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Recreation in Sound 
IN spite of sundry skirmishes behind the scenes 
between rival factions in the organization it is 

pleasant to be able to record that the Audio Fair- 
now renamed the International Audio Festival and 
Fair -has once again been held in London this 
Spring, and has drawn the crowds to the point 
almost of suffocation on four successive days. 

Hotels in the off season are ready -made for 
multiple sound demonstrations, but one could wish 
that rooms and suites were larger, or that " walk 
through " arrangements similar to those organized 
by Leak, Lowther and a few other firms were 
more general. It is frustrating to have to queue 
outside a room for a quarter of an hour or more 
and then to be held captive for a similar period 
when five minutes would have been sufficient to 
form a reasonable judgment. Much better to be 
able to make a quick round of the possibles and 
still have plenty of time for a second or third 
visit as one's choice narrows. 

It may be objected that the principle of the ever 
open door would lead to pandemonium and a 
babel of sound. Not if sound levels are kept to 
domestic volume and sound traps in the form of 
L- shaped screens are placed inside each door to 
act as two -way attenuators -after the fashion of 
the cowls sometimes fitted to telephone installa- 
tions in public places. These could be quite simple 
temporary structures in sound -absorbing material, 
and need not be expensive. They could be stored 
flat between exhibitions. 

What do people listen for when they go to a 
demonstration? There must be as many criteria 
as there are individuals, but broadly one might 
divide visitors into at least three categories. 

First, if only because the noises produced for 
them are difficult to ignore, are the " hi -fi " en- 
thusiasts. Their preoccupation is with sound for 
its own sake. The reproducing equipment must 
be extended to its limits, and if it wilts under the 
strain by as much as half a decibel or exhibits 
any signs of a hangover the weakness must be 
diagnosed and remedied at all costs. This is 
(one is tempted to say " should be ") a solitary 
pursuit. No two "hi -fi" enthusiasts have ever 
been found to agree that the job has been properly 
done, though each may claim that his favourite 
method has been successful. With success comes 
satiety, and having exhausted the list of friends who 
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can be enveigled into listening to snatches of larger 
than life test recordings the pastime begins to pall 
and the " hi -fi "' enthusiast moves on to tuning 
sports cars. 

Next, one may observe a sprinkling of the intel- 
ligentsia, a reserved and contemplative group, more 
often than not professionally engaged in the re- 
cording or broadcasting of sound, competent to 
apply all known techniques in the design of equip- 
ment of the highest quality, but as yet unsure of 
the scientific criteria by which good sound may be 
distinguished. Their patient work, mathematical 
in its precision even when taking into account sub- 
jective factors in the listener,* is slowly improving 
the ratio of science to art in sound reproduction. 
Their penetrating questions do much to keep firm's 
technical representatives on their toes. (Is this why 
some take refuge behind closed doors in the demon- 
stration rooms ?) 

Finally, the most important group of all, the 
reasonable layman who wants natural reproduction 
of music at the lowest possible cost and who is 
prepared to spend time and effort in coming to a 
decision as to whether (and if so whose) commer- 
cial equipment meets his sense of value, or whether 
he must take the plunge and find out enough about 
the technicalities of the subject to assemble an 
installation which will satisfy his needs. 

As our reporter has recorded elsewhere in this 
issue, this year's Fair has produced no startling 
innovation; nothing to compare with say, the intro- 
duction of stereo records and all the national pub- 
licity in width and depth that went with it, and 
which attracted the public in its thousands to pre- 
vious exhibitions. Yet attendances this year have 
been as high as ever; the interest in sound repro- 
duction of a quality not normally purveyed by 
cheap domestic receivers (or expensive television 
sets) is now wide and sustained. It is no longer 
the exclusive cult of the cognoscenti but is sought 
by quite ordinary people, sometimes, one must 
admit, as a status symbol but more often for the 
genuine satisfaction which it gives them as a 
recreation. Like gardening it requires some tech- 
nical knowledge and some skill and judgment 
founded on observation and experience; but these 
having been acquired the rewards are perennial 

* See for example " New Distortion Criteria " by E. R. Wigan, 
Electronic Technology, April and May, 1961. 
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FIELD EFFECT 
DEVICES By DR. A. V. J. MARTIN, A.M.Brit.I.R.E. 

PRINCIPLES UNDERLYING THE TECNETRON AND ALCATRON 

THE familiar transistor relies on the transit effect 
of charge carriers, but this is not the only effect 
which can be used in semiconductors. It is 
sufficient to recall, for example, the Hall effect 
which creates a voltage between opposite faces of a 
semiconductor immersed in a magnetic field, or 
Peltier effect, used in purely electronic refrigeration 
systems. Another phenomenon is field effect, which 
appears when a semiconductor junction is reverse - 
biased. 

Resistance Modulation. -Field effect can be put to 
work to control the resistance of a slab of semi- 
conductor. For example (Fig. 1), a slab of n -type 
germanium is submitted longitudinally to a voltage 
V, and a current flows. , This slab carries two 
indium junctions on opposite lateral sides. Now, if 
a reverse bias V2 is applied to the junctions, a de- 
pletion layer appears as shown in the semiconductor 
underlying the junctions. The only conducting part 
of the germanium is the cross -hatched part, which 
is called the channel. The effect of the depletion 
layers is to reduce the cross -section of the conducting 
zone, hence to increase the resistance of the ger- 
manium slab, which in turn reduces the current due 
to V,. This current can be controlled by modifying 
V,. Since V2 provides almost no current through 
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Fig. I. Resistance 
modulation by field 
effect. 

the reverse -biased junction, the device gives power 
gain and behaves as an amplifier. The negative 
connection to the germanium is the (electron) 
source electrode S (Fig. 2). The positive contact 
is the drain D. The control electrodes are the gate 
G. 

Geometry. -The semiconductor slab can be plane 
and carry two gate electrodes on opposite faces, as 
has been described. It is in this form that the 
device was first proposed by W. Shockley, under 
the name of unipolar transistor'. This denomina- 
tion is due to the fact that the device uses charge 
carriers of one polarity only, contrary to ordinary 
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transistors which use both electrons and equivalent 
positive charges or "holes." 

Some secondary considerations come into play 
when practical applications are envisaged a',°. 
First, the depletion layer thickness is never large. 
If efficient resistance modulation is to be obtained, 
the semiconductor must be very thin between the 
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Fig. 2. Tecnetron 
in amplifying dr- S 
cuit. 

_ VI 
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gates. A few tens of microns is a common value. 
Second, the working frequency limit is determined 
by the time- constant associated with the space 
charge capacitance, that is, by the time it takes for 
this capacitance to charge up through the channel 
resistance. When frequency is too high, the capacit- 
ance charge cannot follow variations quickly enough 
and the device is useless. It can be seen that both 
considerations dictate small devices. Unfortunately, 
reducing the dimensions reduces the power - handling 
ability, since heat produced by the current flowing 
through the germanium has to be dissipated some- 
how. This becomes more difficult as the device 
becomes smaller. 

A planar geometry is not the only one which can 
be utilized. The device can be designed with a 
symmetry of revolution. For example, rotating the 
device of Fig. 1 around its longitudinal axis to pro- 
duce cylindrical symmetry yields the tecnetron. 
Rotating the same device about an axis passing 
through the drain yields the alcatron. 

Tecnetron 
The tecnetron was simultaneously studied by 
Teszner at the French CNET Laboratories and by 
the author at Carnegie Tech. in Pittsburgh (U.S.A.) 
(References 5 to 13). It is made (Fig. 2) of a cylindri- 
cal rod of n -type germanium carrying source and 
drain ohmic contacts on its ends. A groove has 
been cut in the germanium in which is deposited 
the indium collar constituting the gate electrode. 
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V, is the drain voltage and V, is the gate reverse 
bias. 

The similarity with Fig. 1 is apparent. It can be 
added that the drain contact is an n+ electrode to 
avoid injection of unwanted minority carriers (holes). 
The germanium rod has a progressive, or gradient- 
type, n- doping. 

Representative dimensions would be : length 
1 mm, maximum diameter 0.5 mm, gate diameter 
50 microns, gate length 100 microns. Average per- 
formances of a laboratory sample are summarized 
here : 

Drain voltage .. 
Drain current .. 
Gate voltage .. 
Transconductance 
Power rating .. 
Input impedance 
Output impedance 

50 V 
1.5 mA 
-15 V 
0.1 mA/V 
0.1 W 
1MO+2pF 
1Mn+2pF 

Advantages and Drawbacks. -What are the draw- 
backs? The most important is probably power 
limitation. When field effect pinches the channel, 
maximum striction occurs near the drain end. The 
greater part of the voltage drop occurs across this 
small length of the channel. The problem is then to 
remove the resulting heat from this small and inac- 
cessible spot. Thermal qualities of germanium from 
this point of view are not too good. 

There is also the problem of fragility. A ger- 
manium filament 100 microns 16ng and 50 microns in 
diameter does not constitute an example of rugged- 
ness! 

Finally, transconductance is low. With unavoid- 
able external parasitic capacitances, the merit 
coefficient is low and the stage gain is limited. 

Advantages, on the other hand, are numerous : 

small dimensions, high input and output impedances, 
frequency limit reaching several hundred Mc /s, 
simple fabrication processes lending themselves 
easily to automatic production, etc. 

Alcatron 
The alcatron has been developed by C.S.F. 
Laboratories in collaboration with CNET (Post 
Office) laboratories. As has been said before, it is 
developed, starting with Fig. 1, by rotating the 
device about an axis passing through the drain. 

Practically, an alcatron looks like Fig. 3. It is 
made essentially of an n -type germanium wafer 
carrying electrodes. The upper face carries a 
central anode, and around the periphery of the disc 

ANODE n + 
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MODULATED 
SPACE- CHARGE ZONE 

PRE -STRICTION 
OR FIELD ELECTRODE 

CATHODE n + 

STRICTION 
ZONE 

FIXED SPACE- CHARGE ZONE 

Fig. 3. Cross -section of the alcatron. 
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Fig. 4. Symbol 
and circuit for 
alcatron. 

is a circular cathode. Both anode and cathode con- 
tacts are n+ to avoid minority carrier injection. 
Between cathode and anode, a deep, narrow circular 
groove has been cut in the wafer. Its bottom 
receives the indium electrode, producing a p -n junc- 
tion and constituting the control grid. 

Notice the use of the familiar terminology 
cathode, anode and grid, which is justified in this 
case. 

The lower face carries an auxiliary electrode, 
made of a large indium p -n junction on the ger- 
manium. It is called the field or pre -striction elec- 
trode. Its rôle is to produce an initial striction of 
the channel. It receives a negative bias and creates 
a depletion layer inside the semiconductor. 

The control grid on the upper face receives also 
a negative bias and produces a depletion layer. The 
conducting channel appears between the depletion 
layers due to the two grids. Its cross -section is 
controlled by varying the voltage of the control grid, 
thus modulating the flow of current and producing 
amplification by field effect. The frequency limit 
is again determined by the resistance and capacit- 
ance associated with the control grid. Since the 
groove is very thin, alcatrons reach 150 Mc /s or 
more in existing samples. 

The power is evidently dependent on the device 
geometry, which is easily identified with that of a 
power transistor. The alcatron holds promises of 
high power at high frequencies, which is welcome 
news in the realm of semiconductors. 

Up to now, development work has been performed 
on germanium, whose technology is well known. 
Other semiconductors, with more interesting char- 
acteristics, could be used with advantage. Higher 
charge -carrier mobility and lower resistivity would 
increase notably the frequency limit and the power 
rating. Powers of several watts at frequencies of 
several hundred Mc /s are immediate possibilities. 

Characteristics. -Alcatrons are actually tetrode 
structures. The nearest equivalent in electron 
valves is probably the beam tetrode. 

The proposed circuit symbol is given in Fig. 4. 
It corresponds to the physical device. VA is the 
voltage between anode and cathode. VG2 is 
the bias voltage on grid 2, or field -grid. VG, is the 
fixed bias for grid 1, or control grid, which receives 
also the input signal. 

Anode characteristics resemble that of a pentode 
valve. 

Typical alcatron dimensions would be: cathode 
diameter, 3 mm; control grid diameter, 2 mm; field 
grid diameter, 2.5 mm; groove width, 50 microns; 
groove depth, 50 microns; overall thickness, 200 
microns; thickness between grids, 40 microns. 
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Electrolytic etching of grid groove of alcatron. 

Average performances of a laboratory sample are 
as follows: 

Anode voltage 50 V 
Anode current 100 mA 
Field -grid bias .. - 15 V 
Control -grid bias -6 V 
Transconductance 6 mA /V 
Power rating 6 W (min.) 

This sample worked satisfactorily on 120 Mc /s. 

Advantages and Drawbacks 
Let us first mention some of the more evident draw- 
backs. Although using well -tried power transistor 
technology, alcatrons are undoubtedly a complex 
device as far as production is concerned. Frequency 
performance, although good, is rather limited with 
the present state of the art. Also, the large exposed 
area sets some problems of surface states. 

Advantages are no less evident: high power, high 
transconductance, high input and output imped- 
ances, ruggedness. 

An auxiliary point is worth mentioning. If the 
dimensions of the device are increased to increase 
power handling ability, control grid capacitance 

Cleaning the alcatron prior to grid connection. 

evidently increases. However, total channel resist- 
ance decreases simultaneously. The paradoxical 
result is that the control grid time- constant does 
not change much, so that frequency performance 
is not much impaired. This is important as far as 
high powers at high frequencies are concerned. 

Possible Improvements 
Upper frequency limits, it has already been said, 
can be improved by using a better semi- conductor. 
For example, using gallium arsenide would multi- 
ply by 4 the frequency limit, as a first approxima- 
tion. (It may be mentioned that commercial pro- 
duction of germanium alcatrons is not planned). 
Another advantage accruing from the use of gallium 
arsenide would be a better temperature performance. 

Superficial doping of the upper face with 
diffused arsenic, to a depth of 25 microns, signifi- 
cantly increases performance. This doping pro- 
duces a superficial layer of n+ material, which 
reduces the cold resistance of the anode -to- cathode 
channel from 200 to 15 ohms. In fact, this n+ 
layer extends the anode and cathode ohmic con- 
tacts right to the sides of the grid groove. In so 
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Photomicrograph of a cut 
through alcatron. Notice this 
is an early model, which had 
an annular field grid instead 
of a circular field grid. 
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Completed alcatron. Notice 
grid connection by spring of 
gold wire, and large Kovar 
disc soldered to cathode. 

doing, it reduces the total channel resistance, reduces 
the grid time- constant, and increases the frequency 
limit. It can be noticed that, with this technology, 
separate ohmic contacts for anode and cathode are 
no longer necessary. Their elimination would, of 
course, simplify production. 

Referring now to the photomicrograph showing 
a cut through the alcatron, it will be remarked that 
the field -grid is annular. This arrangement was 
used in development work and has been abandoned 
in favour of a circular field -grid as shown in Fig. 3. 

Two birds are thus killed with one stone. On 
the one hand, the space charge capacitance charges 
up also through capacitance to the field grid. This 
reduces the effective time - constant and improves 

Family of anode characteristic curves for alcatron, dis- 
played on oscilloscope. 
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frequency performances. On the other hand, the 
field -grid electrode is made of indium, which is a 
good thermal conductor, and reaches the vicinity 
of the striction zone. This ensures good heat 
removal and consequent improvement in power 
rating, specially when the field -grid electrode is 
directly soldered to the metal case for heat sinking. 
This can be done since no r.f. signal is applied to 
the field electrode. 

The device being apparently electrically sym- 
metrical, it may be asked why the central electrode 
is the anode, and not the cathode. This arrange- 
ment has been adopted because experience has 
shown that it leads to best results. The reason for 
this is probably to be found in secondary effects, 
which modify somewhat the distribution of the 
internal field. 

Finally, the circular symmetry makes the alcatron 
particularly well adaptable to coaxial circuits. 
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Suppressed- Carrier Double- Sideband 
METHODS OF CONTROLLING PHASE OF REINSTATED CARRIERS 

FROM time to time one sees references, in Ameri- 
can technical literature, to a communications system 
which is known as d.s.b.s.c. (double -sideband, sup- 
pressed carrier). Although some details of this were 
published nearly four years ago, it appears to be 
almost unknown in Britain. This is a pity, since an 
essential part of the d.s.b.s.c. system is a new kind of 
radio receiver which can be regarded as a synchrodyne 
with its main limitation (the method of locking the 
oscillator) removed. As such, it should have applica- 
tions to normal a.m. reception as well as to single - 
sideband reception. 

In 1956 the American Institute of Radio Engineers 
held a symposium on single sideband communications 
systems. At that time s.s.b. was being tried for 
ground -to -air working and for military purposes. 
J. P. Costas pointed out that, as a matter of practical 
politics, the expected increase in usable channels due 
to the narrower bandwidth requirements of s.s.b. 
could not always be realized'. Serious interference 
by the nominally suppressed sideband can occur. 
Suppose, for instance, that an aircraft a few miles 
from an airfield is transmitting on the channel ad- 
jacent to that of a very distant aircraft, and that the 
distant transmission occupies the same band of fre- 
quencies as the suppressed sideband of the near 
transmission. The distant transmission may suffer 
an attenuation of, say, 60dB more than the near 
transmission. If the suppressed sideband of the 
near transmission is attenuated only 50dB (a typical 
figure in this kind of application) then it will arrive 
at the airfield at a level of 10dB greater than the 
distant signal, completely blotting out the latter. 

Even if there is not much point in s.s.b. on a band- 
width- saving basis, however, there would seem to 
be a good case for it on the grounds of power 
economy. Why transmit all that useless carrier 
power? Why, indeed! At this point Mr. Costas 
comes up with an idea that has every appearance 
of being a winner. Why not transmit both sidebands, 
but no carrier? Each sideband contains useful in- 
formation; so no power is wasted, and it is far 
easier to produce a double -sideband suppressed - 
carrier signal than a single -sideband signal. 

Receiving Techniques 
The snag -and in the past it has always seemed 
a very big snag -is in the requirements which have 
to be met at the receiver. Single -sideband recep- 
tion is bad enough, since it requires the reinsertion 
into the signal of a carrier equal, or very nearly 
equal, in frequency to the original carrier *. To 
receive a double -sideband suppressed- carrier signal, 
the locally generated carrier frequency must be 
exactly equal to the original carrier frequency, and, 

* In a superhet receiver the sum or difference of the local 
oscillator and intermediate frequencies must equal the required 
carrier frequency. 
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in addition, it must be approximately in phase. Con- 
sidering that the receiver has not got a sample of 
the original carrier to use as a yardstick, the position 
seems hopeless. However, the very exacting nature 
of these requirements contains the key to their solu- 
tion. Suppose that by some feat of design and 

(a) 

(b) 

(c) 

Fig. I. (a) Audio waveform; (b) carrier; (c) double -side- 
band suppressed carrier [from (a) and (b)]; (d) output of 
full -wave phase- sensitive rectifier [from (b) and (c)]. This 
has an audio component; (e) carrier shifted 90 °; (f) output 
of rectifier derived from (c) and (e). This has no audio 
component, since successive half -waves sum to zero 
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Systems 
By G. W. SHORT 

Fig. 2. Block diagram 
of d.s.b. receiver. 
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operating skill, the receiver can be made to provide 
the right carrier frequency and phase. What hap- 
pens when the frequency starts to drift? The 
answer is that, as the phase angle between the re- 
quired carrier and the actual oscillation increases, 
the audio output decreases, falling to zero at 90° 
phase difference and then rising to a maximum of 
180 °, and so on. This is illustrated by the wave- 
forms of Fig. 1, which shows how there is no audio 
output for the quadrature condition. Now, the 
phase of the audio output reverses as the carrier phase 
passes through 90 °. This provided Mr. Costas with 
the answer to the problem, for by incorporating an 
audio -frequency phase detector in the receiver a volt- 
age suitable for automatic frequency control of the 
oscillator can be produced. 

The receiver is shown in block diagram form in 
Fig. 2. There are two demodulators, supplied with 
locally generated carriers in phase quadrature. One 
of these (say the upper one) is in the main channel. 
If the phase angle between the original and the 
local carrier supplied to this demodulator is 0 °, 
then the audio output is a maximum. The audio 
output from the 'lower demodulator is then zero. 
If the phase angle changes, owing to frequency 
drift, the audio output from the main channel is 
reduced, and an audio output appears in the second 
channel, its polarity (compared with that of the 
main channel) depending on whether the phase 
error is a lag or a lead. These two audio outputs 
are combined in a third demodulator, which, being 
"phase sensitive," yields an a.f.c. voltage of the 
required polarity with a magnitude depending on 
the phase error. 

System Advantages 
The beauty of the arrangement, which resembles 
the synchrodyne, is that the selectivity is inde- 
pendent of the r.f. bandwith. Only the wanted 
signal gives rise to an intelligible audio output. 
Other signals give rise to supersonic outputs, if they 
are remote in frequency, or "monkey chatter" if 
they are close. In the first case, they can be got 
rid of entirely by a low -pass filter, and in the second, 
a low -pass filter will usually reduce the annoyance. 
As a matter of fact, it is claimed that by combining 
the audio outputs of the two channels in particular 
ways with the aid of phasing networks certain types 
of interference can be reduced even if they 'yield 
audio- frequency outputs. 
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Although this system of reception has been devel- 
oped, out of necessity, for double -sideband sup- 
pressed- carrier working it is not limited to this. 
Ordinary a.m. signals and s.s.b. signals can also 
be received. 

The only obvious deficiency of the system is the 
absence of a.g.c. It is not possible to derive an 
a.g.c. voltage in terms of the carrier amplitude, since, 
even if the carrier is transmitted, the resulting d.c. 
output from the demodulator is not passed by the 
audio stages. It might be possible to obtain a.g.c. 
from a normal a.m. signal by interposing a modu- 
lator in the r.f. part of the receiver (Fig. 3). All 
signals would then be varied at the modulating 
frequency, but only the wanted signal would give 
rise to an audio output at this frequency. A filter 

TO DEMODULATORS 
AS Fig.2 

L.F. SUPPLY 

Fig. 3. Auxiliary modulator for a.g.c. system. 

could therefore be used to separate the a.g.c. fre- 
quency, the filter output signal being amplified and 
detected. (This scheme was originally suggested by 
D. G. Tucker' as a means of receiving c.w. signals 
with a synchrodyne.) 

Alternatively, the audio output could be rectified 
and used as a.g.c. This is not ideal in that there 
is no output during silent intervals. On the other 
hand, the audio and carrier levels are related in 
that the maximum peak audio voltage is fixed by 
the maximum depth of modulation permitted at the 
transmitter. There seems to be no reason why this 
" peak possible " audio voltage should not be stored 
in a capacitor and employed to operate an a.g.c. 
device. 

REFERENCES 
' Costas, J. P., " Synchronous Communications," Proc. 

I.R.E. Vol 44 Part 2; December 1956, p. 1713. 
' Tucker, D. G., " The Synchrodyne," Electronic En- 

gineering. Vol. 19, November 1947, p. 366. 
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London Audio Festival 
NEW LOUDSPEAKER DEVELOPMENTS 

The period since the last audio exhibition held in London would 
seem to have been occupied by manufacturers in consolidation- 
we use this term in preference to the possibly derogatory one of 
marking time. 
One new small departure we were glad to note was that two 
exhibitors- Pamphonic and Chitnis -were issuing questionnaires 
to find out customers' requirements and preferences. 

Loudspeakers. -The main develop- 
ments since last year were in loud- 
speakers, but we feel that this was 
just " how it turned out " and does 
not necessarily indicate any general 
trend. 

The new Celestion Colaudio II 
incorporates a patented 12 -in bass 
unit in which the diaphragm is made 
of "exploded" polystyrene so as to 
achieve a higher than usual stiffness - 
to-weight ratio. In this case this has 
resulted in the virtual elimination of 
cone breakup up in the useful fre- 
quency range. The diaphragm is actu- 

Front view of " solid -cone " 
bass loudspeaker used in Celes- 
tion Colaudio 11. 

ally shaped roughly in the form of a 
solid rather than the usual hollow 
cone. However, because the poly- 
styrene from which the cone is made 
has a low density, the total weight 
of the solid cone is in fact only about 
the same as that of an ordinary 
hollow -cone woofer. Besides the 
normal suspension at its apex near 
the voice coil and at its rim, this 
diaphragm is also suspended (on the 
outside) about half -way along it by 
means of a corrugated surround. 

The fundamental resonance of this 
unit is as low as about 10c /s in free 
air : it can thus be mounted in a 
small cabinet without producing too 
high a combined cabinet volume and 
loudspeaker resonance. In fact, 
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although the volume of the cabinet 
used is only about 1.8 cu ft, this 
resonance is raised to only about 
40c /s. A 2f -in pressure -driven 
tweeter crossing over at about 2kc /s 
is also incorporated. 

A higher than usual stiffness -to- 
weight ratio can also be achieved by 
making the diaphragm in sandwich 
form with a light filler between 
denser skins, as described by D. A. 
Barlow in our December 1958 issue. 
In the production version of a Leak 
13 -in bass unit made according to 
this principle, the sandwich filler is 
i-in thick expanded polystyrene, and 
this is backed on both sides by 
0.001ín thick aluminium. The whole 
unit is conventionally cone shaped, 
but here the sandwich construction 
has resulted in a stiffness -to-weight 
ratio at least 200 times that obtain- 
able with conventional cones. This 
virtually eliminates cone breakup up 
in the useful frequency range. 
Cabinet resonances are damped from 
Q's of about 40 to 6 by gluing i -in 
thick bituminous felt to the walls. A 
3 -in tweeter crossing over at lkc /s 
is also incorporated. 

One of the problems in the design 
of coaxial double -cone loudspeakers 
is the elimination of resonances of 
the free edge of the inner cone. In a 
new Wharfedale 12 -in unit -the 12/ 
RS /DD -these rim resonances are 
damped by attaching the inner cone 
rim to the main outer cone by a in 
wide band of polyether. This band 
also absorbs the sound produced 
from that part of the main cone 
which lies behind the inner cone: 
this sound can cause interference 
effects in the region of mechanical 
crossover between the two cones. 

Circumferential ribs have long 
been used to strengthen loudspeaker 
cones. Lowther, however, have pre- 
ferred to use irregularly -placed 
nearly radial ribs -which look some- 
what like the spokes of a bicycle 
which has been in a collision! 

Amplifiers and Pre- amplifiers.- 
More transistorized units were seen 
this year. Pre -amplifiers included a 
Wellington Acoustic Laboratories 

unit compensated for use with tape 
heads but which could also be used 
with the compensation removed, as 
well as a Lowther uncompensated 
8:1 step -up unit for low -level pick- 
ups. One the power amplifier side, 
completely transformerless units were 
introduced by Lowther and Pye. 

Radford have recently introduced 
a range of valve power amplifiers 
which are characterized by being un- 
conditionally stable under any load 
conditions and by having stability 
margins as high as 25dB with resis- 
tive loads. In the " ultra- linear " 
output transformer anti -resonant 
notches of rapid phase shift caused 
by cross coupling between the anode 
and screen windings are reduced by 
winding the sections with unequal 
sizes. An unusual feature of the 
associated pre -amplifiers is that the 
maximum filter slope is deliberately 
made only 12dB /octave because the 
designer considers that the " ring- 
ing " produced by higher slopes can 
introduce more noise than is 
removed. 

Aveley Electric were showing 
American Dynaco amplifiers and 
other circuits for use with their out- 
put and mains toroidal transformers. 
A toroidal construction offers a num- 
ber of advantages : the stray fields 
are less, the single -piece core and 
better utilization of grain -oriented 
core material gives reduced distor- 
tion and increased power at low fre- 
quencies, and the increase in the frac- 
tion of the core length which can be 
covered with windings results in re- 
duced leakage capacities and high - 
frequency coupling effects. 

A new triode -pentode introduced 
by Milliard -the ECL86 -by com- 
parison with their well -known ECL82 
offers an increase in overall sensi- 
tivity by a factor of 3 and an in- 
crease in output power from 3.4 to 
4W. 

Tape Recorders. -A new two- speed, 
three- headed, four -track deck deve- 
loped by the Gramophone Co. and 
used by them as well as by Wyndsor 
in new recorders, is very unusual in 
that both tape and records can be 
played simultaneously by making use 
of an additional pickup kit. Basically 
this facility has been provided simply 
by extending the capstan motor 
spindle at both ends and driving the 
tape with one end and the record 
turntable with the other, using a con- 
ventional two -stepped pulley and 
rubber idler drive in both cases. The 
heavy record turntable is actually 
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Gramophone Company's " Voicemaster " tape deck shown 
with its additional pickup kit playing a record. 

under the deck, the record itself 
being carried on a three- pronged sup- 
port. 

A professional transistorized bat- 
tery portable tape recorder was shown 
by Casian. At the single speed used 
(7 #in /sec) the total wow and flutter 
is stated to be <0.2 %, the signal to 
noise ratio >55dB and the frequency 
response within 1dB from 30c /s to 
12kc /s. 

Unusual models and features in the 
range of Japanese Sony tape recorders 
shown by Tellux include the incor- 
poration of a three- transistor radio 
in their Model 362, partial transistor - 
ization of their Model 101 and a pro- 
fessional spring -driven model. 

An unusual feature of the Veritone 
" Sixteen " two -track recorder is that 
one tract can be recorded from the 
other (in the same direction) with, if 
required, additional material. To do 
this one half of a stereo head is used 
to record the signal replayed from 
the other half. By using the two 
halves of a stereo head rather than 
spaced separate heads, exact syn- 
chronism is obtained between the two 
recordings. 

A new type of single -transistor 
sine -wave oscillator suitable for use 
in erase circuits has been developed 
by M.S.S. This gives an efficiency 
>75% so that, for example, 1W out- 
put can be obtained from an 0072. 

Tape Accessories. -Semi- automatic 
splicers which besides providing the 
diagonal cut also longitudinally trim 
the tape edges around the cut by 
means of two slightly- curved blades 
(producing a waisted effect) were 
shown by Wilmex and Cine Acces- 
sories. 

A head demagnetizer (WAL D- 
Mag) which was originally developed 
for erasing short lengths of sound 
film was introduced by Wellington 
Acoustic Laboratories. Instead of a 
single probe two are used, connected 
to opposite ends of a cylindrical coil 
and core. The demagnetizing field 
is, of course, produced between the 
probes. 

Microphones. -In the new S.T.C. 
Type 4108 condenser microphone a 
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cardioid response is obtained by 
altering the phase of the sound im- 
pinging on one side of the diaphragm 
by passing it through a small block 
of compressed polystyrene granules. 
The valve head pre -amplifier is fol- 
lowed by a transistor impedance 
step down and buffer stage. 

The new Lustraphone DRA66 in- 
corporates an improved balanced - 
armature construction in which an 
extra " tail " attached to the arma- 
ture vibrates in a very confined air 
space so as to damp the whole move- 
ment and reduce the distortion. 

Grampian showed a 24 -in dia- 
meter parabolic reflector for focus- 
ing distant sounds on to a micro- 
phone. This can provide an increase 
in microphone sensitivity of about 
14dB and has a directivity of 10° for 
5dB down. 

Pickups and Arms. -In the S.M.E. 
arm lateral and vertical movements 
(about intersecting axes) are provided 
by pairs of precision ball races and 
knife edges respectively so as to keep 
the equivalent frictional forces pro- 
duced at the stylus down to as low as 
about 0.02gm. The tubular arm is 
damped internally with a fibre -wood 
insert, and the counterweight elas- 
tically decoupled. Part of the counter- 
weight can be moved longitudinally 
and also laterally to provide 
a sideways counterbalance for the 
head offset. A recently- introduced 
accessory for this arm is a weight 
which acts via a fine thread on a 
lever attached to the arm so as to 
counteract the side thrust produced 
by stylus friction and head offset. A 
somewhat similar device was des- 
cribed by H. J. F. Crabbe in our 
May 1960 issue. 

In stereo pickups in which two 
flexible arms transmit (by pushing) 
the stylus movements to the trans- 
ducers, it might be expected that 
minimum crosstalk would be ob- 
tained by making the angle between 
the flexible arms a right angle, to 
correspond to the angle between the 
two cutting directions. In practice, 
however, a somewhat smaller angle 
may be preferable, and in two high- 

Pivot end of S.M.E. pickup arm showing 
offset counterweight for providing side- 
ways balance for the head offset, as well 
as weight pulling device for counter- 
acting side thrust. 

compliance crystal pickups shown by 
Collel angles of about 65° were used. 

A simple pressure gauge introduced 
by Cosmocord consisted of a long 
brass strip spring fixed at one end 
and with the ether end free and 
carrying a stylus support. The deflec- 
tion of the free end r covides a 
measure of the stylus force in the 
range 0 to 15gm. 

Records. -The new Philharmonic 
records are unusual in being pressed 
from vinyl in powder rather than the 
usual solid form. In this process 
lower pressures are used so that there 
is less risk of damaging the complex 
groove structure. Blue or red rather 
than the normal black colouring dye 
is added to the vinyl. This makes 
the records semi -transparent and thus 
allows flaws in them to be more 
easily detected. The coloured dyes 
are somewhat more soluble in the 
vinyl than the normal black dye and 
this more easily- obtained dispersion 
allows a low surface noise to be more 
readily achieved. 

Receivers. -An unusual feature of 
the Armstrong Stereo 12 Mark 2 
combined a.m. /f.m. tuner and 
2 x 8W push -pull amplifier is that the 
second a.m. i.f. amplifier uses a triode 
operated in Class A. This avoids the 
modulation rise and consequent dis- 
tortion produced by the normally- 
used variable -µ valves. 

Features of the new Quad a.m. 
tuner are the use of an r.f. stage and 
provision of a 9kc /s bridged -T 
whistle filter as well as of variable 
selectivity. 

Transistor receivers shown by 
Denham and Morley included one 
covering the shoat waves down to 13 
metres and also an a.m. /f.m. set. The 
Japanese Sony 12- transistor a.m. /f.m. 
portable was shown by Tellux. 

245 



Elements of Electronic Circuits 
25. -Using Delay Lines 

By J. M. PETERS, B.Sc. (Eng.), A.M.l.E.E., A.M.Brit.I.R.E. 

LAST month we dealt with the characteristics 
of delay lines and mentioned some of their applica- 
tions, one of which was the production of rectangular 
pulses. As well as providing very precise pulses, 
delay lines can be built to handle great powers, so 
that they are frequently used for the production of 
the " h.t." for the transmitters of pulsed radar 
systems, where a peak of several megawatts may be 
needed for the production of the r.f. pulse. 

Generation of Rectangular Pulses 
An important application of the delay line is the 
production of rectangular pulses of voltage or current, 
by terminating the applied voltage or current after a 
fixed time interval. 

First of all let us refer to Fig. 1. A constant -voltage 
generator having an e.m.f. vo (this is the open - 
circuit voltage, not to be confused with potential 

LINE 

1 
Io 

Tj CHARACTERISTIC R 
Fig. I. 

IMPEDANCE Z. 

difference) is suddenly applied to the line when the 
switch is closed. A voltage " step " travels down the 
line, which draws a constant charging current from 
the supply. As the generator output impedance is 
made equal to the line impedance the voltage which 
is impressed on the line is vo /2. The value of the 
constant charging current is therefore vo /2Zo. The 
voltage step eventually reaches the end of the line and 
sets up a potential difference across the terminating 
impedance Rt. Now if the terminating impedance is 
equal to the characteristic impedance of the line 
(Rt = Z0) the energy in the wave is completely 
absorbed in the termination, the line behaves as if it 

CONSTANT - 
VOLTAGE 

GENERATOR 

Fig. 2. 
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were infinitely long and there is no reflection from 
the end. 

If the terminating resistor does not match the 
line impedance, then the travelling wave is not corn- 
pletely absorbed and dissipated in the resistor. 

When R is greater than Zo the voltage developed 
across the termination impedance is greater than the 
applied voltage; similarly if Rt is less than Za the 
current through the terminating impedance is greater 
than the current which flows in the travelling wave. 
In both cases a wave of either voltage or current is 
reflected back to the sending end taking twice the 
delay time r of the line to re- appear. The limiting 
conditions occur when the remote end of the line is 
either, as in Fig. 2, open circuit (Rt = co), or 
as in Fig. 3, short circuit (Rt = 0). 

Open -circuited Line. -With no terminating im- 
pedance (Rt = co) and nowhere for the energy to 
be dissipated, the voltage wave is reflected from the 
end of the line without any alteration in phase. The 
line continues to be charged at the same rate by the 
returning voltage step. When the step reaches the 
input (which is matched to the line) all the energy 
contained in the wave is absorbed in the input im- 
pedance so there is no longer a charging current and 
I falls to zero. 

Short -circuited Line. -Here a constant -current 
source, represented by a high- impedance generator, 
is applied to a line which is short -circuited at its far 
end (Rt = 0). The current divides equally at the 
matched input to the line: a voltage vo is 
developed across the input and a current 
represented by I; proceeds to charge the line. 
When the current step reaches the short -circuited 
end, it is reflected in phase. On its return to the 
sending end it produces a voltage across the input 
impedance in opposition to vo and equal to it; v,, 
therefore drops to zero. 

Summarising, we have an open -circuited line with a 
constant -voltage source producing a current pulse 
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equal in duration to twice the length of the delay 
line. Alternatively the line, short- circuited and fed 
from a constant- current source, can produce a voltage 
pulse of the same length. A suitable low- impedance 
voltage generator is the thyratron or some form of 
triggered spark -gap while a pentode can be used as 
the high -impedance current generator. 

Repetition of Pulses 
It is often necessary to generate pulses for use as 
time markers. These pulses may be required to have 
the same sign as the input or to be inverted in phase, 
and delay lines with appropriate terminating im- 
pedances are nearly always used for this purpose, 
for example: 

(a) To generate one pulse all we require to do is to 
terminate the line in its characteristic impedance Z0. 

(b) Equally spaced pulses may be obtained by 
terminating both ends of the line with high im- 
pedances. Due to the mismatch, the pulse will be 
reflected from both ends, suffering attenuation 
during each excursion. 

(c) If we require our equally spaced pulses to be 
inverted on each excursion it is necessary to make 
one of the terminating impedances less than Zo but 
greater than zero. 

Attenuation during each excursion is often un- 
desirable, especially when we require continuous 
trains of waves. " Topping -up " of energy can be 
effected by making the reflected pulse trigger a circuit 
such as a blocking oscillator. 

Pulse- forming Networks for Modulators 
Transmitting valves in pulse radar systems are 
caused to generate r.f. pulses lasting for a short 
time (usually between one tenth and ten micro- 
seconds). The unit which governs the pulsing 
of the oscillator is called the modulator and it also 
controls the duration of the output pulse. It is 
usual for the pulse- forming network in the modula- 
tor circuit to carry the whole of the pulse energy 
which is discharged into the oscillator in series with 
the modulator " switch," which may be a valve or 
spark -gap. The network is charged from an h.t. 
source in the intervals between pulses, we are there- 
fore concerned with the main problem of charging 

THYRATRON 
OR 

SPARK -GAP Fig. 4. 

the network and causing it to discharge as and when 
required. First let us examine the simplest form 
of modulator circuit (Fig. 4). The switch is a gas-. 
filled triode or thyratron which maintains con- 
duction at a much lower voltage than its striking 
voltage. 

Initially the triode is not conducting and C charges 
via a large resistor R. When the triode is caused 
to strike by application of a trigger waveform, 
C discharges through the oscillator until the potential 
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is insufficient to maintain ionization in the valve: 
the cycle then recommences. It will be noted that in 
this simple form of circuit the discharge pulse across 
the oscillator is exponential. If however we now 
replace C by an open -ended delay line (Fig. 5) a 
rectangular pulse can be obtained. 

The series inductors of the delay line (which has 
n sections) have little effect on the charging time 
constant (which is . nCRsec.) because this period 
is usually very long compared with the transmitted 
pulse. When the gas triode conducts the line dis- 
charges through the oscillator. The more sections 
there are comprising the line, the more nearly 

H.T: LINE OF 7,- SECTIONS 

OPEN 
CIRCUIT 

Fig. 5. 

rectangular is the pulse which energizes the oscilla- 
tor for 2n A/(LC)sec. 

Various improvements of this circuit will- be 
encountered, for example, the replacement of the 
resistor R by a charging choke. The effective charg- 
ing circuit is now a series resonant L -C circuit which 
is shock -excited into oscillation by the application 
of the h.t. voltage. If the gas triode can be arranged 
to conduct after each half period of oscillation 
Or V/ (nLC) sec.) then the amplitude of the output pulse 
which energizes the oscillator will equal the supply 
voltage. A diode, known as a " hold -off " diode, 
is often inserted between the charging choke and 
line. This ensures that if the pulse recurrence 
period is greater than ir./(nLC) the charging current 
cannot reverse, and the line voltage is maintained 
constant at its maximum value. It should be noted 
that the line must be capable of withstanding twice 
the supply voltage, as the voltage across both choke 
and capacitor of a series -resonant circuit is twice 
that of the supply. Not surprisingly, the charging 
of the delay line by this method is called " resonant 
charging." 

An alternative method known as " symmetrical 
charging" is often preferred. In this case the line 
is not subjected to a charge of twice the supply 
voltage, as the excursion of this voltage across the 
line is arranged to swing equally above and below 
zero. 

Finally it may be noted that although it is 
easier to understand the charging of the line from a 
d.c. source; a.c. can be used, provided that the 
supply frequency is kept constant within close 
limits. A.C. charging has many advantages, e.g., 
the absence of high voltage rectifier and smoothing 
circuits -consequently the modulator is much 
lighter in weight. The recurrence frequency (p.r.f.) 
is, however, tied to the supply. In many cases this 
is not a disadvantage because, as with the frame- or 
field -scan speed in television, locking to the supply - 
frequency allows less stringent specification to be 
adopted for smoothing throughout the system. 
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Tape Recording Copyright 
ONE of the consequences of a legal battle between 
GEMA (the German copyright society representing 
composers, authors and music publishers) and tape 
recorder manufacturers was that advertisements for 
tape recorders in West Germany must carry a note 
stating that the recording of copyright music is for- 
bidden unless written permission has been granted 
by GEMA. As only a few owners of tape recorders 
have voluntarily paid fees to the society it has now 
demanded a flat payment of 5% of the list price of 
every tape recorder sold to cover copyright fees. 

Manufacturers have, however, declined to pay the 
fees. GEMA claim that German gramophone record 
production has declined due to the fact that more 
and more broadcast receiver owners make their own 
tape records of broadcast popular music. 

Technical Writing Awards 
THE 1960 winners are announced by the Elec- 
tronic Engineering Association and the Radio In- 
dustry Council of the six 25- guinea premiums 
awarded for technical articles " likely to enhance 
the reputation of the industry and focus attention 

on Britain's leadership in radio, television and 
electronics." The panel of judges under the chair- 
manship of H. E. F. Taylor who succeeded the late 
Air Marshal Sir Raymund G. Hart, comprised Pro- 
fessor H. E. M. Barlow, B. C. Brookes, A. H. Cooper, 
F. Jeffrey, G. Reeves and Dr. R. C. G. Williams. 

There is a growing interest in the scheme, intro- 
duced by the R.I.C. in 1952, and last year 93 articles 
were submitted compared with 63 the year before. 

The 1960 prize -winners are: - 
A. E. Crawford (Brush Crystal Co.), " Piezoelectric Voltage 

Transformers," Wireless World. 
Dr. G. L. Grisdale and D. A. Paynter (Marconi's W/T), " A 

Tropospheric Scatter Link Over a 200 -mile Path," Point -to -Point 
Telecommunications. 

D. L. Swale (Decca Radar), " Integrated Electro-mechanical 
Design as Applied to Electronic Equipment," British Communica- 
tions and Electronics. 

C. M. Cade (Kelvin & Hughes), "Infra-red Radar Surveillance 
and Communications," British Communications and Electronics. 

E. N. Rowlands (Central Middlesex Hospital) and H. S. Wolff 
(National Inst. of Medical Research), The Radio Pill," British 
Communications and Electronics. 

P. L. Owen, M. F. Partridge and T. R. H. Sizer (R.A.E.), 
"The Differential Analyser and its Realization in Digital Form," 
Electronic Engineering. 

Commonwealth Technical Training 
AT the suggestion of the Duke of Edinburgh a 
Commonwealth Technical Training Week is being 
held from May 29th. Its aim is, to quote H.R.H., 
" to draw attention to the very wide range of appren- 
tice schemes and technical training programmes 
which are open to bright and ambitious young 
people." Most education authorities in the U.K. are 
participating. At the Royal Exchange, London, the 
City and Guilds of London Institute is staging an 
exhibition to illustrate the training and educational 
opportunities in industry, commerce and the pro- 
fessions. A special service is being held at St. Paul's 
Cathedral on June 1st. 
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Component Production 
THE year's total of 2,650M components (approxi- 
mately 10M each day of a five -day week) is recorded 
in the 28th annual report of the Radio and Elec- 
tronic Component Manufacturers' Federation cover- 
ing 1960. This output, an all -time record valued at 
£130M, is an increase of more than 10% on the 
previous year's figure despite the recession in the 
sale of domestic television equipment. 

The total value of the 1960 exports of compo- 
nents and associated products (audio equipment 
and test instruments) was £26.4M which was an 
increase of approximately 17 %. The U.S.A. again 
headed the list of buyer countries with purchases 
valued at £4.8M, with Australia next (£2.1M) fol- 
lowed by Canada (£1.8M) and India (£1.2M). China 
was the leading buyer of British test -gear in 1960 
taking a total worth £186,000. 

Multi- standard TV Gear 
TO facilitate contributions to Eurovision and the 
making of video -tape recordings for use in other 
countries, without standards conversion, the five 
new mobile control units ordered from Pye by the 
B.B.C. are capable of operating on the 625- and 525 - 
line standards as well as on 405 lines. 

These mobile control units are each fitted with 
four Pye 4Jin image- orthicon camera channels. 
Power consumption and heat dissipation from the 
equipment will be minimized by the use of tran- 
sistors wherever possible. An innovation is that the 
vision mixer control panel will be detachable and 
can be operated when required up to 300 feet from 
the main equipment. Each camera will be capable 
of operation with up to 2,000 feet of cable. Pro- 
duction facilities will include electronic "wipe," 
permitting parts of two pictures to be transmitted 
simultaneously. 

Communications Satellites 
FRANCE, the U.K. and the U.S.A. are to co- operate 
in a programme of trans -Atlantic tests of communi- 
cations satellites. Ground stations are to be built 
in England and France for the reception and trans- 
mission of telephone, telegraph and television sig- 
nals across the Atlantic using satellites to be 
launched by the U.S. during 1962 and 1963. 

The first project, Relay, will utilize a low -altitude 
active repeater satellite scheduled to be launched 
in 1962. The second, Rebound, will involve the 
placing of several inflated spheres in orbit. The 
first launch to orbit three spheres is scheduled for 
1963. 

Northern Nigeria -Heads of agreement to provide 
television and sound broadcasting in Northern Nigeria 
have been signed by the Northern Nigerian Radio 
Corporation, E.M.I. Electronics and the Granada 
Group. A new company is being formed, in which the 
Radio Corporation -a government body -will operate 
in partnership with E.M.I. and Granada. A television 
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centre and studios will be built in Kaduna, the capital 
of the Northern Region, and there will be two linked 
transmitters -one to cover Kaduna and Zaria and the 
other in Kano. All transmitting and studio equipment 
for both television and sound broadcasting, is to be 
supplied and installed by E.M.I. 

New A.T.V. Studios. -Opened on 7th April by 
Dr. Charles Hill, A.T.V.'s new Studio Centre at 
Elstree, Hens, covers some 340,000 sc} ft and cost £4M. 
At present Studios C and D are in operation and, 
together with Studios A and B -to be completed shortly 
-the total studio floor area available will be 32,000 
sq ft. Equipment includes five cameras (Pye) (using 
44 -in English Electric image -orthicon tubes) and 
" push- button " lighting control with automatic dim- 
ming and " memory " (Strand Electric) so that a given 
plot can be returned to. All the vision chain equipment 
can operate on 405 -, 525- and 625 -line standards: 
transistors and semiconductor diodes have been used 
widely in the mixing and distribution equipment which 
has been designed and made by AST.V. staff. 

P. A. Fleming 

Closer liaison be- 
tween U.S. and U.K. 
valve and tube makers 
may be expected from a 
conference recently held 
in Syracuse, New York, 
by the Joint Electron 
Device Engineering 
Council of the Electronic 
Industries Association of 
America. British manu- 
facturers of valves, 
cathode -ray tubes and 
semiconductors were 
represented at the con- 
ference by P. A. Fleming, 
the technical secretary of 
B.V.A. and V.A.S.C.A. 

V.A.S.C.A. -Following the retirement of G. A. 
Marriott, who was the first president and chairman of 
the Electronic Valve and Semi- Conductor Manufac- 
turers' Association ( V.A.S.C.A.), S. S. Eriks, O.B.E. 
(managing director of Mullard), has been elected presi- 
dent and chairman of the Council with C. A. W. 
Harmer, O.B.E. (a director of Pye), as chairman of the 
Association and also of the general management 
committee. 

B.V.A. -The new vice -chairman of the British Radio 
Valve Manufacturers' Association in succession to G. A. 
Marriott is, J. Bell, managing director of the M.O. 
Valve Company. 

Receiving Licences.- During February the number 
of combined television -sound licences throughout the 
U.K. increased by 38,023 bringing the total to 
11,186,486. Sound -only licences totalled 3,940,859, 
including 468,806 for sets fitted in cars, giving an overall 
total of 15,127,327. 

Technical Writing. -A course of six lectures on 
" Some Problems of Technical Writing " will be given 
at the Borough Polytechnic, Borough Road, London, 
S.E.1, at 7.0 on Wednesdays from April 26th. The 
fee is £1. 

Dubilier. -It is regretted that some figures were 
dropped from Dubilier's advertisement, page 107, of 
the April issue. It was a 1961 capacitor that was com- 
pared with a 1930 condenser. 

" Multivibrator Design " -a correction. On pages 
221 and 222 of the April issue, Figs. 2 and 3 (but not 
their captions) should be interchanged. 
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R.E.C.M.F. -The new president of the Radio and 
Electronic Component Manufacturers' Federation, in 
succession to E. M. Lee, is Arthur Bulgin, and the 
vice -presidents, H. V. Slade (Garrard) and K. G. Smith 
(N.S.F.). The member firms and, in parentheses, their 
representatives elected to the council for 1961 -62 are: 
Belling & Lee (N. Dundas Bryce), A. F. Bulgin & Co. 
(R. A. Bulgin), A. H. Hunt (S. H. Brewell), Multicore 
Solders (R. Arbib), Painton & Co. (C. M. Benham), 
Plessey Co. (J. A. Clark), Standard Telephones & 
Cables (L. T. Hinton), Telcon Metals (Dr. G. A. V. 
Sowter) and Bakelite (G. J. Taylor). The new chairman 
of the council is Dr. G. A. V. Sowter. 

Radio Amateurs' Exam. -The City & Guilds report 
on the 1960 Radio Amateurs' Examination records a 
decline in the percentage of passes compared with the 
previous two years. Of the 1,274 candidates in 1960 
only 55% passed compared with 60 % of the 1,102 in 
1959 and 72% of 716 in 1958. It is reported that the 
majority of failures were the result of a general 
inadequacy in all questions attempted. 

Jack Binns, the first ship's wireless operator to 
demonstrate the value of radio in saving life at sea, 
who died in New York in December 1959, had 
requested that the citations and medals awarded to 
him commemorating the occasion in 1909 when he 
was instrumental in the saving of all the passengers 
on board the two vessels (Republic and Florida), should 
be presented to Peterborough, his home town. The 
presentation was made on April 11th on behalf of 
his widow by R. Fergusonz managing director of the 
Marconi International Manne Company, with whom 
Jack Binns was an operator from 1905 to 1912. 

Back Numbers. -A reader has for disposal copies of 
Wireless World from April 1913 to November 1917. 
Anyone interested in acquiring these should write to 
L. Mawer c/o the Editor. 

Secondary Radar. -The Ministry of Aviation has 
announced/that secondary surveillance radar will be 
introduced shortly to serve the Southern Air Traffic 
Control Centre. It is intended that this service, experi- 
mental at first, should become part of the normal opera- 
tional facilities in the United Kingdom, together with 
such other stations as are necessary to cover other U.K. 
air -space areas. 

School TV. -The use of closed -circuit television to 
link two schools in an area to facilitate the teaching of 
special subjects was recently demonstrated by Pye in 
Hayes and Harlington, Middlesex. The schools are two 
miles apart and were linked by radio. An advantage 
voiced by some of the pupils in a science class was that 
experiments can be seen much more clearly on the 27- 
inch monitors than under normal class -room conditions. 

OBITUARY 
Since preparing the obituary notices on page 251, we 

regret to learn of the recent death, at the age of 70, 
of Walter S. Barrell, who had been associated with the 
recording industry for over 35 years. He retired at 
the age of 67, from the position of technical liaison 
officer of the E.M.I. group's recording activities. He 
was previously manager of E.M.I. Studios, for 10 
years. Mr. Barrell joined the Columbia Graphophone 
Company in 1925 where he became chief engineer of 
the recording studios, a position he continued to hold 
after the merger in 1931 of Columbia and H.M.V. to 
form E.M.I. It was about this time that Blumlein 
developed a system of stereophony and Barrell co- 
operated with him in producing some of the earliest 
stereo records. He was elected president of the B.S.R.A. 
in 1948 and an honorary member of the Audio Engi- 
neering Society of America in 1956. 
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Personalities 
Professor Harold E. M. Barlow, Ph.D., B.Sc.(Eng.), 

M.I.E.E., Dean of the Faculty of Engineering, and 
Pender Professor of Electrical Engineering and Director 
of Laboratories in the University of London, has been 
elected a Fellow of the Royal Society " for his work on 
engineering aspects of microwaves, particularly wave - 
guides and semi- conductors." Professor Barlow, who 
has been a member of the Editorial Advisory Board of 
our sister journal Electronic Technology since 1956, is 
also on the panel of judges of the Technical Writing 
Scheme sponsored by the Radio Industry Council and 
the Electronic Engineering Association. He has also 
served on the Radio Research Board of the D.S.I.R. 
for some years. 

E. Allard, B.Sc., A.M.I.E.E., has been appointed 
acting general manager of Associated Transistors, Ltd., 
following the resignation of Dr. C. B. Mepham. Mr. 
Allard is assistant to the general manager of the English 
Electric Valve Company. The English Electric Co. is 
one of the three which jointly own Associated Transis- 
tors; the others are A.T.E. and Ericsson Telephones. 

H. B. Dent has retired from the editorial staff of 
Wireless World which he joined in 1927. His wide 
knowledge enabled him to contribute to all sides of 
editorial work but his particular interest was in short 
waves and he has been an active amateur transmitter 
(G2MC) for many years. Towards the end of the first 
World War he transferred from the Army to the Royal 
Flying Corps for special radio duties. After demobili- 
zation he spent a few years in Yugoslavia and then 
joined Igranic Electric from which he came to Wireless 
World. He was commissioned in the R.A.F.V.R. early 
in 1939 and was posted to Fighter Command HQ in 
August of that year and was closely associated with the 
operation of the radar chain and fighter control. In 
September 1941, he went to the Directorate of Com- 
munications Development in the Ministry of Aircraft 
Production. From August 1943 until he returned to 
Wireless World in 1945, Wing Commander Dent was in 
the Air Ministry Directorate of Signals. 

H. B. Dent D. A. C. Robb 

A. C. Robb, M.Eng., Ph.D., A.M.I.E.E., has been 
appointed technical manager of Belling & Lee Ltd. 
Dr. Robb graduated at Liverpool University, and ob- 
tained a masters' degree for post- graduate work. Sub- 
sequently he was awarded a research fellowship at 
Glasgow University to work on the design of high - 
voltage particle accelerators, and gained his Ph.D. for 
related studies. 
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A. B. Howe, O.B.E., M.Sc., M.I.E.E., who retired 
some months ago from his position as assistant head of 
the B.B.C. Research Department, is now employed in 
a consultative capacity by 
the Independent Tele- 
vision Authority. He is a 
special assistant to the 
chief engineer and is con- 
cerned mainly with both 
the national and inter- 
national aspects of the 
planning of a television 
service. He was a repre- 
sentative of the I.T.A. at 
the C.C.I.R. meeting of 
experts recently held in 
Cannes in preparation for 
the European Broadcast- 
ing Conference to be held 
in Stockholm from 26th 
May which he will also 
attend. A. B. Howe 

C. H. Colborn, B.Sc., M.I.E.E., has retired from the 
B.B.C. Engineering Division after 37 years' service. He 
is succeeded as head of the Television Studio Section 
of the Planning and Installation Department, by D. R. 
Morse, A.M.I.E.E. Mr. Colborn joined the B.B.C. as 
a maintenance engineer at Cardiff. In 1926 he trans- 
ferred to London to do development work and after 
service with the Research and Equipment Departments 
he became head of the Low Frequency Section of the 
Station Design and Installation Department, as it then 
was, in 1941. He has been in charge of the Television 
Studio Section since 1949 and has been responsible for 
the technical installations at all B.B.C. television 
studios, including the new London Television Centre. 
Mr. Morse joined the B.B.C. in 1947 as an engineer 
in the London Control Room and transferred to the 
Designs Department in 1949. He has been head of 
the Film Unit of the Television Section of the Planning 
and Installation Department since 1956. 

D. N. H. Lambert, B.Sc.(Eng.), A.M.I.E.E., has been 
appointed resident engineer of the B.B.C. Far Eastern 
Station, Singapore, in succession to R. J. Keir, O.B.E., 
B.Sc., A.M.I.E.E., who has completed his term of duty. 
Mr. Lambert joined the Operations and Maintenance 
Department of the B.B.C. in 1934 and transferred to 
the Research Department the following year. He re- 
turned to the Operations and Maintenance Department 
in 1946 and became assistant engineer -in- charge of 
the Burghead transmitting station in 1951. He was 
seconded as chief broadcasting engineer to Radio Belize, 
British Honduras, in 1955 and since his return to the 
United Kingdom in 1958 has been engineer -in- charge 
of the Clevedon transmitting station. The new engineer- 
in- charge at Clevedon is V. A. E. Hember, who joined 
the B.B.C. in 1940. He has been senior maintenance 
engineer at Brookmans Park since 1952. 

Other B.B.C. appointments include : K. G. Nicholas, 
who becomes engineer -in- charge of the television 
studio at Southampton. and E. S. Ahl, A.M.Brit.I.R.E., 
who has been in charge of the Penmon and Llanddona 
sound transmitting stations since 1958 and now becomes 
engineer -in- charge also of the Bangor studios in succes- 
sion to S. Hat who is retiring after 37 years' service 
with the Corporation. 
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Dr. A. V. J. Martin, A.M.Brit.I.R.E., editor of our 
Paris contemporary Electronique et Automatisme, writes 
in this issue on field effect and its applications. After 
10 years in journalism first as editor -in -chief of the 
French journal Television and later of La Radio Prof es- 
sionnelle, Dr. Martin went to the United States in 1956 
where he was for three years assistant professor of 
electronics at the Carnegie Institute of Technology, 
Pittsburgh. He returned to France in 1959. Dr. Martin, 
who received his doctorate (sciences) from the University 
of Paris in 1956, served in the R.A.F. during the last 
war and was for a year teaching at an R.A.F. radio 
school. He is 39. 

W. A. C. Maskell, B.Sc.(Eng.), M.I.E.E., Sen.M.I.R.E., 
general manager of The General Electric Company's 
Telecommunications Group at Coventry since 1959, has 
been appointed managing director of the Group. Mr. 
Maskell, who is 55 and is a graduate of London 
University, joined the 
Coventry Telephone 
Works of G.E.C. as a 
post -graduate apprentice 
in 1925. Three years later 
he became an equipment 
designer in the Radio 
Development Laboratory. 
In 1942 he became chief 
engineer to the G.E.C. 
war -time factories at 
Bradford. He returned to 
London in 1946 to be- 
come deputy manager of 
the Radio Department 
at the company's head- 
quarters and five years 
later went to Coventry as 
general manager of the 
Radio Works. W. A. C. Maske/l 

OBITUARY 
The Rt. Hon. Sir Walter Womersley, Bt., president 

of the Relay Services Association of Great Britain since 
1948, died on March 15th at the age of 83. Sir Walter 
was from 1935 to 1939 Assistant Postmaster- General. 

W. Witt Burnham, whose association with radio dates 
back to the days before broadcasting, died on April 3rd 
aged 80. He founded the firm of Burnham and Com- 
pany, of Deptford, from which grew the original Burn - 
dept Company. As managing director of Burndept he 
was one of the original directors of the British Broad- 
casting Company. He later joined Edison Swan, where 
he was manager of the Radio Division when he retired 
20 years ago. He was for many years chairman of the 
Radio Manufacturers' Association and also of the British 
Radio Valve Manufacturers' Association. 

Gerald Marcuse, the internationally well -known radio 
amateur, died on April 6th. He was 73. Gerald 
Marcuse was an honorary member of the R.S.G.B. of 
which he was president in 1929 -30 and was one of the 
founder vice -presidents of the International Amateur 
Radio Union. He will be remembered by " old- timers " 
as a pioneer in Empire broadcasting, for in 1928 he set 
up a studio at his home from which he regularly broad- 
cast over G2NM programmes to overseas listeners. 

F. W. Endicott, who as Scottish Engineer was respon- 
sible for the engineering services of the B.B.C.'s sound 
and television studios and outside broadcasting units 
in Scotland, died on March 21st aged 60. He joined 
the Corporation in 1929 as an assistant in the technical 
correspondence section at Broadcasting House. 

E. A. Taylor, sales director of Belling and Lee, died 
on March 19th at the age of 53 after a long illness. He 
joined the company in 1932. 
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News from 
Industry 

A.E.G. -The 1959/60 turnover of Allgemeine Elek- 
tricitäts Gesellschaft and its subsidiaries in which it has 
a majority holding was DM 2,497M. This was an in- 
crease of 16% over the previous year's figure. Exports 
accounted for 24% of the group's total turnover. The net 
profit for the year amounted to DM 43.5M. Telefunken, 
the capital of which was recently raised to DM 125M, 
and Ludw. Loewe & Co., are wholly owned subsidiaries 
of A.E.G. 

Marconi's W/T Company and Wilcox Electric Com- 
pany Inc., of Kansas City, Missouri, have signed an 
agreement for collaboration in the field of airborne radio 
and radar equipment. It covers the full interchange of 
design, engineering and production information and in- 
cludes the manufacture and sale by either firm of equip- 
ment designed by the other. The Wilcox company is 
one of the two companies who have received develop- 
ment contracts for air traffic control transponders from 
the U.S. Federal Aviation Agency. 

Ekco Electronics Ltd. has granted a 10 -year contract 
to Wilcox Electric Company, Inc., of Kansas City, to 
produce airborne weather radar equipment under licence 
in the U.S.A. 

Griffiths Electronic Guns Ltd. has been set up jointly 
by Griffiths Electronics Inc., of the U.S.A., and the Sam 
Carpenter Group of Companies in this country, to manu- 
facture at Bray, County Wicklow, Eire, magnetic and 
electrostatic guns for cathode -ray tubes. The factory's 
initial production is at the rate of 10,000 guns per week, 
and these are mainly for Cathode Ray Tubes Ltd., 
another of the Carpenter companies. Production will 
later be increased to meet anticipated demands from the 
Continent and Commonwealth countries. 

J. E. Dallas and Sons have been acquired from Keith 
Prowse by G. S. Lee, chairman and managing director 
of Lee Products. Keith Prowse acquired a 51% 
holding in Dallas about two years ago. Mr. Lee is now 
chairman of the company in succession to Mr. P. E. 
Cadbury who has resigned. 

Multisignals Ltd., opened on March 28th its first 
wired television system in Wales -at Cwmbran New 
Town, Monmouthshire. The company was formed in 
1959 with the backing of Thorn, Ekco, Ultra, Anglia 
TV and the Granada Group, to provide through the 
co- operation of local dealers a sound and TV distribu- 
tion service. E.M.I. Electronics Ltd. supplied the equip- 
ment for the Welsh distribution system which provides 
three TV programmes (B.B.C., Television Wales & the 
West, and Westward TV), the three B.B.C. sound pro- 
grammes on v.h.f., and Radio Luxembourg also dis- 
tributed on v.h.f. 

Closed -circuit television, both monochrome and 
colour, links the new Daily Mirror headquarters in Hol- 
born, London, with one of its subsidiaries in Farring- 
don Street, a quarter of a mile away. The Marconi 
equipment has been installed to enable documents etc. 
to be seen by executives without wasting time travelling 
between offices. Similarly the recently opened branch 
of Coutt's Bank in Lombard Street, London, has been 
equipped by E.M.I. Electronics with closed -circuit 
television linking the ledger room with various admin- 
istrative offices. 
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Racal have supplied two of their RA17 communica- 
tions receivers with 11 convertors and an s.s.b. adaptor 
to the R.A.F. Frequency Measuring and Monitoring 
Station at Stoke Hammond, Bucks, where all R.A.F. 
transmitters are constantly checked for frequency 
accuracy. A Racal SA21B digital frequency meter is 
used in conjunction with the radio equipment for direct 
reading of the measured frequencies. 

Decca River Radar, Type 215, has been fitted in 
Firefiair, a 66 -ft fire -float which is based near Graves- 
end for service in the lower reaches of the Thames 
and the Thames Estuary. It will enable the vessel to 
answer emergency calls more rapidly in all conditions 
of visibility. Decca also announce that they have re- 
ceived an order for harbour radar for the River Med- 
way. The installation includes three 16 -in radar dis- 
plays and Pye v.h.f. communications equipment. 

EXPORTS 
Decca are to supply their Type 424 airfield control 

radar to the Portuguese Air Force. To meet mobility 
requirements the radar will be mounted on a trailer 
which will also incorporate Ekco C.R.D.F. and Pye v.h.f. 
equipment. 

Surveillance Radar. -Marconi's are to supply a second 
S232/2 50cm radar to the Centre d'Essais en Vol, the 
French counterpart of our Royal Aircraft Establishment. 
It will be installed at Istres. This latest version of the 
S232 series can be used simultaneously for long -range 
surveillance and for close-control of aircraft. 

E.M.I. recording equipment has recently been sup- 
plied to the Rumanian record industry. Each of the 
two recording suites supplied includes the new 10 -way 
mono -stereo mixing control console. The consoles 
record stereo by the established spaced -microphone 
method or can be adapted to employ the E.M.I. " sum 
and difference " technique. Ten TR90 stereo tape - 
recording consoles, dubbing -mixing consoles, disc replay 
units, monitor speakers and other equipment are 
included in the order. 

Marconi television equipment has been installed at 
Ottawa -the third Canadian commercial station to be 
supplied by Marconi's. The equipment includes a 4 -kW 
Band III vision transmitter, an 18 -kW vision amplifier, 
and a 9 -kW sound transmitter. The aerial and an- 
cillary equipment has also been supplied. The ampli- 
fier incorporates patented " anti -ghost " circuits to avoid 
the effects of snow and ice on the aerial. Marconi's 
are also supplying a further seventeen Mark IV televi- 
sion cameras to Radio Italiana Televisione. The new 
cameras will be installed in the Rome and Naples studios 
and will be used for the second television service 
scheduled to commence later this year. 

Pye have been awarded a contract worth £40,000 for 
instrument landing and v.h.f. ground -to -air communica- 
tion equipment to be used at the Schoenefeldt airfield 
in East Germany. The landing system employs a 
directional localizer and stabilized glide path. 

Cossor packset, series CC.3, v.h.f. portable trans- 
mitter- receivers, have been ordered for the Rhodesian 
police. The instrument, which weighs only 5 lb, employs 
transistors and features a built -in speaker /microphone 
and power supply. 

MAY MEETINGS 
Tickets are required for some meetings; readers are advised, there - 
fore, to communicate with the secretary of the society concerned. 

LONDON 
1st. I.E.E." Progress report on the 

development of a photo -electric beam 
index colour television tube and system " 
by R. Graham, J. W. H. Justice and 
J. K. Oxenham at 5.30 at Savoy Place, 
W.C.2. 

3rd. Brit.I.R.E. -Symposium on 
" Computer control of air traffic " at 
3.0 at the London School of Hygiene, 
Keppel Street, W.C.1. 

5th. I.E.E.- Discussion on " Arti- 
ficial muscles " opened by Dr. A. B. 
Kinnear Wilson at 6.0 at Savoy Place, 
W.C.2. 

8th. I.E.E." The corona -discharge 
and its application to voltage stabiliza- 
tion " by E. Cohen and Dr. R. O. 
Jenkins; " Impedance frequency charac- 
teristics of glow- discharge reference 
tubes " by Dr. F. A. Benson and P. M. 
Chalmers; and " Comparison of argon, 
krypton and xenon as admixtures in 
neon glow -discharge reference tubes " 
by Dr. F. A. Benson and G. P. Burdett 
at 5.30 at Savoy Place, W.C.2. 

12th. I.E.E. -Discussion on "The 
place of transistors in national certificate 
courses " opened by B. F. Gray and 
W. B. K. Ellis at 6.0 at Savoy Place, 
W.C.2. 

12th. Institute of Navigation. -" Air- 
borne weather radar " by Capt. R. C. 
Alabaster and P. L. Stride at 5.15 at 
the Royal Geographical Society, 1, 
Kensington Gore, S.W.7. 

12th. British Interplanetary Society. 
-Symposium on " Communication 
satellites " from 10.0 to 5.0 at the 
Federation of British Industries, 21 Tot - 
hill Street, S.W.1. 

15th. I.E.E. -Sia papers on the 

252 

banana tube colour television display 
system at 5.30 at Savoy Place, W.C.2. 

15th. I.E.E. Graduate and Student 
Section.- Annual General Meeting fol- 
lowed by " The experimental investiga- 
tion of space " by Dr. P. J. Bowen at 
6.30 at Savoy Place, W.C.2. 

17th. I.E.E. =' Air traffic control" 
by Dr. E. Eastwood and Dr. B. J. 
O'Kane at 5.30 at Savoy Place, W.C.2. 

17th. Brit.I.R.E.- Discussion on 
" Television wireless distribution " at 
6.0 at the London School of Hygiene, 
Keppel Street, W.C.1. 

18th. I.E.E. - Annual General Meet- 
ing followed at 6.30 by " Experimental 
investigation of space " by J. A. Ratcliffe 
at Savoy Placet W.C.2. 

19th. Institution of Electronics.- 
" Aerial techniques " by C. F. Whitbread 
at 7.0 at the London School of Hygiene, 
Keppel Street, W.C.1. 

ARBORFIELD 
1st. I.E.E. Graduate and Student 

Section. -" Aural properties of spaced 
loudspeaker systems " by J. B. Helder 
at 7.0 at the Unit Cinema, 3 (Tels.) 
Training Bn., R.E.M.E. 

BIRMINGHAM 
1st. I.E.E." Silicon power recti- 

fiers " by A. J. Blundell, A. E. Garside, 
R. G. Hibberd and I. Williams at 6.30 
at the James Watt Memorial Institute. 

17th. Television Society.-" To- 
morrow's television " by D. C. Birkin- 
shaw at 7.0 in the New Physics Lecture 
Theatre, University of Birmingham. 

18th. Institution of Electronics.- 
" Tunnel diode circuit applications " by 
I. Aleksander at 7.0 in the Byng Ken- 

rick Suite, New 
Costa Green. 

FARNBOROUGH 
2nd. I.E.E." The potentialities of 

artificial earth satellites for radio com- 
munication " by W. J. Bray at 6.15 at 
Farnborough Technical College, Boun- 
dary Road. 

16th. Brit.I.R.E. -Annual General 
Meeting of the Southern Section fol- 
lowed by "Electronic techniques in the 
measurement of acoustic noise " by K. R. 
McLachlan at 7.0 at Farnborough Tech- 
nical College. 

LEICESTER 
15th. Television Society.-" The 

Neveye vidicon camera " by N. S. 
Rutherford at 7.30 at the College of 
Technology and Commerce. 

MANCHESTER 
18th. Society of Instrument Tech- 

nology.-Annual general meeting of 
Manchester Section followed by The 
thermocouple " by Dr. A. W. Foster at 
6.45 at the Nags Head, Jacksons Row. 

PRESTON 
3rd. I.E.E. - Annual general meeting 

of the N. Lancashire Sub -Centre fol- 
lowed by " Electronic aids to banking 
and commerce " by Dr. R. Feinberg at 
7.30 at the N.W.E.B. Demonstration 
Theatre, Friargate. 

SHEFFIELD 
17th. I.E.E. -Annual general meet- 

ing of Sheffield Sub -Centre followed by 
"Progress in permanent magnet 
material " by J. E. Gould at 6.30 at the 
Grand Hotel. 

College of Technology, 
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Ceramic I.F. Transformers 

USE IN TRANSISTOR RADIO RECEIVERS 

By R. C. V. MACARIO*, Ph.D. 

THE behaviour of piezoelectric ceramics is similar 
in many respects to that of piezoelectric crystals. 
When a voltage is applied across electrodes 
enclosing a region of either material, mechanical 
motion is induced, thus giving rise to conditions of 
electrical and mechanical resonance. One difference, 
however, is that the ceramics must be polarized, that 
is to say, subjected to a high electric stress, before they 
show piezoelectric properties. However, since 
ceramics may be more readily shaped and polarized 
in convenient directions, this gives them an advantage, 
compared with crystals, in that a larger variety of 
mechanical modes may be exploited. Examples of 
shapes in use are circular discs resonating in a radial 
mode and longitudinal bars resonating in longi- 
tudinal or shear modes: both of these shapes behave 
electrically like simple tuned circuits of differing 
characteristic impedances. Moreover, by selectively 
silvering the surfaces of the material, the ceramic 
devices may be made to behave like band -pass 
transformers 1. 2. 3 They appear to have a much 
greater selectivity per unit volume and are attractive 
as an adjunct to solid -state circuitry. 

Clearly, the properties and the usefulness of the 
devices depend very much on the nature of the 
ceramic. Suitable ceramics appear to be titanates 
and zirconates and the lead compositions" have the 
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Fig. I (a) Construction of a ceramic i.f. transformer. 
(b) Circuit for measuring the response of a ceramic i.f. 
transformer. 

desirable property of strong piezoelectric coefficients 
which are stable with time and temperature. 

On the other hand, other properties of the devices 
are independent of the exact composition of the 
ceramic, but are pertinent to all types. The most 
important of these properties is that a given structure 
can resonate at several frequencies. The other 
frequencies correspond either to harmonics of a 
particular mode or to other modes. Frequencies 
higher than the fundamental response of a particular 
mode are referred to as overtones, or tonesb, and they 
* Now at IBM British Laboratories (formerly at The Plessey Co., Ltd.) 

WIRELESS WORLD, MAY 1961 

Experimental radial -mode 
resonator made by Plessey. 

can be very troublesome in band -pass amplifiers. 
Also, the amplifier circuit loads the resonators and 
thus the choice of ceramic and structure is not only a 
function of its piezoelectric properties but also of the 
amplifier arrangement. 

This article discusses the principles underlying the 
use of the radial mode resonator'. 2 as an interstage 
filter network and a replacement for i.f. transformers 
in broadcast radio receivers. A description of the 
resonator is given from the viewpoint of its circuit 
properties and the article is concluded with an 
illustration of a design for a standard receiver. 

Description of the Radial -Mode Resonator. - 
The photograph shows an experimental radial -mode 
resonator displayed at the Physical Society's Exhibi- 
tion, 1960. The component consists essentially of a 
thin disc of ceramic, polarized in the axial direction, 
and having a divided silvered surface on one side 
and a completely silvered surface on the other. The 
inner area of the divided surface forms the dot 
electrode, the outer the ring electrode, whilst the 
undivided surface is known as the base electrode. 
With an input signal applied between the dot and 
base, say, an output signal is observed between the 
ring and base electrodes. The signal is transferred 
from input to output by the mechanical coupling 
between the inner and outer regions of the disc and 
the electromechanical properties of the ceramic 
material. The response is a maximum when the 
dimensions of the disc are so that it is mechanically 
resonant at the frequency of the input signal. 
Because different electrode areas have different 
electromechanical coupling with the motion of the 
disc, an impedance transformation results and we 
arrive at the concept of a ceramic i.f. transformer. 
Fig. 1 illustrates the details of the device and the 
type of circuit by means of which the response may 
be investigated. For the connection shown the 
response is a series resonance, but the shape or 
selectivity of the response curve depends both on the 
ceramic itself and on the load across each pair of 
electrodes. The response, together with the trans- 
former action, is very similar to that of a wound i.f. 
transformer, but clearly, if the ceramic device is to 
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(a) b) (c) 

Fig. 2 (a) Uniformly silvered disc basic resonator. 
((b) Equivalent circuit of the basic resonator of Fig. 2 (a). 
(c) 

Voltage/frequency 
response of the basic resonator of 

ig. 2(a). 

compete with the wound component in all respects, 
it must respond to exact design. 

Basic Resonator. -The approach used is to 
develop a design equation for the ceramic counterpart 
by extending the equivalent circuit of a uniformly 
silvered disc. We call this the basic resonator and 
the response about resonance of this two -terminal 
device is shown in Fig. 2 together with the equivalent 
circuit which very nearly describes the response. The 
characteristics are very similar to those of a quartz 
crystal, but resonance is less sharp, indicating a much 
lower mechanical Q- factor. The values of the 
components of the equivalent circuit can be readily 
measured, and use is made of these values in the 
design of the concentric -ring transformer. 

The radial mode is used because of its relative 
freedom from spurious responses, and because the 
overtone frequencies are farthest apart'. To gain an 
idea of the dimensions and frequencies involved, 
Table I gives typical values for two sizes of discs, 

TABLE I 

Resonant Mode fa 
kc /s 

Radius 
cm 

Co 
pF 

41 
kc /s 

Cm 
pF 

Rm 
12 

Overtone Funda- 
mental 

Disc 1st overtone 
Fundamental ¡Funda- 

disc (mental 

180 

465 

465 

0.611 

0.611 

0.236 

1290 

1290 

194 

12.0 

4.15 

31.0 

178 

23 

26 

17 

50. 

43 

both 0.8mm thick, composed of a ceramic with the 
following properties: - 

Electromagnetic 
coupling coefficient, k$ = 40% 

Dielectric constant, e = 1000 
Mechanical Q- factor, Qm = 300 
Radial mode frequency 

factor (fundamental fre- 
quency x radius), fR = 110 kc /s -mm 

Here, df = f,, - fB, where fit and fAR are the 
resonant and anti- resonant frequencies respectively, 
indicated in Fig. 2. A more detailed description of 
the derivation of these values and their variation with 
ceramic composition is given elsewhere3. The 
important parameters of the ceramic are kit, Qm 
and e; Table I shows typical values, but wide varia- 
tions are possible'. 

From Table I it will be seen that the first overtone 
frequency is some 2.5 times higher than the funda- 
mental. In practice, however, because of the small 
dimensions that are involved in the preparation of 
the electrodes of a fundamental 465 kc /s resonator, 
465 kc /s overtone resonators are preferred. A second 
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overtone then appears some 1.5 times above this 
frequency. However, this is in general a much 
weaker response' and the main problem is that of 
eliminating the fundamental resonance in the i.f. 
amplifier. This is considered below. 

Before leaving the basic resonator, however, it is 
worthwhile noting that in certain instances it may 
be used to increase selectivity, but usually at the 
expense of a few decibels of gain. 

Equivalent Circuit.- Fig. 3 shows an equivalent 
circuit that quite closely describes the behaviour 
of the three -terminal resonator of Fig. 1. The 
series -resonant components with the subscript 
` m ' are the equivalent mechanical components 
described in Fig. 2, whilst RD, CD and RB, C, refer 
to the dot and ring loads and electrode capacitances 
respectively. The two transformers of turns ratios 
n1 and no are introduced to take into account the 
partial coupling of the loads into the mechanical 
circuit. Both depend on the mode of resonance and 
the placement of the silvered electrodes. 

It can be shown that the working Q of the device, 
called Qw, at the centre frequency fa in a circuit 
such as Fig. 1 is given approximately by 

2irfo RD CO2 
Q = Cm F(N) 

In this equation fot fR and RD is the load across 
the dot electrode which is correctly matched to a 
load RB, across the ring electrode by a disc having 
electrode areas in the ratio 1 : N. Clearly N 
CB/CD, whilst the matching ratio is given by 

RD 
N .. (2` 

RR n$a 

The values of n1 and no can be measured and hence 
equation (2) solved. Co is the total electrode capaci- 
tance and 

.. (1) 

Co = CD -I- CB, .. .. (3) 
F(N) is a function which depends on the position 
of the electrodes, the ratio of their areas, and the 
extent of the silvering. Even so for a typical overtone 
disc F(N) is very nearly equal to unity, which leads to 
a simple design equation. Thus Qw depends merely 
on the working load and on the ratio of the inter - 
electrode capacitance to the equivalent mechanical 
capacitance. The latter ratio depends on the radial 
electromagnetic coupling coefficient ka which in- 
creases as Cm /Co increases. Thus, summarizing 
conveniently, 
Working 

Bandwidth a Ceramic Coupling Coefficient 
Load x Electrode Capacitance 

The mechanical Qm does not enter into the expression 
provided it is high. Moreover, for a given ceramic 
and resistive load, we are able to vary the working 
Q w by adding external capacitances. Also we note 

Fig. 3. Equivalent circuit of a ceramic i.f. transformer. 
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Fig. 4. Measured response curves for a single ceramic i.f. 
transformer with various external capacitive loads. 

there is no limit on the value of RD provided that 
2afoRDCD> 1. 

Fig. 4 shows some measured response curves for a 
single disc with various external capacitive loads. 
Qw calculated from Equation (1) was 27, compared 
to the measured Qw of 30 with the disc not loaded. 

Practical I.F. Amplifier Design. -The ceramic i.f. 
transformer is utilized in a practical amplifier circuit 
in the manner shown in Fig. 5. As there is no d.c. 
path through the device it may be connected directly 
between the collector and base of successive tran- 
sistors (or other components) but, in order to supply 
the current to the driving transistor without losing 
the signal, a resistive feed must be included in the 
collector circuit 1. 2. This clearly has disadvantages 
as well as advantages. It is seen that the arrange- 
ment is identical with Fig. 1 but with the loads 
indicated in Fig. 5. 

Practical values of the collector load Re are 
limited by the transistor current to < 10kû. This is 
usually less than the transistor output impedance 
and hence RD N R. The load on the ring electrode 
is that of the base of the succeeding transistor, 
Rln and Cin ; bias resistors can usually be ignored. It 
is then possible to calculate the power gain and the 
working bandwidth. The centre frequency fD 
is dictated by the diameter of the ceramic resonator; 
for a 470kc /s overtone disc this is about half an inch. 

The power gain is given ° by 

Stage gain = 4 gm2 RD Rx, .. .. (4) 

when the loads are correctly matched. With practical 
values of the transistor mutual conductance g,,, 
this works out to be about 30dB. Though this is 
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(a) (h) 

Fig. 5 (a). Connection of a ceramic i.f. transformer in a 
transistor amplifier. (b) Effective dot and ring loads in 
the circuit of Fig. 5 (a). 

somewhat lower than the maximum power gain 
frequently quoted, there is very little power insertion 
loss due to the disc. This loss depends on the ratio 
Qm : Qw, but is negligible when 

Qw Q m14 
Typically Qm = 300, hence Equation (4) gives the 
working power gain. 

Conventional i.f. transformers are often designed 
with an attendant power loss to overcome transistor 
amplifier instability. With ceramic i.f. transformers 
the resistive load Ro achieves the same effect, and it 
turns out that there is no real need to include neu- 
tralizing components in stages such as Fig. 5. 

To achieve the desired working bandwidth for 
given loads, the disc must be designed to have the 
electrode capacitance dictated by Equation (1), 
or the correct padding capacitance must be added. 
The process is relatively straightforward and a wide 
range of interstage selectivities may be designed. 
This makes possible the design of synchronous or 
stagger -tuned amplifiers. The requirements on 
centre frequency and other parameters are not 
found to be serious. 

Removing Unwanted Responses. -Since we have 
considered an overtone resonator, the chief problem 
is to eliminate the response at the lower fundamental 
frequency, usually 180kc /s. At the present time 
the method recommended is to retain one double - 
tuned i.f. transformer in the first stage of the ampli- 

The advantages of this arrangement are 
Unwanted signal protection >60dB. 
The amplifier frequency response can be 
adjusted for balance. 
Placing the transformer in the mixer stage 
ensures minimum breakthrough of the oscillator 
signal into the i.f. amplifier. 

(iv) A diode may be placed across the coil to provide 
signal overload protection. 

Receiver I.F. Stages. -Fig. 6 illustrates the 
pertinent section of a broadcast receiver utilizing 
ceramic i.f. transformers. Comparison with the 
well -known conventional i.f. arrangement shows 
how the ceramic device fits into the circuit. The 
detector stage is as described in a previous issue 
of Wireless World8. Component values have not 
been included in Fig. 6 as these may be varied to 
suit the requirement of battery supply voltage, 
-VB, and the a.g.c. action. D1 is a signal overload 
protection diode. C1 and C2 are capacitors which may 
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