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Winding their own coils,
constructing their own
condensers ... by the
mid-twenties, the early amateurs
were ready to turn professional,
the world was ready to buy their
sets. The B.B.C. had become a
Corporation - and respectable and people had started to listen to
its programmes in preference to
twiddling dials in a search for
distant stations; and so the
quality of broadcast sound
improved. Valves were already
being applied in many other
fields, but they were still battery
operated. Mr. Dalton thus
§ continues his step-by-step story
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Preface
The year 1926 was a milestone for the history of radio for it saw
the introduction of a remarkable number of changes and innova
tions : the opening of the first world-wide valve transmitter, Rugby
GBR; the first Atlantic radiotelephone, and the first direct tele
vision. In broadcasting, there was the change from the British
Broadcasting Company to the Corporation, the first high-power
medium-wave transmitter (5GB), the introduction of the movingcoil microphone and the gramophone pick-up. The gramophone
pick-up gave birth to the radiogramophone, but this was probably
of less importance than the introduction of the screened-grid valve
and the pentode. These caused a revolution in receiver techniques
and paved the way for the foundation of mass-produced receivers.
The change to a metal chassis marked the decline of homeconstruction and the suitcase-portable receiver of this year was
perhaps the last kick of the small manufacturer: it left no market
for the amateur set builder.
At this period the author was changing from a boy-constructor
to working with small rotary machines, hence the picture of the
M-L rotary transformer. As there were no books on machines
with a power of less than 5 KW, the theory had to be worked out
as one went along. It was surprising to measure brush friction
causing 20 per cent of the total losses, instead of 2 per cent as shown
in the books, and windage was needed to dissipate heat. The need
to go back to basics was a very useful lesson which was to be
Vll

repeated more than once. Indeed, it may be the root cause of an
interest in history.
A critic has asked for a bibliography, but what should this be:
a list of the books the author has read, where the reader can find
more information, or a list of primary sources? With a work
extending over many years such a list is not possible, in fact where
did some of the information come from? Once again l must
express my appreciation of the back volumes of Wireless World as
an aid to memory, and among the books of the period the best
rem mbered ones were: Elementary Lessons in Magnetism and
Electricity by Sylvanus P. Thompson (Macmillan, 1843); Experi
mental Researches of Michael Faraday (Everyman Series, Dent);
Handbook of Technical Instruction for Wireless Telegraphists by
Hawkhcad and Dowsett (Wireless Press, 1918); Loudspeakers by
N. W. McLachlan (Iliffc 8c Sons, 1926); History of Radio Tele
graphy and Telephony by G. G. Blake (Chapman 8c Hall, 1928);
Wireless Direction Finding by R. Keen (Iliffc 8c Sons, 1922/27/38);
D.S.I.R. Reports, especially Nos. 5, 9, 11 (H.M.S.O., 1928-30) and
Admiralty Handbook of Wireless Telegraphy (H.M.S.O., 1931).
Blake, Keen and the D.S.I.R. books contain extensive lists of
primary sources, many in foreign languages, and others that I
have had no time to read.
W. M. Dalton
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CHAPTER 1

Receiver Measurements
A Choice of Valves
The improvements made to amateurs’ short-wave receivers were
quickly incorporated into broadcast receivers and by 1924 the
appearance of all receivers, constructed at home or manufactured,
had changed to the vertical panel and baseboard. This assembly slid
into a wooden cabinet with a hinged lid which could be lifted to
show the interior. It also allowed a quick check that no wire had
fallen off.
The high cost of valves, plus the royalties on each valve stage,
still necessitated the maximum possible amplification from each
stage, but the success of the DE5 and DE5B valves had caused a
realization that different valves were required for different func
tions. This caused the manufacturers to develop a range of valves
with different amplification factors and anode currents. The variety
was further increased by having valves with filaments for 2 V, 4 V,
and 6 V accumulators. The 6 V types had a slightly better perfor
mance but the 2V range was more popular due to the weight of a
6V accumulator.
The choice was further complicated by firms who purchased
valves and resold them under different names and with slightly
1

different published characteristics. The high price of valves enabled
dealers to buy British valves in Europe, re-import them duty paid,
and still sell them more cheaply than at the normal price.
Most manufacturers coded the type numbers to show the stage
for which the valve was intended and also its filament voltage and
current. Thus an L610 was for low-frequency amplification and
had a filament requiring 6 V at 0T0 A; the P215 was a power valve
operating from a 2V accumulator and consuming 0T5 A. In all,
the receiver designer had about one hundred types to chose from,
and he mixed makers and types as he wished. Although their
published characteristics were sufficiently different to cause an
argument, these valves fell into about five well-defined groups,
with those in each group being very similar. Typical characteristics
were as shown in the following table :
Table of Value Characteristics
Type
210RC
210HF
210LF
215P
225P

Filament
Voltage Current
V
A
2-0
0-1
2-0
0-1
2-0
0-1
20
0-15
2-0
0-25

Grid
bias

Ia
mA

120 -1*5
120 -1-5
120 -3-0
120 -7-5
120 -15-0

0-5

HT

1-5

40
20

2-5

13

9-0
18-0

8
3

ra

Cm

60000
25 000
13 000
6 000
2 700

0-7
0-8
1-0
1-3
M

The HF valve was intended for use in r.f. stages but few sets
incorporated these, the additional tuning making them difficult
to operate even when they were stable, and indeed, on the same
aerial and earth, they often produced fewer stations than a reacting
detector. Many amateurs prefered the HF valve for a detector even
when transformer-coupled, saying they gave a better control of
reaction.
The typical receiver had three valves : a detector and two a.f.
stages, the first being resistance/capacity coupled and the second
transformer coupled. This combination was found to be more stable
2

than using two transformers, and the high // valve (type RC) gave
almost the same gain as the type LF and a transformer. The third
valve was usually a 215P type which gave enough power to operate
a cone loudspeaker. When an extra large volume was required a
225P valve could be used, but this required more filament power
and also a larger anode current. The h.t. battery was quickly run
down. Special super-capacity batteries were made for use with the
225P types but their life was not as long as the normal h.t. and a
215P valve.
Low-loss Circuits
Design effort was concentrated on producing the most sensitive
reaction tuner. This followed the design of the short-wave tuners
except that all the broadcasting wavelengths, apart from the long
wave stations, had to be obtained in one swing of the tuning con
denser. Coil changing had to be avoided and even the change to
the long waves was made by a switch. The control of reaction was
found to be easiest when the losses in the tuned circuit were
already low, and attempts to reduce these losses started a low-loss
craze which rapidly spread to the rest of the world.
Following the technique for short waves the capacity of all
dielectrics was reduced to a minimum. Dielectric losses were shown
to exist in waxed-paper condensers and even in mica capacities
when these were fitted in moulded covers to keep out the dust. Coils
were wound on skeletal formers to reduce the amount of dielectric
in contact with the wire, and the loading effect of the aerial and
the valve was reduced by tapping these across a part of the coil.
The major attack was on coils. This was partly directed by
Wireless World, which offered £5 for the best coil submitted to
them. Some hundreds of coils were tested by Butter worth, who
measured their resistance at radio frequencies. Each coil was tuned
to resonance with an oscillator and the current measured with a
thermo-junction meter; a known resistance was then added and
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the current again measured, and from these figures the resistance
of the coil was calculated.
The resistance of a coil at radio frequencies was shown to be very
different from its resistance to d.c., as measured by a Post Office
box. It included the effects of many losses introduced by poor
dielectrics, hysteresis, eddy currents, and radiation, and was also
increased by effects which had not been expected. Eddy currents
were not only set up in nearby metal panels but similar losses could
occur in the unused turns of a tapped coil. The effects of hysteresis
were usually negligible unless iron was present, when the loss
depended on the permeability of the metal. Amateurs who used
copper tubing for their transmitter coils had to stop having these
nickel plated to prevent corrosion. Silver or gold plating was good
but the higher permeability of nickel increased the losses in these
coils.
At radio frequencies the current was shown to be concentrated
into the outer edge of the wire, leaving almost no current at the
centre; a thin wire gave only a slightly larger resistance than a thick
one. This ‘skin-effect’ was also increased by the proximity of other
wires, the r.f. current being always concentrated into the densest
part of the magnetic field. For a given number of turns the r.f.
resistance, and the inductance, varied with the size and shape of the
coil. Coils wound with stranded wire had a lower resistance but with
seven strands the centre one carried almost no current: a braided
wire was much better. A cheaper construction was the Litzendraht
in which three strands were twisted together and then three groups
ofthree were twisted, then three groups of nine, etc. The Post Office
high-power station at Rugby used 729 strands of 36 swg wire for
its coils.
From his measurements, Butterworth proceeded to establish the
design of coils on a mathematical basis. He produced two factors:
one depending on the ratio of the length/diameter of the winding,
and the other on the ratio between the diameter of the wire and the
spacing between the separate turns. These factors allowed a coil to
4

Fig. 1.1 Low loss coils, (a) Celluloidformer, 3" diameter, 3\" long,
No. 22DCC spaced, L = 179 pH, R = 4 Q. (ib) Cardboard with
strings, 2\" diameter, 2V long, three strand No. 36 wire, L = 140 pH,
R = 3.5 ft. (c) Celluloid and Ebonite clamps, 3" diameter, 3}" long.
No. 22DCC, L = 180 pH, R = 3.8 ft

be designed with the lowest possible r.f. resistance. ABACs and
nomograms were also produced to make design easier.
One receiver which attained wide popularity at this time, the
Cossor ‘Melody Maker’, owed much of its success to its coil:
45 turns of 20 swg wire on a 4 in-diameter former. This receiver,
which used a modified Rcinartz circuit, was designed primarily
to sell Cossor valves (RC210, H210, P215) and free blueprints
were given away to amateur constructors. Its success led to the
marketing of a receiver kit which later included a Cossor a.f. trans
former. From this small beginning arose the firm of Cossor Radio.
Not to be outdone, The Mullard Valve Co. introduced the
Mullard ‘Master Three* receiver, but this was not quite so good,
5

simply because the coil was not designed by Butterworth’s formula.
The improved coils and the increasing number of broadcasting
stations made ‘fifty stations on the loudspeaker’ not impossible.
But the accurate tuning of these stations became increasingly
difficult. Various devices were introduced to make tuning easier.
The vernier-vane condenser had an extra vane at the end of the
main shaft which was rotated by a thin rod passing down the
centre of the shaft. In theory, the main knob was turned to find a
station and then the vernier knob was adjusted for fine tuning; in
practice, the centre rod was seldom straight and tended to bind
in the main spindle so that, as it was rotated, the whole condenser
suddenly jerked round and the station was completely lost.
Geared tuning knobs were produced which rotated about five
times for i8o° rotation of the spindle. But the gears were only
stamped out—price did not allow anything better—and meshed
badly so that backlash made the setting of the knob even more
difficult than a straight drive. Friction drives were introduced to
avoid the backlash and the expensive ones worked very well; but
the standard ones used a rubber wheel pressing onto the main knob
which soon became worn and then operated intermittently, giving
a jerky motion that did not permit accurate setting to the station.
Perhaps the worst trouble with all these drives was that the
fine tuning knob was smaller than the main one, which was usually
calibrated in degrees, or 0-100. The small knob was not easy
to grip for a small rotation, and most amateurs relied on a 4 in
diameter knob which could be set very accurately without any
slow-motion device.
The certainty ofreceiving foreign stations led to the construction
ofgraphs that gave the condenser setting for any given wavelength.
This graph was always curved and it was realized that stations were
not spread evenly around the dial. The semicircular vanes gave an
equal change of capacity for an equal angle of rotation and the
wavelength depended on the square root of the capacity (A =
1885\/LC). This caused the manufacturers to change the shape of
6

the vanes so that equal angles gave equal changes of wavelength.
Such straight-line wavelength condensers were quite popular until
the wavelength changes after the Geneva Conference showed that
stations should be a fixed frequency apart. This produced a further
change to the shape of the vanes to one which gave a straight-line
frequency graph.
Fig. 1.2 Variable condensers, (a) Square law condenser, giving a straight line
wavelength reading; (b) Old type of semi-circular plate condenser, giving a straight
line capacity reading; (c) New type of condenser, giving a straight line fre
quency reading; (d) Condenser vane shapes (a), (b) and (c) superimposed for
comparison

(c)
___Straight line capacity
__Straight line wavelength
.-Straight line frequency

(d)

Spindle

1

The shape of the condenser vanes (see Fig. 1.2), while assisting
tuning, actually made no difference to the selectivity ofthe receiver.
At this time selectivity was always expressed in advertising terms.
All receivers had sharp tuning, some were ‘knife-edge’ and others
‘razor-sharp’, but to be accurate, the selectivity really depended on
the skill of the operator and how near to the oscillation point he
could set the reaction control.

i

Neutralizing
The conditions in America formed a strange contrast to those in
Britain. A monopoly of tube manufacture caused only six types to
be available which were all general-purpose types with dullemitter filaments. The bright-cmitter valve was obsolete, but there
were no special-purpose valves. On the other hand circuits had
developed rapidly, especially those for r.f. amplifiers.
In America, there were 600 stations broadcasting and most of
these were in the big cities, where it was difficult to separate one
from the other. Mass-production had brought down the cost of
receivers, resulting in little home construction, and the crystal and
one-valve sets had disappeared; even two-valve sets, at ^7 each,
were not in demand for they were not selective enough. Plentiful
money had caused most receivers to have four or more valves.
Progress was also stimulated by the patent situation: one group of
manufacturers held a large number of patents, which they would
not allow anyone else to use, and so the other manufacturers were
forced to group together to find alternative methods of attaining
the same results. In Britain, all manufacturers had a licence to use
all patents, and so less research was conducted.
The main problem with tuned r.f. amplifiers was still instability.
Various stabilizing methods had been used including loose coupl
ing, tuning alternate circuits, lower L\ C ratios for circuits, gridcurrent damping, and lossing resistors. Stray magnetic coupling
was reduced by using coils placed at right-angles to each other.
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Metal shields were used between stages, and the wires were separ
ated as much as possible, but most of the successful receivers used
reversed reaction to control the stability.
Two stable circuits, shown in Fig. 1.3, should be mentioned. One,
by Johnson, connected the tuned circuit between the h.t. negative
and the filament circuit, with the valve anode connected directly
Fig. 1.3 Two stable r.f. circuits, (a) Phelps (Pat. 241185/24);
(b) J. F. Johnson
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to tlic h.t. positive. The other, by Phelps, connected a resistor
between the h.t. negative and the filament. In Johnson’s circuit the
signal between the grid and h.t. negative caused a voltage across
the grid-tuned circuit in opposite phase to that in the anode circuit,
or the reaction feedback was in a negative direction. This enabled
a number of tuned amplifiers to be used in cascade, and while the
amplification was small (actually less than unity) the selectivity was
very high. This was probably the first cathode-follower. In Phelps’s
circuit, the resistance was in both the grid and anode circuit and the
voltage set up across it was in opposition to the signal voltage,
giving a negative feedback. But both these circuits required
separate accumulators for each valve and were developed before
their time.
Another solution to the stability problem was provided by
Hazcltinc in 1925 by his Ncutrodyne receiver. This mounted the
coils at a fixed distance apart and at an angle of57° to the baseboard.
Fig. 1.4 Ncutrodyne receiver (ca 1925). Note the coils set at 57° and neutralizing
condensers between than
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(Fig. 1.4) and also incorporated negative capacity feedback to
neutralize the feedback through the valve capacity. Hazeltine,
while employed at the Washington naval yards during the war, had
produced a mathematical explanation of the TA-TG oscillator. In
a US Navy receiver he had used a transformer to provide an equal
and opposite voltage to that at the anode, and had fed this back
through a capacity equal to that of the valve Cag.
The Hazeltine circuit (Fig. 1.5) was not new; both Round in
1913 and Wright in 1915 had patented similar methods. In 1918
cag -Ti
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Fig. 1.5 Hazeltine's ncutrodyne circuit. (a) Value capacities; (6) Neutralizing;
(c) Cascade circuit
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Fig. 1.6 Rice neutralizing circuit,
(a) Circuit; (b) Bridge

Rice had patented an arrangement in which magnetic backcoupling was reduced by enclosing the coils in a metal box, and the
capacity coupling was neutralized by a reversed electromagnetic
coupling (Fig. 1.6). Round prevented magnetic coupling by using
astatic coils, which were wound half in one direction and half in
the other, so that there was almost no external field. Still later,
Scott-Taggart patented a multi-stage r.f. amplifier very similar
to that of Hazeltine.
The neutralized circuit had a vogue in Britain, for the stable
amplifier allowed the gain to be increased. One very advanced
receiver was the Wireless World, ‘Everyman-4’ (Fig. 1.7), which
employed a single neutralized r.f. stage with Litz-wound coils. A
single dry cell gave bias to the r.f. valve to prevent grid current, and
anode-bend detection gave high selectivity. This receiver set a
standard of performance for the next few years.
12
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Fig. 1.7 Everyman-4 receiver (1926)

It was suggested that a uniform standard of selectivity could be
obtained by measuring the detector output both when tuned to the
carrier and when offset 5 kc/s from the carrier. Another suggestion
put forward the idea of a selectivity number as the amount of
detuning required to reduce the voltage to 10 per cent of that at
resonance. A better method was to use the detuning required to
halve the voltage, giving a factor Q which could be calculated from:
Q = Leu/ r, where r was the r.f. resistance of the coil. Of the coils
tested by Butterworth only 27 per cent of the amateur coils, and
10 per cent of the commercial ones, had a Q greater than 200, but
Butterworth designed a coil, wound with 81/45 Litz-wire, which
had a Q of 565.
Colebrook showed that the loading of the tuned circuit by the
aerial and the valve was similar to loading a generator, where the
13

maximum power was obtained when the load resistance was equal
to that of the armature. Such loading, or the optimum transformer
ratio, was not easy to calculate, for the resistance of the tuned
circuit was usually given as a series resistance, and the parallel
resistance of the tuned circuit was required for matching.
Colebrook introduced a new term, dynamic resistance (R.d),
which was shown to be equal to L/Cr and directly proportional to
the Q of the circuit. (Q = Rd(C/L)J.) Another advantage of this
concept was that Rd changed very little over the tuning waveband.
Typical values for the 3 in-diameter Litz-wound coil used in the
Everyman-4 receiver were:
Wavelength:
Capacity:
Scries r:
Dynamic Rd:

200
80
24-3
245k

225
100
17-8
264k

250
125
14-1
269k

300
180
9-4
280k

500
500
3-55
221k

m

n
Q

The load transferred through a transformer has to be multiplied
by the square of the transformer ratio, and when this coil was used
with a DE5B valve (ra .. 26kQ) a transformer ratio of (260/26)4
was required. A centre-tapped neutralizing transformer gave a load
of 65kQ, so that half the output as lost. Even so the stage gain was
32 times. With poorer coils and lower dynamic resistance, the
centre-tapped coil was nearer optimum, making for a cheaper
manufacture with an equally good gain.
The operation of the neutralizing circuit was given, in many
articles, in terms of bridge circuits which were redrawn to show
equal capacities and two halves of the timing coil. Any potential
difference (p.d.) across the tuned circuit gave no p.d. across the
junction points. But later it was shown that the balance of the
bridge could be upset by the grid-filament capacity of the valve and
by hysteresis and eddy-current losses.
An even more serious trouble was caused by parasitic oscillations
when the circuit oscillated at about 30 m regardless of the setting of
the tuned circuit. These parasites were discovered, more or less
simultaneously, by a number of workers, two of the first being
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Round and Franklin, the r.f. amplifier of the former interfering
with the short-wave signals of the latter. Franklin overcame this
trouble by using a treble bridge with earths at the centre of both
tuned circuits.
Wright and Smith also redrew the bridge circuit to show the
whole tuned circuit acting as a large capacity, and the connecting
leads with their self-capacity forming a typical Hartley short-wave
oscillator which was actually helped by the neutralizing capacity.
They incorporated ‘lossy’ resistors in the grid circuit to damp out
the parasites. Another circuit used a combination of the Rice and
Wright-Smith circuits with the anti-parasitic resistance connected
between the centre-taps of both coil and tuning condenser. Allison
also produced a simple modification with the anti-parasitic resis
tance between the centre-tap of the coil and the valve filament.
Neutralizing was popular in Britain where amateurs were just
starting to use an r.f. stage, but in America its popularity was brief.
With three or more r.f. valves to be neutralized the adjustments
were too complicated for mass production and as the amplification
was of less importance than selectivity, manufacturers preferred
the simple low-gain stages even if these needed elaborate screening
to reduce feedback. Often each stage was enclosed in a metal box
and each valve and coil was given its own screening can.
In these receivers the gain of the valves barely compensated for
the losses due to eddy currents and, as these varied with frequency,
the receiver was more sensitive at one end ofthe scale. Hammarlund
overcame this by connecting the tuning condenser spindle to a
coupling adjustment for the coils, but this gave mechanical
difficulties. Loftin and White patented a combination of electric
and magnetic coupling, the one decreasing with frequency and
the other increasing to give a constant coupling. This had a vogue
in the USA where there were no long-wave broadcasting stations,
but the switching was too complicated for it to become popular in
Britain.
Neutralizing also gave a renewed interest in the reflex receiver
16

Fig. 1.9 RothcnneU-CrossIcy
band-box receiver showing
boxes-in-boxes

which had managed to survive due to the ST 100 circuit. In one
circuit the a.f. transformer was connected in the position of the
anti-parasite resistance. A circuit by Roberts, which used positive
and negative reaction, enjoyed a brief popularity in the USA but,
while the receiver was stable, no attempt was made to obtain
maximum gain from the r.f. stage and it was little used in Britain.

Portable Receivers
The dull-emittcr valve had made it possible to put both the h.t.
battery and a small 2 V accumulator inside the receiver cabinet,
much to the delight of the housewives who were afraid to dust the
normal set in case they disconnected a wire or got a shock. This
idea was developed to incorporate the loudspeaker inside the
cabinet and winding a frame aerial around the outside. A handle
was also fitted to the case so that the whole receiver could be carried
from one place to another. The frame aerial was not directional, in
17

I
fact no attempt was made to make it so, for then the receiver need
not be turned towards the station being received.
Such portable receivers had been made as early as 1923, by the
B.T.H. and Rccs-Macc Companies. These had three valves to
give headphone reception and were intended to be taken in a
motor-car on picnics. An aerial could be built into the car hood and
the earth connection made to the chassis, but usually a coil of wire
was carried and this was slung into a tree when the car was stopped.
Various circuits were tried for portable receivers and reflex and
superheterodyne had their vogues but the type which found most
favour was a five-valve set, selling at £30, which used two r.f.
stages, unneutralized, a grid detector and two a.f. stages. Most of
the trade experts had predicted no future for these receivers,
but they were completely confounded. So popular did these
receivers become that 1926 was called the portable year. Very few
of the sets were bought for outdoor use: they were bought mainly
for their compactness, and because they could be moved, intact,
from one room to another by people who wanted to listen to the
local station without disturbing anyone. Typical portable receivers
are shown in Fig. 1.10.
So many portable receivers were made that special components
were developed. Horn loudspeakers were designed to fit into the
lid of the case; in fact, the horn set one of the case dimensions.
Later, special flat cone loudspeakers were fitted into a cutaway in
the side of the case so that the lid need not be opened to listen.
Special accumulators were made which would not spill acid when
the case was laid on its side. There is surprisingly little acid in an
accumulator and a trap was made so that, when inverted, the acid
was still below the orifice. Another method was to mix a chemical
with the acid so that it became a jelly; this was very successful
provided the jelly was kept moist, especially when charging.
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Fig. 1.10 (a), (b); Typical suitcase portable
receivers (1925/26); (c) Celcstion 4 valve
portable (1926/27)

Measurements
The year 1926 was one of the milestones of the radio industry. The
popularity of the portable receiver caused the number of amateur
constructors to decline, and the broadcast listeners tended to
separate from the amateurs. Factory-built receivers also improved
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as the industry began to awake to its responsibilities. 1926 also saw
the removal of the protective duties on foreign equipment, which
may have had something to do with the improvements to
receivers, but the number of foreign-built receivers on the British
market was never very large.
At the Radio Show of that year few manufacturers had anything
new to exhibit. The ultra-special, patent-applied-for, mysterycircuit receiver complete with super-sensitive, hyper-selective,
everything, was no longer brought into the hall under a black cloth
which was not to be removed until the show opened; in fact, there
was no novelty at all. To provide sales talk some receivers were
built into furniture, and loudspeakers were made in the shape of
lamp-shades or clocks. This was not because the industry had been
idle; indeed all products had been improved both mechanically and
electrically. It wasjust that everyone thought the circuit techniques
had become standardized, and that attention to theory and measure
ment would provide only small detailed improvements in the
future.
The effects of Buttcrworth’s work were noticeable in all tuned
circuits: variable condensers incorporated ballbearings and pigtails
to give little noise as the condenser was rotated, and the ebonite
front panel gave way to a metal one which was connected to earth
to prevent hand-capacity, and painted to match the woodwork of
the cabinet. Some tuning knobs were turned sideways so that their
edges protruded through the panel, and two condensers could be
moved together for rough tuning and separately for fine tuning.
The sales of separate components still exceed those of complete
receivers, and the need to test components was increasingly realized.
In addition to a visual inspection, manufacturers now began to apply
electrical tests. Simple test sets were made to enable capacitors and
resistors to be sorted to within 50 per cent of their marked values.
In November 1926 Wireless World offered to test manufactured
receivers. The sensitivity was rated by connecting it to a standard
aerial and earth and giving a list of the stations received. The selec20
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tivity was given as the ability to separate stations when near to, and
at a distance from, a main broadcast transmitter. Near to the station
there was also a test with no aerial to find the pick-up in the coils
and wiring. The stability test consisted of checking the ease with
which tuning and neutralizing adjustments could be carried out
without oscillation; it also included the effects of small battery
changes. Comments were given on the possibility of wrong
connections or adjustments when installing the receiver, the
strength of the wiring, and the security of the components.
A promise to measure the overall amplification of the receiver
from the aerial to the loudspeaker could not be kept, for apparatus
to measure radio frequencies was just not available. Difficulty was
even found in making measurements at audio frequencies, for the
only available variable frequency generator, an alternator, was
difficult to control and did not give a sine wave output. Some audio
measurements were made with an oscillator which had tapped
inductances and switched capacities, but the gaps between the
fixed frequencies had to be fudged and this often hid a resonance
between the measured frequencies.
A variable-frequency a.f. oscillator was made by using two r.f.
oscillators, one at a fixed frequency and the other variable. These
were applied to a detector to give a heterodyne beat, which was
separated out. The tuning of the variable oscillator was calibrated
by comparing the beat notes with tuning forks, or the notes of a
piano. But such a beat-frequency oscillator was expensive to
construct and to calibrate, and even then the graph changed as the
frequency of both oscillators drifted with temperature or supply
voltage. In fact one had all the problems of frequency stability
encountered at a transmitter twice over. However, by making the
r.f. oscillators almost identical, the drifts were similar and the beat
note fairly constant.
It was also necessary to vary the voltage from the oscillator and
even more difficult, to measure this output. Voltmeters to measure
high audio frequencies did not exist, for hot-wire meters, repulsion
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meters, or thermo-junctions required too large a current for use
in this manner: the electrostatic voltmeter could not be used to
measure low voltages. A diode valve with a sensitive moving-coil
meter in its anode circuit had been used to measure high r.f. voltages,
but its reading depended on the filament emission and it could not
be used for low voltages.
Dye at the National Physical Laboratory managed to obtain a
reasonable measurement down to 10 /*V by measuring the input to
a low-resistance potentiometer and then using a step-down
transformer. He also measured the output of a receiver by using a
vibration galvanometer and a diode valve.
For r.f. measurements a signal was required which was indepen
dent of the local station. A small oscillator was built into a metal
* box and the output of this was taken to a single wire loop which
was coupled to an identical loop connected to the receiver. The
input was varied by changing the distance between the loops.
Pirani used a capacity potentiometer to make r.f. measurements.
A slide-back voltmeter was developed to measure a.f. and r.f.
voltages. This meter operated as an anode-bend detector; the
grid was biased to give zero anode current and the signal was applied
between the grid and filament. The rise of anode current was
reduced to zero again by increasing the grid bias, this change being
equal to the peak voltage of the signal; it could be read with a d.c.
moving-coil voltmeter. This valve voltmeter had a very high
resistance and required almost no current from the circuit being
measured. It could even be used to measure r.f. voltages across a
tuned circuit. The disadvantage of the meter was the time taken to
make a measurement because of the need to subtract one reading
from the other. Another difficulty was the reading of zero current,
which was not clear-cut; errors of 20 per cent were not uncommon.
In 1922 Moulin used the valve as a grid detector. This gave a
greater change of anode current for small signals and it was possible
to make a direct graph between the input voltage and the meter
reading, with a reduction of the error. The meter was calibrated
22

using the 50 c/s supply mains and this calibration still held even at
radio frequencies. Changes of4 per cent in the h.t. supply or 10 per
cent in filament voltage gave little error, but the calibration had to
be renewed if the valve was changed. The resistance of this meter
was slightly lower than the slide-back type and it was a delicate
laboratory instrument. It also had the disadvantage that it read
backwards, but it opened the way to a large number of tests which
had never been possible before.
Smith-Rose and Thomas used this meter to measure the gain of
r.f. amplifiers, and they verified experimentally Miller’s theory
that the valve acted as a resistor and capacitor across the grid
circuit. Measurements of the choke-coupled r.f. amplifiers used in
portable receivers showed that these would have had a gain of
five times but for the Miller effect, which reduced the gain to less
than unity.
Fig. 1.11

Valve voltmeters, (a) Diode; (6) Slide-back; (c) Moulin
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The Moulin valve voltmeter coupled with the bcat-frcquencyoscillator enabled a.f. transformers to be measured over the whole
audio-frequency range. McLachlan and others now drew equiva
lent circuits to show that over the middle frequencies the primary
inductance resonated with the self-capacity of the windings, while
at the high frequencies this capacity resonated with the leakage
inductance to give a second peak. It was now shown that even
when the self-capacity was made very small, to make the second
peak above audibility, the effect of the Miller capacity was to pull
this peak back into the audible range.
These measurements also resulted in the production of the
Marconi ‘Ideal’ transformer in 1924. This was the first transformer
ever to have a curve of its performance published. This transformer
had tapped windings which allowed the step-up ratio to be varied.
Before this time the ratio had always been chosen to suit the anode
current of the previous valve, a high step-up ratio meaning
fewer primary turns and thicker wire, so that a large current did
not saturate the iron circuit. Now it was shown that a low step-up
gave better quality, or that by using a higher step-up one could
exchange quality for amplification.
Measurements of the primary inductance also showed that the
iron circuit operated very differently from that of the mains trans
former. With no d.c. flowing, a small signal gave little change of
flux, and even when the normal anode current was flowing the
change of flux, or the permeability of the iron, was only onctwentieth of that obtained in a mains transformer. Curves were
drawn showing this ‘differential permeability’ for various direct
currents, and these allowed the design of inter-valve transformers
to be put on an engineering basis.
There had also been fears that grid current in the secondary could
cause saturation and distortion, but this was shown to be not nearly
so important as the rectification effect which this grid current caused
in the valve. To prevent grid current, a battery was introduced into
all receivers, and listeners quickly learned to select the bias tappings
24
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which gave the best quality signals: too little or too much bias
voltage gave grid current, or anode-bend rectification, respectively,
on loud signals.

The Output Stage
Measurements also provided a better understanding of the last
stage of the receiver. The major effort in valve design had always
been towards increasing the anode current, preferably without
increasing the filament power. The anode current of the LS5 valve
was increased by reducing its amplification factor to 2-5, to give
the LS5A valve; this valve passed 50 mA with an h.t. of400 V, but
required an input signal of 90 V to give its full output (5 W).
Despite this disadvantage the valve was extensively used for
operating large exponential horn loudspeakers in the home. This
was usually under the mistaken idea that it was necessary to produce
an exact replica of the studio sound, even if it meant having a full
symphony orchestra playing fortissimo in the living room. The
valve was also used in amplifiers for addressing large crowds by
means of a microphone.
In the search for a higher mutual conductance many experimen
ters tried using valves with two grids. One circuit which attained
some popularity was the Unidyne, in which the inner grid of each
valve was connected to the filament positive terminal to give an
increased anode current. This circuit gave full loudspeaker results
with only 10 V h.t., but the sound was distorted. The receiver
demonstrated that both a large current and a large voltage were
necessary; thus it was finally realized that the loudspeaker required
power (watts) to drive it.
Between the 120 V h.t. of the power and super-power valve
and the 400 V of the LS5A a great gap existed and the P625 valve
was produced to use an intermediate value of h.t. This valve had a
Gm of 2-5 mA/V and passed an anode current of 12 mA with an
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h.t. of200 V. The design of this valve raised a number ofproblems,
most of which centred around heat dissipation. In order to obtain
a high Gm, the electrodes were mounted nearer to each other, but
the heat from the filament tended to cause emission from the grid,
which reduced the grid bias. The anode also had to collect the full
emission without becoming red-hot, and this heat, and the heat
from the filament, had to be radiated through the glass bulb.
The introduction ofthis valve also caused a change to the method
of measuring valve characteristics. Previously, all measurements
were taken with an h.t. of 100 V, but now it was realized that tests
should be made under normal working conditions.
Measurements showed that the power obtained from the last
valve varied with the resistance of the loudspeaker and was greatest
when the resistance of the load was twice the ra of the valve, and
not equal to it, but under these conditions the sound was very
distorted. Better quality was obtained when the load was equal to
the ra. The selection of a loudspeaker to suit the output valve had
been accepted, but this was more to ensure that the excessive anode
current did not cause the diaphragm to rattle on the pole pieces.
The fact that a mismatch of resistance could cause distortion was
unexpected. It did, however, offer an explanation of why a loud
speaker reproduced well with one receiver and not with another.
From this time the power of a valve was no longer rated by the
power dissipation of the anode, or the maximum power which
could be taken from the valve, but as the power that could be
obtained with a distortion ofless than 5 per cent ofthe output signal.
W. T. Brown of Metropolitan-Vickers suggested a useful
method of finding the best output load. This made use of a neglec
ted set ofvalve curves which related anode current to anode voltage
at definite grid voltages (see Fig. 1.12). He drew a line across these
curves to represent the load, and the points at which this load-line
cut the grid curves gave the current and voltage at the anode for
each value of grid voltage. A curve drawn on this graph showed
the maximum power that the anode could handle, and the. load26
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line was drawn as near as possible to this. Then, knowing the grid
bias, the rise and fall of the current and voltage could be read for
any input signal. The triangle formed by the grid swing gave the
output power from the valve.
When this load-line was examined it was shown that equal
changes of grid voltage did not give equal anode changes. This
gave a visual representation of the amount of distortion which was
present and it enabled the best load to be found quickly.
To obtain the correct load a transformer was necessary. Trans
formers had been used before, but usually to keep the anode d.c.
from the loudspeaker unit. But large anode currents could saturate
the iron of the transformer and a large iron circuit was necessary
to ensure that the primary inductance remained about three times
that of the loudspeaker even when the peak anode current was
27
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flowing. All such transformers required an air-gap to avoid the
effects of saturation. This d.c. problem turned attention to the
push-pull method of operating valves. The system was originated
by the Western Electric Co. in 1915 but was not developed, prob
ably because of the first world war. Two valves were used with
their anodes connected to a centre-tapped transformer so that the
anode current flowed in opposite directions to cancel their magnetic
fields. The two grids were connected to another centre-tapped
transformer so that a signal made one grid positive and the other
negative, reversing at each half-cycle, with the current in one valve
increasing as the other decreased. The rise of current in one anode
and the fall in the other caused a change of magnetism in the output
transformer which was twice that of one valve and this gave the
output of two valves in the secondary of the transformer. (See
Fig. 1.13.)
Three methods of working were described. In the first method
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the valves had no grid bias and both anode currents were high, each
being reduced alternately when the grid became negative; there
was little increase of current, for grid current prevented the grid
going positive. The second method biased the valves to the
bottom of their curves so that no anode current flowed until a
signal was received: then, alternately, the valves pushed current
through the output transformer. The third method biased both
valves to the centre of their curves and the signal changed the
current in both, one rising as the other fell, one pushing the current
and the odier pulling the current through the transformer.
The first method used h.t. power heavily and was soon discon
tinued. The second was very efficient, using no h.t. power except
when a signal flowed but unless the emissions from both valves
were always equal, one half-cycle was larger than the other, giving
distorted signals. The third method was less efficient but gave less
distortion, for the rise and fall in any valve was about the same and
the rise in one valve was added to the fall in the other. By carefully
selecting valves the distortion could be very small.

Battery Eliminators
The use of valves with larger anode currents rasied the problem of
the h.t. supply. The normal dry battery gave only 10 mA for long
periods and even the super-capacity battery only gave 20 mA.
Small 20 V accumulators were made which would give 50 mA or
100 m A, but twenty of these were required to operate an LS5A

Fig. 1.14 Exidc h.t.
battery unit, Type WT.
10 which gave 70 mA at
10 V (100 hour rate)

valve and there was always a risk that the local garage would ruin
them by charging them at 3 A instead of 0*3 A.
When a large amplifier was used to make announcements in the
open air, e.g. at a sports meeting or a political rally, a small machine
was used to provide 40 mA at 400 V. This was operated from a 6 V
or 12 V car battery and to reduce the battery current its field was
a permanent magnet, these machines having an efficiency of
about 60 per cent. Such machines could not be used near to a
receiver for interference, like atmospherics, was obtained. A clean
commutator helped, but most of this noise was removed by
connecting a condenser from each brush to the frame of the
machine.
Amateurs living in houses with d.c. mains used the DE5 or P625
valve, and obtained their h.t. from the 220 V d.c. supply; a very
few managed to persuade the Electric Supply Company to install
both sides of the supply so that they could operate LS5A valves at
440 V. A smoothing circuit, 30 H choke and 2/<F condenser, was
always connected in the h.t. lead to remove the unpleasant whine of
the commutator from the background. Resistors were also required
to drop the mains voltage down to 100 V or 150 V for the other
valves in the receiver. A reservoir condenser was used after the
resistance to reduce the whine still further.
Fig. 1.15 M-L rotary transformer, input 12 V, output 400 V, 150 mA d.c.
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In 1926 E. K. Cole started to manufacture small battery elimina
tors. These brown boxes were connected to the d.c. supply mains
and provided an output of 150 V at 15 mA for a power valve.
Additional taps at 60 V and 100 V were available for the detector
valve. These units were so popular that almost everyone with an
electric supply ceased to use h.t. batteries.
The amateur with d.c. mains also charged his accumulator by
connecting it in scries with the house wiring, so that all the lighting
current passed through the cell. Attempts were also made to operate
the receiver entirely from the d.c. mains. The valve filaments were
connected in series with a lamp which dropped the surplus voltage.
In 1926 Gambrell produced a ‘baby grand’ receiver which had two
valves, with 60 mA filaments, in series with a resistance mat housed
in the lid of the cabinet. A humming noise was heard in the loud
speaker during the pauses in the programme but this was considered
to be an advantage, for it prevented the receiver being left switched
on.
Amateurs with an a.c. supply were at a disadvantage. They
could not use battery eliminators, nor could they charge their
accumulators from the mains. Many amateurs had experimented
with methods of charging accumulators from the a.c. mains,
for carrying these to a garage was not only ruinous to one’s
clothing but was also an unwanted weight-lifting exercise. Vibra
tory rectifiers and polarized relays were tried, to connect the
accumulator only when the current was in the charging direction,
but these gave trouble at the contacts and an interference which
made charging possible only when the receiver was not being used;
even then the neighbours complained. If the vibrator was enclosed
in a metal box, to stop this interference, the heat reduced the life of
the contacts still further.
Chemical rectifiers were also tried using electrodes of iron and
aluminium in a solution of ammonium phosphate, but these
required frequent attention; the metals dissolved in the electrolyte,
and a layer of paraffin oil was needed to prevent the liquid spraying.
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Langmuir experimented with gas-filled valves which provided
large currents with only a small voltage drop within the tube but,
with the exception of argon, the emission ofthese tubes soon fell due
to souring of the cathode from ionized molecules. BTH used such
a tube in their ‘Tungar-Rectificr’ battery chargers. These had a
bright purple glow when the voltage across the valve exceeded
11*3 V. A wide range of these tubes was made, having outputs of
7*5 V to 100 V at 5 A, but they were never popular owing to their
short life. A tube cost £4 and was worn out after fifty charges so
each batch of accumulators cost Is 6d. A machine, though costing
more, ran indefinitely with little attention.
Valves were also used to provide h.t. supplies. As early as 1919
Vallette had used an old triode valve to rectify the mains. A small
condenser gave sufficient smoothing for the h.t. of an r.f. amplifier,
but a larger amount of smoothing was required for an a.f. amplifier.
Receiver tubes were, of course, never intended for such uses and
they soon burnt out, but special valves were now introduced with
two anodes for full-wave rectification; the Marconi-Osram U5
gave an output of 45mA at 150 V.
In 1919 Bartelemy had tried to heat the filaments of a receiver
from a.c. but, while this could be used for r.f. valves, attempts to
heat the detector or the a.f. amplifier valves from a.c. gave a hum
which completely drowned the music. This hum was traced to a
varying emission from the ends of the filament and a valve was
produced with a centre-tapped filament. Equally good results were
obtained with a potentiometer across the filament supply and with
its centre-tap taken to the h.t. negative. This ‘humdinger’ enabled
the filaments ofthe amplifier to be heated from a.c., but the heating
ofthe detector valve filament still remained obstinate, for the valve
went in and out of oscillation as the filament temperature varied.
Many special valves were tried to remove this effect but without
success.
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Multiple Valves
Von Ardcnne pointed out that while the last valve had to pro
vide power, all the other valves had only to amplify die voltage
of the signal. This could be done with valves having a high ampli
fication factor and a low anode current, and resistance/capacitycoupled to prevent the distortion inherent in the iron core of a
transformer. He also showed that the amplification of the RCC
stage could be increased considerably by increasing the resistance
of both anode and grid circuits. The grid resistor had always been
made low (100 k£2) to prevent a charge building up on the
coupling condenser, an effect which was common before the use of
grid bias, but it was now shown that, for the signal, this resistance
was in parallel with that in the anode circuit and so it reduced the
stage gain. Von Ardennc and Heinert showed that grid resistors
of 5-15 MO could be used.
Practical difficulties arose in making such resistors; they were too
high in value to be wire-wound, and indian-ink or carbon-track
resistors produced fizzy noises as their values changed with the
temperature or the changing voltage across them. Loewe over
came this trouble by mounting resistances inside an evacuated glasstube.
The low value of grid resistance had required a large coupling
capacity to avoid low-note loss, but with these very high resistances
a small capacity could be used. This advantage was offset by a loss
of high notes, due to the capacity of the wiring and the Miller
effect. To reduce the wiring capacity Loewe mounted two valves,
their coupling resistances and the small capacity into a single
bulb. This double valve gave an amplification of 700 times at
frequencies from the very low to well above audibility. Loewe and
von Ardcnne then made other multiple valves (Fig. 1.16) one of
which incorporated a double-grid valve and amplified from the
low audio frequencies well into the radio-frequency range; it even
gave a small gain at a frequency of 1 Mc/s.
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At the Berlin Fair in 1926 two such valves were shown: the
2HF for radio frequencies and the 3NF for detector and lowfrequency amplification. An aerial tuned circuit was connected to
the 2HF tube and the output of this was taken, via coupled coils, to
the 3NF tube. Neutralizing, or reaction, was used between the two
sets of coils to increase the stability, or the gain, according to the
wavelength used.
But the British trade press strongly condemned these multiple
valves and so they were not much used. Pressure from the com
ponent manufacturers may have been partly responsible, but the
main argument was that when one filament failed the whole
assembly had to be discarded. Against this, it was pointed out that
the multiple-tube cost only 17s 6d., and one triodc cost 12s 6d.
Perhaps the truth was that these tubes were before their time.
Von Ardenne also used the four-electrode tube with the inner
grid connected to the tuned circuit and the outer grid connected to
-f 25 V. This tube not only had a high amplification factor but its
outer grid had a screening effect which reduced the Miller effect
and allowed the tube to be used at even higher frequencies.
The Screened-Grid Valve
The neutralized r.f. stage was not easy to manufacture and, even
with an anode-bend detector, it was not sufficiently selective for
listening to foreign stations when near a high-powered station.
Even with rejector circuits the local station could be picked up in
the coils, and astatic or toroidally wound coils, often in copper
boxes, were required to prevent this breakthrough.
In America, where multi-valve receivers were common, boxesin-boxes were used for screening and only the anode-grid capacity
of the valve, which could not be screened, was left to provide
unwanted feedback. The screening effect of the bi-grille valve led
Hull of the American GEC to use a second grid with a very fine
mesh. This reduced the anode-grid capacity Cag to about one35

thousandth of that for the normal triode. In order to maintain this
low capacity the first grid was brought out of the tube to a terminal
on the top. (Fig. 1.17)
When this four-electrode valve was used with + 60 V on the
outer grid it was found that its operation was very different from
Coil holds filament taut

<=4

Screening grid

Anode

Grid

Fig. 1.17 Hull’s screened
grid valve

that of a triode; the anode current depended on the voltages of the
two grids and changed very little with the anode voltage, so that a
very high amplification could be obtained.
The valve had a phenomenal amplification when it was used
in an r.f. amplifier. When the valve stages were stacked one below
the other so that the base ofone valve was adjacent to the top grid of
the next, and a sheet ofmetal separated the stages. A gain of200 per
stage was obtained at all frequencies from below 50 c/s upwards.
Even at 1 Mc/s the gain was forty per stage.
Round, in Britain, produced a similar valve, Marconi-Osram
type S625 (Fig. 1.18), which differed from the Hull valve in that the
signal grid and filament were brought out at one end andthe an ode
and screening-grid at the other. This valve had a Cag ofonly 0* 1 h/jl F
36

Fig. 118 Round screcned-grid valve (Marconi-Osram S625)

and when operated with +60 V on the screening-grid and 120 V
at the anode, it had an amplification factor of 70. Another advantage
ofthe valve was that its ra was 125 k£2, and the optimum transformer
ratio was unity. An untapped tuned-anode circuit could be used
as an alternative, making the manufacture of the r.f. stage much
simpler.
Within two years, valves with an anode-grid capacity of only
0-02 fi/iF, giving a stage gain of 55 at frequencies of 1 Mc/s,
were produced. The Mazda S215 valve was even better with a
capacity of 0-005 nfxF and a gain of 150 on the broadcast wave
lengths. Even a poor coil (Rd = 60 k£l) gave a gain of 60 per stage
with no complications other than a sheet of metal between the
r.f. stage and the rest of the receiver.

Fig. 1.19 Marconiplwnc Model 61 receiver, showing S625 screened grid valves
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CHAPTER 2

The British
Broadcasting Corporation
Take-over from the British Broadcasting Company
The year 1926 was a milestone for the BBC. The two years which
elapsed following the Sykes Committee, during which the
Company had become decommcrcializcd, had provided a stable
foundation for a permanent broadcasting undertaking operating
as a public utility company. During this time, and before the
licence expired in 1926, the Company was investigated by yet
another committee under Lord Crawford. The committee recog
nized the enormous political power of broadcasting, and recom
mended that the service should be a public corporation with
trustees acting in the national interest. This political influence was
forcibly demonstrated during the General Strike, in 1926, when
the BBC* was the only news source for the general public; the
number of listeners increased to two million during this strike.
This influence was a large factor in the Government accepting the
recommendations of the Crawford Committee to divorce
broadcasting from all political activity, but, in order to allow a
* In general, the initials BBC will refer to the British Broadcasting Corpora
tion.
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certain amount of controversial matter to be broadcast, it decided
that the corporation should hold its licence under a Royal Charter.
The first chairman was Lord Clarendon, with Lord Gainsford as
vice-chairman and Mr Reith as the chiefexecutive officer. The rest
of the staff retained their positions and the change-over took place
with no interruption of the service.
The Postmaster-General remained the licensing authority,
collecting the 10s fee and having power to prosecute people who
operated receivers without a licence. A sum of £625 000 was
allocated to the Corporation but £225 000 of this was for liquidat
ing the Company and discharging other liabilities. This left
£400 000 for programmes and station maintenance, a totally
inadequate sum, for the Corporation was faced with all the difficul
ties of the old company plus a few others which were peculiar to a
government body as distinct from a commercial undertaking. As
before, there were large demands coupled with a lack of funds.
Artists were demanding higher salaries, authors demanded both
royalties and performing rights, listeners demanded a choice of
better programmes, and the engineers required stations to be
rebuilt. There was also a demand from the public for a broadcast
station on the short waves such as those already in operation in
America, Holland and other countries.
Almost every station required rebuilding. Most of them were the
original installations which had been continually modified and
patched up to keep them running until the company expired. It was
a question of which to rebuild first, but this decision was deferred
until the Geneva Conference, which revealed the limited number
of wavelengths, the growing power of the stations in Europe, and
the necessity of having a smaller number of more highly powered
stations. Now it was a problem of which stations should be given
higher power rather than which needed to be rebuilt.
Discussion of this problem advanced the obvious objections to
siting such a station in the centre of a large town, where many
listeners also wished to receive foreign stations. All rebuilding was
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therefore stopped while sites for new stations were considered.
But this could not be considered in isolation since it was bound up
with the question of the choice ofprogrammes. Each station had to
have different programmes and these needed to be varied; a
programme simultaneously broadcast to all stations no longer
satisfied the public.
One suggestion was to have ten stations spread around the
country with each transmitter sending out a different type of
programme. One always broadcasting music, another talks, a
third light entertainment, etc. But this was not acceptable. Any
station at a distance of more than 100 miles was subject to fading,
and so the listeners in any town would have only one station which
gave signals without distortion. Another suggestion was to have
five pairs of stations with the stations of each pair having contrast
ing programmes. This had the advantage that two programmes
would cover the country, but against that there would be large
parts of the country which would never be within the distortionless
range of any pair of transmitters.
Fig. 2A

Typical Marconi broadcast transmitter

Although the long-wave station, 5XX, was a success, no one
actually knew the range of a high-power station operating on the
medium wavelengths. Some idea of this was obtained when the
BBC ordered a transmitter from the Marconi Co. This transmitter,
5GB, which was built at Chelmsford, Essex, had the large power of
30 kW.
Water-Cooled Valves
The general demand for high-power broadcast transmitters had
called for much experimental work. It was not only valves which
had to be designed to operate at high power; the circuits and the
methods of operation had to be re-examined to improve the
electrical performance. When stations had a power of only 1 k W,
the costs of electrical power and maintenance repairs were neg
ligible compared with the cost of the programmes, but when the
aerial power began to exceed 25 kW, the cost of running a station
was no longer negligible.
The early high-powered valve transmitters had been troubled
by flash-over. Large valves were always run with their anodes
red-hot and occluded gases liberated from the electrodes reduced
the vacuum. A gas-discharge could start at any time and this not
only melted the electrodes but also short-circuited the h.t. supply
and could burn out the generator. A rectified a.c. supply had the
advantage that an overload current caused a large voltage drop
across the rectifier and stopped the discharge, but against this
was the low efficiency of the diode rectifier. Electrical engineers
always preferred machines which they understood, even though
d.c. machines for 10 kV or more could be very difficult, and
dangerous, to maintain.
For large outputs, when valves were used in parallel, even the
rectified supply was no safeguard. The current in one faulty valve
was seldom greater than the total current of all the valves in parallel
and fuses did not blow. An elaborate system of relays was necessary
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to isolate a faulty valve. This was turned to advantage, for the
relays could disconnect the faulty valve and connect up a stand-by
valve in its place whenever the anode current either fell below, or
rose above, a predetermined level.
As most engineers disliked returning faulty valves for repair,
Holwcck in France developed a valve which could be repaired at
the station. This valve could be taken apart with a spanner, have a
new electrode fitted, and then be re-evacuated in situ. The valve
stood on top of a Gaede rotary pump backed-off by an oil punp,
and these pumps had to be kept running all the time the valve was
in use. It also required an hour to evacuate the valve before the
transmitter could be operated. Such demountable valves could
be used only in large stations where the cost of the pumps was a
reasonable fraction of the total cost of the equipment.
A demountable valve with a power of 6*5 kW was used in the
Eiffel Tower transmitter as early as 1923, but within a year trouble
was encountered with the rubber rings used to make an airtight
joint. Improved valves were made with ground-glassjoints smeared
with a special grease, and with guard rings to prevent this grease
reaching the interior. But a separate water-cooling system was
required to prevent the guard rings becoming overheated. Valves
of 35 kW were made in this manner.
Another difficulty with large valves had been the sealing of the
leads which connected the electrodes to the glass envelope;
unequal expansion of the metal and glass caused cracking. Attempts
to produce a glass having the same expansion as copper, or a metal
alloy having the expansion coefficient of glass, were not very
successful. Housekeeper in the USA developed a technique in
which the metal had a thin knife-edge which was forced to expand
at the same rate as the glass.
There was also the problem ofcooling large valves and this led to
to the development of water-cooled valves in which the anode was
made a part of the envelope before being surrounded by a waterjacket to keep it cool, thus reducing the amount of expansion in
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the conductors and at the same time lowering the heat which had
to be transferred through the glass.
The Marconi cooled-anodc triodc (CAT1) valve used an alloy
of nickel and iron, with an expansion equal to that of glass. This
was plated with copper and turned to a knife edge to seal it into the
glass. Leads were required from the top of the glass to the grid and
filament. The valve stood 5 ft high, two-thirds of this being the
anode, and was 7-5 ft high when standing in its water-jacket. The
valve also had a small armjutting from its side which carried a small
triodc valve for measuring the degree of the vacuum in the valve.
A large number of these valves were used in the GPO ultra-longwave station, GBR, which was opened at Rugby in January 1926.
Despite the success of the beam station, GBR, operating on 16 kc/s
(18 740 m) and costing ^500000, was considered to be justified.
The beam stations could only transmit to the point to which the
aerial was aimed, and then only for certain hours of the day, but
GBR had a world-wide range at all hours of the day or night. The
transmitter had a master-oscillator unit, which provided a power of
600 W and was sufficient to drive three power-amplifier panels
in parallel. There were actually five panels, each containing eighteen
10 kW water-cooled valves operated from three d.c. motorgenerators giving 1500 kW at 18 000 V. The filament alternators
gave 20 000 VA at 415 V. The three panels gave 270 kW to the
aerial and approximately 40 kW of this was radiated.
The aerial system consisted of eleven spans each with 12 ft diam
eter cages. These were supported by twelve masts arranged in a
double U; the masts were 820 ft high and a quarter of a mile
apart (Fig. 2.2). The earthing comprised a system of copper wires
buried over an area greater than that of the masts. The site for
this station had been carefully chosen. It was flat, with no screening,
and had a substrata which could carry the weight of the masts.
Other considerations were sufficient water for cooling, good road
and rail facilities, a main telegraph route, and strategic considera
tions in the event of war.
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Fig. 2.2 Aerial at GBR,
16 he/s

The use of these valves had raised a new problem in the siting of
a station: water was required for cooling, and pumps had to circu
late 50 gal/min through the water-jacket. Even when a circulating
system (a 20 000 gallon cistern and a large radiator) was used, large
quantities of water were still required. Automatic protective
devices were also necessary to provide warning of pump failure.
Frequency Stability
The design of any transmitter was dominated by the necessity for
each station to keep to its allotted frequency, and the impossibility
of making an aerial completely rigid made the master-oscillator
power-amplifier type of circuit imperative. But such a transmitter
had its own troubles. The use of a master-oscillator reduced the
changes of frequency, but this oscillator had to be set up accurately
before the transmitter was operated. In the power amplifier stage
the problems were the same as diose for a receiver r.f. amplifier,
with the added complication of high power. Neutralizing was
fairly easy, for the amplifier operated only on the one frequency.
The equal inductances and capacities were not necessary and the
capacity could be made larger and more robust, an important factor
at high voltage. With no h.t. applied to the power amplifier valve,
a small current flowed in its anode circuit ifthe neutralizing capacity
45

was not correctly adjusted, and so this was always checked, and
reduced to zero, before the h.t. was applied.
Radio frequency measurements were still poor, each country
having its own standards which seldom agreed with those ofothers.
In 1925, comparisons between the American, English, and German
standards agreed to about 0-1 per cent.
Measurements of frequency were bound up with the measure
ment of time. Very low frequencies were counted for a definite
time measured with a stopwatch, and this could be regulated to
have an error or less than a second a month, or one part in 106.
Higher frequencies were less accurate. The frequency of the a.c.
mains supply in any district, and no two districts were at exactly
the same frequency, was measured with voltmeters connected
across a resistance and a condenser in series. These seldom had an
accuracy better than 0T per cent. Audio frequencies could be
measured in the same way but even the value of a resistance at a
high audio frequency could not be assumed to be the same as it was
for direct current and the values of inductance and capacity were
complicated by their resistance and leakage.
Audio frequencies were usually compared to a tuning fork, but
the best fork was only accurate to about one beat per second and
even then the fork could be of standard, or of concert, pitch and
both of these varied slightly in different countries; the timing fork
frequency also varied with temperature. Some measurements
were made by obtaining resonance in carefully calibrated induc
tances and capacities, but this frequency changed slightly with the
resistance of the circuit—forced or free oscillations—and also with
the temperature and pressure, and the accuracy was never better
than one part in 103.
Measurements at radio frequencies were even worse: the early
waveineters, using a coil and calibrated condenser with a lamp to
show resonance, had an accuracy of barely 1 per cent. Even when
the coil was soaked in wax to prevent movement of the turns, the
tuning could still change from hour to hour due to temperature.
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Fig. 2.3 (a) Early wavcmctcr; (If) Igranic absorption wavcmctcr

The most accurate measurements were made with the hetero
dyne wavemetcr, a single-valve auto-heterodyne receiver tuned
for zero beat in a pair of telephones, but even with this a change of
5 per cent in the supplies gave a change ofO-1 per cent of frequency,
and temperature could give larger changes. With special precau
tions, valves under-run and supplies metered, a stability of
two parts in 104 was obtained over the range 30 kc/s to 100 kc/s.
For higher frequencies harmonics had to be used, thus beats at 100,
90-9, and 83 kc/s gave a least common multiple at 1 Mc/s (300 m).
But 0-02 per cent was not good enough for a medium-wave
broadcast station, representing a change of200 c/s at 300 m.
The Post Office Rugby transmitter, although operating on a
very low radio frequency, had tuned circuits ofsuch high selectivity
that a very stable master-oscillator circuit was necessary. A circuit
devised by Ecclcs and Jordan was developed for this station. This
used a tuning-fork mounted between the coils of a valve oscillator,
with a small set-screw in the end of the fork to allow a small adjust
ment of its vibration frequency. With no refinement this tuningfork oscillator had a stability of 0-01 per cent, but by making the
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fork of elinvar, to reduce its expansion with temperature, the
frequency changes were reduced to about 8 parts/million. Even
greater stability could be obtained by putting the whole oscillator
into an oven in which the temperature was kept constant. At
GBR, the tuning-fork was adjusted to a frequency of2000 c/s and
this was doubled three times to give the transmission frequency of
16 kc/s.
A similar master oscillator was installed at 5XX, the BBC
long-wave station. Here the tuning-fork was amplified by a num
ber of stages which doubled and trebled to provide the station
frequency of200 kc/s. The highest harmonic that could be used in
this way was about the fifth, and the number of multiplier stages
became excessive if this type of circuit was to be used for mediumwave station.
Another method of obtaining harmonics was available in the
‘multivibrator* oscillator devised by Abraham and Block (Paris)
in 1917. This used two resistance/capacity-coupled valves with the
output ofthe second valve coupled back, also by resistance/capacity,
to the input valve. These two valves operated alternately, each
having a saturation current when the other was cut off, giving a
square wave at the anodes. The time of the on/off periods was set
by the values of the resistors and capacitors.
Although the stability of this multivibrator was very poor,
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Sullivan showed at the 1925 exhibition at the Physical Society that
it could be triggered into changeover by another oscillator, such as
the tuning-fork, which could be highly stable. The square-wave
output was so rich in harmonics that even the hundredth could be
selected, and by using two of these multivibrators—one selecting
the thirtieth harmonic and the other the fortieth of the first—
a tuning-fork operating on 1 kc/s could provide a highly stable
frequency of 1-2 Mc/s (250 m).
Modulation Methods
The need for high efficiency also caused a re-examination of the
methods of modulation. The received signal was shown to depend
just as much on the depth of modulation as on the power radiated.
The BBC had always used a low level of modulation but it was
pointed out that a 10 kW station modulated to 30 per cent gave
a signal which was no stronger than that from a 5 kW station
modulated to 60 per cent. The main disadvantage of a higher
depth of modulation was that a much closer watch was required to
ensure that a sudden change from pianissimo to fortissimo in an or
chestra, or a voice, did not overload the transmitter. But, by now,
the BBC had improved meters which allowed the measurement of
the peak audio signal, or the depth of modulation.
Most European broadcast transmitters used anode-choke
modulation. The modulator valve was shown to act as a normal a.f.
output stage, with the oscillator valve as the anode load, and the
load-line showed that the maximum swing of the triode valve was
only about 50 per cent of the h.t. voltage; so unless a transformer
was used, this was the highest percentage modulation that was
possible. Even then the load resistance was not optimum for the
modulator. In some transmitters a dropping resistance was used to
adjust the current in the oscillator valve to give the correct load.
This gave a greater depth of modulation, but power was lost in the
resistance so a matching transformer gave a greater efficiency.
49

However, this transformer had to carry both the oscillator and
modulator currents without saturating the iron and also to carry a
wide range of audio frequencies equally. The two anode currents
were made to flow in opposite directions to cancel the standing
magnetic field, but, even so, such high-power transformers were
not easy to design or build.
The majority of American stations used grid modulation.
They claimed that this did not require a modulation valve or
transformer, thus giving higher efficiency, but it was shown that in
order to obtain a low level of distortion, the oscillator, or the
power amplifier, had to be biased to the centre of its characteristic.
This meant that the valve was operated at halfpower, or two valves
were required in parallel to provide the same output power, making
the efficiency no greater.
A third method of modulation was developed to avoid the
costly transformer. This modulated the master-oscillator unit
while the power was low, and the modulated r.f. signal was then
amplified as in a receiver r.f. stage. But this method required the
power amplifier stage to be working in class A, i.c. with the valve
biased to the mid-point of its characteristic, and the overall
efficiency was only 50 per cent. A greater efficiency could be
achieved by operating the power amplifier stage in push-pull,
with the valves biased to the cut-off point, i.e. class B, when an
efficiency of 70 per cent was obtained with only a slight increase of
distortion.
Field Strength Measurement
The radiation efficiency of the aerial had also to be considered. This
was not only a question of radiating as much of the r.f. power as
possible; it also meant putting this power into the area where it was
most needed. Changes to the radiation pattern had been noted when
the 2LO transmitter had been moved from Marconi House to
Oxford Street. Many listeners had written to the BBC to report
50

better or worse signals after the move, and the reports from various
districts appeared to agree with each other.
The distribution of the radiation around an aerial had been
discussed by engineers before, but this was the first proof that the
pattern was not a circle around the mast, and could change with
the disposition or type of mast. One theory was that the eddy cur
rents in the new steel masts in Oxford Street could act to reduce the
energy in some directions, and another that the steel masts could
act in a similar manner to the reflecting wires in a beam aerial to
increase the signal in some directions and reduce it in others.
Whether masts should be of wood or steel had been debated
from the early days. Absorption by eddy currents had been argued
against the greater strength and reliability of the steel, but in prac
tice, no great advantage had ever been proved for either, and the
deciding factor had always been the cost and availability of the
materials. Typical aerials varied from the 714 ft wooden mast at
the Rome station, to the Hanover station, which had an 825 ft
steel tower insulated from earth by a large glass ball and socket,
with a similar joint at 510 ft.
Many theoretical calculations of the radiation from the Hertzian
dipole had been made using Maxwell’s equations. The L and T
aerials were regarded as half dipoles with the other half buried in
the ground. These calculations gave the signal strength at a distance
d as T88hl/hd, but the current / varied along the length of the wire,
from that measured at the aerial terminal to zero at the free end,
and this variation depended on the type and construction of the
aerial. In order to allow for this, each aerial was said to have an
effective height depending on the ratio of the top to the vertical
wire.
Shaughnessy had calculated the effective height of an insulated
mast, such as that at Hanover, to be 1-22 times that ofan uninsulated
one. But this left a chickcn-and-cgg problem: given the radiation,
one could calculate the effective height of an aerial, or vice versa.
In theory, the same formula was used to measure the strength of
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the signal at the receiving aerial: the field caused a current in the
aerial, depending on its effective height, and this produced a
voltage across a tuned circuit. The voltage could be measured, and
the current calculated. Then, with the effective height of the aerial
known, the field strength was given in terms of microvolts per
metre height of the wire.
The wavelength factor, which showed that long waves were
radiated better than short waves, could be said to agree with
practice for the direct ray, but it took no account of the Heaviside
layer, or the losses in telephone lines, wire fences, etc., which had
been shown to distort d/f signals. In all, these formulae were more
of academic interest than of practical use and, except for the very
long waves, very few measurements had been made. Even these
figures were markedly different from the calculated values.
As early as 1905-06, Duddcll had measured the small received
signals with a thermo-junction meter, and Tissot, using a bolo
meter, had given figures for the fall offield strength up to a distance
of 60 miles from the transmitter. In 1912, Austin and Cohen had
used a thermo-junction meter, and also a crystal detector with a
microammeter, to measure the signals. They compared these signals
with a buzzer of known intensity, producing a coefficient of
attenuation for signals over the sea up to a distance of 1000 miles.
Marconi and others had also tried to measure the signals from spark
transmitters but attempts to incorporate these into a formula were
additionally complicated by the decrement of aerials and tuned
circuits.
Amateurs had solved the problem by a scries of levels from
‘just audible’ to ‘telephones on the table’, but these varied with the
operator, and to some extent on whether he was praising or con
demning a transmitter or receiver.
The problem of radiation, and so of field strength measurement,
came within the purview of the National Physical Laboratory. The
only practical method of measurement was by comparison,
balancing the signal at a receiver against that from a small oscillator
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whose output could be measured. The advent of valve transmitters
with c.w. signals had made measurement easier, but there were
still too many variables with these small signals. Even the amplifica
tion of the receiver changed with the battery voltages, and tempera
ture could upset an initial calibration.
Brown and Gillct used field-strength measuring equipment in a
car to measure the distribution around a large city, and found wide
variations. Depending on the direction taken, equal signal strengths
could be found at 20 and 100 miles. Barfield used a radiogonio
meter and showed large variations at even closer ranges, signals
being better at the top of a hill and very weak when inside a wood
or near a gasometer. Smith-Rose and Barfield showed that all
vertical wires absorbed energy, but did not give an actual shadow
unless the conductor was large compared with the wavelength. On
the short waves, trees, metal drainpipes, roof gutters and even wet
brickwork could absorb energy.
These anomalies led the BBC to make their own tests (Figs. 2.5,
2.6) before they decided on the location of the new transmitters.
For these, the 5GB station was moved from Chelmsford to Daventry, adjacent to the 5XX long-wave station. 5GB was rebuilt with
10 kW watcrcoolcd valves, one operating at 8 kW as the master
oscillator and three for the power-amplifier stage. Low power
modulation was used with a 60 per cent depth of modulation.
A T aerial was installed between two masts 500 ft and 800 ft high,
the ground being 600 ft above sea level and 400 ft above the
surrounding countryside. An elaborate earthing system, covering
a radius of ioo ft was also installed. Initial tests with this aerial gave
good results in Birmingham but poor signals in other parts of the
country. However, a rearrangement of the aerial reversed the
results. It was suggested that this effect could be due to a shielding
effect of the 5XX masts, but the main lesson was that fieldstrength measurements were essential before the costs of erecting
any large aerial were incurred.
The difficulties surrounding a precise definition ofsignal strength
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Fig. 2.5 Field strength contours of 2LO for various distances up to
50 miles

were avoided by dividing all areas into four categories:
1.
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A wipe-out area in which the signal from the transmitter was so
strong that it was difficult to tune out the station to receive one
more distant. In this area the field strength exceeded 30/zV/m,
i.e. an aerial 33 ft high (10 m) gave a signal of 300 /*V to the
receiver.

MILLIVOLTS MET

FTUD STRENGTH 11.0

Fig. 2.6 Polar diagram of 5GD at 40 miles with new aerial

2. An A area in which the listener was sure of a good service and
distant station reception was also possible; field strength
10-30 juV/m.
3. A B area where an outdoor aerial was required to receive the
station with a crystal set: field strength 5-10/*V/m.
4. AC area which gave only an 80 per cent service from the local
station when using a crystal receiver: field strength
2-5-5 /*V/m.
Any high-powered station had to be located to avoid a wipe-out
area while providing A or B services in all highly populated
districts.
Lucerne Conference
The many problems surrounding the question of siting the trans
mitters led the BBC to defer all decisions again for a second
European Conference held in Lucerne. This conference, of course,
had no powers to close any station or change its wavelength, but
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it did agree in principle to the use of a smaller number of highpowered stations. The factors considered when allocating fre
quencies were the population, the number of languages spoken,
and the time for which the broadcast service had been established.
Fifteen channels were available in the long-wave band and eightysix channels were possible in the shorter band, and of these Great
Britain was given one long-wave and eight exclusive mediumwave channels with one other shared channel.
Eckcrsley, the BBC’s Chief Engineer, favoured the use of two
high-powered stations operating from the same site. As the single
long-wave channel was already used by the 5XX/5GB combina
tion, all the other high-powered stations had to be in the medium
waveband. In July 1926 a test was made of the operation of two
medium-wave transmitters near to each other and a transmitter at
Marconi House was operated at the same time as the 2LO station
in Oxford Street. Although the transmission frequencies of these
two transmitters were separated by 100 kc/s, it was found that
very few receivers were able to separate the two programmes. No
such trouble had been found with the 5XX and 5GB transmissions,
but these were spaced more widely. The two stations were also
14 miles away from Birmingham, the nearest large town.
The result of this test was to show that it was essential to erect a
dual transmitter at some distance outside a large town, and the
BBC built its first regional scheme transmitter at a site in Brookmans Park, 15 miles north of London.

Studio Techniques
The decision to install broadcasting stations outside all large towns
caused a large number of changes to the organization of the BBC.
Fortunately the worst problem, the transport of artistes to the
studios, had already been solved by the success of the simultaneous
broadcasting system since the studio could be sited in the middle
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ofthe theatre district and the programmes relayed to the transmitter
by the telephone line. The station’s staff, instead of beingjacks ofall
trades, engineers, announcers and even artistes during the children’s
hour, now became specialists of one sort or another. The selection
and arrangement of the programmes required men who knew
about public entertainment, and the increasing complexity of the
technical equipment required professionally qualified engineers to
operate and maintain it.
The separation of the transmitting station from the studio had
also caused a subdivision ofthe engineers. The transmitter engineers
who now controlled the r.f. and modulator stages, aerials and
generators, were more interested in high powers and voltages.
The studio engineer who controlled the microphones and ampli
fiers up to the point where the signal was put onto the line to the
transmitter were more interested in very small voltages, acoustics,
and studio controls, causing a rapid development of studios and
equipment, and operational techniques. As new studios were
designed, the effects of changes on both artist and listener were
studied, special attention being given to the effects of drapings to
the walls, floors and ceilings.
By 1926 the BBC had acquired several studios and all were in
constant use with tests, rehearsals, auditions, and broadcasting
taking place simultaneously. Each studio had its controls: switches
for the indicator lamps, the amplifiers, landlines, and volume
controls to ensure that the signal was large enough to overcome
line noises without causing crosstalk on adjacent telephone lines.
Improved tonal quality had been obtained by using two or more
microphones, with their outputs mixed to obtain the most pleasing
results. Some programmes required the use of more than one
studio, and the various microphones in these studios had to*bc
cucd-in as demanded by the script. The controls were usually
installed in an adjacent room, with a window so that the control
engineer and the announcer could keep in contact with the per
formers. Sometimes, a soundproof cabinet was installed inside the
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Fig. 2.7 Arrangement of studio

studio to allow a producer to contact both control room and
artistes during the performance.
Some control was taken away from the studio engineer and
given to an artistic, or musical, engineer. The volume control had
to be adjusted to ensure that a sudden change from pianissimo to
fortissimo did not harm the transmitter, but at the same time it had
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to be possible to transmit a crescendo. This was obtained by a slow
reduction of volume as the music approached the point when the
change occurred; a slow increase preceded a rapid diminuendo.
A knowledge of music was required for the best operation of such
a control. During rehearsals, also, the programme producer could
adjust the mixing controls to achieve a balance of sound to suit
some requirement; these settings had to be repeated, where
scripted, during the performance, and this could scarcely be done
properly by a technician.
Many types ofmicrophone were tried. Carbon buttons were used
in push-pull to improve the linearity with changes of pressure;
miniature reed head-set units were immersed in oil to remove
resonance. Thomas even experimented with a glow-discharge
between two points which were separated by a fraction of an inch
in air. This glow was affected by pressure waves and was almost
without inertia.
The favourite microphone was the Reisz transverse-current
carbon type which used a solid block of marble, cut away to give
two recessed portions between which were carbon granules held
in position by a thin rubber diaphragm. A current of about 40 mA
was required through the granules but this could be obtained from
the filament battery used for the amplifier. This type ofmicrophone
was used by outside-broadcast engineers for many years.
Western Electric invented an electrostatic (condenser) micro
phone. This had a thin alloy diaphragm spaced 1 mm from a solid
steel back to give a small capacity (500^F) which varied with the
sound waves. A high voltage was applied between the diaphragm
and the back, and the charging current varied with the capacity.
Voight made a similar microphone using aluminium foil 0*0005 in
thick, separated from the back plate by 1/32 in of air and using
thin silk strings to prevent a short-circuit of the polarizing supply.
A metal screen prevented stray capacity marring the results and the
microphone reproduced up to about 15 000 c/s.
Round and Sykes developed the magnetophone microphone
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Fig. 2.8 (a) Reisz marble-block
carbon microphone; (b) Electrostatic
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which was similar to a moving-coil loudspeaker unit. This micro
phone had a very high quality output and, because of its low
resistance, could be used with long leads to the amplifier. It was
first used for the operatic broadcast of The Magic Flute, the quality
ofwhich prompted congratulations to the BBC. The disadvantages
of the unit were that it was very delicate, a copper gauze being
required to prevent a sudden draught taking the coil out of the
magnet gap and there was the need for an accumulator to provide
a current of 4 A at 8 V to energize the magnet field. The output
from this microphone was very low and, in addition to the normal
amplifier, containing three RCC stages, an extra pre-amplifier
was required containing five RCC stages each carefully screened by
copper boxes and containing a choke to improve the microphone’s
characteristics. But this microphone was so good that the quality of
the transmissions showed up any faults in the characteristics of the
studio.
At first, draped studios had been used, the walls, floor and
ceiling being covered with absorbent material to reduce the echoes,
but artistes felt depressed in these ‘dead’ studios: a bathroom en
courages singing. Various methods of draping were tried but none
was correct for all programmes. An ordinary room with no special
fittings was suitable for a single artiste, but the sound ofan orchestra
was blurred by reflections from the walls of an empty room. The
effect of a number of microphones, each with its own controls,
was tried in rooms partly draped and partly panelled, but even this
was less pleasant than a broadcast from a hall having a certain
amount of reverberation. An ideal studio was the lounge of the
Grand Hotel, Eastbourne, but all attempts to reproduce this
atmosphere in a studio in Savoy Hill were unsuccessful.
The first investigator to put acoustics onto a practical basis was
Sabine at the end of the 19th century. He estimated that two people
conversing in a room heard 90 per cent of the sound by reflection
from the walls. In a large room these reflections arrived at different
times and they could add to, or subtract from, the direct sound.
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At different frequencies quite a small change in the position of a
microphone could alter die output, and this effect could not be
controlled by any form of tone control.
Sabine measured the reverberation time of many public rooms
and halls using a small organ pipe which was blown and stopped
just as a stop-watch was started to measure the time taken for the
sound to become inaudible. He showed there were two types of
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echo: the reflection echo, as in Covent Garden Opera House,
where the word ‘Ha’ was repeated from the roof about fifteen
times as ‘Ha, (ha), (ha) . . .’ and the reverberation echo which
caused a sound ‘Ha . . . ah’, dying away without any distinct
repetition. He showed that the time for this second type was
proportional to the volume of the room and to the amount of
sound absorbed by the walls, floor and ceiling. But Sabine’s
measurements, though of great value in the acoustic design of
buildings, gave insufficient data to design a studio, for changes of
damping to reduce the reflections could not change the reverbera
tion time. A large orchestra was shown to require a room with a
reverberation time of about 3 s, an octet 1*5 s, a solo singer 1 s, and
a speaker 0-75 s.
Various studio designs were tried at Savoy Hill. The studio in
which the magnetophone was developed was very dead, with a
reverberation time of only 0-25 s, but rooms with lightly built
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walls gave a ‘boom’ or ‘chink’ effect, depending on their size;
this could be reduced by draping. A special studio for talks was
given a 1 in thick layer of hair under the draping so as to absorb
the higher frequencies. This absorbed too much, however, and a
layer of wallpaper had to be applied to reduce the absorption.
This, in turn, gave a ‘chink’ effect and a compromise had to be
made by hanging pictures and tapestries on the walls.
For another studio an increase of space was obtained by
removing the ceiling to make two rooms into one. When un
decorated, the reverberation time of this room was 7 s, but then
the walls were covered with 0- 5 in of felt, the ceiling draped and the
floor laid with underfelt and a thick carpet. Ventilation was pro
vided by wooden ducts and an organ installed. The light tone
introduced by the felt was compensated by the wooden panels and
organ pipes, and, by drawing aside the ceiling drapery, the rever
beration time could be changed from 0*8 to 1*6 s.
Microphones had to be screened from extraneous sounds. In
normal conversation a loud piano nearby gave little interference
with the speech, for the eyes and ears adjusted to help each other,
but the faintest background to a radio broadcast produced com
plaints from all quarters.
Different acoustic effects could be obtained by using a number of
microphones. Two or three were commonly used to provide a
balanced sound when an orchestra was broadcasting. A broadcast
from York Minster produced a ‘dead-room’ effect when the micro
phone was near the speaker, but when it was 30 ft away, only a
confused jumble of sound was heard because of the echo. By
adjusting the volume from these two microphones intermediate
effects were obtained and it was even possible to simulate a speaker
moving away from the microphone.
Attempts were made to produce a similar effect in the studio.
As early as 1923, Round had positioned the artiste in a doorway so
that an echo was obtained from the corridor. Later he used a loud
speaker in the corridor but the artiste complained of a ‘barking’
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outside the studio. Then the loudspeaker and a separate microphone
were moved into an empty basement, and this produced a long
reverberation time which was about the same for all frequencies.
With this arrangement (Fig. 2.10) volume controls could be
adjusted to give any atmosphere, from a draped studio to a
cathedral.
The Gramophone Pick-up
The last, and perhaps the most important development in broad
cast techniques in 1926 was the introduction of the gramophone
pick-up. Before this time gramophone records had been used by
many stations throughout the world, but the microphone had to
be inserted into the horn, or placed on the end of the tone-arm after
the horn had been removed. In 1925, Round replaced the tone-box
with a device which provided an electrical output directly from the
disk, and which could be connected, via an amplifier, to the
modulator valves.
At this time all gramophone recordings were made on wax
disks which were rotated at a speed of78 rev/min. When recording,
the artists were grouped around a megaphone which concentrated
the sound onto the diaphragm connected to the cutting stylus.
Sound caused the stylus to cut a wavy line in the wax. The higher
frequency sounds gave a larger number ofwaves in a given distance,
and the louder sounds gave wider swings to the waves. The wax
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master-record so made was electroplated to give a negative
‘mother’ which further processes turned into a mould from which
the records were pressed. This time-honoured method of recording
had many disadvantages, the most important being the low power
which was available from the artistes’ voices to operate the cutting
stylus. The need for them to be grouped together around the
the megaphone was also very disturbing to temperamental
artistes.
At the reproducer, the needle was placed in the groove to follow
the swings of the waves and, acting as a lever, it moved the dia
phragm of the tone-box to cause air movements in the tone-arm
and the horn. All the power had to come from the record grooves
and to give enough power for the lever, the stylus had to press
heavily on the record. But the heavy tone-box had inertia and this
often caused the stylus to run into an adjacent groove.
The early radio receiver gave less sound output than the gramo
phone and its tone was no better. It did, however, have the advan
tage of not requiring to be wound up. Actually, this advantage
need not have existed, for as early as 1921 Hall had suggested the
use of a small electric motor to operate the turntable, but at that
time too few houses were connected to the electric mains to make
the suggestion profitable. Improvements in the radio receiver,
especially the use of power valves and better loudspeakers, had
enabled the volume and tone of the receiver to exceed that of the
gramophone. The radio receiver started to replace the use of
gramophone records for home entertainment.
In order to combat the fall in record sales, Mittel of The Gramo
phone Co. developed a cam-operated mechanism to couple the
gramophone to the wireless loudspeaker. This device was not
developed, because the research departments of all gramophone
companies were fully occupied with adapting the process of
electrical recording, so that broadcast studio techniques could be
used instead of the megaphone arrangement. This electrical re
cording offered many advantages: the close grouping of artistes
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was no longer necessary, large orchestras could be recorded, the
microphone voltage could be amplified to give more power to the
recording stylus, and this could be conducted to a distant room
where the cutting of the record could be carried out under better
conditions of temperature and cleanliness. A meter could also be
connected across the output of the amplifier to ensure that the
volume was neither too small, disappearing into the needle scratch,
nor too loud so that the cutter broke into the next groove. The
first electrically reproduced records were produced by The Gramo
phone Co. in 1925.
The gramophone reproducer was also improved by using an
analogy of the mechanical system to provide an electrical equi
valent which was investigated by filter theory. This gave an
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enormous improvement in the tonal quality. Then Round’s
pick-up came as a bombshell to the industry.
The first pick-ups, made for Round by Woodruffe, used a reed
unit, as for a loudspeaker, operating in reverse. The reed, which
carried the needle, was pivoted between the poles of a magnet
and the sideways movement of the needle changed the magnetic
flux in the coils to produce a voltage. As the needle no longer
had to provide power to the diaphragm, it did not need to press so
heavily on the record. This, in turn, reduced the record wear and
the noise from needle scratch. At the same time only two thin
wires were required from the pick-up to the amplifier, so that
the lid of the gramophone could be kept closed, giving a further
reduction of scratching noises. The gramophone pick-up was
rapidly incorporated into the equipment used by broadcasting
stations all over the world.
Short-wave Broadcasting
Demands for short-wave broadcasts to the dominions had been
continuous, but the BBC had no licence to erect stations to trans
mit outside the British Isles. Even if it had a licence, it is doubtful if
the BBC could have erected short-wave stations while the regional
scheme of high-power stations, and alternative programmes, was
straining its finances: ‘Reliable-reception’ was the watchword at
Savoy Hill, and the BBC repeatedly pointed out that fading would
prevent any station being heard continuously in all parts of the
Empire. The standard excuse was that the BBC could not attempt
short-wave broadcasts until such a time as the problem of fading
had been overcome.
America, with no long-wave broadcasting, had all its stations
crowded into the same medium waveband as that used in Europe.
While there was a larger number of stations, the wavelengths and
the times of operating were allocated by the Federal Commission,
and so jamming was more easily controlled. Broadcasting had by
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now become consolidated and a National Broadcasting Co. (NBC)
had been formed to relay programmes over the country. At first,
the NBC had owned only one station, WEAF (New York), which
was formerly owned by American Telephone and Telegraph Co.
but it also managed WJZ for RCA and these two stations formed
the basis of two networks, red and blue, which were linked to other
stations to broadcast the programmes sponsored by advertisers.
The NBC was not a monopoly, like the BBC, for at this time
there were 94 stations operated by schools and colleges, 73 stations
owned by radio and electrical stores, 44 church stations and 37
stations owned by publishers. To ensure that there was no monop
oly, the Federal Commission restricted simultaneous broadcasting
to a maximum of one hour per day for stations over 5 kW, unless
they were more than 300 miles apart or operating on the same
wavelength.
The smaller stations broadcast their own programmes, using
lower-priced entertainers, but their advertisers could buy, or sell,
time to and from the NBC networks. Copyright fees had been
agreed with the artistes’ union, the basis being the power of the
station(s) taking the network, and ranging from 2 cents per item for
stations of under 100 W to 60 cents per item for powers over 5 kW.
The network also operated short-wave stations for advertising
to foreign countries. Station WJZ was re-broadcast via W2XAR
on 100 m, and station WGY was relayed by 2XAK on 100 m, and
2XAF on 41-8 m.
Meanwhile, all parts of the Dutch Empire and many parts of the
British Empire were reporting good signals from station PCJJ,
operated by the Philips Co. This produced a cartoon in Wireless
World (Fig. 2.12) depicting the Dutch transmitter with a broom at
the aerial mast, after the manner of their famous admiral, von
Tromp. It also led to greatly increased agitation for a British short
wave station to broadcast to the Empire. As a compromise,
permission was granted to a well-known amateur, Mr G. Marcuse
(G2NM), to transmit a two-hour programme each day, except
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Fig. 2.12 The famous Wireless World Cartoon. Til 1652 Admiral Tromp, the
courageous Dutch commander, defeated the British feet under Admiral Blake at Dover,
and, according to tradition, sailed up the Channel with a broom hoisted to his masthead
to denote that he had “swept the seas". In 1927 the Dutch station of the Philips Company
at Eindhoven “sweeps the ether” on short waves and again scores offBritain, but this time
in the friendliest spirit of rivalry.’

!

Sundays (Fig. 2.13). Marcuse continued to operate his station until
November 1927, when, after further public demands, station
5SW was opened at Chelmsford.
Station 5SW, which operated on 24 m, was a mixture of stan
dard and experimental equipment. The master oscillator, totally
enclosed in a metal box to prevent feedback, drove two panels from
a beam station—each of which contained two 10 kW oil-cooled
(instead of water-cooled) valves. The sub-modulator used air
cooled valves and operated three main modulator panels each
having two 7-5 kW valves in parallel. The r.f. power was taken from
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Fig. 2.13 Mr. Gerald Marcuse transmitting to the Empire

this transmitter via a copper tube with balanced circuits to a
Franklin aerial of five half-wave aerials in series, suspended from
two 450-ft masts. Not to be outdone, the PCJJ station was also
completely redesigned, with an output stage containing two 20 k W
valves, the increased power being expected to give world-wide
coverage.
Short-Wave Fading
As amateur, broadcasting and commercial stations were now being
operated on wavelengths below 100 m, the fading of signals had
become very important. This was investigated in many parts of
the world to achieve 24 h/day communication as a commercial
proposition. During daylight only stations up to 500 miles
from a transmitter were heard, while at night only stations less than
50 miles, or more than 2000 miles, away were heard. There was
70

severe fading around sunset and stations in the skip distance,
between 50 and 500 miles away, disappeared abruptly a short time
after sunset.
There was also short-period fading. On these wavelengths the
variations of signal strength were much greater than those on the
lower broadcast wavelengths. On 200 m the signal strength rose
and fell at about half-hourly intervals. On the short waves this
fading occurred every two or three minutes, with variations from
very strong to quite inaudible.
The need to repeat each word twice, and perhaps another twice
after a request for repetition, made these wavelengths uneconomic
for commercial use. The Bell Laboratories and A.T. & T. made a
thorough examination of these vagaries and sent observers to many
parts ofthe world to measure the signal strengths at hourly intervals.
This resulted in some 6000 records on wavelengths from 111 m
down to 16*5 m (2-7—18-0 Mc/s). These were made into a threedimensional model which showed the way the signals varied during
the day for various wavelengths. At 300 miles, a signal on 111 m
was received for only part of the day, but at 500 m it was received
only at night. On 66 m the signals were strong at night and for
some of the day but they faded out around midnight; on 45 m the
fade at midnight lasted longer but the maximum noon distance
was 700 m. On 33 m there was no short-distance communication
but the maximum distance at night was greater. Then, on 15 m,
signals were once more possible for a few daylight hours but the
skip distance was much greater. This model demonstrated that it
was impossible for any two stations to communicate throughout
24 hours on any one wavelength but that by using two wavelengths,
suited to the time of day, such communication was almost certain.
The relatively low cost ofthe short-wave transmitter made duplica
tion, or even triplication, of the transmitter and aerial an economic
proposition, and when this was added to the possibility of high
speed transmission, even without beam aerials, the short-wave
station became much cheaper than a submarine cable.
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Washington Convention, 1927
By 1927, a large number of high-powered stations were trans
mitting on all wavelengths and many of these were on wavelengths
assigned to smaller stations which they had replaced, either legiti
mately or by ejection. As each station pushed out was quickly
rebuilt with higher power, and then tried to push its way back,
chaos was rife. Not only was broadcasting in trouble, all forms of
communication were suffering from jamming. O11 the short
waves, because power was not so important and a low-power sta
tion could interfere with another station thousands of miles away,
all commercial transmitters were kept operating for 24h/day,
sending out their call signs or Vs to prevent someone else settling
on their wavelength.
Only new commercial transmitters showed technical advances,
for the large capital outlay did not even permit the equipment to be
modified to keep up with the technique. Every endeavour was
made to keep the old stations operational and, much to the annoy
ance of the broadcast listeners nearby, many 50 kW arc trans
mitters were still working. Valve transmitters were only installed
for operating on the shorter wavelengths and each new station
tended to be greatly in advance of the last.
Receivers for point-to-point stations were more up-to-date for
these were usually built with units mounted in racks. A unit could
be replaced, at not too great a cost, whenever an improved version
was developed. A typical Marconi receiver was housed in a rack
6 ft high and 26 in wide and consisted of two r.f. tuner units, cover
ing wavelengths 30 000 m to 6OOO111 and 10 000 m to 2500 m;
three stages of tuned, neutralized, r.f. amplification and an anodebend detector; three a.f. stages with 4-notc filters, a heterodyne
oscillator unit and a power supply unit.
Almost all signals were recorded on paper tape, which could be
referred to at a later date, but the recorders varied from the old
siphon recorder to the Creed automatic relay recorder or the high73

speed undulator. The speed of die older recorders was limited by
the inertia of the moving parts, but the high-speed relay also had a
limit due to the speed with which the electromagnets could be
energized. The inductance of the coil slowed the rise of the current
and to give greater speed, or an increase of definition, the resistance
of die circuit had to be increased, or the relays had to operate at a
lower current. A high-speed relay made by Carpenter operated
with a current of0*2 mA. Its armature and magnet system was like
a balanced-armature loudspeaker unit with the rocker arm carrying
a light contact moving from side to side. This was normally used
to operate a larger relay which could carry a larger current.
Anson improved the definition by connecting a neon lamp in
scries with the relay. In the absence of a signal only a small current
was passed, and most of the supply voltage was dropped across the
lamp. The signal increased die current but this gave no change to
the voltage across the lamp, so there was a large change ofvoltage
across the relay.
The equipment in ships was also a mixture of obsolete and
up-to-date apparatus. Again, the equipment was expected to last
for die life of the ship, so that most ships still had spark transmitters,
of the rotary-gap or quenchcd-gap type, and induction-coil
transmitters were still installed in lifeboats. The largest liners had
1*5 kW valve transmitters, but these were often combined with
two-valve receivers.
The international regulations governing wireless telegraphic
communications had been formulated by a convention in 1912
when ships’ and ship-to-shore communications were the only ones
to be considered. Now the diversity of communications had made
new regulations essential. A convention was called in Washington
in 1927, to deal with ships, point-to-point, broadcasting, the
fighting Services, amateurs and all other users of radio. In fact, all
wavelengths from 30 000 m down to 5 ■ m had to be divided
between the rival claimants, preferably without scrapping large
quantities of equipment already in use.
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Strangely enough the Convention tended to become a battle
ground between the different forms of user, rather than between
nations, each form of service joining together, internationally, and
against fellow countrymen, to retain and expand the range of
wavelengths used by its type of communication. Naturally, within
any nation, the fighting Services had priority, and the point-topoint services had second place, but broadcasting was a good third
and the other services followed on. The Cinderella was, of course,
the amateur, whose complete suppression was advocated by many
countries, and he was only saved by the work of the ARRL, helped
to some slight extent by the RSGB. The wavelengths of the
American amateur were reduced to those enjoyed by the British
amateur, but this was a considerable gain for the majority of
amateurs in Europe.
The position of the European broadcasting authorities remained
that agreed under the Lucerne Plan, but even though this Plan
had only just been drawn up, it was already in difficulties due to the
number of stations which had increased their power. Actually,
this Plan was abandoned in January 1929 in favour of one drawn
up in Brussels.
To reduce interference with broadcasting, the Washington
Convention took the 300 and 450 metre wavelengths away from
shipping, but these wavelengths were permitted when the ships
were well away from the coast. At the same time all ships, except
the very small ones, had to use c.w. or i.e.w. transmitters and spark
transmissions were forbidden after 1929.
Auto-alarms had been introduced into many ships. These
enabled ships to dispense with one of their operators, or the
‘watcher’. The auto-alarm operated a bell when a signal of three
3-second dashes, spaced one second apart, was received. Twelve
such dashes and spaces were always sent out before an SOS signal.
In the Marconi unit three relays operated against dash-pots which
automatically reset themselves if the dashes, or the spaces, were of
an incorrect length.
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By 1928 about 17 per cent of British ships had been fitted with
direction-finding equipment and d/f stations on shore had been
linked together to provide a fix. Of some 8000 bearings taken, the
majority were accurate to within 2° and few had errors greater
than 4°. There were also six radio beacons to provide bearings to
ships entering harbours, and wireless was used to control fog
signals in untended lighthouses. Some stations transmitted sub
marine signals as well as radio signals, and the distance to the
transmitter could be calculated from the difference in the times of
reception of the radio and water signals.
Some trawlers were fitted with radiotelephones which were
valuable for informing the skippers about the state of the market—
whether to go home half-full when prices were high, or stay at
sea if prices were low. The r/t could be operated by the captain,
or one of the crew, and no extra hand was required. It was also
used to gather a fishing fleet to a position where fish were being
caught.
Radiotelephony was also becoming more common in aircraft,
mainly to announce the expected time of arrival and so obtain
priority landing clearance. The Traffic Manager at Croydon Air
port had a map to mark the position of each reporting aircraft.
Adcock aerials, consisting of four vertical aerials, with no top
connections and with their lead-ins buried, were used to remove
d/f errors from signals. Three of these stations were also combined
to give a quick fix to an aircraft.
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CHAPTER 3

Compromise in Design
The Need for Compromise
Between 1926 and 1928 the radio receiver underwent another
change as mass production took over from the small assembly
shops. Manufacturers had already separated themselves into
component and receiver manufacturers and the rapid developments
in components had caused even further specialization. ‘Josiah Wedg
wood did not make knives and forks’ was a well-known advertise
ment. The result of this specialization was apparent in improved
components: coils, variable condensers, cpicyclic and geared
drives, tuning scales calibrated in wavelengths, switches for
changing wavebands, transformers, valves and loudspeakers. New
units appeared, such as that containing two resistors, a couplingcapacity, and a valve-holder for the RCC stage.
The change to receivers was even greater. Mass production and
the screcncd-grid valve (which needed a metal screen), caused the
designers to turn to the use of the metal chassis instead of a wooden
baseboard. This caused the screens to be designed as part of the
chassis, instead of being added at the last minute to make the
receiver stable. These screens often controlled the positioning of
other components, or even the layout of the whole chassis.
Receivers were no longer designed as separate stages. Thought
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was now given to the overall design, taking into consideration the
limitations of each section, so that money was not wasted on mak
ing one stage much better than the others. Compromise was also
required between the conflicting requirements. High selectivity
required a large number of tuned circuits and conflicted with the
requirements of high quality and easy operation; sensitivity and
large volume required more valves, which increased both the
initial cost and also the running costs.
The design of a receiver had to have its beginnings with a
decision on its cost, or the market in which the receiver was to
be sold. Cost raised the question of power supples and the output
stage. This was merely a compromise between ideals and the
customer’s pocket. In districts with no mains supplies, batteries
had to be used and a limit of 10 mA at 120 V ruled out both high
powers and the highest quality, but the cost could be lowered. In
districts with mains supplies, a wider range of choice was possible.
If money was no object, a moving-coil loudspeaker could be used
with two LS5A valves working in push-pull from 400 V h.t.: for
a lower cost a cone loudspeaker was operated from a super-power
valve with 150 to 200 V h.t. from a battery eliminator.
These major decisions automatically fixed many other factors.
The very low notes demanded with high power and expensive
loudspeakers were not required with the smaller cone units, for
they could not be reproduced, so the loudspeaker fixed the
performance required from the a.f. stages. The inter-valve coup
ling, RC or transformer, was a matter of personal choice, for the
RC stage gave nearly the same overall gain as a lower fx value with
a transformer. Resistance coupling gave better bass notes and was
always used in the more expensive models but few receivers used
choke coupling.
By this time it was possible to calculate the overall gain of an
a.f. amplifier before it was built, and r.f. amplifiers also gave
the approximate gain and selectivity for which they were designed.
The scrccncd-grid valve was preferred by all manufacturers, for
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the simpler circuit and the absence of neutralizing made massproduction easier. By accepting only a part of the full gain, the
coils could be smaller and cheaper, and required less screening while
still giving a better performance than the triode. The British
screened-grid valve had a standard 4-pin base with the anode
brought out at the top of the bulb and the screened grid at the
base. Theoretically, a stage gain of 250 was possible, but gains of
60 were found to be adequate for most receivers and where more
was required, two stages were often used, with gains of about
thirty per stage, and these gave no trouble in production.
The unknown stage was the detector. Many attempts had been
made to analyse this stage but the numerous factors, including
reaction, which entered into its operation had made that almost
impossible. Near to the local station a crystal receiver was cheap
and gave good results but, despite the BBC, the demand for crystal
receivers was now small. Diode detectors were also seldom used, for
the quality was no better than the anode-bend detector and there
was no amplification. Most receivers used either the lcaky-grid or
the anode-bend detector and their relative merits were still a source
of fierce argument. The grid detector was known to introduce dis
tortion in the condenser and leak, but the anode detector had a
similar combination in its anode circuit. The grid detector also
threw a load on the tuned circuit, reducing its selectivity, but this
could be compensated for by reaction, and no reaction was possible
with the anode-bend detector. Practical figures given by Sowcrby
and others showed that the grid detector was more sensitive for
weak signals but could be overloaded by large ones.
The theory of operation of the grid detector had been confused
by much loose thinking about cumulative action at the grid
condenser. Colcbrook, using c.w. techniques instead of wavetrains, showed that the grid functioned as a diode detector with the
grid leak acting as the diode load, and the condenser both smooth
ing the output and by-passing the r.f. signal.
Enthusiasts requiring a high quality, however, still demanded
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anode-bend detection even though small signals only operated
around the curved portion of the valve curve, and an r.f. stage was
necessary to ensure a large enough signal. But if the gain was too
great, the signal could cause grid current, and so it was necessary to
adjust the signal to be just large enough to fill the grid base. A
potentiometer was often used across the tuned circuit to ensure
that the unmodulated rectified current gave about half the full
anode current; a milliammeter was sometimes added to check the
carrier amplitude. The potentiometer also lowered the selectivity.
Within these different choices was a wide range of techniques
from which the designer could make his selection, and even when
the circuits of two receivers appeared to be the same, the results, and
the price, could be very different.
At about this time an attack was also made on the number of
knobs. The amateur loved knobs: his receiver was likely to have
each r.f. stage tuned in both primary and secondary, a filament
rheostat for each valve, neutralizing, reaction and coupling concontrols. The bewildered public, who never fully acquired the
art of turning two knobs at the same time, merely wanted an on/off
switch, a knob to select stations, and perhaps a control for sound
volume.
As early as 1923, Courscy had suggested putting the aerial and
anode condensers on the same shaft, but attempts to ‘gang’ con
densers in this way had never been successful, for the two tuners
would not remain in step over the waveband. A compromise
solution was to mount the two condensers back-to-back so that
their knobs projected together through the panel; these were
operated together for rough tuning and separately for fine tuning.
To keep the tuners in step, all coils had to have equal inductance
and the condensers had to be matched throughout their rotation.
Mass-produced coils were similar to each other, but the stray
capacity of the wiring, which added to the capacity of the variable
condensers, could only be equalized by offsetting one of the con
densers. This altered the law over the whole of its rotation so that
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the two no longer matched. One solution to this problem was to
shape the vanes on a logarithmic law: log A = constant -f 0*5 logL
+ 0-5 log C. Then the initial setting of the vanes did not matter,
for the same angular rotation of both knobs produced the same
change of wavelength.
The control of volume also raised problems. In early receivers,
volume had always been controlled by the adjustment of the
reaction. This method was almost ideal, for with weak signals an
increase of reaction also gave increased selectivity which helped
to remove interference; with a strong signal, the loss of selectivity
was unimportant. In receivers with no reaction, or where the
reaction was fixed, the easiest method of reducing the volume
was to tune off the station, but this gave both distortion and
interference from an adjacent station.
A better method, and one which became quite common, was to
dim the filament of the r.f. valve, but this could not be used with
the anode-bend detector where a large signal to be rectified was
essential. A potentiometer across the tuned circuit could not be
used for the same reason, and any reduction of volume had to take
place after the anode of the detector. The filament of an a.f. stage
could not be dimmed, for this reduced the straight part of die valve
just when the large grid signal had to be accepted.
The output of the anode-bend detector was usually sufficient to
feed the last valve without further amplification, and this valve
was normally RC coupled to the last stage. Varying, or switching,
the anode resistance was tried but this changed the loading of the
detector valve and the degree ofcontrol was not sufficient. Switch
ing the tappings of a transformer had the same drawbacks, but
a good control was obtained by shunting a variable resistor across
the primary of a transformer to by-pass some of the signal. This
also gave loading problems. A variable resistor across the loud
speaker created the same problems plus the fact that it did not stop
overloading earlier in the receiver. In practice, the best form of
control was a potentiometer replacing the grid resistance of the
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RCG stage, or across the secondary of the inter-valve transformer,
with the tap taken to the grid of the valve. This type of volume
control was almost standard by 1929.
The Pentode
Attempts were made to use the high gain of the scrcencd-grid
valve (Fig. 3.1) in an a.f. stage. This was only successful for very
small signals. Only RC coupling was possible and even then a
very large h.t. supply was required. The screened-grid valve could
Vg+l-5 V
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Fig. 3A Scrcencd-grid valve; (a) Electrode construction; (b) Characteristic

not be followed by a transformer for even the best transformers had
resonances. These were normally damped by the low impedance
of the triode driving valve which was in parallel with the primary,
but the screened-grid valve had a very high impedance, changes of
anode voltage giving little change of anode current, and this valve
gave no damping to the transformer which acted like a tuned
circuit. The gain in the middle frequencies was some thirty times
that at the high or low frequencies.
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With larger signals a more serious trouble arose from the kink
in the valve characteristic. Owing to the fine mesh of the screening
grid the anode could not attract electrons directly from the filament.
The screening grid attracted the electrons and only those which
passed through its mesh could go to the anode, but if the anode
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voltage was below that of the screen, many electrons which passed
through the mesh returned to it. Of those which went on to the
anode, some had sufficient velocity to knock off secondary elec
trons. In the triode this was unimportant, for diesc electrons mixed
with die space charge and later returned to the anode. With the
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screened-grid valve they went to the screen, to increase the screen
current and reduce that of the anode. This gave a region in the anode
characteristic where an increase ofanode voltage gave a decrease of
current, or a kink in which the valve had a negative resistance and
which could give oscillation. Unless a very large h.t. supply was
used, the presence of this kink prevented large anode swings with
the screened grid valve, and so the valve could not be used in the
output stage.
This was overcome by the Philips Co. who added a third grid to
the valve; this was located between the screen and the anode and
was connected to the filament to repel secondary electrons back to
the anode. The ‘Pentode’ valve, type PM22, had a similar anode
characteristic to the screened-grid valve, without the kink. It still
had a high impedance, but its amplification factor was also high,
giving a mutual conductance of 1*8 mA/V; it also gave a larger
anode swing than was possible with a triode. With 150 V at both
anode and screen, its anode current of27 mA, when biased to — 9 V,
was too high for use with an h.t. battery, and a battery eliminator
was essential, but the signal from a grid detector was nearly large
enough to swing its grid, without any intermediate a.f. stage. This
saving of a stage made the valve immediately popular with the
set manufacturers, so much so that other valve makers also started
to market similar valves, calling these ‘pentodes’ (five electrode
valves).
The general use of pentode valves highlighted the necessity to
match the valve to the loudspeaker. Before the introduction of the
load-line, few loudspeaker manufacturers had even measured the
resistance of their units. Provided they made a reasonable noise
when connected to a receiver they were regarded as satisfactory.
The need for matching had caused some loudspeaker units to be
modified to suit the super-power valves. The inductance of the
reed unit was known to raise the impedance at the higher frequen
cies, and with a triode valve the rise caused a fall of output; this was
compensated by a resonance of the reed at these frequencies. With
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the pentode there was no fall of output and the reed resonance gave
the loudspeaker an extra brilliant top register.
Moving-coil Loudspeakers
The first moving-coil loudspeakers had been used because they
could handle large power and, despite the low sensitivity and the
need for power for the field coil, the low-note reproduction had
caused them to become firmly established in the quality market.
The construction was described in a number of patents from 1924
onwards. Usually the coil had about 1000 turns of 46 s.w.g. wire,
on a 2 in diameter former, and this moved in a 1/8 in gap, with a
magnet flux of 8000 lines/cm2. Such a field could not be obtained
with a permanent magnet, and an electromagnet of 3500 ampereturns was used. The cone was made of stiff paper, of patented
thickness and cone angle, cemented to the coil so that the two
axes were aligned—this was no easy matter—and the cone was
affixed to a rubber ring to allow it to move freely but with a low
natural period of vibration. This surround was cemented to a hole
in a wooden baffle-board 4 ft square and 1 in thick, or into a cabinet,
felt-lined to prevent it rattling on the low notes. After a period
of use it was found that die rubber surround sagged, allowing
the coil to rub on the magnet pole pieces. To keep the coil in the
centre of the gap an elliptical spring was fitted to the coil and the
frame of the unit. The junction of the cone and coil gave trouble,
for it was seldom rigid and a concertina effect coloured (distorted)
the reproduction.
Measurement of the reed unit had shown that when a cone was
fitted, its impedance varied greatly with frequency. This was due to
resonances in the cone, depending on the size and shape. As most
manufacturers made reed units which could be fitted to any type
of cone, it was not considered to be useful to make such measure
ments with the cones fitted. Measurements of the moving-coil
loudspeaker had to be made with the cone fitted. It was part of the
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assembly, and when it was realized that no two moving-coil
loudspeakers sounded exactly alike, or that one or both coloured
the reproduction, McLachlan drew electrical analogies for the
unit in order to study its operation. He showed that the current in
the unit varied with its resistance, including the radiation resistance,
and with its inductance (0* 1 H), but there was also a capacity effect
(2//F) produced by its motion in the field which resonated with the
inductance in the middle frequencies. The weight of the coil and
cone (about 25 g) also produced inertia which added to the induc
tance ofthe system. He also showed that the impedance varied with
the method of manufacturing the cone; a resonance due to the
overlap of the paper when making the cone was removed by
Newland’s patented seamless cone.
Resonances were produced in the cone, which did not move as a
piston. A certain time was required for an impulse to move through
the cone material and this produced a number of modes of vibra
tion, many ofwhich were demonstrated by Dutton, who operated
a free-edged cone under stroboscopic light. The cone was shown
to twist as it moved forwards and backwards. At low frequencies
this effect caused the edge of the cone to become oval, like a bell
when it is struck. This produced four radial lines with no motion
(nodes) and four regions of large movement (antinodes) (Fig. 3.3).
As the frequency was increased other radial-mode resonances were
produced and up to about fourteen of these were demonstrated.
The use of a leather surround reduced the resonances to three,
situated between 100 c/s and 400 c/s, which could be removed by
holding the edge rigid, but this destroyed the low-frequency
reproduction.
In addition to the radial modes there were also symmetrical
modes of vibration caused by the time required for the movement
of the coil to reach the edge of the cone. At about 1000 c/ s, the edge
of the cone was starting to move forwards when the coil was just
starting to move backwards on its next half-cycle. Similarly, the
edge could be moving backwards when the coil was moving for86
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wards, and this put the sides of the cone in tension, giving a nodal
ring about halfway down the cone which did not move. A
second symmetrical mode, with two nodal circles, was obtained
at about 2000 c/s when both the cone edge and the coil were
moving in the same direction and the middle of the cone was
moving in the opposite direction. At least four of these symmetrical
rings were demonstrated. At higher frequencies the cone’s inertia
prevented it from moving, but radial and symmetrical modes
were shown to exist in the former of the coil. These gave resonances
which were usually above 10 000 c/s and they were largely ignored.
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Various attempts were made to remove, or reduce, these mode
resonances. Changing the cone angle changed its mass, but the
effect of this was cancelled by the change in its stiffness. Changes in
the thickness of die paper also had little effect, for the rate of
propagation depended on the density and elasticity of the material
(Young’s Modulus). Different materials also gave little improve
ment. Thicker wire and heavier formers were tried in order to
reduce resonances in the middle register, but these increased the
inertia and lowered the output and the frequency of resonance.
Rice tried to reduce the inertia of the coil to give a better response
to transients. He used a copper ring embedded in the magnet poles
to act as a short-circuited turn. Other manufacturers used copper
tape for the coil former to give a similar effect, but these all lowered
the output. McLachlan’s final conclusion was almost one of
despair: no resonance—no output.
Some attempts were made to use resonances; the ‘Donotonc’
loudspeaker incorporated a large number of tuned bars which were
made resonant at various frequencies. Although this gave a high
output, the bars were not sufficiently in tune with one another to
satisfy a musical car.
The increased sales of the moving coil loudspeaker allowed the
price to be reduced, and attempts were made to improve the reedtype unit in order to compete in the high-quality market. The
Brown ‘vcc unit’ used a shaped reed to remove the square-law
attraction; this reed moved parallel to the pole-pieces. A ‘diff'crcntial-unit’ was made with the central reed attracted by one pole and
repelled by the other. This was more linear and also required less
restoring force. An even better performance was obtained with
the ‘balanced-armature’ unit in which the armature was pivoted
between the four poles of two magnets. The coil was wound
round the armature to give a double-differential movement and
double the force on the cone. A ‘Blue-Spot unit’ made on this
principle was very popular.
A serious, if temporary, rival to the moving coil was the
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‘ Amplion Lion’ loudspeaker which gave comparable reproduction
with a much greater efficiency. In this loudspeaker the armature
pivot was moved to reduce the leverage as the reed neared the
pole-pieces, making the movement of the cone more nearly
proportional to the current flowing. The rccd was also flexible
to assist the low notes and a compliance between the rccd and the
cone improved the transients.
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Improved cones were also developed: larger cones for better
low notes and smaller ones for the higher notes. Amateurs used
two cones to make a twin-diaphragm loudspeaker. One of the
most popular of these had a linen diaphragm stretched on two
wooden frames, one 2 ft square and the other 1 ft square (Fig. 3.5).
Their centres were joined together by a nipple, and the linen was
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Fig. 3.5 Linen diaphragm

soaked with celluloid dissolved in amylacetatc. The frames were
then stretched apart and left to dry, after which the unit was attached
to the nipple.
Wade introduced an inductor unit in which two small magnets
moved within a fixed coil. The armature moved as a piston over a
distance ofseveral millimetres. A similar unit by Farrand had a reed
mounted on light springs and carrying two soft-iron bars which
moved parallel to the magnet faces. These units had a bass response
almost as good as the moving-coil loudspeaker and enjoyed wide
popularity.
In 1930 Wireless World once again measured a number of cone
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units fitted with cones. Again a wide difference of impedance was
shown and this raised a new problem: at what frequency should
the loudspeaker be matched to the valve? The most pleasant
sound occurred when the maximum power was at about 512 c/s
(middle C). The Blue-Spot unit gave its largest power at this
frequency when used with a 3000 Q power valve, which probably
accounted for its popularity. When this unit was used with two
valves in parallel, twice the power was given at an octave lower, but
this increase in power was seldom noticed owing to the lowering
of the pitch of the sound.
When a pentode valve was used with a cone loudspeaker the
increased output at the higher frequencies made the reproduction
very shrill. A capacitor had to be connected across the unit to by
pass these high frequencies. The reproduction from a moving-coil
loudspeaker was also less satisfactory when used with a pentode,
for the high valve impedance was not matched. Special speech
coils were wound with many more turns of finer wire, but this
gave such manufacturing difficulties that it was cheaper to use the
normal speech coil and an output transformer. Then, being com
mitted to the transformer, it was cheaper still to wind the coil with
fewer turns of thicker wire. This low-resistance speech-coil gave a
higher ratio of copper to insulation in the coil, with greater
efficiency, and the self-capacity and the inductance were lowered,
giving a lower frequency for the resonance. But the ratio of this
pentode output transformer had to be chosen with great care. The
impedance of the pentode was about 30 000 Q, but a load
of 10000 O, drawn with an operating point of 150 V and —9 V
grid bias gave anode swings of + 50 V and —70 V for equal grid
swings. A load of only 5000 £2 was required to give equal anode
swings and these were only 25 V each way (see Fig. 3.2(c)).
Even when using a transformer designed for the least distortion,
the output from the pentode was unpleasing to the car. Complaints
of an excessively harsh top register were shown to be due to the
production of third harmonic. This could be seen when the rise and
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fall of the current along the load line were plotted: the curves were
convex on the left-hand and concave on the right-hand side. The
least distortion occurred for a load of 8000 £2, 2-5 per cent second
and third harmonics, at which the output was 450 mW, but it was
more usual to select a load which gave the least unpleasant (third)
harmonic even if this produced a slight increase of the second
harmonic. In addition, the condenser was added to the transformer
to by-pass the higher frequencies, harmonic or not. The practical
method of selecting the correct tap on a multi-ratio output trans
former was to insert a milliammeter in the anode circuit and to
watch the swings. If the meter kicked upwards on loud passages,
second harmonic was present, and if the meter kicked downwards,
third harmonic was present.
The use of an output transformer was also shown to introduce a
source of danger if the loudspeaker became disconnected from the
transformer. With a triodc valve this was not important, but with a
pentode the load-line showed that a high (infinite) load resis
tance, and a large input signal, caused the anode to swing up to
500 V, which greatly exceeded the anode rating of the valve. This
danger led to the inclusion of the loudspeaker in the receiver
cabinet, where it could not be accidentally disconnected—there
was also no trouble due to it being mismatched.
Radiogramophones
The coming of the gramophone pick-up had prompted most
receiver manufacturers to add pick-up terminals to their receivers
so that gramophone records could be played through the loud
speaker. The gramophone can be traced back to a French printer,
Leon Scott, who in 1857 used a hog’s bristle attached to a horn to
transcribe a wavy line in lampblack. In 1875 another Frenchman,
Charles Gross, described a process of recording audible phenomena
which contained all the basic principles of the gramophone. In
1877 Edison recorded his voice by embossing a paraffin-wax paper
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wrapped around a drum, this machine was offered as a replacement
for the stenographer, but its sales were few. In 1885 a ‘Gramophone’
patented by Bell and Taintcr, made a hill-and-dalc cut in a wax
cylinder, instead of indenting it, and the American Gramophone
Co. (later the Columbia Gramophone Co.) was formed to market
the machine and wax cylinders. Litigation between Edison and Bell
ended with the formation of the Edison-Bcll Co.
In 1887 Berliner patented a gramophone which recorded onto a
glass disk using a lateral cut, but because of Bell’s wax patent,
Berliner had to use zinc plates coated with beeswax for making
copies. The disk was photo-engraved and placed in an acid bath to
etch the zinc, then copper was deposited to make a matrix from
which the records were pressed. Pressings were first made in
celluloid and then in vulcanized rubber; later, a shellac composition
was used. Berliner found that the sound box was carried along the
grooves of the flat disk, and this formed a master patent for many
years.
At this time, the disks were rotated by a handle and in 1896 Clark
patented a governor for the hand-driven gramophone. In the same
year Berliner and Clark incorporated a spring-motor into the
gramophone, and this remained the standard instrument until
about 1902, when the Bcll-Tainter patents expired and Berliner
was able to use wax recording.
In 1903 the tone-arm was introduced between the sound-box and
the horn, and from 1905 to 1920 most of the developments were
for improving the loudspeaker. Horns of all shapes and sizes were
bent so that their centre of gravity was above the tone-arm; horns
were also inverted and bent so as to fit inside a cabinet. Starling and
Cole invented a cone reproducer in 1908, and in 1909 Lumicrc
introduced a pleated-paper diaphragm. Hopkinson in 1914
patented a 9 in cone which was held rigidly at its edge, and Pathc
acquired the Lumierc patents in about 1924.
The design of radio loudspeakers had continued from where the
gramophone companies had left off, but the position was reversed
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again when the gramophone companies gave up attempts to make
multi-resonant systems and started to use electromechanical
analogues and an electrical filter theory approach to the problem.
The mechanical system was viewed as a mass (inertia or inductance),
a restoring force (compliance or capacity), and a damping force
(resistance); the filter theories of Campbell and others were
used to make acoustic reproducers having a response which was
almost constant from 200 c/s to 6000 c/s and giving a reproduction
much better than that of most radio receivers. The HMV repro
ducer incorporated a folded exponential horn 6-5 ft long. The
matched impedance theory was applied from the stylus to the horn
mouth to prevent reflected waves. A special sound box with an
aluminium diaphragm, and using flexible needles, allowed
larger signal amplitudes and gave improved bass.
It seems a pity that all this development work was rendered
almost useless by the introduction of the gramophone pick-up, and
the need to compete with radio receiver manufacturers who were
quick to realize the way these units could be added to the receiver.
Almost every loudspeaker manufacturer started to make a pick-up.

Fig. 3.1 Cclestion-Woodrojfc pick-up

Novelty was a sufficient selling factor and little attempt was made
to design the unit, for even the worst pick-up gave a better repro
duction than all except the best acoustic gramophones. As the
Fig. 3.6 On facing page. (Top) Replica of Edison's tinfoil phonograph (1877);
(Centre) First commercial phonograph, the Berliner (1889), made in Germany as a
toy. (Bottom) Gramophone Company (Style No. 2) hand-driven gramophone with
governor (1898)
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novelty wore off, manufacturers had to improve the unit, and here
they encountered all the problems they were meeting in the loud
speaker unit. There was a mechanical resonance in the middle
register due to the mass of the armature, and a resonance in the
higher register due to the reed. The middle resonance could not be
raised for this caused hiss noises and needle scratch to become
prominent, while if rubber damping was used with increased
weight to lower this resonance, the wear of the records increased.
Records were normally worn out after about thirty playings,
the heavy sound box often causing the needle to score straight along
the groove, thus removing all the sideways variations which
provided the recording. It was realized however, that unlike the
acoustic gramophone, little power was required from the pick-up,
for all the power came from the amplifier. The pick-up needed only
sufficient weight to keep the needle in the groove and its weight
could be much less than that of a sound box. Sometimes a counter
balance weight was attached to the tone-arm to reduce the weight
on the needle, but a limit (approximately 4 oz) was soon reached,
when the inertia of the needle and armature caused them to wander
from one groove to another.
Record wear (Fig. 3.8) had also been shown to be caused by the
pick-up not being tangential to the grooves as it moved across
the record. If the needle swung at right-angles to the groove at the
edge of the disk, its arc of traverse caused considerable error at
the inner groove. This tracking error had been pointed out in 1924
and many types of tone-arm, with all sorts of bends, had been
tried in order to overcome it. But no bend could alter the arc of
Scratch marks

Break across

b

Fig. 3.8 Record wear, (a)
Ploughed up by heavy pick-up;
(/}) Needle jumped into next
groove

1

travel. The problem was one offixing the pivot so that the needle pivot line was as near as possible to a tangent. A formula was pro
duced giving the distance of the pivot from the record centre, for
various lengths of tone-arm, and the angle at which the pick-up
was offset to make the needle swing at right-angles to the grooves
(Fig. 3.9).
The design of pick-ups showed that some distortion was in
herent in the making of records. The number of swings of the

Fig. 3.9 Tracking.
Points rl and r2 lie
on the diameter of a
circle centred at B
and z-OrlX =
Z_OrzY = 90°

recording stylus was proportional to the frequency but, for equal
energies, a high-note swing was narrower than a low-note swing.
This of itself did not matter, for although the smaller swings gave
smaller flux changes, they were at a higher frequency and the out
put voltage from the pick-up was equal for all frequencies. But at
the high frequencies it was not possible to make a cutter fine enough
to scribe frequencies above 6000 c/s, and at low frequencies the
cutter could not swing more than the width ofthe groove, 0*006 in,
so that a limit was set at 200 c/s, below which the output was halved
for each octave.
Reproduction through a radio amplifier allowed circuits to be
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used which compensated for these falling outputs. The best known
of these compensators was McLachlan’s ‘Novotonc’, which pro
vided matching between the pick-up and the first valve of the
amplifier; it also had a rising characteristic in the bass below 200 c/s.
A similar circuit was used in the ‘Panatropc Organ’, a high-quality
reproducer used in dance halls. Little attempt was made to com
pensate for the fall of high notes, for this always accentuated the
needle scratch. The Panatropc actually incorporated a tuned filter
circuit at about 6000 c/s to remove these scratch noises.
Pick-up manufacturers tried to incorporate the bass-compensa
tion within the unit. The gap for the magnet poles was made
narrower causing large swings to carry the reed into regions of
greater flux, but this gave weak high notes and the reed tended to
rattle against the magnet poles on sustained organ notes. A better
method was to adjust the flexibility of the reed so that, with the
mass of the tone-arm, a resonance was obtained at about 50 c/s.
The fundamental design principles of the pick-up were established
by Kellogg, who introduced the half-rocker principle (Fig. 3.10).
This pick-up was made like a balanced armature loudspeaker unit
with the reed surrounded by the coil and positioned between two
poles. The mass of the moving parts was reduced by making the
needle retaining screw coincide with the pivot axis; rubber damping
was added to the top of the reed.
The reduction of mass was later taken to its logical conclusion
in the Lisscn and Burnadept pick-ups, where the needle was made
to act as the reed, even the securing screw was dispensed with by
gripping the needle in a rubber bush.
Electrical recording and the pick-up caused a large revival of the
demand for gramophone records; poor BBC programmes may
have contributed, but it was claimed that radio educated people to
demand better music. By 1928 half the receivers in use had pick-up
terminals, and in most of these a switch connected the detector
valve to act cither as a detector of radio signals or as the first am
plifier stage for the pick-up. As this connection was the subject of a
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patent, many manufacturers left it unmade and gave an instruction
diagram to the customer so that he could make it for himself if he
required.
Attention was also turned to improving the gramophone.
Improved clockwork motors were introduced and the motor and
turntable were incorporated within the receiver cabinet. The driv
ing springs of the early motors were seldom strong enough to
operate all types of records, from a 10 in disk (150-270 grooves) to
Fig. 3.11 British Brunswick pick-up using rocker-arm principle (A) Magnet.
(Bl, 2) Polcpicccs. (Cl) Needle screw. (C2) Armature

Fig. 3.12 Early C.E.C. gramophone motor. Note gear drive and governor

a 12 in disk (275-410 grooves) and the motor often had to be
rewound in the middle of a 12 in disk. A double-wound spring
was introduced which lasted over the longest records and often
played both sides of a 10 in disk with only one winding.
There was also a growing tendency to install a small electric
motor instead of the clockwork spring. In 1928 induction motors
were marketed for use with a.c. mains and these were incorporated
into the gramophone cabinets to drive the turntable. These motors
usually ran at 1400 rev/min and pulleys, linked by a belt, geared
down the speed to 78 rev/min. The governor and worm gears of
the clockwork motor were usually retained to keep the speed
constant on the very loud low notes when there was maximum
drag on the needle.
Metal Rectifiers
By this time every house with a mains supply was using a battery
eliminator: d.c. units contained a double-wound choke and two
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2/tF condensers, and die a.c. units had a transformer and a valve
rectifier also. Many types of rectifier were tried but the only other
type to attain popularity was the Wcstinghousc copper-oxide
rectifier which was introduced in 1927. This consisted of a disk of
copper in contact with copper oxide which passed a large current
in one direction and almost none in the other.
The original rectifiers were made for charging 6 V accumu
lators at a current of 2 A, but disks could be connected in series for
charging 12 V or 24 V accumulators. Disks were also connected in
parallel for providing larger currents but they had to be carefully
matched to ensure that the current was equally divided; these metal
rectifiers failed quickly if they were overloaded. Smaller disks
were also produced to provide h.t. for receivers. The first of these
had a stack of disks to provide a current of 100 mA at 200 V. This
was immediately popular and other disks for 50 mA and 30 mA
were made.
Disks were also stacked together to provide a full-wave rec
tifier, half the stack being in one direction and the other half being
reversed so that each conducted alternately. Such full-wave rec
tifiers could not be used for battery charging, for on the non
conducting half-cycle the back e.m.f. of the accumulator, plus the
supply voltage, exceeded the voltage rating of the disk. To over
come this a bridge rectifier was introduced which had four disks,
or four stacks, giving double the peak-inverse voltage. This bridge
rectifier had the additional advantage that no centre tap was re
quired on the transformer. In 1929 a centre-tapped stack was
designed to provide an output which had twice the voltage of the
transformer. This rectifier charged two capacitors in series, one
on each half-cycle, and these voltages were added to the trans
former voltage on the next half-cycle.
One advantage of the metal rectifier was that no filament wind
ing was required on the mains transformer. The voltage-doubler
transformer also required no centre tap, but its regulation was not
so good as a full-wave rectifier; the h.t. voltage changed considcr101
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Fig. 3.13 Early copper oxide rectifiers, (a)
Dismantled rectifier cell. The rectifying
contact is between the copper disk and the
oxide coating; (b) Bridge rectifier; (c) H.T.
rectifier

ably when the full current was drawn by the receiver. In designing
a mains transformer for both valve and metal rectifiers, allowance
had to be made for this voltage drop which was much greater than
the copper loss in the winding. The allowance for copper loss was
also complicated with a full-wave rectifier, where each half of the
winding carried the full current on alternate half-cycles.
These metal rectifiers were so popular that valve rectifiers had to
be improved. The U10 valve, which gave 70 mA at 200 V, was
followed by the U8, which gave 120 mA at 400 V. Both of these
valves incorporated two anodes for full-wave rectification. The
regulation of these valves was better than the metal rectifier and
they occupied much less space, so that they tended to be used
whenever high voltages were required.
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Back-coupling
The general use of battery eliminators introduced a new source of
trouble: an audible howl, similar to that from a run-down battery,
or an intermittent popping sound as from a motor-cycle. This
trouble was shown by Anderson to be caused by the high internal
resistance of the eliminator. This resistance, which caused the poor
regulation, produced a feedback effect from the last stage of the
receiver into the earlier stages, and was most noticeable when two
resistance/capacity-coupled stages followed the detector, or a
three-stage amplifier was used with a pick-up.
A positive signal to the grid of the first valve caused its anode
current to increase and its anode voltage to fall, so that a negative
voltage was passed to the grid of the next valve, whose anode cur
rent fell and anode voltage rose. The rise was passed as a positive
signal to the grid of the third valve, which, being the output valve,
drew a large current from the eliminator. The regulation of the
eliminator caused the h.t. voltage to drop and this affected all
the other valves in the amplifier, causing the anode voltage of the
first valve to fall even more and the rise of the second valve’s
voltage to be reduced. But the fall at the first anode was amplified
and the anode of the second valve rose more than it would
have done for the signal, or a reaction effect occurred. The voltage
drop at the anode of the first valve could cause the grid of the
second valve to be cut off, and the rise of its anode voltage could
drive the grid of the third valve into grid current. The receiver
then remained silent until the grid voltage had leaked away and
the voltages had returned to normal. The leaking time depended
on the size of the resistance and condenser and could vary from the
howl to the popping sound.
A similar effect could be obtained with two transformer-coupled
stages, but the leaking away was relatively quick, and the howl
could even be above audibility, causing distorted signals for no
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apparent reason. The usual cure was to reverse the primary winding
of one of the transformers.
Increased smoothing in the eliminator, by lowering its imped
ance or increasing the reservoir, reduced the voltage changes for
normal signals and often stopped the popping, but a better method
was to use additional smoothing, or decoupling, in the h.t. lead for
each stage (Fig. 3.15). A choke in each stage was expensive but, as
the current in the initial stages was small, a resistor could be used.
The resistance had to be high compared with the impedance of the
decoupling condenser at the lowest frequency to be reproduced.
The resistance also dropped some h.t. voltage, but this was often
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useful, such as when a 200 V supply was provided for die output
stage and the voltage to the earlier valves had to be dropped to
150 V, the safe maximum recommended by the valve makers.
A snag occurred when a high voltage had to be dropped in this
manner, c.g. when a 400 V supply was used for an LS5A valve. If
the receiver supply was switched off, the smoothing condensers
were left connected while the early valves took no current. The
voltage across the decoupling condensers then rose to 400 Vand, as
the condensers were only rated at 200 V, they broke down. One
method of preventing this was to use a potentiometer across the
supply to provide the voltage for the early valves, but most 400 V
supplies had little current to spare for the potentiometer and an
alternative method was sought. This was found in the use of a neon
lamp as the lower limb ofthe potentiometer. The neon lamp passed
very little current until its voltage rose to about 160 V, and then
the current increased by 3 mA for each 10 V rise of the supply.
When switched off, the neon lamp passed a current equivalent to
that of the other valves and the voltage seldom rose above 170 V.
This lamp also had a stabilizing effect on the voltage supply to the
early valves and reduced the amount of decoupling required.

Free Grid-Bias
The use of h.t. eliminators led to a desire to get rid of die other
batteries; the grid-bias battery tended to become forgotten until
it was quite flat and the distortion noticed by a visitor. Receiver
designers got rid of this battery by using a device which had been
common in the transmitter world for many years. A resistance was
connected between the h.t. negative terminal and the filament ofthe
valves so that all the h.t. current flowed through it. The voltage
dropped in this manner was made sufficient to provide the gridbias, and as this voltage was only a small portion ofthe h.t. voltage,
it was usually considered to be free (see Fig. 3.16).
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Attempts to use this type of circuit for a number of stages led to
complications. The variations of anode current with the signal
caused the grid bias to vary also, and a signal which made the grid
positive, and increased the anode current, also increased the gridbias and so counteracted the signal, giving less amplification. This
effect was the reverse of back-coupling, being anti-reaction, but a
similar cure could be used; either a large condenser was used
across the bias-resistance, or a series resistance and a decoupling
capacity could be added to the lead to the grid circuit. Both these
circuits were extensively used.
All-Mains Working
Although unspillablc accumulators could be hidden in the cabinet
they still required charging. Trickle chargers were added to the
eliminator to remove the porterage problem, but only in exchange
for spraying acid, topping-up and all the other messes associated
with charging. Some amateurs with d.c. mains did away with the
accumulator by running their filaments in series and using an
electric lamp as a dropping resistance, (a 60 W lamp passed about
0*25 A). The first stages of the receiver used 0T A filament valves
while the output valve, usually a P625, required 0*25 A, so a
resistance was necessary to by-pass current from the early valve
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Fig. 3.17 Power valve healed by a.c.
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filaments. In calculating the value of the resistance it was necessary
to remember also that the anode current of the output valve
flowed through this part of the circuit, but the resistance could be
tapped for grid bias.
Amateurs with a.c. mains tried to use a step-down transformer
to heat the valve filaments. This was acceptable for the output
valve and was sometimes used for the filaments of the r.f. valves,
but attempts to heat the detector in this way gave only a loud hum
which completely drowned the signal. Various attempts were made
to prevent this hum, ranging from photosensitive cathodes to
radioactive materials for the filament. Sabin used an a.c. heater to
operate a ‘thermoformer’ pile giving sufficient d.c. for the filaments,
but the heater for the thermopile required 500 W and very few
were sold.
Bartelcmy used a filament with a centre tap, but this was no
improvement on the centre-tapped transformer and not quite
so good as the ‘humdinger’ potentiometer across the transformer.
Some success was obtained using a very thick filament (2 V, 3 A)
which retained much of its heat throughout the a.c. cycle, and the
Dubilier Co. bent the filament into a hairpin to stop any magnetic
field forming around the filament which could divert electrons
(Fig. 3.18). The Philips Co. patented a valve in which the emitting
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Fig. 3.18 A.C. healed
filaments. (a) Harwardier; (b) Dubilicr

element (cathode) was heated by conduction, or radiation, from a
separate filament. The cathode, which had a separate lead-out, was
coated with oxides to emit at a dull-red heat, the separate lead also
providing a constant potential over the cathode so that the emission
at all points was the same. A similar idea was patented by Harwardier, who used two filaments, insulated from each another
by quartz; the inner one was heated to incandescence and radiated
heat to the outer one which emitted electrons.
From a mixture of these ideas came the Osram KL1 indirectly
heated valve (Fig. 3.19). This had a nickel cylinder cathode coated
with oxides inside which, but not touching it, was a tungsten fila
ment to provide heat; a grid and anode surrounded this cylinder as
in a normal valve. The filament was heated by a.c. and became
white-hot, but the mass ofthe cylinder stored the heat to give little
change in the emission from the cylinder. The whole assembly
was inclined at an angle to the base so that the heat radiated down
wards did not soften the glass of the pinch. This valve was found
to have many advantages over the filament type: there was
no loss of emission through heat being conducted along the leadout wires, the whole cathode surface was at the same potential
and there was no magnetic field around the cathode to restrict the
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Fig. 3.19 Marconi-Osram KL1 value. The
cathode is a coated cylinder, which is heatedfrom the
interior

emission; but the greatest advantage was the larger diameter of
the cathode which increased the ratio of the grid/anode and grid/
cathode diameters, giving a much larger mutual conductance.
Other manufacturers quickly realized the value ofthis development
and within a year they all had a complete range of indirectly
heated valves, in fact, the a.c. mains valve had come to stay.
Perhaps the best of these valves was the Cosmos Valve Co.’s
(later Mazda) range. These had the following characteristics:
Valve
AC/PI
AC/P2
AC/R
AC/G
AC/S

Cm
mA/V
2-5
2-5
4-0
2-5

1-5

ra

F
5
5

10
35
1200

ohms
2000
2000
2500

'

14 000
800 000

These valves were immediately popular and were even used to
replace battery valves in some receivers. But the AC/G gave trouble
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when its high gain caused oscillation. Another valve, AC/X, with
a Gm of0-6 and ra of16 000, had to be produced to provide a lower
gain with stability. Increased screening was also required both for
the receiver and the a.c. eliminator. The heaters of these valves
required a current of 2 A at 4 V and this high current required
short leads to the transformer.
Manufacturers started to incorporate the whole battery elimin
ator in the cabinet with the receiver, securing the components to the
same chassis. This produced its own troubles: the magnetic field of
the mains transformer could induce 50 c/s hum into the a.f. trans
former, and electrostatic fields were picked up in the wiring of
the r.f. and detector stages. The magnetic pick-up was cured by
rotating the transformer to a position in which the hum was
minimal. Often, a position was found in which some induced
hum could cancel pick-up in another section of the receiver. The
hum picked up electrostatically in the grid circuits was reduced by
running the leads in lead-covered wire and keeping the grid
resistance low, but this reduced the gain for high notes. Poor con
tacts at a valve grid pin, or a coil socket, gave a high grid resistance
and caused hum.
Methods of reducing hum were described in a paper to the
Institute of Radio Engineers by Meissner. These included humripple filters and inter-stage hum-bucking circuits in which the
hum in one stage was deliberately increased to counteract that in
another.
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CHAPTER 4

Telephones, Talkies and Television
Techniques developed for radio were also applied in many other
fields. Radio signals were used to operate relays at a distance,
allowing model boats to be controlled from the shore and airplanes
to be flown and manoeuvred by signals from the ground. Marconi
even sent a signal to operate the master switch for the lights of a
town in Australia. Radiotelephony was used to while away the
tedium of train journeys (reception was good except in long tun
nels). In Germany and America radiotelephony was also used to
replace the induction system so that people could contact their
homes and offices while they were travelling.
Amplification ofaudiblc sounds via a microphone or gramophone
pick-up was first used for public address, and later applied to
musical instruments and dcaf-aids. It was also used industrially for
listening for noises in gear trains and bearings, and for locating and
measuring the frequency of vibrations.
High-power radio-frequency oscillators, as used for broadcast
transmitting stations, were used to provide eddy currents to heat
metals, and also to heat non-conducting materials by a form of
dielectric displacement. Vacuum techniques, as used by valve
manufacturers, were also applied to other industries. These led to
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the development of photo-electric cells which, in turn, led to
photo-telegraphy, ‘talkies’, and television.
Speech Broadcasting, or Public Address
The origin of public address is obscure. It probably started at about
the same time in many countries; certainly, microphones and
loudspeakers were used to harangue crowds during the election
held in Britain in 1924. Microphones and horn loudspeakers
were also used to replace the megaphone at sports meetings, and
the introduction of the gramophone pick-up allowed music to
be played, thereby replacing the ubiquitous brass band. Amplifying
equipment was also used to replace the steam-engine organ at
country fairs, to provide music in ice rinks, and for dance music
in village halls.
The equipment for sports meetings was usually required only
for one day and it had to be transportable by car. The amplifier
usually contained two LS5A valves, in parallel or push-pull, with
their filaments run from a car accumulator. Another accumulator
was usually provided to operate a rotary machine which provided
about 400 V for h.t. Fortunately, low musical notes were not
required in the open air, and a horn loudspeaker 4 ft long and
3 ft in diameter at the mouth, reproducing down to 150 c/s, was
quite adequate for these installations. Similar equipment was also
used, permanently installed, in ice rinks where the very low notes
tended to boom from the bare walls. Such equipment was also
used for dance halls where volume of sound was more important
than quality.
Inside a hall the high-powered amplification of speech, or
music reproduction, produced a number of new phenomena. A
volume which rattled the windows when the hall was empty was
found to be almost inaudible when it was full. This was partly due
to absorption of sound by people’s clothing and partly due to the
background noises from the people in the hall. Power sufficient for
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an attentive audience had to be quadrupled when people were
moving about or gossiping, and when they were singing or danc
ing this power had to be multiplied ten times or more. When
orchestral music was to be reproduced the volume was of less
importance than the bass notes, and usually two or more large
moving-coil loudspeakers were used, these being mounted on
large baffle-boards.
The positions of the loudspeakers relative to a microphone were
found to be very important. Sound reflected from the walls could
return to the microphone and then the volume control had to
be set lower to prevent an audible howl. With bad positioning
the control had to be set so low that there was no amplification and
better results were obtained by ignoring the microphone. Loud
speakers were sometimes placed at the back of the hall to prevent
this trouble, but this disturbed the audience, who could sec the
speaker in front and yet heard his voice from behind. There were
also positions in a hall where the sounds from two loudspeakers
mixed together and became so distorted that speech was unin
telligible. In fact, the correct positioning of loudspeakers required
a lot of experience.
Musical Instruments
Sound amplifiers were also used with musical instruments. These
were operated in three ways: to increase or reduce the volume, or
to change the tone of an instrument. The amplifier could be used
to make a few instruments provide enough sound for a large hall,
or a microphone could be inserted inside a piano, or under the
bridge of a violin, while the instrument itself was muffled; this
allowed a beginner to practise, while listening on headphones,
without disturbing the neighbours. Similarly, a weak voice could
be amplified to prevent it being drowned by the orchestra, and, by
giving greater amplification to the high or low notes, the balance of
an orchestra, or the range ofan instrument, could be changed. One
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section of an orchestra could also be magnified to give emphasis in
certain parts of the score.
New types of instrument were also developed and a number of
these were exploited in music-halls. Theremin’s ‘Electrone’ was,
in effect, a heterodyne beat-frequency oscillator; moving one hand
near a vertical rod changed the note in the loudspeaker and moving
the other hand changed its volume. Tuned filters could be used in
the amplifier so that certain notes were accentuated or prolonged
to give new tones. Martinot used a heterodyne oscillator to make a
type of organ which was tuned by a metal band looped to a piano
keyboard (Fig. 4.1). This instrument had a volume control and
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five stops, three of which were used to switch harmonic filters, one
gave transients, and the other gave an echo effect by switching the
output to a distant loudspeaker. Tautwein made an instrument
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using a neon lamp to modify the tones from a valve oscillator.
The neon lamp was made to oscillate at a frequency below
audibility, thus giving a sound similar to a xylophone. By changing
the frequency of the neon lamp, sounds varying between a
bassoon and a trumpet could be produced.
Medical Applications
Many electrical and radio devices were tried by doctors. Plating
baths had been used as a cure for rheumatism for many years,
being claimed to break down the crystals of salts in the body when
the current was in the correct direction. The Ruhmkorffinduction
coil (shocking coil) had also been used for therapeutic treatment;
this was now replaced by a valve oscillator which did not annoy
the patient by shocks. Many of these devices were of questionable
usefulness, having the flavour of quackery, but there were other
devices of obvious use. For example, a microphone, an amplifier
and an earpiece were used to replace a doctor’s stethoscope, making
smaller sounds audible. From this it was a small step to provide
amplified sound to replace the deaf person’s ear trumpet. A carbon
button microphone was used with a single earpiece and a simple
amplifier using valves with filaments operated from a dry battery
and a low h.t. supply. Some people were unable to use these
amplifiers: those with no eardrums, or faulty links between car
and brain, or with eardrums ruined by shell-fire during the war.
Some could hear only high notes, the voices of children but not a
deep man’s voice; some could hear only when there was a large
background noise—such as inside a train—and others only by
conduction through their bones. As early as 1920, S. G. Brown
had patented an ‘Ossiphonc’ for these people. This was similar
to a loudspeaker unit with the reed projecting outside the box and
having a small ebonite button on its end. This button was pressed
against the skull, or a finger knuckle, and the sound vibrations
passed along the bones to the auditory nerve.
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Various types of deafness were also examined by means of a
beat-frequency oscillator which had a calibrated control of the
loudness of the signal. Graphs of the auditory sensitivity of each
car were drawn at various frequencies, and amplifiers were made
with greater gain at high or low frequencies to suit the type of
deafness. In fact, the whole field of otology was opened in this
manner.
Radio frequencies were also used in medicine. The r.f. oscillators
which provided eddy currents in metals, or heated dielectrics,
were used to provide heating in flesh. This was used to help cure
sprained joints or muscles. Large r.f. currents were also used to
cauterize flesh after an operation, but advances along these lines
were' very slow due to the opprobrium caused by the early
experiments.
The Transatlantic Telephone
Prior to 1926, telephone conversations between Europe and
America had been impossible. Speech currents could not be sent
through the transatlantic cable, indeed, the maximum speed for
morse signals was only about 30 words/min. While the Audion
valve had been used to extend the telephone over land, this required
at least one amplifier for each 200 mile link and an amplifier could
not be used after 2000 miles, for by then the signal was just too
poor to be amplified. The reception of American broadcasts in
Britain led to a Commission to investigate the possibilities of using
radio to link the telephone systems of Britain and America.
Suggestions for radio links, instead of submarine cables, had
been made for many years. As early as 1921 the Marconi Co. had
demonstrated duplex radiotelephony between England and
Holland, and in 1922 the Western Electric Co. (STC) and the
American Telephone and Telegraph Co. had demonstrated
radiotelephony between London and New York. But, apart from
the transmitter power required to provide a guaranteed service
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over this distance, this type of service had a large number of
difficulties, many of which were interrelated.
The first problem was privacy. The conversations were required
to be received only by the one station and not by any casual
listener. In this respect even the beam stations were not perfect,
for the signal could be picked up anywhere along the beam, which
was over 200 miles wide at the receiving end. While the skip
distance reduced the area over which interception was possible,
the service was by no means private.
The other main problem was occasioned by the need for duplex
working, and coupled with this was the problem of linking the
transmitter and receiver to the telephone lines. To guarantee a
24 hour service a long wavelength was required, and the waveband
occupied by the transmissions had to be small, preferably less than
that occupied by a broadcast transmitter, with both transmissions
wedged into this band. The early transmissions between England
and Holland had been on 98 and 94 m and the power was only
500 W, but two wavelengths was not a popular idea in the already
overcrowded ether. Even using adjacent wavelengths, highly
selective circuits were required to prevent reception of the local
transmitter by the receiver, and even with a frame aerial the
transmitter and receiver had to be well separated.
Linking the microphone to the telephone lines was also a big
problem. This had been fairly easy for broadcasting, which was
only a one-way problem, but when the same lines were used twoway, the signal from the transmitter could be picked up in both the
microphone and telephone lines to give ringing around the circuit.
Hybrids had been used in the telephone world for many years
to prevent ringing. These consisted of two amplifiers between
two transformers each with six windings. The input signal, in
cither direction, passed via an amplifier to its outgoing line, but an
equal and opposite signal was passed to oppose any input to the
other amplifier so that no energy passed back into its own input
circuit. But these repeaters needed accurately matched lines and the
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network to balance the impedances absorbed half the signal. Filters
were also required to restrict the frequency band and even then
ringing could occur over distances in excess of300 miles. Two lines
running parallel for a long distance, as with the trunk telephone
service, made the prevention of ringing very difficult and a fourwire circuit was usually necessary to prevent trouble.
Duplex transmission on one wavelength was possible with
morse signals by listening-through. The receiver was normally
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Fig. 4.3 Type 22 repeater

made inoperative whenever the key was pressed, to ensure that
excessive grid current did not burn out the filament ofthe first valve
ofthe receiver. When the key was raised, the receiver became oper
ative again, and this enabled the operator to hear the other station
through his own signals. With radiotelephony such listeningthrough was not possible, for the transmitter carrier was always
being radiated even when there was no modulation.
A press-to-speak switch was tried. This switched off the carrier
during the pauses for breath, or while thinking of the next thing to
say, so that the other person was able to interrupt. But the use of
this switch required practice for most people failed to remember to
release it.
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A simple method of radiating only when speaking was patented
by Huizinga, who connected the oscillator to a bridge circuit and
used a push-pull capacity microphone for two of the arms. Speech
increased the capacity of one arm and reduced it in the other,
thereby unbalancing the bridge and allowing power to pass to the
aerial and be radiated. Another method, patented by theB.T.H.Co.
used a buffer (Q) valve between the master oscillator and the
power amplifier. This Q valve was normally cut off, but speech
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Fig. 4.4 Speech operated transmitters, (d) Huizinga's method; (b) B.T.H. method

signals were passed to the valve, as well as to the modulator, and
caused it to conduct, thereby passing the r.f. signals to the power
amplifier to be modulated and radiated (see Fig. 4.4).
A third method of radiating only when speaking, which had the
further advantage of reducing the required bandwidth, was to use
a single-sideband transmission. A transmitter modulated to 100
per cent had half of its power in the carrier and a quarter of the
power in each of its sidebands, but all the intelligence of the trans
mission was in the sidebands and all the power radiated in the
carrier was wasted. By radiating the sidebands without the carrier
no power was wasted, and there were gaps in the transmission
when there was no modulation. At the receiver, provided the
carrier was re-applied, the signal could be demodulated from the
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sidebands. It was also possible to filter out one of the sidebands and
radiate the other, demodulating this single sideband at the receiver.
Such a system had been used in the A.T. & T. transmissions in
1922. Two valves were used with their anodes connected to a pushpull transformer, and, while the speech was applied to the two grids
in push-pull, the r.f. signal was applied to them in parallel. The
r.f. signal was amplified by the two valves in opposition and no
carrier appeared in the output circuit, but the speech unbalanced
the two valves and two sidebands of modulated r.f. appeared in the
output. If only one of these two sidebands was required, the output
was taken through a tuned circuit which rejected the unwanted
sideband.
In one arrangement voice frequencies of 200-2000 c/s were
made to modulate a carrier frequency of 33 kc/s, to give sidebands
of 31*0-32* 8 kc/s and 33*2-35*0 kc/s. These were passed through
a filter which passed only the lower sideband. This filter did not
completely remove the upper sideband, so the signal was
remodulatcd by a second carrier of 88*5 kc/s to give two other
sidebands of 55*7-57*5 kc/s and 119*5-121*3 kc/s. These two
sidebands were so far apart that the lower sideband was easily
Fig. 4.5
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separated; a slight adjustment of the second carrier frequency
was provided to correct any error of the filter design. At the receiver
a heterodyne frequency of 55-5 kc/s was used to demodulate the
signal. A slight change of the oscillator phasing was sometimes
necessary to obtain clear speech.
The secrecy of radio transmissions had also been investigated
over many years. As early as 1918, Tigerstedt in Holland had sug
gested the use of an endless iron belt with a commutator to switch
the speech to a number of electromagnets which would magnetize
the belt. Other electromagnets would then reassemble the parts of
the speech in a different form before passing them to the telephone
line. Another system used the inverted voice in which high tones
were turned into low notes and vice versa. The speech was passed
to a heterodyne unit with an oscillator set to 2400 c/s; notes of
200 c/s were changed to 2200 c/s, and notes of 2200 c/s became
200c/s. This mere inversion of the speech sidebands was found to
give no improvement in privacy, for any heterodyne receiver
would reinvert the signal to make it intelligible.
A better system divided the frequencies into three or four bands
each of which could be inverted or passed directly; these were
then interchanged with other bands before being re-mixed. A
four-band system could be switched to about 125 different com
binations in this manner which made unauthorized listening almost
impossible. A transatlantic telephone service using this type of
transmission was opened in 1926. The first tests, unscrambled,were
heard by many amateurs, but subsequent scrambled tests could
not be understood. A telephone call from England to America cost
£5 for the first three minutes and
for each subsequent minute.
Carrier-Wave Telephony
Before 1925, the wireless and the cable companies had little in
common and their contacts were few. The cable companies had
taken an interest in the early developments of wireless but this was
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merely scientific, for the limited range, with three or more ships
required to relay a message across the Atlantic, was regarded as
proof that the new technique could never compete with the sub
marine cable. Meanwhile wireless, which could communicate
with ships at sea, made the two forms of communication com
plementary. Interest was re-awakened by the start of transatlantic
communication from Poldhu and other long-distance stations,
but the costs of construction and maintenance for these stations
were shown to be comparable with, if not greater than, those for
a cable. As an insurance, the cable companies had invested in the
Radio Communication Co., a rival to the Marconi Co., but this
interest had been sold to Marconi shortly before the short-wave
beam stations had been erected.
The success of the short-wave beam stations caused serious
financial difficulties for the cable companies, for while both cables
and the beam radio stations to the Empire were controlled by the
Post Office, foreign communications were not, and the cable
companies were faced with operating at a loss in every country
which installed a beam station. At the same time the financial
position of the Marconi Co. was also bad: it had been poor when
the contract for the beam stations was acquired and the cost of
constructing these stations had not cased the position.
It was in this atmosphere that in 1928 the Government called an
Imperial Conference on cable and wireless routes. Financial
stability was a strong argument for the value of cables from a
defence standpoint, and the result of this conference was the forma
tion of a Cable and Wireless Communications Co. to take over
the assets of both the cable and Marconi companies concerned;
the new company also acquired the Government’s cables and a
a lease of the P.O. beam stations. This marriage of cable and wire
less interests, and the consequent pooling of patents, caused a
rapid development of all the communications systems during the
next few years. But it was not without its difficulties, for in many
areas the two disciplines spoke different languages and looked at
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the same problems from an entirely different angle. Typical of the
former were the conceptions of gains and attenuations, and of the
latter, in the use of infinitely long transmission lines for cable
signals.
The idea of matching to obtain a maximum transfer of power
was common to both industries and engineers were beginning to
speak in terms of power, rather than voltage, in all stages from the
microphone to the earpiece; power was required to drive an output
valve as much as an aerial. A moving-coil microphone with a
100:1 transformer gave the same voltage as a carbon microphone
but one would operate an earpiece while the other would not.
But telephone engineers referred to the loss of signal strength in
terms of the attenuation produced by so many miles of standard
cable while the radio engineers, thinking in terms of operating
valves, thought of a voltage drop at the grid.
Another concept of the line engineer which was different was
that of interfering noises: these were picked up in the line and
increased with the distance, just as the signal became less with
distance. Disturbing noises in a radio receiver depended on the
atmospheric conditions, or were produced in the valves, and only
the signal became less with distance. But in both fields the need to
speak of the ratio of signal to noise, rather than merely of the
strength of the signal, had been realized for some years. It was also
known that only changes of about 2:1 in this ratio could be noticed.
Two units for comparing loudness had been suggested, quite
independently, in 1924; one was the ‘bel’ and the other the
‘neper’. Both of these measured power ratios on a logarithmic
basis. The bel used the common logarithms (to base 10) and the
neper used natural logarithms (to the base ‘e’). The telephone
industry, being older and more under the influence of the univer
sities, used the neper, while the radio industry, being more accus
tomed to the slide-rule, used the bel, but as this unit was too large
for most requirements, they worked with a tenth of this unit—the

decibel (db).
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The advantage of this method of comparing signals was that
instead of multiplying the signal strength by the power gain of an
amplifier, or dividing by the attenuation, these gains and attenua
tions (in db) could be added or subtracted. This was helpful
to the telephone engineer whose equipment was interchangeable,
but the radio engineer was more accustomed to working with
voltage inputs, the input impedance of a valve being so high; and
while he spoke of power output, lie rarely spoke of power gain,
usually only of voltage gain. As power is proportional to the
square of the voltage, the telephone engineer could also work in
voltage ratios, a voltage gain of ten times giving a gain of 20 db,
for all his equipment was matched into 600Q. But radio engineers
trying to use this method found many anomalies and even errors
due to the output and input impedances being very different.
Their decibels had to be calculated from the relation:
db = 20 log Va/Vj + 10 log Zj/Za
It had been shown that r.f. currents could be passed over a
telephone wire without interfering with a normal telephone
conversation. By modulating the r.f. carrier and using tuned cir
cuits, a number of conversations could be carried along one line
with no interference between them. Experiments had been made
as early as 1911 by Squire, but Wagner in Germany, the Western
Electric Co. and the American Telephone and Telegraph Co. in the
United States, and Colpitts and Blackwell in England, had also
investigated such systems and demonstrated this wired-wireless.
In Japan a 55 kV electric supply transmission line was used to
convey both power and radiotelephony communications.
Large transmitter powers were not required for wire-born
radiotelcphony, for, instead of the very small fraction of the trans
mitter power which was obtained at a receiver aerial, most of the
transmitter energy passed directly to the receiver. This allowed the
van der Bijl modulated oscillator to be used for such systems. A
large audio signal and a small r.f. signal were applied to a valve
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with a very curved characteristic so that on the positive audio
swings the r.f. signal was much greater than on the negative
swings. The amplitude of the r.f. signal varied in a similar manner
to that of the normal amplitude-modulated transmitter.
A number of modulated r.f. transmissions could be carried on
the one wire. At the receiving end selective circuits were required
to pass the modulation frequencies of the required transmission
while suppressing those of adjacent frequencies, but this was the
same problem as was found in a radio receiver. There were dif
ferences, for the carriers could be separated more widely, giving
less jamming, and the degree of selectivity could be made higher
for the tuning need never be adjusted. Wagner designed filters
using fixed inductors and capacitors which provided a pass-band
as wide as the modulation with a very sharp cut-off at cither side of
the band.
Campbell also designed filters in which the coils and condensers
were connected like a ladder: to pass low frequencies, the coils
were connected in series and the capacities connected between the
coils to form the rungs of a ladder, and to pass high frequencies
the condensers were in scries and the coils formed the rungs.
Campbell explained the operation of these filters in terms of a
transmission line. Two states were possible, either the signal was
propagated backwards and forwards along the line to become
completely attenuated at the far end, or there was a free flow of the
signal from one end to the other with no return surges. At a certain
‘cut-off’ frequency the filter changed from a ‘stop-filter’ to a
‘pass-filter’. Each coil-condenser section of the filter gave a certain
attenuation to the unwanted frequencies and a large number of
sections was required to give a high attenuation to the cut-off
frequencies.
Cohen pointed out that the artifical transmission line used by the
telephone engineers was not a normal concept for the radio
engineers, whose tuners consisted of only two coupled circuits.
Lange modified the formulae by dividing the filter sections at their
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Fig. 4.6 Band filters. (a) Wagner's band pass filter; (b) band stop filter; (r) Campbell's
low pass filter; (d) Campbell's high pass filter

centres so that the ladder appeared as a number of T- and ttscctions. He established formulae for these mid-series and mid
shunt terminations as matched impedances. Zobcl also produced
graphs which gave a simple method of designing such filters, and
Johnson and Shea developed formulae for filters employing mutual
inductance.
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Telephotography
Transmission of pictures by the telegraph cable was another
development which became possible with the advent of the valve.
Bain in 1843 and Bakcwell in 1850 had made experiments, and
Casclli in 1852 had obtained diagrams by using a stylus to mark
paper soaked in potassium cyanide, the current causing a blue stain.
The first semi-practical suggestions came with the discovery of the
photo-sensitivity of selenium by W. Smith in 1872. He was using
selenium, which had a high specific resistance, to construct a
balancing resistance for a telegraph cable when he found that the
resistance varied when the sun shone. This discovery produced a
large number of patents for ‘distant vision’ which were impractical
due to the low sensitivity of selenium and its slow rate of response
to the light variations. Scnlacq in 1879 made a working apparatus
by focusing the image from a camera obscura onto a moving
selenium point; he used Casclli’s receiver to reconstruct the
picture and also made a multi-point unit for direct vision.
The selenium was purchased in vitreous form and applied to a
slab of porcelain on which two bare wires had been spiralled
without touching. The base of the slab was heated until the selenium
melted and then it was cooled to 210° F, being held at this tempera
ture for some hours before finally cooling. Current was passed
through the selenium between the two wires.
The first practical system was devised in 1907 by Korn, whose
apparatus transmitted a 6 X 9 cm picture in about 15 min (Fig. 4.7).
He placed a film transparency around a glass cylinder and had a
light shining through the film onto a glass prism inside the cylinder;
the prism reflected the light onto a selenium cell. The cylinder was
rotated and the light variations caused a changing current in a
telegraph line. A string galvanometer was used at the receiving end
and the action of the current was to move the string so that it
uncovered a hole in the magnets and allowed a light to pass through.
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The light fell onto a photographic film fitted around a drum similar
to that at the transmitter. These two drums had to rotate at the
same speed for any difference ofspeed caused the picture to become
rhomboidal. By 1912 Korns apparatus was in use between
Manchester, London, Paris, Berlin, Munich, and Copenhagen.
Although the time lag between the changes of light and the
changes of resistance in the selenium cell limited the speed of the
transmission, making the method expensive to use, selenium cells
were used to send pictures across the Atlantic in 1924.
The current changes in the selenium cell were small and in 1912
Thorne Baker photo-etched the picture onto a screen to give a
number of parallel lines of differing thickness. This ‘picture’ was
printed onto a sheet of copper, sensitized by treatment with fish
glue and potassium bichromate, the unexposed portions being
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washed off. The copper plate was wrapped round the face of a
cylinder traversed by a stylus, similar to a phonograph, which drew
a continuous spiral on the plate. As the drum revolved, a varying
current passed to a telephone line, and so to a similar cylinder and
stylus with a paper saturated in a potassium iodide solution which
reproduced the picture (Fig. 4.8).

Motor

Fig. 4.8

Thorne Baker's apparatus

Thorne Baker used this apparatus to transmit pictures by radio,
the varying currents being made to modulate the transmitter,
and a condenser at the end of the line was short-circuited to give a
synchronizing signal. At the receiver, synchronization was obtained
by fitting a slipping clutch to the spring motor which was set to
rotate in just under one second. At the end of each revolution the
cylinder came to a stop and was started again by a pendulum, set
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to swing once every second, which operated an electromagnet to
release the clutch.
Selenium cells were also used for counting devices and burglar
alarms. A lamp housed in a metal box gave a small beam of light
onto a selenium cell to energize a relay. Articles passing along a
conveyor belt were made to interrupt the light, release the relay and
move a counter wheel around one digit. Small objects, such as
screws, could be counted as they dropped through a glass tube and
the flow could be stopped when a hundred, or a gross, had passed.
The supply of a liquid to a cistern could be stopped and started by
the level of the liquid, and many other applications were devised.
Anyone entering a closed area could be made to cut the light
beam and operate an alarm which, once operated, continued to
ring until re-set. The thief could not pass under or over the beam,
for mirrors were used to give a zig-zag coverage of the entrance.
Mirrors were even used to give a coverage of an area or volume so
that the office cat could not move without setting off the alarm. Of
course burglars soon learnt about these alarms, and brought their
their own lamps to keep the cell operating, but selenium cells could
also be made to operate in a dull-red, or infra-red light. Invisible
light, such as that used for signalling during the First World War,
was used so that the burglar could not see the beam. Another
variant was to use two cells which were balanced so that an increase
or decrease of light operated the alarm.
So many devices of this type were invented that other light cells
were developed. The Thalofide cell, developed by Case in 1917
had a resistance change of 50 per cent for an incident light of only
0-06 foot-candle. But the great improvement in light cells came
with the introduction of the photo-electric cell in which the light
caused electronic emission in a vacuum tube.
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Photo-emission
The principles of photo-emission were established by Elster and
Gcitcl, who showed that it depended solely on the metal and the
colour of the light. Gold and platinum would emit electrons only
under ultra-violet light but the alkaline earths, calcium, barium,
etc., emitted electrons with visible light. Emission only took place if
the metals were clean and, as all these alkali metals oxidized quickly,
their emission could be studied only in a vacuum or in a hydrogen
atmosphere.
The first commercial photo-emissive cell used a plate coated with
potassium as a cathode, and a small wire acted as an anode to
collect the emitted electrons. The potassium hydride cell (filled
with hydrogen) gave a much larger anode current due to secondary
electrons from the hydrogen atoms and, in daylight, the anode
current increased with the anode-cathode voltage up to about 70 V.
The next advance was to use a thin layer of caesium on the plate.
This gave an emission from a gas-filled lamp and had its peak
sensitivity in the red region. Caesium, with a high vapour pressure
at normal temperature, was difficult to work but, by using valve
techniques and adding an electro-negative binder between the
caesium and the plate, the energy required to give emission was
greatly reduced. The output of the caesium cell was also increased
by filling the tube with an inert gas, but a resistance of 100 kQ was
needed to prevent a glow discharge.
Little use was found for these photo-emissive cells for the current
was only a few microamperes, and an amplification of about
half a million was required to operate a relay. Zworykin mounted
the cell above a triodc valve with the grid connected directly to the
photocathodc. The triodc was biased to cut-off until a light fell on
the cell causing emission which discharged the grid in a very short
time. This cell meant that many old ideas had to be revised. Thorne
Baker incorporated a photo-emissive cell into Korn’s picture
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transmitter, and another system, by Karolus, also became practical.
Karolus’s system used a photograph instead of a transparency. This
was placed on the drum and the light reflected from the picture
onto the cell (Fig. 4.9). He also used a rotating disk to interrupt
the light, for it was found to be easier to amplify a rapidly changing
current than one which changed slowly. At the receiver a Kerr cell,
a glass tube containing nitrobcnzol placed between two Nicol
prisms, was used to change the signals into light variations. A light
beam was polarized by the first prism and was stopped by the sec
ond. The signal caused the nitrobenzol to rotate the polarization of
the light, to an angle dependent upon the signal voltage, and this
allowed the light to pass through the second prism. In this system
the synchronization was obtained by means of a tuning fork which
provided a signal to light a neon lamp; this illuminated a strobo
scopic disk on the drum, giving a square picture when the disk
appeared to be stationary.
In 1925, Ranger (RCA) transmitted pictures of US Army
manoeuvres from Honolulu to New York, using a potassium cell
filled with argon. Each picture, of 128 lines/in, was transmitted in
20 min.
The Bell Telephone Co. also transmitted news pictures over the
ordinary cable and radio routes. They modulated the slow changes
of current by a carrier at 1300 c/s, to give a band of frequencies
between 600 c/s and 2000 c/s. The note of the synchronizing fork,
at a frequency of 400 c/s ,was superimposed on the picture fre
quencies and, at the receiver, the synchronizing signals were
separated from the picture frequencies by filters.
By 1931 a host of devices had been developed using photoemissive cells: they were used to count and batch the copies of
newspapers into 5 quire bundles as they came off a conveyor belt;
count the number of full and empty trays passing in one direction
only, not in the other; align the edges of huge rolls of paper as
they were being wound, or unwound, and holes in the paper could
be made to stop a machine. Cells were also used to show turgidity
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in a liquid such as silver nitrate which turned milky if there was
excessive gas in a coal mine, and they were used to compare colours.
McKee used a lamp and a cell at the finishing post of a dog-racing
track. The winning dog cut the beam to operate a relay which not
only stopped a clock to time the race but also operated the shutter
of a camera to provide a photograph of the finish. Perhaps the
greatest use of these cells was in the cinema industry for talking
pictures.
Talking Pictures
Talking pictures were no new idea; the recording of sound on
film, using both the variable width and variable density methods,
had been patented by Fritto as early as 1880, and the coupling of
this with the moving picture was suggested by Dcncny in 1892.
Edison tried to combine his Kinescope and Kinetograph to make a
Kinetophonc—how they loved their trade names—in 1895, but
the low level of sound and the problem of synchronizing sound
and picture was too great. Duddcl improved recording on film
by using a string galvanometer to vary the light, and Lauste in
1916 used a lamp focused through a slit onto the film, with the
sound operating a shutter in front of the slit. Synchronizing was
the greatest problem for the picture moved through a gate in jerks
while the sound had to run continuously. It was even difficult to
start two motors at the same time. To overcome this Lauste
recorded the sound at the edge of the picture, with the sound track
a short distance behind the film to which it referred. This arrange
ment allowed separate light sources for the sound and the film but
it left a problem of developing the film to give equal contrast
to both sound and picture. The sound was usually either under- or
over-developed.
Valve amplifiers, microphones and loudspeakers, improved
optical systems, and synchronous motors enabled continuous
progress to be made and Petersen and Poulscn in Denmark re
corded frequencies up to 6000 c/s using separate films. Oscillating
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mirrors were also used to avoid the inertia and damping of the
mechanical light shutter but the inertia of the selenium cell re
mained as a severe limitation. In 1925 de Forest demonstrated a
‘PhonofilnT system using a thalofidc photocell with the sound
recorded on a strip 0-1 inch wide at the edge of the film; this was
run at 20 frames per second instead of the former 16 frames per
second. Fox also showed outdoor sound-news pictures by die
Movietone system and Bell Telephone had a sound-on-disk
system in which the camera and turntable were driven by motors
which were electrically locked to run in synchrony with each other.
This system was witnessed by the brothers Warner, who decided
that the technique was sufficiently advanced to be a commercial
proposition.
But numerous difficulties had to be overcome before soundpictures could be produced. One of the greatest problems was
noise which was generated both inside and outside the studio. Each
source had to be sought out and overcome before pictures could be
made. In August 1926, Warner Brothers built a completely sound
proof studio, on separate foundations within the main studio, and
six short films were produced with music and other noises added
to suit the action; no talking was introduced. These films were
shown in the USA and Britain but they were so marred with
breakdowns, poor quality music, lack of synchronism, and other
faults, that everyone was convinced that talking pictures had no
future.
In consequence of this, less than a hundred cinemas were fitted
for sound reproduction when, in October 1927, Warner Brothers
showed ‘The Singing Fool’ at the Winter Gardens, New York.
This was a full-length picture with talking, singing and music, and
it was so good that within 24 hours over 600 sets of equipment had
been ordered to reproduce the film. By 1928 there were more than
80 talking-films being produced and about 1000 cinemas had
installations for sound-on-disk reproduction.
Many difficulties had been overcome in making diesc films, for to
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maintain a pleasing effect the sound quality had to be good at
every stage. This called for team-work, combining the best skills
of the cinema studio producer, cameraman, broadcast studio
engineer, gramophone recording engineer and the public-address
engineer. Later it even incorporated, and fostered, a new profession,
acoustics engineering, which included the design, or modification,
of cinema auditoria.
In the studio, microphones were hung from long poles so that
they could be moved to follow the action but remain out of sight of
the camera. The cables from die microphones passed to a special
monitor room overlooking the set. Here, the outputs were con
trolled and mixed to obtain the required effects, without overrun
ning a record disk. The camera in its soundproof box had, of
course, to be synchronized with the recording turntable.
At the cinema each film was accompanied by a number of
16 in diameter disks. The projector and turntable had to run
smoothly at a speed of 33 rev/min, and the changeover from one
record to the next had to take place without a break. The turn
table had a heavy flywheel to ensure smooth running, and an
additional spring was provided to overcome the inertia at the
start. A piece of silver paper on the film made a contact which
operated a magnetic clutch on the turntable and a second relay was
used to move the pick-up onto the disk. The first record groove
had a wide pitch and the starting point was marked. If the pick-up
became out of step with the film, the whole turntable had to be
rotated by a handle to overtake, or fall back into step with, the
picture.
Sound-on-disk had a number of disadvantages, the worst, of
course, being the loss of synchronism when a break in the film
caused a length to be removed; no corresponding amountcould be
taken out of the disk. This was bad for the poorer cinemas. The
best cinemas, with the best equipment, were the first to receive the
film, but the second- and third-class cinemas, with poorer equip
ment, received the film after it had been broken a number of times,
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and in these cinemas the operator was kept continuously busy try
ing to keep the sound and picture in step. Nevertheless, this method
continued in use for about two years before a change was made to
die sound-on-fdm method.
Sound-on-fdm had the advantage that any repair ofthe film took
out an equal portion of both sound and picture, and there was
no need to rcsynchronize. At the cinema the projector merely
required an additional lamp and photocell unit, which also con
tained the first amplifier stage so that the noise level was reduced.
The first sound-on-film pictures used the RCA variable-width
system in which the light was passed to a greater or lesser extent
across the sound-track. Trouble was found with this method:
firstly, in the film development, for the picture required a ‘soft*
negative while the sound-track needed to be contrasty; secondly,
dirt on the film produced noise. These troubles caused a change to
the Western Electric variable-density system in which the full
width of the track was used and the exposure was varied. This
track usually had short horizontal lines of varying thickness and
was less susceptible to trouble as the film aged.
The demand for ‘talkie’ equipment was so great that radio firms
and amateurs started to supply units. This activity produced its own
troubles for the amplifiers rarely had sufficient power; even a small
cinema required 20 W and neither amateurs nor receiver makers
had much experience of such powers. Amplifiers were normally
built with four LS5A valves in parallel push-pull, which gave about
10W audio output. Loudspeakers for such powers were also
unobtainable and two or more moving-coil loudspeakers were
used, each capable of carrying about 5 W, but their efficiency was
rarely above 10 per cent.
For their ‘Vitaphonc’ system, A.T. & T. constructed a hornloaded, moving-coil loudspeaker which could handle a continuous
input of 30 W. This had an efficiency of about 30 per cent in the
frequency range 60-7000 c/s. The coil was wound with aluminium
wire 0T5 in wide and 0-002 in thick, and was mounted on an
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aluminium diaphragm 0*002 in thick. The coil was self-supporting
and had a low self-capacity giving little change of impedance with
frequency.
Two or more loudspeakers were used to create an illusion of
speech from any part of the screen; one was positioned at the top of
the screen and the other(s) at the bottom, or in the orchestra pit,
and the sound was adjusted between these loudspeakers to suit the
picture. The screen was perforated with small holes to pass the
sound but this had repercussions, for periodically the cinema
manager used to repaint the screen to cover up smoke and dirt and
give a brighter picture. This paint reduced the size of the holes and
lowered the volume of sound. To counteract this the operator
increased the volume and the output valves were often overloaded,
leading to furious arguments between the manager and the sound
engineers.
Other manufacturers also produced large loudspeakers; a
powerful unit by Gaumonthad the moving coil supported between
concentric polepieccs, one being concave and the other convex.
The air pressure escaped through slots in the pole faces. These
slots could not be too large, for that reduced the magnet flux, nor
too small, for insufficient air was then moved to give the higher
notes. This disadvantage was not present in the Siemens and Halske
‘Blatthaller’ loudspeaker, developed from the work of Wagner
and Luschen, and using a thin aluminium foil suspended between
the poles of long magnets. The speech currents caused the foil to
move and carry with it a diaphragm. In the Blatthallcr unit a
cellon carried a copper strip to form a continuous zig-zag around
the magnet poles; the cellon was 20 ft square and gave speech and
music over a distance of 2 miles. These loudspeakers were later
used by the Nazi Party to harangue crowds.
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Early Television
The improved sensitivity and greater speed of operation of the
photo-cell enabled true television to be obtained. Again, semipractical suggestions for instantaneous vision at a distance dated
back a long time. Ayrton and Perry in 1800 had suggested an
imitation of the eye by using a mosaic of minute selenium cells
each operating a lamp, but, as was quickly pointed out, at a
distance of 20 ft the eye can see 10000 points, and such an apparatus
would have cost £1 million. Still, during the nineteenth century
many workers constructed mosaics of 25 and 64 cells with which
they transmitted simple letters and numbers.
The exorbitant cost of a mosaic prompted attempts by others to
use the persistence of vision effect. In the cinematograph, twenty
pictures, each slightly different, were shown each second, and the
images appeared to be moving: for distant vision, attempts were
made to transmit the points of the mosaic sequentially so that
each point was transmitted twenty times per second.
In 1884 Nipkov patented a metal disk containing a spiral of
holes so arranged that only one hole was over the picture at any
time (Fig. 4.10). As the disk rotated, each hole in turn passed a
ray of light which moved from the top to the bottom of the picture,
lighting up a vertical strip. The distance between the holes was

Picture size

Fig. 4.10 Nipkov disk

made equal to die height of the picture so that when the ray left
the picture, another ray passed through the next hole to appear at
the top again but just to one side of the first strip so that it made
a second strip alongside the first. The size of the holes in the spiral
was such that the strips were just joined together and the number
of holes in the spiral gave the number of strips to the picture. As
the spot passed over the picture a varying amount of light was
reflected onto the selenium cell to give changes of current. These
were passed to a lamp galvanometer while a similar disk reassembled
the light changes into strips and a picture.
A similar scanning action was obtained by van Szczcpanik,
who used two vibrating mirrors attached to two electromagnets.
The object to be transmitted was focused onto the first mirror,
which vibrated at about thirty times per second, and was then
reflected onto the second mirror which vibrated very rapidly to
give a zig-zag movement across the selenium cell.
By 1919 von Mihaly was using vibrating mirrors to transmit
simple pictures 10 cm square; he also used a Nipkov disk synchro
nized with a phonic drum. This drum was originated by La Cour
and was a wooden cylinder with iron bars down its sides which
were attracted by electromagnets energized from the a.c. mains.
As the frequencies of two a.c. supplies at a distance apart were rarely
the same, the lack of synchronism caused the picture to roll
over. Mihaly overcame this by using tuning forks to effect the
synchronism.
Baird, who began experimenting in 1923, also used a phonic
drum attached to a Nipkov disk but he avoided the problem of
synchronizing by running both disks from the same alternator.
He added lenses to his disk to increase the light at the selenium
cell and tried many other light-sensitive devices to obtain a larger
output current. In his receiver he amplified the current to give a
varying voltage which he applied to a neon lamp and, as it was
easier to amplify a rapidly changing voltage than a slowly changing
one, added a slotted disk to his transmitter to break up the light.
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Ill America, Jenkins used, a pair of prismatic disks to provide
scanning. These were made from thick glass with their edges
ground to start thin and slowly thicken until the edge was full
thickness after a 360° rotation (Fig. 4.11). This wedge shape
deflected the light a varying amount during each revolution and,
by superimposing two disks one on top of the other, a two-way
scan was obtained. At the receiver a neon lamp, with the glow
discharge concentrated into a small hole in the central electrode,
was used to give better focusing.

Fig. 4.11 Jenkins' lens disk

All these devices transmitted shadows for they gave either full
light from the 1000 candle-power arc lamp, or total darkness at
the selenium cell. Not that all this light reached the cell. Although
the whole object was illuminated by the lamp, only the light passing
through one hole was on the cell at any time. For a square picture
of thirty strips, a square hole gave only 1/900 of the light to the
cell at any time. All experimentation was halted at this stage, with
all the workers seeking a stronger light source to illuminate the
object.
The selenium cell was also at the limit of its response, for its
current did not alter when the light changed faster than 10 000
times per second. With 30 strips, assuming an equal number of
light changes down each strip, there were 900 changes per picture,
or not more than 10 pictures per second were possible. It was by
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looking for a more sensitive light cell, which proved to be the
photo-electric cell, that Baird was able to demonstrate true tele
vision in January 1926. Baird’s apparatus, now in the Science
Museum, consisted of the Nipkov disk with lenses, the slotted disk,
and a disk with a single spiral to provide more than one strip of
light per lens. His receiver used the neon lamp to produce the light
variations and the one alternator to provide synchronization (Figs.
4.12-14).
The Baird Television Co. was formed in 1926 to produce
television receivers at a cost of approximately ^20 each. But
receivers were no use without transmission, and all requests to the
BBC were refused. The governors were not convinced that
development was sufficiently advanced, and the entertainment
provided did not warrant the purchase of receivers by the public.
The BBC also did not want to be responsible for a quantity of
unusable apparatus if the transmissions ceased. As an interim mea
sure, Baird erected his own transmitter (G2TV) at Harrow to
transmit his pictures. Meanwhile, as a compromise, the BBC
consented to transmit still pictures for reception on a very simple
receiver designed by Fulton. These were transmitted for a year
but few people bothered to make receivers; there was no public
interest in still pictures. A few amateurs made ‘Fultographs’ for
the novelty, but they soon lost interest and the cessation of the
transmissions caused few regrets.
Baird’s success had caused other experimenters to use photo
electric cells, and they found such cells allowed a greatly increased
speed ofscanning. Karolus made a drum with a number of mirrors
around its circumference. Each mirror was canted at a slightly
different angle to the next. As the drum rotated, light was reflected
onto a ground glass screen to make a number of lines one beside
the other.

4-12 (Top) Baird transmitter (1926); (Bottom) original Baird television apparatus
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Fig. 4.14 Baird Televisor receiver with cover removed

To maintain public interest, Baird instituted a number of stunt
demonstrations: television by land-line, from London to Glasgow,
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from London to New York, and from the S.S. Berengaria in mid
ocean ; ‘Noctovision’, in which the object was scanned in darkness
by infra-red light; television through fog, outdoor television,
colour television, and stereoscopic television. Each of these raised
the morale of the shareholders but improved the technique very
little.
In 1929 the German Government bought up Mihaly’s patents
and started to transmit television from Witzleban. This caused
renewed demands upon the BBC to follow suit and in 1930 the
Postmaster General yielded enough to permit experimental trans
missions, but each of these was prefixed by ‘. . . neither the Post
master General nor the BBC accepts any responsibility for the
quality of the transmission or the results obtained’. The pictures
were of 30 lines with a break at the start of each line to synchronize
the phonic wheel. This synchronizing pulse lasted only a brief
instant but at the receiver it was long enough to operate electro
magnets, in parallel with the neon lamp, and to apply a magnetic
drag to the wheel. The drag was released at the start of the line,
when considerable power was required to rotate the wheel up to
speed again; usually the top edge of the picture was bent unless
the rotating disk and wheel were very light.
The picture in the televisor was very dim. A 10 W valve worked
in excess of its rating was used to operate the neon lamp but this
gave a reddish light which was passed through a greenish conden
ser lens in which at least 50 per cent of die light was lost. However
this loss was small compared with the scanning loss which, for a
30 line picture with an aspect ratio of 3:7, gave only 1/30 of 1/70,
or 1/2100 of the initial light onto the ground glass screen. The disk
had to be thick to ensure that its edge did not bend while rotating,
and the depth of the holes gave a further loss. There was also a loss
in the screen itself, and it was estimated that the final light at the
eye was only 1/10 000 of the initial light from the neon lamp (Fig.
4.15).
The efficiency of the mirror drum scanner was claimed to be
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Fig. 4.15 {Top) Loss of light at the disk; {Centre) loss of light due to
thickness of disk; {Bottom) loss of light with the mirror-drum

thirty times better. The angle between adjacent mirrors was
24° and the distance from the screen to the mirrors had to be 2-2
times the picture height from the screen. But the light had to cover
more than one mirror to prevent the picture being dim at the top
and bottom, and the light angles had to be acute if good reflection
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was to be obtained. To obtain good focusing a very small light
source was necessary, such as the crater-neon lamp, and a large
diameter lens was required to collect as much light as possible.
Baird produced a mirror-drum receiver (Figs. 4.16, 4.17) which
used one 25 W triodc valve and a Kerr cell for its light, and another
25 W valve for operating the synchronizing unit, but this did not
give a great improvement in brilliancy. The bulk of the mirror
drum was reduced by the Te-Ka-Dc Co. in Germany, which

Screen----- .
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Fig. 4.16 Working of the Baird mirror-drum Televisor
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Fig. 4.17 Detail of the mirror-drum, showing the method of
clipping on the mirrors
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mounted the mirrors in a screw, like a spiral staircase with the
mirrors on the ends of each step. This was much easier to adjust
for equal spacing of the lines, but its efficiency was lower. Although a number of Baird televisors were made, mainly in
kits assembled by amateurs (who claimed to receive good pictures)
the picture was completely unsatisfactory. At best, a vague head
and shoulders of a person in the studio could be distinguished
(Fig. 4.18). Even if the pictures had been better, the public
was afraid to buy receivers which, like the ‘Fultograph’, would be
useless when the transmissions were discontinued. This fear was
well grounded, for within a year the BBC decided that the pro
gramme was a waste of time and stopped the transmissions. The
truth was that mechanical systems had almost reached their limit.
A new system was required. This was to come with the application
of the cathode-ray tube but another five years passed before it
could be adopted.
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W. M. Dalton, Ch.Eng., M.I.E.R.E.
Radio has been the great love of
Mr. W. M. Dalton's life and he
writes its story with so infectious
an enthusiasm and so intimate a
knowledge that his book makes
delightful reading. No radio-man,
having once dipped into its pages,
will be able to resist the
temptation to read on to the end;
and if he himself knew the early
days of radio and the radio
industry, what nostalgia he will
feel as Mr. Dalton recalls their
mysteries and marvels! If he
works in the industry today, what
interest he will find in learning
why radio developed along some
lines rather than others or why
ideas once deemed impracticable
became best-sellers later! If he is
a historian of science and
technology, what a wealth of
detailed information he will find
here!

