rd.

3, “ Mr. Ramshaw ”’ the tame golden eagle pays
a return visit to the studio with his master
Captain C. W. R. Knight. 3.15, Cartoon Film.
3.20, Variety by the Hogarth Puppets. 3.35,
“ The Story of the Life Boat”—Film. 3.45,
Music Makers.

8.50, News. 9.5, Repetition of 3 p.m. pro-
gramme. 9.20-10.50, The third act of
“Geneva,”’ Bernard Shaw’s play from St. James’s
Theatre.

MONDAY, APRIL 24th.

2.30, O.B. from the Royal Academy—Varnish-
ing Day. 3.30-4.30, “ A Night at the Hard-
castles,” Giles Playfair’s modernised version of
““ She Stoops to Conquer.”
9.5, Douglas Byng in * Byng-Ho,”” with Edward
Cooper and Patricia Burke. 9.40, Cartoon
Film. 9.45, Announcers’ English—a discussion
between Professor Iloyd James and Stuart
Hibberd. 9.55, Gaumont-British News. 10.5,
Billiards Demonstration. 10.25, Thelma Reiss,
cello, with Henry Bronkhurst at the piano.
10.35, News. .
TUESDAY, APRIL 25th.

3, Intimate Cabaret. 3.10, Gaumont-British
News. 3.20-4.5,° Shall We Join the Ladies ? **
{(as on Friday at 9.30 p.m.). .
9, Starlight. 9.10, Cartoon Film. 9.15,
Friends from the Zoo. 9.30, British Movie-
tonews. 9.40, Bee for Budget. A topical
tug-o’-war between taxpayers and = experts.
10:15, Frederic Lamond, pianoforte. 10.30,
News.

WEDNESDAY, APRIL 26th.
3, Jack Jackson and his Band. 3.30, British
Movietonews. 3.40, “ Bridge Without Sighs,”
verse and cartoons by Reginald Arkell and
Harry Rutherford. 3.50, Cartoon TFilm.
3.55, Eunice Gardner, pianoforte.
9, “ Rake’s Progress,”” a play by Olga Katzin
of the Life of John Wilkes, rake, scholar, wit
and man of fashion who fought George III on
the question of English liberty—and won.
10.30, News.
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BALANCE AND CONTROL
A New B.B.C. Unit
ANOTHER department has

been formed by the B.B.C.
The head of this Programme
Engineering Department, as it
will be called, will be Dr. F. W.
Alexander, who has been in the
Research Department since he
joined the B.B.C. six years ago.
He was responsible for the
design of the ribbon microphone
now used almost exclusively in
the B.B.C. studios.

The Department has been
formed - to handle. the  balance
and. control apparatus in Lon-
don, although the technical
¢fficiency of the apparatus will
still be the responsibility of the
Engineering Division. The new
Department will consist of all
the balance and control tech-
nicians hitherto attached to each
of the programme departments
and the ‘‘effects’ staff.

‘“ Balance’’ can be described
as the skilled technique by
which microphones are placed
in relation to the artistes, amd
their output so mixed and varied
that the best possible effect is
Obtained in accordance with the
wishes of the artistic producer
or musician. ‘“Control "’ mainly
consists. of electrically adjusting
the volume of sound in an
artistic way, to prevent, on the
one hand, the sound being too
weak for the listener to hear or,
on the other hand, so loud that
the transmitter is overloaded.

- The correct performance of
these two functions, which will
now be the task of Dr. Alex-
ander and his staff, results in
transmission of a faithful sound
picture of the actual performance
m the studio

P.A. REGULATIONS

No Distortion Permitted
A POLICE permit costing up
to 10 marks now has to be ob-
tained before loud speakers can
be operated in streets and public
places in Germany.

All loud speakers, unless
erected at a greater distance than
1,000 feet from the. nearest in-
habited building, must be limited
to an output of 18 watts.

Loud speakers, installed by
officials of the Government or
by the Nazi Party do not, of
course, require this police permit.

By far the most interesting of
these new regulations is that
loud speakers which distort
music or speech will not be per-
mitted to continue operations.
When informed of noisy loud
speakers, Nazi radio officers,
after investigation will see that
the speaker is repa,xred or re-
moved.

TELEVISING THE DERBY
Plans for the Transmission
THE Derby will be televised

on May 24th from start to
finish. Two television cameras
equipped with telephoto lenses
will be mounted on the grand-
stand and will cover the entire
course. One of these cameras
will follow the beginning of the
race as -far as Tattenhamn
Corner, when the other will take
over to show the run-in to the
winning post. A third camera,
mounted on the scanming van
near. the enclosures, will show
the weighing-in and saddling,

THE LINK between Alexandra
Palace and the mobile television

transmitter is. the receiving
station at Swain’s Lane, High-
gate. The mast, 150ft. high,
replaces a temporary 75ft.
mast which previously occupied
- the same site. It is made of
teak and is expected to increase
the quality of O.B.s from points
beyond the network of' special
P.O. cables. The Derby trans-
mission will be relayed from
Epsom to Alexandra Palace
through this aerial.

and viewers will see close-ups
of the owner leading in’ the
winning horse.

Cinemas will be permitted,
by arrangement with the Epsom
Grandstand Association, to
reproduce the B.B.C. trans-
mission on large screens for the
benefit of paying audiences.

It is expected that even better
results will be obtained than

last year, as the new B.B.C. |

at Swain’s
will be in

receiving station
Lane, Highgate,
operation.

‘tance

“velocity instrument,

C.B.S. TELEVISION

Transmitter Approaches Completion
ITH the solving of the
aerial problem, installa-

tion of the Columbia Broad-

casting System’s  television
transmitter in the Chrysler

Building, New York, approaches

completion.

As stated in these pages on
April  6th, the transmitting
aerial had to be erected without
support from the comparatively
flimsy steel plates which cover
the top of the building. Ex-
periments with various types of
aerial have been conducted on
an ‘‘electrical replica’ of the
building constructed of wood
and wire mesh, and as a result
a system of horizontal dipoles
has been chosen.

Sixteen of these dipoles, eight
for sound and eight for vision
radiations, are being = built
around that portion of the tower
immediately below the steel
roof. This will mean a dis-
of less than 1ooft. will
separate the transmitter from
the aerial, which will be g4oft.
above the ground.

The C.B.S. television trans-
mitter is to use channel No. 2,
whicn provides a picture fre-
quency on 51.25 Mc/s and a
sound frequency on 55.75 Mc/s.

SUCCESS OF B.B.C.

MICROPHONE
Adopted For Overseas Use
NCREASING use is being

made by the B.B.C. of the
Type ““ B’ ribbon microphone,
especially for outside broadcasts
and in studios to which public
audiences are admitted. The
microphone is both sensitive and
inconspicuous. In this latter
respect it scores over the original
““A’’" type. Round in shape,
the new instrument is half the
size of its predecessor without
sacrificing its bi-directional pro-
perties and the simpler balance
technique which the A’ type
made possible for the first time.

Size has been reduced by the
use of néw magnetic materials.
In Type ‘“A’’ it was necessary
to employ a nickel-cobalt ‘mag-
net having a minimum path-
length of about twelve inches,
but in the Type “B” an
aluminium-nickel-cobalt alloy is
used, enabling the path-length to
be reduced to less than six
inches without loss of sensi-
tivity.

Owing to the success of this
B.B.C.-Marconi microphone, it
is being adopted by broadcast-
ing organisations in South
Africa, South America, India
and in the Colonies.

NEW MICROPHONE
3-Way Unit for All Purposes

A MICROPHONE which by
means of a switch at its
base can be instantly adapted
for uni-directional, bi-directional
or non-directional reception, has
been designed by the R.C.A.
Manufacturing Company.

With the control switch in the
uni-directional position, the in-
strument picks up only sounds
reaching the front—or live side.
As a bi-directional microphone,
it performs like an ordinary
being re-
sponsive on only two sides. In

.the third position of the switch,

sounds. coming from any angle

. are picked up.

The microphone - is actually
two in one, a  bi-directional
velocity mike and a non-
directional pressure instrument.
The output of each comes down
to the control switch, which cuts
in one or the other or both.
When the two are connected
in- series they -give the uni-
directional response..

Identified as Model 77—C . the

‘instrument weighs - only 2 '1b.

and measures 2} inches by
8% inches. A’ high order of
sensitivity has been achieved, in

-spite of these small dimensions,

by wew structural design and the
use of new magnetic material.
Its directional characteristics
at all frequencies are uniform,
an advantage which has come to
be accepted by many engineers
as exclusive to velocity-type
microphones.  This has been
accomplished in the 77-C by
using ribbon units for both the
velocity and pressure sections.

REPORTS WANTED

’I‘HE Central Broadcasting Ad-

ministration of the Chinese
Government is anxious to re-
ceive reports of the.reception of
the broadcasting station XGOY
at Chungking, which, as stated
in"a previous issue, now trans-
mits on 2521 metres  (11.9
Mc/s). This 35-kW British-
built Marconi station, which
daily transmits from 10 p.m. to
12.30 a.m. B,S.T.; broadcasts a
bulletin-in Enghsh at: mldmght
In addition to four omni-direc-
tional -aerials the station has
directional aerials orientated on
Europe and- America.” Reports
sent to The Wireless World
offices will be forwarded.
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MONTREUX : Some Results of the Wave-
length Conference

FTER more than six weeks’
deliberations the Conférence
Européene de Radiodiffusion,
Montreux, 1939, which opened
on March 1st, ended last Satur-

day. The final wavelength plan, .

which was signed by the repre-
sentatives of thirty-one countries,
has not yet been fully disclosed,
but it is known that the changes
will take effect from the night of
March 3rd-4th next year, instead
of October 1st this year as was
previously planned. This change
will give manufacturers more

chance of producing receivers -

with tuning systems calibrated
to the new wavelengths.

It had been suggested by
manufacturers in England and
. on the Continent that the pro-
" posed date of application should
be postponed until October,
1940, for by so doing it would
have meant that the new season’s
sets would be adapted to the

changes. What is going to
happen at this year’s radio
shows? Will the new season’s

sets be ‘‘post dated,”” which
would mean a little mental
gymnastics for purchasers until
the Plan became operative?
Will the situation in the ether
be very much improved when
the new plan comes into force?
There are five countries who are
not signatories : Luxemburg ; the
U.S.S.R., which operates some
57 stations with an aggregate
aerial power of nearly 1,600

kW ; Greece; Iceland; and
Turkey. Seven countries repre-
sented at the Lucerne Con-
ference of 1933 did not sign the
Convention ; these were Holland,
Finland, Hungary, Sweden,
Poland, Lithuania and Luxem-
burg.

Limiting Power

Power limitations have been
imposed by the Convention.
Long-wave stations will, as was
expected, be permitted to use
500 kW by day and 200 kW
at night. Medium-wave stations
are divided ‘into three cate-
gories: Between 192.3 and 200
metres, 10 kW, between 200
and 230.8 metres, 30 kW ; and
between 230.8 and 1,250 metres,
120 kW,

Commenting on the general
result of the Plan, The Times
says ‘‘ That so great a measure
of satisfaction has been given—
particularly in a period of
political tension—is a tribute to
the skill displayed in the setting
of the foundations of the Plan,
to the goodwill shown by the
various national delegations, and
to the tenacity of the Chairman
of the Conference, M.  Muri
(Swiss Telegraph Administra-
tion) and his chairmen of com-
missions, Col. A. S. Angwin
(Great Britain), Dr. Hermann
Giess (Germany), M. Mulatier
(France), and Dr. Arnold Rastad
(Norway).

FOREIGN LANGUAGE TRANSMISSIONS

OR satisfactory reception of
medium-wave transmitting
stations at considerable dis-

tances it is well known that the.

path between the transmitter
and the listener’s receiving
aerial should be in darkness.
It is for this reason, says the
B.B.C., that foreign bulletins
are now broadcast on week-
days between 10 and 10.45 p.m.,
B.S.T. The news bulletin in
French is read at 1o p.m. and
the German bulletin at 10.15

p-m. The short German news
bulletin is being radiated at
10.45 p.m. on Sundays only.

This change was foreshadowed
in The Wireless World on April
6th, when it was stated that the
early evening clash between the
English programmes in German
and the German transmissions
in English had not gone un-
noticed by the B.B.C. It
remains to be seen whether the
German transmitters will follow
suit.

‘Belling Lee aerial,

World

FROM ALL
QUARTERS

Palestinian Licences
AN increase of 50 per cent. on
the present annual receiving licence
of 500 mils.. (approx. 10s.)
was announced by the Palestine

Broadcasting Service at the begin-

ning of April. With the continued
increase in the number of listeners,
this addition will raise the licence
revenue, which last year amounted
to £P.18,000, to roughly £P.30,000.
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Great Britain’s Wireless Licences

THE approximate number of
wireless receiving licences in force
at the end of last month was
8,068,600 as compared with
8,588,676 at the end of March,
1938. The increase since January
1st, 1939, was 59,700.

Ideal Home Exhibition
TeLevisioN demonstrations are
being given at the Ideal Home
Exhibition by Marconiphone in a
garden lounge. Between normal
times of transmission, a demon-

stration film is shown,

THIS ACOUSTIC

GUN is used by Tele-
funken in measuring
the reverberation
time of a studio.
Blank cartridges are
fired by the “gun”’
at regular intervals
and by pre-selecting
frequencies in the
recording apparatus
the reverberation
time of the studio at
those frequencies is
automatically re-
corded. It has been

found that a shot in-

cludes all audible frequencies at approximately the sams amplitude.

Exhibition Reception of America

Amip the electrical interference
common to exhibitions, visitors to
the Ideal Home Exhibition at
Earls Court have heard excellent
reception of American stations
on a radiogram shown by
Keates-Hacker. Working from a
the set has
achieved a record for working per-
fectly in adverse conditions. In-
teresting possibilities might be
opened up, if permission for short-
wave reception were granted at
Radiolympia.

Exit “Dramatic Control Panel”

Wuen R. E. Jeffrey devised the
first control table for the B.B.C.
at Savoy Hill for co-ordinating the
outputs of different studios for
radio drama, the new device was
known as the dramatic control
panel. Now, 1core than ten years
later, it has been decided to drop
this appellation and to refer to
‘“ production panels.”” The reason
given is that the dramatic control
panel is used for many types of
programme besides dramatic work.
Studio listening rooms are now
‘“ studio control cubicles.”’

< o <

- ANEW BROADCAS-
TING TECHNIQUE
was introduced when
Howard Marshall
(right)  interviewed
sportsmen in the
drawing room of his
home at Khnights-
bridge, London, last
week. To get away
from the studio at-
mosphere his drawing
room has been wired
as a semi-permanent
studio which will be
used for the six
scheduled sports-
“men’s ‘“at homes.”’

Safety Campaign

A WIRELESS amateur in Penn-
sylvania was severely injured
when he received a  3,500-volt
shock from his equipment. His
father, also an amateur, saved his
life by the immediate application
of artificial respiration. This is
the first big indication of the suc-
cess of the American Radio Relay
League’s safety campaign, but for
which the father of the victim in
this case would have been ignorant
of the methods of resuscitation.

New Station at Renfrew

A NEw direction-finding wireless
station has been completed at Ren-
frew Airport at an approximate
cost of £3,000. Stafted by Air
Ministry operators, its service area
will extend to Stranraer and Ber-
wick in the south, and Fort Wil-
liam, Pitlochry, and Montrose in
the north.

LEE. Summer Meeting

From June 1g9th to 23rd the
LE.E. will be holding its summer
meeting with headquarters at
the Midland Hotel, Manchester.
Features of the meeting will in-
clude visits to the works of the
Chloride Electrical Storage Co.
and the Trafford Park Works of

the Metropolitan-Vickers Elec-
trical Co.
Summer Tuition
SHORT courses of instruction,

which might be of interest to
readers of The Wireless World in
the London area, have been
arranged by the Borough Poly-
technic, Borough Road, London,
S.E.1. On Wednesday evenings
at seven o’clock, commencing on
May roth, Mr. S. N. Ray, M.Sc.,
will lecture on ‘‘Noise: Its
Measurement and Elimination.”’
A course on the recent develop-
ments in television will be given
on Thursdays at 7.30 p.m., com-
mencing April 27th. ‘*Sound "’ is
~the - title .of .the Friday  cvening

** L eourse, “which begins:on: April. 28th -

at 7 o'clock.
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Secondary Emission

LATEST METHODS OF AMPLIFICATION

HE way that the new science of
electronics is thrusting itself into
everyday affairs is one of the
things that makes me wish I had

devoted more attention in my mis-spent
youth to the somewhat unpalatable subject
of theoretical physics, on which electronics
is based. Even a year or two ago some
of it seemed much too theoretical for real
life, and yet here it is right over the
counter of the shop. People who are
actually on the job find it hard enough to
keep pace with the developments of elec-
tronics; still more do
those whose opportunity
for doing so is confined
to a hasty perusal of The
Wireless World on the
homeward 'bus. And yet
some smattering of it is
necessary in order to get any idea of how
the latest valves, television systems, and
so forth, work. That is why I try every
now and again to serve up some of the
fundamental principles in not too repel-
lent a form, hoping that it will make ex-
planations of new developments a little
less difficult to follow.

As a matter of fact, people who are keen

on almost any branch of modern science

will sooner or later be glad to have some
sort of acquaintance with the nimble elec-
tron, because he can’t be kept out. Take
photography : almost directly, you run

Fig. 1.—Secondary electrons are emitted in
a simple diode valve due to the bombardment
of the anode by the primary electrons from
the cathode (when the anode voltage is not
too low), but are not noticed because they
are immediately attracted back to the anode.

into the question of the merits of different
exposure meters, employing various photo-
cells depending on electronic action of one
sort or another. And if one goes into the
chemistry of the thing—well, modern
chemistry fairly reeks of electrons. If you
try to escape from the electron—the
smallest known thing—by interesting your-
self in the science that deals with the
largest known things——astronomy—you

By
“CATHODE RAY”

find yourself up against innumerable elec-
trons at every turn, and throughout whole
chapters of the books.

That by way of apology, if any be
needed, for introducing electronics once
more.

Electric currents of all sorts depend on,

the movements of electrons, and until
fairly recently most electric currents of any
practical interest were those confined to
solid and liquid materials, like copper
wires and accumulator acid. It is not so
long ago that it was thought impossible for
electricity to flow across a
vacuum. Now it is being
found that electric
currents can be much
more delicately controlled
in a vacuum than else-
where. As the vacuum
itself is just nothing, it is obvious that the
means for carrying the current must be
produced somewhere. There must be a
source of electrons—** electricity carriers.”
The science of electronics is generally
understood to be concerned with ways of
producing and controlling electrons in a
vacuum, or at least a rarified gas (strictly
speaking it is impossible to obtain a per-
fect vacuum, so 1t is just a matter of the
degree of rarefaction). There seems to be
no end to ingenious electronic devices.
Practically everybody is more or less
familiar now with the commonest electronic
device—the wireless valve. Here the
supply of electrons is produced by heating
a suitably treated piece of metal, generally
called the cathodé. In the early experi-
ments, especially on X-rays, the only way
of persuading electrons to part from the
cathode was by forcible extraction with
the aid of perhaps 50,000 volts or even
more. If no advance had been made on
this method, it is unlikely that the world
would have reached
the stage of count-
ing its yearly pro-
duction of electronic
devices in hundreds
of millions. Bat
with the aid of a
little gentle heat it
is possible to draw
the electrons across
with comparatively
insignificant  volt-
ages. A " third
method, not used
on quite such a
gigantic scale, but

Fig. 2.—The peculiar behaviour of a triode

with the grid more positive than the anode

is due to the secondary electrons released at

the anode being attracted away by the higher

voltage of the grid, causing in some circum-

stances a current that flows in the opposite
direction to the voltage.

really set out to talk about, is by using a
supply of electrons obtained by any of the
above methods to bombard another
cathode. The electrons dislodged from
this second cathode are not unnaturally
called secondary electrons. And they are
getting very important. But to avoid con-
fusion it is as well to realise that what I
have called the second cathode is not
always referred to under that name ; some-
times it is called an anode, and so it may
be in relation to the first cathode.

Electron Multiplication

The reason why secondary electrons are
becoming important is that in favourable
circumstances several of them may be
emitted for every one primary electron
that arrives.  If, then, they can be col-
lected it is possible to obtain a correspond-
ing degree of amplification. At first this
may not seem to be very thrilling news,
seeing we already
know quite a lot
about how to get
amplification in
large or small
quantities. The
reasons why the
secondary emission
brand of amplifica-
tion is especially
desirable are often
rather involved, but
generally it is be-
cause it is applic-
able to certain cases
where . other

common enough in
the cinema, in tele-
vision photography,
and scores of other
applications, is by
_ shedding light on special types of cathode.
A fourth method; which at last is what I

A recently introduced valve in which
the principle of secondary emission
is employed.

methods fail, per-
haps due to the
amount of noise in-
troduced along with
an extremely weak
signal, -or because the normal methods
would be more difficult or-expensive.
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Secondary electrons can be, and almost
inevitably are, produced whenever any
ordinary valve works. Take the diode,
because it is the simplest. Electrons are
liberated from the hot cathode, and when
a positive voltage is applied to the anode
they are attracted across in accordance
with the law of attraction of the unlike.
The voltage in a detector diode is usually
rather small, but in the power rectifier
where it is generally ‘about 350 volts there
is a considerable bombardment of the
anode by the electrons, and no doubt many
secondary electrons are knocked out.
Whether they are or not, nobody is any
the wiser, for directly they quit the anode
the 350 volts says “* No you don’t!” and
pulls them back again (Fig. 1).

The same story applies to the triode as
ordinarily used. The grid, being negative,
tends only to assist in preventing any
electrons from escaping from the anode.
But if a triode is used in an unconventional
manner by applying the positive voltage
to the grid instead of the anode, many of
the primary electrons that are attracted
from the cathode by the positive grid fail
to make contact, owing to the spaces in
between the grid wires, and go on until
they collide with the anode sufficiently

-
o

SCREEN

" GRID VOLTS = 100

ANODE CURRENT
IN MILLIAMPERES
o
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T ™
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ANODE VOLTS

Fig. 3—The ‘“kink '’ in the characteristic

of the screen grid tetrode, due to loss of

current by secondary emission when the

screen voltage is higher than the anode
voltage.

forcibly to dislodge secondary electrons.
These find little to hold them back ; on the
contrary, there is a large positive attrac-
tion at the grid, which promptly collects
them. If a milliammeter is inserted in the
anode circuit (Fig. 2) it is found that over
a certain range of anode voltage (always
less positive than the grid voltage) the in-
crease in primary electrons collected is
more than counterbalanced by the loss of
secondary electrons, and instead of con-
forming respectably to Ohm’s Law the
current actually drops when the voltage is
increased. A valve acting in this way was
named the dynatron.

Screen Grid Valves

As 1 have said, this is a cockeyed way
of using a triode, so secondary electrons
never came into prominence until the next
stage in valve development arrived with
the fourth electrode, turning it into the tet-
rode, or screen grid valve as it was then
called. The second grid came in between
the first grid and the anode, and required
a positive voltage. So long as the anode
voltage was more positive still, all went

-hit hard enough, of .

‘tertiary electrons, and so forth.

Wireless
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well ; but when in an effort to get appreci-
able power out of the valve it was allowed
to swing below the outer grid voltage
during part of the cycle, it turned into a
dynatron and did all sorts of tricks (such
as oscillating) that were all very well at the
right time and place

375

that has been done, but there is one snag

—probably more!—that prevents it from
being adopted everywhere. In a valve the
number of electrons controlled by a weak
signal is only a minute proportion of the
total flowing. Take a valve in which the

normal anode cur-

but not at all amus-
ing here (Fig. 3) So
the valve makers
got busy again and
stuck in a third grid
between the second _
grid and the anode.
This grid was de-
signed to be kept at
zero volts, so acting
as a sort of police-
man to prevent
secondary electrons
from escaping from
the anode to the

rent is 5 milliamps.
That is to say, the
rate of flow is
31,500,000,000,0 0 0
electrons per
second. With an in-
put of a few micro-
volts the variation
produced in this
flow may be only
one or two electrons
in a million, say,
0.00001 milliamp.
If a stage of
secondary emission

positive middle

gnq' Super-Emitron camera : secondary
So far, except for emission has so far found its chief

certain laboratory application in television.

applications, secon-

dary electrons are only a nuisance. It was
in television that the black sheep really
began to make good. My object just now
is to explain what secondary electrons are,
not to go into detail about the ways of
using them, so I merely mention the bene-
ficial effects of them in the ‘‘Super-
emitron”’ now used in the B.B.C. tele-

vision cameras, and the television receiv--

ing valves now being introduced (and
described in The Wireless World of Feb.
23rd). In the latter, the exceptionally
high mutual conductance necessary for
reasonably good amplification over the
broad television band is obtained by shep-
herding the primary electrons, which have
been controlled in the usual way by the
signal input grid, to a second cathode, and
then collecting the resulting secondary
electrons from it by the anode. In this
and other applications where the object is
to get an amplified

result it is obviously -

is successful in in-
creasing this to
0.00008 mA, the
““standing *’ current
is 40 mA. This
might be tolerable, but the result of a
third stage, 320 mA, would be alarming,
even if it were practicable at all. In the
ordinary methods of valve amplification
only the variation is passed on to the next
stage and amplified. Obviously in a
secondary emission amplifier every effort
must be made to reduce the standing
current to a minimum. But if this is
carried far the mutual conductance of the
valve suffers and - amplification is lost
heavily, so defeating the object. ‘

Light-controlled Emission

Things are not quite the same when the
releaser and the controller of the primary
electrons are one and the same. In a valve
the heater releases billions of electrons and
the weak signal controls merely millions.
But in television cameras and some other

necessary to get
more secondary
electrons than

BEAM
OF
LIGHT

SECONDARY ELECTRON EMITTERS

i l 1/ \

primary electrons.
This doesn’t just
happen automatic-
ally; some metals
can never be per-
suaded to yield even
head for head .

Special  surfaces,
1 FIRST

such as caesium on chmst

silver, can be made

to yield up to about

FINAL
ANODE

SECONDARY ELECTRON EMITTERS

8 secondaries per
primary. But the
primaries have to

course, by being
pulled across with a
sufficient voltage.
It might seem to be a good idea to make
more of this by using several stages of
secondary electron amplification, causing
the 8 secondary elections to release 64
Well,

Fig. 4.—Very diagrammatic illustration of a multi-stage electron
multiplier. Here the original release of electrons is due to light, say
in television or sound film practice.
both as anodes and cathodes, are maintained at progressively increasing
voltages, to attract the electrons to the next stage. Even so, in practice
special means have to be provided to keep them to the right paths.

The successive emitters, acting

devices the signal is in the form of light,
which also is the electron releaser. All the
primary electrons are controlled electrons.
So the fina] result of a number of stages of
amplification is all signal, or at any rate
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mainly so (Fig. 4). Working multipliers
with as many as 12 stages in a single
‘“bottle ”” have been made; for example,
those demonstrated by Zworykin a few
years ago.

Wireless
World

These are only a few of the secondary
emission devices that have appeared to
date. And who knows what will come
next? So it is not a waste of time learn-
ing something about the underlying prin-
ciples now.

Test Report

PILOT MODEL T.63

Table Model AC Superhet (4 Valves + Rectifier and

Tuning Indicator)

N appearance this set is very similar
to the Pilot Model PT36 with ‘* piano
key’’ tuning shown at Olympia last
August. It has the same drum dial

and row of control keys, but in the Model
T.63 they are not coupled to the tuning
“mechanism, but are used for waveband
switching and for tone control.

Circuit. — There are four valves in the
direct line of amplification between aerial
and loud speaker. The first is a triode-
hexode frequency changer preceded on
each waveband by a single tuned circuit

§ WAVERANGES §
,E Short - - 16—53 melres |
5’ Medium - - 190—565 metres §
i Long - - 800—2,200 melres f

_________________________

inductively coupled to the aerial. The
intermediate frequency amplifier is a
variable-mu pentode with an iron-cored
input transformer and an air-cored out-
.put transformer. In the double-diode-
- triode stage, which follows, the diodes are
strapped together and connected in the
simplest form of combined signal and

Price 12} Guineas

wavebands. Control for the cathode-ray
tuning indicator is taken from the AVC
line. A jack switch disconnects the diode
load resistance when a pick-up is in use.

The resistance-capacity coupling to the
output stage includes two coupling con-
densers in series, one of which is normally
short-circuited. ~ When the ‘‘Speech”
tone-control key is depressed, both con-
densers are in circuit and the bass response
is reduced. The' ‘* Mellow’’ tone-control
key introduces a resistance-capacity filter
across the anode circuit of the pentode
output valve, and the ‘“Bass’’ control
gives a still further reduction of top -re-
sponse by connecting the condenser only.
The action of the *“ Treble "’ key is purely
mechanical and releases all the other
switches, thus leaving the circuit with no
top cut in the output stage and with the
normal single coupling condenser to give
full bass response.

A jack switch similar to that used for
the pick-up is employed for the external
loud speaker. Thus the external loud
speaker may be used with the internal unit
disconnected or the two loud speakers
may be used together. The plug should
not be inserted unless a loud speaker is
connected, as there is no artificial load
resistance in the set to take its place.

Performance.—This is a well-balanced
set in the sense that the range, selectivity

Y POWER
RECTIFIER
524G
X65 6U7G 6Q7G §F6G
L SIGNAL RECTIFIER
FAEQUENCY ! INTERMEDIATE | outeur
CHANGER 1 AMPLIFIER 15t AP AMPLIFIER —> STAGE
—1 AVC'RECTIFIER
- A
y
r
EXTENSION SPEAKER
TUNING IMPEDANCE
INTERMEDIATE INDICATOR 4 OHMs
'L'-g FREQUENCY
= 451 kefs, 6U5

Schematic circuit diagram of the Pilot Model T.63.

AVC rectifier circuit. The AVC bias is
‘delayed and-applied -to both the IF am-
‘plifier- and: the frequency-changer on all.

and signal-to-noise ratio.appears to be the

~same whatever: the -waverange.- Over
each- waveband, too, the sensitivity is
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remarkably uniform, and with adequate
backing of a good automatic volume-con-
trol system the volume control needs very
little attention throughout the course of
an evening’s varied listening.

The ““ organ key’’ tone-control system,
which we were at first inclined to regard
as an unnecessarily complicated substitute
for a simple variable tone-control knob,
won unqualified approval after a few tests.
Instead of having to find by ear the set-
ting of the tone control which best suits
speech or music (incidentally, why are so
few conventional tone controls calibrated
to help one in doing this?) all one has to
do is to click down the appropriate key
as soon as the nature of the programme
is announced. We found the ‘‘ Speech”’
and ‘' Mellow " keys most generally use-
tul, as the “* Treble’’ gave a rather shrill
top and the ““Bass’’ control would only

l( = """'.},/}%////;
(e ' : \

Z

Combined plug and switch for the external

loud speaker in the Pilot T.63. A similar

arrangement is provided for the pick-up
connection.

be called for to eliminate severe back-
ground noise. The balance given by the
‘““Mellow”” key contains far more useful
high-frequency response than is generally
implied by the usual connotation of this
term.

As regards selectivity it is possible to
tune to within 1} channels of the London
Regional transmitter at a distance of
15 miles without incurring interference,
and on long waves, while Droitwich and
Radio Paris are easily separated, there is
rather too much sideband interference on
the Deutschlandsender for it to be
accepted as a station of regular programme
value.

The short-wave performance upholds
the reputation which sets of this make
have held in the past for liveliness and
efficiency. There was, however, some
evidence of double tuning points on the
16- and 19-metre bands, but no case of
actual interference due to second-channel
break-through was discovered.

A few minor whistles were noted below
the broadcast stations in the lower half
of the long-wave range, but the medium-
wave range was clear except when using
too large an aeriel, when overloading of
the frequency-changer produced a whistle
adjacent to the local station.

‘Constructional Details.—The front
of the cabinet with its single concentric
tuning and volume-:control: knob presents
a neat appearance. - The slow-motion
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Piiot Model T.63—

drive is of the two-speed type, with a high

reduction ratio over a limited range when
" the direction of rotation is reversed.

An efficient cord drive, free from back-
lash, controls the cylindrical tuning scale,
which carries parallel scales for the three
-wavebands. Station names are clearly
:marked, but the wavelength sub-divisions,
while decorative, are not too easy to
interpret if one is tuning on a wavelength
basis. The waveband in use is indicated

Wireless
World

HENRY FARRAD’S SOLUTION
(See page 364).

S the receiver is for AC mains it is
almost certain to derive its power
through a transformer. Of the 0.4 amp.
taken by it, part is required for magnetising
the core of the transformer and is inductive
or lags nearly go degrees behind the voltage.
A likely amount for this lagging current
would be 0.06 amp.
As one side of the mains is generally

“TUNING INDICATOR
6U5

FREQUENCY CHANGER
K65

AERIAL
PICK.-UP

INTERNAL AND'
EXTENSION SPEAKER
PLUG SWITCH .

WAVERANGES
VOLUME

TONE TUNING
CONTROLS

OUTPUT VALVE
6F6G .

SIGNAL RECTIFIER

AVC RECTIFIER

AND Isi AF AMPLIFIER
6Q7IG

POWER RECTIFIER
574G

MAINS VOLTAGE ADJUSTMENT

Lajout of valves, controls and external connections in the Pilot Model T.63.

by an illuminated panel immediately
below the dial ‘as well as by the setting
of the control key.

~ Instead of the usual socket connections
for aerial and earth, clips are provided
from which the wires cannot easily become
detached.

Summory. —The application of press-
button technique to tone control has much
more to commend it than mere novelty.
For those who are tuned to their local
station for a large proportion of their
listening time it is more convenient to be
“able to adapt the quality to changes in
broadcast material than to change rapidly
to another station. When it is desired to
indulge in distant station reception the
T.63 can be relied upon to give a good
account of itself, and the provision of a
cathode-ray tuning indicator implies that
it will be used frequently for this purpose.

earthed somewhere on the system, one con-
denser has practically no eftect on the cur-
rent, while the other has the full mains
voltage ; so the effective circuit, as far as
current is concerned, is as shown here. The

pram—_——

R
1
1 1 mid
T
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R
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reactance of 1 mfd. at 50 c/s is roughly 3,000
ohms, and assuming 230-volt mains it draws
a current of 0.075 amp., which, being capa-
citive,. leads the voltage go degrees, and is
therefore 180 degrees different from the mag-
netising current.  In other words, it is in
the opposite direction, and the combination
of the two is therefore the difference between
them, o.015 amp. capacitive, or less than
the original inductive current. . The lagging
current is shown by full line arrows and the
leading current by dotted.arrows, and it can
be seen how the current through one fuse is
unaffected and the otherisreduced. Thecur-
rents indicated are, of course, in addition to
the in-phase working current supplied to the
receiver, which is the same all the time and
need not be shown.

NEWS FROM THE
CLUBS

Exeter and District Wireless Society
Headguarters: Y.W.C.A., 3, Field
Devon. ’
Meetings: Mondays at 8 p.m. :
Hon. Sec.: Mr. W. J. Ching, 9, Sivell Place, Heavitree
Exeter, Devon. ’
At the April 3rd meeting an illustrated lecture was
given by Mr. D. R. Barber, of the Norman Lockyer
Observatory his subject being * Atmospheric Electri-
Flty."A He dealt with various aspects of his subject,
including ionisation due to radio-active matter. He
stated that it has been ealculated that the Heaviside
Luyt'lel?r is at a potential of 300,000 volts above the
eartn,

bix’s Exeter,

Medway Amateur Transmitters’ Society

Headquarters: The Navy Wives’ Club, Dock Road
Chatham, Kent. !

Meetings: Tuesdays at 8.15 p.m.

Hon. Sec.: Mr. S. A. (. Howell, * Veronigue,” Broad-
way, Gillingham, Kent.

Several members attended the Maidstone Society’s
“ h:a.ng"’ evening during Mareh. It is intended to hold
a similar event at Chatham on May 10th, and - all
amateurs in Kent are invited to attend. - Several lec-
tures have been arranged for May, including one by
a representative of A, €. Cossor, Ltd., entitled
“ Cathode Ray Measuring Instruments.”

Smethwick Wireless Society

Headguarters: New Talbot Inn, High Street, Smeth-
wick, Staffs. - ’
Hon. Sec.: Mr. E. Fisher, 33, Freeth Street, Oldbury
Nr. Birmingham. T o
The Seecretary asks us to draw the attention of
readers in the Smethwick district to the existence
of this club, which was not included in the directory of
amateur clubs published in The Wireless World of
April 6. Tull details of membership can be obtained on
application to the Secretary. )

South Hants Radio Transmitting Society

Headguarters: Senior Boys' School, Fareham, Hants.

Hon. Sec.: Mr. E. J. Williams, 34, London Road, Pur-
brook, Portsmouth.

At the meeting held on March 30th a representative
of the Mullard Wireless Service Co. gave a lantern
lecture entitled ‘° Receiver Valve Development.” A
large audience was present, including visitors from
Southampton and Winchester. This society is addi-
tional to those published in our directory of wireless
clubs.

Surrey Radio Contact Club

Headquarters: 79, George Street, Croydon, Surrey.

Meetings: First Tuesday in the month at 8 p.m.

Hon. Sec.: Mr. S. A. Morley, 22, Old Farleigh Road
Selsdon, Surrey. ’

At the April meeting there was an auction sale of
members’ surplus gear.

The club is taking charge of the 1.7 megaecyele
national field day station, which has been allotted to
Croydon. A site has been chosen at Riddlesdown which
is 600 ft. above sca level, and at the present time
members are busily engaged in preparing the gear for
this event, whiech takes place during the first week-end
in June.

Readers are asked to note that there has been a
change in the name and address of the secretarv and
in the address of the headquarters since the publica-
tion of our directory of eclubs.

Tufnell Park Radio Club

Headguarters: 33, Pemberton Terrace,
London, N.19. [

Meetings: Tuesdays and Fridays at 8 p.m.

Hon. Sec.: Mr. J. G. Wright, 78, Gladsmuir Road, High-
gate, London, N.10.

This society has been formed since the publication
of our directory, and the secretary asks us to make it
known that he will be pleased to hear from anybody in
the district who is interested.

Tufnell Park,



378

"The

Power Supply

T is necessary to use an audio-
frequency amplifier after the detector
in order to obtain sufficient output to

" operate the loud speaker. Theo-

retically, there is no reason why the loud
speaker should not be fed directly from
the detector, for the signal at this point
is of the correct nature. In practice it
would ‘be very inefficient to do so.

The loud speaker requires power to
operate it, which must come from the HT
supply. Now the peak value of a 100 per
cent. modulated wave is twice the carrier
value and twice the AF detector voltage
output with a perfect detector. The in-
stantaneous peak power input is four
times the output, therefore, and when the
detector input resistance and efficiency are
taken into account the input power on
peaks is rather more than eight times the
output.

This power has to be supplied by the
last IF wvalve, so that if we want to feed
4 watts to the loud speaker and we feed
it straight from the detector, the last IF
valve must be capable of an output of
something like 32 watts! This is absurdly
uneconomical, and an AF amplifier is con-
sequently always used.

The detector is operated at a convenient
signal level from

valves—the Mullard E series—was chosen.
It is the EL3 with an output of the order
of 4.5 watts into a load of 7,000 ohms.
The valve normally operates with 250
volts and 265 volts anode and screen
potentials, and takes 36 mA. and 4.5 mA.
anode and screen currents at —6.6 volts
grid bias. The signal input should be
about 4 volts RMS.
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Modern Receiver

Part VIIL—AF Amplification,
the DC Circuits and the

Stage by Stage

.a pentode in the same range as the other

the anode and 2 volts change on the
cathode, the input between grid and earth
must be 3 volts, and the effective stage
gain is not 20 times, as it would be if
R3 were absent, but 20/3 times.

This is negative feed-back, but in this
form it has little effect and is merely inci-
dental to the main path. It is not intro-
duced intentionally, but because it cannot

be . avoided while

It is convenient - ---
to take the detector
and pick-up output
as about 0.5 volt.
It will often ex-
ceed this, but this
figure allows a !}
factor of safety for
weak signals. An
AF gain of about
eight times is there-
fore needed Dbe-
tween the detector

arrangements.

N this concluding instalment of
the series the audio-frequency
circuits are dealt with as well as
the HT supply system and the
voltage - dropping and  decoupling
The use of negative
feed-back in the AF amplifier is
also explained.

retaining the wanted
feed-back path.

¢ The output volt-
| age of this first
stage is developed
across R1 and ap-
plied through the
RC coupling C1 R2
to the output pen-
tede which de-
velops power in
the output load
circuit. There is,

and output valves.

Such low gain is easily obtainable, but
it is advantageous to provide more and
then to reduce it by means of negative
feed-back, for this removes most of the

disadvantages of the pentode output valve .

while leaving its advantages. ‘
The basic arrangement of the AF ampli-

fier takes the form shown in Fig. 27; the .

bias resistance of the output valve Vz is
omitted. For the moment, consider that
R4 is disconnected

the points of view
of obtaining low
distortion, a suit-
able AVC voltage,
and freedom from
overloading in the
IF valve. The out-
put stage is then
selected, and the |
intermediate . AF |
amplifier chosen
so that the output
of the detector, or
gramophone  pick-
up, whichever is
the less, will fully
load the output

from R3 so that
C2 and R4 play
no part in the
operation. Then a
signal applied Dbe-
tween grid and
earth of Vi makes
the anode current
fluctuate in sym-
pathy with the grid
voltage and hence
there is a voltage
developed  across
R1 and R3.

A change of grid
voltage in a posi-
tive direction, for

stage.
The

precise

instance, makes the
anode current rise.

arrangement used

The voltage drops

depends on the
output required
and the apparatus
available, and
there is probably more latitude here than
anywhere else for individual preferences.
Any type of amplifier can be employed,
but when economy is important - the
pentode output valve naturally comes up
for serious consideration. -

In the case of the Three-Band AC Super

Fig.

27.—This diagram shows the basic
arrangement -of the AF amplifier.
feed-back is obtained through R3 and R4.

across R1 and R3
increase, and hence
the anode potential
falls while the
cathode potential rises. This change of

Negative

voltage across R3 acts to offset the signal

input, for the voltage which operates the
valve is not the input between grid and
earth, but the voltage between grid and
cathode. . If 1 volt change between grid
and cathode produces 20 volts change on

of course, also a
voltage developed across the output trans-
former primary, and a fraction of this
voltage is applied by R3 R4 to the cathode
circuit of V1. This is the main feed-
back path, and the condenser Cz is
merely to insulate the circuit from the
HT supply.

As before, consider a positive grid
voltage change on V1. This makes the
anode current rise and the anode voltage
fall. There is consequently a negative
voltage change on the grid of V2. The
voltage across R3 rises and so gives direct
negative feed-back on VI. The anode
current of V2 falls and its anode poten-
tial rises. A fraction of this rise in poten-
tial is communicated by R3 R4 to the
cathode of V1, making it rise in potential
still more. This is the main feed-back
path.

Negative Feed-back

One of the advantages of feed-back is
that it reduces distortion. Supposing V2
distorts, then the output of this valve is
no longer a copy of the input. The volt-
age fed back to V1 is distorted and so
makes the input to V2 distorted in the
opposite sense. The distortion introduced
by the valve V2 then tends to cancel the
distortion of the input and the output is
nearer a true copy of the input of V1.

In general, if A is the amplification and
B the feed-back, then all forms of distor-
tion and the gain are divided by 1 + AB.
In the limit, if AB is made large com-
pared. with unity, the characteristics of
the amplifier tend to become those of the
feed-back path alone. This condition is
not often used, and in practice B is often
0.1 or less, while A may be 200-500.
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Another advantage of this form of feed-
back is that it makes the outputrvalve
behave as though it had an output resist-
ance of only a few thousands of ohms
instead of being 20,000-100,000 ohms—
normal figures for pentodes. This results
" inrthe loud speaker being properly damped

Wireless
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heavily and so prevents the oscillation,
while having no harmful effect. The volt-
age drop across it due to the screen current
is so small that it. can be neglected. The
total HT voltage needed is 265 + 6.6 =
271.6 volts, or, say, 270 volts.
In order to avoid the introduction of
negative feed-back by R4, it is shunted
: by the condenser
C4, a capacity of

50 pF. being ade-

> quate. The react-
ance of the con-
denser should be
small compared
with the resistance
of R4 at the
lowest frequency
required. Actually,
50 uF. has a react-
ance of 64 ohms at

50 c¢/s, a figure
which is reason-
ably low.

Fig. 28.—The actual
circuit of the
amplifier shows the
decoupling R3 Ci,

the output valve bias
circuit Rq €4, and

the anti-parasitic re-

by the circuit, and bass resonances be-
come less prominent.

We have now followed the Three-Band
'AC Super through from the- aerial circuit
to the loud speaker, and we must next
turn to the DC circuits, which we have
hitherto neglected. 'We have seen that the
output valve needs 265 volts screen poten-
-tial with 250 volts on the anode. The
lower anode! voltage is to allow for the
drop in the :output transformer primary.
~As the current is 36 mA. and 15 volts
drop is allowed, it is assumed that the
primary resistance is 416 ohms.

Cathode Bias

The valve requires — 6.6 volts grid bias,
~and we obtain this by inserting a resist-
ance in the cathode lead, as shown by
R4 in Fig. 28. The anode and screen
currents—40.5 mA.—flow through this re-
sistance and so make the cathode positive
with respect to earth, and consequently
the grid negative with respect to cathode.
For 6.6 volts at 40.5 mA., R4 must be
163 ohms. The value actually used is
150 ohms, since this is a standard value,
and in this case is near enough to the
optimum.

A s50-ohm resistance R6 is inserted in
the screen lead to suppress any tendency
to parasitic oscillation. It must be remem-
bered that there are tuned circuits con-
nected to all the electrodes of a valve, be-
ing formed of the inductance and capacity
of the connecting leads both internal and
external to the valve, When the mutual
conductance is high it is quite possible for
the valve to oscillate at a frequency deter-
mined by these inductances and capacities
—a frequency usually above 50 Mc/s.
The resistance R6 damps these circuits

sistance R6.

Turning now to the penultimate stage
V1, the valve selected is the EBC3, but
the diodes which it includes are not used.
Actually, the type of triode used at this
point is not very critical, and any valve
with an AC resistance of 10,000-30,000
ohms and a mutual conductance of
2-3 mA/v. will work well. Minor changes
in circuit values are, of course, neces-
sary. o L

The values associated
with Vi are chosen "in
the usual way for resistance coupling.!
The coupling resistance R2 is 50,000 ohms,
and the bias resistance R1, which also

1 The Wireless World, October 3oth, 1936,
et. seq. :

AF
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forms part of the feed-back network; is

2,000 ohms.  Decoupling is inserted in
the anode circuit to serve two purposes—
to prevent unwanted feed-back and to
reduce hum.

Any ripple on the HT supply is greatly
reduced by R3 and Cr and the larger the
values of these components the greater
the reduction. The anode current of V-
passes through R3, howeyer, so that there
1s a loss of voltage across it ; consequently
its value must not be too high. A suit-

able value is 20,000 ohms and C1 can be
8uF.

The Early Stages

The total resistance in the circuit of V1
is thus 72,000 ohms and the current is 1.8
mA, so that the voltage drop is 130 volts,
leaving an anode potential of 140 volts
on the valve. The grid bias is 3.6 volts.

The detector itself takes no current
from the HT supply, but the potentio-
meter for obtaining the delay voltage
does. As shown in Fig. 26, this com-
prises R6 and Rs5, and suitable values are
160,000 ohms and 1,500 ohms respec-
tively, so that the current is 2.66 mA. and
the delay voltage is 4 volts.

The total current so far is thus 40.5+
1.8 +2.60=44.96 mA.

We now come to the early circuits and
the arrangement is shown in Fig. 29; the
RF and IF circuits are here shown in
skeleton form without switching. The IF
valve V3 is the EFg and for normal
operation requires 250 volts anode and
100 volts screen potentials ; with 2.5 volts
grid bias the anode and screen currents
are 6 mA. and 1.7 mA. respectively.

As the current through Rg is to
be 7.7 mA. it should be 324 ohms
for 2.5 volts to be developed
across it.” For the anode

A general view of’

the Three - Band

AC Super which

) has been used as

an example of modern prac-

tice throughout this series
of articles.

supply we have to drop 270 —-252.5=17.5
volts at 6 mA. across R1o, and for the
screen 270 + 102.5=167.5 volts at 1.7 mA.
across R7. Consequently, R1o should be
2,920 ohms and R7 should’ be 98,500
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ohms. The values actually used are the
standard ones of 350 ohms for Ro, 4,000
ohms for R10, and 100,000 ohms for R7.
The increase in Rg means some increase
in grid bias and therefore lower anode
and screen currents; hence, the increase
in R7 and R1o. The changes in current
are quite small and it is reasonable to take
the figure of 7.7 mA. when computing the
total for the receiver.

Wireless -
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would not be as good. This also applies
in the case of V3, but here the valve
must be capable of handling a large signal
at a high bias voltage. It is more easily
able to do this at a high screen voltage
than at a low one, and so a dropping re-
sistance is used for the screen supply in
preference to a potentiometer.

In the case of the RF stage VI the
EF8 is used. This valve requires the
same screen and anode voltages, 250

APRIL 20th, 1939.

The total current for the receiver works
out at some 85 mA. at 270 volts and this
is the output which the mains equipment
must provide.

Before turning to this, however, we
must finish with Fig. 29. It will be seen
that the voltage dropping resistances dis-
cussed can also serve for decoupling, and
this is, in fact, the object of using
separate resistances for each stage. By-
pass condensers are consequently pro-

The frequency-changer Vz is the volts, and a common dropping resistance vided and in no case are these values
N\ - - > +HT
{ é 3 I 11’
R3S R11S SR12 R7S 3R10
b3 b3 > S bS
> > 4 b3 >

i

C12R1
T3

VVVV

C7

P —HT

*

e

> AVC

Fig. 29.—In this dia;gram of the early stages of the receiver the DC circuits are shown fully, while the RF and IF circuits are in skeleton form only.

ECHz2. The anode current of the triode
section depends on the amplitude of oscil-
Jation and thus varies somewhat with the
tuning. A suitable value for Riz is
30,000 ohms, but it is not very critical.
With this resistance the current is of the
order of 6 mA.

The heptode section needs a bias of 2.5
volts and the anode and screen currents
are 3.25 mA. and 6.mA. respectively.
The total current through Rs is thus
about 15.25 mA. and the resistance
should be 164 ohms. The nearest stand-
ard value of 150 ohms is used.

The anode requires 250 volts, so that
¥7.5 volts at 3.25 mA. must be dropped
in R6, making its value 5,300 ohms.
Actually, 5,000 ohms is used. For the
screen supply, R13 is picked arbitrarily to
pass a larger current than the screen cur-
rent. If we make it 10,000 ohms the
current is very nearly 10 mA. and so the
current through R11 is 16 mA. ; the drop
here is to be 167.5 volts, so the resistance
is 10,450 ohms, and 10,000 ohms is quite
- near enough.

The object of using a potentiometer for
the screen supply to this valve is to pre-
vent the screen voltage from rising greatly
when the valve is biased back by the
AVC system. If the voltage were allowed
to rise, more AVC voltage would be

needed to reduce the gain and AVC:

R3 can be used. The anode and screen
currents are 8 mA. and 0.25 mA. respec-
tively and the grid bias is 2.5 volts. Con-
sequently R2 and R3 should be 303 ohms
and 2,120 ohms respectively.

This is for the normal full gain con-
dition.  Actually, however, it is not
always desirable to run an RF stage at
full gain because of the possibility of
overloading the frequency-changer. In
this receiver, therefore, R2 and R3 were
made 350 ohms and 8,000 ohms respec-
tively to reduce the gain somewhat.

DR -- -~}

A

Fig. 30.—The mains equipment is extremely
simple and has this circuit. C2 is the reservoir
condenser.

critical. The usual values of 0.1 uF. are
adopted because there is no advantage to
be gained by using other values.

The AVC voltage is applied through
the resistances R1, R4 and RS, while the
decoupling is provided by Ci, C4, and
C8. The condensers C1 and C4 are im-
portant, since they complete the two
signal-frequency tuned circuits and are
effectively in series with the tuning capa-
cities. If their capacity is too small they
will restrict the tuning range, and if they
are not alike they will affect the ganging.
A suitable value is 0.1 pIf. and R and
R4 can then be 50,000 ohms, although
these are not critical.  The effect of Cr
and C4 on the tuning is corrected in the
oscillator circuit by an alteration in the
value of the padding condenser.

The IF feed-circuit for AVC can have
the same values as the RF, but there is
some slight advantage to be gained by
making C8 o0.05 pF. and R8 100,000
ohms.

Turning now to the mains equipment
we require an output of 270 volts at 85
mA. With Cr at 8 4F. a single choke
of 30 H. inductance gives sufficient
smoothing. If the choke is of very low
DC resistance it will be expensive, but
with one of high inductance we shall have
to provide a higher voltage across Caz.
The component selected has a resistance
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of 800 ohms, so that there will be a drop
of 68 volts across it, making the required
voltage across C2 338 volts.

Inspection of the curves of the AZ3
rectifier shows that with a 4 AF. con-
denser for Cz this output is obtained with
a transformer winding of 300-0-300 volts
RMS. With a different rectifier, or
different capacity for C2, the transformer
rating ‘would not be the same. A choke
of different resistance would also alter
matters. It is worthy of note, however,
that if the output is too high it can always
be reduced by adding resistance in series
with the choke. If it is too small, how-

Wireless
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ever, it carinot so readily be increased.
A common LT winding is used for all
valves, and is not provided with a centre
tap. This is because it has been found
desirable in the RF circuits to earth one
side of the heaters directly in order to
eliminate feed-back effects on the heater
wiring.  Of course, the presence of a
centre-tap on the transformer winding is
no objection, for it need not be used.
We have now been right through the

~ circuit of the Three-Band AC Super, and

it is hoped that this series of articles has
been found interesting and instructive and
has given a good insight into the working
of a typical modern receiver.

"UNBIASED

By FREE GRID

Aerial Espionage

HOSE of us who look-in regularly to
& television sometimes see curious
things on our screens. I am not, of
course, referring to the B.B.C.’s artists,
but to the curious effects caused by certain
technical troubles. Recently I have expe-
rienced a very persistent trouble of this
nature, and for some time I thought that 1
had succeeded in picking up a distorted
version of the- Eiffel Tower transmissions
and became quite excited about it.

I happened to be in the throes of strug-
gling with this trouble one evening when
Mrs. Free Grid came in and announced
that a mysterious aircraft was, to quote
her own words, ‘‘hovering over the
house,”” and that in her opinion this was
the cause of the trouble. Actually the
interference was totally unlike that due to

Pounced upon
by a game-
keeper.

aircraft, but, nevertheless, I went out of the
house to look and to my astonishment saw
a balloon drifting rapidly across the sky.
It quickly disappeared, however, and 1 put
it down to the cheese which both Mrs. Free
Grid and I had had for supper, since it is
well known that digestive disturbances
sometimes play strange tricks with the eye-
sight.

Two nights later, however, the same sort
of thing happened, and the thought at
once occurred to me that nocturnal espion-
age on a grand scale was probably being
carried out by some foreign power and
that in all probability what I was getting

on my television screen was a visual repre-
sentation of the surrounding countryside
which was being televised from the bal-
loon to some secret ground station. With-
out wasting a moment I sprang to the
telephone and was soon pouring my sus-
picions into the ears of an astonished
police inspector and within a few minutes
a police car was on my doorstep. Unfor-
tunately, however, the balloon had by
then completely disappeared, and I was
viewed by the police with some suspicion.

On the next occasion that it happened
the balloon appeared to be so low that it
scarcely cleared the treetops. I at once

saw that it was very small indeed—far too

small, in fact, to contain passengers, and
that it was probably a radio-controlled
affair.  Fortunately, my gun case was

. Just inside the door where 1 had left it at

the end of the pheasant-shooting season,
and it was but the work of a moment for
me to bring the whole affair down.
Unluckily, it fell in the grounds- of a
neighbouring estate and in my efforts to
retrieve it I was pounced upon by game-
keepers on the look-out for poachers.

In the subsequent explanations before
the owner of the estate, a rather peppery
old colonel of apparently Indian Mutiny
vintage, it was revealed that the balloon
was one of several fitted with automatic
USW transmitters which are being re-
leased by the N.P.L. in connection with
their meteorological research work. To
add insult to injury, the colonel im-
pounded the balloon and intends, I under-
stand, to claim the reward offered by the
N.P.L. for the recovery of these devices.

AVC : A Fraudulent
Photographic Claim

IT is almost impossible to discuss any new
scientific invention with a certain type

‘'of person without his endeavouring to

prove that it is not new at all but was
known to the Chinese thousands of years
ago. If it is true that the Chinese fore-
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stalled every modern invention, all T can
say is that they seem to have made singu-
larly little use of their remarkable dis-
coveries. Even in the case of gunpowder
which, I believe, they really were the first
to produce, all they did was to make fire-
works with it for their amusement instead
of devoting it to serious and proper uses
such as the production of high explosive
shells and suchlike things.

Bearing all this in mind, it was with a
sense of keen relief that the other day I
heard a prior claim to an invention staked
on behalf of somebody other than the
Chinese. Actually the invention was AVC
which, as I correctly surmised, was #ot
known to the Chinese. Apparently, how-
ever, the idea was thought of 1 y the Photo-
graphic Fraternity, and all that wireless
engineers did was to steal it without 6o
much as an acknowledgment ; at least, 5o
it was alleged by my informant, a figure
well known in the world of amateur
photography.

In reply to my challenge my informant
first drew my attention to the fact that
AVC was really a misnomer for ASC (auto-
matic sensitivity control) since all that the
invention does is. to regulate the sensitivity
of the set according to the strength of the
incoming signal. I fully agreed with this,

[ )i

j/,/'; .’-‘Z/}/»ﬁg P

An enthusiagtic amateur photographer.

of course, but I was compelled to dissent
strongly from the further statement that
automatic sensitivity control was a child of
the amateur photographic world born in
the year 1930 or thereabouts.

It appears that in that year somebody
thought of the idea of coating a film with
two emulsions, one very sensitive and one
far less so and making some tomfool auto-
matic arrangenfent whereby the film
chooses one or the other according to the
degree of light prevailing, with the result
that exposure is always more or less cor-
rect. It appears that all films with the
termination ‘‘ chrome *’ at the end of their
name are of this type.

It was further pointed out to me that the
man responsible for the AVC idea in wire-
less was also an enthusiastic amateur
photographer, and that it was obvious
where he got the AVC idea from. I must
admit that there does seem strong pre-
sumptive evidence leading to what the law
would call a prima facie case but, as every
legal-minded reader will know, this falls
far short of actual preof. If it is really
true, no doubt there are just as many in-
stances of the same sort of thing on the
other side, and I hope you will all
endeavour to provide me with some of
them.
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AIRWAY NAVIGATION
‘NIHEN an aeroplane is flying

along a definite course it is
desirable, particularly
ditions of low visibility, to give the
pilot an occasional positive indica-
tion of his distance from the port
of destination. With this object
in view ‘' marker beacons’’ are
arranged at specified intervals and
1adiate an upwardly directed beam
through  which the machine
must fly.

In order to ensure that the pilot
will receive the distance-marking
signal, even it he happens to be
flying some distance off his proper
course, the transmitter is designed
to throw a fairly narrow beam over
a large arc at right angles to the
line of route. The transmitter
consists of two dipole acrials,
each with its own parabolic re-
flector, the pair being mounted
back-to-back, *while the whole
assembly is constantly rotated
about a horizontal axis. As each
reflector swings upwards, its aerjal
is automatically energised so that
a4 beam of signals is swept across
the sky. As that reflector swings
downwards, its aerial is auto-
matically cut out of circuit and the
sccond or uprising aerial is brought
into operation.

R. J. Berry {communicated by
C. Lorenz, Akt.). Application date
March 15t, 1938. No. 495613.

aooo0

AERIAL COUPLINGS

’I‘HE drawing shows a branched
coupling from an aerial A to
a combined speech-and-vision re-
ceiver, in which the separation of
the iwo sets of signal frequencies
is effected by a suitable adjust-
ment of the length of the two
branches FV and FS. In the first
place, all the feed-lines FA, IV
and FS have the same charac-
teristic impedance, say 75 ohms.

The length of the feeder FV,
coupling the aerial to the input
transformer TV of the television
amplifier, is adjusted antil it is
approximately equal to = one-
quarter of the wavelength of the
sound carrier wave. it will then
present - a substantially infinite

in con-,

Brief descriptions of the more interesting radio
devices and improvements issued as patents
will be included in this section.

impedancé ~to that frequency.
Similarly, the length of the
‘“sound ”’ branch FS is made

equal to one-quarter the wave-
length of the vision carrier wave,
to which it will similarly offer
infinite impedance.

INTER-ELECTRODE
CAPACITIES
THE Figure shows a short-wave
valve oscillator fitted with a
special screening-grid designed to
neutralise all inter-electrode
capacity. The ordinary grids are

1

1

Oscillator circuit with
capacity neutralisation.

The transformer TV is decigned
to match the feeder impedance,
i.e., 75 ~hms at the vision carrier-
frequency, but to present a low
impedance to the sound carrier,
thus tending to attenuate the
latter. Similarly, the transformer
TS iz matched to the sound carrier-
frequency, but presents low im-
pedance to the vision carrier-
frequencies. Under these con-
ditions, sound signals will pass
through the transformer TS at con-
siderably higher amplitude than
vision signals, whilst the reverse
holds good at the transformer TV,

A. C. Cossor, Ltd.; L. H. Bed-
ford, and R. Pollock. Application
date July 6th, 1937. No. 498475.

vision receivers.

FA

Aerial coupling for separating
sound and vision channels in tele-

FV

VISION

TV

shown at G, the screening grid S
being shown schematically in order
to illustrate its symmetrical rela-
tion to the anode A. Actually the
grid S and anode A are both
formed as divided cylinders, parts
of one cylinder being interspersed
with parts of the other.

The grid S is negatively biased,
so that it is not driven positive by
any high-frequency potential to
which it is subjected. Because of
the symmetrical spacing of the
electrodes, and of the coupling cir-
cuits shown, the capacity effect of
the screening-grid: S on the normal
grids G (and cathode) of the valve
is always equal and opposite to
that of the anode A, so that the
whole electrode system is effec-
tively stabilised.

The British Thomson-Houston
Co., Ltd. Convention date (Ger-
many) September 5th, 1936. No.
498339. :

© 0 0 o0
MODULATING LIGHT SIGNALS
LIGHT signals to be modulated

are projected on to the photo-
electric cathode of an electron
multiplier of the kind in which
primary electrons are forced to
impact against a series of target
electrodes, so that the main stream
is intensified by secondary emis-
sion. According to the invention
the magnetic field which serves to
control the path of the electrons is
varied at the carrier frequency.
The effect on the primary stream
from the cathode is to shorten or

lengthen the curved path it takes
towards the first target electrode.

The latter electrode is formed
with an aperture, and when the
curved path is at its shortest the
primary stream passes completely
through this aperture into a
Faraday cage, so that the output
current from the tube sinks to
zero.  On the other hand, when
the curved path is longest the
primary stream jumps completely
over the aperture and so produces
its full quota of secondary elec-
trons, the output current then
rising to a maximum.

Fernseh Akt. Convention date
(Germany) July 10th, 1936. No.
498304.

c C OO
TUNING CONTROLS

WHEN tuning a set fitted with

a ‘‘magic eye’’ indicator,
the operator usually brings the
circuits roughly to the required
setting by observing the station
dial. He then shifts his attention
to the visual indicator, and moves
the control knob more or less
blindly until the dark zone
shrinks to its minimum width.
He then knows that the circuits
are accurately in resonance. But
on a crowded part of the scale it
is quite possible to make the final
(or ‘“magic-eye’’) adjustment on
the wrong station, particularly " if
one fails to check up on the fre-
quency or station indicator.

As shown on the Figure, the
cathode ray tube C forming the
‘‘magic-eye’’ is so arranged that
the axisabout which the dark zone
K expands and contracts is in line
with the indicator needle N for
the frequency or station-indicator
scale, so that the operator can see,
at a glance, not only when the cir-
cuits are accurately in resonance,
but also the particular frequency,

Tuning scale in which the “magic

eye’’ acts as an indicator of fre-

quency, wavelength or station

name, in addition to showing
exact resonance.

or station, to which they are in
tune.

Marconi’s  Wireless  Telegraph
Co., Lid. (Assiginees of W. La. V.
Carlson and J. E. Albright.) Con-
vention date (U.S.A.) March 28th,
1936. No. 493050.

i The British abstracts published here are prepared with the permission

of the Controller of H.M. Stationery Office,
| obtzinable at the Patent Office, 25, Southampton Buildings, Loadon,
I ' ) W.C.2, pricz 1/- each

from Specifications

| E——
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EDITORIAL

The Montreux Plan

New Broadcasting Wavelengths

ERHAPS the greatest disap-
/ pointment of the new official
Plan for allotting European
broadcasting wavelengths is
that the cleaning-up of the long-wave
band has not materialised in accordance
with the Brussels draft plan, which
formed the basis for discussion by the
delegates at Montreux. It will be
remembered that it was proposed that
the long-wave band should be divided
into 14 channels with' a minimum of
9 kc/s separation—in some cases more.
There may be some slight improvement
in conditions, but even this compara-
tively modest ideal has certainly not
been attained. I:ong waves, though
rather out of fashion, are important
because they provide extremely de-
pendable channels for medium-distance
broadcasting, especially in Northern
Europe, where atmospherics are seldom
troublesome.

So far as Droitwich, our own long-
wave station, is concerned, there is
virtually no change, although its fre-
quency has been reduced from zoo to
198.5 kcfs. Its neighbours are, on the
one side, the Deutschlandsender, with
9 kc/s separation, and, on the other, a
shared channel, spaced 8 kcfs, to be
used by Ankara, Reykjavik and Minsk.
The fact that one of the adjacent
channels is a shared one rather increases
the possibilities of interference, so far
asreception abroad is concerned, but the
new arrangement should have little, if
any, effect in this country.

Turning to the medium-wave band,
the Brussels project seems to have been
followed rather more closely, and Ger-
many has been allotted the largest
share of exclusive channels, amounting
to eleven in all ; one of these is to be

COMMENT

shared between various German stations. -
Great Britain’s allocation of two ex-
clusive channels may seem to be
relatively small, but, as Sir Noel
Ashbridge (reported elsewhere in this
issue) has pointed out, our geographical
position on the outer fringes of Europe
is such that we can share wavelengths
with other countries in a way that would
be impracticable for the central
European states.

The exclusive British channels are :
916 kc/s, allotted to Brookmans Park
(London Regional) with shared chan-
nels on each side to be used by Graz-
Klangenfurt and . Lwow-Valladolid ;
1087 kc/s, to be occupied by Droitwich
(Midland Regional) with Heilsberg and
Bratislava as neighbours. The nine
non-exclusive channels allotted to this
country are mainly shared with other
British stations and with Russian and
other distant transmitters mostly
situated in the south-eastern corner of
Europe.

The Voice of Britain

The medium-band allocations seem
to be adequate for a home service, and
at any rate there is no need to anticipate
a change for the worse, thanks largely
to the distance separating us from the
stations with which we are sharing
channels. It must be remembered that
the Montreux Conference was primarily
concerned with internal = broadcast-
ing, and its labours were directed
towards ensuring an adequate domestic
service for each country. However,
the international aspects of broad-
casting cannot be ignored nowadays ;
it would appear that the changes made
will, when they come into effect next
year, have little effect on the way in
which the voice of Britain is heard -
abroad, although there may be some
deterioration of reception in eastern
and south-eastern Europe.
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Modern Insulating Materials
COMPOSITION AND PROPERTIES OF THE PRINCIPAL TYPES

Part I.—Rubber Compounds, Synthetic Resins,
Vitreous Materials and the “Organic Glasses”

By L. HARTSHORN, D.Se.

N the early days of wireless the most
widely used insulating material was
ebonite, which, as most readers will
know, is a compound made by heat-

ing together rubber and sulphur. This
compound when new is an excellent
general-purpose insulator, and was, and
indeed still is, deservedly popular with ex-
" perimenters who construct their own com-
ponents. It is easily drilled and turned, is
mechanically strong and not too brittle, of
exceptionally  high  electric  strength
(breakdown voltage) and resistivity, and
of low power factor.

Its disadvantage is that, on exposure to
light and moist air, some of the sulphur
which it contains becomes oxidised with
the formation of sulphuric acid. The
colour changes from black to a muddy
green or brown, and not only are the good
insulating properties lost, but the acid
formed is apt to corrode metal fittings
mounted on the panel. These troubles
may be largely prevented by protecting the
ebonite from light, e.g., by using it in-

side metal screens, but this is not always

convenient. Another remedy consists of
the use of certain ‘‘loaded ”’ ebonites, i.e:,
rubber-sulphur compounds to which other
ingredients have been added.” An example
in this category is ‘‘Keramot,”” a red-
dish-brown material made by Siemens
Bros.  Although not quite so good elec-
trically as pure unloaded ebonite when
new, this material shows very little surface
deterioration with age. :
Another limitation of pure ebonite is
that it tends to yield mechanically at tem-
peratures of about 60 deg. C.  Thus it

HE  properties of insulating

materials may exercise a con-
trolling influence on the stability,
selectivity or cost of radio apparatus,
and these materials are

the mixture can easily be moulded to any
shape. Then, on continued application
of heat and pressure, the resins set, pro-
ducing a material which is extremely hard
and no longer softens on heating. Com-
ponents of the most complicated shape
can be produced by a comparatively
simple combined moulding and curing
process.  Since the material hardens on

therefore the subject of
constant research. In the
present article some of the

more important recent
i developments  in  this
direction are outlined.

frequencies, besides making
it more brittle.

These loaded ebonites are
therefore not much used for
radio work, but quite re-
cently ebonites loaded with
special forms of silica have
been developed, and these
are found to retain the good
electrical properties of pure
ebonite, witha yield tempera-
ture some 20 deg. C. higher.
These materials, an example
of which is ‘“Silvonite,”

promise to be of consider-
able wvalue for high-class
radio instrument work, such
as is required for com-
mercial or service work.
Insulators of the ebonite class are nowa-
days to be found only in instruments and
components which are individually made.
Modern radio apparatus is, to a very large
extent, assembled from mass-produced
components, and for such work ebonite
has been superseded by substances com-

Fig. 2.—The Primary Standard of Inductance at the National
Physical Laboratory, The standard, which weighs about a
hundredweight, is supported on levelling screws machined

from an ¢ organic glass.”’

heating, the component can be ejected
from the mould while still hot, and pro-
duction is therefore very rapid. Thin
boards made by bonding paper with syn-
thetic resin also lend themselves to mass
production, since the sheets are very tough
mechanically, and complicated shapes can

be produced from them by

stamping or punching,
another very rapid pro-
cess. Thus, although these
materials are electrically 'in-
ferior to ebonite in several
respects, they have super-
seded it on account of their
superior moulding and
punching qualities.  They
have also the advantage of

Fig. 1.—Typical modern components making use of punchings from thin laminated sheets of synthetic resin and

. paper and synthetic resin mouldings.

cannot be used for apparatus which is
required to be mounted near high-power
valves and yet remain rigid. Ebonite is
often loaded with mineral fillers such as
Jnagnesium carbonate in order to raise its
yield temperature, but this usually has the
effect of increasing its power factor at radio

pounded of synthetic resins such as
‘‘ Bakelite.”

These materials consist essentially of
paper, wood meal, or some such filling,
bonded together with certain organic com-
pounds of a resinous or gummy character.,

When heated the resins first soften, so that

not suffering surface deteri-
oration from exposure to
light and air and of being
usable at higher working temperatures.

It is obvious from their very nature that
such materials may be very variable in
quality.  Their principal constituents
might be described as something of the
nature of sawdust, paper, or rags with
sufficient synthetic glue to hold it together
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and make it mouldable. Engineers natur-
ally were at first inclined to view such a
concoction with a certain amount of
suspicion.  The chemical technologist
terms this class of materials ‘‘ plastics,”
and I have heard it said that this term
is apt to prejudice the engineer against
them. But the engineer’s familiar term
of ‘““the muckites’’ suggests that any
prejudice he may entertain arises from
doubts about the filling material.

Importance of Fillers

It should be remembered that paper,
cotton, and wood are essentially forms of
cellulose, which, when quite dry, is an ex-
cellent insulating material. The electrical
quality of the composite material depends
largely on the extent to which the resin
seals the filler from the moisture in the air.
The ordinary grades of these materials are
quite satisfactory for many purposes, but
it is recognised that they are inferior to
ebonite in power factor, and therefore for
components in which freedom from power
loss is of the highest importance, e.g., the
insulators of condensers for short-wave
work, special low-loss composite materials
have been devised. These usually contain
as fillers materials like mica and forms of
silica which are of specially low power
factor and comparatively little affected by
moisture. As regards mechanical strength,
it should be mentioned that the fabric-
resin materials are the toughest and gener-
ally strongest insulating materials in exist-
ence, while the paper-filled materials are
-also remarkably good.

~It is common

Wireless -
Worrld

that this material had its origin in an
attempt to find a use for mica scraps by
mixing them with molten glass. The
material is certainly not made in this way
to-day, for it is moulded at high tem-
perature and pressure from a mixture of
powdered mica and metallic borates, but
it may be regarded as a cross between
glass and mica. It is much less brittle
than glass, and can be drilled and tapped,
although it is very hard on tools. Like
mica, it may be used at high working tem-
peratures, and although its power factor
is not as low as that of mica, it is lower
than that of most ~ordinary materials,
especially at radio frequencies. It may
be obtained in the form of sheets, rods,
etc., and is particularly valuable where
great rigidity and mechanical strength are
required over a great range of tempera-
tures. An interesting example of its use
was afforded by a short-wave transmitter
exhibited by the research section of the
Marconi Co. at one of the exhibitions held
by the Physical Society. Here rigidity of
the whole assembly was of the first im-
portance. Very thick horizontal condenser
plates with edges carefully rounded to
avoid ionisation of the surrounding air at
high voltages were supported at either
end by thick vertical slabs of *“ Mycalex.”

In recent years organic chemists have
succeeded in synthesising various resin-
ous materials which are colourless and
transparent like glass. They are some-
times called organic glasses, or, since they
are far less brittle than ordinary glasses,
unbreakable glass. These materials vary
considerably in chemical composition ; in-
deed, it appears that the resinous condi-
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familiar as a wrapping material, and
““Perspex,” a material with such good
optical properties that it can be used for
moulding photographic lenses), certain
others are pure hydrocarbons and are of
special importance in radio work, for it
is a characteristic of all the hydrocarbons
that they are of exceptionally low power
factor; indeed, their power factor when
pure is barely measurable. It follows that
the hydrocarbon resing are extremely
valuable for all work in which the mini-
mum of power loss is an essential con-
dition. Examples are ‘‘ Trolitul,”” made
in Germany, ‘‘ Victron’’ in America, and
““Distrene,”” recently produced in this
country.

Working the Organic Glasses

All these materials are thermoplastic
that is to say, on heating they merely melt,
and solidify again without chemical
change on cooling, thereby differing from
the thérmosetting resins first discussed,
such as ‘“ Bakelite.”” They require a some-
what different moulding technique, but
moulded components are easily made from
them.

They are also available in the form of
sheets and rods which are extremely use-
ful for experimental work as the
materials are very easily machined,
although they require very careful treat-
ment on drilling. Owing to their very low
thermal conductivity the heat generated
by the drill cannot easily escape, and as
the materials begin to soften at about
60 deg. C. they tend to become slightly
gummy under the drill. Moreover, the
subsequent solidification seems to set up
internal strains.

knowledge that
materials to be
used in the con-
struction of highly
selective tuned cir-
cuits should have
the lowest possible
power factor. Fused
quartz is probably
the best of these
materials, but is
too expensive for

general use.
Glasses of the
“Pyrex’’ type are

a useful substitute
for fused quartz,
and tubes of “‘Py-
rex’’ have been
used as formers for
commercial coils of
high quality. Most
vitreous  materials
can only be cut or
machined by special
methods. They are
consequently incon-

which may lead
to subsequent
cracking of the
machined compo-
nent. Drilling
should, therefore,
be done slowly
and water should
be fed on to the
drill to assist
. cooling.

These hydro-
carbon resins dis-
solve readily in
benzene, and the
solution makes an
admirable  ‘“low-
loss’’ varnish, and
a cement for join-
ing together pieces
of the resin.

Examples of the
use of these
materials are
moulded brackets
for the insulation
of variable air

venient for experi-
mental work, but
find many applica-
tions when the quantities justify special
mouldings.

““Mycalex”’ is a material of a more or
less vitreous character in which this limita-
tion has been overcome. There is a story

Fig. 3.—Small components moulded in Trolitul, a pure hydrocarbon plastic of very low power

loss at all frequencies,

tion depends on the size and flexibility of
the molecule rather than its purely
chemical properties. Thus, while most
of these transparent resins are acid de-
rivatives (e.g., celluloid, cellulose acetate,

condensers, form-
ers for coils, and
insulating  spacers
in high-frequency cables. Flexible forms
of some of these materials have also been
produced, and these are used for insulated
sleeving and in the form of very thin film
for condenser construction.  These



386

Modern Insulating Materials—

materials are still so new that their full

possibilities cannot yet be estimated, but
. : ,E

Wireless
World
up to 100 megacycles it will be clear that

from the point of view of power loss
they leave little to be desired. - For

Fig. 4.—Spiral Trolitul insulation in a television cable.

when it is realised that their power factors
may be as low as 0.0002 at all frequencies

much experimental work they are almost

ideal.

Valve

Trend

HIGH OR LOW MUTUAL :CONDUCTANCE ?

NTIL recently, valve develop-
ment in this country has always
lain along the lines of improving
the performance—especially the

mutual conductance. In the case of mains

types a mutual conductance of 2 mA/v.

has often been thought low and a normal
figure for small triodes, tetrodes and pen-
todes has been 3-4 mA/v., while output
valves have been some 4-10 mA/v.

This trend still continues and has even
been accelerated by television, for there
are now RF amplifiers with mutual con-
ductances up to 14 mA/v. In America,
however, valves have always been much
less efficient, judged by this standard,
and the average figure for mutual conduc-
tance has been 1-1.5 mA/v. Even now
figures are not much greater and except
for output valves there are few with a
mutual conductance greater than 2 mA/v.

Within the last few years the American
trend has found its way over here and is
additional to the normal British trend to-
wards high mutual conductance. The
low mutual conductance valves made in
this country are usually counterparts of
the American valves and often have the
same type numbers.

Number of Stages

The advocates of the American-type
valve point out that it is possible to
obtain greater uniformity between differ-
ent specimens with valves of low mutual
conductance, and that this leads to easier
manufacture and fewer rejects, thus re-
ducing costs. Moreover, it may prove

possible to obtain a more desirable shape -

of characteristic. On short waves, too,
the low mutual conductance means a rela-
tively high input resistance, other factors
being constant, and the valve may then
give as much amplification as one of
higher mutual conductance.

On the average, however, a receiver
must contain more valves when they are

of this type than when they are the con-
ventional British high mutual conductance
specimens. In America this is held to be
no great disadvantage, but here the
matter is looked at rather differently.
Three- and four-valve sets are still very
popular and it is, then, hardly possible
to get the same performance with Ameri-
can as with British valves.

Short Waves

These factors apply chiefly to the
broadcast bands, and, of course, the IF
amplifier, detector and AF circuits in any
receiver, and there seems little doubt that
the conventional British type of valve 1s
the best for small receivers. With large
sets, however, it is easy to obtain all the
gain one wants from valves of low
mutual conductance, and if high mutual
conductance valves are used it is often
necessary to operate them with increased

* grid bias to bring the amplification down

to a reasonable figure. Here the Ameri-
can type is just as good and may have
advantages.

Matters are rather different on short
waves.
then plays a large part and is very de-
pendent on mutual conductance, being
roughly inversely proportional to it. With
highly efficient couplings the stage gain
then becomes almost independent of
mutual conductance, but the selectivity of
the tuned coupling increases as the
mutual conductance gets lower, because
the higher input resistance damps the cir-
cuit less.

The matter is actually very compli-
cated, because the input resistance does
not depend only on the mutual conduc-
tance but also upon the physical dimen-
sions of the valve-—especially the length
of its internal cathode lead. The ordinary
British and American valves are about
equal in this respect because the internal
construction and basing arrangements are

The input resistance of the valve

APRIL 27th, 1939.

very similar. The American valves may
be somewhat smaller externally, but there
is often little difference in the length of
the cathode connection.

The most recent trend, therefore, is to-
wards methods of construction which en-
able a shorter cathode lead to be obtained.
Such valves are often noticeable for a
reduction of their overall length from the
base pins to the top of the bulb. In most
cases this has necessitated the adoption
of a different form of base, of which there
are two examples—the British octal and
the Continental side-contact.

Input Resistance

A considerable increase in the input re-
sistance is obtainable with these forms of
construction and it is interesting to note
that an intermediate value of mutual con-
ductance has been selected for these
valves. It is usually about 2 mA/v. for
RF amplifiers and is intermediate between
the conventional British and American
types.

It seems probable that such a figure
represents a good compromise between the
extremes, and it is interesting to speculate
whether in time it will supersede the two
carlier rival trends. The mutual conduc-
tance is high enough to be satisfactory
even in the small set of few valves and not
too high to be embarrassing in the large
set. Combined with small physical dimen-
sions this form of valve is exceedingly
good for short waves and its higher input
resistance considerably improves second-
channel rejection in SW superheterodynes.

The high mutual conductance valve of
small size will still be needed for television .
and could also find application in broad-
cast receivers in special cases, just as it
does at present. Probably in ‘the distant
future some such compromise will be
agreed upon, with a welcome reduction in
the number of valve types made. At
present, however, the class represents a
further increase in the number of valves,
whieh will probably grow still more in the
next few years since development is still

proceeding rapidly.

New “2in.” Salford Meters

HESE instruments, which are produced
to British Standards Specification No.
89, have zin. diameter moulded cases and

%
‘“’h«

~_ HicapAMPER 55

&LA’&X’

are fitted with a knife-edge pointer. As am-
meters they are available with self-contained
shunts up to 10 amps. and as voltmeters up
to 250 volts. The resistance is standardised
at 200 ohms per volt. .
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Aerial Vagaries

EFFECTS OF NEAR-BY CONDUCTORS

I NDOOR aerials are usually surrounded by a veritable maze of electric wiring,
water pipes and other conductors; it is, therefore, not surprising that they
are subject to various effects for which explanations are not readily apparent.
These effects are discussed in the present article, which also deals with the
connection of the earth lead to the aerial terminal—a well-known and often
surprisingly successful subterfuge in cases where no aerial is available.

HOSE who use indoor aerials will
probably have noticed various
puzzling effects ; for example, the
switching of a local power or

lighting circuit (perhaps the hall lamp or
the kitchen flat-iron) may be accompanied
by a change in volume from the receiver,
corresponding, of course, to a variation in
signal voltage between the aerial and earth
terminals of the set. ‘

These effects are usually more notice-
able when one is listening to weak signals,
on which the AVC system does not afford a
linear correction. ;

OA
RECEIVER
£ Tty
X [0 --=»-—=-

EARTHED NEUTRAL
OF MAINS

Fig. 1.—Showing how a mains receiver is
normally earthed at two points.

This change in volume usually mani-
fests itself as a decrease when circuits are
closed, but, on the other hand, it is often
possible for an increase to occur as a resuit
of closing the switch.

When an aerial is located within a build-
ing which is not totally devoid of electrical
conductors the energy from the signal
reaches the aerial only after its ampli-
tude and distribution have been modified
by the presence of these conductors.

Network of Conductors

In a modern building an indoor aerial
is surrounded by (a) a system of fixed
conductors comprising gas, water, waste
and stack pipes, often with additional
metal girder work incorporated in the
building structure; (b) the electric supply
wiring and its associated shielding and
bonding (if any). ;

The effect of (a) is to reduce the mag-
nitude of the signal field strength in the
vicinity of the aerial due to what is, in
effect, the absorption of useful = signal
energy by the fixed electrical conductors.

In other words, if the pipes, stacks and
girders of system (a) melted into thin air,
the numerous effects noticed would include
that of an increase of available signal
voltage at the receiver terminals.

to energy absorption more likely to occur
at low frequencies (long waves), and

(2) An increase in signal strength due
to an improved coupling between the in-
efficient indoor aerial and a more efficient
mains wiring network, and this effect is
more likely to occur on the medium and
short wavelengths.

These variations would be much more
noticeable if AVC were not in existence to
counteract the-variations of signal input,
and the writer remembers reductions of
volume of the order of several times in
the early days of manually controlled
radio-frequency gain.

These sort of effects contribute in prov-
ing how really bad indoor aerials are, and

_Sudden  varia- serve to stress the
tions in  signal B importance and the
strength would not y necessity for effi-
be attributable to F. R. W. STRAFFORD cient outdoor aerials
(a) unless, of wherever possible.
course, structural (Research Department, Belling & Lee, Ltd.) A second and
changes were in very interesting

progress while the tests were being made.

As regards system (b), the behaviour of
the wiring circuit from a high-frequency
viewpoint depends upon whether it is open
or closed by its switches. It is likely
under closed-switch conditions that more
energy will be abstracted from the incom-
ing signals, thereby producing at the in-
door aerial itself a contrary field which
will act in opposition to that which would
exist in its absence, thereby resulting in
an effective field very much lower than
that which was originally present.

On the other hand, the closing of the
circuit switches might conceivably result
in an increase of available signal voltage,
and in such a case will most certainly be
due to an increased coupling factor be-
tween the poor indoor aerial and the mains
wiring, which, in itself, is very often a
good collector of signal energy (but a bad
distributor of electrical interference).

problem concerns the performance of re-
ceivers when the earth wire is connected
into the aerial socket of the receiver, and
the explanation of this phenomenon is by
no means as simple as that which has
already been given in respect of the effects
of opening and closing electric circuit
switches. In the first instance, let us con-
sider a modern mains-operated receiver.
It is not difficult to show that from a high-
frequency viewpoint the chassis of the re-
ceiver is'at the same potential as the mains
wiring. In practice one side of the mains
(neutral) is earthed so that at radio fre-
quencies the receiver is earthed by the

"mains connection.

This can usually be proved in practice,
because disconnecting the normal earth
from such a receiver does not usually vary
the signal strength to any noticeable de-
gree. In fact, the major purpose of earth
leads is to render the receiver safe should

HOA

RECEIVER

LR

(a)

E1 L oA

R RECEIVER

go] "fE

“(b)

Fig. 2.—By joining the earth lead to the aerial terminal, a large single-turn loop aerial is formed,
as shown in diagram (b), which represents the equivalent circuit; R is the earth resistance
between E1 and E2.

Thus, the effect of closing the switch
may be twofold and summarised as
follows : — , ,

(1) A reduction of signal strength due

its chassis take up the mains potential
through some fault in the receiver ; and, in
addition, to.reduce mains-borne interfer-
ence.
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Bearing the foregoing in mind, the
equivalent radio-frequency earth path of a
mains-operated receiver is as shown in
Fig. 1, in which distributed capacities,
resistances and inductances are left out of
the picture, as'they do not concern us fun-
damentally in these circumstances.

If now the earth lead itself (XY) is
connected to the aerial terminal of the
receiver, the resultant circuit is modified
to that of Fig. 2 (a). Now, this circuit is
nothing more or less than a single turn
loop aerial of fairly high resistance due to
the separate connections at Ex and Ez,
and may be replaced by an equivalent
loop aerial, as shown in Fig. 2 (b).

Although in practice the periphery of
this loop is dictated by the tortuous route
it may follow, it has a certain effective
area to the signals. If its whole area were
located in one plane, then the signal pick-
up would be proportional to the total
area, but as it more likely occupies several
planes, the resultant signal pick-up will be
some function of the area in each plane
and the direction and intensity of the in-
coming signal field strength.

Nevertheless, it is fairly obvious that as
the receiver is raised above ground level
the effective area of the loop becomes
greater in a vertical plane. Thus, fifth-
floor listeners who connect the carth wire
to the aerial terminal will expect a greater
signal input than ground-floor inhabitants
—a known fact, indicating one of the
possible advantages of being poor!

Piezo Selectivity

PRESSURE. WAVES IN LIQUID

A PIEZO-ELECTRIC crystal is one of
those strange combinations which
Nature occasionally produces to astonish
and delight the connoisseur. It may be
described as a perfect motor-generator

unit, in miniature, because it will vibrate

bodily at the frequency of an applied AC
voltage, or, with equal facility, will gene-
rate electric oscillations in response to
applied pressure-variations. By cutting it
to a certain size and shape it can be made
extremely selective, even to frequencies
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which are regarded as ‘“ high *’ in the radio
field.

It has already found various practical
uses in wireless technique, particularly for
stabilising the frequency of transmitters,
and as a highly selective ‘‘ gateway’ in
filter circuits, In television, too, an inter-
esting type of light-cell has been developed
in which a piezo-electric crystal sets up a

Electro-mechanical selectivity device em-
ploying piezo-electric crystals.

train of supersonic ‘‘ pressure’’. waves in a
liquid through which the light-ray to be
modulated is passed. The idea of produc-
ing mechanical vibrations at radio fre-
quency has recently inspired a new line of
attack on the old problem of selective re-
ception. Presumably the object aimed at
is a higher degree of discrimination than
can be attained with present methods of
electrical tuning.

The principle of the new method is illus-

trated in the accompanying drawing (from

Patent No. 499142) which shows a group
of piezo-electric crystals enclosed in a
vessel or cell containing water or other
liquid. The incoming signals are applied
after high-frequency amplification to a
piezo-electric crystal Q, which is cut to
respond aperiodically to a comparatively
wide band of frequencies. The resulting
crystal vibrations set up supersonic ‘‘ pres-
sure”’ waves in the liquid in which the
crystal is immersed. The waves pass
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through a screen E made with apertures or
slots so that it acts as a diffraction grating
to form a series of ‘‘ interference bands”
in which waves of different length are
spaced apart from the central axis accord-
ing to their wavelength.

Piezo-electric crystal resonators Q1, Qz,
etc., each cut to respond to a different
wavelength, are suitably spaced apart, as
shown, so that each picks out its own fre-
quency, and converts the pressure-waves
into equivalent voltage variations. These
are then passed on to separate amplifiers
and detectors (not shown).

The crystals may be ‘‘loaded,”” as
shown on the right-hand side of the draw-
ing, in order to accept any desired width
of sideband frequencies. A block B of
sponge-rubber absorbs the  undiffracted
waves which travel along the central axis
of the cell.

PROBLEM CORNER—-17

An extract from Henry Farrad’s corre-
spondence, published to give readers an
opportunity of testing their own powers of
deduction :—

90, Fays Way,
Vectorford.
Dear Henry,

Thank you for explaining the condenser
current affair; evidently I must swot up
some AC theory! In the meantime I am
thinking of making up a simple valve volt-
meter according to a circuit I saw some time
ago. Here it is:—

0.1 mid

1 gather that the object of the resistance R
is to balance out the valve current. (about
2 milliamps) through the meter so that it can
start from scratch, as it were. But I am not
sure what value R ought to be. I should
be very much obliged if you would let me
know.

Yours sincerely,
Fred New.

Henry Farvad’'s

page 404.

solution is given on

WHEN IN
VENICE

A number of new re-
gional headquarters
are being planned by
the Italian Broad-
casting Authorities.
The Venetian centre,
a model of which is
illustrated here, will,
in common with
many other buildings
in that city, be ac-
cessible only by
water.
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Double - beam

EVELOPMENT in cathode-ray
tubes proceeds nearly as rapidly
as in valves ; this is not surprising
in-view of their wvalue for research,
servicing and . television. In this
article is described a double-beam tube
which enables two images to be
produced simultaneously.

HE cathode-ray tube is now be-
coming so well known that there
is no need to enlarge on its merits
and  versatility in  solving

problems of innumerable varieties, not
only in radio but general electrical,
mechanical, medical and other fields. Its
great advantage over most other indica-
tors, such ‘as pointer instruments—volt-
meters, -etc.—is that it works in two dimen-
sions simultaneously and shows the rela-
tionship between a pair of quantities such
as voltage and time, amplitude
and frequency, etc. Although
the ordinary single-beam tube,
plus a little ingenuity, clarifies
the majority of problems, a still
wider field of usefulness is
opened up if we have two beams
to play about with in one tube,
for this allows the relationship
between three quantities to be
observed ; for example, current,
voltage and time.

The means by which the two
beams are provided in the
Cossor double-beam tubes is ex-
tremely simple ; it consists of one
extra plate, located midway be-
tween the first pair of deflector
plates that the cathode-ray en-
counters (the Y plates). As at
this stage the ray is undeflected
and, moreover, 1s in a diffuse
condition, it is split in halves
by this central plate, which
is internally connected to the
main anode and hence is at
zero or reference potential so
far as the deflection system
is concerned. This extra -
plate can be seen in Fig. 1.
Fig. 2 is a general view of the
whole electrode system.

When the split beam pro-
ceeds to come under the
influence of the X-plates,
both halves are equally deflected by them.
So if, for example, a time-base voltage is
applied to the X-plates, both beams are
drawn horizontally across the screen, but
they can be independently deflected ver-
tically by the Y-plates so as to show both

— Cathode-ray [ ube

Examining Relationships
Between Three Quantities

By M. G. SCROGGIE; B.Sc., A.M.LE.E.

current and voltage waves or any other
two quantities that may be of interest.
Also, since the horizontal displacement is
the same for both, any phase difference
between the two waves is accurately de-
picted, and in the form that is most
familiar in diagrams, as, for example, in
Fig. 3. Itis possible to show and measure
phase differences with a single-beam tube,
too, but generally not so accurately or
conveniently, nor is it such a simple
matter to tell whether the phase shift is
a lag or a lead.

Not only is the construction of the
double-beam tube nearly as simple as the
corresponding single-beam type (reflected
in the comforting fact that there is no
increase in the price, which is
£6), but it is obvious that no
additions to the external appara-
tus are needed, with possibly
the slight exception of provision
for biasing each beam indepen-
dently in order to adjust its posi-
tion on the screen. Sometimes
it is a definite advantage for the
two patterns to be superimposed,
for direct comparison ; in other
cases it is preferable for them to
be separated one above the
other. Obviously this can be
done by applying a suitable
steady voltage in series with the
signal voltage. The complete
interchangeability ~ with  the
single-beam tube is a great con-
venience in the design of the
oscillograph in which the tube is

used.

The double-beam cathode-
ray oscillograph removes the
one remaining excuse for the
moving-mirror type of oscil-
lograph, so inferior in most
respects but retained by some
workers for the facility of
examining two traces simul-
taneously.

Fig. 2.—The electrode system
in general is similar to that of
the ordinary single-beam tube.

An alternative method of showing two
patterns on one screen simultaneously is
by means of what is known as an elec-
tronic switch—a valye oscillator arrange-
ment for rapidly alternating the connec-
tions from one source of deflection to the
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Fig. 1.—Close-up view of deflector plate
system, showing extra plate for splitting
the beam. .

other. Such a device is more compli-
cated, much more expensive, less reliable
and less effective than the double-beam
system, being subject to phase delay and
frequency limitations. On the other hand,
the disadvantages of the double-beam
tube are comparatively slight. Obviously
the brightness of each beam cannot
exceed half the brightniess of an undivided
beam, other things being equal; but a
slight reduction in negative grid bias can
put this right. Then, as it is obviously
impossible to employ symmetrical (or
push-pull) deflection to the Y-plates of
the double-beam tube there may be a
slightly increased tendency to trapezium
distortion or wide-deflection defocusing
of the pattern. In the Cossor 3229 4}in.
double-beam tube, however, as in the
corresponding single-beam type, the 3243,
special precautions have been taken in the
design to minimise trapezium distortion
when either symmetrical or asymmetrical
deflection is employed.

Test Connections

The method of use is almost self-
explanatory, as, apart from the separate
action of the two Y-plates, everything is
the same as for the conventional single-
beam tube. Fig. 4 shows the simplest
possible connections, an arrangement that
is useful as a preliminary test to satisfy
oneself that the tube is functioning cor-
rectly. Any AC source, conveniently
about 50 volts from the mains, is con-
nected across the X-plates and also be-
tween both Y-plates and A3. If it were
not for the middle plate separating the
two beams there would be no Y deflection
at all, for the Y-plates are of the same
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Double-beam Cathode Ray Tube—

sign; with it the beams are deflected in
opposite directions giving a St. Andrew’s
cross-pattern as shown. It is as well that
this fact should be thus impressed on the
memory, so that this 180 deg. phase shift

PHASE
SHIFT

Fig. 3.—Phase difference between current

and voltage—or between two voltages—can

be observed in the usual diagram form by
means of the double-beam tube.

may not be left out of account when con-
sidering wave patterns.

If either Y-plate is disconnected from
the signal (and of course earthed to A3
instead) the beam affected draws a hori-
zontal line, as shown dotted. This, inci-
dentally, is often a convenience even when
the tube is being worked in the single-
beam manner, because it forms a base
line from which the amplitude of deflec-
tion can be measured or judged.

One of the most obvious applications
of the double-beam tube has already been
suggested—examination of both current
and voltage waves simultaneously. 1If
both of these refer to a particular imped-
ance, the phase angle of that impedance
can be seen at once by inspection. But, as
emphasised above, it is necessary to re-
member that one of the waves is inverted.
Thus in Fig. 3, whatlooks at first like about
go deg. current lag is actually a lead of
that amount, showing the impedance to be
nearly a pure capacity. The method of
connection, of course, is to apply a linear
time base to the X-terminals, the voltage
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across the impedance to one Y-terminal,
and the amplified voltage across a small
resistance in series with the impedance to
the other Y-terminal. The resistance must
be negligibly small in comparison with the
impedance, hence the necessity for amplifi-
cation. Needless to say, the amplifier
must be free from distortion and phase
shift at the frequency concerned. An in-
teresting application is examining the cur-
rent and voltage in a power rectifier cir-
cuit. The way in which the amplitude,
waveform, and phase of the current pulses
vary with conditions can be observed as
the conditions are changed.
Another application is comparing the
waveforms at different stages of a system,
~such as input and output. = When both
are in phase, the simplest and best method
is.by applying them to X- and Y-plates of
any tube; because no time-base generator
is needed, the signal generator need not
be of pure waveform, and distortion is
much more clearly indicated than in the
method usually recommended in which
a pure waveform must be kept in the
mind’s eye for comparison. But when
there is an appreciable phase difference,
the simple method is not so satisfactory.
The disadvantages of the usual time-
base method can be largely overcome
with a double-beam tube, however; for the
input waveform can be displayed for com-
parison, and it is not essential for it to be
exactly sinusoidal. In fact, the way is
opened for much more searching tests,
more representative of working conditions.
If, for example, a saw-tooth wave is sup-
plied, amplitude-, phase-, and frequency-
distortion are all shown up at once. This
is particularly valuable in investigating
television amplifiers,  The advantage of
having the test waveform visible for com-
parison is obvious. .
"Valve characteristics can be examined
much more thoroughly and quickly by
cathode-ray tube methods than by
laboriously plotting curves, which in any
case cannot be applied to dynamic or
working conditions, As most modern
valves have numerous electrodes, even the
cathode-ray tube, of the usual type,
grapples imperfectly with the problem;
and it is a great advantage to have the
twin beam so that, for example, the varia-

Fig. 4.—Simple test connections to the deflection plates, and the St. Andrew’s cross figure that
is obtained.
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tions of both anode.and screen current
can be observed as a function of varying
grid voltage, or over a cycle of oscillation.

Departing from exclusively current and
voltage parameters, the examination of
resonance curves of both primary and
secondary windings of a final intermediate-
frequency transformer is usually desirable,
because it is common practice for the AVC
rectifier to be driven from the primary in
order to make use of a less selective
characteristic than the secondary to which
the signal rectifier is connected, and
thereby to minimise ‘‘side-band shriek.”
Lining up the IF circuits in the factory is
greatly facilitated if the two resonance
curves are seen on the screen together, as
is easily possible with the double-beam
tube. Fig. 51is an oscillogram taken in this
way. The double-beam tube can also be
applied to test superhet receivers for
accuracy of tracking.

Fig. 5.—Simultaneous oscillogram of reso-
nance curves across primary and secondary of
an IF transformer.

These few of the many possible applica-
tions will probably be enough to suggest
the value of the double-beam cathode-ray
tube. Although, as already pointed out,
it is a shade inferior to the corresponding
single-beam tube for single-beam use, the
added facilities make it worth considering
as an alternative to the latter for general
purposes.

“ Output Stage and Loud Speaker”

EFERRING to the article published under
the above heading in our issues of Feb-
ruary oth and 16th, the author writes: —
“In the second part of my article, on
page 168, there appeared a very obvious error
under the heading, ‘ Transformer Design.” 1t
is stated that ‘the inductance of the trans-
former should, in the assumed case, be six
times that given by the more usual calcula-
tions.” While this would be the case with a
valve having extremely high plate resistance,
it is not the case with a triode, owing to the
comparatively low plate resistance of the latter,
which is effectively in parallel with the load
resistance. The inductance of the transformer
should therefore be calculated on the basis of
a shunt load equal to the impedance of the
load impedance and the valve plate resistance
in parallel. I apologise for this error and hope
that it is so obvious that no one has been misled
by it.”’ F. LANGFORD SMITH.
Sydney, Australia.
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~_Attenuators s

GLORIFIED POTENTIOMETERS
OR VOLUME CONTROLS

Have you ever been puzzled by
noticing that the component repre-
sented on a circuit diagram thus :—

1

OR

Fig. 1.

is called a volume control when it is

in an ordinary set, but in expensive

apparatus, such as a ¢ communica-

tion receiver,” a public address

amplifier, or a signal generator, it
is entitled attenuator?

ONSIDERED by itself, the device
shown in Fig. 1 is commonly re-
ferred, to as a potentiometer.
Finally, sticklers for accuracy
sometimes describe it as a potential (or
voltage) divider. For no discernible
reason, there seems to be a tendency to
use the last two of these names to distin-
guish between variable and fixed arrange-
ments respectively. It is all very illogical
and muddling. But then I have often had
to point out that, although in these days,
and in such a modern pursuit as radio, one
would expect things to be highly system-
atic, the terms actually used are often
based on an entire absence of clear
thought. Not long ago this muddling led
to the loss of a lawsuit, when the Judge
ruled that the man-in-the-street’s under-
standing of the term ‘‘all-mains’’ was
more sensible than the expert’s. That is
by the way. But it just points the neces-
sity for explaining what one’s terms mean.
Attenuator, then. To attenuate, accord-
ing to the dictionary, means to make thin,
or, by association, to lessen the amount,
force, or value of. The component indi-
cated by Fig. 1 is generally used for tap-
ping off a fraction of a voltage applied
from end to end, and thereby reducing it
to any desired extent. So logically there
is no reason why it should not be called
an attenuator. But engineers who work
in the field now known as ‘‘Telecom-
munications’’ (see your telephone bill
envelope) seem to have established a
custom of restricting the term atienuator
to certain special types .that I shall deal
with in a moment. Accepting this custom,
then, to refer to Fig. 1 as an attenuator is
like calling the toolshed a garage.

Potential Measures and Dividers

The term wvolume conitrol applies only
when the ultimate result of controlling the
voltage is to control a volume of sound;
in those applications it is correct and is
also upheld by custom. Potentiometer

means measurer of potential or voltage,
and although custom allows the word to

_be applied to the ordinary volume-control

type of component, it is a very bad and
wrong custom ; this term should be used
only for instruments (based, it is true, on
the same principle, but generally very
precise and costly) that do actually
measure. Polential divider is, perhaps,
the most correct term for the component
wherever used, but, as I have said, there
is a tendency to restrict the name to
arrangements in which the tapping is
fixed, such, for example, as simply two
resistors connected in series so that a re-
duced voltage can be taken from across
one of them.

To come now to attenuators proper, I
am not sure that the term has ever been

_rigidly defined, but it is taken to apply

to arrangements for reducing power rather

1

| I

FUiL
VOLTAGE

Fig. 2.—The simple *‘ potentiometer ’’ is
suitable in unloaded circuits like this, for all
except a very wide range of control . . .

than voltage. To see the difference, con-
sider how the ordinary volume control is
used. It is connected so that the portion
of signal voltage tapped off is applied to
the grid of a valve (Fig. 2). Used with
suitable negative grid bias and for audio-
frequency input, no appreciable current
flows through the valve from 3 to 2.
Therefore no power is directly controlled,
only voltage. Power is controlled in-
directly in the anode circuit of the valve,
but the volume control need know nothing
about that.! As there are generally good
reasons for avoiding a low  resistance
between 1 and 2, the usual value chosen
is quite high—half a megohm. The volt-
age tapped off is, of course, proportional
to the resistance between 3 and 2. If
10 volts is applied befween 1 and 2 and
the resistance from 3 to 2 js 0.1 megohm,
the voltage passed on to the valve is

0.1
10 x —, Or 2.
0.5

€

Now suppose that a ‘‘ volume control”’
is used for directly attenuating power—
that is to say, there is a load circuit
between 3 and 2, into which a part of
the full current flows (Fig. 3). Continuing
to use the values that I have just given
as an example, and supposing that the
load circuit is 0.1 megohm, it is clear that
the resistance between 3 and 2 is no longer
0.1 megohm, but, due to the load in
parallel, is now only 0,05 megohm. The
resistance from 1 to 2 is reduced to
0.45 megohm, and the voltage passed to

~

. 0.0
the load is 10 x 2
0

, or 1.11 instead of 2.

So, unless the resistance of the load into
which the simple potential divider works
is infinitely large—at least, very much
larger than the total resistance of the
potential divider itself—the scale cannot
be calibrated to show what attenuation is
being given. The amount of attenuation
depends not only on the setting of the
control, but also on the load resistance.
Another thing: the resistance between I
and 2 also varies with the setting—in this
case from 0.5 megohm at zero to 0.083
megohm at maximum—and this may have
a considerable effect on the input power
if it comes from a source having appre-
ciable resistance. Both these effects can
be reduced by making the resistance of the
potential divider very low, but generally
that is impracticable, because it more or
less short-circuits the source of power.
Still another drawback is that it is difficult
to cover a very wide range of control;
usually adjustment becomes very critical
near the ‘“zero’’ end.

Real Attenuators

This is where real attenuators, in the
generally accepted sense, come in. Even
they cannot be arranged to give a power
reduction that is quite independent of the
load resistance. For one thing, power is
proportional to the square of the voltage,
but only when the resistance is fixed.
Then even the voltage attenuation depends

10 VOLTS

L

0.5MQ
;

1 To be strictly correct, it may know a little
about it, due to * Miller effect *’; but that does
not materially affect the argument.

Fig. 3.—. .. but is less satisfactory for
controlling power,
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Attenuators— . ‘ .
on the load resistance and also on the re-
sistance of the source, but in certain types
of attenuators these effects may be much
smaller than in the simple Fig. 2 scheme.
I am not going to go deeply into the
theory of attenuators—plenty of text-
books do that—but a few illustrative
figures will give some idea of the principles
on which they work.

In order that it should not seem too
much up in the air, I shall take as an
example the working of a loud-speaker
load from an amplifier source. This has
the advantage of being a familiar case,
although, on the other hand, it will be
necessary, for the sake of simplicity, to
ignore complications arising from the fact
that a loud speaker is not a pure, constant
resistance at all frequencies. Still, it will
be found that a proper attenuator is a
great advance on a simple volume control
in those circumstances where it is neces-
sary to adjust the volume actually in the
loud-speaker circuit rather than at an
earlier stage in the amplifier. Such con-
ditions arise in public-address and exten-
sion loud-speaker installations.

Suppose, then, that we have a 15-ohm
loud speaker working from a tetrode valve
for which the optimum load is 6,000 ohms.
A step-down transformer is necessary to
make these fit one another, and its ratio
is calculated in the usual way by taking
the square root of the resistance ratio,
6,000

, or 400. The square root of 400 is

20. So much for the transformer. Now
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the valve resistance by 400. The actual
circuit, shown in Fig. 4(a), is then
equivalent to Fig. 4(b), where V repre-
sents the signal voltage generated in the
valve, RL is the load resistance (loud
speaker), and Rv is the valve’s own re-
sistance. And here a little explanation is
necessary. We were given a valve hav-
ing an optimum load resistance (referred
to the secondary) of 15 ohms. That does

lm‘ -
Lo
Rvisa I

2250

l 119 ’ 150SRL

Fig. 5.—An example to demonstrate the
shortcomings of the ‘‘ potentiometer ’* when
used as a volume control in a power circuit.

not mean that Rv is also 15 ohms. Being
a tetrode, it is probably much greater ; if
it were a triode it would be less.

It is true that RL = Rv is the condition
for maximum power output, but not for
best results, taking distortion into account.
Calculation of attenuators (and filters) is
much easier if RL and Rv are equal, how-
ever ; and as for this purpose it is quite
a simple matter to make them equal by
the use of a little negative feedback, we
shall do this, giving the equivalent circuit
shown in Fig. 4(b).

Full volume is obtained when the dotted

connections are

Rvg1s0

taken straight
across. Now sup-
pose a simple
potential divider is
used to halve the
voltage across RL
(and therefore to
quarter the power).
A potential divider
of almost any re-
sistance can be

1soSRL

(b)

used to do this;
but it can be calcu-
lated that the only

Fxg 4.—The valve and loud speaker circuit (a) can be reduced to (b)

for purposes of calculation.

suppose it is desired to reduce the power
reaching the loud speaker. If the 1dad re-
sistance into which the tetrode works is
altered, there is a likelihood of distortion.
So it is not satisfactory simply to put a
resistance in between valve and speaker,
or to shunt the valve with a parallel re-
sistance. The simple potential divider is
slightly better. But the attenuator circuit
can do-it perfectly. -

One has the choice of -connecting the
attenuator on the high-impedance (or
primary) side of the transformer, or on
the low-impedance (or secondary) side.
As the transformer is usually part of the
amplifier and the attenuator may be
needed near the speaker, we shall adopt
the latter. The transformer, then,-can be
regarded as having the effect of dividing

one that can do so,
and yet keep the
load resistance at
15 ohms, must
have a resistance of 22.5 ohms, and the
desired result is obtained when the tap-
ping is 15 ohms up (see Fig. 5). (Itis
quite easy to see that RL in parallel with
this 15 ohms is 7.5 ohms, and added to
the upper 7.5 ohms the total is 15). The
resistance in parallel with the loud
speaker is no longer 15 ohms; it is rather
less because there are two paths, but that
doesn’t matter, in fact it is all to the good.
. So far so good, but when any different
adjustment is made the total load resist-
ance alters and’ the valve is no longer
working at optimum. Suppose, for ex-
ample, that the voltage is to be reduced
to one-tenth of what it would be with no
potential divider in circuit. RL would
have to be tapped across 2.1 ohms, and
the load on the valve would be 22.2 ohms,
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Again, with the control at ‘‘ Maximum,’’
not only would the total load resistance
be down to g ohms, but 40 per cent. of
the output from the valve would be
wasted in the volume control, and could
not be recovered without taking it out of

-circuit. Even some of the more elaborate

attenuators suffer from this defect; it is
specified as the insertion loss. Of course,
all these data are given in decibels, but
for the sake of readers who haven’t yet
got the knack of thinking in dbs. I am
sticking to ordinary figures.

One way of getting over the difficulty
about constant load resistance is to make
the upper and lower parts of the potential
divider separate, so that one is no longer
bound to have them add up to the same
amount all the time. They can take the
form of two ganged rheostats of the
rotary slider type with windings specially
‘“ tapered ’ to give the right characteris-
tics. Or if continuously variable adjust-
ment is not needed it can be worked by
ganged stud switches and fixed resistors ;
this method enables the insertion loss to
be avoided. To  distinguish these
attenuators from simple potential dividers
the two parts are generally drawn at right
angles, as in Fig. 6, and this is why they
are known as the L type (upside down,
in this case).

Constant Resistance

There are two chief lines of elaboration
from this stage onward. One is with the
object of making the attenuator suitable
for certain uses in which it is essential for
the resistance to be constant, looked at
from both ends. The L type can be de-
signed to keep the resistance constant
from one end only, as we have just seen ;
but by elaborating it into a T it is pos-
sible to look after both ends.  Sfill
stricter requirements—which we are not
likely to come up against, though I
believe telephone engineers do—make it
necessary to have a 5-element attenuator,
known as the H tvpe, for use in balanced
systems. I won’t even trouble to draw
the diagrams ; they are obvious, anyway,
if it is realised that the H lies on its side.

The other line of development, though
less orthodox, is of more interest to us.
It is used in many signal generators and
the more elaborate types of public-address
volume controls, and consists of a string
of L units, known for obvious reasons as
a ladder. It is not a perfect attenuator:
the resistance looked at from one of the

Fig. 6.—Theoretical diagram of the L
attenuator, which differs from the potential
divider only in the manner in which the
two arms dre varied for control purposes.
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two ends is bound to vary, as in the
simple L ; and there is an insertion loss.
On the other hand, it can be made fairly
cheaply, and the amount of attenuation
introduced by each step is hardly affected
.even by variations in the load resistance,
except for the one or two steps nearest
the RL end. There are several variaticns
of it: Fig. # shows one; another is
switched from the source end; and for
continuous variability Fig. 8 shows a use-
ful compromise in
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be worked out with
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little more than the

knowledge of
Ohm’s Law, it is
liable to' land one in SRv
fairly involved cal-
culations. It is not
that the mathe-
matical require-

Ru

ments are advanced

—only simple *
algebra is needed—

which the input
and output resist-
ances of the at-

tenuator vary only
slightly, and can
be exact at each

point where the
slider is at a junc-
tion with one of Rv

Fig. 7.—One form of
the ladder attenuator
—a type commonly

Ri

used in signal gener-
ators.

the vertical or shunt resistance elements.
Although the design of attenuators can

but it is a test of clear thinking, and there-
fore an excellent exercise.

News from the Clubs

Ashton-under-Lyne and Dis!rict Amateur
Radio Society

Headguarters: Commercial
Ashton-under-Lyue, \I\{anics. days
ings: Alternate ednesdays.
Lﬂ:ﬁf sgec.: Mr. K. Gooding, 7, Broadbemt Avenue,
Ashton»under»Llyng! Lanecs.
he annua inner on [ 1 r vas
de‘%ztet on the respective merits of superhets and
straight receivers. There is considerable act‘rv:t;y‘
;xlnoxlg certain transmnitting members in pixg matter
of experiments with different types of acrials,

British Sound Recording Association

. 44, Valley Road, Shortiands, 1\'(*11‘&
:g?‘(.iqsueac!:t:e:\s”. 4F: J. Cl)i};m, 14, Tirlemont Road, South
Loy Surrey. =

gln('):;?;}i'l ?;m\ {l large party of members visited the
Imperial Sound Studios at 84, Wardour Street, I_‘und.m;‘
W.1. Prior to members’ inspection of the‘eq{\m‘mm .
a talk was given to them by Mr. H. L}, Sahend'.xvn on
the beginnings of the sound film industry. App)d)umla
is available at the studios for recordmgrdnut on
16 mm. film stock as well as on standard 35 mm. filtm

stock.

Croydon Radio Society
Headquarters: St. Peter's Hall, Ledbury Road, South
Croydon, QSm'riy. ¢ s pm
ings: Tuesdays a .m. .
::Ioe'c;f!gib. Sec. : M)r. %. L. Cumbers, 13, Campden Road,
th Croydon, Surrey. . )
'Sl?;é sessiozx was concluded on April 4th by a musical
evening, using a  sclection of grumophn‘ne }re('onl's
supplied by members and played on Mr. S. F. Wehster's
iligh-qunlity apparatus. The new session will open on
the first Tuesday in October.

Hotel, 86, Old Street,

April 2nd there was a

Golders Green and Hendon Radio

Scientific Society
Headguarters: Regal Cinema, Finchley Read, Hamp-

stead, London, N.W.2. ]
Hon. Sec.: Lt.-Col. H. Ashley Scarlett, €0, Pattizon

Road, Hampstead, London, N.W.2.

on April 26th Mr. Maurice Child lectured on 40-
metre DF work and explained the salient features of
his latest apparatus. o )

The annual 40-metre DF competition will be held on
May 21st, the field of operation being in the St. Albans-
Berkhamsted-Dunstable-Stevenage area, Clubs which
wish to participate should communicate with the
secretary as soon as possible,

Edgware Short-wave Society

Headguarters: Constitutional Club, Edgware.

Meetings: Wednesdays at 8 p.m..

Hon. Sec.: Mr. F. Bell, 118, Colin Crescent, Hendon,
London, N.W.0, . .
Mr. Hardy gave a talk on DF and aircraft-landing

equipment at the March 22nd meeting. At the follow-

i

ing meeting another member dealt with aerial experi-
ments.  On April 5th Mr. Rice, of the Mullard Co.,
described his firm's oscilloscope and signal generator.
Guest night was held on April 12th, and en April 19th
a QSL card night took place. On April 26th there was
4 discussion on  the proposed equipment for the
R.S.G.B. field day.
A junk sale will be held on May 3rd.

Fig. 8.—A cheap form of continuously variable attenuator.

Romford and District Amateur Radio
Society

Headguarters: Y.M.C.A. Red Triangle Club, North

Street, Romford, Essex.

Hen. Sec.: Mr. R. €. E, Beardow, 3, Geneva Gardens,

Chadwell Heath, Essex.

A lecture on amplifiers was recently given by a
Tungsram representative.

On April 16th the club participated in a field day
arranged by the Brentwood Society. Plans are also
being formulated for joint field days to be held by
the Brentwood, Southend, Welwyn, liford and Rom-
ford Societies.

Slough and District Short-wave Club

Headguarters: 35, High. Street, Slough, Bucks,

Mestings: Alternate Thursdays at 7.30 p.m.

H(‘D;\. fec.: Mr. R. J. Sly, 16, Buckland Avenue, Slough,
UCKks.

On_April 13th the chief item of interest during the
evening was a talk given by Mr. R. J. Sly on the ultra-
high frequencies. Morse practice followed. At the
next meeting, which is being held this evening (April
27th), there will be a discussion on etheric conditions.

Southend and District Radio and Scientific

Society
Headquarters: Strand Chambers, High Strect, South-

end, Essex
Meetings: Alternate Fridays at 8.15 p.m.
Hon, Sec.: Mr. J. M. S. Watson, 23, Bastwood Boule-

vard, Westceliff, Essex.

On April 14th Mr. J. F. Veevers, of the Government
Contract and Instrument Dept. of E. K. Cole, Ltd.,
gave a lecture on ‘“ Radio Receiver Measurements.”

On April 28th a lecture will be given by Mr. G. P.
Britton, of Steatite and Poreelain Products, Ltd.

Watford and District Radio and
Television Society
Hon. Sec.: Mr. P. G. Spencer, 11, Nightingale Road,
Bushey, Herts,
A meeting was held on April 24th at the Carlton Tea-
rooms, #\WWatford, when a demonstration was given by
tlie llamrad Company.

British Automatic

PPARATUS similar to that described on
page 255 of our March 16th issue is
marketed in this country by Visual Sound
Equipment, ILtd., 10, Golden Square,
London, W.1.

Two models are made and in the “ Flat”’
model illustrated, a translucent screen mea-
suring about 11in. X 15in. is incorporated
in the lid. If required, a longer focus lens
can be supplied for projection
to a larger screen up to dis-
tances of 30 feet. The ** Up-
right ”’ model is suitable for
larger audiences and has a
more  powerful  projector
lamp.

The sound is recorded on
10, 12 or 16-inch discs and
the motor may be run at 33.3
or 78 rpm. A piezo-electric
pick-up is used, and the 4-
valve AC/DC amplifier sup-
plies a 64-inch Goodmans }
loudspeaker. The visual
illustrations take the form of
still pictures on a standard
35 mm. non-inflammable film usually five
feet in length with about 75 frames.

Both models pack into a case constructed
of 9-ply measuring 19in. X 19in. X gin. and
weighing approximately 45lb.

Lecturer

The ¢ Audi-Vision "’ automatic lecturer pro-

jects “still ”’ pictures from 35 mm. film with

sound commentary or accompaniment from
slow-running gramophone records.
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VEN dgnoring the purely radio |
aspects of the subject, the earth
connection plays an zmportant part
in  providing  protection against
shock and other untoward results of
electrical  breakdown in  wireless
apparatus. The importance of low
earth resistance is siressed in this
article, and methods of reducing
resistance are described '

1
1
)
¥

HE average owner of a wireless

set’ knows that he provides an

earth to improve reception, but

he seldom realises that, with a
mains-operated set, the earth is also
necessary for protective purposes. What-
ever the requirements from the Ppoint of
view of reception—and considerable varia-
tion in characteristics is possible without
a great variation in results—the require-
ments. from the aspect of protection are
very rigid. A set is not often protected
with less than a 5-ampere fuse, and to
blow such a fuse within a minute requires
a total earth path resistance of not more
than 23 ohms on a 230-volt circuit. In
urban areas it may be assumed that the
sub-station earth resistance is small and
that the majority of the 23 ohms may be
situated at the set earth electrode. In
rural areas such an assumption would be
unjustified because the supply is fre-
quently obtained from a pole-mounted
transformer where the earthing consists of
a single pipe or plate which may have a
resistance of ten ohms or even more in
exceptional cases. To ensure the 5-ampere
fuse blowing in such cases, the set earth
electrode must have a correspondmgly
lower resistance.

Unless an appropriate value of earth
resistance is obtained the fuse will not
blow when there is an earth fault on the
set, and this will give rise to the following
possibilities:—

(1) A risk of shock by touching the
metalwork of the set or a bare
earthing lead.

A fire risk due to the overheating
of the earthing lead.

The risk of shock to human beings
and animals due to voltage gradient

(2)
(3)

~Earthing

on the surface of the ground
around the earth electrode.

(4) Abnormal current consumption due
to a fault which remains unde-
tected for months.

These possibilities are no mere chimeras
—cases have actually been known, and
doubtless many faults have existed un-
detected and probably still exist to-day.
With regard to item (4) it might be
pointed out that a current of 5 amperes
flowing to earth on a set used for an
average of 6 hours per day would cost
over 14s. per month if the current cost
were one penny per unit.

Many different forms of earth electrode
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THE IMPORTANCE OF
LOW-RESISTANCE CONNECTIONS

By H. G. TAYLOR, M.Sc. (Eng.), A.M.LE.E.

(Electrical Engineer, Copper Devpt. Assoc.)

of the order of 10,000 chm-cms. or more.
In such a soil the resistance of a 1in. dia.
electrode 6ft. long is about 50 ohms,
which, it will be appreciated, is useless
as a form of protection.

The resistance of rod elcctrodes is given
by the formula:—

48L

R = 83—L logm d_
Where p=soil resistivity in ohm-cms.
L=length of electrode in feet.
d = diameter of electrode in inches.
A curve based on this formula is shown
in Fig. 2, where the earth resistance of a
3in. dia. electrode is plotted against the
length for soil having a resistivity of 1,000

may be used, but for radio purposes the ohm-cms. Where the soil resistivity has
sxmplest and (‘heap- some other value,
est is the driven 50 say p'!, the resist-
rod. Examples of ance may be deter-
this are shown in mined by multi-
Fig. 1. The resist- a plying the wvalue
ance of such elec- ;given‘ by the curve
trodes, in lact of all g by p'/1,000. If the
electrodes, is not a S 30 diameter of the
contact effect be- £ \ electrode is halved
tween the metal and ¢ \ or doubled, the re-
the soil, but is due JE * \ sistance of a 6ft.
to the resistivity of | & N rod is increased or
the soil itself. The % N decreased by some
type of soil has a 10 R 12} per cent., and
very material effect I it will, therefore, be
on its resistivity, clear that increase
which. may range ° 2 3 10 of length is much
from about 100 LENGYH OF ELECTRODE IN FEEY more important
ohm-cms. in a salt : than that of dia-
marsh to 1,000,000 Fig. 2.—Earth resistance of a }-in. dia. meter.  For this
ohm-cms. in dry electrode in soil ha}:’mg a resistivity of reason, to obtain
sand. The usual 1,000 ofm-cms. the lowest resist-

range of resistivities is, however, between
500 ohm-cms. and 50,000 ohm-cms.
At the lower end of the scale is clay, which
varies from 500 ohm-cms. up to several
thousand ohm-cms. Then comes loamy
soil, which can vary considerably accord-
ing to whether it is wet or dry, and,
finally, sand and gravel. In proximity to
houses there is invariably a certain amount
of loam and humus mixed with sand or
gravel which tends to reduce the resistivity,
but, nevertheless, the net value may be

Fxg, 1.—Copper earth electrodes-of various types.

(a) Plain copper tube ; (b) ‘ Anacos ’’ rod

(Frederick Smith and Company); (c) ‘‘Copperweld ’ rod (British Insulated Cables); (d)

“CJavelin ”” power earth rod (B.I.C.); (e) ‘‘ Anacos ’’ rod with different type of connection ; ;
(f) plain copper rod.

ance for a given cost, the tube or rod
should have as small a diameter and as
great a length as it is possible to drive
into the soil. A particularly convemcnt
form of electrode is a pointed iin. dia.
hard-drawn copper-rod. By the applica-
tion of a large number of light blows
applied with a 2}- or 4-1b. hammer, such
electrodes may be driven many feet into
the soil,

The electrode normally used for wire-
less purposes is practically useless for
protection. This is due to the fact that
it is invariably too short. It will be seen
from Fig. 2 that even in soil having a
resistivity as low as 1,000 ohm-cms. an
18-in. to 30-in. electrodg has a resistance
between 10 and 20 ohms, This is in a
particularly favourable soil—frequently
the resistivity is much higher than 1,000
ohm-cms. at the surface, especially when
drying out occurs in summer.

There are three ways of reducing the
resistance: (a) by using a longer electrode,
(b) by connecting several electrodes in
parallel, and (¢) by treating the ground
around the electrode with salt.
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Earthing—

The first is the best and most satis-
factory method, since by this means low
resistivity moist soil is reached which does
not dry out in the summer. The only dis-
advantages are the
patience required for

Wireless
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more effective than frequent watering.

In the early days of the electrical in-
dustry, it was customary to measure the
resistance of earth electrodes by means of
batteries, but considerable skill and

driving and the

§

possibility of driving
the electrode into

other buried metal-

work. Power en-

gineers seldom use a
length of less than

6ft.; 8it. is common,
and recent develop-

ONE ELECTRODE
:

ments employing

PERCENTAGE OF RESISTANCE OF

coupled rods and
mechanical hammers 30

for driving have
shown the possibility

19 15
DISTANCE APART IN FEET

of using lengths of
50 or even 100 feet of
copper rod.

The second method
(b) must be resorted to in addition to the
first (@) in certain cases, but the electrodes
should always be well separated. The
effect of proximity is shown in Fig. 3, and
indicates that at least 6ft. should separate
the rods if possible. The third method of
reducing the resistance, viz., the use of
salt, is very effective, and, provided that
sufficient salt is used, is very lasting in
some soils, By this means the resistance
may possibly be reduced by as much as
9o per cent., but this is only likely in a
sandy soil which normally has a very high
resistivity. In clay the percentage re-
duction is much less, but naturally it is
not so necessary. For 6-ft. rods at sub-
stations 1 cwt. of agricultural salt is
generally recommended—this may seem
a lot for a radio earth, but it may be
obtained for about 3s. 6d., provided that
only a coarse quality is used. The usual

A C BUPPLY

NEUTRAL

[ LIVE WIRE

RESISTANCE
NOT LESS
THAN 1009

HIGH RESISTANCE
VOLTMETER

TEMPORARY/ *
POTENTIAL
ELECTRODE

1 NOT LESS'
THAN 101t

ROD

.

Fig. 3.—Variation ‘of earth resistance with spacing of two 1-in.
tube or rod electrodes connected in parallel.

trouble were required to secure accurate
results. A much more convenient method
is now generally adopted, using a special
test set similar to a ‘* Megger.”” Provided
an AC supply, an ammeter and a voltmeter
are available, a qualified person may,
however, dispense with the use of a special
instrument. If great care is used the
earth electrode resistance may be measured
by connecting up as shown in Fig. 4.

Methods of Measurement

The live wire of the supply is connected
to the earth electrode for a few seconds
through an ammeter, and a resistance of
not less than 100 ohms and the voltage
drop across the electrode is measured. For
this purpose a temporary earth electrode
is driven into the ground at not less than
10ft. from the radio earth and well away
from any buried metalwork. The resist-
ance of the voltmeter must be high com-
pared with that of the temporary earth
electrode or otherwise too low a voltage
will be measured and too low a resistance
calculated. If no voltmeter is available,
an approximate idea of the resistance
may be obtained by assuming the supply
voltage, measuring the current, calcu-
lating the total resistance and deducting
the known added resistance. If no am-
meter is available, the resistance may be
determined by comparing the voltage drop
across the additional inserted resistance
and across the earth electrode. In making
tests of this nature, particular care should
be taken to avoid the risk of shock especi-
ally when standing on the ground outside
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the house, since in such circumstances an
excellent earth connection is made by the
feet; it is preferable to make all tests in-
doors and to run insulated wires to the
earth electrodes before connecting to the
supply. No one should be allowed near
the electrode while the current is on.
Reference is made above to the risk of
shock from an earth lead. This is most
likely to occur if the earth electrode is of
insufficient resistance to blow the fuse, but
it can also occur if resistance exists at the
fault point between the live wire and
earth., To avoid the danger arising from

.such a situation the earthing lead on an

all-mains set should always be insulated.
Reference was also made to the danger
from voltage gradient around an electrode.
This is particularly steep adjacent to a
rod, as is shown in Fig. 5. This voltage
difference between two points on the
ground surface may be felt by a person
taking a long stride away from an elec-
trode, and to cattle such gradients have
proved fatal; to domestic animals they
might at least prove unpleasant and, if
such an animal touched the top of the

electrode, might be dangerous. The
e Nl
[
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. DISTANCEV FROM ELECTRODE IN FEET

Fig. 5.—Voltage gradients around rod elec-

trode. Curve A : upper end of rod at the

surface. Curve B : upper end of rod 1ft.

below the surface (or upper end insulated to
a depth of Ift).

steepness of the gradient is very consider-
ably reduced by insulating the top foot of
the rod, and this may readily be done by
slipping a length of earthenware pipe over
it. The top of the electrode and the con-
nection should then be insulated with
tape, several coats of paint or preferably
bitumen,

Fig. 4.—Circuit for measuring earth elec-
trode resistance.

method of applying it is to excavate a hole
about 4ft. in diameter and 18in. deep
around the electrode, insert the salt, water
it well and replace the soil on top—not
forgetting that the soil will sink down as
the salt dissolves. This treatment will
maintain an electrode at a low resistance
for several years, and is considerably

Fig. 6.—Typical clamps for making connection to a rod electrode.
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Earthmg—— ‘

" To ensure the avoidance of corrosion at
the connection a substantial bronze . or

other copper-alloy clamp should be used;
good examples are shown in Fig. 6.

- It should never be forgotten that earths
exist for protective purposes as well as to
facilitate reception, and that-because they

Wireless
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are more neglected than any other part of
an elec’mcal installation the very greatest
care should be taken initially to install

‘them correctly. The wires, clamps and

rods should be of efficient design and ade-
quate size, and they should be constructed
of non-ferrous materials to ensure a long
and satisfactory life.

~ Rating of PA Equipment

HE Council’ of the Institute of
Public Address Engineers has
long been impressed, as surely
must be everybody connected
with the public address industry, with the
entire absence of any generally accepted
standard basis for expressing the perform-
ance of public address equipment.

The Council set up a Technical Sub-

- Committee consisting of G. A. V. Sowter,

B.Sc. (Eng.), AM.LLE.E. (Chairman), N.
Partridge, B.Sc. (Eng), AM.I.LE.E., and
D. B. H. Robinson, A M.1.R.E. (becre-
tary) to consider this matter. After some
preliminary work a meeting was called to
deal with some of the more basic defini-
tions, and was attended by representatives
of the R.M.A., the N.P.L., and other
interested bodies.
- The following extract from the minutes
of the meeting has subsequently received
the approval of the Council and forms the
basis of its recommendations.

(1) MICROPHONES.

(a) Sensitivity, to be expressed in the form
of EMF generated by a pressure of 1 dyne per
square centimetre, the direction of the incident
sound being that for normal operation of the
microphone.  The EMF is that value which
exists across the secondary winding of the
microphone transformer or load resistance and,
in the case of condenser or crystal microphones
the open circuit value. Values of internal im-
pedance or capacity are also desired.

(b) Frequency Response. The variation in
level expressed in decibels over a specified fre-
quency range (such as 6o to 6,000 c/s) is
considered adequate for general purpose instru-
ments. The range might be extended to 30
and 10,000 ¢/s for high fidelity types.

(c) Polar Curve,  Although it is appre-
ciated that a polar curve involves a consider-
able amount of measurements, all available
information is desired.

(d) Distertion. Where the type of micro-
phone is known to be susceptible to distortion
limiting values are requested.

(2) RATING OF AMPLIFIERS.

Maximum Input. The RMS voltage (across
the stated value of input impedance) which
will fully load the amplifier is to be specified.

Rated Output. The output is to be ex-
pressed as the true watts which can be dissi-
pated in the resistive load of value, equivalent
to the nominal load demanded by the amplifier.
The permissible distortion should not exceed
5 per cent. harmonic content or, alternatively,
should be expressed in accordance with R.M.A.
definition the frequency range being specified
and covering the alternative ranges of 6o to
6,000 ¢js or 30 to 10,000 c/s as mentioned
in copnection with microphones.

In the case of pre-amplifiers, the output is
to be expressed as the voltage set up across the
specified resistive load.

Fréquency Response. The variation in out-
put level over one or other of the alternative
frequency ranges for constant input. voltage is
to be stated.

Recommendations of the
Institute
Address Engineers

By DONALD ROBINSON

(Grampian Reproducers, Ltd.)

Neise and Hum Level. This is to be ex-
pressed in the form of energy level in decibels
below the maximum output.

(3) LOUD SPEAKERS.

Loading. This is to be stated as the value
of watts in the form of speech or music cur-
rents and voltages which can be handled with-
out audible distortion.  The electro-acoustic
efficiency or values of maximum
energy are desirable.

Sate Overload. The value of maximum watts
(speech or music)* which can be handled in-
definitely by the speaker without mechanical
damage is also requested.

Coil Impedance. In all cases the nominal
value of coil impedance should be stated. It
is suggested that the 15 c¢hms voice coil be
recommended to manufacturers as likely to find
most favour with PA engineers. The coil im-
pedance is to be defined as the average
measured value over the frequency range jqoo0
to 1,000 ¢/s.

(4) LINES,

Where characteristic impedance is of im-
portance, as in the case of lines longer than,
say, half a mile, the recommended value is to
be either 200 or 6oo ohms. In view of the
possibilities of coupling PA equipment to Post
Office lines in the event of National emergency,
the value of 6oo ohms is preferable.

radiated

The remarks on the report given below,
it must be noted, are but my personal
opinion, and are set out to help people
to appreciate the reasons behind our
recommendations, and the necessity for
them. :

Dealing first with microphone sensitivity
it was considered that the use of the
decibel notation in this instance laid itself

open to too many objections, and that the

system recommended was more easily
measured, more accurate and more in con-
formity with the suggested method of
rating amplifiers. The decibel is not a
tangible, defined unit like the volt, but a
mathematical device utilised for the com-
parison of like units. The oft-used
microphone rating of ‘“so many decibels
down ’’ means just nothing unless a whole
host of relevant data is also given. Asan
amplifier is a piece of apparatus requiring

*By. this is meant that the output from a 12 watt
amplifier is to be referred to as 12 watts speech or music,
although it is appreciated that the mean output during the
normal programme wiil be consxderably less. The figures
stated for speakers will thus be ‘directly related to the
rating of amplifiers.
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for its operation input volts, it is surely
preferable to express the output of ‘a
microphone by a system using tangible
units, in which - the actual rating is
expressed in volts.

The frequency response is of great
importance and is best expressed as the
maximum variation ‘in decibels (useful

_ here as we are comparing like units) over

the recommended ranges. It is felt that
an actual graph is not essential except in
special cases as it is difficult to produce
one accurately and in any case the actual
shape of the ‘“curve’’ is inherent in the
type rather than in the individual design.
The same applies to the polar diagram,
which is a circular graph showing the
variation in output volts caused by the
direction of the incident sound being
shifted through various angles to the
normal direction of operatlon It should
be borne in mind that in certain types of
microphones this variation in the direction
of incident sound considerably affects the
frequency response curve.

The internal impedance or capacity are
useful facts to know, especially in con-
denser or crystal microphones where these
factors begin to be of such a high value as
to make it difficult to match them to the
amplifier.

The recommendation for the expression
of output power of amplifiers is, in the
case of a normal PA amplifier, the power
delivered on the secondary of the output
transformer to a correctly matched load.
The frequency response (expressed in
decibels) has also to include the perform-
ance of the output transformer. This is
of the greatest importance as this com-
ponent can sometimes be the weakest link
in the PA chain. Many amplifiers have
high ~undistorted output and a fine
response curve on the anodes of the out-
put valves, but a very different story has
sometimes to be told when one considers
the power and quality actually available
to the speaker load.

A noteworthy distinction is made in the
recommendations between the acoustically
practicable working load of a loud speaker
and the safe overload. These are both
recommended to be continuous loads and
not just mere peak powers. Power
handling and impedance vary erratically
throughout the audio spectrum, and the
definition is intended to cope with this
fact.

The electro-acoustic efficiency, although
difficult to measure, is of great interest.
As this figure can vary between about 3
per cent. and 45 per cent. it is well worth
knowing.

The suggestion for standardising a 15-
ohm impedance will surely meet with uni-
versal approval. It is suggested that this
should be the mean impedance between
400 and 1,000 c/s as it may rise consider-
ably above the minimum value at the
limits of even this restricted frequency
range.

The recommendation for lines suggests
not only that cable of a standard charac-
teristic impedance should be used, but that
amplifiers should have a high-impedance
output winding of this value.
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* WAVELENGTH CHANGES

Great Britain’s Position

LTHOUGH the Montreux
Wavelength Plan has been
settled, whatever_ is said about
our neighbours on adjacent chan-
nels and the stations with which
it is planned we shall share
wavelengths, it is entirely a
matter of speculation until it is
known what wavelengths will be
adopted by the non-signatories,
the U.S.S.R., Luxemburg,
Greece, Turkey and Iceland.
British stations have, without
exception, as is shown in the
appended list, had their fre-
quencies changed, and although

most of the changes are com- 1

paratively small, it will mean
that the tuning system of all
receivers will have to be re-
calibrated when the Plan is
inaugurated in March next year,

As most of the English
stations will be sharing wave-
lengths, it is thought by some
that Great Britain has been un-
fairly treated over the matter of
exclusive wavelengths, for she
now has only three; one long-
wave and only twe medium-
wave. When the point was
raised with Sir Noel Ashbridge,
B.B.C. Controller of Engineer-
ing, he pointed out that, whereas
it would be impracticable for
central European stations to

share wavelengths, a peripheral
country like Great Britain can

do so, without fear of inter-
ference.
Freguencies, ko/s.
Present.  Fuiure

Droitwich 200 198.5
North Reg. . 668 671
Westerglen (SMttush

Reg.) and Burghead 767 788
Washford and Penmon 804 871
London Reg. 916
Lisnagarvey 1051
Midiand Reg. 1087
Londgon, North and

Scottish Nationals 1149 1141
Stagshaw ... 1122 1186
Start Point 1050 1222
Norwich - 1402
Aberdeen 1411
Clevedon . 1465

Of the total of forty exclusive
wavelengths in the medium
band, Germany has eleven,

Italy six (two of which must be
1sed by se.eral Italian stat'ons),

Russia four, France four (one to

be shared by three French
stations), Holland two, Spain
two, one being the new Madrid
frequency of 587 kc/s, and
Lithuania one.  On the long-
wave band Russia has four ex-
clusive wavelengths.

The  question of the depth of
modulation has also been
settled at Montreux, and it is to
be hoped that stations which
continually overmodulate on
speech in an endeavour to in-
crease range will cease to do so.

MARINE COMMUNICATIONS
A Survey of the British Situation

AT the annual meeting of
the Marconi International
Marine Communication Com-
pany in London last week, it
was announced that on Decem-
ber 31st, 1938, there were in
force 7,725 rental contracts
covering various types of wire-
less installations. This figure,
which represents an increase of
730 such contracts during the
year, was largely due to the re-
placement of spark sets required
by international regulations. At
the end of last month the re-
equipment of approximately 750
vessels had been carried out.

Mr. H. A. White, the chair-
man of the Company, announced
an increase of fifty per cent. in
the number of rental contracts
for short-wave installations
during the year under review.
He stressed the advantages in
the present critical times of
the world-wide communication
which was possible with short-
wave apparatus.

He then outlined the situation
with regard to direction finding
for trawlers, and welcomed the
decision of so many ship owners
to acquire wireless equipment

- for vessels of less than 1,600 tons,

which are not compelled by law
to carry such equipment.

‘““The majority of British
trawlers,”’ said Mr. White, ‘‘are
already fitted with the Marconi
sounding device, and the im-
portance of supplementing that
equipment with a direction
finder was strongly emphasised
at the Board of Trade enquiry
into the loss at Bear Island of
‘the trawler St. Sebastian.”

Ship-to-Shore Telephones

In addition to the Humber
radio station on the East Coast,
and the Seaforth station on the
West Coast, the Port Patrick
wireless station on the West
Coast of Scotland has been
equipped with apparatus by
means of which wireless tele-
phony transmissions from ships
at sea can be linked up directly
with any subscribers to the in-
land telephone service.  Mr.
White reported a marked in-
crease in demand for wireless
telephone sets which. would
enable vessels to benefit from
this service, and stated that
wireless telephone facilities for
the remaining eight coast stations
in the British Isles would follow.

R.AF. CIVILIAN
PERSONNEL

Appointments for Cperators and
Electrical Mechanics
AN offer of employment, which
provides a means whereby
wireless men can make their
contribution to National De-
fence and at the same time
obtain useful experience  in
aeronautical communications and
in the operation and main-
tenance of modern radio appa-
ratus, is made by the Royal Air
Force.
To meet the immediate re-
quirements for large numbers of

trained wireless operators and |

wireless electrical mechanics in
the expanded R.A.F., ithasbeen
decided to augment the supply
of personnel trained at the
R.A.F. Electrical and Wireless

‘Schools by the employment of

civilians.

Applications, which should be
addressed to the Under Secretary
of State (S.5.f), Air Ministry,
London, W.C.2, are invited
from candidates with a practical
experience of wireless, including
those who have gained their
knowledge and experience as
amateurs. The selected candi-
dates will be employed as
civilians for ground work at
R.A'F. stations at home and,
moreover, as near as possible to
the districts which they choose.

Applicants’ Qualifications

Civilian wireless operators
must be capable of sending and
receiving Morse at 20 words a
minute, and should have had
experience of WT communica-
tion. It is also essential to have
a general knowledge of elec-
tricity and wireless receivers.
The rate of pay for this trade
is from {3 per week, with an
annual increase of 3s. per week
up to a rate of £3 15s. per weck,

Civilian wireless and electrical
mechanics must be qualified as
wireless operators and must also
be capable of installing, main-
taining and repairing wireless
and electrical equipment both
for aircraft and ground stations.
The duties involve testing and
servicing aircraft transmxtters
and receivers and their asso-
ciated equipment. The rate
of pay for this trade is from
£3 158. per week, with an annual
increase of 3s. per week up to a
rate of f4 10s. per week.

The appointments will be on a
temporary basis, although a pro-
portion of suitable applicants
are likely to be retained for
some years. The rates of pay
are inclusive and men engaged
will, as in other civil employ-
ments, find their own lodging,
food and clothing.
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ON MANGEUVRES. ¢«. .. the
ranks are -open to all in-
terested.”’

MILITARY
COMMUNICATIONS
Opening for Amateurs

IGNALLING in the modern

army is a combination of
scientific methods and  sharp
wits. A signaller must get his
message through, and when one
means fails he must employ
another.  The principal means
of inter-communication em-
ployed are wireless and line tele-
graphy and telephony and dis-
patch riders.

The Territorial Army is in
need of recruits to the Signal
Sections, not only for the actual
sending and reception of mes-
sages but for the maintenance
and repair of equipment. Whilst
there is at the present time a
serious demand for those already
experienced in the handling of
signalling and associated equip-
ment, the ranks are open to all
interested in the subject, who
will be trained to specialise in
one or more of the sections.

Further information can be
had from the following head-

quarters : —

LONDON CORPS SIGNALS, Fultham
House, Putney Bridge, London, S.W.6.

LONDON DIVISIONAL SIGNALS, 20,
Atkms Road, <Clapham Park, London,

sath DIVISIONAL SIGNALS, Stamford
Brock Lodge, London, W.6.

MOBILE  DIVISIONAL  SIGNALS,
Duke of York's Headquarters, Ghelsea,
London, S.W.3

203rd FIELD REGT. (Signal Section),
Boundry Road, Chatham, Kent.

ist ANTI-AIRCRAFT DIVISIONAL
gl&NALs 56, Regency Street, L

S.W.12

NEW B.B.C. TRANSMITTERS

THE B.B.C. has given a con-
tract to Marconi’'s Wireless
Telegraph Co. for the construc-
tion of two regional transmitters
to replace Brookmans Park and
Moorsile Edge.  The trans-
mittess will work with a power
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News of the Week—

of 120 kW, the maximum ad-
missible, and they are to be
completed by the spring of 1940,
when the Montreux Plan comes
into force.

The new B.B.C. transmitting
stations at Start Point and
Clevedon will be opened by the
Right Hon. the Earl Fortescue,
Lord Lieutenant of Devonshire,
on June 14th.

Start Point, South Devon,
will use a power of 100 kW and
the wavelength of 285.7 metres,
freed by the closing of the Wash-
ford transmitter. Clevedon will
use a power of 20 kW and the
wavelength of 203.5 metres, at
present shared by the Plymouth
and Bournemouth transmitters,
which will also be closed.

TELEVISING PRESIDENT
ROOSEVELT

Great Inauguration for N.B.C.
Television
RESIDENT ROOSEVELT
will be televised when he
gives the opening address at
the New York World’s Fair on
Sunday, April 30th.

The opening of the Fair also
marks the inauguration of the
regular television service in New
York, and both sound and pic-
tures from the Fair ground will
be relayed by the N.B.C. mobile
television station and broadcast

from the transmitter in the
Empire State Building.
The present television

schedule of the National Broad-
casting Company provides for a
minimum weekly service of two
evening programmes of one hour
each, but it is expected that
outside events from the World’s
Fair will provide interesting
material for additional trans-
missions.

POST OFFICE
ENGINEER-IN-CHIEF
Successor to Sir George Lee
HE Postmaster-General has
appointed Col. A. S. Ang-

win, Deputy Engineer-in-Chief,
to be Post Office Engineer-in-
Chief on the retirement on May

318t of Sir George ILee. Col.
Angwin, who served in the

Royal Engineers throughout the
Great War, had a great share in
the design of the Post Office
stations at Leafield and Rugby,
and has contributed largely to
the solution of the problems of
reception encountered in the
establishment of commercial
wireless telephony. He is a
member of the Television Ad-
visory Committee, and has re-
presented the Post. Office at
many international conferences.
The post of Deputy Engineer-
in-Chief will be filled by Mr.
P. J. Ridd, who was largely
responsible for the London
radio terminals when the trans-
atlantic wireless-telephony ser-
vice was inaugurated in 1927.

Wireless -
World

MARINE ENTERTAINMENT

Advantages of a New System

SOME time ago the Inter-
national Marine Radio Com-
pany, in collaboration with
British Ozaphane, set out to
devise a system of recorded

sound reproduction for use in
ships; this has now made its
appearance as the I.M.R.C.-
The system is one of
recording,

Duotrac.

sound-on-film but

the reversing of the sound reels,,
had to be replaced by a micro-
relay switch as every roll of the
ship reversed the record!

Some of the advantages for
marine use of the I.M.R.C.-
Duotrac system are: Its freedom
from surface noise, as there is no
emulsion used ; the recordings do
not deteriorate after countless

The playing desk of the I.M.R.C.-Duotrac.

A is the reel of film

which passes round the rollers D and past the exciter lamp and

photo-electric cell B, round the optics gate C and on to the take-up

reel G. E is the play-rewind switch and F the forward, reverse and
stop press buttons. .

whereas on ordinary sound-track
film the photographic image is
carried in an emulsion spread
over a film base of celluloid or
other material, on the I.M.R.C.-
Duotrac sound film the image is
actually dyed straight into the
‘“Ozaphane "’ ribbon, and there-
fore cannot become worn or
blurred.

The film, only an eighth of an
inch wide, carries two parallel
sound tracks. The track, with
its varying black and white
shapes, passes in front of a
powerful lamp, so that con-
tinually varying areas of light
pass through the track and play
upon a light-sensitive photo-

. electric cell which translates the

light back into  electrical

" impulses.

Half of a recording is carried
on each of the two parallel sound
tracks, the upper track being
played in the forward direction,
and when the end of the film is
reached the ribbon automatically
reverses, the beam of light is re-
focused on to the lower track,
which is then played in the
reverse direction without any

" human intervention.

The instrument, which was in-
stalled and demonstrated on
board the S.S. Erin, of the
Standard Fruit Steamship Co.,
lying in the Royal Albert Dock,
incorporated a Scott-Phantom
receiver. Various modifications
of the standard British Ozaphane
Duotrac reproducer were neces-
sary. Metal parts had to be
treated to withstand the effects
of ‘the sea air, and a mercury
switch, which normally operates

playings; they are non-inflam-
mable; and, above all, the
playing of the records is un-
affected by the motion of the
ship.

RADIO LINK FOR
SERVICE VANS

N ambitious scheme of radio
communication, designed to
facilitate continuous contact
with its service and repair
vehicles, is being put into opera-
tion by the Yorkshire Electric
Power Company which has a
service area of over 3,000 square
miles. Evolved by . Standard
Telephones and Cables in colla-
boration with the Power Com-

pany, it comprises wireless
transmitters and receivers at
three fixed stations together

with two mobile outfits.

A frequency of 1,770 kc /s has
been allocated to the service,
which will be conducted by tele-
phony. The two mobile stations
and the main transmitter at
Thornhill Power Station are
rated at 'z50 watts and the
others at 9o watts (carrier
power) ; all will bs crystal con-
trolled.
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FROM ALL
‘QUARTERS

Paris Excursion

A speciaL Whitsun week-end ex-
cursion to Paris has been arranged
by Mr. S. Gould to, enable readers
of The Wireless World to visit the
Paris Radio Show. The inclusive

return fare from Victoria is
£2 5s. 6d. No passports are
necessary.  Fares must be paid,

in by May 13th, and tickets and
all information can be obtained
from Mr. Gould, at 65, Shortcrofts'
Road, Dagenham.

Radio Fire Fighting
In an attempt effectively to
fight forest fires, which last year
caused £40,000 worth of damage
on some 2,000 acres of English
forest land, the Forestry Commis-
sion is making enquiries anent the’
use of portable transmitter-re-!
ceivers by forest rangers in areas
where communication and trans-|
port are difficult. No tenders]

have so far been sought.

Sponsored Programmes from North

Mr. OTTO SCHRAYH, a former
Danish  broadcasting announcer,
is acting on behalf of a group of
publicity agents. His recent offer
to the Danish  Broadcasting
Organisation of a five-year con-
tract involving six million kroner
for the right to radiate sponsored.
programmes in  English  from
Danish stations for a couple of
hours daily was promptly turned;
down. He met with a similar set-

i
back when he made the same offer
to the Norwegian authorities with
regard to the use of the new 100-
kW transmitter at Stavanger.

Electron Optics
A COURSE of six lectures on the
above subject will be given by
Asst.-Prof. L. C. Martin and Dr.
W. D. Wright at the Imperial
College of Science and Techno-
logy, South Kensington, London,i
S5.W.7, on Tuesdays and Thurs-|
days at 4 p.m., commencing on
May 2nd. Students of the college’
and inter-collegiate students will
be admitted free, but the fee for:
others is one guinea. Early appli-
cation for admission should be!

made to the Registrar,

R.M.A. Publicist

Tue Radio Manufacturers’
Association has appointed Mr, Al
John Dannhorn to its staff as
publicity officer.  He will be:
available at the Association’s
offices, 59, Russell Square, Lon-'
don, W.C.1, on Tuesday, Wednes-'
day and Thursday mornings. )

Cooling Marshes
MEeMBERS of the Wireless Sec-!
tion of the I.LE.E. are to visit the
new Post Office Ray Diversity
Station at Cooling Marshes, near

Rochester, on May 27th.

Weti‘!nesdpy. 3rd, 6 p.m.

. ark:

London, W.1. Discussion on **

Friday, 5th, § p.m.

N

MAY MEETINGS

LE.E. Wireless Section, Savoy Place, London, W.C.2:
Audio-Frequency Equipment at the London Television Station,” 1. L, Turnbull an

Thursday, 4th, 530 p.m. Physical Society, joint meeting with the Chemical and
Royal Meteorological Societies at the
hemical and Physical Investigations of the Upper
Atmosphere,” opened by Prof: F. A. Paneth.
LE.E. Meter and Instrument Section, Savoy Place; “Perma-
nent Magnets for_Integrating and Deflectional Instruments,”’ D..A. Oliver.

Royal Institution, 21, Albemarle Street,




The Wireless World, April 27th, 1939

399

Distortion in Recording

Part II.—Merits of Push-Pull
and Parallel -connected

Output Valves

T has been explained that incorrect
placing of the frequency correcting
circuits can be a cause of distortion
in tecords made with a recording

amplifier, and it was shown that by replac-
ing the fixed attenuator connected in series
with the recording head, by a negative
feed-back attenuator, distortion could be
very considerably reduced. The discussion
was mainly concerned with amplifiers in
which the output valves were operated in
parallel, and it is now proposed to give
some comparisons that have been made
experimentally between parallel and push-
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Fig. 4.—Curves relating input voltage and fre-

quency for a recording amplifier; (A) with no

correction, (B) with resistance and condenser

bass attenuator and (C) with negative feed-
back bass attenuator.

pull operation, and also some experi-
mental results showing the advantages -of
the negative feed-back bass attenuator.

Parallel Qutput Valves

Let us first reconsider the case of the
parallel-connected output stage, resistance-
capacity fed from the penultimate stage.
The milliammeter in the anode circuit of
the output stage will remain steady until
overload occurs and as this increases will
at first rise slightly and then fall sharply.
This phenomenon is, of course, very well
known and is sometimes referred to as
““blocking.”” It is often accentuated in
the case of a recording amplifier due to the
load conditions imposed by the recording
head. As was explained in Part I, the
impedance of the recording head inevit-
ably falls with frequency, and hence the
grid swing allowable without distortion
also falls with frequency. An examination
of the load line curves of the particular
output valves will readily confirm this
point. In the case of the first method of

output of

By HUMFREY ANDREWES,
B.Sc., A M.LE.E.

fixed bass attenuation using a condenser
with parallel resistance in series with the
recording head, in effect an attempt is
made to keep the impedance of the record-
ing head circuit as a whole equal to the

optimum load of the output stage and:

independent of frequency, but this is not
very successful. In the case of the nega-
tive feed-back method, the load is allowed
to fall, but at the same time the grid swing
on the last stage is decreased, and hence
overload does not occur at the lower
frequencies.

Fig. 4 shows how these effects work out
in practice. A typical recording head was
connected to an amplifier consisting of
four resistance capacity coupled stages,
the output stage being two DOz24’s in
parallel. A valve-voltmeter was connected
across the input and fed from an audio
oscillator. Curve (A) shows the input
volts, for overhead point, plotted against
frequency with the

Amplifiers

N this article the author describes
some experiments undertaken with

a recording amplifier in order to
whether  push-pull  or
parallel-connected output valves yield

ascertain

the better resulis.

ance of the recording head. In the case
of Curve (B) conditions are better, but far
from satisfactory. Curve (C) clearly
shows the advantage of the negative feed-
back- method, and indicated that under
these conditions the overload point of the
amplifier is practically independent of fre-
quency, as, of course, should be the case.

It was also found that, on measurement,
it was possible to obtain a slightly higher
voltage across the recording head before

.overload occurred over the whole fre-

quency range using the negative feed-back
arrangement. For example, at 500 c¢/s,
using the condenser-resistance circuit, the
maximum RMS voltage obtainable was
approximately 120, whereas using the
negative feed-back method this voltage

recording head
directly connected
to the amplifier,

that is to say with-
out any fixed bass

RECORDING
HEAD

attenuator. Curve
(B) is taken under
the same conditions

but using the con-
denser and parallel
resistance  attenu-
ator.  Curve (C)
shows the effect of
using a mnegative
feed - back bass
attenuator. A
cathode-ray oscillo-
graph was con-
nected across the

the

Fig. 5.—A push-pull
experimental ampli-
fier using negative

ZmIdn! P4 R3 2 mids
C 6000 C1

1T

feed-back frequency
correction.

amplifier during these experiments to
assist in determining the exact overload
point, although it was found in practice
that the movement of the output mil-
liammeter was just as accurate a method.
It will be seen that in the case of Curve
(A) the input voltage drops badly towards
the lowest frequencies observed, clearly
showing the’ effect of the drop in-imped-

rose to 150 volts RMS under otherwise
similar conditions. A comparison was
made next between parallel and push-
pull operation of the stage feeding the
recording head.

The experimental amplifier used in the
previous experiments was altered so that
either parallel or push-pull output could
be used at will. It was decided to use
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Distortion in Recording Amplifiers—
transformer coupling to the output stage
mstead of resistance-capacity for the fol-
lowing reasons. In the first place, it was,
in this instance, simpler to arrange, as no
phase reversal wvalve was involved.
Secondly, nowadays it is possible to
obtain quite satisfactory input trans-
formers and no loss in frequency character-
istic need be feared over the range of
frequencies to be dealt with. Thirdly, by
using transformer coupling the resistance
of the grid circuit of the output valves
may be kept low, and the blocking effect
at low frequencies avoided.

It is, of course, very important in
recording work to use robustly constructed
transformers, as they may sometimes be
subjected to severe strains, and for these
experiments an intervalve transformer
manufactured by N. Pariridge, Type
IVizo0, was used. This transformer does
not require to be parallel fed, and it has
a low turns ratio.

To obtain exact balance of the two
halves of the secondary, resistances of
different values were connected across
them as shown in Fig. 5, which is the

7]
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Fig. 6.—Switching to restore amplifier charac-
teristic to linear form for ‘Playbatk’’ pur-
poses.

arrangement of the last stage of a push-

pull experimental amplifier. It will be
noted that negative feed-back frequency
correction is used. The bias resistors are,
in this case, 600 ohms and the by-pass
condensers 2 mfds. The attenuation curve
of the push-pull amplifier was checked
and found to be satisfactory.

Paralle! versus Push-pull

A comparison was now made between
the two amplifier arrangements to observe
the _voltage output which could be
obtained without overload in each case.
At the same time the wave form was
observed- with the oscillograph connected
across the output of the amplifier.

It was found that, with a parallel ampli-
fier, a really good wave form was main-
tained up to 150 volts RMS across the
recording head. With the push-pull
amplifier, however, 200 volts could easily
be reached, and at that voltage the wave
form was still good. The same recording

Wireless
World

head was used throughout for all the
experiments. These figures show the
improvement in the handling capacity of
the push-pull arrangement, though the
increase was not as large as the author
had anticipated. =~ Recordings were now
made to compare the push-pull and
parallel circuits, and the results clearly
indicated that the former was definitely
superior.,

It was found that if either amplifier was
worked well below the overload point,
there was no noticeable superiority in
either arrangement. When, however,
recordings were made where it was impos-
sible to avoid slight overloads on peak
modulation, on replay the distortion was
most obvious with the parallel circuit.
With the push-pull output, on the other
hand, only by careful listening was it
possible to detect distortion.

In changing from parallel to push-pull
it was found convenient to arrange a
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double pole switch in the output valves’
bias circuits, so that the capacity of the
by-pass condensers across the bias resist-
ances could be varied at will. This gave a
‘*“ Record-Playback ”’ switch as shown in
Fig. 6, so that we may have a flat char-
acteristic’ when the recording head is dis-
connected. The by-pass capacity will
then be the usual 50 mids.

In the case of this amplifier a volume
level indicator, an AC voltmeter reading
up to 200 volts, was connected across the
recording head terminals. In observing
this it has to be remembered that low-
frequency peaks will not give such a high
voltage reading as the higher frequency
ones owing to the action of the bass
attenuator.

In conclusion the writer wishes to state
that these notes are intended as a guide
to obtaining better recordings, and the
article is not a comprehensive treatment
of the subject.

Random Radiations

By “DIALLIST”

An American’s Views
N American friend, who is cne &f the
pioneers of radio, has just sent me a
letter, a considerable part of which is de-
voted to the prospects of television in his
country. He doesn’t believe that it is going
to make anything like the splash predicted
for it by the lay and the popular technical
papers of the United States. His view is
that the small screen—7in. by s5in. or there-
abouts—won’t appeal to Americans. ‘‘Ihave
seen a football game televised,”” he writes,
‘““on such an instrument, and it did not
thrill me ; too much like looking at it through
a telescope.”” The bigger-screen television
receiver doesn’t appear to have been de-
veloped to any great extent over there, and
he feels that if and when it does come it
will be too expensive for the average house-
hold. T gather from what he tells me that
American technique is still some way behind
ours, for T can’t say that I’ve been struck,
when viewing the Alexandra Palace trans-
missions, by such imperfections and short-
comings as he mentions. I've an idea that
once television has had time to find its feet
in America my friend will be much more

favourably impressed by what he sees on .

the viewing screen.

Ambitious Plans

If television doesn’t catch on in the
U.S.A. it won’t be for want of a good start.
It’s not going to be confined to just one
area, for besides the Radio City plant in
New York itself there will soon be the
G.E.C. transmitter in the Helderberg Hills,
near Schenectady. Owing to its high posi-
tion this station is expected to have a wide
service area. It is some 150 miles from the
middle of New Yerk City ; when both it and
the Radio City transmitter are at work a
large part of the State of New York should
be covered, as well as considerable portions
of Vermont, New Jersey, Massachusetts and

Connecticut. It is now announced that the
Crosley Company which runs the giant
WLW, has applied to the Federal Com-
munications Commission for a licence to
transmit television, and has earmarked the
48th floor of a 574ft. building for studios.
Cincinnati lies nearly 6oo miles from New
York in the south-west corner of Ohio. If
the licence is granted the station’s service
area would lie not only in that State, but
partly in Kentucky and Indiana as well.
So here are three projected stations right
away, and others are under consideration.

Higher Frequencies

It is interesting to note that the U.S.A,
television stations are likely to operate on
higher frequencies or shorter wavelengths
than the Alexandra Palace station. The
latter transmits vision on' 45 Mc/s (6.67
metres) and sound on 41.5 Mc/s (7.23
metres) The band at present set aside for
American television is 50-56 Mc/s (6.00-
5-36 metres), and one has heard even higher
frequencies suggested as not unlikely.
Given equal power output, which will
probably have the wider service area, a
station transmitting on 45 Mc/s or one on
something above 50 Mc/s? On such data
as we have it’s almost impossible to say.
On the face of it, one might expect quasi-
visual characteristics to be more and more
in evidence, with a consequent reduction in
the service area radius as the frequency is
increased. But the ultra-short waves may
have some surprises in store for us yet.
Sound transmissions made on very high fre-
quencies in the United States have been re-
ceived in this country.

"= "= "

Too Much Power?

FOR just five years the Cincinnati station
WLW has been broadcasting with an
output rating of 500 kilowatts. Now the



APRIL 27th, 1939.

Federal Communications Commission has re-
voked its licence, and unless this decision is
quashed on appeal it may have to revert to
its pre-1934 allowance of 50 kilowatts. It is
rather interesting that each increase in the
station’s power has been a tenfold one. It
opened in March, 1922, with a 50-watt trans-
mitter. Subsequently this was replaced in
succession by s00-watt, 5-kilowatt, 50-kilo-
watt and j500-kilowatt plants. The main
objection to the station’s use of 500 kW was
apparently that it swamped the smaller and
less selective receivers when they were used
at fairly close quarters. Against that must
be set the vast area that it covered. The
station has often proved disappointing in
this country in the small hours when other
U.S.A. stations on shorter wavelengths were
coming in well. A year or so ago a reader
suggested that this was because WLW was
not allowed to use its full power before mid-
night. I have it on the authority of Mr.
Powel J. Crosley himself that, except for a
few months immediately after its opening n
1934, the station has used the whole of the
500 kilowatts at all times.

" "= s

Talkie Quality ' ;
SWINDON reader sends me what he
A pelieves to be the explanation of the
villainous quality of the sound reproduction
in cinemas, about which so many have com-
plained. According to him, the control of
the sound reproduction is now left to the
already overworked projectionist. In his
box he cannot hear properly what goes on in
the auditorium, and even could he do so he
would have little or no time to make the ad-
justments of the monitor and volume con-
trols that are called for by changes in the
size of the audience, in the temperature and
so on. Nor, again, can he use his control
knobs to minimise the effects of those bad
patches. in recording which do occasionally
occur or those of scratches and oil on the
surface of a worn film.- Those who run the
ciné theatres seem to have found that their
audience cared too little about the quality
to make it worth while for them to main-
tain staffs of sound engineers. According
to my correspondent, the guiding principle
now is: ““ As long as nobody complains that
he can’t hear, all is well ; so shove the fader
well up and leave it there”’! That's what
it sounds like.

"= "= "=

No New Thing !
WERE you to ask a number of your
friends when the heterodyne or beat
principle was discovered, many of them
would no doubt reply that it didn’'t date
back much beyond the early days of
radio. I knew that the discovery was made
long before that with regard to sound waves,
but I'd no idea until just the other day that
it is now two whole centuries old.
looking up something or other in an encyclo-
pedia when a paragraph on an entirely dif-
ferent subject happened to catch my eye as
I turned the pages. That's the worst of
encyclopedias! Don’t you often find, when
you’re turning up something, that you come
across so many interesting things on your
way to it that your search takes far longer
than it should? Before now I've become so
engrossed in some article that simply cried
out to be read that I've been hard put to it
to recall what I originally set out to look
for! Anyhow, whilst T was seeking Table,
Mathematical, the words ‘‘a third note is
heard, whose vibration number is the differ-
~ence of those of the two primary mnotes’’

1 was ’
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forced themselves on my attention, and 1
had to stop to read the article containing
them, which was headed Tartini, Giuseppe
(1692-1770).

Try It on the Dog—Whistle

Tartini was a violinist, not a man of
science, though he was interested in the
theory of music. He discovered the sound-
wave heterodyne beat about 1740, and used
to tell his pupils that their double-stopping
was not in tune unless they could hear the
true beat note. I've come across people
before now who were sceptical about the
existence of audio-frequency beats. There’s
rather a striking way of convincing such that
they do exist if you can get hold of a couple
of the ‘“‘silent’’ dog-whistles invented by
Professor Galton. These produce a note
whose pitch is some way beyond the highest
frequency audible by the human ear,
though dogs hear it well enough. They are
tunable, and, by a little fiddling with the
screws that vary the pitch, you can so ad-
just a pair that, though nothing is heard by
the average human being when either is
blown separately, a strongly audible beat
note is produced when both are blown simul-
taneously. The discovery of sound-wave
beats seems to have been made quite inde-
pendently and almost at the same time
by Tartini and Sorge.

"t "M
Wavelength Changes

FTER several strenuous weeks devoted
to working out a new wavelength plan

for Europe, the Montreux Conference has
come to an end with, no doubt, sighs of
relief from its members. Thirty-one nations
have signed the undertaking to abide by
the decision of the Conference, and, as usual,
there are a few irreconcilables. These are
Greece, Iceland, Luxembourg, Turkey and
Russia. It looks as if failure to see eye to
eye with the rest in‘the settlement of long-
wave problems- was the reason why four of
these countries did not sign up. At present
Russia is operating nine long-wave stations,
Turkey two, and Iceland and Luxembourg
one apiece. There seems to be no hope of
finding a distribution of long-wave channels
that will give satisfaction to all. The plain
trath is that almost every country wants
one of these channels, and there are not
enough to go round. Greece is just begin-
ning to develop a broadcasting system. Her
only stations now are the 15-kilowatt
Athens, which shares 601 kc/s with Rabet,
and a small transmitter at Salonica, which

has somehow managed to acquire the queer-
looking frequency of 1,363.5 kc/s. It is re-
ported that there will be some change in
Droitwich’s channel, though I do not think
it will be a big one.

qor

The Medium Waves

It is good mnews that Holland and
Romania have signed up. Probably they
have had rather more than enough of shar-
ing a long-wave channel to their mutual
disadvantage. There are sure to be a great
many changes on the medium waves, for
the number of stations and their average
output rating have both increased a good
deal in the six years that have passed since
the Lucerne Plan was drawn up. One only
hopes that it has not been found necessary
to base the new plan for the medium waves
on a separation of less than 9 kilocycles.
Anything smaller would have evil effects on
the reception of any but local stations.
Sideband splutter is annoying enough at
times with stations g kilocycles apart; it
might well become vastly more so with a
smaller basic interval. When the details of
the new Plan are published I expect to
find greater use made of national and inter-
national common wavelengths for the lower-
powered relay stations serving comparatively
small areas.

The Wireless Industry

A VERY well prepared and illustrated cata-
logue of Clix radio and electrical com-
ponents has- just been issued by British
Mechanical Productions, Ltd., y9a, Rochester
Row, London, S.W. 1.

O >

<> <>
The newly formed Hartley Turner Radio
Company, 92, Queensway, London, W.2, have
introduced a radio receiver unit (RF4r1) for
use in conjunction with existing power ampli-
fiers. A leaflet giving a technical summary is
available.
< <> <
- The Welburn Type A412 high gain amplifier is
described in a leaflet issued by Welburn Radio,
Ltd., Queensway, Team Valley, Gateshead-on-
Tyne.
' R :
- The address of Armstrong Manufacturing Co.
is now Walters Road, Holloway, N.7. Tele-
phone No.: North 1784. ‘

Haynes Low-pass Filter
ESIGNED primarily for connection be-
tween a quality receiver unit and its
amplifier, this filter is designed for a cut-
off frequency of 6,000 c /s, and should prove
useful for gramophone reproduction to

reduce surface noise as well as for removing
heterodyne whistles on distant stations.
The filter consists of two intermediate pi
sections, one of which is shunt derived with
m=0.4,
(m=1).

and the other of constant K
The terminal half-sections are of
the mid-series connected
shunt derived type with
m=0.6. The terminating
resistance is 23,000 ohms.

The Haynes low-
pass filter is de-
signed to give a
sharp cut-off above
6,000 c/s.

The attenuation curve taken by the
makers shows a level response to 5,500 c¢/s,
1 db drop at 6,000 c/s, 38 db at 6,500 c/s
and 50 db at 6,900 c/s.

The dimensions of the unit, which is
housed in a metal box with bakelite top
panel, are 9}in. X 34in. X 3}in., and the price
i8 f2.°
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" More Snobbery in Our
Ranks

‘READ with very great interest the
;A letter which was published recently in
The Wireless World (page 258, March
-16th) about ** Short-Wave Snobbery.”” To
my mind a far worse form of snobbery is
that which exists among wireless experi-
menters of a certain type who regard it as
a sign of superiority to decry all wireless
developments which make the handling of
a wireless set easier for the ordinary
individual. -

Not so very long ago these gentry were
all decrying the ganging together of the
various tuning condensers of a set in order
to provide one-knob control, and now cer-
tain of them are attacking push-button
tuning. I well recollect some forty years
ago the look of withering scorn with which
one of the experimenters of the old
Hertzian school endeavoured to shrivel me
up when he found me using an ultra-
modern coherer in place of the old Hertzian
resonator, but I am happy to say that I
survived if. )

It is, however, some remarks that I
‘have recently been reading about push-
button tuning which have got under my
skin. Let me say in the first place that
1 am as keen an experimenter as anybody,
and my laboratory is a place to which I
would not be ashamed to invite any wire-
less enthusiast. It is, however, the
ordinary set-owning citizen whom I am
defending. He is, I am told, thoroughly
lazy, and his shortcomings in this direction
are being pandered to by the wireless
manufacturer. A similar accusation has

&)

Dictating to my houri.

been made in connection with every single
invention designed to make wireless more
trouble-free ; even the development of
mains-operated sets was, I recollect,
sneered at as pandering to the laziness of
the man who did not want to lug his heavy
accumulator to the charging station.
Push-buttons are here and have come
to stay until something better takes their
place. This year, of course, laziness is

being taken a step further by sticking the
buttons on an extension unit for armchair
use. It is not very hard to tune an
ordinary set, but it is certainly easier to
push a button. After all, who would want
to give up the electric light switch in
favour of a variable rheostat and a volt-
meter or ‘ magic tuning eye’’ to indicate
when the voltage across the lamp was
correct?  We who suffered in the old gas-
lighting days from the necessity of
fiddling about with the air-inlet adjust-
ment were glad enough to welcome the
electric lighting switch. If push-buttons
make ordinary wireless listeners lazy, well,
good luck to them. I only wish somebody
would invent something to enable these
few thoughts to be transmitted directly to
paper without the necessity of clapping my
hands to summon a houri to come and
take them down. If you inventors can
think of anything T will willingly give you
the houri in exchange.

Sea Breezes

QEVERAL readers who live at the sea-
7 side have written to me to refute in-
dignantly the aspersions which they allege
that I cast on their respective home towns
in my notes in the April 6th issue, in which
I lamented their lack of enterprise in not
attempting to provide public televiewing
rooms for the edification of their visitors.
In the first place, my correspondents state
that so far from being damp, chilly and
windswept, the beaches and piers of these
resorts were warmer and sunnier than the
olive groves of Italy during the Easter
holidays. This is admitted, but one swal-
low does not make a summer, any more
than it does a decent drink. As for tele-
vision, one reader, writing from a very
well-known waterside town, challenges me
to name any metropolitan borough of
equivalent size having an equal number
of television aerials. I shall certainly not
take.up the challenge as I can well under-
stand television being badly needed at this
particular health resort, if only to see the
sea when the tide goes out.

A Post Office Plot

ALTHOUGH, as a good wireless man,
I am rather taken aback at the
P.M.G.’s poaching activities in con-
nection -with his recently-announced
broadcasting-by-phone system, 1 am not
one to bear ill-will, and have decided to
have the system duly laid on at home
as I think it will serve as a useful check
on the quality of reproduction given by
the various broadcasting stations; in fact,
I think it will result in a veritable eye-
opener, or ear-opener, as I suppose I
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should say, in the matter of the poor
quality churned out by many broadcast-
ing stations, not excepting certain of those
belonging to the B.B.C.

The P.M.G. is going to supply s with
transmissions having a very wide fre-
quency band indeed, and our receivers
and amplifiers will have to be fully up to
snuff in the matter of quality if they are
going to do justice to them. What I wish
to point out, however, is that it is of little
use our building first-class receiving
apparatus if the broadcasting stations are

I got into touch with one of my spies.

only putting out a restricted frequency
band. Obviously, if the P.M.G. picked
up the B.B.C. transmissions on a wireless
set in the ordinary way, his wide fre-
quency efforts would be a sheer waste of
time because they could produce no better
quality than that which they picked up
from the transmitting station.

I understand, however, that the P.M.G.
will short-circuit the B.B.C. transmitters
by taking programmes straight from the
control room by landline. We shall thus
be able to discover for ourselves by direct
comparison just how far the wireless trans-
missions fall short of really good quality,
and, as I have already said, we are likely
to have an ear-opener. According to the
information so far available, we are to get
only B.B.C. programmes from the
P.M.G.’s landlines, no bacchanalian revels
from the Continent being permitted. As
no fewer than four programmes are to be
provided by the P.M.G., I at once smelt
a rat, for with all the diagonalising of
programmes that the B.B.C. does, the
P.M.G. will sometimes be hard put to it
to rake up four separate programmes to
give us. ‘

Naturally I at once got into touch with
one of my paid spies in the Post Office
telephone service, and I am told that the
ever-resourceful P.M.G. has thought of
this and intends, on such occasions as
there is not a fourth programme available,
to switch us over to a microphone per-
manently installed among the riveters in
a well-known ship-building yard. He
argues that by this means he will satisfy
the tastes of people at either end of the
listening scale, as both jazz and chamber
music addicts will mistake the noise for
their favourite brand of music, and as for
us great band of middlebrows, we are, he
reckons, so used to being ignored by the
B.B.C., that it won’t worry us and we
shall let him get away with it,



The Wireless Wovld, "April 27th, 1930

[_etters to the Editor-

Interference Suppression and
Engine Performance

THE article, ‘‘ Suppression.and Car Per-
formance,”’ in The Wireless World of
April 13th is one which has long been
needed, and is none the less interesting to
me because the author’s findings run almost
entirely contrary to my own experience.

My car is a 9 h.p. Singer Le Mans sports
model, with a high-compression overhead-
camshaft engine which depends for its power
upon fast revving. The ignition system),
including the plugs, is in very good con-
dition. - The previous owner had fitted it
up with a suppressor in the HT ‘lead near
the distributor, but none in the plug leads.
I left this in, and made careful note of the
starting, tick-over, slow running and maxi-
mum speed, -and of the petrol consumption.
After about 3,000 miles I took the suppressor
out. There appears to be no difference in
the starting, tick-over or slow running, but
the engine is very definitely more lively at
high speeds, gives better acceleration, and
about 4 m.p.h. better maximum. The petrol
consumption also has improved by 3 m.p.g.
and the engine does not seem to get so hot
when pulling up a hill, though this may be
imagination.

The suppressor was not at all efﬁment on
the short waves, though it made it possible
to use a medium-wave set in the car. If
such a system has a notable effect on per-
formance, 1 find it hard to believe that a
thorough system of suppressors in each lead
would not have a marked effect.

It would be most interesting and helpful
to know what types of engines are most
affected, and why.  RICHARD MORT.

Teddington, Middx.

Inert Dry Cells

OUR contributor, *‘Diallist,”” in the

April 6th issue of The Wireless World,
in mentioning in his second paragraph the
use of inert cells for an HTB, awoke the
recollection that, during the war, cells of this
type were used for applying the anode
potential to a Round valve doing service
at the old SUC station at Abu Zabal, Egypt.

Valves in those days were as tempera-
mental as a prima donna, and I recall my
misgivings at the time when these same
inert cells momentarily varied in their out-
put as a result of inconsistent chemical re-
action. The voltage drop or rise, according
to the mood of any one particular cell at
the moment, was sufficient to alter the total
voltage on the anode and to cause the valve
to jib. And this after careful nursing to
get it to function at all!

During 1916, when in the tropics, I
ordered from the United States two de
Forest audions by way of satisfying my
curiosity as to the truth of all the claims
made for them. From a native ship’s
chandler I was able to procure a number
of very dusty and battered inert cells, pre-
sumably of the type discussed by ‘' Dial-
list,” and with these, a tapped loose-coupler
made up of two tubes, one sliding within
the other, a o.cor mifd. variable air con-
denser and my two audions, I received over
what were then enormous distances. Bear-
ing in mind that the sxgnals received . were
from spark stations using in most cases a

transmitter rated at something like 5 kW,
the results were beyond my wildest hopes,
and save for an occasional ‘‘blueing’ of
the valves following a tropical atmospheric,
reception was uninterrupted.

Twenty-three years have passed since
those days, during which the valve has
developed out of all recognition, both with
respect to sensitivity and stability.  That
being so it seems to me that an HTB made
up of inert cells to-day would give results
equal to those obtainable with standard dry
cells and at the same time overcome that
problem of shelf life so annoying to battery
users and sellers alike.

With A.R.P. so much under discussion
the time seems opportune for some enter-
prising manufacturer to put on the market
a battery of inert cells, made up in a neat
wooden case with carrying handle, ready for
an emergency and so designed that the cells
may be replaced as desired.

London, E.C.4. STANLEY G. RATTEE.

¢ Estimating Coil Inductance’’
NOTE with interest the simplified induc-
tance formula ‘‘ widely used in America ”’
which is quoted on page 364 of last week’s
issue.

This is actually a modification of the
formula originally devised by myself as far
back as 1925, and published in ‘‘ Radio
Communication,”” - ‘“*Short Wave Radio”’
and other of my works.

The full formula may be used for solenoids
or multilayer coils, a second term being used
in the latter case. As a matter of interest
I give the formula below.

(‘»”'N‘Dz . D—2.25d
3 5D+ 8! D
omit second term for

solenoids.

Note that D is the out-
side diameter.
Dimensions' in inches;
L in microhenrys.

J. H. REYNER.
- Boreham Wood, Herts.

Best Reproduction Level

I WAS pleased to read the letter from J. R.

Hughes (The Wireless World, April 13th),
as I share his views on the fallacy of the
usual argument about scale distortion.
Assuming a high-fidelity receiver with the
necessary power-handling capacity there is
only one correct setting for the volume con-
trol ; that is, such that the sound intensity
produced by the loud speaker at the ear is
similar to that produced at the ear if the
listener were seated in the ideal position in
the concert hall. It is the function of high-
quality apparatus to provide realistic repro-
duction ; not to provide a musical back-
ground for a’'game of bridge. In ‘‘ Talking
Pictures and Acoustics,”” by C. M. R. Balbi,
occurs the following statement ‘‘ The first
important step regarding the design of an
auditorium for reproduced sounds has been
to determine that for satisfactory listening
conditions ‘and for satisfactory illusion the
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The Editor does not necessarily :
endorse the opinions of his
correspondents

prm———

average sound level should approximate to
70 decibels above the threshold of hearing.”’

Although this refers to reproduced sound,
it is obvious that for reproduction to be
realistic the average sound level must be
approximately the same as the original. It
is therefore safe to assume that a listener
seated in an ideal position in a concert hall
experiences an average sound intensity of
this order; i.e., 70 decibels above the
threshold of hearing.

I now have a suggestion to put forward
for the benefit of listeners who possess high-
fidelity equipment. Would it not be a help
if the B.B.C. introduced a means by
which the listener could adjust his set to
the correct volume level? This might be
done as follows: Suppose a concert is to
be broadcast from the Queen’s Hall, a note
of, say, 2,000 cycles could be fed into the
microphone at a level 70 decibels below the
average level of the concert that is to
follow. The listener seated in his home, in
the actual position he is to occupy during
the concert, could by means of a remote
volume control adjust his seat until he could
only just hear the note; this would fix his
threshold of hearing and the concert which
would follow at an average level; 70 deci-
bels above this note would therefore be at
the correct volume. )

Of course, the figure of 70 decibels is used
here mainly to illustrate the principle-in-
volved. "It may be that different types of
programme would require different volume
levels, in which case the intensity of -the
original note would be adjusted accordingly.
Also, as loudness is bound up with rever-
beration period, the difference in acoustical
properties between the average living room
and a concert hall would have to be taken
into ‘account in the fixing of the 1nten51ty
of the original note.

A note of 2,000 cycles is suggested, as it
is right at the bottom of the audition curve,
but in practice two or three notes of different
frequencies would probably be desirable, as
speakers often have a resonance around
2,000 cycles, which would upset the working
of the scheme.

Possibly there are not yet sufficient really
good receivers in use, or sufficient listeners
who desire to get the very best out of their
sets, to render this scheme worthwhile, but
in any case I should be interested to read
other listeners’ views. = “G: M. Le TALL.

Sheffield, 2. -

SEE that Mr. Hughes has revived the old
‘“Scale Distortion’ controversy, and
although his statements are very sound, I
fail to see his complaint against the article
in question, which surely implies intensity
at the ear when it mentions loudness.

As ‘‘Cathode Ray’ has once more
pointed -out in last week’s article on
‘“Bass’’ i —

“Intensity . . . does not necessarily de-
mand the full power of the original sound
source.

The fact remains, however, that if for any
reason (usually domestic) the intensity at the
ear in the home is less than the intensity
at the ear in the concert hall, then drastic
tone correction is necessary to maintain the
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tonal balance, though I agree with Mr.:
Hughes that it is not ‘‘high fidelity,”’
although it may be quite a pleasing noise.
DOUGLAS WINGET.
London, N.W.10. : ‘

“ Light Storage in Television”
AN interesting abstract under the above
title appeared in the March 3oth issue
- of The Wireless World.

It may be of interest to your readers that
nearly eleven years ago, in 1928, I con-
ducted experiments of a similar nature, and
was granted a British Patent No. 320,993,
dated August 24th, 1928, relating to the
reflection of light from a composite plate
under the impingement of cathode rays to
be used in television and telecinematography.

The late Mr. Campbell Swinton took a
considerable interest in the scheme, and I
had the pleasure of visiting him many a
time at his house in Chester Square as well
as at the Athenzum. )

Recently, Marconi’s Telegraph Co., Ltd.,
has been granted a patent of a similar
nature ; and Mr. Puckle’s references to this
subject in his articles in The Wireless World
relating to cathode-ray tubes are also of
considerable interest. :

London, N.1. D. N. SHARMA,

B.Sc. (Hons).

“ Steel Aerial Mast” _
IN connection with the article on building
a steel mast in The Wireless World of
April 6th, I think the following verse is
appropriate : — )
When British multitudes observed with
frowns,
That those who came before had spoiled the
towns, i
“This can no longer be endured,” they
cried,
And set to work to spoil the countryside.
Farnham, Surrey. R. H. PAYNE.

YOUR recent article on the home con-
struction of an aerial mast from steel
conduit tubing is welcome, if only for the
encouragement it gives to those of us who
realise that an effective aerial system is a
vitally important part of an efficient receiv-
ing installation.

May 1 submit, however, that the appear-
ance of the mast would be improved if the
supporting stays were taken from the centre
point instead of from the top? This method
of staying would also resist the torsional
strains mentioned by the author in his last
paragraph, although admittedly with an un-
stayed top section it might be necessary to
use tubing of rather greater diameter than
that suggested.

Modified in this way, the structure would
approach much more closely to the ideal of
a self-supporting mast, which you advocated
editorially some time ago. Alternatively, a
still closer approach to that ideal might be
attained by the design of a mast on the
extremely practical lines devised by “‘ Struc-
tural Engineer,”” but with a larger base. It
is realised, of course, that unstayed or
lightly stayed masts are more costly than
those requiring a multiplicity of supporting
wires, but I feel that on esthetic grounds
they have a much wider appeal.

London, NW.3. ‘“RADIOPHARE.”

Single-wire Feeders

I SHOULD like to comment upon A. G.
Chambers’ article, ‘“Overcoming Har-

monic "Radiation,”” in the April 6th issue

of The Wireless World. Mr. Chambers
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points out that it is never quite possible to
get a perfect match with a single-wire
feeder, due to the fact that the earth is
relied on for balance.

I suggest that instead of the voltage-fed
aerial, illustrated in Fig. 1 in the article, a
current-ted aerial would be much more suit-
able for the novice, as this, in my opinion,
would prove easier to match.

In a resonant aerial the single-wire feeder
should be connected to either side of a cur-
rent loop. Assuming a half-wave aerial is
to be used, the current loop will, of ‘course,
be found at the centre of the wire, and the
impedance at this point will be approxi-
mately 72 ohms. Now, as the characteristic
surge impedance of a single-wire feeder is
500 to 600 ohms, it will be necessary to

connect the feeder to the aerial at a point

approximately one-seventh of the total
length of the aerial wire either side of the
centre. The exact position may be easily
located by trial and error. When the im-
pedances are perfectly matched, as they can
be for all practical purposes, there will be
no standing waves on the feeder, and the
greatest efficiency will be obtained.
Rotherham, Yorks. S. REDFEARN.

Anti-interference Measures
SINCE it is becoming increasingly likely
that legislation to deal with interfer-
ence will not arrive during our lifetime,
perhaps a few suggestions as to how man-
made static may at least be mitigated in
some cases will not be unwelcome.
To start with, the B.B.C. should take

immediate steps to increase the power of

their regional stations up to 100 kW or more.
Of all bands, the medium is probably the
most used by the vast majority of listeners,
certainly by those who like to ‘' listen
abroad”’ occasionally, but are not neces-
sarily short-wave enthusiasts.

Next, the modulation of the carrier waves
of B.B.C. stations should be made greater.
It is no use the B.B.C. saying that modu-
lation is as great as is consistent with the
maintenance. of good quality. To this I
reply that no exception can be taken to the
quality of German stations, as regards sound
transmission, yet the modulation of their
carrier waves is undoubtedly greater than is
the case here. A simple test will prove the
correctness of my contention.

T. J. E. WARBURTON.

St. Leonards-on-Sea.

HENRY FARRAD’S SOLUTION
(See page 388) )
AS the circuit stands no possible value of
R would balance out the anode current
through the meter, because with the LT cell
connected as shown its current would add
to the anode current instead of subtracting
from it. The cell must first be reversed.

In order that no current shall pass via
the meter it is necessary for all the anode
current to pass through R, and for the volt-
age drop so produced to balance the LT
voltage exactly; thus the voltage applied to
the meter will be nil. As the valve is a
P220 the LT is 2 volts, and the resistance
required to drop this amount when 2 mA.

. . . 2
0.002 amp. 1S ﬁOWlH 1§ ———, Or 1,000
( p) g 0.002’ ’

ohms. To allow for exact adjustment it
might be convenient to have a 500-ohm
variable resistance in series with 750 ohms
fixed.

The circuit is still not right, however, be-
cause, judging from the absence of grid bias
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and the relatively large initial anode cur-
rent, the valve voltmeter is of the grid-
current type, in which the anode current
decreases when a measurement is being
made. The voltage drop across R fails, and
current passes from the LT cell through the
meter. Unless the meter is reversed, too,
the pointer will move off the scale.

Television Programmes

Sound 471.5 Mc/s Vision 45 Mc/s

An hour’s special film transmission in-
tended for demonstration purposes will be
given from 11 a.m. to 12 noon each week-
day. The National or Regional programme
will be radiated on 41.5 Mc/s from approxi-
mately 7.45 to 9 p.m. daily.

THURSDAY, APRIL 27th.
3, Douglas Byng in “ Byng Ho.” 3.35,

Gaumont-British News 3.45, 237th edition of
Picture Page.

© 9, Carson Robison and his Pioneers in Cabaret.

9.35, British Movietonews. 9.45, Cartoon Film.
9.50, 238th edition of Picture Page. 10.20,
News.
FRIDAY, APRIL 28th.

3, “ Grandfather’s Further Follies ”"—Grosvenor
House Cabaret. 3.30, British Movietonews.
3.40, Demonstration of Catch-As-Catch-Can
Wrestling.

9, ““ The Mizzen Cross Trees,” a revue of nautical

songs and dances. 9.35, Gaumont-British News.

9.45, Cartoon Film. 9.50, “ Two Gentlemen of

Soho,” a play by A. P. Herbert. Cast includes

i{obert Atkins and Olga Edwardes. 10.25,
NEWS.

SATURDAY, APRIL 2¢th.
2.45-4.30, F.A. Cup Final. O.B. from Wembley
Stadium of the match between Portsmouth and
Wolverhampton Wanderers. The King will be
seen shaking hands with the teams, and at the
end of the match it is hoped to show the
presentation of the Cup by His Majesty.

9, “On the Spot,” by Edgar Wallace. Cast
includes Percy Parsons and Joan Miller. 10.30,
British Movietonews. 10.40, News.

SUNDAY, APRIL 3o0th.
3] Children’s Bee, a puzzle party for boys and
girls. 3.25, “ Birds "—Film. 3.35, ‘ Spanish

Castle,” a programme of dances to music by
Spanish composers.

8.50, News. 9.5, ““ The Twelve Pound Look,”
by J. M. Barrie. 9.35, Cartoon Film. 9.40-
10.20, Lawrence of Arabia: personal recollec-
tion; of friends from different periods of his life.

MONDAY, MAY 1st.

3, “ The Mizzen Cross Trees ” (as on Friday at
9 p.m.). 3.35, Gaumont-British News. 3.45-
4.10, ““ Two Gentlemen of Soho *’ (as on Friday
at 9.50 p.m.).
9, “Me and My Girl,” O.I3. from the stage at
Victoria Palace. 11.15, News.

TUESDAY, MAY 2nd.
3-4.30, “ Rake’s Progress,”” a play by Olga
Katzin on the life of John Wilkes, rake, scholar,
wit and man of fashion who fought George III
on the question of LEnglish liberty—and won.

9, Charles Heslop—'' In the Barber’s Chair.”
9.10, Cartoon I'ilm. 9.15, Eric Wild and his
Band. 9.40, Gaumont-British News. 9.50,
" Ennjanska,” a revolutionary romancelet by
G. B. Shaw. 10.35, News.

WEDNESDAY, MAY 3rd.
3, “ Down on the FFarm,”” another visit to Bull’s
Cross I'arm, where A. G. Street and the farmer
will survey the work for May. 3.20, “ In the
Barber’s Chair.”” 3.30, Gaumont-British News.
3.35, Cartoon Film. 3.45, Vanity Fair—fashion
parade.
9, Vanity Fair. 9.15, British Movietonews.
9.25, “ Perseverance,” an operetta by A. P,
Herbert and Vivian Ellis. 9,50, “ Derby
Secrets, No. 3 "—Film. 10, Tennis Demonstra-
tion. 10.15, News.
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Readers’ Problems

A Selection of Queries dealt with by the Information Bureau, and chosen
for their more general interest, is published on this page.

Gramophone Pre-Amplifier

IT is desired to use an existing receiver for

gramophone reproduction, but as the set
has only one AF amplifying stage, which is
the output valve, our enquirer is at a loss
to know quite what to do.

The detector and output stage of the set
in question’is reproduced here and consists
of that portion of

as very strong unmodulated carrier waves,
and at these points the set shows a tendency
to develop a howl. No sign of this effect is
noticed on the other ranges.

Spurious oscillation of the kind described
is usually due to excessive oscillator voltage
on the injector grid in the frequency-changer
valve, and it can often be cured by damping
the offending circuit in the oscillator by a

the circuit above the Ir

earth line. While > oy
there are certain

gramophone  pick- y
ups that might give \

sufficient output to
load a single pen-
tode valve, we think
it would be worth
the trouble involved
to construct a sepa-
rate unit to be used
as a pre-amplifier
for gramophone re-
production.

This can be
arranged as shown
below the earth line
in the diagram, B
and a double-pole T
change-over switch

Fi

VOLUME
CONTROL

comprising the parts ||
St and Sz should be
included in the set.
The spare contact
on Sz can be used
to break the screen-
grid supply for the
RF, FC and IF
valves, as otherwise
the wireless pro-

gramme may be I
audible as a back-

ground on gramo-
phone reproduction.
Alternatively, the

PICK-UP

Pre-amplifier for
gramophone repro-
duction.

<
.[ S
4 TO 8 mids :,wo 000 O
>
<
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receiver’s AF volume control could be
turned down to the minimum position and
the connection from A on Sz omitted. The
lead A would, of course, have to join tfo the
high-voltage end of the potentiometer sup-
plying the screen grids of the valves.

If the mains transformer in the set will
not stand the extra filament load, then a
separate filament transformer will have to
be used, but HT can be taken from the set,
as only a few milliamps are needed.

Parasite Oscillation in SW
Frequency-changers

HAVING constructed a short-wave super-
heterodyne, a reader is experiencing
difficulty in obtaining a satisfactory per-
formance on the highest frequency range,
which just takes in the television sound
wavelength. - At frequent intervals over the
scale there is encountered what is described

resistance. The object is to reduce the
amplitude of the local oscillations so that
they do not exceed the value stated by the
makers of the valve.

This is not, however, an infallible cure, as
parasitic oscillation, which-is the cause of the
trouble in cases of this kind, may be due to
other causes. RF by-pass condensers from
the screen grid to earth and from the cathode
to earth in the frequency-changer circuit that
have appreciable inductance at the very high
frequencies may be responsible, and often
joining a good mica condenser of 100 or 200
m-mfds. in. parallel with the larger paper
type usually employed will suppress these
oscillations. Also, the lead from the anode
of the frequency changer to the first IF
transformer should be kept short.

If it can be arranged to use a relatively
high intermediate frequency—i,500 kc/s,
for example—there will be less likelihood of
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any trouble from parasitic oscillation
being encountered.

Finally, AVC should not be applied to the
frequency-changer valve. Some or all of
these measures may be needed to suppress
parasitic oscillation on the ultra-high fre-

quency band in sets of this kind.

Extension Loud Speaker

HAVING two loud speakers with 'speech
coil impedances of 5 and 15 ohms respec-
tively, a reader wishes to use one as an

. extension unit and asks what impedance

figure to assume for calculating the output-
transformer ratio. It is also gsked if the
idea is practicable and, if so, which of the
two should be used as the extension
speaker.

Assuming it is proposed to connect the
loud speakers in parallel and to a common
secondary winding, the seccndary load im-
pedance will be the product divided by the
sum of the two loud speaker impedances,
i.e., 3.75 ohms.

The output power will be divided between
the two speakers in a ratio of one to three,
the 5-ohm model taking three-quarters of the
output.

It a slightly reduced volume will answer
at the extension point the 15-ohm model can
be used, but if equal volume is essential,
then the output transformer must have two
secondary windings each arranged to match
its own loud speaker to twice the valve’'s
optimum load.  Alternatively, a tapped
secondary winding could be used and the
ratios calculated in the same way as for
separate windings.

Modern HT Rectifier in an Old Set

A RECEIVER that is many years old is
being reconditioned for use as a stand-
by set. Originally it was fitted with a 6-volt
rectifier taking 0.5 amp,, and it is proposed
to replace this by a modern valve, such
as 4-volt r-amp. type. Advice on the best
way of making this change is required.
There are two solutions to a problem of
this kind: one is to include resistance in
the rectifier filament supply to drop the sur-
plus voltage, and the other is to fit a small

~ auto-transformer designed to give 4 volts,

when supplied by the existing 6-volt winding.

If the first-mentioned scheme is adopted
a resistance of 2 ohms to carry 1 amp. will
be needed. To preserve the symmetry of
the filament circuit a 1-ohm resistance can
be connected in each filament lead.

The possibility of fitting a 6.3-volt rectifier
might be considered, as it is possible to
obtain one that takes 0.4 amp. only. Such
a valve is listed in The Wireless World Valve
Data Supplement. A valve of this type
would be quite satisfactory if the filament
supply were found to be nearer 6.3 than
6 volts with a current of 0.4 amp.

Mesh Electrodes for CR Tubes

IN order to avoid disturbances of the mag-
netic field, cathode-ray tubes designed for
magnetic deflection may be provided with
electrodes of mesh construction. 1In this
way the production of eddy currents is re-
duced, but the solution is not a perfect one
as each mesh may act as a short-circuited
turn, albeit one of very small dimensions.
It is now suggested that the effectiveness
of this method of electrode construction may
be improved by coating the wires of the
mesh with an insulating layer consisting,
say, of oxide. The mesh electrodes may
accordingly be made of oxidised wire ; after
construction the oxide coating is removed,
except at the crossing points of the mesh.



400

Recent

MODULATING LIGHT
IT is known that a ray of light
can be modulated by passing it
through a liquid or solid in which
mechanical waves of supersonic
frequency are set up by contact

with a piezo-electric crystal.

It is now proposed to pass the
light through the piezo-electric
crystal itself, and to depend upon
the diffraction effect of the vibrat-
ing-molecules of the crystal. The
method is stated to give a greater
depth of modulation, and one more
strictly proportional to the varia-
tions in intensity of the incident
ray. The crystal is energised at
carrier-wave frequency by a high-
frequency source connected across
metal coatings which are laid on
the upper and lower surfaces of
the crystal, parallel to the path
of the ray of light.

S. Sokoloff.  Application date
May 13th, 1937. 0Z(\)Io. 498816.

oo

SOUND ¢ PICK-UPS "
ARELESS handling of the
sound-arm of a radiogram

may do damage to the armature .

of the pick-up, or break the point
of a sapphire ‘‘ needle,”’ or cause

K

Roller device for safeguarding
pick-up and record.

permanent injury to the gramo-
phone record. As a safeguard
against any such mishap, the end
of the sound-arm S, near the
stylus T, is fitted with a small
roller-shaped member R which is
so biased by a spring P that its
curved edge is normally lower-
most. That edge, therefore,
makes first contact with the sur-
face of the record disc K (or any
other support on to which the
sound-arm may be placed) and so
acts to protect the point of the
stylus.

As soon as the sound-arm is
placed on a gramophone record,
the rotation of the latter auto-
matically swings the roller R
round, until its flattened portion
comes lowermost. This allows the
stylus to fall gently into contact
with the record disc, and so safe-
guards both the pick-up and the
record.

Telefunken Ges fur drahtlose
Telegraphic m.b.h. (Assignees of
Siemens and Halske Akt).  Con-
vention date (Germany) March
25th, 1937. No. 498963.

The British abstracts published
here are prepared with ‘the
permission of the Controller of
H.M. Stationery Office, from
specifications obtalnable at the
Patent Office, 25, Southampton
Buildings, London, W.C.2, p-jce
1/~ each. :

Apparatus for ascer-

taining the speed over

the ground of an
aeroplane,

Inventions

Brief descriptions of the more -

interesting radio devices and

improvements issued as patents
will be included in this section

The Wireless World, April 2yth, 1939
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PUBLIC ADDRESS SYSTEMS

O ensure a realistic effect, a

loud speaker should be
mounted so that the sounds from
it appear to come direct from the
real or original source. A suitable
point, for instance, is near the
ceiling and directly above the real
speaker’s head. At the same time
the microphone must be located
within the acoustic shadow of the
loud speaker, in order to permit of
adequate amplification without
*“ singing.”’

According to the invention, one
wall of the horn of the loud
speaker is formed by the ceiling,
so that the latter, in effect, divides
the horn along an axis of sym-
metry. Since there is no flow of
energy along this axis, the wave-
front is not distorted and the
overall effect is that which would
otherwisc be obtained from a horn
of twice the actual dimensions.
The inside of the horn is divided
by vertical partitions, which are
logarithmic in cross-section. In
this way the sound waves are pro-
jected as a uniform beam, without
undue directivity, and without
producing diffraction at the mouth
of the horn.

Standard Telephones and Cables,
Ltd. (Assignees of E. C. Wente.)
Convention date (U.S.A.) Novem-
ber 13th, 1936. No. 495594.
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CONDENSER MICROPHONES

. A * HIGH-FIDELITY *’ micro-

phone set consists of two
condenser instruments A, B con-

nected in parallel to a common
transformer T. The larger instru-
ment A, which handles the lower
frequencies, is 8 cm. in diameter,
whilst B, which deals with the
higher frequencies, is 3 cm. in
diameter, the two instruments
being mounted at the front and
rear respectively of a common
holder or support.

The larger current normally
passed by the instrument A is re-
duced, relatively to the output
from B, by a resistance R. The
inductance of the primary winding
of the output transformer is such
that, when combined with the
capacity of both microphones, its
resonant frequency falls below the
audible 50-cycle limit. The neces-
sary biasing potential for the two
instruments is taken from a
common battery K through a
regulating resistance Ri, a block-
ing condenser Cr being inserted to
prevent a short-circuit through the

machine and reflected back to it
from the ground. Déppler’s prin-
ciple, in brief, states that if a
source ot waves moves, relatively
to an observer, an apparent
change of frequency occurs. The
rise and fall in pitch of the
whistle of a passing train is a case
in point.

According to the invention, the
aeroplane carries a short-wave
transmitter T and a short-wave
receiver R, mounted side by side
in separate parabolic reflectors, as
shown. The transmitter radiates
to the ground a clear-cut beam of
energy which is reflected back, at
least in part, towards the receiver,
where it produces Doppler’s
apparent change in frequency.
The change is proportional to the
speed of the machine relative to
the point of reflection, and is
measured by the beat-note pro-
duced by combining the returning
wave with a fraction of the out-

primary winding of the trans- going wave. A small ray is
former. L diverted directly from the trans-
E. Reisz.  Application date  mitter into the receiver by a pair
February 14th, 1938. No. 498435.  of small *‘disc’’ reflectors D, D1,
0000 placed just in front of the out-

RADIO SPEED-INDICATOR
HE speed of an aeroplane,
relatively to the ground, is

going beam. An iris diaphragm
D2 serves to regulate the strength
of the diverted ray.

The British Thomson-Houston

measured by applying Doppler’'s Co., Ltd. Convention  date
principle to a beam of ultra-short (U.S.4.) April oth, 1936. No.
waves transmitted from the 493708.

T

Coupling circuit for dual micro-
phones.
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