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HARMONIT RESPONSE

The Mullard. Pure Music Speaker gives true reproduction for one

fundamental reason that it is highly sensitive to harmonics, the
number and strength of which provide the characteristics whereby
both voices and instruments are distinguished one from the other.
Walk into a radio dealer, listen to the Pure Music Speaker, and the
first few words spoken or sung ot the first few bars of music will
convince you that you are listening to the one speaker which com-
pletely satisfies the sense of hearing.

The only Speaker responsive to harmonics.

PRICE £6~6~ 0O

 “Mullard=_

MASTER -RADIO
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“IDEAL”
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The most solidly constructed Transformer
on the market on account of the exception-
ally large amount of highest grade materials
used in its construction, The “Ideal”
Transformer is a scientifically built instru-
ment of precision—10 per cent. of the
cost of production being devoted to special
tests during each stage of manufacture.
Every ‘Ideal” Transformer carries a
year’s unconditional guarantee of reliability
and performance.

Four ratios; 2.7-1, 4-1, 6-1, 8-1,

Price £ 5 / = each
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is described in No. 1 of the “ Eistrea Radio

News,” the magnificent new wireless

journal {to be published approximately at quarterly inter-
vals) which, for the whole of this year, will be posted free to
cvery S.T. valve user who sends us his name_and_address,
together with the test certificate cut from an S.T. valve carton.

It is the first H.F., Det. and L.F. Radio Press star set, the
ultimate outcome of months of research at the famous Elstree
Laboratories now at the. service of S.T. users. At almost
every degree on the single dial, stations come in with magnificent
volume when S.T. valves are used, and the warm living music which
pours from the loud speaker will amaze you. (A set- like this, ahso-
lutely matched to the valves, can be designed to give the .maximum
results, and this is borne out in a striking manner. It js (ke 3-valve
set of the year, and photographs, working blue
h prints (Free), and full descriptiont appear in each copy
¥ of the “ Elstree News,” together with details of the
Elstrophone, a new s5-valve set which will supersede the
Solodyne 5, from wirich it can be very readily converted.
There are also further notes for those interested in the

original Solodyne and Elstree Six, many extremely
interesting circuits and research articles.

Buy an S.T.—the valve with the perfect vacuum—
now and enjoy this new bcautifully printed and
illustrated Go-page journal.

TR R
4 €8, Ty . €S,
g tams: *Cip)oamp. BT 014 (Rox. Cop)
Amphﬁcaix:lx: g\smph-ﬁ?a!ﬂn_ fication 40 .. 14/
S.T.41 (H.F. B8.T,61B (H.F. -and
4 and Det.) o'1 Det.) o't amp. 14/«

"'.l“HE most amazing 3-valve sct yet designed

A amp. .. 14/= :
and Det.) o1 S.T. 4p2 (Power) S.T. €2 (Power) “or

amp. .. 14/= o't amp. 18/6 amp. .. ..18/8

3.T.23 (Power) 8.T.43 (Super §.T.83(SuperPower)

0'15 amp. 18/8 Power) o235 0'25 amp. .. 226
-amp. .. 22/8

Address applicalions for * Elstree Radio News ” (with test
wrtificate} lo ~Efstree News, c/o S.T.Ltd., 2, Melbourne
Place, Strand, London, W.C.2
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% Search ﬁr Qualz ly

B o e

THERE are signs that the public,
stimulated by articles in the

technical and lay Press, are
beginning to pay more and more
attention to the question of quality
as opposed to quantity in broadcast
reception. The writer has ‘always
believed that the permanency of
broadcasting must rely upon an in-
terest in listeners in what is received,
not in the method of receiving it.

Anything that the B.B.C. may do
in helping those who produce and use
sets to make the best of their trans-
nussions, they will do, and I feel I can
do nothing better, in a series of
articles, than to run through the
underlying principles and try and
set down in concise form some of the
chief difficulties which prevent per-
fect reception.

The whole thing is so painfully
simple mn essence. The trouble is
frequently that in steering between the
Scylla of seeming to favour pro-
prietary articles, and the Charybdis
of vagueness, one is carried away
from solid fact-in a swirling spate of
words which leave the reader lament-
ing our ever-increasing separation.

What is the Problem ?

Boldly to take the bull by the
horns, it would be better to publish
here and now the diagram of a set
which satisfies not perhaps an ideal,
but at any rate pmctlcal conditions.
This I will do later, but in a sertes of
technical articles, one must lead up
to the final diagram, since it would
tcem a pity for people blindly to
copy a specification knowing nothing
about it. This so often does more
harm than good.

In the first place, what exactly is
the problem ? It is to design an
apparatus which is first made to
“pick up 7 wireless waves so that

H.F. currents in time and tune with
the transmitter flow in the aerial,
next to * rectify ”’ these currents so
only the envelope of half the H.F.
currents is thereafter dealt with, then
to deal ‘with this envelope of uni-
directional impulses (called the low
frequency) in a valve or chain of
valves, so that eventually we have
L.F. currents which are “shoved’’ into
a “ loud speaker ” which very rarely
reproduces what is ““shoved ” into it !

The H.F. System

First, then, we come to the question
of the reception of the electric waves
themselves. Certain eardinal prin-
ciples here stand out.

Capt. P. P. Eckersley, the B.B.C.’s Chief
‘Engineer and .a . staunch . advocate - of
“ Quahty First.”
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HOW CAN THE QUALITY
OF YOUR RECEPTION BE
IMPROVED ?

In this article —the first of an
important series — the Chief
Engineer of the B.B.C. gives
listeners some really practical

details of set-design.

By Capt. P. P. ECKERSLEY,
M.LE.E.

(1) Itisas well to have a sensitive
acrial and aerial tuning system. Bad
aerials mean oscillation and poor sig-
nals, or an expensive number of valves.

(2) It must be patent that the
H.F. system, whatever it is, must not
be so “ efficient ’ as to_be too selec-
tive. In broadcast telephony, we
requirc to receive a ~fundamental
frequency -f- 10,000 vibrations on
either side. 'If the receiver is too
selective the quality of the reception
is affected. i

(3) In spite of (2), we must have
a_respectable degree of sclectivity,
otherwisé the set will fail to cut out
one station in favoiir ‘of anothér, if
and when another is available.

What Some Pebple Do

Poixt 1.—On this question of
general efficiency of an aerial, I simply
say this: Many people, to =savo
trouble, or, dare it be whispered ?
sometimes to conceal the fact of their
having a sef, most often through
ignorance, simply sling up a piece of
wire round the room, use a coil of
44-wire, earth on to an aluminium-
painted hot-water radiator, and either
spend their time oscillating at about
ten watts power or complain that the
local station is weak.

It is a fact which I have scen
demonstrated, that with a frame
two feet square, or a small capacity
aerial _ and low-resistance coils, a
3-valve set, not unduly forced, can
be made- to give fair strength at
ten to fifteen miles from a main
station.

It is a fact which is demonstrated
too often to me in bitter experience,
that many a 3-valve set with bad
aerial, bad coil, and bad earth, but
at the same time with a big aerial,

..has to be set on the verge of reaction

ten to fifteen miles from London.
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THE SEARCH .FOR QUALITY —concluded

It is a fact that is demonstrated to
me on a set that I am using, that

even with an indifferent aerial and-

a not too good earth, a 4-valve
set can be made to give, with as
perfect quality as we know how to
get (i.e. with no foreing), any foreign
station worth hearing. The reason
is that the design of coils is good.

T am getting at this.
a good coil, and a good ¢ earth can be
made to do wonders. It is no good
expecting a small frame to do every-
thing ; it is no good expecting a good
coil .md a bad earth to be good; it
is no good . ... but I lahour the
point.

1If you have room for it, put up a

good honest aerial, sixty feet hori- "

.zontal, forty feet high, and lead it
in to the set at once, not with bell
wire run round the house. If you have
difficulties in doing this, get as near
to this ideal as you can.

Good Earth Essential

If you have facility, forget the
gas.main, the hot-water radiator, but
do not be so shy of a good contact
on to the water main. Best of all
dig—and dig. deep—in the garden,
and buy a plate of copper or sheet
metal, 5 {t. by 3 {t., and solder a
good connection on to it, and make a
real earth. If you cannot, the water
main is good.

If all these ideas are out of the
question, very often a good frame
aerial is better than that deceiver of
listeners, the * indoor aerial.” One

cannot be dogmatie, however, hecause
conditions vary zo much.

. ¢ . Reaction,
that wonderful
but abused
quality, should
be used spar.

ingly . ..

A vood aerial,

As to the aerial tuning inductance
itself, T am always so surprised to
find that so very few people realise
that ohms mean resistance, and that
resistance mean less current and less
current mean weaker signals, and
weaker signals mean more valves,
and more valves niean more money.
The average plug-in coil has a

ule

4,

ERY

“What is wrong,
c:rcular for-
mer ?  asks
Capt. ~ Eckersley
in discussing the

best results

X3

L A

resistance of 10, -20, - 30, or. sbme

60 ohms. Especia}ly is” this s0 on
the long waves, where the aerial
gystem may be as much as 200 ohms.
The sort of value required is 20 or
30 at maximum for long waves and
5 or 10 on short.

What is wrong, after all, with a
circular former ? A cylinder, in fact,
wound with wire. Here is a speci-
fication of a coil which i3 a wireless
engineer’s job. Diameter about 3 or
4 inches, length 3 or 4 inches and
15 to 20 turns to the inch. This for
waves between 200 and 600 metres,
but anyone can calculate it right;
I give the general idea for guidance.
The inductance of a cylindrical coil
is given by (=DN)2k, where D is
the diameter, N the number of turns
per unit length, 1 the length, and k
1s a constant which is given In tables
in any good wireless text book.
L comes out in centimetres. L can
be calculated by the wave-length
required, because the wave-length
equals 2 = CL, where C is the
capacity. The point I amn getting at
is that these large coils of eylindrical
form give a resistance of 1-10th or
so of the compact type, and with
a good aerial and earth, enormously
increase the efficiency of the aerial
system.

The Side:Band Problem

‘Point 2.—In the medium waves,
and for getting the local station where
a lot of reaction should not be used,
there should be very little Tear of
cutting off side bands. I have,

however, noticed that the use of -

low damped coils probably does cut
340

_after all, with a -

~aerial ¢ coxl to give .

~ oft a little “ top,” or, possibly, what

comes to the same to the ear, enhances
the bottom. This is not bad because
with top goes some “ mush,” and the:
effect is.s0 gentle over the musical.
scale that, really, it is extremely
pleasant. For long waves (Daventry),
too excessive a reliance upon low
damping may produce cut-off, so one
would advise keeping the same sort
of size of cylindrical coils, and wind-

“ing with a much greater number of

turns per unit length. The wave-length
18 about 4 times, hence the inductance

. has to be 16 times, but the number

of this per unit length only 4 times.
This will in¢rease the.damping suffi-
ciently to avcid side band cut-off.
Damping can be introduced, remera-
bet, by addmg resistance—a  very
easy thing ‘to” do; eﬁicnency cannot,
with- given coils, be increased by
removing resistance !.

Alternative Programmes
As to Poixt 3, quite a respectable
start towards reasonable selectivity
can be got by attending to coils. It
is the intention of the Broadcasting
Corporation,

provided Government

Besides being very
easily inserted - or
withdrawn the plug-
in coil has the im=
portant’ advantage

of compactness.
y

permission is given, to give alternative
programmes in this country, by erect-
ing twin wave-length stations in
various parts of ‘the country. This
will mean that any set will have to
have just that measuare of selectivity
to enable it to pick up art trans-
missions of equal power. This is very
different from picking up a 1 kw.
station at 200 miles while one is
located a mile away from another
station of 1 kw. The local station
is then relatively overpowering. We
are only asking for equality selection.

As to reaction, that wonderful but
abused quality, the user should use
it sparingly on medium waves; it
is'a snare and a delusion on the long.
But H.F. efficiency makes' its use
controllable.
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Tﬂn great popularity achieved by
what are generally termed
. ‘“ neutrodyne circuts ”’ - (al-

though strictly speaking, this term
should only be applied to those circuits
devised by Prof. Hazeltine) has been
due to the efficiency of the stabilising
methods employed. This stability is
secured, not by the old scheme of
whittling down the energy available
until the feed-back is insufficient to
maintain oscillation, but by * balane-
ing out ” the feed-back current which
would otherwise be a source of
trouble.

Two Popular Arrangements
Two circuits which have achieved
great popularity are shown in Fig. 1

/e BLACK

PRIN

4 e e heens

..i

T!

frouble.

PERCY W. HARRIS, M.1.R.E.
(Editor of * The Wireless Constructor.”)

This unique four-valver embodies a solution to
one of theoutstanding probiems that arise in
connection with effective neutralisation. Mr,
Harris in his usual practical manner has de-
vised a method of applying the system, so that
even inexpert constructors should now be able
to get first class results without the slightest
Moreover, the ¢ Black Prince ”’ will
take practically any valves, and although it is
a remarkably sensitive set and will bring in
many stations on the speaker, it is very stable
and very easy to handle.
ticipate that the ¢ Black Prince >’ will prove one
of 1927’s most popular four-valve receivers.

The set désigned, built and described by

We confidently an -

circuit) and in Fig. 2 (generally called
“ split-secondary.”)

only one stage of H.F. magnification

For simplicity preceding the detector is shown, but

AT

2

o541

(known as the “split primary” 4t
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3 COMPONENTS REQUIRED 33
534 1 ebonite pane!, 16 X 8 X % or } in. 1 split primary coil, Daventry range. 3 fixed condensers -015 mfd. (Uubi.lc" ii
b 94 (See notes.) L 1 neutrovernier condenser (Gambrell). “lype 610 or 620). s
233 1 cabinet to take above, with has:~ {1 palancing condenser (McMichasl). 2 fixed condensers 1 mfd. (Dubilier, 233
oo board 16 X 14 in. (See nofes.) = ol Lissen, 7.C.C.). 233
22 { vail Fracksts (Cames. Mach Pat 1 100,000 ohm anod: resistanca and 8 b 24
b4 g:o'“ e )"5( ames, Nasnum, £40° base (Dubilier, Mullard, Varley, etc.). 3 lter.:nmzd shiin(Masoum). &
33 : 2 250,000 ohm anods resistances and  Glazite or similar wire for wiring up. 3
s & varxable fienders; w8008 mid: basés (Dubilier, Mullard, Varley, ete.). Cost of set with eabinet, as illustrated, 34
pé {Bowyer Lowe, Popular). fi 5 itas 3 and coils for both ranges, but without o3
o< 1 variable condenser ‘0005 mfd. (Bow- 4 fixed reslstors (Amparitss, Tenorytes, anges, P
b3 - yer Low, Popular). Magnum, etc.). valves £17. s
3o A G T o part dials (Rother- 4 anti-vibratory valve holders (any 1i } in. panel is used, recesses most be P84
*0 >
3¢ mel Radio Corpn.). good standard make ; thoseshownare cut at back to take nuts of K.K. dials, b33
$¢ 11} in, arrow knob (Rothermel Radio  ** Wearite ') as thess are designed for § in. panels.  $3
s Corpn.). 1 0003 mfd, grid condenser and clips Any standard “ double depth > cabinet &
b3 1 on and off switch (Decko). for series leak (S/P pattern T.C.B.). can be used.” The handsome-drop front- 3
3¢ 2 standard screened coll sereens and 4 grid leaks (Dubilier, Lissen, Mullard, Ccabinet illustrated - was. supplied by 83
ss bases. etc.). See notes. Peto-Scott Co.; Ltd. "Similar cabinets. b33
234 1-split secondary coil, lower range. 3 grld leak holders. (Dumetohm). can bz obtained from alt ths leading 33
$¢ .1 split secondary coil, Daventry range. 1 H.F, choke (McMichasel, Varley, split-  makers. %3
023 1 split primary coil, lower range. coil type, R.L, etc.). Valuss of leaks are discussed in article, =5
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“BLACK PRINCE”—continued

the following remarks apply equally
to one or more stages.

In the Fig. 1 circuit the small
condenser NC is adjusted to balance
out the reaction eflfect due to the
capacity between the plate and the
arid of the first valve. The primary
wmdmu of the H.F. transformer be-
tween the first and second valves, i3
divided ; one half being connected

between the plate and H.T. positive,
and the other half between the H.T.
positive and the neutralising con-
denser. Reaction in the detector
circuit is obtained by the combination

of capacitative and inductive reaction,”

with which the name of John. L.
Remaltz 18 generally associated.

In the Fig. 2 circuit we have two
identical H.F. transformers, the first
heing used to couple the aerial to the
first grld circuit, and the second for
coupling the p]ate circuit of the H.E.
valve to the grid circuit of the de-
tector. "The secondary winding of

‘cach . transformer is tapped in the-

centre, this point being taken through™
a high resistance to the valve fila-
ment.
the radio frcquency transformer is
connected to the- plate of ‘the valve
and the other to the grid, a variable
condenser for tuning purposes, heing
connected across the whole coil. In
this circuit,. toe, condenser NC is
adjusted  to balance out the effect of
the capacity betwéen the plate and
thc_e grid of the valve.

Parasitic_ Oscillation.
- 8plit coil.circuits of - this type have

an unfortunate tendency to oscillate

‘on their own ” at a frequency de-

pendent upon the natural - frequency .

of the secondary of the transformer,

The Panel, in its severe simplicity sug'gests its prototype—The Black Prince.

-One end of the secondary of -

due to the fact that half of the coil,
in the grid circuit, is tightly coupled
to the other half in the plate circuit,
giving the necessary coupling to
maintain  self-oscillation.  Unless

means are adopted to counteract this
effect, it will be found impossible to
stabilise the set over the whole range.

By inserting a fixed resistance of
say 100,000 ohms. between the centre

tap and the filament, these parasitic
oscillations can be damped out with-
out appreciably altering the efticiency
at ordinary hroadcast wave-lengths.
A resistance hetween the centre tap
and the filament of the détector is
not necessary, as this circuit is suffici-
ently damped.

Good Circuits

Both of these circuits work quite
well ~when suitably made up and
adjusted, but- every experimenter
with such cirouits-is aware of the fact
that the value of the capacity required

. to neutralise the circuits in Fw 1.and

Fig. 2'is often considerably in excess

of the capacity of the valve itself (i.c.,
that between grid and plate). Care-
lessness in making up a receiver may
add a number of additional capacities
needing to be neutralised, but fre-
quently in the most carefully designed
receiver the capacity needed is sur-
prisingly large.

So far as the Fig. 1 circuit is con-
cerned, it is doubtful whether it is a
genuine neutralised circuit, although
it gives a good measure of stability,
but the Fig. 2 circuit (for which we
have to thank the Weston Electric Co.
of America) is much more of a true-
“ balanced ’ circuit.

Third Circuit Tried

There is no question that when the
highest efficiency is required, reaction
in the detector circuit is very
valuable. The grid leak and condenser
method of rectification introduces so
much damping that the tuning in this
circuit is flattened to a very great
degree. By reaction, we can reduce
the damping and therefore increase
the signals to a considerable extent
before reaching that point where dis-
tortion takes place:

The two popular ways of making
up the set with one stage of.neutral-
ised H.F. and a regenerative detector,
are those shown in Figs 1 and 2.
Fig. 1, as I have indicated, is scarcely
a real “ balance ”’ circuit. In Fig. 2
the reaction method, using a large
condenser R C instead of a small
neutralising condenser, possesses cer-
tain disadvantages which I have not
space to mention here.

Fig. 3 shows a circiiit made up with
standard screen coils, which T recently
agsembled in the hope of obtaining
the very distinct advantages of the
tuned anode system with a regenera-

D000 ey

V000000

- Sewr Seconoary Cweur fig 2 -
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“BLACK PRINCE”—continued

tive detector. At first glance it looks
very promising and should work well
with any valve (which is certainly not
the case with screen coil H.F.
transformers) and has certain virtues
of simplicity. The receiver was there-
upon built up and a great deal of
experimental data obtained. It was
abandoned, however, as when the

E
e

circuit was properly neutralised, it
‘was practically impossible with stand-
ard windings to obtain proper re-
action effects, while tuning in the
tuned, anode circuit was exceedingly
flat. On cutting out the H.F.
valve without " upsetting the
neutralised state (this could be done
by removing the fixed resistor) re-
action in the deteetor circuit became
perfectly normal over the whole range
of the condenser, thus proving that
the first circuit was introducing
damping. I should say, in passing,
that elaborate precautions were taken
to see that the set was genuinely
neutralised and a slight turn one way
or the other of the neutzalising con-
denser removed the neutralised con-
dition.

The Final Arrangement

Fig. 4 shows this circuit re-drawn in
3 simplified form, from which it will
be scen that the plate-filament
resistance of the HF. wvalve 1is
shunted right across the grid circuit
of the second valve, thus introducing
considerable damping. Such a circuit
can give quite good results with
magnetic reaction of the swinging coil
type, as a suitable coil can be intro-
duced to give a tight reaction coupling.

Finally, after much experiment, the
circuit shown in Fig. 5 was chosen and
has given exceptionally good results,
distinctly . better than any other
arrangement I have tried with the
standard screen coil-windings. It is
an admirable circuit for the six-pin
transformers, whether used screened

or unscreened. Where space permits
it 13 decidedly better to usc these coils
without the screens, for shielding
effect with the close screens:of these
is only obtained by an appreciable
satrifice of efficiency. To give the
necessary spacing, however, in a four-
valve receiver such as we are discuss-
ing here, the set would be unduly
bulky, and furthermore as only one
stage of H.F. is used and a
regenerative detector, the loss intro-
duced by the screen i3 not too
noticcable.

Additional Capacity

Directly this circuit was fitted up
and tested, several interesting points
cmerged. The first was that the
amount of capacity - necessary - to
neutralise the circuit was far smaller
than usual, and in fact it was obviously.
in’ the neighbourhood of the capacity
of the valve itself. To make this
point clearer I may say with quite a
number of valves in general use the
minimum setting of a very low

minimum neutralising condenser was’

too great, and it became necessary to
connect a second neutralising con-
denser between the plalc and the grid
so as to bring the capacity of the
valve, plus that of the additional
condenser, within the range of the
neutralising condenser.

This arrangement, I may say. has
certain distinct advantages and makes
the accurate balancing of the receiver

an easier task. There are also other
less obvious but certainly definite
advantages.

The. second interesting point was
that the circuit seemed to work very
well indeed with a very wide variety >f
valves—an advantage which has been
sought in the design of the * Black
Prince,” Many of the disappointing
results readers have obtained with
screened coils have been due to the
use of unsuitable valves, as these

" ttansformels may require’ valvep which

the average useér does not possess.

Tuning proved to' be exceedingly
sharp, and on changing from the short
to the long range of \\ave-]ength no
readjustment ‘of the neutrahsmg con-
densers was found necessary. Reaction
control was perfectly smooth and
neutralising could be so definitely
effected that when London was tuned
in at full strength on a good aerial
seven miles from the station, (the
volume being considerably greater
than is required for normal use) the
removal of the fixed resistor in the
first valve gave complete silence and
London could not-even be heard when
one listened as close as possible-to the
loud speaker disc or horn.

The Tuning Dials
One disadvantage of the split
secondary circuit has been very

successfully overcome in the ¢ Black
Prince "’ by the adoption of a particular

type of
Part Dial.

vernier—the Kurz-Kaseh
If you examine a split

Note the two neutral-
ising condensers on ti:e
right side of the photo-

This photograph shows
the general disposition
of the parts behind the
panel, with valves and
screens in position.
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THE “BLACK PRINCE ”—continued

secondary circuit carefully vou will see
that ncither the moving nor fixed
plates of the condenser are at earth
potential and for this reason the
presence of the hand near either will
affect sharp tuning. Practically all
the vernier dials now sold have a
metal plate connected to the shaft of
the condenser, the vernier wheel
= bearing against the edge of this metal

with resistance coupling, a volume
comparable with that given by a really
good transformer.

On a closer examination of the cir-
cuit you will find the condenser NC,,
“to which I referred earlier in the
article, its use being to add to the
capacity between- plate and grid,
and will note the resistance R,
between the coupling condensers Cg

/6 — 5

e o
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disc to give the neccessary reduction
gearing. It will be seen that by using
the ordinary type of vernier dial with
a split secondary cireuit such as this,
hand capacity effects may be very
marked. The Kurz-Kasch dial is
made entirely of Bakelite, the disc
carrying the dial markings being of
the same material. The principle of
operation of these dials is similar to
that 6f most others, a small wheel
controtled by a hand-operated knob
bearing against the edge of a large
disc. As, however, this disc is of
insulating material the hand need not
come within an inch or two of the
condenser plates, particularly if the
type of condenser used in this set is
adopted.

H.F. Damping Resistance

While the detector circuit is so
arranged that the moving plates of
the condenser are at earth potential,
a second Kurz-Kasch dial is adopted
for uniformity.

Fig. 6 shows the complete circuit
diagram of the four-valve receiver,
from which it will be seen that the
audio frequency stages are resistance-
coupled, the value of these resistances
being high so as to utilise the new
high magnification valves which give,

and the grid of the first note magnify-
ing valve. When the new high
magnification L.F. valves are used,
more than usual care is necessary in
the layout of the set, as there is a
marked tendency for the H.F. currents
to get through into the audio-fre-
quency side and be magnified, giving
rise to a whole chain of troubles. The
resistance R, together with the
“radio-fregeuency choke, does a great
deal to nullify undesirable effects of

this kind. As a point of interest, it
may be stated that while no unwanted
effects were found on the ordinary
broadcast band, when this resistance
was omitted, its presence proved
essential to obtain good quality when
listening on the long wave-length
range. Its value is best found by
experiment, but can well be one
megohm, the leak R, being, say,
two megohms. If, in spite of this
resistance undesirable cffects are still
fcund, duec to a passage of H.F.
current into the audio-frequency
side, a condenser of ‘002 mfd. across
the loud speaker terminals will
probably effect a complete cure.

Concerning the Coils

The figures in circles refer to the
numbers on the screened coil bases.
Any of the standard screened coils
can be used. It may be wondered
why a value of -0003 mfd. has been
chosen for the first variable condenser
and -0005 mfd. for the second. . The
reason will be plain when we consider
that the split secondary coils were
designed for tuning with a double -C005
mfd condenser (giving an effective
tuning capacity of -00025), while the
split primary type wete designed to
tune with a -0005 mfd. condenser of
the single variety. By using -0003

The main back-of-panel leads can be
seen in this view, which was taken
from the H.F. end of the baseboard.
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mid. to tune the first ¢oil, .we make
sure of covering the tunmg range
-desired, while the -0005 mid. is, of

-course, the capacity mecessary for

the second, or the split primary,
coil.

Special Features

A further advantage of
the split primary type of H.F.
transformer as shown, without its
neutralising winding, is that if we so

using

for ‘the last stage, while it is not
really unduly high for the
H.F. valve, or for the detector,
taking into account the resistance in
the circuit of the latter. However, a
voltage of say, 80, on the H.F. valve
is quite enough to give excellent
results, while the-drain on the H.T.

battery is obviously less than
it would be if a 120 were used
throughout.

Although three variable condensers
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desire we can still further tighten the
coupling between the first and second
valves, by using the neutralising
winding as an additional winding in
the primary. To do this it is only
necessary to remove the H.T.
positive connection from terminal 4
and place it on terminal 3. For this
reason and those previously given,
it will be seen that the present arrange-
ment of the “ Black Prince” is the most
flexible so far published for use with
the standard screened coil windings.
Other features of the circuit will be
obvious on examination. It will be
noted that there are but two
H.T. positive terminals, - the
H.UF. valve and the
being joined to one and the two-note
magnifying valves to the other. -Due
to the presence of the resistance in
the anode circuit in the detector
valve, the aetual voltage applied to
this valve is lower than that applied
to the HF. valve, which is
as it should be. It should be remem-
bered that with a modern neutralised
circuit a much higher anode voltage
can be used than was the case in the
old days of potentlometer control.
As a matter of fact, but for the
question of cconomy of BT, consump-
tion, I should have made all valves
work on an H.T. voltage of 120, for
this is a desirablé voltage to use with
a resistance amplifier,” and particu-
larly with the new super-power valves

are used, it is quite unnecessary to use
three vernier dials or indeed to use the
conventional tuning dial on the re

action condenser. Tuning is effected
on the two first condensers, which are,
as stated, fitted with vernier dials, a
small knob being used for the reaction
éontrol. Any knob of convenient sizé
and good appearance can be used here.

. Fasy to Construct )
The constructional work is quite

apparent from an examination of the
diagrams and photographs.
Neutralising condensers of the pro-
gressively increasing capacity type
are recommended, in preference to
those in which two flat plates are
brought closer together by means of a
screwed rod.  In the latter type of
condenser, the capacity change is
relatively small through most of the
travel, but increases very rapidly
towards the end. Furthermore, some
of these condensers short circuit,
which is dangerous in a receiver of this
kind. A good combination of neutral-
ising condensers for this receiver is
the Gambrell  neutrovernia *’ for the,
actual neutralisation and the
McMichael for the additional capacity
across grid and plate of the HF.
valve. Baseboard mounting neutral-
ising condensers consisting of inter-
leaving plates can also be recom-
nended for this second position.

By-Pass Condensers

The condenser of -015-mfd. con-
nected between the terminal 4 of the
second screened coil and IL.T.
negative in the theoretical diagram,
and actually connccted across C; in
the practical wiring diagram, is a
radio frequency by-pass, the Mans-
bridge ty{:e of condenser being less
efficient than the mica type for this
purpose. The Mansbridge in parallel
with ‘this is a steadying condenser
for the H.T. supply rather than a
shunting condenser. The Mansbridge

detector
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simple and can be. easily carried out

from the wiring diagram.  The layout

of parts gnven should . be closely

followed, this being of the utmiost
importance on'the H.F. side.
The following points require a word
ot two of explanation as they are not
3468

AL Creyr Fwacey Crosen: £16.5

eondenser.Cy serves; hoth asia shunt
and a steadymg condenser for the
H.T. supply.

Notice - the f xed resistors used
throughout this receiver. It 1s
desirable that the cartridge type such
as the Amperite be used in the
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H.F. stage as its quick removal is
an easy matter when neutralising.
Furthermore, this type of filament
control takes a very smsll space on
the baseboard and facilitates- wiring.

The appearance of a panel for'a
radio recctver such as this is greatly
enhanced if it presents a uniform
surface without serew heads showing.
I have found a very simple method of
improving the appearance of such
panels, as follows:

After drilling holes to take screws
which normally would show on the
front of the panel (metal screws to

‘Eile'h&seboard layout is clearly sho by this illustration, which should be consulted

hold the brackets, screw securing the
chonite panel to the baseboard, screws
to hold variable condensers, ete.)
countersink them deeper than usual
so that the heads of the screws will he
below the level of the panel..

Final Considerations
Procure from any stationer a box of
“Glitter-wax ” (the price is 6d., and
the wax is used for children’s model-
ling). You will find several coloured

sticks, including a black and a red.
Place the panel horizontally, after all
components have been mounted, and

H

=
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with a lighted match melt some of the
black wax so that it drops in and fills
up the recesses where the screw heads
show. Seec that plenty of wax drops
into the holes and do not worry about
the surplus. As soon as the wax is
set, which will be only a minute or two,
take a sharp knife and slice off the
surplus wax. It will cut off very
easily and cleanly, and then if you
take a cloth or a piece of wash-leather
and rub the pane] it will polish easily
and, indeed, the slight waxy film will
help you in getting a good polish.
The method i3 so simple that it can be

8 g it ) .
with the wiring diagram during construction,
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carried-out'alnost as quickly as it can
be described. When using a mahogany
finished panel, it is an easy matter to
blend the red and the black wax to
tone exactly with the portion of the
panel to be filled up.

Suitable Valves

When the receiver has been wired
up and is ready for test, you will
mneed to choose your valves. The
H.F. can be of the two- four- or six-
volt type, designed for H.F. work.
The detector is best chosen from one
of the same type of valves, ¢.e., those

designed for H.F. work or the new

high magnification resistance capacity
valves.
valve should be one of the new
valves designed for resistance-
capacity amplification, and the
last valve can be either an ordinary
note magnifying valve of the small
power type, or, best of all, one of the
new super-power valves. This re-
ceiver will work very successfully
with two, four and six-volt valves
throughout, although best results
are given with the six-volt. For
the first note magnifying valve I have
obtained excellent results with the
new high-magnification resistance-
capacity valves made by Cossor,
Mullard and 8.T., Ltd. . For the super-
power valve, the Cossor, Mullard and
S.T. all work admirably. In the
H.F. stages all of the leading malkes
have been tried and found successful.

If you are near a station, the set is
very easily neutralised as follows.
Set the reaction condenser at zero,
place a little capacity between plate
and grid of condenser NC,, set the

The first note magnifying

neutralising condenser about half-
way. -down, and tune in the local
station as loud as possible. With
the settings mentioned on the two

:»:::oo.oooooooo:::o:tttoo 33238238888
<
$2AN HOUR -WITH THE *BLACK 33
s PRINCE.” )
;3. (ANl stations on loud speaker.) E
39 1st - .2nd 3¢
§§ SHORT WAVE. Cond. - - COnd ‘3
82 Munster .. .. .. 1 < 10LRIS
¢ Malmo ,. .. .. 10 A8 kS
s¢Dublin .. .. .. 19 23" 3
t2Llondon .. .. .. 27 33 3
$¢Spanish .. .. .. 30 34 32
&2 Radio Toulouse .. 34 40 &2
¢Spanish .. .. .. 35 41 S
3¢ Hamburg .. .. 36 42 3
¢ Glasgow .. .. .. 33 45 32
¢ Frankfort .. .. 43 51 ¢
$Rome .. .. .. 48 58 ¢
$ Langenberg .. .. 53 63 :
$$ Bournemouth 55 59 7/ L S
$¢Brussels.. .. .. .64 76 32
¢ Rosenhugel .. .. 67 81 ¢
8 German .. .. .. 72 85 $2
¢ Sundsvall .. .. 74 92 : $
L 4
*0 - 4
>4 LONG WAVE. b4
$Daventry .. .. 38 50 $2
s Radio Paris .. .. 50 73 32
* g *
3 NOTE.—During the fest different 33
3¢ valves were tried. This slightly alters $¢
¢¢ condenser readings, as does a varying 1»:
3% degree of reaction. Subsequently a ¢2
:§ number of other stations were heard and $§
$¢ identified. 33
X: Wave-length range on shorter band. $¢
$2 200 to 600 metres approximately, using $o
$$ Lewcos screened coils. Other makes o
$3 give approximately same range, but e
+¢ different readings. ‘
oofi3;;::0000000000900‘90:3----:5:':v¢

neutralising condensers, the set will
probably be fairly stable. Make sure
that the local station is tuned in
accurately, and then remove the
fixed resistor of the first valve, being

_the other.

careful in so doing not.te upset any
other adjustment. Listen carefully
and you will probably hear the local
station in the loud speaker, although
at a very diminished strength. Now
carefully turn the knob of the neu-
tralising condenser, and ‘the strength

.of the local station will either increase

or diminish as.you turn one way or
Adjugt this, condenser
until you_ hear nothing of the local
station or, if you are very close, only
the sllghtest trace.” You will find by
turning -tlie condenser that you will
pass through a very quiet zone and
indeed; in nearly every case, through
a silent point. If you cannot find
this point, readjust NC, and try
again. It is best to adjust NC, until
the neutralising position is about
half-way through the travel of the

‘neutralising condenser NC;.

Another Neutralising Method

If you are a considerable distance
from a broadcasting station, and can-
not adopt the method just outlined,
set the reaction condenser at zero, and
the neutralising condenser at the
minimum position and adjust con-
denser C, (the right- -hand dial looking
to the front of the panel) to a fairly
low reading, say 40 degrees. Now
turn the first dial and you will
probably come to a point where the
set will burst into oscillation. Carry
on your adjustments past this until
oscillation stops again. Having found
the middle point in this oscillating
band, carefully adjust the neutralising
condenser NC, until the set will not
oscillate at any setting of the dials.

As before, try and adjust the two
(Continued on page 438.)
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oMETIMES I am tempted to wonder
whether certain of the con-
ventions which we accept with-

out a murmur should really be taken
for granted. Both in the construction
and in the operation of receiving sets
there are quite a number of things
that we do simply because everybody
else does them, and not because we
have cver bothered to reason them
out. Some of these things are per-

i

fectly sound, but I am going to be
bold enough to question the desir-
ability of others.

Take first of all the question of the
way in which the high and low
tension batteries are connected in the
receiving set. In the majority of
sets to-day -the two batteries are
placed in series, HL.T. negative being
connected to L.T. positive.

Doubtful Advantage

So far as I can see this method
has only one advantage. though it
has numerous drawbacks. The ad-
vantage is that by connecting up in
this way the plate potential 1s that
of the filament battery added to
that of the H.T. battery. That
is to say that at the best of times
the extra plate voltage is only six;
in-many sets the amount is four or
even two volts -since very large
numbers of people nowadays use one

MobperRN "WIRELESS

A provocative article, in which the writer questions the
wisdom of some of the accepted tenets of set-design.

By R. W. HALLOWS, M.A.

or two-cell accumulators for heating
the filaments of dull-emitter valves.
Now the modern valve, with its
high vacuum, is not in the least
fimcky about its plate potential;
i fact, except in the case of a few
special rectifying arrangements, an

-inerease or decrease of 10 volts in the

plate potential will generally make
very little difference to results. An
extra six volts is therefore of no great
importance, and as for an additional

dwo. . . ! The disadvantage of this sys-

is that every earthed part of the set
1s in direct clectrical connection with
the negative pole of the single battery
formed by connccting the two in
series. This means that the risk of
a valve - destroying short - circuit is
greatly increased.

In sets employing any kind of
screening on the H.F. side there
are large uninsulated metal sur-
faces which are earthed; in anK
case it is common practice to eart
the cores or the shields of L.F.
transformers, and not infrequently
carthed | screening plates are used
in conjunction with variable ‘ con-
densers, in order to minimise hand-
capacity effects. Let a HT.4 lead
come into contact even for a moment
with any of these things and the odds

s —— e — 3 S SN

Short circuits are easily caused if the metal sereening accidentally ¢

are that the filaments will be burnt
out.

Now suppose that we arrange the
batteries negative to negative. We
lose admittedly two, four or six volts of
plate potential, as the case may be,
but this is more than offset by very
considerable gains. A short-circuit
now between H.T.4 and any earthed
point is unlikely to injure the valves
though its harmful cffects upon the
H.T. battery still, of course, remain.

The only danger point for a short
so far as the valves are concerned is
now to L.T.4. Few parts of.the set
are connected to L.T.4 ; the positive
filament terminals of the valve-holders
and possibly the rheostats or fixed
resistors, if these are placed in
the positive leads. The risk of an
expensive short-circuit is, thercfore,
greatly reduced.

Better Stability ?

Again, the negative terminals of
both batteries are now earthed. It
may be only my fancy, but it s2ems to
me that in certain ultra-sensitive
circuits this produces & greater mea-
sure of stability than is obtained by
counecting one battery only directly
}to earth.

contact with the wiring,

349
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In the early days of valve sets the
two batteries were always connected
negative to negative. It was usual
in those days to connect the grid leak
of the rectifying valve to L.T.— and
the idea of placing the batteries in
series does not seem to have come in
until velves were designed to rectify
with the grid leak taken to L.T.+.
When series connection of batteries
first became fashionable an absurd
survival of one particular convention
was seen for a long time—it still,
in fact, appears to-day. This is
illustrated in Figs. 1 and 2. One of
the most important functions of the
condenser placed across the H.T.
‘battery is to provide a path to earth
for oscillating impulses which allows
‘them to avoid the resistance of the
‘battery. In the circuit seen in Fig. 1
this condenser, Cs, is correctly placed
between the point X and earth. For
some reason or other the *“ reservoir ”
function of the condenser shunting
the H.T. battery was at one time
regarded as of paramount importance.

The * Reservoir”’ Effect

- It used to be held that when a
battery had' become noisy a large
condenser placed across it was capable
of producing silent working by, so
to speak, “mopping up” the in-
equalities in its output. This con-
denser undoubtedly has a certain
quieting effect, though my experience
is that even capacities of the order of
4 microfarads or-more will not suffice
to produce anything like a silent
background if the battery is inclined
to noisiness. The most important of
the H.T. battery condenser’s duties,
that of providing a path to earth;
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was lost sight of, and the condenser
was connected, when the batteries
were joined in series, as shown in

Fig. 2. Tt is quite clear that-the proper -

connection is that shown in dotted
lines. This does not impair the
reservoir action, such as 1t is, of the
condenser, and it does provide a
direct path to earth from the point X.

A fixed condenser wired across the H.T.
battery was at one-time regarded as of
paramount importance.

Does it matter whether you use a
high-resistance or a low-resistance
loud speaker ¢ Probably nine people
out of ten- will tell you that your
results will be very mich the same’in
either case, the great advantage of
the low resistarice instrumicnt being
that owing to the use of 4 transformer
the steady" plate current of the last
valve does rot pass through its
‘windings - and its’ great “drawback
heing the very fact that such a trans- -
former is required. It is qmte true

" that it did not matter when there

were 16 such things as power valves
or super power valves. Reception
was in any case so far from perfect
(and transmission, too, for ' that
matter) in those days that there was
really no reason to bother about
fine points.

It is impossible in the present short
article to go into the theory or the
mathematics. of the loud speaker
problem ; all that one can say is that

af an-instrument with a resistance of

some 2,000 ohms is placed directly
350

in the plate circuit of a super-power
valve with an impedance of 3,500
ohms or so, two very important and
highly undesirable results follow. In
the first place, the voltage drop
across the loud speaker windings is
far too great, and cuts down unduly
the plate potential of the last valve
Secondly, there is a very definito
loss in quality. Such a loud speaker
cannot bring out the low notes be-
cause its impedance is unsuited to
that of the valve.

‘Output Transformer Best
For reception of really good quality

it 13 advisable with either a power

valve or a super-power valve to use
a properly designed output trans-
former. Its primary impedance must
fit in with that of the valve and the
secondary must contain such a num-
ber of turns that a proper amount
of current is delivered to the windings
of the loud speaker.

Quite apart from -these considera~
tions it is, to say the least of it,
looking for trouble to use a high-
resistance instrument in a circuit
where the steady current passing
through the windings may amount te
10 or 15 milliamperes

Are we right 1n-insisting that the
acrial should always be as high as
can be managed ? ¥From one point
of view we undoubtedly are, since the
high aerial, other. things being equal,
means in ninety-nine cases out of a
hundred greater range and greater
signal strength than_the low. But it
must not be forgotten that a lofty
outdoor wire is prone to hring in
unwanted impulses as well as those
that are desired.

Aerials Too High {

Since the adoption of the Geneva
wave-length scheme the greatest
source of interference on the broad:
cast band has been spark signals. A
spark signal consists of a train of
heavn]y damped waves whose ten-
dency is toset an aerial oscillating at
its fundamental frequency. Atmo-
spherics, again, are caused by wave-
trains of much the same kind ; they
are also heavily damped, though
frequently they are not symmetrical.
The higher the aerial the more liable
it is to bring in interference from both
sources. = For broadcast reception
purposes an aerial height of 30 ft.
18 possibly as much as is ever required;
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and the writer has found by ex-
perience that it often pays to work
with something less than this.

Lowering the aerial means, it is
true, a slight reduction in signal
strength, but few people mind making
this sacrifice when it means also a
reduction in spark and atmospheric
strength. Wherc interference from
spark stations is very bad one may go
even further by doing away altogether
with the outdoor wire and using in-
stead an indoor aerial made by stretch-
ing a length of No. 18 D.C.C. round
three sides of a room.

I have seen it stated frequently
that if you wish to obtain reception
of real quality you should cast out

%)

It also used to be held that a large con-
denser connected across the H.T. was
capable of silencing a noisy H.T. battery.

the grid leak and condenser from the
circuits of your rectifying valve and
adopt the anods - bend
This is sound advice—up to a point.
The anode bend rectifier is actually
not quite above suspicion even when
most carefully designed. It can,
and often does, produce much worse
distortion than that due to grid leak
rectification. Though the grid leak
rectifier is shown by an oscillograph
to cause distortion, I rather doubt
whether the human ear can detect the
very small deformations of wave
forms that result from its use, provided
that the L.F. amplifiers are beyond
suspicion.

This leads me to yet another hereti=
cal view. Innumerable authorities
have stated that those who wish to
rid themselves once and for all of
distortion on the L.F. side of the

system.’

set will eschew - transformers and
chokes and pin their faith to re-
sistance-capacity coupling. This form
of coupling is, in fact, held up as being
the panacea for all note-magnifyingills.

Resistance Coupling

‘Well, I have had a little experience

of resistance-capacity coupled note-
magnifiers, and all that I cen say is
that the business of obtaining with
their help a respectable volume of
undistorted sound, is by no means as
simple or as straightforward as some
would have us believe. Just put a
milliammeter into the plate circuit of
the last valve, and see if the needle
is perfectly steady. It ought to beif
two of the commonest causes of dis-
tortion—** grid-currenting and “ bot-
tom-bending ~’ are absent. Are they
really absent ? Just try the milliam-
meter and see.

One last heresy, which will give
every reader an opportunity of flinging
an epistolary brick at my devoted
head. Nearly everybody nowadays
is enthusiastic about the neutrodyne
circuit, and speaks scornfully of the
old tuned anode which (a) ‘ was
inherently unstable ”; (b) ““ had to
be held down to earth by the applica-
tion of a strong positive potential,”
which meant (c) ““ the introduction of
heavy damping,”” and (d) ““ enormous
losses in point of selectiveness and
signal strength.” T wonder !

My own belief is that the * inherent

{'.' 1S

y

instability ’ of the tuned anode was
due mainly to interaction between its
induectance and the A.T.I. or some
other tuned H.F. coil. Anyhow, I
do know that by careful design
you could produce tuned anode sets
which were perfectly stable.

Just try the effect of making up a
tuned anode set with astatic coils
in screened compartments, and it is
not unlikely that you will agree.
As for the enormous positive potential
needed upon its grid to hold it down
to earth, I can only say that with
anti capacity valves of the V.24 or
DE.Q. type a fraction of a volt
sufficed at the worst of times, and
often even this was not required.

Just as Selective

But, you will say, look at the vastly
greater ranges and the much improved
selectivity that you obtain nowadays.
I will grant you the greater ranges,
because nowadays we have valves
with much bigger amplification factors
than those available only a short
time ago, whilst modern coils are
distinctly more efficient. But as
regards  selectivity, despite the
“heavy damping,” I am still a
“heretic. Fitting my old tuned anode
set with modern valves and modern
coils, T obtain just as great selectivity
as any neutrodyne set will give me,
and I can run through the broadcast
wave-band without raising so much
as a squeak.

gl When the back-of-panel
connections are complicated short
circuits may easily arise. Whether these
will burn out the valves or no will largely
depend upon the L.T. to H.T. connections,
—
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l HAVE seen it stated that selectivity
13 not a desirable quality in a crystal

receiver, it being suggested that
since there were only two stations
which could be received, namely, the
local one and Daventry, there was
nothing to ““ select.” It seems that the
only possible reason for such a state-
ment is lack of experience with erystal
sets near the coast, or in districts
situated just at the edge of the crystal
region of a broadcasting station.

In the first caze Morse signals from
ships and shipping stations working on
600 metres are often sfrong enough

AERIAL

‘ th

TeL.
PHEORETICAL
lfﬂ RTH OIACRAM
K -4
- FIG./ 1.058.

to completely drown the broadcasting.
This trouble can only he overcome by
a set with real selectivity.

In the second case, since signals are
bound to be fairly weak, signals on
neighbouring wave-lengths from com-
mercial stations and tunable *“ mush ”
produced by high-power stations are
often sufficient to completely spoil
listening. This again is a trouble
which can only be cured by selectivity.
But in this case it is no use to obtain
selectivity by sacrificing strength, as
so often happens.

Damping Reduced
The erystal set described in this
article is useful since it is just the
receiver required by those situated in
the circumstances outlined above. It
is also interesting from the &cientific

MoberN W IRELESS
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side as showing what can be obtained
in the way of selectivity from a crystal
set. The damping of the aerial and
the crystal are reduced in such a way
that signal stiength is not impaired b

the wonderful selectivity obtained.

Original Circuit ,

A diagram of the theoretical circuit
employed is shown in Fig. 1. and is
worth studying whether the set is
going to be constructed or not. The
aerial 1s aperiodically coupled to the
tuned coil- by means of the small coil
I,. This method of making the aerial
circuit semi-aperiodic seems to over-
come the reduction of signal strength
which is sometimes experienced when
using an auto-coupled arrangement.

In order to decrease the damping of
the erystal, a tapping is taken half
way up the tuned circuit L, C,;, and
s0 that a gradual fine adjustment of
the coupling of the detector circuit to
the tuned circuit may be obtained,
this centre tap is connected to the
erystal detector through the small
variable condenser C,. This con-
denser is of the type generally used as
neutralising condensers and is there-
fore shown in the diagram as N.C.

The direct current which flows
through the telephonmes must have a
complete path somewhere, and since

The panel lay;out
is extremely © con-

venient and simple.

<t
5
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A-crystal receiver which-definitely - euts
out interference from unwanted. stations.

By A. S. CLARK.

it cannot flow through the condenser
€, the coil L, is shunted across the
telephones and the detector. This
coil while providing a suitable path
for the direct, current, is of such a size
as to act as a H.F. choke and so does
not by-pass the high-frequeney cur-
‘rents. An ordinary plug-in coil is
made use of in this position, and a
Unimic and a Dimie coil are made
use of for L, and L, respectively.

vvvvvvvvv * * 1222224

. COMPONENTS REQUIRED. %

s Panel 9in, x 6 in. x 4 in.

s Cabinet with baseboard 9 in. x 8 in. x 3
§in.

*

>o
o

000626
D994

s Dimic coil and mount.

E Unimie coil and mount.
>

4

5534

Single open-telephone jack.
Telephone plug.
2 terminals.
b *0005 S.L.F. varlable condenser.
4-in. dial for above.
b Neutralising condenser,
Coil mount,
s Crystal detector.
s Glazlte wire, ete.

* ® 60666
0 0060600000000 004

900004300
900000000000 905¢9000000

(2333334
66660

s00e

The particular arrangement em-
ployed 1s not, for several reasons,
satisfactory for the reception of

Daventry. A slight adjustment has
to be made when receiving Daventry,
but the circuit still remains fairly
selective so that the local station will
not be found jamming in on top of the
high-power station. The coils L, and
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| THE “NO CODE” CRYSTAL SET—continued

I, have to be changed for ones of
suitable size, but mo centre tap is
made use of. The two points X and
Y have to be joined by means of a
piece of flex wire. It will be seen on
looking at the back of panel diagram

way round as it is shown in the
photographs. Next screw the panel
to the baseboard. This should be
done with the panel in the cabinet in
order to ensure a proper fit. Now
mount the coil holders on the base-

\

it

Frc. 2.

ORILLING DIACRAM

that these two points have terminals
which make the attachment of the
flex wire a simple matter. The coil L,
has to be removed.

In a list will be found a description
of all the components required to build
this set. Makes different from those
shown may be used provided they are
of good quality and suitable. The
sizes of the coils required will be
found in a paragraph later in the
article. When all the components
required have been collected together
the constructional work may be
commenced.

Constructional Details

First of all mark out the panel in
accordance with the drilling djagram
given In Fig. 2. Care should be taken
to see that the holes for the screws
which fix the crystal detector to the
panel are in exactly the right positions.
In the case of the three large holes for
the one-hole fixing components it is as
well to drill a small hole first, which
will act as a guide for the large drill.

When the drilling is finished the
components may be mounted on the
panel. This does not call for any
comment except that the variable
condenser should be placed the same

board in approximately the same
position as shown in the back of panel
diagram (Fig. 3).

ey
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The wiring should be carried out in
accordance with that shown, and in
order to facilitate this part of the
constructional work, wiring instruc-
tions will be found in words in another
part of this article. The photographs
of the back of the panel will also be
found useful as a guide to the positions
of the wires. Before any of the wires
are actually attached it is as well to
tin all points to which soldered
connections are to he made. “When the
wiring is completed the set may be
placed in its cabinet and tested out.

For reception of stations on the
lower broadcast range a No. 25 Unimie
coil will be required in the aerial and
a No. 1 Dimic coil for L,. For the coil
L, an ordinary No. 250 coil should be
used (the writer tried a No. 200, but
while the set functioned quite well
signals are distinctly stronger with the
No. 250 coil).

Long Wave Reccption

When reception of Daventry is
required no coil will of course be
wanted in the L, position. A No. 3A
Dimic coil and a No. 150 Unimic coil
will be required. It may be that some
may not want to use the set on the
high-wave range and in that case a
saving in the cost of the coils will
naturally result.

The interior of
the receiver with
choke, Dimic and
: Unimic coils i
7 position.
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THE “NO CODE” CRYSTAL SET-—continued

It will be found best to have the
coupling hetween the aerial coil and
the secondary coil as tight as the
arrangement will allow. When a good
spot has been found on the crystal, the

set should be slightly detuned. Com-
mence with the C, condenser at its

minimum position and gradually
increase its capacity. Signals will
suddenly come up in strength and
then very gradually decrease as the
capacity is increased still further.
This may make it appear tiat the best
results are obtained with this con-
denser all in, which is not the case.
The condenser should be set at the
point where signals suddenly come up
in strength.

Sharp Tuning

On test the set was found to be

quite up to expectations. It was

tested at about eight miles from the

London station which came in at
normal strength. Tuning was so sharp
that if the tuning condenser was
quickly rotated backwards and for-
wards for about 20 or 30 degrees
across the position where the Jocal
station was tuned in, that transmis-
sion sounded like so many clicks. It
was, in fact, possible to tune:it right
out in about b degrees either side of
the tuning position.

Daventry was received at very good

¥ ‘ tapped coil.

.

strength without any background from
London.

If it is desired, for some reason or
other (such as for comparing selec-

tivity) to use a standard arrangement

The illustration shows “the
wiring of the choke sockets
and the Dimic holder. Note
the angle at which the
Unimic coil holder is mounted
so as to provide satisfactory
coupling with the centre-

1
d

D
#*

An end-on view which
emphasises the ex-
treme simplicity of
the connections.
Though bare tinned
copper wire has been.
used in the original
model, there is no
reason why insulated
wire should not be
used if the construc-
tor so.desires, as long
as _good spacing is
carried outsbetwéen
"all connections.

on the local station, it may be done.
quite easily. The coils as specified
for the local station are left in position,
and the coil L, is removed. Now, as
in the case of reception from Daventry,
the point X is connected to the point
Y and tuning is carried out .entirely
on the condenser C}.

It is just possible that some may’
desire to know if it is satisfactory to
use plug-in coils instead of the Dimic
and Unimic coils. If the plug-in coils
are to hand they may be employed,
but it is as well if the coils are yet to
be purchased, to obtain those specified
in the list of components. When
utilising plug-in coils, the two coils L,
and L, should be mounted side by
side and about half an inch apart in
ordinary coil sockets, care being taken
to keep them at right angles to the
coil L,. For the lower broadeast band
L; may bea No. 25 or No. 35;
and L, a centre tapped No. 50
or No. 75 coil. For Daventry,
I, may be a No. 75 coil and
L, a centre-tapped No. 150 or
No. 200.

The best size for the coil L; natu-
rally varies with the particular aerial
in use, and it is as well to try different
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% KEEPING THE DRILL &
% STRAIGHT 2

@&3@@&@@“‘@@@@@&%@@@@@@%
M Ny practical readers will be
only too well aware of the
difficulty which is sometimes
experienced in keeping a hand-drill
in a perfectly upright position when
drilling a hole in a panel.
terminals and other panel components
are to fit neatly in their respective
positions,
that the panel drill be maintained in
a perfectly upright position during
the whole of the drilling operation.

4

It is essential
_to hold the
drill in a ver-

tical position.

‘An experienced worker possessing

a practised eye is generally able to |
drill holes perfectly straight by the |

aid of mere visual and mechanical
judgment.
radio constructional work, however.

However, by the use of the simple }

little device shown in the illustration,
it becomes a comparatively simple
matter to preserve the drill in a per-
fectly upright position when drilling
a radio panel. The device consists
of a sms/l spirit level, of the type

generally employed for attaching to

cameras.

Ea:ily Removed

If the spirit level is to be per-
manently secured to the top of the

drill handle, it may be screwed down |

in that position by means of two or
three very small screws. If, however,

the level is required for other uses as |
well, as will most probably be the | |

case, it may temporarily be attached
to the drill-handle by means of a layer
of Plasticine or Chatterton’s Com-

pound. Kither of these materials will

hold the spirit level securely to the
drill-handle, but, despite this fact, the
level can be easily removed from the

If the

it is absolutely essential.

drill-handle when occasion demands.

Any reader finding a difficulty in
drilling straight holes in a panel may
be strongly recommended to make use
of the above little gadget, for by its
aid the radio worker can tell instantly
whether the drill is being held per-
fectly straight or not.
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g THE ‘“NO CODE” g
2  CRYSTAL SET . &
& —concluded from page 355.
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size plug-in coils, especially in the
case of reception from Daventry.

It must be remembered ‘cf course,
that a centre-tapped secondary coil
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> WIRING INSTRUCTIONS.

Join aerial to one side of 1.

Join one side of Lo to remaining side of

s L) : snme side of L; to moving plates of

$ €y : moving plates ofl C; to earth: earth
to contact 2 of jack: contact 2 of jack

$ to pin of holder for L.

[1Com remaining side of Lo to fixed plates
. Joln one side of det. to contact 1 of jack.
3 Join moving plates of Co to remaining
» side of det. and socket of holder for Lg.
® ~ Join fixed plates of C» to both sides
3 of centre tap Lo.
>
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is essential if the setis to be really
satisfactory. It could be.adapted for
use with ordinary coils but the chief
advantage claimed for it would be
forfeited by such a procedure.

Not so the beginner in |

(e} 62 ®°
%)
N.C.
m>D ;
(o)
O Der
Jack
A= 2
TOP LINE OF
BASEBOARD

EARTH

AERIAL

OF PANEL

Lz

 BaseBoarp:- 9X8x3g

Fi1c.3.

WIRING D/ACRAM.

L.060
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An interesting article

explaining some of the

latest theories in connec-

tion with the phenomena
of fading.

By THE EDITOR.

THE'RE 13 a theory, fairly widely
accepted, that when electro-
magnetic waves radiate from
the transmitter they hecome separ-
ated into two distinct portions. One
portion is usually known as the direct
wave, and it travels from the trans-
mitter to the receiver over the surface
of the earth. The other wave, known
as the indirect wave, is supposed to
move upwards and outwards from the
transmitting aerial.

It is true that during the daytime
the direct wave is more important
than the indirect wave, because the
latter scems to dissipate its energy
in the upper portions of the atmo-
sphere. During daylight hours the
action of the sun’s rays on the atmo-
sphere causes the latter to become
ionised, and consequently the energy
of the indirect wave is sometimes con-
siderably dissipated by the process of
absorption.

Why Reception Varies

Therefore, if this theory is correct,
it 13 natural to suppose that the
direct wave is of the most im-
portance ; but even the direct wave,
which does not suffer very greatly
from absorption in the atmosphere,
meets with drawbacks and ebstacles
which minimise its efficieney and
value. For example, although the
energy of the direct wave may not be
absorbed to any great extent by the
atmosphere, it is absorbed, when
passed over land, by such things as
vegetation, and especially by build-
ings which contain iron, steel and
other minerals, and also by hills
which contain metallic ore.

This is probably the reason why
amateurs are centinually noticing
that at certain periods. of the year
they hear little or nothing of the
signals from certain stations, espeei-

ally mediunt and low-powered stations,
working on fairly low wave-lengths
at distances greater than one hundred
miles or so away.

The process 1s almost reversed at
night time, for when darkness falls
part of the atmosphere quickly
becomes de-ionised and it is the turn

The approach to the Rugby radio station
357

of the indirect waves to occupy the
e=sition of importance, for they are|
13w able to travel without any: great|
br<s of energy to considerable heights
—some physicists think as much- as|
cighty thousand to one hundred:
thousand metres—and in such regions|
they strike what is generally known
as the Heaviside layer.

This layer is supposed to comnt'
of an ionised belt of gaseous atmo- |
sphere, and when electro-magnetic:
waves are impinged upon this layer
they are reflected back to earth again,
and instead of passing out into space
often travel in a track which leaves a
mental impression of an inverted V.
This is one of the reasons why signal
strength is invariably stronger at
night than daytime, and why it is
generally noticed that signals can be
heard at much greater distances at
night time than in the daytime.

Night and Day Differences

Another reason why signal strength
is greater in the night time is that
energy is being received, not only via
the indirect wave, but also, to some
extent, from the direct wave,

Although the latter does not play
such an important part when dark-
ness falls, there is nevertheless an
additional energy which, when added
to the energy of the indirect wave, i3
responsible for greater signal strength.
This only applies, however, in cases
where signals are received over
medium distances. When the dis-
tance is very great the direct wave
has little or no value, and it is the
indirect wave which, being reflected
down to earth again from the Heavi-
side layer, energises the receiving
aertial.

Thus we have an explanation for
the reason why certain stations, which
cannot be heard at all in the day-
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DIRECT AND INDIRECT WAVES—concluded

time, are reccived clearly and at good
strength at night time.
This leads us to the question of

fading, which is usually most notice-

able at night time. This may strike

T S b e T o e T ——

The vertica! aerial used for short
wivtes at KDKA

the new_amnseur as rather curious in
view of the recent statement that the
average strength of received signals
is-greater at night time than in the
daytime, but_ this is because of the

fact that besides reflecting waves .

back to earth, the Heaviside layer is

also responsible for another effect on’

the ingiirect' wave. The Heaviside

layer, in fact, seems to “ twist ” the
indirect wave.
Dr. Alexanderson, of America, has

‘recently made some interesting ex-
- periments in this direction whereby

he ean produce what he calls the
“ corkscrew ”’ effect in. connection
with transmitted waves. These ex-
periments have slso shown that a
reflected wave from London had been
turned, before reaching the receiving
aerial, through an angle of 60 dccrces
and it is thought that this twist
phenomena, in connection with trans-
mitted direct waves, is largely respon-
sible for fading.

“ Corkscrew” Variations

While at one time the two waves,
the direct and the indirect, combine
together and cause increased signal
strength, at another time they will
become more.and more out of relation
to each other, or out of phase, with

the result that the amateur listening- -

in notices a distinct decline in sxgnal
strength.

Every amateur who mdu]ges in the

fascinating pastime of tuning in dis-
tant stat-ions, is well acquainted with
this troublesome phenomenon of fading
and probably most readers have
noticed that, although thelocal station
may be received with perfect steadi-
ness and excellent signal strength,
reception from some distant station

(although that distant station may -

have considerably greater power than

‘the local station), seems to vary in a

most peculiat and illogical manner.
At one instant reception is loud and
steady in signal strength, while at the
next it begins to fade away, decreasing
and decreasing in strength until it
can hardly be heard at all ; and then
a second or two afterwards the
strength will start to rise steadily
until it is quite loud and in every way
satisfactory. '

The Rise and Fall

It may hold this steadiness for
some time and then quite suddenly
decline again, and just as suddenly
reach a crescendo of loudness.

It is worth while tuning your set so
that the signals from a Station at a
distant point (the signals of whch you
have noticed are fading badly’ can be
carefully noted. Some interesting
observations can thus be made. The
writer has noticed, as no_doubt many
hundreds of other amateurs have
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done, that the decline and theé ircrease
of signal strength ifi such cases is often
periodic, and that sometimes a double
periodic effect can be noticed. That

18 to say, a spell of slow fading is

followed by one-which is much more
rapid, and after that the slow fading
cffect will be noticed again.

Independent of Weather

This fading can affect wave-lengths
up to as high as two or even three
thousand metres; while down to
three hundred metres, and eertainly
below, there is hardly a station which
at one time of the year is not
affected very seriously. I

Another mtcrest.ng point is that
fading oceurs usually on transmissions
from stations about fifty miles or so
from the receiving aerial, and, as we
have stated, is worse during the hours
of darkness.

Fading, however, scems to he a
phenomena entirely indépendent of
weather conditions, and the only thing
which is known about it, which can be
of .any practical use to wireless
engineers, is that it 1s much more
marked on the lower than on’the
higher wave-lengths.

A remedy for fading has never been
found. and probably never will be,
for it is one of those little drawbacks
to wireless science which Nature
seems to have ordained as a warning
to man not to take a good thing too
much for granted.

=
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A Reader’s Results with
Short-Wave Receiver

Sir,-—With the Simmonds’ short.
wave receiver, as given in the Febru-
ary issue of MobeERN WIRELESS,
KDKA was received at moderate
loud speaker strength on February
22nd, at 11-12 p.m.

At 12.10 a.m., Tebruary 23rd,
WYG was also heard at s]ightl_y
greater strength, the Ten Eyk
Orchestra broadcasting from the
Ten Fyk Restaurant. Both sta-
tions could also be heard on the
’phones  with the detector valve
only.

Those of your readera who have
made this receiver may he interested
to know that an excellent musical
progtamme is given on Sunday
evenings at 6.30 pm. by 5 KH,
144, West Hill Putney, on a wave-
length of about 44 metres.

lours fzuthfu!ly,
W. W. Woobuay,
Willesden, N.W. 10

e

lIIIIIlIHIIIIllllINIIEIIII?IHIIIIIIIIIIZZ]IIIlIII' T Illll"lIIIIIIIIIIIIIIIIllIIllII‘l!HIIIIIlIIII



Apsil, 1927

Earlier Dance Music
N response to'a steadily growing

demand for occasional early

dance music from London, the
B.B.C. are arranging to -introduce
this on Tuesday nights from 9.45 to

11 pm. A . special programme of.

more serious music will follow from
11 p.m. until midnight. The date of
the inauguration of this feature is
not yet announced, but it will prob-
ably be early this month. The change
will be ‘widely acclaimed by listeners.
There has been an undue tendency
lately’ at Savoy Hill to stereotype
programme timing. Changes such
as this should not be so infrequent as
they have been in the past.

Passion Play by Miners

I confess to conmsiderable interest
in the projected broadcast during
Passion Week of a play performed by
working miners at Ellistown in
Leicestershire.

by these miners is of a surprisingly
high order.
tradition has been developed in that
neighbourhood dating from the early
sixteenth century,

. It is understood that §
the standard of performarrce attained |

A kind of histrionic |

MobERN WiIRELESS

Bird Talks

The B.B.C. have in hand a series of
talks on birds for mid-spring. It is
anticipated that Lord Grey of Fallo-
don will be the broadcaster. Mr.
Graves, one of the senior programine

<%
The B.B.C.draw-
ing-room at the
Ideal Home Ex-
hibition showing
three receiving
sets in the back-
ground. The one
with a curtain
incorporates a
loud speziker.

officials at Savoy Hill, is a nephew of
Lord Grey.

Scarcity of Broadcast Drama

The Dramatic Producer at B.B.C.
headquarters was complaining to me

Under this heading month by month our

Broadcasting Correspondent  will record the

news of the progress of the British Broadcasting

Corporation, and will comment on the policies
in force at B.B.C. headquarters.

the other day of the paucity of material
for his section of programme time.
He explained that there was a marked
division of opinion as to the bhest
method of attracting likely plays
for the microphone. Some .people
were in favour.of big competitions
with substantial money prizes. But
the experience with the music com-
petition organised by the B.B.C.
last autumn was not encouraging.
On the whole, opinion seemed to he
moving in the direction of specific
commissions of well-known writers:
It is felt that there will be better
return for money spent in this way
than in sterile competitions. But
1t 1s curtous that there.is still no sign
of the much-hetalded new school
of radio dramatists.

The Grand Prix d’Europe

The Grand Prix d'Europe, the
greatest motor-racing feature of the
vear on this side of the Atlantic,
which is run at Brooklands on October
1st, is to be broadecast *in a sperial
0O.B. narrative.

The Sports Broadcasts
The B.B.C. appear. to continue to

- gain ground with their broadcasts of

sporting events. -There is, however,

Another part of the B.B.C. section at Olympia. Onthe left is a large scale model of Da;.'en‘try
359
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a growing volume of opposition which

may prove embarrassing and, perhaps,.

cven erippling, later on. Some of the

Soccer clubs have stood out, notably
&t Nottingham and Liverpool. A
good meny other clubs are indifferent, .

end only & few arc.really keen on
broadeasting. On the other hand, the

Rugger authorities are all keen, and’

the menagements of other sports
are not hostile. Then, curiously

cnough, the Saturday afternoon run--

ning narratives—so warmly received
at the beginning—are by no means as
popular with the average listener as
they were. This is not the fault of
the B.B.C., whose cfforts are regarded
as first- class It is simply that, except
for those who are really keen, the
substitution of a sport broadecast
for the uswal Saturday afternoon
concert i3 not acceptable to the
majority of regular and appreciative
listeners. To meet this point and still
to retain the sport lovers, the B.B.C.
bave been trying an experiment in
putting out only onc half of & game
from onc station. It is doubtful if
this will succeed. Better to call the
thing off entirely than compromise
with it. Here is yet another example
of the troubles experienced in the
absence of alternative programmes.

The Last Albert Hall Concert,
April 14th

For the last of its twelve National
Concerts at the Royal Albert Hall,
the B.B.C is organising a special treat
both for those who attend at the hall
and for those who listen at home.
Schonberg will conduct a performance
of -his own work  Gurrelieder.”
This is regarded as a popular ‘work,
and is,on¢ which has not yet been
performed in this country. The
conclusion of the series should mark
the final triumph of the mostambitions

.artistic effort so far.undertaken by

any broadcasting orgaiisation in the
world. The B.B.C. set about their
salf-allotted task with characteristic
vigour, vision, and determination.
They scoured the artistic centres of

by
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The model of the

large studio at 2LO

exhibited at Olympia
by the B.B.C,

abs
s

the Continent and of America for
the best conductors and artistes.
They got together & special orchestra
of 150 players. No expense was
spared. The series was undoubtedly
& tremendous success, and has done
a great deal of good, not only for
broadcasting, but also for music in
this. country. The attendances at
the hall itself have not been satis-
factory, but the B.B.C. were very wise
not to waste large sums of licence
revenue on advertising for the pur-
pose of trying to fill the hall. There
were quite cnough people present
to stimulate the orchestra, artistes,
and conductor. Tor the rest, the
transmission was so uniformly good

that listeners cnjoyed the music as
well at home as if they were present
in the hall. But .the effort was a great
one, calling for sound organisation,
which was duly forthcoming. I con-

‘gratulate the B.B.C. on their series

of National Concerts. One wonders
what they can undertake next season
to go the “onc better ” thev are
always ‘striving for.

The Governors at Work

*Savoy. Hill has -maintained an
impenetrable silence ‘about the
aetivity or inactivity of the new
governors, those ‘ mysterious direg-_
tors ”’ held up to ill-deserved ridicule
by Arnold. Bennett. From what
little I have been able to glean on the
subject, I have no doubt in my mind

‘that the early misgivings were largely

unjustified on most counts. They
have been applying themselves
diligently to learn about the many-
sided activity of this great strange
new service. for which they arc
now responsible.

A New Irish. Feature

The B.B.C. are likely to begin in
May a new weekly Irish humour
feature. The originator of the idea
is Mr. Charles Hands, the well-known
Irish comedian. A brief topical
review from an intensely Irish angle
would be tremendously popular.
Francis Hackett, the brilliant Insh
American, is also adding to his suc-
cesses at the microphone.

Model of a B.B.C. control room which formed:another mterestmg exhibit at the
¢ Daily Mail "’ Ideal Home Exhibition.
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A novel device
which enables two
loud speakers to be
“blended,” with
the result that the
quality of repro-
duction is consid-
_erably improved.
By. -
€. A. OLDROYD.

DURING the last year or two loud
speakers have been improved
beyond recognition, and with

a good set and an efficient amplifier,

pitched music usuall

sent out from this station
fell within the tone range
” which thé first speaker
%, could reproduce most
- faithfully. " Tn~othet

was a specialist on the
higher notes, dnd in its
own field it was hard to beat.

What was obviously wanted was a
second speaker which would just as
faithfully deal with the lower notes.
Two speakers of different makes
cotinected in series performed con-
siderably better than the first speaker
alone; ecach speaker had different

words, the loud speaker
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speech and music can be reproduced

with remarkably good quality and
volume.

Many amateurs will have noticed
that, speaking in a tone sense, some
broadcast stations come in more
naturally than others ;- for some time,
the writer’s favourite station was San
Sebastian.” When the British broad-
cast” stations had been put to bed,
this station was tuned in, if it hap-
pened to be “ on the air,” and rarely

did other transmission come in as -

naturally as that of the far-away
Spanish station,

Speaker That Specialised

‘With a different loud speaker, San

Sebastian seemed less good, and
finally, "after testing various makes

of loud speakers, the secret of San:

Sebastian wag solved. The high-

‘which, as will be

 tinctive instrument.

characteristics, and, run in harness,
they rendered music and speech far
better than either by itsélf. (Fig. 1.)

The next step was an attempt to

L)
e

The com-
instrument,

Fig. 2.
pleted

noted, is a neat, dis-
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control each speaker by itself; a
variable high resistance was placed
over each set of speaker terminals,
and even a very rough experimental
hook-up proved most sat:sfactory
In this case, home-made resistances
were used, a copper tongue moved
over a circular graphite track.

Constructional Details
For convenience in use two com-

" mercial high resistances were mounted

on a small ebonite panel fitted in a
miniature sloping front cabinet (Fig.
2). The.circuit of this blender unit is
given in Fig. 1. The two input
terminals at the left are connected to
the loud speaker posts of the set:
the leads from one speaker go to the
two upper output terminals at the
right ; the other speaker is connected
to the two Jower terminals. The two

speakers are now connected in series,
and a variable high resistance is
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AN L.S. BLENDING UNIT —continued

¥ 711 A
} I/" 3 ”-—>T<— I/”—>v

TROLITE PANEL

HlgTHIcK Té//vpur+

Cl.or PA_NEL

EBONITE OR ' | Jfhro:.f.s' FOR DIAL
¥/

i
NDICATOR STEMS ouTPUT
+ +5- -_-* ‘

LEARANCE HOLE

on SP/NDLE —6 ~-———* - -
ALK % 3%

}.._.
OUTPUT
FOR MOUNTING SCRE c£

ouTpPUT
B—

/3/4 cowvrfkswx HOL 4
3/ ey |OF VARIABLE RESISTA —-X~ b,
l ouTPUT 5%
', o e X 179y
\\3/16* Ew
CLEARANCE MOLES FOR TERMINALS
F16.8. DRILLING PLAN OF PANEL. il

shuntad over each pair of speaker

terminals. The output of each speaker

can be controlled by altering the value
of the resistances; for differentspeakers
the dial settings will naturally vary a
great deal.

4 e Marocany

Fig. 4. Front elevation of cabinet.

Constructionally, the blender uait
(Fig. 2) offers no diffieulties; the
small panel can bo obtained cut to
size from a dealer ; the panel size shown
in the drawings need not be strictly
adhered to. The small cabinet illus-
trated was made wup from thin

mahogany cuttings; to simplify the
work still more, the blender panel
can be built into one of the inexpen-

sive cabinets covered with imitation

leather.

Fig. 6 shows a rear view of the
panel with the resistances in position
and the wiring completed ; the drilling
plan is given in Fig. 3. Square
busbar was used for the wiring in
the mode! illustrated, but Glazite
or a similar insulated wire may be
used instead.

The variable high resistances should
cover a range from zero to one-half
or one megohm ; in the model shown
two Royafty resistances tvpe E were
fitted. As alternatives, Marconiphone
resistances or Igranic tone controls
are suggested ; in this case the panel
may have to be-made slightly larger
to avoid crowding.

The Cabinet

The photo Fig. 5 shows the appear-
ance of the home-made cabinet; it

Fig. 6. The wirin is quite ‘smple and perfectly straightforward,
362

was made from cuttings # in. thick.
Thinner wood may be used if available
but more care will have to be taken
with the joints to prevent splitting.
For the sake of appearance, the little
cabinet should be french paolished ;
if one of the polishing outfits intended
for amateur use is obtained, and the
directions enclosed carefully followed,
the amateur polisher will meet
with no difficulties. (Messrs. Hobbies
market such an ontfit.)

At first sight, plain terminals would
appear to serve just as well as the
indicating terminals fitted to the
model itlustrated, but indicating ter-
minals have one advantage, they show
the polarity of the connections and
prevent demagnetisation of the
speaker magnets due to incorrect
connections.

Placing the Speakers

The completed blender unit may be
placed close to the set, to be easily

Fig. 5. The cabinet.

accessible. Regarding the dispozition
of the two speakers in the room, many
interesting possibilities are open to
the experimenter. For instance, the
two speakers may be placed close
together, as shown in Fig. 9, where
the smaller speaker is slightly raised
to bring its flare in line with thut of
the larger loud speaker.

Or one speaker may be placed
close to the set, the other -being
accommodated in a different part of
the room, say oun top of a bookcase.
Finally, both speakers may be located
at some distance from the set. and
fairly high up, as shown 'in Fig. 8.
1f the place selected lends itself to the
following modification, both speakers
may be hidden behind a curtain of
light and very thin material. Thi=
reduces the volume to some extent,
but with. our modern powerful sets
a slight loss in velume is of no account.

Twin bell wire is advisable for the
leads from blender to speakers—if
they - ‘should be mounted some
distance from the set—since this wire
is easilv tucked away behind the
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L.S. BLENDING UNIT —concluded

picture moulding. Furthermore, one

of the leads in each twin wire is pro- |

vided with a coloured tracer cord, and
there is less likelihood of making a
mistake when connecting up.

At the set end, the bell wire leads
may terminate in a wall connection
jack, to avoid breakage in the leads due
to constant handling aid bending. In-
cidentally such an arrangement looks
far neater when fitted in a living-room.

Controlling One Speaker

Truly life-like reproduction becomes
possible if a cone and a horn speaker
are worked off the blender ; the cone
is very good on the lower notes, the
horn speakers are generally better on
the higher notes. The writer has
tried this arrangement with some of
the latest types of cones, and both
the C.A.V. Musicola and the Celestion
cone performed exceedingly well,

.
_papsibgrucn

FRONT

2.56

Fig.7. Section along line A—B (Fig. 4).
although it is only fair to add that .

the latter make particularly was
almost as good by itself. This brings
us to the question of controlling only
one loud speaker with the blender

unit; in this case the top and hottom .

output terminals (on the right, Fig. 2).
should be used, and one of. the
resistances set at zero. The volume
is. now _controlled with
resistance.

Placing the Speakers

No hard-and-fasi rules regarding .

the best position for loud speakers in
a_room can

enormously.

Not only does the size and shape .
of a room aflect it from this point of .

view, but the contents, and nature of
the contents, also have a most im-
portant bearing on this’ sub]ect

Further, even the composition of

the walls and the mural decorations

will affect the reproduction, from one."

or more speakers.

= cnuua% ’ : )
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JACKS

e

o SET v ¥
w sicvoer (@G

"\OCH. JE ~ e

FLOOR LEVEL

Fig. 8. Arrangement of -loud speakers in a room.

Therefore, amateurs should make
at least a few experiments before they
finally decide upon the disposition of
their speakers. They will be surprised
at the difference minor variations in

. |- position will make.

Not only must the area in front of a
speaker be considercd and the nature
of the surfaces upon which ifs main
emission will impinge, but the back-
ground, and, in faet, the whole sur-
roundings can all affect results.

the ‘other

be laid down, for the |
acoustic properties of rooms vary

B ————e——

-~ Bl i —

Fig. 9. Even two speakers of the horned
type can be used together ‘with'advantage,
+ althoughy better results can ‘gererally be
obtained when cone and horn types are
““blended.”’

R, . = e

= =



MobperN WIRELESS

CCUMULATOF

! ANTI- FROTHS

By J. F. CORRIGAN, M.Sc. A.L.C.

OME time ago there appeared on
the market several brands of
powdery substances, known

categorically as accumulator ‘ anti-
froths.” A small quantity of one of
these substances is added to the ac-
cumulator acid during the later stages
of charging in order to keep down the
frothing tendency.

Now, it is a fact that such accumu-
lator anti-froths do suppress the
frothing, and, in many instances, to
a surprisigly large degree. Unfor-
tunately, however, the use of such
substances verv quickly gets the ac-
cumulator into a dirty condition. As
often as not the plates become clogged
up with impurities, and thus the
efficiency of the
electrical and  otherwise—quickly
diminishes.

When an accmmulator begins to gas
or to froth. its charge is nearing com-
pletion.  In fact, many professional
accumulatm chargers welcome  the
appeatance of the bubbles of gas, for
after an accumulator has heen freely
gassing for some time. it may be taken
as a sign that the charge has been
complcted

Corrosion of Terminals

; Despite all this, however, accumu-
lator_ frothing is a nnisance, and some-
times an abominable one. For one
thing, if “the cell froths too freely,
quite a considerable amount of the
acid is-lost. - Further, when. each
bubble of.gas reaches the surface of
the’acid in the cell, the skin of the
bubble ‘bursts. ‘and a fie spray of
sulphunc acid is scattered about.
Corrosion on- the under- parts of ter-
minal fittings may be caused. One
way to stop this is to use one of the
many accumulator anti-frothing ma-
terials which are to be obtained.

But are these latter materials

accumulator— .

worth while ? Probably they are for
the professional accumulator charger,

who from time to time has entrusted:

to him the charging of large open-
celled accumulators, accumulators in
which any serious amount of frothing
would do harm to objects in the
vicinity of the cells. However, in the
case of the small accumulator-charger,
the matter is a different one. as the
following considerations will show.

M =tallic Salts

There are quite a number of metal-
lic salts, such as ammonivin phos-
phate, for instance, which, if added in
small quantities to an accumulator,
will repress the tendency of the latter

A “Modern Wireless "'
six-valve set built by
one of our readers.

to froth. The use of these salts. how-
ever, is dangerous, for the simple
reason that the acid becomes con-
taminated with extraneous metallic
substances which ultimately find their
way to the plates, and so rednece the
electrical | efficiency of the active
material on the latter.
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The  commonest anti-frothing
material which is used, however, is
not of a strictly metallic variety. It
consists of ordinary dry soap, which
is. of course, marketed under various
names. - N

‘Now, there is no doubt about the
fact that if a small pinch of dry soap
is added to_a frothmg accumulator,
the frothing will ‘very “often’ qmcklv
subside’ In practice, howe\ er, it is
found that' this suppressmn of the
objectionable frothing is not very
prolonged. ~After ten minutes or $0,
the frothing generally appears again,
and this time, if anything, it attains
still worse proportions. Hence, the
addition of dry soap in this manner
to a frothing accumulator is not a cure
for the trouble ; at the best it is only
a palliative.

Weakens the Acid

The soap acts by altering the phy-
sical nature of the liquid electrolyte,
so much so that the bubbles of gas
which are given off by the plates find
it more difficult to break Violently
through the surface skin of the liquid,
and thus to create the objectionable
acid spray.

Consider, however, what happens
when a small quantity of soap is
added to an accumulator. Ordinary
dry soap contains, first of all, a certain
proportion of pure soap; that is to
say, of a compound formed by the
union of an alkali with a fatty matter.
In addition to this, dry soap contains
free alkali as an impurity, and also a
small quantity of silica, and other
insoluble matters.

Now, when you add soap to the
accumulator acid in this manner, the
free alkali is'at once neutralised by
the accumulator acid. Hence, the
acid loses some of its strength. The
silica and other insoluble impurities
of the dry soap either sink to the
bottom of the accumulator or becomes
entangled in the plates. Thus appears
objection number two.

But the greatest objection of all is
to be seen in the fact that the greasy
or fatty matter liberated: by the soap,
in contact with the acid, must inevit-
ably tend to clog up the active
material on the accumulator plates.

Perhaps the best method of all is
to procure some -mineral oil such as
“Blancol’ and pour a layer of this
a quarter of an inch thick on the
surface of the acid. This will have
no bad effect on the plates, nor will it
affect the acid, while at the same time
it successfully prevents the spraying
of acid that is so objectionable when
the accumulator commences to gas.
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_ An - article _which
should prove of the
'ntmost value and
interest’ to all loud
speakeér enthusm.sts

»

R. W. HALLOWS,

HERE used to be a common belief
that any fool could make an

LF. amplifier. That was in

the days when such broadeast trans-

missions as took place were conducted
by means of apparatus that we should
regard nowadays as antediluvian,
when it was of little use to go in for
refinements in the
owing to the poor quality of the
transmission,

receiving set

when practically the

sl

fic./ ] ;

only coupling used for note-magnify-
ing valves was the L.F. transformer
which had been designed primarily
for dealing with Morse signals, At
that time, the general purpose valve
was the onlv type available to all but
millionaires, and when the very fact
of hcaring anything at all by wireless
in the way of telephony provided
guch a thrill that nobody cared very
much whether speech was woolly and
music sounded like the wheezings of
the world's worst gramophone playing
a cracked record with a blunt needle !
We have progressed a little since then.

Quality of Transmissions

The quality of the transmissions is
now so excellent that they are to all
intents and purposes free from dis-
tortion, whilst both the highest and

the lowest musical pitches produced

by the playing of-an orchestra or a
solo instrument are sent out into-the
ether with their full value. Though

any fool can still make some kind of
note-magnifier, most of us realise
that to design and construet one
capable of giving first rate results
from the loud speaker is one of the
most difficult and interesting problems
in the whole of wireless.

We are concerned in the present

article not with L.F. amplification in-

general, but with that form in which
use i3 made of resistance coupling.
Before we get down to the problems
which arise in connection with this
particular type it may be as well
to discuss briefly the way in which
the resistance-coupled note-magnifier
functions.

A Transformation

Everyone ncwadays knows that if
oscillating potentials are applied to
the grid of a valve their effect is to
produce current changes in the plate
circuit. The L.F. amplifier follows
immediately affer the rectifying valve.
To make any valve work we must
apply to its grid not current but
voltage changes. How arz we to
convert into woltage variations the
current variations which, as the well-
known grid-volts anode-current ¢urves
show us, occur within the rectifiér ?
The only means of doing this is to
place- in the - anode CII‘Clllt of the
rectifying valve a component which
has impedance.” Impedance i§ a
complicated " quality depénding upon
resistance, - frequency, capacity and
inductance. Its net effect upon an
oscillating current is very much the
same as that of resistance upon direct
current. Ina word, it opposes change
in the value of the current; if the
impedance is infinite no oscillating
current can pass, just as no direct
current can pass through an infinite
resistance.

An impedance may in theory take
the form of a resistance, an inductance,
a capacity, or a combination of the
thrée. In. actual practice it mmst
always consist of a combination of

365

the three, since any.conductor pos-
sesses inductance, resistance and’

‘capacity.

The practical form of impedance
which comes nearest to possessing
but a single one of these three qualities
is o resistance. If it'is well designed
and made, and if the wiring is
carefully carried out both inductance
and capacity will be so small as to
be negligible for all practical purposes.
Actually they are so small in the
case of the best anode resistances
that we can afford to disregard them
in our ordinary calculations. This
means in the first place that the
plate circuit of a resistance-coupled
valve behaves very much as if it
contained resistance only, and
secondly that ‘we ean obtain a very
good idea of its working by means of
the -circuit shown in Fig. 1. Here
a milliammeter is placed in the
plate circuit and between this and
the H.T. battery is a resistance. The

grid circuit is so arranged that the

R.C. stages do not occupy much space as
thxs photo shows. _ Three stages are
embodied in this set,

B
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RESISTANCE ‘CAPACITY PROBLEMS—continued
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potential upon the-grid can be varied
by means of tapped batteries:

Since we are working here with
direct current we can forget for a
moment the word impedance and
use resistance plain and simple in its
stead. If we raise the grid potential
to a positive figure more electrons pass
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front the filament to the plate;
in other words the plate-filament
resistance of the valve is decreased.
Similarly by making the grid more
and more negative we increase the
internal resistance of the valve. The
circuit thus contains two resistances,
that within the valve and that in
the plate circuit. Of these, the former
is variable, whilst the latter remains
at a fixed value.

Voltage Drop )
We can redraw this eircuit in a
very much simplified form in the way
shown in Fig. 2. Here R, is variable,

whilst R, is fixed. Ohm’s law tells’

us that the voltage drop across. a
resistance i3 equal to amperes multi-
plied. by ohms. Supposing that we
adjust R, to a value of 40,000 ohms,
the resistance of R, being constant
at 60,000 ohms, the total resistance

=1

l:lliﬂrl:l-4

&3,

in circuit is now 100,000 ohms, and in
the case shown the milliammeter will
show that the current is 1-2 milli-
amperes, or 0012 ampere. The
voltage drop across R, is thus 60,000
X 0012 or 72 voltzs. Tf we increase
R, to 60,000 ohms, 1 milliampere of

-f

HIE—l — = — -

current flows through the circuit and
the drop across R, i3 001 X 60,000
or 60 volts. Lowering the valye of
R, to 20,000 ohms makes the current-
flow 15 milliamperes and the drop
across R, ‘0015 X 60,000 or 90 volts.
Thus changes in the resistance of R,
cause changes in the potential ‘drop
across R, ; if the value of R, is in-
creased the potential drop across Re
i3 reduced and wvice versa.

Degree of Amplification

This is very much what happens in
a valve functioning as a resistance-
coupled amplifier, the net result

Jbeing that voltage fluctuations upon

the grid cause similar voltage fluctua-
tions on an amplified scale across the
anode resistance. In a typical re-
sistance-coupled circunit such as that
shown in Fig. 3, these voltages are
applied to the grid of the following
valve by way of the grid condenser,
which has two duties to perform.

It acts as a coupling between the
plate of one valve and the grid of the.
next, allowing oscillation potentials.

to pass. [t acts also as an insulator
to direct current, preventing a large
steady positive potential from the
H.T. hattery fromn reaching the grid
of the valve. ‘
One of the most important things
to remember in designing a resistance-
coupled note-magnifieris thatthe whole
of the amplification must take place
within the valve itself ; there can be
no voltage step-up such as is obtained
by using a transformer whose second-
ary contains more turns than its
primary. For this reason it is desir-

able to use in the early stages of the.

amplifier, valves with a big magnifi-
cation factor ; and here we are faced
by one of our first problems—how to
take full advantage of the amplifica-
tion factor of a given valve. The
greater the anode resistance is in
proportion to the internal impedance
of the valve the nearer will the mag-
nification actually obtained approach
the figure given as the amplification
factor of the valve. In theory the
actual amplification would be equal
to the amplification factor if the re-
sistance in the anode circuit were

infinite. In practice a value equal to.

from five to ten times that of the

valve impedance is found generally:
We can discover the.

satisfactory.
amplification obtainable by means of
the simple formula :-
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plate resistance
NS =1C

plate resistancc -+ valve impedance
where A is the actual amplification
and p is the amplification factor of
the valve. Suppose, for example,
that we propose to use for the first
note-magnifier a valve such as the
8.P.55B, which has an amplification
factor of 35 and an impedance of
55,000 ohms, with an anode resist-
ance of 500,000 ohms, then -the
amplification obtainable will be :

500,000
555,000

or approximately 31.

It not infrequently happens that
a constructor who has chosen a valve
with a large amplification factor, and
has fitted a suitable resistance in its
plate circuit, finds that when he comes
to test out the apparatus the results
obtained are distinctly disappointing.
He is certainly not getting an actual
amplification of 31, or anything like

X 35

R.C. stages are easy to wire up but com-

ponent values require to be carefully
chosen,

it. In such cases the cause of the
trouble is usually to be found in the
grid leak of the following valve, and
this brings us to a second problem of
some importance,

An Important Point

Not everyone realises that so far
as alternating impulses are concerned
the grid leak must be regarded as in
parallel with the plate impedance
that precedes it. An examination of
Fig. 4 will make this point plain.
On reaching the point A oscillating
impulses have two paths to earth.
They can travel via R, and C;, as
indicated by the first set of arrows, to
L.T. negative and so to earth; or
they can pass to earth by way of C;
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and R,, The two impedances are,
therefore, in parallel, and the total
impedance between the point A and
earth will be less than that of cither
of them. If, therefore, we employ,
28 I have seen done, an 2node re-
sistance of 500,000 ohms and a grid
leak of 100,000 ohms, the impedance
in the plate circuit of V is quite
small and verv little amplification is
obtained. It is clear, then, that-the
grid leak must have a considerably
higher value than the anode resist-
ance, In practice a value for the
grid leak of irom four to eight times
that of the anode resistance is usually
suitable.

Grid ‘Leak Values

Here, however, we are brought up
by the problem No. 3. We cannot
increase the value of the grid leak
beyond a certain point, which depends

equilibrium and giving rise to a plock.
Actually, the value of the grid leak
is not unduly critical, and a little
experimenting with fixed leaks of
different resistances will soon enable
the constructor to determine which
value gives the best degree of amplifi-
cation combined with stability.

The Grid Condenser

A detailed discussion of the capacity
of the grid condenser in a resistance
amplifier would provide material not
merely for a paragraph, but for a
lengthy artiele. Itinustsuffice, there-
fore, to mention merely one or two
important points. In the first place
the capacity of this condenser is not
particularly critical. The great thing
1s that it should be large in proportion
to the inter-electrode capacity of the
valve which follows it. Actually
satisfactory working may be obtained

wbe
5

This is a four valve set
employing three R.C.
L.F. amplifying stages.

<P
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upon the particular valve in use as

V,, for if we do so we shall find our-
selves faced by the unpleasant symp-
tom known as “ motor-biking.”” When
the amplifier is switched on it func-
tions for an instant and then proceeds
to emit a succession of ticks or plocks
at regular intervals. There may be
several scconds between the ticks, or
they may follow one another as
rapidly as those of a watch, or again
they may occur in such quiek succes-
sion as to become blended into a howl.
In any case, the cause is the same:
owing to the high resistance of the
grid leak the-grid of the valve is
unable to get rid of its surplus
electrons. These accumulate upon it,
building up an increasing negative
potential which chokes the valve.
When this potential is sufficient to
overcome the resistance in the grid
leak the charge escapes to earth,
restoring the valve to a.condition of

with a coupling condenser of any
capacity between 006 mfd. and -25

mid. provided that a grid leak of:

suitable resistance is used in com-
bination with it. The greater the
capacity of the condenser the smaller
will be the hest resistance value for
the grid leak, and wvice versa. My
experience s that it is not advisable
to usc a very large capacity, partly
owing to the fact that a grid leak of
comparatively low resistance must
be used in combination with it, thus
lowering the total impedance in the
anode circuit of the preceding valve,
and partly because a big coupling
condenser is apt to produce a trouble-
some form of slow ticking, since it
takes an appreciable time to become
charged up. Generally speaking, when
a 2 megohm grid leak is used the
capacity of the grid condenser should
not be greater than 01 mfd., where
the following valve is one of -the well
367

known first stage note-magnifying or
small power types. If experiments
are made with clip-in condensers very

little -difference will be found when
the valueis reduced to -005 mfd. Even
with this small coupling capacity
there is practically no snppression of
the lower frequencies, corresponding
to the bass notes, in a well designed
resistance amplifier. Before a valve of
the high amplification factor type,
in which the internal capacity is
usually low, a smaller condenser may
be used with a grid leak of consider-
ably greater value. -The condenscr
may,in fact, have a capacity as small
as ‘0005 mfd., and the grid leak a
registance as high as 5 megohms or
mere.  Should ‘ motor-biking ” or
howling be experienced with any kind
of resistance amplifier when it 1s first
tried out, it is a good plan, befors
any further steps are taken, to sce
what effect is produced by reducing
the capacity of the grid condenser.
Experiments may then be made with
grid leaks of different values.

A Fading Effect

If th= grid condenser is very large
and the grid leak too high to suit it,
“ motor-biking on the grand scale ”
may be experienced. Instead of ticks
or plocks we now have a phenomenon
which may very easily be mistaken
for genuine fading, the results, so far
as reproduction is concerned, being
very similar. When a signal is

P 2
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timed in it comes in at nermal
strength, but begins almost at once
to decline owing to the gradual
building up of a negative charge on the

grid and the slow charging up of the -

condenser. The falling off continues
until the signal is almost inaudible ;

then comes a noise not unlike that
caused by an atmospheric, and signal
strength quickly returns to normal.
T have known cases in which signal
strength has taken nearly a minute
to decline from maximum to minimum.
One can always tell whether genuine
fading is or is not responsible for
fluctuations experienced by making
use of a milliammeter. Should the
“fading” he due to slow choking
of the valves the. needle will fall
during the decline in signal strength
to a lower and lower reading, return-
ing rapidly to normal as the accu-
mulated charges leak away. Genuine
fading, provided that the valves are
properly grid-biased, produeces no
movement whatever of the milliam-
meter needle.

Strong Reaction Effects
A resistance-coupled note-magnifier
may alss have a tendency to. howl if
the H.T. battery (particularly if it

15 of the dry cell type, for the re- -

sistance of dry batteries is much
greater than that of accumulators)
is not shunted by an adequate

‘note-fnagnifying circuits of unwanted
H.F. impulses.

oscillatifg components. The greater
of these is the rectified audlo fre-
quency current, but this is accom-

A wire wound anode resistance

panied by H.F. impulses which have,
s0 to speak, leaked through the
rectifier. If these find their way into
the note-magnifying circuits they are
liable to cause a good-deal of trouble
through stray reaction effects. It
is therefore desirable to divert them at
their source by providing a path to
earth by means of a small capacity.

One of the best ways of doing this-

1s seen in Fig.-5. Here the radio-
frequency choke acts as a barrier
to H.F. impulses, which are thus
strained out; as it were, and passed

" to earth through the condenser C. The

capacity of this condenser will usually
be quite small ; a little' experimenting
with “clip-in “condensers will show
the value required to give the best
results. As a rule it will lie between
-0001 and -0003 mfd. Another method
is to do without the choke and to

In the plate circuit '
-of the rectifying valve there are two :
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capacity or if L.T. — isnot connected
to earth. This last is an e\{ceedmoly
important point, and failure to carry
it out is responsible for much of the
instabitity complamed of - where re-
sistancée coupling is used.”

But perhaps the chief causc of
msta,blhty 1n resistance- coupled ampli-
fiers containing two or more stages

is to be traced to the presence in the’

place a condenser across the anode
resistance, as shown in the Fig. 3
circuit. Thls, hm\ever 18 not so
satlsfactory, since” & larger capacity
must’ be used; and there is a risk ‘of
shunting away not only the uniwanted
frequencxes but also some of the
upper audno-frequencxes ‘and” thus
producing a suppression of the higher
musical harmonics.
368

I have left till the Jast one of.the
most important of all the problems
m connection with resistance-coupled
note- magmﬁerq "This concerns the
choice of the right valves in order to

* obtain the highest possible quality in

the reproduction combined with good
amphﬁcat)on per stage. If it were a
question only of obtaining big ampli-
fication we ' could use throughout
valves with high amplification factors
but were we to 'do so horrible dis-
tortion would result through over-
loading. Let us suppose, for example,
that as an experiment we placé valves
with an amplification factor of 35
in each of the first two holders of the
Fig. 3 circuit and a valve such as the
P.M.5, which- has -an amplification
factor of 17-5, in the last holder.

Choice of Valves

The actual amplification obtainable
would be in the neighbourhood of 30
for each of the first two valves and,
say, 12 for thelast. The three valves
therefore give a total amplification of-
30 X 30 % 12 or 10,800, which sounds-
thrilling—until we are brought down
to earth by recallmg that the maxi-
mum grld swing for'a P.M:5 valve
without overloading is about 5 volts.
Since the magnification given by the
first two valves i1s about 900, the
greatest voltage swing that could be
applied to the grid of V, is one of
about -005 volt. If we endeavour
to receive with such a combination
even a moderately powerful signal
giving a grid swing of -1 volt for V},
the grid swing reaching V, would be
some 90 volts, which is about ten

" times as much as even a small power

valve could deal with. It is clear then
that whatever else happens, a valve
of the “first LF.” type is quite
unsuitable in the third holder.

Grid Swing
The case of V, must also be con-
sidered. A valve such as the

- S.P.55B can deal properly with a

maximum grid swing of only about
3 volts at the outside; hence the
greatest voltage swing that we can
apply to V; without overloading
V,, if V, is of this type, i3 only about
06 volt.

If the resistance-coupled amplifier
is to be used for long distance work
as well as for local reception, so that
strong and moderate signals are
to be expected, we shall do better

(Continued on puage 432.)
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By H. J. BARTON-CHAPPLE, Wh. Sch., B.Sc. (Hons),

IT has been said on many occasions
that to be able to “ kill two birds
with one stone” is a worthy
accomplishment, and certainly divers
cases could be quoted to justify the
truth of this remark. The point crops
up repeatedly as far as home con-
structors are concerned, for how many
times has the desire been expressed for
a wireless receiver that combines
both quality and quantity ? Again,
many seek the possession of a set
which will enable the local station
to be tuned in with ease, by reference
to previously logged dial readings,
and yet serve the additional purpose
of “satisfying the ambitions of those
members of the household experi-
mentally inclined.

Tone and Volume

Careful experiment will prove un-
doubtedly that there is a certain
optimum combination of inductance
and cepacity to give the best results
from any particular receiver, when
judged from the dua! standpoint of
purity of reproduction and signal
strength. Unfortunately, we cannot
measure quality in terms of simple
units like those for current, voltage
and resistance, so that in the majority
of cases it resolves itself into a purely
personal matter, and after all, that
is the most important point of view.
The time devoted to the determination
of this combination is repaid in the

results obtained, hence too much 38

stress cannot be laid on this, especially
for those with a critical ear for musical
reproduction.

It was from considerations such as
these that led me to design and con-
struct the two valve receiver described
in this article. As will be gathered
from the photographs of the set, it
is simple to construct, while the sym-
metry of the panel and baseboard
lay-out gives it a particularly pleasing

&

{; Novel Broadcast Receiver

appearance.  Instead of arranging
battery terminals on an ebonite
strip at the rear of the baseboard,
recourse was made to a five-way
battery lead whieh passes through a
hole in an cbonite mount arranged
{or the filament switch, the individual
leads being taken to their respective
positions on the terminals of the actual
components screwed to the baseboard.
This gives a very neat arrangement,
while the grid-bias battery is tucked
away inside the set, aluminium clips
holding it in position on the right-hand
side of the baseboard.

In order to ascertain the effects of
different valve combinations it was
decided to have the filament resist-
ances variable. Fixed resistors are
admirable if a good stock of inter-
changeable resistances are on hand,
or if the valves available are strictly

369

A neat multi-flex lead is employed for connection between set and batteries.

A.C.G.I. D.IC. AM.LEE.

limited as regards filament voltage
and current. On the other hand, the
appearance of two additional knobs
on the panel for the filament rheostats
is regarded by many constructors as
an eyesore, so the happy medium has
been chosen by utilising baseboard
mounting rheostats.

The Circuit Chosen

It is always a particularly good plan
for potential constructois to study
the _theoretical diagram carefully
before embarking upon the construc-
tion of the receiver itself. A reference
to Fig. 1 will show the scheme adopted
for this set. The tuning arrangement
calls for the first comment, and it
will be noticed that in the actual aerial
circuit we have a multiple-fixed
condenser, C,, and two coils (the usual
plug-in type), L, and L,, all in series.
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Coupled to L, is another coil, Ly,
one end of which is joined to the
junction of L; and L,. The amount
of magnetic couphng Dbetween L,
and L, can be altered, since these
coils are mounted in a two-coil holder.

Novel Aerial Arrangement

The arrangement is thus a combin-
ation of auto and inductive coupling,
which can be varied at will by the
mterchange of coils of various turn
numbers. This gives a measure of
selectivity, since we have the equiva-
lent of a tapping on the aerial coil.
In addition, by utilising a reliable
geared two-way coil holder together
with a dial, such as the L. & P.
component employed in the actual
set, a #éne alteration in the coil’s
relative positions is made possible,
while the engraved dial enables the
best angular position of L; to be
logged for future reference.

Tuning is effected by the -0005
condenser, C,, but since alterations
of the total equivalent inductance
can he brought about by the move-
ment of L,, it is possible to secure the
optimum condition mentioned earlier
in the article. Further alterations can
be brought about by means of the
different capacities available with G,
so that ample scope is provided for

AUTO-CHOKE

(s =

C

MUL;IDLE
CONDENSER

HT
C\'aoooa
Lslyize
= 3| M P =
M C2
{0005
e SEL S
ST
: LA
Lyl 3R, R,
Ly ¢ -
€ >
l THEORETICAL +
= DIAGRAM C.B.
= Fr6.1. - > =

xi3

determining the ' most satisfactory
combination to suit mdmdual re-
- quirements.
1Reinartz

reaction is introduced

A ‘‘close-up "’ of the L.F, switch panel, and the wiring to the choke unit,
370

i admirable results:

~ through the coil L,, tightly coupled

and fixed relative to L,. As far as
the -coupling to the L.F. valve is
concerned, the auto-choke armnge-
ment of Watmel’s. was found to give
The L.F. choke,
coupling condenser and leak resist-
ance are mounted in one unit, and on
test the quality of the reproduction
was found to be most satisfactory.

Constructional Details

Any inequalities of the H.T. battery
voltage tend to be smoothed out by
the 2 nfd. reservoir condensers C; and
(., this being noticeable particularly
when the battery is reaching the end of
its useful life.

Having studied the salient features
of the circuit employed, we can turn
our attention to details of construc-
tion. Components other than those
shown, provided they are of reliable

| make, may be substituted for thcse

shown without detriment to the per-
formance of the set: ‘Where departures
are made, however, pay particular
attention to any poss1b1e alterations
in layout, consequent upon the
different design of the substituted

. components.

Taking the panel first, it is advisable
to mark oft the positions of the holes
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for the two panel brackets, the proper
alignment probably being best secured _
with the loose baseboard and panel in
position in the cabinet. Although not
absolutely -essential, the cmployment
of brackets ensures a more robust

absolutely secure, and reducing any
tendency to warp.

The positions for the holes to take
the two condensers, coil holder, four
terminals and four base screws, can
now be morked -on the back of the

finishel article, keeping the panel panel. The necessary dimensions are
= 14~
= oy

Iy A —— E—
75 |
AERIAL 3% .|
3/4” | W €OIL HOLOER
< AND D/4L

loose baseboard 10 in. deep.
1 Lissen H.F. choke. "
1 L. and P. Universal two-coil holder"
4 (Londan and Provincial Radio Co. ,”

Ltd.). -

1 L. ana P. indicating dial.

$2 Lotus valve holders, with terminals. $$

*1 ‘0005. S.L.F. slow motion variable$?

s condenser (Brandes,. Ltd.). °°

1 ‘0003 S.LF. slow motion variable :;

¢ condenser (Brandes, Ltd.).

*1 auto-choke, first stage (Watmel).

$3t multiple fixed condenser (0001 to

% -0015). (C.AV.).

°'2 baseboard rheostats (35 chms) (Llssen, i

°’ Ltd.).

Two 2 mfd. Mansbridge-type condensers
:;2 L. and P. single coil holders. “
::1 combined -0003 condenser and 2::
2$ megohm grid leak (Watmel). 55
$31 pair grid bias battery clips. b3
21 Leweos five-way battery lead.
931 push-pull filament switch.
$24 insulated terminals engraved ¢ aerial,” "

¢ earth,’’ * *phones,’’ 4 and * ’phones

— (Bolhng & Lee, Ltd.).

l spring elip for Ci.

2 T14 plugs and 5 indi catmg tabs
marked H.T. + 1, H.T. +2H .
G.B. 4, and G.B, — (J. J Eastlek &

$3  Sons, Ltd.).

¢$1 pair panel brackets.

$sQuantity of Glazite for wiring up,$

> rubber-covered flex, wood screws, and

¢ 1 piece of ebonite 2 in. x 13 im. X

s %in.
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F16.2. PANEL LAYOUT X2
'00»0000»0000000000 :222::2:::3:::225; given in the diagram of Fig. 2,1t beiz:g
oo 1 o
E COMPONENTS AND MATERIALS 38 remembered. however, that this re
REQUIRED. 3¢ presents the front of panel, whereas
. ) 3 all scribed lines are done on the back
1 panel, 14 in. x 7 in. x 1 in. gi . of panel. In order to prevent the front
1 cabinet, taking above panel, and $3 panel surface from being scratched

during drilling operations, it should be
protected by a sheet of thin cardboard
or sheets of paper.

This job completed, fix the panel to
the baseboard by attaching the
brackets and necessary wood screws,
and then proceed to mount on the
panel the components indicated. In
the case of the L. & P. coil holder
and dial, explicit instructions are
issued by the makers, so that no diffi-
culty will be encountered. Now refer
carefully to the accompanying photo-
graphs and wiring diagram (Fig. 3) in
order to ascertain the positions for
the baseboard components. The lay-
out should be followed as near as
possible.

Wiring Up

It will be noticed that a symmetrical
arrangement can be adopted, but the
valve holders, baseboard resistors and
radm—frequcncy choke must bescrewed
into. position so that the largest
dimensioned coil which may be placed
in the moving block of the coil holder
will not foul anything in its full 90
degre:s movement.

The Watmel combined grid leak and
condenser has been mounted direct on
to the grid terminal of the first valve
holder, the hole in the common pair of
connecting lugs being opened shghtly

sho

s
Well spaced wiring is ess-
ential, and care must be
taken that the moving coil
does not foul any other
components when the coup-
ling is reduced.

Constructors
should see
that none of thz:
connections makes
contact with the
metal panel brackets, even though
the leads are insulated.
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to allow this to be done. The filament
switch is mounted on a small piece of
ebonite drilled and filed to the dimen-
sions shown in Fig. 4, the whole being
screwed against the rear edge of the
baseboard, 1 inch from the right-hand
corner. Just below this switeh is a

DETAILS OF
SWITCH PANEL

AT REAR OF
BASEBOARD
- Firc. 4.
4 -
o, 7% o .
Z68

£ inch hole, through which passes the
five-way cable lead, so that the whole
scheme 1s particularly neat and does
away with the more usual terminal
arrangement.

All is now ready for wiring the
receiver. and by following carefully
the ermg instructions and joining the
leads in -the order indicated, the pro-
cess will be found to present no
difficulty. Of course, the wiring dia-
gram (Fig. 3) and the accompanying
photographs will be ysed in conjune-
tion with the instructions. The wires
in the centre of the baseboard must be
kept close to the wooden surface so as
not to hamper the movement of the
moving coil block and coil L.

The Battery Lead

Frayed edges of insulation can be
avoided by careful baring of the
Glazite wire, while the actual ‘wires
must be kept to short straight runs
wherever possible. Each wire can be
soldered at its junction to the respec-
tive components if desired. but on the
other hand advantage can be taken of
‘the terminals by those constructors
not keen on soldering, Make the joints
quite secure under the terminal nuts,
and see that they are scrupulously
clean. ‘

- The five-way cable lead should be

fixed to the baseboard by a small cleat

just after passing through the hole’in
the ebonite strip. This will be a safe-
guard if the cables should be unduly
tugged at any time, preventing strain
on the individual leads and possible
breaking of connections. It is neces-
sary to removeeall the spade tags in

order to pass the cable through the
2 inch hole, and before replacing them,
shorten each of the leads so that they
‘can be run to their points on the com-
ponents without leaving a lot of slack
wire.

The rubber cable coverings are
coloured, as also are the spade and
plug ends, but to be absolutely certain
I advise the constructor to add indi-
cating tabs to the wander plug ends of
the H.T. leads, and also to the plug
ends of the separate leads passing to
the sockets of the grid-bias battery.

Testing the Set

This will militate against any errors
in the outside battery connections
when the set is housed in its cabinet.

.Remember that the neatness and

efficiency of your wiring. with due
regard to the little details, will reflect
itself in the ultimate results you will
obtain with vour set, so that it pays
not to hurry over this part of the work.

When completed, re-check the
wiring with the wiring diagram to
ensure accutacy; then the set ean
be placed in its cabinet. If not
already done by the makers, a hole
must be cut out in the back of the
cabinet with a fretsaw:to allow the
ebonite switch mount and cable leads
to pass through.

We now go on to the aerial tests.
Insert the valves in their holders,
testing to see that they light correctly,
and then-insert the H.T. plugs into
the battery. The voltage on V,;
can be about 70, and that on V, about
100. The exact value of the grid bias
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WIRING INSTRUCTIONS, o

Join together socket of fixed coil block L1 bs
and socket of moving coil block Ly thence to’
pin of single coll holder for L;i

Join socket of single coil holder for Lo, to.
pin of single coil holder for Ly, thence too
eTnoving plates of C, and eart Jh terminal, o
® continuing to on¢ terminal of cach ﬂlament;
rheostat Ry and Ro, and finally to one ter- oo
minal on each condenser Cg and C;.

Joln fixed pla.u-s of C; to one snde of R.F.C,
:m(l to plate of V

Join pin of moving coll block L«- to fixed
plates of Cy, and thenee to * free »’ condenscr
lug on Cs.

20000
L &d
*0
- o9
vvv#wvv

<
°

Q0090800603900 800000009000060

©

Join & free” tag of Ry to a ﬂlnmcnt
$¢ terminal on Vi, thence to a filament termlnal
se 0N Vo, continumg to one terminal of S,.

P Join 'phones — to plate of Va and ’phones
¢ + to remaining terminal on Cy.

33 Join moving platm of C4 to socket of single
oo coil holder for T.,, and join remammg ters
$eminal on R.F.C. to “plate” terminal on
seauto-choke unit.

3% Join H.T. 4+ terminal on auto-choke unlt,
$¢to remaining terminal on Cg.

$$  Joln remaining terminals on. R; and Rs to

* remaining filament terminals on \}1 and Ve.
e _Join aerial terminal to 000 terminal on C] *
sJoin grid terminal on auto-choke unit to‘
»gnd of Vo.

Joln pin of fixed coi! block L; to one cnd‘
of a flexible lead, the remalniug end tcr-
minating on a spring clip.

Join L.T. — terminal on auto- choke nmtw
to one end of a flexible lead, the remammg4
end temumtmsx on a plug marked G.IB.

Join * earthed " terminal of Ry to one end
of a flexible lead, the remaining end ter-
minating in-a plmz marked G.B.4. Leads
from five-way cable should be connected
thus:— L.T. + and H.T. — to remaining
terinal on L.T. — to cither of the com-
mon < earthe(i terminals on C¢ and C4,

+ 1to HT. + terminal on auto-choke g¢
umt and H.T. 4+ 2 to junction of C; and
3t ‘phoaes +.

00‘6000‘0‘00‘00“000‘0‘0OQOQOOOV
0290000000000 060000300000 * *e

will depend upon the type of L.F.
valve employed, but 4} to 6 volts
.18 -a likely value. As to the actual
valves, I have tried out many makes,
a high impedance or general purpose
valve occupying the position of V,,
with a low impedance valve for V,.
Amongst the most satisfactory, men-
(Concluded on page 442)
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B

The ‘“Four-Coil
Two '’ with valves
and coils in position.
The grid bias battery -
can be seen next to
the L.F. choke on
the left of the
photograph.
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A list of all the
European broad- Compiled by—
casting stations DUDLEY

(Concluded from Bl KE[ TH

last month).

STATIONS BETWEEN 500 AND 1050 METRES.

= ave-
&2:; Name of Station. Remarks. g,gth_ Name of Station. Remarks.
504 Porsgrund . .| Irregular. 566 Berlin (Magdeburger Platz) | Daily.
508 Brussels (Rwdxo Belglque) ..| Daily, 8 p.m. onwards. 577 Vienna (Radio Wien) .. ..} Weekdays, 3.15 p.m. ;
517.2 | Rosenhugel .. 5o Sun,, 6.30 p.m.
535.7 | Munich .. .. .. .. ..| Sun, 10.30 a.m., and most 577 Frieburg e | . ».} Ervegular,
evenings. 720 Ostersund .. .. ..| Relays Stockholm.
545.6 | Sundsvall (SAS D) .. ..| Most evenings. 760 Geneva (H B l) .« ..| Weekdays, 7.40 p.m.
555.6 | Budapest X .« «./Sun, 10 am. and 9 850 Lausanne (HB 2) .« .| Daily, 7.5 p.m.
pm.;  weekdays, 4 || 940 Leningrad .. .. .. ..| Daily, 5 p.m.
pm.; weather. 980 Warsaw.. . .| Daily, 7.30 p.m
566 Blumendaal .. .. .. ..[Sun, 940 am. 4.40 [| 1010 Moscow (Po%(:) ot
p.m. Services. 1050 Hilversum (H D O) .. | Daily, 7.50 pm.; Sun,
11 a.m. and 1.30 p.m.

Among the identification signals, those of the following should be noted : Brussels has a high-pitched tuning note, and announces
¢ Ah-low Ici Radio Belgique.” Munich sends M UN G in Morse (w=w= = cmm =ms == == =), followed by three notes on oscillating valves,
A, Fsharp, D. Gong is sometimes struck in intervals. Budapest opens up with an oscillating valve, sending == ¢ == « == s, the dots being
higher pitched than the dashes. It also has a lady announcer. Berlin (566 m.) has same signal as the other Berlin station. Vienna
announces ** Hallo, Hier Radio Wien Sender Welle 577 ’; it has a tuning signal of (» « s == = = » «=)V’g in Morse, and closes down with S K
(» » » mm ===), and has an interval signal of & metronome ticking. Geneva opens with a thrice repeated whistle. Lausanne opens with
chimes to indicate a tune, followed by a carillon. Hilversum announces in English and the words  Hier Hilversum, Holland,”

STATIONS BETWEEN 1050 AND 4000 METRES.

- /ave-
gﬂg‘;ﬁ Name of Station. Remarks, l‘;‘ngbh. Name of Station. ‘ Remarks.
1100 | Debilt .. .. .. .. ..| Weekdays, 8.15 p.m. {| 1500 |Riga I —
1100 | Biisle e v+ e+ +s «.| Daily, 8.50 p.m. 1600 DAVENTRY (5 X X) .. ..| High-power station.
110 § Kbdy- .. .5 oo o esf Doy 6hp: m to 7.30 p.m.|| 1750 | Radio Paris (SFR) .. ..| Daily, 1230 pm.,, and
1150 | Soro .+ «¢ <o <« «.| Relays Copenhagen. each evening;  Sun,
1150 | Ryvang .. . 3 o4 12.45
1165 |- Leningrad (lOkw ] Irregular 1800 | Norddeich .. .. .. .. Midni lil)t wea,ther reports.
1200 Luxemboura (to be "174) 1950 | Scheveningen Haven
1200 | Boden (S A s E) .. .. ..| Relays Stockholm 2000 | Kovno .. .. .. .. ..
1300 | Berlin (Koenigswuster- Relays Voxhaus. 2525 . | Berdin ... ¥ Intermittent news daily.
hausen AFT) 2650 | Paris Eiffel Tower ( F L) ..| Daily, 6 p.m.
1365 | Karlsborg .. .. .. = I 2900 } Berlin Koenwswusterhausen
1400 | Nijni Novgorod .. .. } rregular. 4000 (AFP) 0a 606 wgd =
1450 | Moscow (RDW) .. .. .. —

The best noted announcements for the above stations are as follow : Leningrad—opening’ signal, gong or chimes. Calls ““ Allo, Allo,
Radia peredacha (phonetic), Leningrad.” "Moscow announces *“ Allo, Allo, Radia Moskva,” and closes down with chimes and the pealing
of the Internationale on the Kremlin carillon. Radio Paris is, of course, well known with its announcement of * Allo, Allo Ici le poste de
Clixchy des emissions, Radio Paris,” etc., and sounds a gong at 12.30 p.m. "and 8.30 p.m. Eiffel Tower announces ** Allo, Allo, Ici le poste
Radio Téléphonique de la Tour Eiffel,” etc., and a series of seconds counted in French.

These stations require larger aerial coils, having from 75 to 300 turns to cover the full range and~can most of them 'be heard on twd

valves in this country, several being audible on the loud speaker. ‘
3
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LAST month, you remember, I made
an attack, a little local shindy,
a mere trench raid, npon Ambo’s
crystal set and his pa-in-law’s whis-
kers. The set I put out of action by a
cunning ruse de guerre, but the Twipe
camouflage got away with insignifi-
cant losses, though it was palpably
demoralised.

Not, mark you, that I must be under-
stood to nurture the slightest ani-
mosity towards crystal sets. ,Oh. no'!
But this particular set was a horrid
little mousetrappy thing which hopped
about the table if one tuned in to-a
really strong station. Brefly, it was

. . .« I hastened to the scene and
Ambo opened the door.

the kind of set which is sold in bits,
on a large card bearing pictures
printed in poisonous colours and de-
picting a happy family (with wooden
faces, too much hair, and out-of-
date clothes) listening to a loud
speaker shaped like an carly model
phonograph horn. Hence I rent it in
twain and Ambo hove it out of the
window. The dog buried it next day,
with every mark of respect, in com-
pany with a very fruity mutton bone.
RIP

As to Ambo’s father-in-law—well,
he must have had some great sorrow in
his younger days to have let the weeds
grow so profusely over the grave of
his manly beauty. His whiskery was
simply immense—a perfect Bird Sane-
tuary. Quite impossible for him to
do fine soldering or drilling ; his face-
mat would have stopped the works of
a steam-roller. In fact I was told
that he had been forbidden to use the
Tower Bridge because he had once
entangled the bascules, and as a result,
six steamers lost high water and the
mails were delayed.

I got a posteard from Ambo, which
read :

* Can you drop in ? Urgent.”

“My Aunt!” I thought.  Twipe
must have :caught his ehin-crop in
the mangle,”” and I hastened to the
scene.

“Teese All Thmassed”

Ambo opened the ‘door. What a
shock I received! He looked about
as cheerful as a pelican with a couple
of carraway seeds for dinner, and his
cheeks were sunken like those of a
ceatenarian.

“ My dear Ambo,” I cried in sym-
pathetic tones, * what on earth
You don’t mean to say that pair of
cuckoos have tried to nest in Mr.
Twipe's beard ! Why, it was only
last week we drove the swallows out.
Really, we shall have to——"

*“ Thass all right,” he replied. “1I
don’t care shixpench about the birdth.
I've losh me teese. Sneezed ‘em into
a sack of potatoesh. Horsh took
fright and ran ash far ash Whitchall
before he wash shtopped. Teese all
thmassed. Awful nuishance!’

“Well,”” T answered, “ what's the
real trouble ? Urgent, you said.”

‘“ A Piteous Sight”!

“Yesh. Fact ish—1I shee the B.B.
Shee iz going to give a talk zish munse
about potatoesh. ‘The Tuber and
Its Enemish,” by the Minishtry of
Hellsh. I want to hear that, and I
thought vou might help me make up a
wirelish shet in time. Can you ?”

“My boy! Delighted. But we
must have Mr. Twipe to helpus. And
Mr. Puddle, too.”

“ Yesh, vou mean Guddle.”

“Do I? T forgot! Very well,
then, let’s ascend to the ‘den’ and
begin operations. How's Asia ?”

“ Asia is—— Sank goodness!
Heresh my spare teese come. Clip
clop. Ah, old sport, that’s better!
Now I can talk. Man without his
teeth is like a woman without a
tongue. Handicapped!”

.80 we went upstairs and contem-
plated the collection of wireless ap-
paratns . Ambo ‘had made. It re-
minded me of those Government

375

dumps one used to visit just after the
war. A piteous sight! Good stuff
going not only to wrack but also to
red ruin. Twipe sneaked in, looking
like a walking mop, and then I made
my great resolution. Twipe should
sleep that night with a raw face, and
not tear the sheets any more.

“Have you got any soldering
things 2 I-said in a sergeant-like
tone. .

At the word Mr. Twipe emitted a
series of beard-waves and passed from
the room with something of the easy
and uncanny alaerity of the Dis-
appearing Lady.

“ Preparing a Good Alibi”

“ Gymnastic old creature,” T re-
marked. ““ Flits here and there, in
and out, like a butterfly. What is
he up to now ?”

“T think he has gone for the solder-
ing things,” said Ambo. “ The plum-
ber left them in the cellar last winter
while he went for a sack. He never
came hack, so I expect he got it.
There's & hottle of spirits of salt, some
resin, a lump of what-is-it, a can of
solder and a soldering-bolt like 2
sledge-hammer.” _

“ Capital ! ” I chuckled, rubbing
my hands in high glee. ““ Not exactly
the outfit for fine panel work, but the
very thing for rendering the starving
homeless. Ambo, old fellow, to-

to smell Mr. Twipe could hardly re-
strain himself. . .

night’s the night! Yon moon shall go
down upon the Hairless Wonder. No
more shall the laundry be blamed
for tearing your household linen.
Shaven and stark shall he lie, his rosy
chin looking like the last peach on the
wall. Then——"
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PASSING—continued,

“ But surely you won’t—er—do the

old bloke any harm,-y’know,” said

Ambo nervously.

“ He shall do it himsel, lad,” T -
" and Wormicide Works were burnt

replied. ““ I'll not touch him, I've a
genius for coming out of an affair
Tooking all the more innocent the
more I am guilty. No! it shall be
quite accidental. Ha! here’s Mr.

Twipe! That’s fine, sir! You going

to help us ¢ Why, excellent !, But I
think perhaps you had better not.
You ahsolutely insist ¢ Very sporting,
sir! But I don’t think it would be
quite the thing. Bettersit and watch
us. There! That’s right.” I sat him
down in his usual corner. Nothing
like preparing a good alibi.

“The Amateur’s Chief Delight”

“ Well, Ambo,” I said, “let’s get
on. Solder looks a bit fierce, doesn’t
it? Well have to purify it, 'm
afraid. Got any pigeon’s milk ¢ No ?
Hum! that’s a pity. Nothing like
it for taking the dephlogisticated air
out of solder. Al, well, we shall just
have to do our best.”

I got a lot of solder on a large flat
iron tray overa gas-ring, smothered it
with resin and - candle-grease and
hegan to fry this worse than infernal
mixture. Ambo was in the seventh
heaven of enthusiasm, stirring and
taking notes while I explained how
it is that soldering is the amateur’s
chief delight and standby

“A good joint,” I -said, “is the
trade mark of a M.I.R.E., just as
much as of a Master Cleaver.”

When the brew really began to smell
Mr. Twipe could hardly restrain

. all irrevocably attached to
"Mr. wape s radiator-muff. ., .

hl‘mse_lf and I had to push him

back into. his chair
mmutes

every few

“You see all that rising to. the .

top?” I said, holding Ambo well
over hell’s ca.uldron. “ That’s what
we want to get rid of.” That was a
true word spoken in earnest, good-
ness knows,

“Um?! Yes, Isce,” snuffled Ambo.
“ But the—er—the smell is not nnlike
a fertilizer factory on fire. I distinctly
remember when Jubbs’ Choice Manure

down. The—"
“T daresay. -And -’ Mr_s.
was a bad crop that year:

Parkep H
Really,

Ambo, this potato biz is the limit. It:

poisons human intercourse and pol-
lutes the wells of polite conversation.
Cut it out and have another
stir.”

At last the solder became fluid ; a
fine panful.

“ Now for the critical moment,” 1
said, at which Mr. Twipe edged his
way in and stood gloating over the
awful scene.

“ This is rather a delicate opera-
tion,” I explained. * It needs the
three of us. First, let me rig up the
ogzimeter.”

On the far side of the sizzling pan I
put a spectroscope which I had dug
out of Amho’s collection. I placed a
lighted candle behind it. To gaze
through the spectroscope one had to
put one’s chin over the pan.

* Doom of the Twipe Forest”

“ Now then, Mr. Twipe, you are to
be entrusted with the most scientific
job of all. I want you to stand here,
m front of this ogzimeter, and when
1 say, ¢ There she blows,” you will bob
down and look through the ogzimeter
and shout ‘ Upsey-daisy” when the
light goes out. Please don’t make any
mistake, or I shall regret having put
you in the place of honour. Ambo,
you turn out the gas-ring when I call.
Now—are we ready ?

Old Twipe gripped the table, a hand
on either side of the pan, and straddled
out his legs like a giraffe at a water-
pool. Ambo seized the gas-tap and
prepared to co-operate, but I observed
m his eye the fear of the unknown.
After all, to play fast and loose with
half a, century’s growth on the chin

of a wife’s father calls for dare-devilry .

far beyond the dreams of medical
students.

The hour struck and the doom of
the Twipe-forest cracked. -,

* There she blows!” 1 hissed.

Down bobbed Twipe, like a good
scout. He glared through | the spectro-
scope like a ‘butler through a keyhole ;
concentrated ; oblivious to the roar
and fret of the great wqud without ;
breathing hard.

v
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Beautiful! ; His whiskers
well down in the melted soler.

X Full fathom five thy father
lies,’ .1 hummed merrily, and  out
thh the gas, Ambo,” | said.
—kvsuldn’t resist gmng—%he Hrying-

were

. pan a few gentle rocks, like'a photo-

graphier ‘with his “devaloping” dish.
Nothinglike makingaure of a job, and
the solder was beginning to harden.
Then I pinched out the éandle.
“ Upsey-daisy ! > bawled old Twipe
as the light went out, * And, by the
Great Green Grid of the Tiitele Yellow

o 8 ol

+ s+ . China appeared to be inhabited
by bottles. . . .

Valve! the daisies did come up.
So did the solder and the pan and
the grease and resin—all irrevocably
attached to Mr. Twipe’s radiator-muff.

Ambo groaned and covered his
eyes with his hands.

“My dear Mr. Twipe!” I cried
in anguished tones. ‘° What have
you done? I wanted you to keep
out. I begged you not to come too
close, didn’t 1?7

“ T’ll bear you out in that, laddie,”
came from that noble fellow Ambo,
who was biting on the ogzimeter in

agony.

“Bring me a Barber

But Twipe! Well, he stood speech-
less and purple with rage. Luckily,
he couldn't say anything because
the weight of the solder and the pan
kept his lower jaw down. Sympa-
thetically I pressed the pan into his
hand and showed him how, if he held
it up in front of his face, he could
shut his mouth. At this moment
Mrs. Ambo popped her head round
the door and sniffed.

“ What's dad doing, Julian?”
she enquired.

“ Only just looking to see if any
hairs have got into the solder, Mrs.
Ambo,” T answered with a smile.

“Oh, well, 'm afraid he won’t
see many because his spectacles are -
downstairs.”

(Continued on page 434.)

99'



April, 1927

Mooern WIRELESS

HOWEVER much time and thought
one has given to the design of a
wireless receiver the dctual
results likely to be given are often a
matter of speculation. In the case of
the “ Combine ” Five where much
care has been devoted to the design,
the results obtainable with it were
likely to be of more than ordinary
interest. Aceordingly, when the sct
was brought to my laboratory I lost
no time in joining 1t up and ascertain-
ing for myself just how far pre-con-
ceived ideas would be verified.

The first impression gathered from
the * Combine” Five was of an
extremely sclective receiver, the
sharpness of tuning being really
phenomenal. Owing to the fact that
separate fixed resistors are not used,
neutralising cannot be carried out quite
so simply as with some other sets,
and I found it useful in this receiver,
as in others with which I have beén
experimenting  recently, to add a
little additional capacity between
grid and plate of each of the H.F.
valves so as to bring the neutralising
point well within the scale of the
neutralising condensers. This addition
is not strictly necessary and the set
works well without it, but it is so
simply made that many readers may
care to try-the idea themselves.

Minor Improvements

Two pieces of insulated wire (such
ag Glazite) are connected to the grid
and the plate terminals of the valve
holders and twisted together, care
being taken that the further ends do
not touch each other. A length of
about three or four inches for each
piece is quite sufficient. The twisted
wires and the insulation between
them form a small condenser so that

this capacity, as well as that of the fj

valve itself, must be neutralised. This

scheme is useful in all neutralised Nl

- The@MBIND Five
t 0N@EST g

In this short article Mr Harns gives his experiences
with the ‘‘ Combine ** Five receiver described in last
month’s Modern Wireless

By PERCY W. HARRIS, M.LR.E.

(Editor— The Wireless Constructor ")

sets wherc the amount of capacity
necessary to balance is very small,
as is the case with the present receiver.

With some valves, too, I found it
better to disconnect the wires joining
the carth screens to one another, and
to ecarth. The amount of - hand
capacity introduced by removing
these wires is not great, and I found
that the set neutralised better with-
out this connection.

So far as results are concerned, the
following stations were tuned in by
Mr, Kendall -and myself in my
laboratory.  As suggested by Mr.
Allinson 1n his article on the design
of the H.F. S|de, additional scns1t1v1ty
is obtained in the set by keeping the
neutralising condensers ‘* off-balance.”
The stations given below were tuned
in in this way, and entirely on the
loud speaker. The Stlcngth of repro-
duction varied from * weak loud
speaker "’ to ‘“ full loud speaker ”’ and,
of course, all were obtained while
London was working, without inter-
ference from that station.

Langenberg Toulouse
Dortmund Stuttgart
German Relays Glasgow

Belfast Bournemouth
Dublin Hamburg
Breslau Rosenhugel
Birmingham Munich
Madrid Malmo
Cardift Newcastle
London Brussels

These stations are not given alpha-
betically, but in the order in which
they were picked up, Mr. Kendall
noting down the numes as I tuned
themin. The period occupied in tuning
in these stations was about an hour,
and it was obvious that other stations
could be found by continuing the
search. It was considered better to
give the reader a list of stations
obtained in a specified period, rather
than a long list of stations received,
some on one night and some on another
—a method which might conceivably
give a false impression.

Pure Reproduction

As to the general sensitivity of the
set, it should be pointed out that the
very sharp tuning which Mr. Allinson
apparently had in mind in designing
his section, is achieved by very loose
coupling, for which one pays in some
loss of signal strength. This, together
with the absence-of any reaction in
the detector circuit, makes the set less

Checking up the wave-length of one of the
stations received on the * Combine’’ Five.
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sensitive than is possible with five

valves. On the other hand, the ab-
sence of xeaction and the fairly loose

coupling of the H.F. stages give us:

sharpness of tuning and a purity of
reproduction- which are both highly
desirable advantages.

Many Valves Suitable

The set was then tried with several
different makes of coils, and worked
equally well with all of them. Changes
of aerial tapping were rarely made,
one tapping serving for a very wide
band of wave-lengths. In the wave-
length-range, the lower limit is about
260 metres when used on my aerial
and the upper just about 600 mefres.
Owing to the efiect of the aerial the

tioned in the booklet, guve satisfactory
results, including the new Cossor 6-volt

H.F. valves, which seemed to suit the

transformers very well. Similarly,
tests with the valves mentioned for
the detector and the L.F. side were
also quite satisfactory. Here, again,
the new 6-volt Cossors were tried with
good effect. These are mentioned here
as they were not available when the
original booklet was prepared, and
were therefore omitted:

One and a "half volts .grid bias
seemed to suit the detector, and the
position of the detector rheostat was
not at all critical. Naturally, the local
stationi could not' be tuned in fully,
as this brought about gross overloading
of the receiver. When detuned to
bring the strength down to a reason-
able value for a living-room, the
quality weas admirable as would be
expected from the L.F. portion of the
set. As for the detector excellent
results were obtained with the ordinary
H.F. valve having an impedance of

L

.

The studio control room of one of the Berlin broadcasting stations.

first condenser only reads r()ughly the
same figures as the second, while the

detector ‘circuit condenser gives mare

widely different readings -from. the
others. For this reason, and as the
set is cxceedingly sharp in .taning,

the reader may find difficulty in tuning.

any station other than his local one at
the first trial. It is therefore advisable
to prepare a chart and carefully note
down the readings for each station as
it is picked up. Once a few of these
figures have been noted it will be easy
to find the stations again, as well as
any others near te them.

A number of different makes of
valves were tried in the set, and so
far as the H.F. side was concerned,
all of the types of valves having
characteristics similar to-tkevs-mza-

vreaders 2s to the ratio of the *

" round-about 20,000 ohms, and an

amplification factor of 20. This is
mentioned, as those readers who have
such valves on hand, niay eare to try
them in this position. Greater volume
is obtainable, however, by using the
newer .valves of higher amplification
factor, such as those mentioned in the
original article. Similarly, an ordinary
small power-valve can be used in the
last stage, provided full volume at
loud speaker strength is not required,
There is no question that, even for
living-room strength, a super power-
valve gives definitely better results
than the ordinary power  valve,
although, of course, its H.T. current
consumption is greater.

I have been asked by various
‘ out-
378
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put ”’ transformer to be used-in the
“ Combine ” Five, and 1 would take
this opportunity of explaining the

“point. If your loud speaker is a high-

‘© DIRTY. ACCUMULATOR;®

resistance instrument (say, 2,000 or
4,000 ohms) you require a ‘‘ one to
one” transformer, whereas for a
low-resistance loud speaker you will
need a step-down transformer, usually

a “ ten to one ’ ratio.
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2 CASES 2
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about from place to place, the

exteriors of celluloid accumula-
tor cases generally get into a very dirty
and stained condition, so much so
that it is often a very difficult matter
to observe the condition of the plates-
through the discoloured case.

A very useful liquid for cleaning
the exterior of an accumulator case

FTER much use and carrying

ll of the celluloid or composition variety

is glacial acetic acid. This is a corm-
modity a small quantity of which can
be purchased very cheaply at any
druggist’s shop. Half an ounce of
the liquid will be found quite sufficient
to tredit several accumulators with,

| and any of the'liquid remaining over

will keep in ‘good condition for an
indefinite time if it is retained in a

‘corked Dbottle.

A Simple Method

- A small rag should be just saturated
with the acid, and then rubbed over
the outside of the dirty accumulator
case.

This method of cleaning will
quickly result in the case being
rendered reasonably transparent. If,
however, the accumulator case is
exceptionally dirty and discoloured,

.a repeated application of the acid-

moistened rag, after a day or two’s
interval, will effect the removal of
the dirt and discolouration:

After carrying out the above treat-
ment, always be sure to wipe the
sides of the accumulator case over with
a wet rag in order to remove -all
traces of the acid. The acid itself is
not detrimental to the celluloid case
of the accumulator, but any traces
of it remaining on the case might find
their way on to the surface of some
other article such as a tablecloth, or
covering with which the accuniu-
lator might subsequently come ‘in
contact.
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MORE ABOUT YOUR VALVES

New valves are still coming out, and the guestion ‘‘ What valve shall I use?” is
everyday becoming more difficult to answer.

value to every constructor,

By K. D. ROGERS,

(Assistant Technical Editor * Popular Wireless.””)

The following notes will be of

#

“A. well-known - ‘86
Amp. valve, the DE 3.

*

was remarking last month that it

was a difficult task for the con-

_structor to keep cu fait with all
the valves that appeared on the
market, and since then several new
ones have been brought to my notice.
Among these I must mention the
B8 and ST21A, two 2-volt resist-
ance-capacity valves, though they
differ largely in characteristics.

The New .88 resistance valve which is

discussed in this page. For the last stage
of amplification the B6 is advised by the
makers,

The former has a high mu of 50,
but this i unfortunately accompanied
(in my opinion, at any rate) by a high
impedance, the figure being_ about
180,000 ohms. These figures give a
fairly steep curve with an extremely
low H.T. current consumption, the
value at about 100 volts being 20
microamps -when the grid bias is set
so that the valve is operating on the
centre of the straight portion of its
curve. The makers advise a 2 to 5
megohm anode resistance and suggest
circuits which give an anode bend
or grid leak ‘detector using the B8
valve followed by another B8 as
registance amplifier.

The B8 valve works quite well in
the ‘circuits recommended by the
makers, but I -cannot say I like the
tone produced It seems rather
difficult to avoid overloading the last

“station.
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valve even if a super-power valve be
used. The B6, as advised on the

leaflet enclosed in each valve carton, .

does not seem capable of dealing with
the voltage swing when the set is
operated within 20 miles of the local
Especially, of course, is this
so when Fig. 2 (grid leak det) on the
leaflet is being used.

1 would advise those who use the
B8 to use it in the first stage only and

to have a valve with less mu and a

lower resistance in its anode circuit
in the second, finishing up with a
super-power valve if they desire
really pure reproduction. This latter
phrase may he open to criticism as
different minds thmk differently upon
the subject of ‘“ pure reproduction.”
I can but give my ideas on the
subject.

Further Points

Another point I suggest, and that
is that some form of H.F. damping
device or choke be used in each
circuit and in both cases an H.F.
by-pass from plate or reaction coil to
earth be adopted instead of the method
shown in one, and omitted altoneth,er
in the other. . !

I have always found that -where
lower anode bend rectification in
such a circuit as the first is attempted,
quite a great deal of H.F. amplifica-
tion will eccur and be passed on to
the -next valve. Hspecially will this
be the case if no choking arrangement
or even by-pass is provided in the
circuit employed. On long wave-
lengths such as those employed for
Daventry and Radio Paris, the H.F.
component may assume awkward
proportions and I am afraid that
unless special precautions are taken
in the way of choking systems quite
serious distortion may often occur.
I must confess that the amplifica-
tion is very satisfactory with B8
valves, but there seems to be an un-
necessary suppression of the lower
frequencies which is rather disconcert-
ing at times. Constructors should
make a point of hearing a set using

these valves and judging for them-

selves, for, as I remarked hefore,

opinions differ and what I may not.
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_another
famous low con-
sumption dull
emitter.
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consider good reproduction may. be
very pleasing to another’s ear.
Another point that surprises me is
the filament rating of the B8, which
is from 1'8 to 28 volts. Why this
peculiar range of voltage was decided
upon (I suppose it was to come in
line with the B5, B6, ecte.) is- not
clear, as the makers’ state that the
voltage may be lowered to 1-8 volts
without ““ any marked falling off of
results being noticed.” Personally, I
think the- valve: would have -been
greatly improved by making it gither
a 1-6-2-0 volt valve or giving it a
filament really suitable for a 4-valt

.accumulator and not a Cross between

the two.
The ST21A is of a dlﬁeren’o type,
being a valve for operation from a

-2- \'olt battery and having an mu of

about 35 with an nnpedance pof

. Two valves suitable for use_in the ‘ Black

Prince.”” The Cossor H.F. (left); and the
Cosmos. SP55R_for last stage working,
Both are 6-volters,

70,000 or so. Tt should prove very
satisfactory as an L.F. resistance
amplifier or anode bhend detector
when a suitable circuit is in use.

I have, since last month, thoroughly
tested the new Cossor 6-volt range,
and find all the four valves extremely
satisfactory. The R.C. valve is not
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perhaps quite as good as others 1 have.

had, but it is very good and can be
thoroughly recommended. The H.F.
valve works well in most H.F. cireuits,
especially neutrodyned ones, and also
as a scecond L.F. amplifier with
resistance coupling. The L.T. valve is

Constructors of the “‘Four Coxl Two *’ will
find valves of the type shown here quite
satisfactory if 2-volters are required.

an excellent amplifier and the Stentor
Six is certainly the ‘‘ goods ™ where
a super-power valve is desired.

The Six-Sixty people (Electron,
_Ltd.) have also added to their range by
the addition of the SSTA, a 4-velt
super-power, the SSI1A, a 6-volt
super-power, SS12 for H D.or L
work, and the SSI3 for resistance
couplma All valves give very satis-
factory results on test.

Modern Wireless Sets

Now let us bricfly look over the
three main valve sets, the construc-
tion of which is described in this issue
of MopErN WIRELEss. The 4-valve
set by Mr. Perey Harris will need care-
ful matching of valves if maximum
quality and sensitivity are to be
obtained. You will, as usual, have
to compromise somewhat between an
absolute maximum of either quality
of sensitivity, but in so doing you will
obtain an excellent receiver, capable of
‘really good reproduction and range of
receptlon

‘The first valve must be suit-
able for H.F. work, and 1 would
suggest a ‘valve havmsz an lmpedanee
between 20,000 and ‘40,000, the new
Cossor 610H should be very satis-
factory here, or any other wvalve
with”similar characteristies.

“The detector c¢an be of the same
“gort or one of the new high resistante
valves,

“impedance  of
" speaker at cpeech frequency is not
~too high, and so I should always

* valve below 5

For the first L.F. amplifier you
could use the same valve as for H.F.
or one of the highmu valvessuch as the
610 RC., ST61A, Mullard PM5B, if
6-volt valves are being considered,
or valves with similar characteris-

tics if 4 or 2-volters are to be used.

Be careful about the grid bias
adjustment and see that you arrange
the H.T. so that the valve does
not distort owing to its being over-
loaded. As a matter of fact, on
local reception 1 expect the hwh nu
valve ieill be overloaded and a valve
of the same characteristics as the first
will be preferable. Personally, I should
sacrifice a little sensitivity here and
use a 20,000 ohm 20 amplification
factor valve and be sure of good
reproduction.

The last valve can be a power or
super-power, as required. If really
high amplification 1s being obtained
by the first threc valves, an ordinary
power valve, even when properly
biased, may not be capable of dealing
with it, and so a super-power is safer,
if you can afford the extra drain on
the H.T. battery.

The “Overseas’ Three

The Overseas Three is quite a
straightforward receiver, employing
a neutrodyned H.F. stage, detector
with grid leak and condenser, and
Reinartz reaction and a transformer
coupled note mag. Thus there is no
need to go deeplv into the valve
question : probably two moderately
high amplification factor valves
will be best for the H.JF. and

" det. stages—about 20-30 would be a

convenient figure—and a power or
super-power for the last stage. These
last stages need a fairly low im-
pedance valve as a rule because the
the average loud

keep below 8,000 ohms. Often a
000 is preferable, while,
if a cone loud speaker is to be used,
4,000 ohms is usually as high as one
can safely go. I am assuming, of
course, that the speaker is being used

* direet in the plate circuit of the valve

and that no output transformer or

" choke’ systcm are bemﬂ employcd

The valves best sulted for the “Fouz-

- Coil Two’* are, of course, a modérately

hxgh i detector and a power valve

“for thie L.F. stage. “The choiee will nét

* be at all critical and many good valveés
" 380

will be found among the 2, 4 or
6-volt class. Keep the detector of a
fairly high impedance, not less than
20,000, 1 should say.

General Purpose Valves
The -possessors of general purpose
valves need. not think by the fore-
going that these circuits cssentially

“require the various types of valves
- mentioned ;

these are merely given
as a gmde for those who desire

_optimum results regardless of the

type of valve necessary.

Such valves as the B{ or DE35,
old friends of a great number of radio
enthusiasts, can be used successfully
in most circuits—except where re-

“ sistance coupling is employed—and

in the last two sets mentioned on
this page similar valves would give
the constructor a good idea as to how
the sets worked, if he is out to try
the various circuits and does not want
to expend more money than is
absolutely necessary.

From this it will be seen that,
although 1 consider the term mis-
leading, * general purpose ” valves
have a great many uses, and il they
are good ones, are deservedly popular.
Maximum cffictency from one valve
in all circuits cannot be expected, of
course, and so the letters. “G.P.”
must not be misconstrued as meaning
*“ full efficiency in all positions,” they
merely indicate ‘* usable with satis-
factory results in all positions,” and,
as such, the B4, DE5, various R
valves, in fact any valves with
impedances between 5,000 and 10,000
ohms and moderate magnification
factors—are all reliable * stand-by ”
valves for the man who wants to
try out circuits, but who can only
afford a few valves.

Seekers afte;' 2-volt last stagers will find

these two valves extremely useful.
.(lefty the "Marconi DEP215,
(right) the Cossor Stentor Two.

. They
and
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5An article of interest
to all users of valve

receivers,
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WITH the large number of valves

at present on the market of.

all sizes and types, one hears

a_great deal about various designs cf-

filaments. Certain types employ one
ﬁz‘/ﬂﬂ\y- I ‘;g’
{
. A The simplest
eﬁ? i " method of
| arranging valve
electrodes.
fiel
- *
Z49 o

system while others utilise a totally
different method, and there are
probably very few members of the
average public who have any. very
clear 1deas upon what is desirable in
a filament in order to obtain the best
results,

Wasteful Filaments

Let us consider the electrical charac-
teristics first of all. In the old days
we had short, comparatively thick,
filaments. of tungsten; which were
heated by an accumulator to in-
candescence. At white heat the
tungsten filament gave off electrons,

and this emission was utilised in the
usual manner, being attracted to an
adjacent anode kept positively charged
for the purpose by an H.T. battery, and
the flow of electrons heing controlled
by a third electrode or grid placed
in between the filament and the anode.
It was not long before scientists
realised the enormous inefficiency of
such a device. The valve would
handle and amplify successfully powers
of the order of a micro-watt only,
whereas the filament itself took 3 or
4 watts continuously from the accumu-
lator in order to maintain it in the
state of incandescence necessary to
the production of the electron emis-
sion. The cry then went up for
efficient filaments, so that the watts
consumed by the filament should be
reduced to a more reasonable figure,
and to-day the filament consumption
is usually only a fraction of a watt.
The original types of bright emitter
filament were, as a rule, short and
thick, and apart from ' their heavy
consumption of current, they suffered
from two disadvantages. In the first
place, the centre of the filament was
very hot, while the ends of the
filament, which were only a short
distance 6 away, were practically

Mobern WIRELESS
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cold.
- useless heat dlSSlpd.thll requiring an
expenditure of energy which was not
converted into electrons, and ‘it will

This meant a great deal of
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be clear that this end cooling would
be a large source of inefficiency.
From this point of view, therefore,
a short filament is bad, and if some
means can be found of increasing the
length of the filament, then the

Steps in the construction of a well-known valve whaose filament strength is of a very hxgh order,
3%
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effect of the cooling at the ends of the
ilament will be relatively much less
serious. There is, however, another
and even more important argument in
favour of the long filament, and that
is that the emission obtained for a
given current depends essentially
upon the length of the filament, which
is the primary source of the electrons.
For a simple valve having a cylin-
drical anode of radius r ems. with a
concentric filament of the type shown
‘in Fig. 1, the emission current is
given by the expression

. 1469 g

LV 3/2 micro-amps per -cm.
length where v is the anode voltage.
For a given size of filament, therefore,
and given anode voltage, the emission
current increases directly as the
length of the filament. The total
enussion required from the filament
is determined by the use which is to
be made of the valve in practice, so
that if a long filament is employed,
the cmission ean be ohtained with a
smaller diameter filament, so reducing
the current consumption and increas-
ing the efficiency.

Mechanical Considerations_

There is a mechanical limit, how-
ever, to the reduction in thz filament
diameter, partly concerned with the
manufacturing processes and partly
a matter of satisfactory performance
when the valve is made. If one
conld obtain, however, the advantages
of a long filament, while still retaimng

the robustness of a comparatively.

thick filament, then a great advance
in the science of filament design
would be made.

a8

If the current consumption is to
be kept down, however, it is obvious
that the old principle of heating
the filament to incandescence cannot
be adopted, and instead of the
usual tungsten filament, some special
material has to be employed. Modern
research has resulted in the production
of filaments which will give an
cmigsion equally as good as that of
the old bright emitters at a very
much lower temperature. As the
temperature of the filament is in-
creased, so the current consumption
increases, extremely rapidly, and,
consequently, the lower the tem-
perature at which the valve can
be run, the less will be the current
consumption necessary in order to
maintain the filament in a state of
active emission.

A modern valve of this type will
give the full emission necessary at such
a low temperature that the filament
will not even glow. The filament is
indeed operating at a “black heat,”
and no visible indication is obtained
as to whether the filament is emitting
or not. The actual emission from a
given filament of stated length and
diameter depends upon a constant

known as the Emission factor, or the

Electron evaporation constant of the
particular material utilised for the
filament.

The Emission Factor
For a given design of valve we
require a definite value for this
cmission factor, and the filament has
to be designed to operate at such a
temperature that this particular value
is obtained. Fig. 2 gives values of tlie

emission factor at different tempera-
tures for a modern glowless filament,
a thorium coated filament, and a
tungsten filament.

It will be-clear from these curves
that any - particular value of the
emisgion factor can be obtained at a
very much lower temperature with the
first type of filament, the normal
operating temperature being below
red heat. With such a material we can
use a comparatively long, yet never-
theless robust filament, thus ‘obtain-
ing full benefit of the extra length,
while still requiring a very small
current, of the order of 100 milliamps
only, in order to operate it.

Avoiding Microphonic Troubles

There is also another very important
advantage, namely, that since the
filament is operating at a black heat
and is not continually raised to a white
heat and allowed to cool again, the
structure of ‘the filament itself is

not subject to periodic internal
strains.
One of the most satisfactory

methods of mounting is that adopted
in Fig. 3, which 13 known as duo-
triangular suspension. With this sys-
tem the valve filament is definitely
beld at 5 points. By this means it can
be maintained perfectly rigid as far as
mechanical considerations are con-
cerned, without the necessity for any
tensioning of the filament, and this
practically obviates all microphonic
troubles.  Where the filament is
mounted horizontally, the five suspen-
sion points can be made of thick wire,
so that this system goes a long way
towards the ideal in this direction.

Examples of three types of electrode design in which the filament suspension has to be very secure.

382



April, 1927

THE man who wishes to build a
receiver capable of giving a

choice of programmes without
involving too great an expenditure,
should consider well the advantages
atforded by the receiver to be des-
cribed. In the south-east district of
London at a distance of approxi-
mately ten miles from 2 LO the
choice of at least three stations on
the loud speaker is always available,
with the option of many other
stations at good telephone strength.

N
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three dials is not by any means
as difficult as some readers may
suppose. The dial on the extreme
right of the panel is merely a reaction
control, in other words, there are
really only two tuning adjustments,
these being made by rotating the
small knobs on the centre and left-
hand dials. Further, since the
receiver is fitted with *“ slow motion ”
dials and the readings of the two
tuning condensers will always be
approximately the same, the set is

90Tuans

~
A

‘::

]

= THEORETICAL DIACRAM,

A
m»mml———ﬂ»-----{q

The estimate of three stations is,
of course, a conservative one, but it
will nevertheless indicate toreaders
that the set does not confine one
to the local station, in spite of the
fact that the capital outlay in com-
ponents is not extensive.

Easily Controlled

To one who is used to operating a
single valve set, for instance, where as
a rule only one tuning control is
employed, the prospects of handling
three dials, as the photographs
indicate would be necessary, may be
a little awesome. -In actual-practice,
however, the correct operation of these

relatively easy to operate, in spite
of its high degree of selectivity.
For local work the receiver will

I3
28

A distinctive appear-

ance is given to the

receiver by the dials
used.

0,
e
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An easy-to-make receiver which will gwe you a

choice of programmes.

By STANLEY G. RATTEE, MIR.E,

P 066600600034

046680666
’..‘.‘..... Q’:: 0065604660600

00000'0000000:’

> COMPONENTS REQUIRED., 2‘

Ebonite panel 16 in. x 8 in. x } In,

Cabinet and baseboard 16 in. x 7 in.
X #in,

Pair panel brackets.

10 terminals and ebonite strip, 5 in.
X 2in.x  in.

s 3 S.L.F. condensers, 2 of 0005 and 1

s of *0003 (J.B.).

3 slow motion dials.

Push-pull switeh.

3 valve holders.

2 radio-frequency chokes.

2 six-pin coil bases.

2 coils as specified.

3 ¢ amperites,’’ type 1a.

Low-frequency transformer.

Anode resistance, 80,000 ohms, with
base.

Neutralising condenser.

1 fixed eondenser, *C003.

1 fixed condenser, -0001.

1 fixed condenser, *0002, o

1 grid leak, 2 megohms. ¢

Short length of rubber-covered flexible
wire., ¢

Wander plugs, connecting wire, ¢

serews  etc.

u
[ & 0‘00
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00000’000000002?

90000000000
(34 *
(2222222222222 2222 222222221222 22 %

00030:0:0333:022220
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38323388388380888833283883
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be found to -give plenty of volume
without distortion, so long as a
good loud speaker is used, together
with the right valves and suitable
voltage values. In these circumstances
it will be found totally unnecessary to
use the reaction condenser, and after
setting this to a zero reading and
adjusting the tuning condensers te
their correct readings, the set may
be switched on and off, by means of
the switch provided, in the ordinary
manner of a family receiver.

The circuit used in the present
circumstances-is one of the modern
types .incerporating a neutralised
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stage of H.F. amplification, followed
by a detector and conventional note
magnifier.  The aerial circuit is
inductively coupled to the first grid
circuit, while the first valve 1s
coupled to the second by means of a
parallel-feed  transformer arrange-
ment.

The coils employed are wound upon
commercially made formers and may,
if desired, be purchased complete.

The coils Ly and L,, consisting of
20 and 90 turns respectively of

taken to pin No. 1 and the bottom to
No. 2. The primary winding Lj; is
wound in the same direction as L,
within the slotted portion of the
former between the two halves of L,.
Aifter 30 turns have been wound,

connect the commencement of the‘

winding to pin No. 5 and the 30th
turn to pin No. 4, continue the wind-
ing in the same direction until a
further 20 turns have been wound
when, by connecting the end to pin
No. 3 the coil unit is completed.

PANEL LAYOUT

L.37

'60,000 and 100,000 ohms ;

‘resistance,

No. 34 D.S.C,, ‘are wound upon the
same former, a separating space of
'} in. being allowed between the
bottom cnd of L, and the top end of

“The top end of L; is connected to
pm No. 2, while the bottom end of
the same coil is connected to pin
No. 5. THe coil L, is wound in the
same direction as L, and the top of
this coil is connected to pin No. 4;
at the centre point of Ly, thatis;at the
45th turn, a tapping is taken to pin
No. 3, while the bottom of the coil is
taken to pin. No. 1.

The -H.F. Transformer

The coils I, and L,, which consti-
tute the windings of the H.F. trans-
former, are wound upon a similar
former to that used for the coils L,
and L,, with the exception that in the
centre of the former (L;, L,) grooves
are cut into the ribs to allow the
primary winding to be placed between
two halves of the secondary winding
L,.

Tlie secondary winding is wound in
such a way that 45 turns are placed
each side of the grooves, making in all
a total ot 90 turns for L, ; the top being

If the reader will examine the
photographs showing the back of
panel wiring, the instructions just
given will be made perfectly clear by a
close inspection of the second coil,

384

the slotted portion containing the
primary winding being clearly indi-
cated.

Though six-pin bases are used in
the present receiver no provision is
made for the inclusion of screens, for
since the set is both stable and selec-
tive without them no useful purpose
would have been served by the extra
cost involved.

Components Advised

The list of components given separ-
ately is made up of those components
actually incorporated in the original
receiver, and suitable makes may of

‘course be chosen from the advertlse-

ment pages of this journal, but the

“values where given should be copied.

The resistance shown in the circuit

‘diagram as R; and of 80,000 ohmsg s

not, however, particularly critical as
to value and may be anything between
in practice
it is an ordinary clip-in type of anode
and if - desired, various
values may be tried.

The *“ amperites ” given in the list

‘of components are suitable for 6-volt

valves, and when purchasing these
components the value of the accumu-
Iator voltage and the filament voltage
and current of the valves it 1s
intended to use should be stated.
After the panel has heen drilled in

*accordance with the lay-out illus-

trated the components should be
mounted upon this latter and the

The components are neatly and efficiently arranged and the wiring made a
straightforward task.
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baseboard respectively, and before
making any attempt to secure the
panel to the baseboard the panel

brackets should ‘be secured to the
latter in appropriate positions.
Still neglecting the fitting of the

panel, make the connection from one
side of R.F.C.1 to O.P. of the L.F.
transformer and from one side

Join terminal A to one side of C,.

The other side of C; to terminal Ap;
same side of C) to contact 2 of 1.

Moving vanes of C; to moving vanes of
N.C. and contact 1 of Ls.

G of V; to fixed vanes of C, and contact
4 of L.

Terminal E to contact 6 of L.

P of V) to fixed vanes of N.C. and to one
side of C,j ; the same side of C; to one side of

The other side of C3 to contact 4 of Ls.
Contact 5 of L, to one side of Rs; the

same Bide of R; to one side of R; and to L.T.
—terminal.

POINT-TO-POINT CONNECTIONS.

The remaining side of Ry to contact 3
of

‘Fhe remaining side of Ry to F— of V,,

L.f.—terminal to one side of R; nnd to
one side of Ry.

Remaining ﬁlde of Ry to F—of Va.

Remaining side‘of Rz to F—of V.

Contact 3 of Iz to moving vanes Cﬁ

Ig\ed‘\ ancs Cg to one side of R.F.C.2 and
to P of Va.

Moving vanes C; to one side of S, to con-
ta;c% 2 of Lyand ¥+of V}, F+of V, ‘and F +

Fixed vanes of C, to contact 1 of L; and
to one side of €3 Ry.

Remaining side of C; Ry to G of Vo

Remaining side of R.F.C,) to O.P. of L.T.
transformer .and to H.T.+1 tcrminal.

Remaining side of R.F.C.2 to 1P of L.F.
transformer.

L.T. + terminal to H.T.—terminal and to
remaining side of 8.

0:8, of L.F. transformer to G of V3.

Flexible lead fitted with black 'wander
plug to IS of L.F. transformer.

P of V3 to one telephone terminal.

Other telephone terminal to H.T. + 2
terminal,

Plexible lead fitted with red wander plug
to that side of Ry which goes to Ro.

8 rzu:puo/b@

TOP LINE OF
BASEBOARD~,

i (i
c.6+ HT+2 HI+

//..-L7'+ L

WIRING DIACRAM

@

Basepoaro:-16'x 7% 35

L.3% |
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of RF.C.2 take another connection

to 1.P. of the L.F. transformer. The
reason for this precaution is that when
the panel is mounted to the baseboard
these two connections are almost in-
accessible.

Another point which will save- &
certain araount of difficulty is to con-
nect two fairly long connecting wires,
one to each of the contacts of the “ on

and off ” switch, before fitting the -

panel in position ; this switch being
situated below thé variable con-
denser in the centre of the panel is
again a little difficult of access as
regards connecting up.

Connecting Up

After these points have been
attended to, ;the remainder of the
wiring will be found perfectly straight-
forward, and though a relatively small
panel and baseboard are needed for
the number and type of components
used, there will be found plenty of
room for easy handling of both pliers
and soldering iron. <

Before connecting up any of the bat-
teries, the wiring should be carefully
checked against the practical wiring
diagram. 3

When the constructor has assured
‘himself that everything is correet,
push in tho switch to the ““ off ”” posi-

In this photograph the

valves and coils are

shown in position. Note

the grid bias leads on -the
left.

tion and connect an accumulator suit-

“able for use with the valve chosen,

across the L.T. terminals. After in-
serting the coils in their respective
holders, pull out the switch S,
whereupon the valves should light.

' The remaining batteries may now
be connected to their respective ter-

Another back-of-panel

view in which the remain-

der of the leads and con-
nections can be seen.

380

minals, with about 60 volts H.T. be-
tween H.T.— and H.T.41. The
H.T.+2 terminal is connected through
the telephone or loud speaker winding-
to the anode of the last valve, so a
voltage of anything up to 120 volts may
be used, dépending upon the type of
valve chosen for this stage.

Adjusting Grid Bias
The next voltage which should be

~adjusted is that of the grid, and this

may vary. in different cases according
to the valve used. A useful method
upon which to work is: to multiply
the amplification factor of the valve by
2 and to divide this into the H.T.
voltage used. For example, if we use
a valve with an amplification factor of
5 and an H.T. voltage of 120, then
twice the amplification factor is 10,

‘which, divided into the H.T. voltage is

12, this figure representing approxi-
mately the grid voltage to use.

When these adjustments have been
made, set all the condensers to a zero
reading, and moving C, and C, one or
two degrees at a time, tune in the local
station to its loudest.

With this done, remove the first
“amperite” R, so that the H.F.
valve is extinguished, and turn the
neutralising condenser N.€. until the
signals from the local station become
inaudible, even upon retuning the
variable condensers C, and C,.

Replace the  amperite ” so that

{Concluded on page 436.)
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HERE are certain points concerning
the coils already described which
were only touched upon lightly

last month, and these perhaps call
for a little m«re explanation before
proceeding furtuer. First, there is
the question of the tappings on the
aerial coil, and their uses.

It will be remembered that the
first of the coil units comprises the
usual primary and secondary windings
of 30 and 80 turns respectively, the
primary in thisinstance being the aerial

‘A “Combine ’* Five coil as manufactured :

by Messrs. Burne Jones.

winding; and provided in consequénce
w nh tappings at 15, 20 and 25 turns.

= The Aerial Tap _

The purpose of these tapplnos is
to enable the operator to adjust the

MORE ABOUT THE

“COMBIN E” FIVE COILS

.

set to -give, the desired degree of °

wlectmty
that the greatest signal strength
can be obtalned on any given wave-
length Thl‘! i3 an lmportant pomt

and also to make sure

for it is quite impossible to cover .

the whole broadcast band efficiently
with a single coil (unless an optional
series condenser of suitable size is
provided, of course), and it is to be

In this article M. Kendall gives some invaluable
information concerning the construction and adjust-
ment of these coils.

understood that in passing from
higher to lower waves, or vice versa,
it is necessary to re-adj just the aerial
tap at intervals.

In general, mnore turhs are needed

for the higher waves and fewer for
the shorter omes, the actual tap to
use for a given station depending
upon the nature of the aerial.

The wave-length range of the coils
calls for a word of explanation, also,
since readers will find that it is not
quite the usual 200 500 metres to
which they have hecome accustomed.
With the original hand-wound coils
and in the original set with its care-
fully spaced wiring, the range was from
a little over 240 metres to over 600
metres. Now, it is true that there
are a few stations working on waves
below this minimum, hut if it is
required to include them in the
available range, it 1S necessarv to
reduce the size of the secondary

“windings in a way that means a loss

of slgnal strength on the higher wavez.

- A Personal Matter

Whether this i3 worth while or
not is largely a matrer of personal
prefereuce 1t the reader disagrees
with me and thinks it /s worth while,
the 'procedure i3 simple; strip off
11 turns from edch secondary winding,
taking 7 from’ each end (to kcep the
tapping in the centre).

Another - point  which shounld he
explained, lest the reader might he
puzzled thereby, is the fact that the
readings of the third condenser are
different, from those of the other two,

»althouvh the coil is the same size.
‘ This results from the fact that the

detector value grid circuit is different

fron: the others, and does not indicate

any fault.

To make the Daventry coils for
this set is a task requiring a good
deal more patience than the con-

387

MoDERN WIRELESS

G. P.KENDALL,
B. Sc.

kW
i/.w.“n.-...m.-..wu._.. —

7/

struction of the shorter wave eoils,
on account of the large number of
turns of fine wire which must be
wound.  The wire is No. 10 enantelled,
and considerable care is needéd in its
manipulation to avoid kinking or
hreaking, The formers used are of
the sauie dimensions as those for the
shorter waves, thie length of the tube
héing three inches.

The turii numbers are as follow :
primary, %0 turns; - secondary, 250
turns with centre tap.

A final point: the coils were de-
signed to suit a particular class of
valve and to give a high degree of
selectivity. For the benefit of those
who wish to use a wider variéty of
valve types or to reduce slightly the
razor-edged tuning of the. set, the
following design for a set of “ Um-
versal 7 transformers is given. ‘The
aerial winding and all the secondaries
are exactly the same as before. The
primaries of the second and third
nnits, however, now have 55 turns,
with tappings at 30 and 40 turns, pro-
vision heing made to vary the number
in use by means of a clip or other
device.

When winding the fine-wire moderate
tension shouldbe kept on it to avoid kinks.
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THERE are very few radio enthu-
siasts who are not familiar with
the theory of atmospherics
which holds that such disturbances
are due to distant thunderstorms and
other electrical phenomena of an
allied nature. Whilst there is much to
be said in favour of this theory, it
cannot be doubted that the hypo-
thesis breaks down on oceasions
when, despite the presence of atmo-
spheric disturbances, the existence of
thunder or electrical storms within
an extremely wide and distant range
of the receiving aerial cannot be
proved.

Recently, however, two French
scientists have come forward with a
new theory which seeks to explain the
occurrence of atmospherics, especially
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spherics

in winter time, when electrical dis-
turbances in the atmosphere are
at a minimum.

A New Principle

These investigators, after a close
and extended scrutiny of meteoro-
logical records, have been able to
show that the presence of atmospherics
coincides very closely with actual
weather disturbances, such as heat
waves during the summer.

Air disturbances have been shown
to have a lot to do with the presence
of atmospherics, especially those of
the type which are known as * long-
distance statics.”” In fact, the coin-
cidence between these long-distance
statics and the presence of cold
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From a Correspondent

air in mountainous regions during
the winter time 1s most striking.
Furthermore, it is now possible by
means of directional wireless to check
the direction from which atmospherics
are coming.

Probably, however, the most inter-
esting part of this new atmospherics
theory-is the one which brings in a new
principle of static generation. Refer-
ring to the diagram, it is well known
that, during the winter months,
enormous volumes of cold air sweep
over the earth’s surface in the direction
of the equator. These polar air
currents, when they begin to approach
the warmer regions meet with warm
air currents coming from the equa-
torial zone of the earth. At these
meeting places there are set up large-
scale thermal disturbances, and, dur-
ing the exchange of heat energy, a
portion of the energy appears to
become converted by some unknown
means into electrical energy which
promptly makes its presence known
in the form of atmospherics.

Important Practical
Applications

Hence it may be very possible that
the majority of atmospherics, which
are not caused by thunder and
electrical ‘storms, are in reality due
to the heat interaction between the
intensely cold winds sweeping down
over the surface of the land from the
north and south poles, and the much
warmer air currents which seek to
travel pole-wards from toth sides of
the equator.

If such a theory is true, it brings
with it the necessity of explaining
the mezns whereby the heat energy

of the intéracting winds is partly

converted into electrical energy,
an explanation which, incidentally,
may provide a basis for important
practical applications of this at
present little-understood  thermo-
electrical phenomenon.
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All our elementary notions of resistance have to be modified to a very’
great extent in radio work, especially where H.F. is being considered.
The whole situation is analysed in the following article,

From a Correspondent.

AE term resistance is viewed with

beth favour and disfavour in vary-

ing degrees, for no matter in what
walk of life our sphere of activitiesmay
extend, the advantages and dis-
advantages are constantly being met.
However, for the purpose of this
article, attention will be confined to
resistance in the ‘electrical sense in
an endeavour to see what factors
govern its ultimate .value.

The Electron Flow

When studying direct current elec-
trical engineering the ideas that can
be obtained concerning resistance are
really very elementary and limited,
and it'is only when attention is turned
to alternating current work, especially
at the high frequencies encountered
with wireless transmission and recep-
tion, that generalisation falls short,
and the ideas of necessity become
enlarged owing to the many factors
which now make their appearance.
Readers of this journal are no doubt
familiar with the fact that a current
of electricity is constituted by a
flow or drift of extremely minute
particles of negative electricity known
as electrons.

The current is caused to pass round
a closed circuit by the application
of an electrical pressure or electro-
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motive force (EM.F.), such as that
given by an ordinary bhattery, and the
actual value of this current will
depend partly upon the total resistance
in that circuit.

The connecting wires and associated
apparatus thus serve as the guiding

paths for the flow of electrons, and
m the simplest cases there is an
elementary law governing the relation
between the variable quantities. This
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18 known as Ohm’s Law, and, ex-
pressed symbolically, gives :

R B
1T
where
E = Electrical pressure or. E.ALF.
n volts.

I = Resultant current in amperes.
R = Resistance of circuit in ohms.

Opposing Voltages
This presupposes that the voltage

E is used up in overcoming the
resistance of the circuit, but should
there be any counter or opposing
E.M.F’s in the circuit due to motors,
batteries under charge, etc., then the
useful or effective pressure for aec-
complishing work becomes the differ-
ence between the applied pressure and
the back pressure, or

E. -E,

Ha= 1

where
E, = Applied EM.F. in voltas.
E, = Back or counter E.M.F.1n volts.
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Now, what happens when considera-
tion is given to the problems of
alternating current ? The current in
this case flows first in one direction
and then in the opposite, the rapidity
of the changes depending upon the
frequency of the circuit. The
fluctuating current produces second-
ary voltage cffects, and these are
not allowed for in ecither of the
previous formula and hence attention
must be turned in some other
direction for a means of appreciating
the term resistance as far as H.F.
work is concerned.

Many cases arise where the electri-
cal energy utilised is liberited as
heat, either wholly or partially, and
there is another simple law which
serves to define this. It is known as
Joule’s law, the svmbolical repre-
sentation being that heat generated
in calories = 0241 Rs.
where ¢ = time in seconds,
and R and I retain their previous
meaning.

A portion of the Rugby aerial. In the case
of transmitting aerials resistance plays
a very important part.
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A CHAT ABOUT RESISTANCE—continued

This certainly gives a more general
expression for resistance and would
seem to serve as an experimental
basis for determining that all im-
portant quantity—the high-frequency
resistance. The quantities ¢ and I can
be measured quite accurately, but
when it comes to the amount of heat-
gencrated the experimental deter-
mination is fraught with difficulties
as a result of the errors introduced
through radiation, convection, con-
duction, heat equivalent, etc. Ap-
proximate results are possible with

| = —d
L —
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this method, but for a truer concept
of what is happemnv one step more
1s- desirable.

A New Conception

A little thought will at once bring
to light the fact that clectrical energy
1s dissipated in forms other than heat,
indeed, the essence of successful
wireless communication depends upon
the dissipation of energy from the

transmitting aerial in the form of

electro-magnetic waves.

This leads to the idea which may
scem a little strange in the initial
stages, but later the reader will find

that it enables hitherto difficult points -

A sectionally wound tuning coil in which
fine wire was employed.

to be understood with easc. The new
coneept of resistance has as its basis,

the transference of energy to and -

from that portion of the circuit the
resistance of which is desired. Sim-
plification is still further possible by.

eliminating the time element, for the
onergy interchange is governed by
the same time, so that it isbetter todeal
with power, ie. the rate at which
work 1s done or energy utilised.

Since energy is the product of
current, electro-motive force and
time, i.c. T E t, then

IEt
Power = —— =
A i

IE

This is the power in. watts, since
I and E are still measured in their
aforementioned units of amps. and
volts, and since from ohm’'s law E =
I R, then

W=IE=1I*R

If any circuit is taken and the
resistance between the portions
marked off by P and Q (see Fig. 1) is
required, the calculation is made
from

Transferred power between P and Q

12

Tu passing it is well to notice that
the power transferred may be either
leaving or entering the circuit between
these points.

Some of the Factors
Leaving this aspect of the problem
for a ‘moment, - attention .must be
turned’ to the several factors which
contribute to the resistance in ‘degrees
varying with such clrcumstances as
frequency, matenal orientation of

" the apparatus, magnetic and electro

fields, etc-~ Due consideration will
have to be given to : .

1..The conductor resistance itself,
whether this be the “ordinary D.C.
resistance or the more complex H.F.
resistance: .

2. The proxnmty of nearby closed

circuits together ‘with the resistance

of these cireuits. - -
3. The magnetlsatlon of any ma-

terial which is close enough .to" be.

influenced by stray fields or lines. of
force produced by the flow of current
in-the original circuit.

4. Dielectric losses in any imperfect

condenser which may be present in the .

circuit.
5. In moré or less isolated cases. the
effects of the corona losses. .
6. Dissipation .or .radiation of
energy in the forn of elec¢tro- magnetu;
Waves.
390

Space will not permit a very search-
ing analysis to be made, but sufficient
information will be given to place in a
true perspective the various quantities,
so that existing or future problems
can be treated in a fair manner.

" B, ittt

An example of an aenal Reinartz coil
wound with thick wire.

If the current passing through a
conductor is cvenly distributed over
its cross section, the resistance can be
calculated from the well-known for-
mula

where

S = Specific resistance of material

composing the conductor.

a = Sectional area of conductor: -

1 = Length of conductor.

That is to say, the resistance is a
simple function of the dimensions of
the conductor and its material. At
high frequencies, however, a different
state of affairs exists for electrons
flowing in the conductor do not penc-
trate into the inner layers or core

|
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but confine their movements to the
outer surface, since the rapidity of
the changes prevent them sinking in.
Thus the inner layers carry practically
no current, hence the popular term
“ gkin effect.”

Indeed, this effect is so marked
that the core of a conductor can be
removed, so that a thin tube is formed
of the same diameter without ap-
preciably altering its H.F. resistance.
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A CHAT ABOUT RESISTANCE-—continued

Any distribution of current differing
from the regular one of equal current
density across a wire’s section will
increase the effective resistance, the
increase being many hundred per

cent. in certain cases,
Cz l{

MAMAAN ,?2
IL
B I'C L
2 £i6. 8.

£ &70 "

As a simple illustration a conductor
can be depicted as'divided up into a
number of separate longitudinal por-
tions, all in parallel, and for a prac-
tical example five individual portions
will be taken as indicated in Fig. 2.
Assuming each resistance to be one
ohm and the total current as 15 am-
peres, then employing the power
transference idea, and taking an even
distribution of current in the first
case, 1.e. 3 amps in each portion, then

Power lost or transferred = I2 R =
5 (3% X 1) == 45 watts.
45
-~ Ri= == 0.2 ohm.
152

This, of course, is{he same resist-
ance as would have been obtained
from the laws of parallel resistances.

H.F. Skin Effect

Assuming now that a particular
circumstance alters the cnrrent dis-
ttibution to that shown in Fig. 3, the
total current remaining - the same,
then
Power lost or transferred

=2(5? X 1) + 2(22x1) +

1(1%2 x1)
=50 +- 8 - 1 = 59 watts
R

15%

= 0-262 ohm.

Thus an increase of resistance of

about 30 per cent is brought about,
and other examples can be taken to
illustrate the same idea, but in every

case it will be found that any altera-
tion from the simplest ~ case, treated
fiest. will result in a larger final
resistance velue.

The exact mathematics dealing
with skin effect in wires is somewhat
complicated, but by using straight,
thin wires it is possible to make the
H.F. resistance almost the same as
the D.C. resistance, since a wire with
an exceedingly small diamster can be
regarded-as being all surface. This is
of importance when known H.F.
resistances are required for comparison
purposes, and the accompanying table
which, has been compiled by L. W,
Austin will be useful to readers making
standard wire resistances of this
character. It gives the largest straight
wire which can be used without the’
H.F. resistance exceeding the D.C.
resistance by more than 1 per cent.,
the wire diameters being given in
millimetres.

Use of Stranded Cable

To determine wire diameters for
intermediate frequencies, curves can
be drawn from these figures and the
required values read off.

To reduce the skin effect to a mini-
mum, a conduector can he constructed
of thin strips, connected to circular

Th‘“s back-of-panel photograph™ of an L.F. amplifiér shows an’ example of * resxstance

discs, as shown diagrammatically in
Fig. 4, but for many practical pur-
poses ‘the employment of stranded
cable will be found beneficial. This
gives a number of fine wires all in
parallel, ‘and each of these strands
must he separately insulated with,

say, a thin layer of enamel. The most
lenvg{g!‘x'e'ln Preqiiency Copper. | Advance. ﬁauganin
metres. { Kilocycles

100 | 3,000 | 0-006 | 0-30 | 0-29
200 | 1,500 | 0-045 | 0:46 | 0-40
300 | 1,0CO | 009 | 0-5T | 0-59
400 | 7501 010 { 066 | 0-60
600 | 500 | 015 083 | 075
800 375| 020} 098 | 083
1,000} 3001 021 | 1-10 | 099
1,200 250 | 022 | 120, 110,
1,500 | 200 026 | 1-30 | 1-21
2,000} 150 | 0-30 | 152 | 1-38
3,000 | 100 | 033} 1-82 | 1-62

important point, however, is to ensure

that each strand occupies a position

on the outer surface of the cable at
regular intervals as well as heing.
situated at the core. This is to
ensure that each-wire is linked by
the same aniount of magnetic flux,
and is brought about by braiding.
and twisting the cable thronghout
its length.

coupling, a popular and efficient system of amplification.

391
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A CHAT

ABOUT

RESISTANCE —continued

1i this is not done the benefits con-
ferred by stranded wire will be almost
nullified. ' In addition, particular care
must be taken at ]omts to cnsurc that
cach strand makes a proper electrical
contact and none gets broken. For
cxample, if stranded wire is to be

Joined to a solid conductor, since the

moving electrons in the case of the
latter are confined to the surface, the
individual strands should be actually
soldered all round the surface of the’
solid conductor with great care, and
not in one solid bunch, or the curzent
distribution will be altered consider-
ably and the resistance increased.

Resistance in Coils

The next logical step 1s to consider
what happens when the conductor is
wound in the form of a coil instead of
being used as a straight wire. Pre-
viously the distribution of clectrons
across the section of the conductor
was changed at high frequencies from
that of Fig. 5 (A) to that of Fig. 5 (B),
which 18 equivalent to 2 redustion in
the useful material carrying current.
Now a single layer coil produces a
magnetic field or lines of force inside
when a current is passed through it,
the density of this field being large
just inside the solenoid and almost
zero at the outer surface.

Nuw, without going into the mag-
netic theory, it should be apparent
that, since the outer portions of the
wire arc linked by more lines of force
than the inside portions, the electrons

constituting the current flow will tend -
to crowd into the portion of the wire - §

s1tuated on the inside of the coil owing
to the cffects of induetive- reactlon
In sddition, there is the neighbouring

cfiect of one wire upon another which .

brings about a further redistribution

pf el cctrons and the result 1s some- - M

w hat as deplctpd in I‘10

5
g Self-Capaclty Losses
Z Thus results are produc‘ed ‘which
arc almost impossible "to predict
acguvately even in the simplest of
¢oils,"s0 the’ problcms introduced by
{hc nulti-la
“prezent d div.
ﬂuo‘atela] honeycomb pile, pancake,
_sectlonahsed cte., “are dlﬁlcult to
cafculate Jah b

“’Added to this, account must be
taken of the eﬁects of self-capacity
in a col and its influence on- the
resistance in certain circumstances.
Losses will be intrcduced by the

rer_type of coil with its -
er51ty of windings such as.

presence of an internal self-capacity
which will, in effect, add to the
resistance of the coil, so too much care
‘cannot be given-fo the reduction of
this quantity by, employing single-

layer solcuoidal c011s air- spaced be- .

tween turns

Advantage of Solenoid Coil

"It is fairly “well establishéd that,
single-layer solenoidal coils are the
Thost éfficient, but a lot of controversy, .
exists as to ‘the best gauge of wire
to employ and the dimensions of the
coil.” With thick wire an unwieldy
coil will result to produce a given
mductance, whereas if finer gauge
wire is used the dimensions of the
coil will naturally be reduced.

Thus, although in the latter case
the resistance of the wire is increased
by its reduced cross section, this
will be compensated for to a certain

for it is invariably the part misunder-
stood ; and the next point to consider
is the effect of neighbouring ecircuits.
If a circnit A is coupled to a circuit
B, as in Fig. 7, then it can be shown
mathematically that an increase in
theeffective resistaiice of the first
ciruit will take place. This increase
is proportional to the product of the
square of the frequency and the
square of the mutual inductance,
. and, of course, the resistance of the
second circuit itself, 7.e. {2M2R,.

Effect of Coupled Circuits

It should be evident thatthe power
for supplying this loss in the circunit
B--and, for that matter, any other
linked circuit—must be derived from
the original circuit, with the result
that” this effects an appreciable in-
crease in-the resistance of the coil L,
and must be taken into account 1

The questxon of resistance plays an extremely xmportant part in the design of a powetful
transmitting station.

* extent by a reduction in the length
of wire required for a given in-

ductance. A great deal of interesting
-experimental work can be undertaken

. to: ascertain -the optimum gauge

..‘of wire, length and diameter of coil
to give the best result for any band
of frequencies, the results being most
usefully interpreted in terms of ohms

 per millihenry.

‘A fair amount of space has been
devoted to. this portion-of the subject,
892

any calculations. Naturally, the
increase of resistance will depend
upon any tuning in the second
circuit.

A valve which is oscillating can be
made to cease by tuning to its
frequency another circuit coupled to
it, and this is only ome of many
cases which can be ealled to mind,
the explanation being found in the
extra resistance added to the first

(Concluded on page 443.)
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An article of interest-
to all valve-users

Rﬁxxlxa a set from A.C. mains is
not superficially quite so ecasy

asrunning from the D.C. mains.
The production of H.T. is by no
means difficult, but the L.T. presents
special problcms of its own, and I
propose to analyse here some of the

difficulties and give the various
methods used to overcome them.

Graded Filament Emission

In Fig. 1 is a simple rectifying
valve, with a filament F; and F, and
a plate P. The plate battery V is
connected to one end of the filament,'
and a milliamperemeter inserted to
indicate the plate current -flowing.

289

Suppose first of all the filament is lit
by D.C. and 'F, is the positive leg.
It is quite obvious that between the
filament end F, and P there is full
battery voltage; between F, and P
there is less voltage by the amount of
L.T. battery volts.

LIGHTING FILAMENTS
, R A.C. MS j

This means that at the end F,
more electrons are being pulled off
_than at F,. In fact, the flow of
electrons will be graded from F, to F,.
If we reverse our L.T. battery the
grading will be revérsed, and the total
emission from the whole filament
altered.

The First Rule for A.C.

‘Fig. 2 shows graphically how the
total current will.vary in these two
cases. The total current be}ng repre-
sented by the two areas shaded in
different ways. Obviously, if we light
the filament with alternating current
we shall be varying from the position

F,-X to F,-Y and back again every
cycle of the alternating current The
difference in the two shaded arcas
represents: milliamperes which , will
v1brate the milliammeter or uctua.te

Unlike the low-ten-
sion unit, a high-
tension elm'unator for A.C.
mains is quite easily made,
as shown above.
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any indicating instrument such as a
loud speaker in the plate circuit.
Now we can note two things.
Firstly, that the distance XY in
Fig. 2 represents twice the filament
volts, so that the smaller our filament

fal § 5

N

88,

volts the less of this change we shall
get due to the filament alternating
current. This establishes the first
rule with alternating current . . .
* Use low-voltage filaments ”

and these low-voltage filaments will
in all probability be thicker than the
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LIGHTING FILAMENTS FRGM A.C. MAINS;CQIltinued

higher voltage ones, so -that any
change of temperature in the filament
seriously altering- emission is mini-
mised ; for remember that at points
in the alternating current cycle there
is no current flowing into the filament,
and consequently there is no heat
being applied.

Type of Valve to Use
Then, again, the higher the H.T.

voltage is the less percentage change:

does this filament drop make. The
reaning of this last sentence is a little
involved, hecause so far I have only
talked about a simple rectifying valve.
In a triode the volts that we have to
consider are the actual ones acting
between the grid and the filament.

These volts, which are made up of
the sum of the grid volts and the
plate volts which leak throuwgh the
grid mesh, decide the plate current,
so that if we say instead of H.T.
“wvolts ” in the simple rectifier case
must be large—the plate current
must be large—we establish a second
rule, which, with triodes, it is easier
to see the meaning of.

vy

This, in- practice means working-

with a low magnification valve unless
ene can afford to put very high volts
on the high magnification valve. It
is' a little complicated to reason out
whether one will gain with this lower
percentage change of current due to
alternating current. In certain cases

‘one will definitely gain, so that either

one can stick to the rule here given

“always or think the particular case
_out separately.

There is fortunately a very easy
way to reduce greatly this change of
plate milliamperes when using A.C,,
although we shall have great difficulty
in bringing it to zero. Suppose we
put a resistance R across the filament
as in Fig. 3 and connect the hottom
of the H.T. battery to the middle of
the resistance. Our current diagram
now becomes Fig. 4, which, if we
examine carefully, will be seen to have

the same area for any given alternat-

ing current voltage.

Detéctor Difficulties

This looks as though we are quite
out of trouble, but actually we are
not, for, unfortunately, a valve con-
ductivity is not quite constant with
voltage applied, so that a little ripple
will still be left, much smaller than
before, howevyer ; _but if we use this
arrangement’in conjunction with the
two previous rules, we shall have a
fair chance of working, :

Let us cxamine a set, and in Fig. &
I have merely represented the valves
in a’5-valve set. For the power valve
we need not worry at all, that is

certain, provided it is a 2-volt valve
“and we centrally connect to a resist-

ance across the filament. The preced-
ing valve also will not give us much
trouble, although we have one stage
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of -magnification- now to beat, and a
transformer -stage with a low-impe-
dance valve looks more promising
than a high-impédance valve and a
tesistance coupled amplifier. But

-
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when we come to the rectifier we have
two stages of amplification after ‘us,
and .we shall have to step very care-
fully. j

On my overall principle of heavy
plate currents, the grid leak rectifier
18 a better proposition than the plate
bend rectifier, but neither is likely
to be very silent, and many methods

.have been used for dodging this

trouble. The easiest way is to use a
crystal rectifier, Fig. 6, and one of
the carborundum or semi-permanent
zincite types will be a good working
proposition. I personally recomniend
this solution of the difficulty, but
some ingenious sets, in which the
plate current of the whole set when
supplied by a rectifier is incidentally
used to light the rectifier filament—
usually a -06 ampere type—have been
made. One can hardly recommend
them, however, for amateur construc-
tion. -

Grid-Leak Rectification
I should recommend to try grid-

| leak rectification with 'a low-voltage

filament valve of low impedance, such
as the D.E.P. 215, first, and if with
the aid -of -central connection the
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FOLLOW ING my request last month
that those experimenters who

submitted inventions to me
should state whethe: ‘or not they were
willing for their inventions to bhe
‘published and discussed in these
columns, a rather curious position
has arisen, although perhaps it is
one which it was not unnatural to
expect. Most, or practically all, of
the many readers who have written
to me have asked me not, at the
present stage, to disclose their inven-
tions in this Journal, and this means
that the number of reclly inicicsling
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ADVICE FOR INVENTORS
Conducted by Dr. J. H. T. ROBERTS, F. Inst.P.

Readers sending in inventions under this Department shoull state clearly whather they are willing
for their inventions to be published and discnssed in this jonraal.
communications will be treated in confidence, but at the same time it must be clearly understood
that no responsibility whatsoever is, or can be, accepted elther by this Journal-or by the Author
in connection with any patents or suggestions submuted or in connection with any matters arising
out of the same, and all persons making use of this Departmﬂnt or communicating with it in any
way are to be deemad thereby to have accepted the foregoing conditions.—EDITOR.
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Otharwise, so far as is possible,
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inventions- left over for discussion
in print is depleted. So far as I can
judge from most of the letters re-
ceiyed, it seems likely that the same
position will continue to prevail, so
I think 1t will therefore’be better to
publish only a few selected inventions
m this section. There are many
which could be published and dis-
cussed, but, unfortunately, in those
cases where permission is given by

.the inventors for their ideas to be

disclosed the inventions are mnot
generally of interest to a sufficiently
large number of readers to warrant

MoperN WIRELESs

taking up very. much space in dis”

.cassing them.

I think, therefore, that it will
probably be better in the future if
this Inventors’ Section deals more
with gencral matters by way of hints
to inventors as to the development of
their ideas, getting them on the
market, and so on, and I propos>
to arrange for replies to definile
queries to be dealt with privately by
post.

Of course if, from time to time,
inventions of real intcrest come
along, and the inventor is willing for
them to be published, they will be
detailed in these columns for the
benefit of other readers.

At the same time I should be very
glad if any of you who have any
general questions to ask, which you
think would be of sufficient interest
to other experimenters to justify
public discussion, will kindly forward
the same addressed to this Section.

PRBBEOTEIRELBTTRPED

LIGHTING FILAMENTS &
FROM A.C. MAINS
—concluded from page 394

R A R e

‘&@@@@@@
Seaves

noise is too much, throw out the
valve and fit in a cry<ta] preferably
of the semi-permanent type.

With L.F. the troubles we get are
obviously that the unbalanced alter-
nating current magnified gets into the
Joud speaker. But, of course, this
cannot happen in the H.F. stages,
Eeeause the H.F. circuits form a com-
plete block to I..F. currents. The way
the alternating current noiscs cause
trouble in this stage is as follows.

H.F. Stage Variations

Owing to imperfect balancing of the
alternating current, slight variations
of plate current are taking place in
the H.F. valves all the time. Now,
the magnification of a H.F. stage is
slightly dependent upon. the plate
¢ xrrent because a valve characteristic
is not quite straight, so that if we
tune to a earrier wave that carrier
wave will be amplified to a varying
degree, which is “the equivalent of
modulating it. This modulation will
at- once be shown up by the rectifier
and the L.F. magnification. For-
tunately, the trouble i¢ of a second
order, as the mathematician says,
but again, low-impedance’ valves—
so that one is working well on the
straight part of the characteristio—
will be necessary, and the other rules

of low-voltage filaments and central
taps still apply.

The central tap resistance can, of
course, be made common to all the
valves in parallel, and placed across
the lighting transformer, and with
four -12-amp. 2-volt valves, a ten-
ohm resistance, split at the centre,
will be suitable. As most of our
troubles are du: to L.F. magnification

A crystal detector of the * pe.manent
type is recommended by Captain Round.

of the alternating current noises, the
tendency in our A.C. filament receivers
should be to keep the H.F. nragni-
fication up and the L.F. down.

In Fig. 7 I show a skeleton diagram
of the commou central tap arrange-
ment. Some prefer to split the trans-

former-winding at the centre, and tap

on to the ccntre, but the resistance
scheme is very nice for balancing.
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AN OAK CABINET ¢

From a Correspondent.
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Féw amateurs decide to use oak
for their cabinets because the wood
is very hard, and more important
still, the "gallic acid in oak very
quickly rusts away iron or steel
SCTCWS.

The hard natare. of the wood can
be - overcome by wusing a good
saw, and brass wood screws prove
quite -suitable if precautions are
taken.

A hole should be punched or
drilled to the full depth of every
screvv, and it is advisable to
countersink deeply near the surface
to clear the unscrewed part of the
screw under the head, so that there
is no breaking off before screwing
home.
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“Blind Spots”’

- S1r,—With reference to your article
n ** Blind Spots,” in the February
issne of MoDERN WIRELESS, perhaps
a few remarks on * blind spots ”’
the West Coast of Africa might be ot

nterest.
These I have not noticed with
broadcasting, but for commercial

working to ships, etec. Sierra Leone
station is screened by the high
mountains to the southward, and
reception of this station is almost
impossiblé when more than 100 miles
south of it. Also avhen north of it
amongst the Bejuga Islands, off
Bissao, 1t is difficult and some times
impossible to work with Sierra Leone,

the reason being a little obscure, as.

there are no mountains intervening,
and the islands are small and very low
lying.

Seawards of these islands the
“blind spot”’ continues; at 360
miles north of Sierra Leone reception
is normal, while at 300 to 320 miles
north it is very difficult.

Gibraltar- North Front station is
also screened to ships steaming fairly
close to the Atlantic coast of Morocco,
just north of the Canary Islands,
while Cadiz, only 60 "miles west of
Gibraltar, is quité nornal.

Apparently thie cause of this. is
either the presence of the mountains
over at’ Tangler, or-else the-situation
of ‘the wireless station with. regard to
the Rock itself.

With regard to bxoaiicastlng' récep-
tion on the West Coast, that is very
_often completely spoiled by - _the
atmosphencs, which are paltlcul.zrly
strong .in_that part of the world.
Witht o Hmmony Four,” however,
I .have been able to receive many
Continentsl stations, ‘as well as four
‘of five of the British Isles stations.
Bournemouth is the best of these,
while Dublin runs it very closely.
I have received the former from

Wireless,”

RIS 50 V0" W SRR L0 (6 R
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NOTE.—AIll communications,
etc., ‘should be addressed to the Editor,
The Fleetway House, Farringdon Street,
E.C4. In cases where a reply is required, a
stamped and addressed envelope must be enclosed.

Lagos, Nigeria, but-Tiave had no
opportumty of experirenting further
south than that. North of Dakar
both are ' received at loud - speaker
strength.

Of the Continental.stations, - Madrid
and Barcelona have heen found to be
the best, but possibly further experi-
menting in the Mediterranean will
change this opinion.

Wishing your paper every sucecess.

Yours truly,
“ ANTI-ATMOSPHERIC.

The Radio Detective, trailing oscillators
in a specially equipped patrol van.

Tranode Two-Valve Set

[ Sir,—I put together the above set
from the January nuniber of MoDERN
WIRELESS, and find. the circuit a very
excellent one. I have adced a trans-
former-cum-choke two-valve ampli-
fier, and get very fine louc-spcaker
results.

For some considerable time I have

‘ceased to try out the circuits given

as S0 many new parts were 1equ1red
€'an you not give us more of such
circuits like the ahove ?
396
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photos;
“Modern

The original three-valve Traus-
atlantic set was a very fine one, and
1 think suggestions for modernising
this sct would bhe appreciated. 1
have recently added slow-motion
dials and.reaction, and find a great
improvement.

Yours faithfully,
Bristol.  W. B. CtuMBERLAND,

‘‘Peculiar Short-Wave Fault.”’

Sir,—Your correspondent J. West-
lake (writing in the January issue
of MopeErN WirELESS), will probably
find he.is nsing either too large a
choke, an unsuitable valve;-or else
a transformel not suited to the cir-
cuit. In many cases-the connection
of a variable grid - leak across the
secondary of the L.F. transformer
will cure the trouble, and I have often
found this suceced where other at-
tempts have failed.—Yours truly;

Radlett. M. G. Tuomas.

Short-Wave Reception

Sir,—On Sunday, February Gth,
during the hours 11.30-12.30, 3-3.30,
and 6.30-7.30, using the detector
portion ouly of Mr. Simmonds’ short-
wave receiver, as given in the Feb-
ruary number of MopERN WIRELEss,
but using a D.E.R. valve as detector,
I received over 5O amateurs, trans-
mitting telephony, in addition to
others in France, Belgium, Cermany
and Holland.

In the cvening at 6.30 a church
service, on a W.L. under 10 m., was
heard. The source was not identified.

The British transmissions were
heard mainly from the London area,

-but also from Lichfield, Easthourne,

Leeds, Leicester, Clacton and North-
cern Ireland, the latter apparently
replying to the transmitter at Clacton

‘who asked for reports from that area,

—Yows truly,
W, W, W OODMANy-
Willesden, N.W.10.
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By
Dr. J. H. ROBERTS,
F. Inst. P,

d

Power Trans formef%

:]IN these days of eliminators. chargers
and so on, the small power-

transformer is coming to play a
more and more important part in the
outfit of the experimenter. Theoreti-
cally, a small transformer is the
simplest thing in the world to make :
it consists of a primary winding and
a second winding placed upon an iron
core and, according to the simple
formula, the voltage generated in the
secondary bears the same relation to
the voltage in the primary as the
number of turns in the secondary

A
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bears to the number of turns in the
primary.

Acting on this simple supposition,
many experimenters have set to work
lightheartedly to construct small
transformers and have then been dis-
appointed to find that the finished
article did not come up to their ex-
pectations as regards either per-
formance or efficiency.

The truth is that there are many
important details, both of design and

IR
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construction, which I regret to say
are not properly dealt with in text-
books and articles on this subject. 1
have often noticed descriptions in
articles and textbooks which were quite
misleading and which indicated a lack
of any real appreciation of the scien-
tific principles involved, as well as an

7~ . i

A half-wave transformer employing a core
similar to Fig. 2.

absence of practical experience of the
subject.

In the first place, let me say that
the simple rule that the voltage-radio
of the secondary and primary is the
same as the turns—ratio represents
an ideal conditton which is never
attained in practice. It pre-supposes
that the whole of the magnetic flux
created by the current in the primary
winding passes through the secondary
winding. In a well-designed trans-
former this may be very approxi-
mately true, but in a badly designed
transformer it mnay be very far indeed
from being true, and the voltage
generated in the secondary winding
may be no more than'50 per cent of
that which would be expected accord-
ing to the simple rule referred to.

Avoid Air Spaces

In building a transformer it is con-
venient to wind the coils upon eylin-
drical spools,” but a more efficient
arrangement is to use a square or
rectangular section spoel into wkich-
the soft-iron laminations may after-
wards be fitted. A glance at Fig. 1
will show the way in which the soft-
ircn core may be built up from strips,
assembled into the spool after the
windings have been completed. It
will be evident that if the core is built
up in this way (and this is practically
the universal way of building up a
core of this kind) there will be a con-
siderable air space surrounding the
core if the spool is of the cylindrical
variety. This air space causes loss of
efficiency, but the matter 1s not a
very serious one -in small trans-
formers and, so far as the experi-
menter, at any rate, is conesrned, it is

367

rather a refinement to go in for a rec-
tanguler spool instead of a cylindrical
one.

It is not pecessary to say very
much about the windings themselves,
a spool long enough and deep enough
to accommodate the required number
of turns of the proper size wire will
obviously be necessary, and, in addi-
tion; it 1s very desirable to insulate
successive layers of wire, either with a
sheet of empire tape or with waxed
paper. Even a sheet of ordinary dry
typewriting paper is much better than

63

nothing. However, Ido not want, at
the present stage, to dwell too long on
the question of the actual windings,
as that is an important subject in
itself.

.Let us deal for the moment with
the general features of design and tho
arrangement of the core. Fig. 2 shows
sgoft-iron * Stalloy ” strips stamped
out into the shape of the letter L.

This full-wave transformer, specially de-
signed for H.T. eliminators, has a core
similar to Fig. 3
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DESIGN OF SMALL POWER TRANSFORMERS —confinued

These are inserted into the coils in the
alternate manner indicated in Fig. 2,
so that the two gaps in one pair of
stampings are adjacent to a con-
tinuous portion of the next stamping ;
in other words, so that the gaps do not
all come at the same place. In this
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way the extra magnetic reluctance
which would be occasioned by the gaps
is Jargely avoided.

In Fig. 3 the magnetic circuit is

made up of two types of “ Stalloy ”’
stamping, one in the shape of the
letter T and the other in the shape of
the letter U. These again are alter-
nately reversed for the reasons indi-
cated in the preceding paragraph.

A Bad Design

Fig. 4 shows diagramatically a
transformer consisting of a elosed iron
circuit, with primary wound upon one
limb and the secondary upon another.
I have actually seen this arrangement
described in articles and recommended
to constructors, but constructors who
acted upon such advice would find
themselves very wide of the mark
when they put their transformer to the
test. The fact is that the design indi-
cated in Fig. 4 is about as bhad as any-
thing could very well be. It will be
seen that the induction of current in

~ the secondary winding, depends en-

tirely upon the nagnetic flux con-
ducted round the iron circuit from
the pimary, and if you could map out
the magnetic field, and could thereby
have an occular demonstration of the
magnetic leakage taking place, you
would not be surprised - that the
voltage and the power generated in the

sccondary, with this design, would -

be only a fraction of the maximum
theoretical valie. - In a few words,

An H.T. power component for fulle-wave work "which 'is wound on the Fig. 6

systent.
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Fig. 4 shows how not to design a
transformer.

Fig. 5is an infinitely better arrange-
ment, Here a half of the primary 13
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wound upon one limb, then the usual
crossover, and the remeaining half on
the other limb. The secondary is then
wound on the top of the primary, half
on the first limb and the remaining
half on the second limb. We thus
have, in effect, two transformers in
series both electrically and magneti-
cally. In the case of each transformer

P =
P S
£FI6.6
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the primary and the secondary are
arranged as closely together as pos-
sible, s0 -that the condition that the
secondary ecoil shall embrace as much
as possible of the flux created by the
primary is fulfilled. Fig. 5 represents
a perfectly sound arrangement as
regards general considerations

Greater Path for Flux

In Fig. 6 a still better arrangement
is shown, for here the primary and
secondary are wound round the same
region of the magnetic core, and the
magnetic flux ~has a - considerably

greater return path inasmuch as it can

return by two paths in parallel.

Fig. 7 shows an arrangement such
ag that in Fig. 4, but, owing to the
relative shape and dimensions of the

windings and the iron core, the con-
ditions are even worse than in Fig. 4
Not only is the primary entirely on
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DESIGN OF

SMALL POWER TRANSFORMERS—continued

one limb and the secondary on
another, but the primary is wound as
a short “fat” bobbin instead of a
longer, slimmer one, with the result
that the magnetic leakage from the
primary coil itself is very much in-
creased. Furthermore, the primary

A power- transformer capable of handling
200-300 watts. Note the method of
‘taking the secondary tapping.

and secopdary coils are mounted upon
the short limbs of the iron core and
the flux -has to find its way from the
primary to the secondary by conduc-
tion through the longer limbs of the
core. . ) -
The result of this design would be
that the percentage of the flux from
the primary actually entering the

" secondary would be very small and.

for practical purposes the efﬁcleney of
the transformer would be so low that
_ the instrument would be useless.

Fig. 8 shows a very much better
arrangement. Here the windings are
made fairly long and’slim and they

IR
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are placed as close together as pos-
sible, so that the magnetic path from
the one to the other is as short as
it can be. -If, in addition, the primary
and secondary be wound half on each
limb, as in Fig. 5, then the design
shown in Fig. 8 will be a very efficient

one, and the voltage generated in the
secondary will be approximately that
given by the simple formula, whilst
the power developed in the secondary
will not be much inferior to that sup-
plied to the primary.

Below is given the actual formula.

by which to design a small power-
transformer for any given voltage
ratio and power output, showing sizes
of wire and cross-sectional area of
iron core.

I would like to remark at this point
that there is often a tendency for
constructors to *“ skimp *’ the iron in
the core. This is unwise for several
reasons. -In the first place, the smaller
the core the greater the amount of
copper wire which has to be used, so
that the saving in cxpense in one
direction is off-set by the increase in
‘another. In the second place, if the
.iron core and the winding be skimped,
the transformer will tend to get hot
‘when working, and will also consume
miore than an inappreciable amount of
current when “ running idle * (that is,
when the primary is connected to the
mains but there is no load on the
secondary). In the third place, with
an inefficient magnetic circuit the
transformer will be unable to show a
proper overall efficiency.

The Essential Formula

Now a few figures to enable the
e\perimenter to caleulate the essential
points in the design-of & small power
transformer.

* The number of turns of wire re-
quired on the prlmary depends upon
the voltage of the miains to which the
primary is to be connected, the
frequency of the supply (commonly
called the periodicity’’), the magnetic
flux density of the material which is
used for the core (which is usually
measured in “ lines *’ per square inch),
and upon cross-sectional area of core.

If we denote these quantltles re-
spectxvely by N the number of turns
on the primary, E the -EMF of the
mains to which the primary is to be
connected, F the periodicity, B the
flux density of the core material, and
A the cross-sectional area of the core

"in square inches, then the formula is

as follows :
104+ E :
" 444+ F+B+A
The magnetic properties of the core

will, of course, depend upon the nature
390

of the material ; ordinary sheet iron
may be taken as capable of carrying a
flux density of about 30,000 lines per
square inch, transformer steel about
40,000 lines, whilst some of the better
qualities of transformer iron may even
carry up to 50,000. It will be a fairly

B769

safe rule with good transformer iron
to assume round about 30,000 to
40,000 lines per square inch, and for
safety it would be better to assume
the lower figure, that is 30,000 lines.

A simple example will indicate the
way in which.this formula is used.

Suppose the voltage of the mains is
220 volts, the periodicity 50, the

A small power transformer in whxch the
bobbins are wound separately and placed.
on the core as units.’

-material of the core capable of carry-
ing 30,000 lines flux density per
square inch, and the cross-sectional
area of the core 2 square inches ; then
substntutmg in the above formula

(Continiied on page 445.)
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Obtaining Selectivity

P. M. R. (Button).—‘ I possess a
3-valve set, Det. and 2 L.F., which,
while giving me an excellent volume
on 2 L, O, does not allow me to receive
any other station.

* Tuning on the variable condenser
is extremely °flat,’ the local trans-

mission being receivable nearly ‘all .

round the dial.’

“Can you tell me how I can
improve selectivity ¢ I do not wish
to scrap the set nor yet tamper with
the internal wiring, because, as I am
a novice, I am more likely to damage
something than improve things. I
don’t mind altering my aerial, H.T.,
valves, I.T., or coils, but leave this
to you. If you could give me some
alternative suggestion 1 should be
extremely obliged.”

Your trouble is riot uncommon, un-
fortunately, and can be due to a
variety of causes.

In the first case, probably your
aerial system is to blame, -and we
therefore advise you to satisfy your-
self as to its efficiency from the fol-
lowing details :

Its total length should not exceed
100 ft., and this includes the length of
the leading-in wire up to the aerial
terminal on the set. It can be of the
single-wire type, and should be com-
posed of stranded wire. 7/22 bare or
enamelled wire (seven strands of
Ne. 22 gauge is commonly used), but
the wire can be composed of a greater
number of strands or have: a larger
surface area.
also have a large surface area, and
for best results it can be of a similar
gauge to the aerial wire, and be rubber
covered. Its length should not exceed
20 ft. if avoidable, and it can termi-
nate at an “ earth tube ” driven into
some damp soil or else be clamped by
a special.clip to a main water-pipe.

The leading-in wire (down lead) of
the aerial system nust, under no cir-
cumstances, be arranged so that it
runs parallel with any walls, but

The earth wire should .

Vel r ¢4l
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should be at an acute angle to them,
say 45 to 60 degrees.

As examples of this fact, we would
suggest vou examine the photos of
leading-in wires of powerful trans-
mitting stations and note the angle
at which they are brought in. In
most cases it 1s at 90 degrees to the
walls. These same remarks apply to
the leading-in wire after it leaves the
leading-in tube. Keep it well away
from ceilings, and, if necessary,
suspend it on porcelain insulators
fitted at the end of small wooden rods

HHHIIT I oi g easnniias

THE TECHNICAL QUERIES
DEPARTMENT.

Are you in trouble with your set P

Have you any knotty little radio Problems
= rcqnn ing rolution ?

= The MODERN WIRELESS Technical Queries
D(-pnrtment has been thoroughly réorganised
and is -now |n a posmon to give  an un-
£ rivalled setvice.” Theé aini of the department
= is to furnish xeally. helpful advice in connec-
= tion with any radio problem,” theoretical or
= pr.lctxc'll

= Full details, ineluding the revised and, in
= cases, considerably reduced scale of charges
= ean be obtained direct from.the Technical
= Queries Department, MODERN WIRELESS,
= Fl%fatwu House, larrmgdon Street, London

A postcard will do : on receipt of this all the

necessary literature will be sent to you free
and post free, inmediately, This application

wxll place you under no obligation whatever,

= Every reader of MODERN WIRELESS should
= have these details by him. An application
= form iz included which will enable you to ask
= your questions, so that we ecan deal with
them expedltlously and with the minimumn -
of delay. Having this form you will know
= exactly what information we require to have
= before us in order completely to solve your
= problems.

SO RO R T
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projecting from the walls or ceilings.

The horizontal portion of the aerial
should not be less than 25 ft. from
the ground, but if it can be raised to
40 it. or more above the ground level,
so much the better. In practice it
works out that the nearer the aerial
18 to the ground the ‘ flatter ” the
tuning.

If the above points do not affect
the trouble, we are afraid that the
fault lies in the set itself.
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Last Stage Valve

V. 8. (8.E.21) asks if it is really
worth while using a super power
valve for last stage work. This *“all
depends,” of course. If you want
really big volume and the ordinary
power valve will not carry the grid
voltages applied to it you must use a
super power. Similarly a super power
valve will usually bring out the low
notes better, bt do not forget that it
requires about 14-18 milliamps for
plate current, and you will need a
really good H.T. battery—preferably
of the accumulator type with large
capacity if you can manage it. For
moderate loud speaker work an
ordinary power valve should be suffi-
cient,.

* s 4

The Elfin Four

B. E. M. (Radlett).—“ I have built

e “ Elfin Four” described in last
month’s MobErRN WIRELESS, and
while I get excellent results on “dis-
tant stations I find the local is not
as purely reproduced as I would have
expected where resistance-coupling is
employed. I use 6-volt Cossor valves
throughout with the R.C. type for
detector and first L.F. An ordinary
L.F. valve is used for the last stage,
as I cannot afford to run a super power
valve because of the H'T. How can
I remedy the distortion ¢ ”

Your trouble is due to overloading
of the last valve and possibly of the
first L.F. valve as well. With valves
having a very high magnifi¢ation it is
easy to produce such a large voltage
swing on.the last valve that even a
super power can hardly deal with
it.

Your best plan is to substitute the
fitst L.F. valve with a  Cossor H610,
which has a smaller magnification
factor, and to replace the last valve
with a power valve with a larger grid
swing. It is-rather unfair to expect
the Cossor 610D to handle the grid
voltages available in the last stage.
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][F we use the term in its strictest
and widest sense, the phenomenon

of crystal sensitivity to the in-
fluence of light has been known for
many years. Is not, for example, the
light-sensitive emulsion which is
coated upon a photographic plate or
film, mercly a medium in which
microscopic light-sensitive grains of
silver salts arc embedded ? Again,
the selenium cell is no new invention.
It is well over a quarter of a century
old. Yet that device employs scle-
nium in a minutely crystalline form.
It is, therefore, but another applica-
tion of crystal light-sensitivity.

A Simple Experiment

‘Within very recent times, however,
the  expression  “ light-sensitive
crystal ”’ has taken upon itsclf quite
-another meaning, for not more than
a few months ago it has been shown
in this country that certain varietics
“of naturally occurring crystalline
minerals are actually able to convert
light cnergy into electrical energy.
That is to say, supposc you allow a
beam of light to fall upon the surface
of one of these crystals (the -crystal
being, at the time, connccted in a
closed circuit with a very sensitive
galvanometer), a direct.current will
be found to flow through the circuit.

That is one recently discovered line
of rescarch in the subject of crystal

Fig. 1.—The simplest light-sensitive cell.’
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An informative article dealing in a

practical form with the amazing

effect of light upon different
crystals,

From a Scietific Correspondent:

technics. Another one, hardly less
interesting, is to be scen in the fact
that if two metallic sheets, separated
from cach other by a sheet of ebonite
or other insulating material, are
allowed to stand for a few days in the
dark, and in a solution of one of their
salts, the metallic -surfaces develop
light-sensitive properties. Let us
deal with this latter discovery first
of all, for it is one which can very
readily be put-to the-test by the
average amateur.

Fig. 2.—Illustrating the construction of”

a molybdenite cell.

Take two small sheets of -any
common metal-—copper, zine, iron,
for instance—and bind them wup
tightly with string or rubber bands,
taking care, of course, that a sheet
of insulating material, such as ebonite,
slate, mica, etc., is placed between
them in order to prevent any direct
short circuit between the two metal
sheets. Next, place the shects in
some suitable glass container, and
“fill up the latter with a weak solution
of a metallic salt of the same metal
as that of which the sheets are com-
posed. That is to say, if you use
copper sheets you must immerse them
in a weak solution of copper salt
(copper sulphate, for instance). If
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you employ zinc sheets, you must
use a solution of a zinc salt, such as
zine sulphate. And so on.

Having immersed the sheets in a
solution of a suitable metallic salt,
place the whole apparatus in a per-
fectly dark place, and allow it to re-
main there for about a week. After
this time, the surface of the shec