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high efficiency
with low cost

Whatever the aerial or frequency there
is a BICC cellular-polythene Downlead to suit
every television requirement.

These cables are made under strict
process quality control. Yet they are low in cest,
providing the most economical method of ensuring
high quality performance.

Publication No. 357 gives further technical
details. May we send you a copy?

downleads.

BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1
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Transistor

Various modulation arrangements can be used with the
500kc/s marine-distress transmitter (see previous advertise-
ment). For c.w. opération a morse key can be connected in
series with the base winding of the medulator transistor,
together with an r.f. choke and a bypass capacitor to prevent
r.f. voltages floating across the key.

Low-power modulation is used for radio telephony. The
modulator transistor is biased inte Class C operation, using
a parallel CR cembination, to a point where the output of the
transmitter falls to half its normal value, and an a.f. signal is
applied across the bias resistor.

The circuit shown here is for an automatic-keying device
which generates the distress signal. A time interval of 0-1 sec
was chosen for the duration of a dot and for the interval
between successive dots or dashes. The duration of a dash is
then 0-3 sec.

Transistors Trl and Tr2 form the dot multivibrator and the
Tr2, Tr3 combination is the dash multivibrator. As the
spacing between dots is the same as the spacing between
dashes, no gate is required for mixing and so the output can
be taken from the collector of Tr2, the commeon transistor.
To square-off the waveform of this output an emitter follower
Tr4is added. The output from Tr2 is inverted by Tr13 to the
negative-going pulses required for keying the transmitter. A
positive line is provided for the combined multivibrator by
connecting the three emitters to a suitably decoupled resistor
R2. This ensures that the appropriate transistor (Trl or Tr3)
is definitely cut off by the sequence multivibrator which
acts as an on-off switch in the base leads of Trl and Tr3.
This multivibrator consists of transistors Tr6 and Tr7,
which conduct aIternatcly switching the supply voltages
across the base resistor R7 and R6 respectively. When Tr6
is on, TrS is off and the voltage across R9 (approximately
Vec) appears across R7, the base resistor of Tt1, and three
dots are generated. The timing of this sequence is mainly
governed by the combination COR11.

The capacitor C7 reduces the switch-on time of transistor
Tr7. If it is omitted, the inhibiting signal from Tr7 does not
reach the dash multivibrator soon enough and a spurious

WIRELESS WORLD

Jung, 1959

dash precedes the dot-dash sequence. When Tr7 is on, Tr8 is
off, the supply veltage appears across R6, and Tr3 generates

three dashes. Transistors Tr5 and Tr8 are emitter followers
which square-off the collector waveforms from Tr6 and Tr7.
The sequence multivibrator is in turn contrelled by the mark-
space multivibrator by connecting R13, the base-feed resister
to Tr7, across the emitter load of Tr9. The mark-space
multivibrator is the only free-running one in the whole
circuit. It controls the whole automatic timing circuit. Tr10
is an emitter follower which squares-off the collector wave-
form of Trll. A buffer stage, Tr9, is required to reduce
interaction between the mark-space multivibrator and the
previous stage.

The resistor R18, in the base lead of Trl0, is necessary to
prevent pulses, fed back from the sequence and dot-dash
multivibrators, triggering the mark-space multivibrator. It
also reduces the voltage developed across the emitter resistor,
R17, thereby reducing the on-period of Trll. This time can
be easily adjusted because it is the off-period for the com-
plete timing circuit. If R22 is 270k and C10 is 100 pF, the
space period between signals is about 15 sec.

Some of the timing components need careful selection; all
the resistors for these circuits should be of high stability, and
the capacitors should have low leakage currents. These
capacitors should preferably be metallised paper types (Cl,
C2, C3, C5, C7, C12), and tantalum electrolytic for the others.
All the transistors operate at less than 500pA per stage; the
total current drain from a 12V battery is about 4mA. The
circuit operates satisfactorily with supplies down to about
10V, and over a range of temperature from O to 60°C. Taking
into account the on-off power ratio of the combination of
transmitter and keying circuit, a life of 50 hours can be ex-
pected from a 4 ampere-hour accumulator.

It cannot be emphasised too strongly that indiscriminate
transmission of the international distress signal, whether
licensed or not, is very undesirable. However, the principles
of the design descnbed can be used for the automatic keying
of any morse signal, such as a call sign, by suitable adjust-
ment of the timing components.
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Wireless World

Monodic Sound

THE current interest in stercophony, one might
almost describe it as an obsession, has brought with
it many headaches, not the least of which has been
caused by the difficulty of finding a terse word to
describe the other kind of sound reproduction—
the one we used to enjoy before two-channel sterco-
phony became a commercial proposition.

Most of the proposals to date have not been
entirely satisfactory: some have been plainly ludic-
rous—“monaural > and “monophonic,”  for
instance.

No normal person would dream of listening to
free-field sound from whatever source or sources
except with two ears, and it is useless to argue
that the sound might have been picked up by a
single microphone, for in that case a better term
would be “monomicrophonic.”

As for “monophonic,” this calls to mind only
tuning notes, test oscillators and other uninterest-
ing laboratory noises; certainly not the rich poly-
phonic sounds of music and well modulated voices
which often come through reasonably well even on
“ non-stereophonic ” equipment. Let us therefore
dismiss “ monophonic” as an abortive attempt by
the stereophonists to denigrate a system of high-
quality sound reproduction of which we have by
no means heard the last.

Thinking of why “monaural” and “mono-
phonic” should sound so funny and out of con-
text we chanced to remember a pedagogic disserta-
tion on the origins -of humour in which a high

[

place was given to ““the juxtaposition of the incon- -

gruous.” False comparison, inadequate antithesis
-here surely are the root causes of our trouble.
« Monaural ” is the ant:thesis of *“ binaural ”” which,
by common consent, refers either to the normal act
of hearing or to a system using headphones separ-
ately excited by independent reproducing channels.
“ Mono ” should not be associated with “ phonic”
because the first part describes the channel of
transmission whereas the second refers to the
nature of the information conveyed. With “ stereo-
phonic” we are on firmer ground, because not only
does it pass muster by referring exclusively to the
quality of the sound, but it is now so well estab-
lished that no etymological argument is likely to
displace it. Therefore all we have to do is to find
the Greek antonym for ¢ stereo ”—or do we?

The opposite of solid is plane or flat, and good
single-channel sound reproduction is far from
being that. By the judicious use of reverberation
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and by varying distances from the microphone the
skilful broadcaster or recording technician can con-
vey the impression of spaciousness in depth. In
fact the best results could justly be described as
** single-channel front-to-back stereophony.” True,
the use of two or more channels gives width in
addition to depth, so one might call it “second-
order stereophony” to distinguish it from the
“first-order stereophony” which we sometimes
get from single channel.

Both systems have their strength and weakness.
Obviously multichannel stereophony is best suited
to orchestral and choral music, especially when
this is written with antiphonal effects in mind; and
single-channel “stereophony ” should be best for
solo instruments and voices with a subsidiary or-
chestral accompaniment. It is technically difficult
to centre the virtual image of a voice, so that it
seems to come from a point midway between two
Joudspeakers, but it can be done as Mr. Briggs
demonstrated recently in the Festival Hall in Lon-
don. The audience by a show of hands preferred
two-channel stereophonic reproduction of the
soprano voice to a single-channel recording, admit-
tedly of a different singer but by the same
recording company. Other experiences have shown
that either system can beat the other at its own
game when it is at the top of its form and the other
is not. At the present stage of development it is
therefore unsafe to try to draw a distinction based
solely on the criterion of performance. (3

Until recently this journal has favoured the term
“single-channel ” for non-stereophonic systems,
but since the B.B.C.’s revival of interest in stereo-
phonic broadcasting the possibility that two audio
channels may eventually be broadcast over a single
radio channel introduces an element of ambiguity.
Radio people can with some justification lay a prior
claim to the use of the term channel and we see
no reason why they should not keep it if they will
allow us the use of “monodic” (suggested on
p. 304 of this issue by our sometimes unruly but
ofteni inspired contributor “Free Grid”) to des-
cribe the audio-frequency part of the chain. Itis
self-consistent in describing the system without
reference to the nature of the information con-
veyed, and it enables us to make free and confident
use of the contraction “mono ” in the knowledge
that if challenged to explain what it stands for we
shall be spared the embarrassment of trying to jus-
tify “ monophonic” or *“ monaural.” '
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FERROELECTRICS

I.—THE PHYSICS OF A SINGLE DOMAIN

By J. C. BURFOOT,* Ph.D.

THE prominent property of a ferroelectric is that
it has a spontaneous polarization P, analogous to
ferromagnetic remanence, and that this polarization
can be reversed by applying an opposing electric
field E stronger than the coercive field E, (Fig. 1). The
name  ferroelectricity ” was coined because of this
similarity; there is no connection with *iron.” The
discovery of ferroelectrics is very much more recent
than that of ferromagnetics. Weber’s theory of
magnetic substances in the middle of last century and
Ewing’s later extensions had led already in 1907 to
the Weiss domain theory; the discovery of ferro-
electricity in Rochelle salt was not made until 1921
(Valasek). Inevitably, progress in understanding
the phenomenon has been more rapid, leaning on
analogy with the magnetics. However, a closer look
shows that the differences are at least as striking as the
similarities, as I shall show in these articles.

About thirteen groups of ferroelectric materials
are now known, and new ferroelectrics are being
added constantly to the list. The physics of a
ferroelectric material is most easily approached in
terms of a single good crystal which is all one
domain, though such a state may be difficult to
maintain in practice; this first article deals with this
topic. Later I shall consider the effect of multi-
domain structures on these basic properties, and then
the even more complicated nature of polycrystalline
materials. Ferroelectrics have been used for many
years, usually in the form of ceramics, in a great
number of piezoelectric devices and transducers, and
in capacitors. After considering these, I shall
examine work carried out in the last decade on the
‘“ dielectric amplifier ” and associated modulation
devices, and towards uses in digital computers, for
storage and switching purposes.

Single Domains.—In view of the historical lag, it is
not surprising that understanding of the basic
phenomena is considerably less well advanced than
in magnetics. But it seems too that the underlying
facts are genuinely less simple. For it is possible to
describe ferromagnetism by treating each atom as
though it were an elementary magnet. Then the
complications of alignment and domain formation are
described in terms of those external properties of
magnets which have been known since William
Gilbert’s study of them about 1600: (1) a magnet
produces a dipole magnetic field in its neighbour-
hood, and (2) a magnet aligns itself with a magnetic
field if it is free to do so; interactions between magnets
are described in terms of these two facts. At first
sight this looks like describing ferromagnetism in
terms of ferromagnets. But in fact the magnetic
moment, or strength, of our elementary magnets
undergoes no change in a field, and it is precisely
such changes which are of interest (Fig. 1(a)) and

* Queen Mary College, London University.

256

which we succeed in describing, in materials, in terms
of our conception of the atom as a permanent dipole.

In ferroelectrics, permanent (electric) dipoles also
occur, but one cannot usually identify a particular
atom with the dipole, and certainly not a particular
electron, as in magnetics. The * spinning ”* electron
responsible for ferromagnetism is inside the atom,
screened electrically from neighbouring atoms. But
for ferroelectricity, the various structures which
cause it are intimately associated with the bonds
between atoms, so that even in the relatively simple
crystalline form of solids it is difficult to find any
conception of microscopic subdivision which will
effectively isolate the essential dipoles. The com-
plication is increased because the cohesive forces
holding matter together are largely electrical in
nature.

Three elementary magnets, the atoms of iron,
cobalt, and nickel, largely account for ferromagnetics;
but in ferroelectrics there are many possible
elementary dipoles, and the same unit may behave
quite differently in different materials. In many
cases the unit involved is not yet known for certain.
Also, induced dipoles become important in ferro-
electrics; the polarizability of a molecule may well
determine whether the material containing it is
ferroelectric. Polarizability is the extent to which a
particular atom or molecule can be given a dipole
moment by an electric field.

Permanent Dipoles.—An electric dipole is a body
which is electrically neutral, but with the effective
eentres of its positive and negative charges not at the
same place. There is no reason to suppose that either
of these charges is concentrated at a point, but it is
sometimes convenient to think of the dipole as made
up of two equal charges, + ¢ and — ¢, fixed at a

Fig. 1. Magnetic and electric hysteresis loops. The in-
ductions are respectively B=H+ 4= and D=E--47P, or in
these materials, to a good approximation, B=4nl and
D=4nP.
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separation 2d, and then we define the electric dipole
moment as p = 2dg. The axis of the dipole is the
line joining the charges. If a molecule or a crystal
cell in a crystalline solid behaves like a permanent
dipole whose axis can be turned into any direction or
into any one of a number of particular directions,
spontaneous polarization might result from alignment
of these dipoles in strings head-to-tail in some
particular direction, and alignment of the neighbour-
ing strings in the same sense. If the alignment is
complete, and there are N dipoles in a unit volume,
then P = Np. Such an alignment may have been
caused initially by the application of a suitable
external electric field E, subsequently removed. But
it is retained by the internal fields due to the dipoles
themselves. It is believed that such internal fields
are very much greater than any practical value of
applied E, and they are very important to an under-
standing of ferroelectricity. For at any reasonable
temperature, random thermal motions, which we
have ignored above, spoil the alignment (so that many
p are in wrong directions) unless there is some
field F to counteract it; this field can be the internal
field. The way P falls off if F is too small is shown
in Fig. 2(a).

Induced Dipoles.—Ths above ideas are common
to both ferromagnetism and ferroelectricity, though
the reasons for the existence of p are very different
in the two cases. But now turn your attention from
permanent dipoles to the possibility of induced
dipoles. That is, consider material in which the
positive and negative centres of the units do coin-
cide. The function of the field F is to separate them,
against the influence of the forces holding the unit
together. And now we meet the following curious
possibility. Because pclarization produces internal
fields, it is possible for a material containing no
permanent dipole to exhibit a polarization. The
polarization creates the field and the field creates
the polarization—it is only necessary that the
polarizability should be * large enough ”’; equation
(2) below puts this cordition more precisely.

In a small field F, the strength of dipole induced,
P, will be proportional to F,

p; = oF . .. .. ¢))]
but in larger fields, p; approaches some maximum
value set by the structure and cohesion of the
unit. This is known as ¢ saturation.” See Fig. 2(b).
« is the polarizability. It is clear from Figs. 2(a)
and (b) that the effects of permanent and induced
dipoles will be similar, though the values and temper-
ature dependences will be different. Probably
both types of effect occur.

It is worth while to compare the induced dipolar
effects that can occur in magnetic materials. Our
electric induced dipolas may be due to relative
movements, in the field F, of atoms carrying positive
and negative charges (‘“atomic” or “ jonic
polarization), or to displacements of the electrons
of an atom relative to the positive nucleus of the
atom (“ electronic ” polarization); in either case,
the dipole produced is directed with the field rather
than against it, so that the susceptibility I/H is
positive, and we may even have a ferroelectric if
the co-operative effect is large enough. In magnetics,
induced dipolar effects are due to precessions of
electron torbits about the field direction, and the

+ Not to be confused with electron spins.
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Fig. 2. Polarization and field curves. In Fig. 2 (a),

o pF kT) . . -
P=Np (coth KT bF for free dipoles; near O, this is
e PF) —1 —-16

PNp (3kT . ke1"381.10-16 erg/deg.

laws of magneric induction are such that the result
must oppose the applied field. So the associated
susceptibility is negative, and materials in which
this effect predominates are called diamagnetics
rather than paramagnetics; such materials try to
move away from, rather than towards, regions of
high-field.

Two points of contrast with magnetics result:
(1) In electrics we cannot distinguish permanent
from induced dipoles by the mere sign of a force;
the terms dia-electric and para-electric are hardly
in use, in fact. (2) In ferroelectrics we cannot be
certain that permanent dipoles underlie the pheno-
menon, for here induced dipolar effects do have the
right sign to allow co-operative effects.

Spontaneous Polarization—Fig. 2 will not
explain why spontaneous polarisation remains when

= 0 unless we can identify the value of F when
E is removed. To do this, let us first imagine that
we do apply E (which we shall later remove) and
describe the behaviour of F and P on the same
Figure 2. This is done by the full straight line
F = E + 8P in Fig. 2(c). That is, the extra field
at a point inside the material, due to the overall
polarization P of the surrounding material, is written
as AP where 8 represents the strength of the co-
operation. In ferromagnetics, exchange forces make
B very large indeed, perhaps 10,000, but in ferro-
electrics it is of order 1. The two full curves in
Fig. 2(c) represent the two parts of the statement
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Fig. 3. Spontaneous polarization in a single domain of
barium titanate, in microcoulombs per cm2.

“ polarization creates (some of the) field, and field
creates polarization.” The only state that satisfies
both conditions at once is at the intersection X,
which therefore determines F for that value of E.
Now the effect of removing E is to slide the straight
line towards the left to the dashed position, and
P, then gives the value of the spontaneous polariza-
tion.

On the same figure can be seen circumstances
under which P, will be zero, so that the material
is no longer ferroelectric. This happens if the
straight line, whose slope is 1/8, is steeper than the
slope of the curve at 0, which we can get from
P = Np; and p; = «F. That is, the condition for
ferroelectricity is that N« should be greater than
1/8 or

«> 1/Ng .. .. o @
the
temperature is raised above some transition tempera-
ture T,, P, again will be zero in the same way.
It is most readily seen for the permanent dipoles,
for which T, is the temperature at which the thermal
disordering overcomes the co-operation. For it
is possible (but see next paragraph) to think of
orientation of permanent dipoles in terms of a
fictitious polarizability.

oa oo .. 3

Then the slope of the curve at 0 is N, and unless
this is greater than the slope 1/8, P, will be zero.
That is, for ferroelectricity we need the equivalent
of equation (2), Na'>1/8, which is now

Np? 1 Ngp2. .
k! AN bl
ET% or T < 3K Thus the transition
temperature is
_ Ngp?
T, - .. .. .. RN ()]

In the case of induced dipoles, the equation (2)
shows no temperature dependence, and it must be
supposed that the polarizability « decreases as the
temperature rises, until equation (2) is no longer
satisfied. Fig. 3 shows the way P falls off, for barium
titanate. '

Equation (3) is based on the idea of a dipole free
to rotate, and is not strictly correct, first because
an electric dipole is probably not free, and second
because for rotatable dipoles our treatment of F
is not quite correct. However, the equation will
serve our purposes. Electric dipoles may be able
to jump fairly freely between a number of alter-
native positions, and expressions for P have been
worked out similar to those in the caption of Fig. 2(a).
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When alignment is not complete, P is less than
Np, say Np’, and the caption shows that near the
- R
origin, this p’ js p =3KT
with equation (1) gives equation (3). In these
expressions, T is measured on the Kelvin tempera-
ture scale, so that T°K means t°C where T = r -+

273.

Hysteresis.—The hysteresis loop of Fig. 1(b)
can be seen on an oscilloscope by applying a.c.
across two capacitors in series, one of which (A)
has the ferroelectric for dielectric. The spontaneous
polarization induces charge on the plates of A.
When P changes, some of the induced charge is
liberated, and, passing to the ordinary small linear
capacitor, is displayed as a proportional voltage on
the Y plates of the oscilloscope. The applied a.c.
is connected to the X plates. In working with
ferroelectrics, the plates or electrodes must be in
exceedingly intimate contact with the material,
because the dielectric constant is very high, say
5,000 in some cases. So an unsuspected air capacitor,
only d/5,000 thick in series, halves the applied field,
and in large-signal work will grossly distort the
results. Evaporated electrodes or liquid electrodes
are used. Notice that, just as in magnetics, the
area of the hysteresis loop represents an energy loss
per cycle, which we shall later have to take into
account,

It seems that now we can explain the hysteresis
loop, though we shall see later (see section on
“Domains”) that this is deceptive. Fig. 2(d) shows
an extended version of 2(c), in which four stages of a

F, which by comparison

- log€ Q

€=10° 0-010
104 0-008
10 N 0006
03 0-004
0! < 0-002

1 1 1 1 ] 1 1 J
-200 -150 -100 -50 0O -160 -150 -140 -B0  -120
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(a) (b)

Fig. 4. Dielectric constants of potassium dihyd'rogen
phosphate (divide e.s.u. by 900,000 to get uF.cm=1), Thec
direction is the ferroelectric axis.

cycle of an alternating E are shown (1, 2, 3, 4).
At some moments, three intersections of the graphs
occur. Some will be unstable. I shall not discuss
this, since domains will modify the results.

Thermodynamics.—Our subject matter is to be
largely the dielectric and piezo-electric values in
these ferroelectric materials, many of which values
are anomalous, i.e. are unusually large or unusually
small and show large variations as the temperature
changes. These properties relate S, X, P and E,
where X is a mechanical stress applied to the material
and S is its relative change of size. The magnitude
of a change of P in response to an applied E is
represented by} the dielectric constant ¢; change of
S in response to X is elastic compliance; the other
four possible relationships are all exhibitions of

1 See caption of Fig. 1. Permittivity D/E or dielectric constant is
1 + 4w where 7 is the susceptibility P/E. But in ferroelectrics P is
80 large that ex~4mn (or e~7 in m.k.5. units) 30 that it is common
to use the terms almost synonymously.
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Fig. 5. One of the piezoelectric coefficients of a single-
domain barium titanate crystal.

piezoelectricity, either “direct” (electrical changes
caused by mechanical changes) or “converse”
(mechanical changes caused by electrical), and it can
be shown that they are equal in pairs; for example 1
shall use d to indicate the value of the response
of P to X (a “direct” effect), which is equal to the
response of S to E (a “canverse” effect).

Any one of these values may appear to be very
different, in ferroelectrics, depending on the condi-
tions of measurement. For example, one may
measure a property “at ccnstant E”, i.e. with oppo-
site faces of the material connected together through
a low impedance rather than open circuited. Or «
may be measured “at constant S”, i.e. with the
material “clamped”’ rather than “free”. But clamp-
ing may not be intentional. It will occur to some
extent if there are domains present which restrict
one another's expansions under field, and even
without domains, clamping will occur if measure-
ments are made by fields whose frequency is above
the mechanical resonance frequency of the piece
of material, so that inertia prevents the rapid expan-
sions. ‘This resonance frequency alters with the size
and shape of the piece.

So in practice one must specify rather carefully all
the conditions of measurement, and the formal
methods of thermo-dynamics state the relationships
between them and give the equalities above, and also
show that if we can explain one or two of the anoma-
lies, the rest may be deduced. Therefore I shall not
explore all the inter-relations whose complexities 1
have hinted at, but shall content myself with a short
examination of ¢ and d.

Dielectric Constant.—The d.c. dielectric constant is
the slope of a line such as a in Fig. 1(b), but usually
of more interest is the incremental a.c. constant
¢4 defined, for example, when P=P,, by the slope b.
Lag effects make a slender
ellipse of this line and
cause losses, just as in
ordinary dielectrics. If
there is a bias B applied in
addition to the small mea-
suring field, the defining
slope is ¢, and this alter-
ation with bias is impor-
tant in applications such
as modulating devices. If
the applied a.c. amplitude

w RELATIVE CHANGE OF SIZE(S)

E,, is large, it is clear that PoLARIZATION (P)
the changes of P do not ~

vary linearly with E. If

E,, exceeds E,, the loop is (2
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traversed, and the apparent e is an overall value, not
very different from P,/E., say 0.025uF.cm™ for
barium titanate crystals. In this case also, there
is a large loss specific to ferroelectrics, equal to the lcop
area, of order 1 mW per cu.mm at 50 c/s. e varies not
only with B, and with E,, but also with frequency
w/27, and with temperature T. In addition, it is
different when measured by a.c. in different direc-
tions (anisotropy), and when measured free or
clamped, as discussed above. Fig. 4 illustrates
several of these points. e reaches values 1,000 times
greater than in normal dielectrics. 5
Above T, the ferroelectricity disappears. The
polarizability is no longer large enough to maintain
the spontaneous polarization in zero field, but it is
apparent that its value is still large, for the effect
on P of an applied field still results in an anoma-
lously large . Above T, € falls off, unlike most
normal dielectrics, in which it rises. In many cases
it falls off in such a way that its reciprocal (or strictly,
that of ) is a straight line (Fig. 4(b)). This is known
as a Curie-Weiss law. In equation (3) the polariza-
bility varies as 1/T, or, say, Nu’=C/T, where I
write C for the constant Np?/3k. Then the earlier

equations P=N«'F and F=E+gP show that
E T—8C .. . .
=€ - This is a Curie-Weiss law,
1 T-T,
;- ¢ e e .. .. .. G

The constants T, and C are known as the Curie
temperature and the Curie constant. A similar
derivation can be made in other cases where « is
proportional to 1/T. In this case based on equation
(3) we see that T,=8C, which from equation (4)
is T,=T, Thatis, as T falls, in the non-ferro-
electric temperature region, towards the transition
temperature T,, 7 and ¢ rise towards a value which
in principle is infinite at the transition temperature.
In some ferroelectrics, T, is several degrees below T,
(though still T, is often called the Curie temperature),
but in any case, though « reaches a high value, it falls
again in the ferroelectric region, either sharply, or
more gradually as in Fig. 4(a). Now the spontaneous
saturation of P has left relatively little possibility of
extra polarization being acquired under an applied
field to show up as a high € value. )

The mechanisms responsible for ¢ under small
voltages are not necessarily the same as those acting
when voltages are large enough, below T,, to reverse
P and cause a hysteresis loop. But where the values
are anomalously large, it is probable that there is
much in common. P has taken up one direction,

Fig. 6. Piezoelectricity in ferroelectrics.
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so it is not surprising that e is very different in that
direction. It is usually larger in the direction of P
in materials “where the cross-directions are ot
available as alternative easy directions for P.
Piezoelectric Constants.—Fig. 5 shows the anomaly
of one of the d values of barium titanate, associated
with its dielectric anomaly. The d states the frac-
tional elongation S resulting from a small field E;
another piezo-coefficient b states the S resulting
from a small polarization P. Several d values (and
several b, etc.) are needed to describe the piezo-
electricity of any crystal, e.g. a field in direction ¢
may cause elongation in that direction and also
shear effects in . cross-directions. For simplicity I
shall write only of the former, though in fact Fig. 5
is a cross-coefficient. Many piezoelectric materials
are known and used, which are not ferroelectric, e.g.
quartz. Ten of the 32 symmetry classes of crys-
talline solids, being centrosymmetric, cannot be
piezoelectrics, and one other is not. Fig. 6(a) is
drawn for an ordinary non-ferroelectric dielectric
which happens to be piezoelectric; the slope is the
coefficient b. Fig. 6(b) shows a non-piezoelectric;
its slope is zero (for small P). But it is electro-
strictive for larger values, and this we may approxi-
mate by S oc P% such a curve could be found for most
materials, and a similar one on an S-E plot, provided
breakdown does not first occur.

All ferroelectrics are piezoelectric in the tempera-
ture range below T, where they remain ferroelectric.
It is convenient to divide them into two groups, A
and B respectively, according to whether or not they
are also piezoelectric above T,. Group A we might
describe as inherently piezoelectric, though in fact
the ferroelectricity profoundly modifies d; this group
includes Rochelle salt and ~potassium dihydrogen
phosphate. I shall discuss group B, in which all
the piezoelectricity is, in a sense, given to the crystal
by the ferroelectricity; barium titanate is an example.

It is a harmless simplification now to think of S
as resulting from two steps: the applied E produces
P and this P would produce S if *inherent b
existed or if P were large enough to show the electro-
strictive region. But in group B, this region is
reached without any applied E because of the
spontaneous P,. So the working point is at Q
(Fig. 6(b)), showing that the crystal has also a
spontaneous deformation S,. For example, the cell
of barium titanate, which is cubic above T, is 1%
larger in the direction of P, below T, In a good
crystal plate, this “ ¢ axis ” is directed through the
thickness of the plate. Now if an external E is
applied, the extra P drives the point Q up the curve,
producing exrra elongation S’. So the effective
piezo-coefficient d is S’/E, i.e. it is related to the
slope of the curve at Q. The nature of this response
is thus seen to be different from that of quartz, fer
example, Fig. 6(a). Because P, is large the effect
can be large. The effect plotted against E instead
of against%’ is a butterfly loop traversed as shown
in Fig. 6(c). From A to B, E opposes P, but does
not reverse it till E, is reached. Reversal reaches C
and thus at that point the effective d is changed in
sign.
ACKNOWLEDGMENTS: Fig. 4(a) has been drawn from
a paper by G. Busch in Helv. Phys. Acta, 11, 269,
1938; Fig 4(b) from a paper by H. Baumgartner in
Helv. Phys. Acta, 24, 326, 1951; and Fig. 5 from a
paper by E. J. Huibregtse, M. E. Drougard and
D. R. Young in Phys. Rev., 98, 1562, 1955.
BOOKS ON CRYSTALLINE FORM OF FERROELECTRICS :
Helen D. Megaw, ‘‘ Ferroelectricity in Crystals,”
Methuen (1957).
Werner Kinzig, * Ferroelectrics and Antiferro-
electrics,” in Solid State Physics, vol. 4,
Academic Press (1957).

(20 be continued)

Improved Audio Input Circuit

Use of Input Alternator Resistors at the Source

DOMESTIC audio equipment must now accept
inputs from an a.m. radio, f.m. radio, gramophone
or tape recorder. Usually these inputs are selected
by a switch, which is connected to the various
sources by screened cables 2 to 5ft long with a
capacitance of 50 to 150pF. Taking the latter case
of 150pF, for a loss of 3dB at 20kc/s, which is an
acceptable limit for one element in a high-fidelity
system, the output resistance of the unit driving the
cable is limited to S0k(). This is inconveniently low.

Furthermore the various inputs are at different
levels, and attenuators in the control unit or alterna-
tively an -=node follower with different input
resistors adjust the overall gains to the required
values. These adjustments are rarely correct, as
details of the sources are not accurately known when
the control unit is built.

It has been shown' that the anode follower or
see-saw can be used to counteract the effect of cable
capacitance by placing the input resistor at the
source end of the cable, as in the circuit diagram.
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This is convenient also as the resistor can then be
adjusted to suit the source without affecting the
control unit. Some experimental figures obtained
with this arrangement are given in the tables.
Overall gain and permissible cable capacitances are
given for a range of values of the source resistor
R.. It can be seen that for R,=4.7M() a 30dB
range of gains can be obtained with input resistors

TABLE 1
Ry, = 2.2 MQ Load capacity =50 pF
Capacity Maximum  Capacity
(pF) for  Height of (pF) for
—3dB at peak — 3bB at
Ry (KQ) Gain(dB) 20kc/s (dB) 20kc/s
47 31 750 1 920
100 26 690 1 870
220 19.5 650 1.5 830
470 13 630 1.5 800
1000 6.5 610 1.5 790
2200 0 600 2 790

WIRELESS WORLD, JUNE 1959
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INPUTS

] S

Improved input selector. The grid resistor of the following
stage should be IMQ.

varying from 220k to 8.2MQ), with adequate fre-
quency response. The corresponding input resist-
ance values in Table I are roughly half those in
Table II, so that a proportionately larger capacitance
is possible. The bandwith does not vary with the
overall gain provided that there is appreciable feed-
back, and is theoretically equal to A/27R.C ¢/s,
where A is the open loop gain, in this case 170
times (measured), and C the cable capacity. This
gives a figure in good agreement with the experi-
mental results. The overall gain of the stage is
approximately R,/R,. An analysis of this circuit,
and bibliography, has already appeared in Wireless
World®.

If the capacity of the lcad is appreciable, a wider
bandwidth is obtained and a “hump” in the

TABLE II

R, = 47MQ
Gain (dB) Capacity (pF)
36 450
31.5 330
255 280
19.5 270
13.5 260
6.5 260
0 260
-5 260
TABLE III
R, = IMQ
R, (KQ) Gain (dB) Capacity (pF)
47 25 1,300
100 19.5 1,150
220 125 1,100
470 6 1,100
1,000 0 1,100
2,200 —6 1,100

response may occur.  This is characteristic of a
feedback amplifier containing two lag circuits. For
a SOpF load, the maximum rise for any cable
capacity, and the cable capacity for 3dB loss at
20ke/s are given in the last two columns of Table 1.
The other measurements were taken with negligible
load capacity.
REFERENCES

1 T. G. Clarke, “An Electronic Transformer,”
Electronic Engineering, Sept. 1958, p. 545.

2 P. J. Baxandall, “ Negative Feedback Tone Control,”
Wireless World, Oct. 1952, p. 402.

V.O.R. AIRWAYS BEACON

THE Marconi Omni-directional Radio Range Beacon
(V.O.R),* with which the U.K. airways are to be
equipped, operates on a spet radio frequency in the 112
to 118-Mc/s v.h.f. band and with a power output of
200 watts. The V.O.R. beacon transmits two signals on
a single radio frequency, one modulated at 30 c/s.
One has a constant phase throughout 360° of azimuth
(the reference signal) whilst the other (the variable
signal) has a phase which varies with azimuth. The
former is radiated from an omni-directional aerial and
the latter from a rotating loop and exciter system which
produces a figure-of-eight radiation field. After detec-
tion in the receiver the latter produces a 30-c/s
sinusoidal voltage.

Usually the system is arranged so that the phase of
the rotating field pattern coincides with that of the
reference signal’s pattern, after demodulation, when the
former passes through magnetic north, or zero degrees.
At all other points in azimuth the positive maximum of
the variable signal will be reached after the positive
maximum of the reference signal. The fraction of the
cycle between these two maxima at any point in azimuth
gives the relative bearing of that point.

In the aircraft receiver the received signals are fed to
a computor unit which compares the phases and dis-
plays the difference as a bearing to or from the V.OR.
ground beacon. Usually it 1s the magnetic bearing from
the aircraft to the ground beacon. It is also possible to
include a centre-zero meter which shows the aircraft’s
position to right or to left of a manually selected bearing.
The latter provides facilities for track flying along a
desired bearing to or from a V.O.R, beacon.

Marconi V.O.R. beacons also radiate a 1020-c/s tone
signal keyed by a simple code sender at about 7 w.p.m.
which is repeated every 30 seconds for beacon
identification.

* Wireless World, Feb. 1959, p. 98.
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The aerial system of the Marconi V.O.R. installea in an
aerial tower. Above is the omni-directional radiator with
the figure-of-eight exciter below it.
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Sporadic E and the Fz Layer

By T. W. BENNINGTON*

ONE of the most mystifying of ionospheric phenomena  over, it had, in the southern hemisphere, a fluctuation of
is that of sporadic E. This is the name given to the such different form from that in the northern hemisphere
relatively intense ionization “clouds” or  patches” as to be more in the nature of a pronounced biannual
which appear, in a sporadic manner, within the normal fluctuation, then it might be supposed that the two
E layer. In the temperate and tropical zones this is phenomena were, in some way, interrelated.

largely a daytime phenomenon, and, though of a sporadic It was remembered that the ionization of the F,
character, it has well deﬁned. seasonal variations which layer does have an annual fluctuation of different form
are rather more complex than is often supposed. as between the two hemispheres, and it was desired,

Speaking only of the sporadic E which appears in therefore, to compare this with that of the sporadic E.
these zones, and leaving out that known as “auroral Accordingly the noon monthly mean critical frequency
sporadic E,” we may say that its cause, and the source values fre for Slough and Christchurch were read off
from which its ionization comes, is at present unknown. for the years in question, and (fr2)? (to which the ioniza-

tion of the layer is proportional)

the sunspot cycle, leaving only
the seasonal fluctustions. In

SLOUGH - NOON (51-5°N) order to do this the twelve-

- 60 obtained. Since the sporadic E
—40 [ fal . figures do not show any sys-
NI M [\ tematic variation with the sun-
= U1 I f‘ )\ . spot number, it was desxred2
= i AN to remove from the (fpo) -
SE zg \ A [ \ V N bl \/\ values the secular effect dueF 2to
< |
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o
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—
9

month running mean value of
(fre)? for each month (repre-
100 A 80 senting the sunspot cycle varia-
h IA Il 60 tion) was subtracted from the

3
AT A A T § i s
A o> was calle o). i e
7 1 >y —1/ i 1/ I % noted that, though the secular
S O A M O N W S o variation & thus removed, the
1946 1947 1948 1949 t950 1951 1952 1953 1954 1995 1956

still vary in amplitude over
. the sunspot cycle. QL
Several different types of sporadic E are, in fact, observed. The Slough values of 4(fz2)? for noon are plotted in
Among the possible causative phenomena which have, the top curve of Fig. 1, being inverted with respect to
up to now, been suggested, are meteors, thunder clouds the sporadic E values, so that troughs in the A(fre)?
in thetroposphere, corpuscles from thesunandionospheric ~ values appear as peaks in the curve. It is seen that,
current effects; but none of these possibilities has the in addition to the regular summer trough in A(fpe)?
nature of a proven fact. corresponding to the main sporadic E peak, there is a
In the bottom curve of Fig. 1 are plotted the monthly small but definite trough in six of the winter periods
values for the percentage of the total time when sporadic  shown, corresponding approximately in time with the
E with a critical frequency greater than 5Mc/s was secondary peak in the sporadic E. Furthermore, in
observed at noon at Slough. The curve shows a large  several of the years when no definite trough in 4(fzs)?
peak in the incidence of sporadic E centred approxi- appears, there is strong evidence of one which is masked
mately on June, i.e. near the summer solstice but it by a subsequent further A(fpe)? variation. It is true
also shows a small but well defined secondary peak that the secondary trough in A(fpe)? does not always
occurring year by year round about December. In the correspond exactly in time with the secondary peak in
bottom curve of Fig. 2 similar data are plotted for Christ-  sporadic E, but the troughs and peaks in each are near
church, New Zealand, a station having a somewhat enough to appear to be significantly connected. The
similar latitude to that of Slough but in the southern  A(fge)? troughs tend in fact to lag on the sporadic E
hemisphere. We notice a striking difference in the curve peaﬁs.
as compared with that for Slough in that

the secondary peak occurring in local —40 A i A
winter (around June) is much larger, in -20 l A A A [ \
fact often of amplitude almost equal 2~ Vs P P\ \ ~ 4
to that for local summer (around «& VU VNNV [V v [TAVAR
December), producing, in fact, the effect 5~ 20 T 1 1./ =
of a biannual peak. 40 ' V 7
Returning to Fig. 1 it may be remarked 60 | CHRISTCHURCH—NOON (43-6°5)
that] to correlate the main peak with any "

other ionospheric phenomenon would .
~indicate nothing much beyond the fact 100 Fig.2. 80

that they were both summertime
phenomena. But if it could be shown
that any other phenomenon also had a i L‘ I \‘ I‘\ / ‘ I\_
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small winter fluctuation, and if, more- N i+ ¥ v N Y 20
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/ \ A and south of the magnetic equator,

=20 \ \ n /\ N and nearer to the equator, and coin-

o} [ AVM N ot s S J‘[\ cident with a permanent region

sl LA\ 1A YUV | VITV N 11 of sporadic E, the F, ionization is

Iy I el

40 ] ] U V ¥ All the above facts seem to indi-

e0/ CANBERRA-NOON (35-3°S) cate that where intense sporadic E

~ . exists for a high percentage of the

Fig.3. time, as at noon in local summer

100 /\ 80 and at noon on the magnetic

\ " Y \ i A 60 equator throughout the year, the

\ NI i i A 1A N\ &  F. ionization is depleted. Further,
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In the top curve of Fig. 2 the 4(fz2)? values for Christ-
church are plotted, and it is evident that the fluctuations
are of a different character from those shown in the top
curve of Fig. 1. In fact the curve shows, in general, a
strong tendency for a biannual trough, which troughs
appear to be connected with the peaks of the bottom
curve. It is seen, in fact, that the major peak in the
sporadic E curve is connected more often with a smaller
trough in the 4(fge)? curve than is the secondary sporadic
E peak. (During a few months of 1955 no measure-
ments were available for Christchurch but it was possible
to estimate the (fgzo)? values by interpolation; this was
not possible for the sporadic E.)

It is convenient, in order clearly to distinguish the
annual variation, to regard each year as starting at the
vernal equinox in both hemispheres, and the vertical
lines in the graphs are used to divide the time into years
in this way.

Similar results can be obtained for stations in other

latitudes. Consider, for example, Fig. 3, in which the
values of sporadic E percentage time and of A(fgp)? for
Canberra are plotted. There are several breaks in the
data but the general features can be clearly seen. The
secondary peak in sporadic E is less prominent than is
the case for Christchurch, but it appears to be con-
nected with one of the biannual troughs (often the
major one) in 4(fp2)?.
y In Fig. 4 simiﬁxr data are plotted for White Sands,
2 station in the northern hemisphere with a lower latitude
than that of Slough. Here the winter peaks in sporadic
E are much larger than those for Slough (in fact they are
sometimes of greater amplitude than the summer peaks).
Correspondingly, the winter troughs in 4(fz0)? are much
more pronounced than in the case of Slough, and the
similarity between the peaks and troughs of the two
curves of Fig. 4 is, all things considered, quite pro-
nounced.

There is one further phenomenon which furnishes
evidence of a like nature to that shown in the graphs.
If one examines the spor-

winter, the F, ionization is again
depleted, and the magnitude of the
s approximately to the increase in
dic E. These facts may account, in
lous seasonal behaviour of the

depletion correspond:
the incidence of spora
some part, for the anoma
daytime Fo.

The above facts seem to suggest that the dense ioniza-
tion which appears in the E layer, and is called sporadic
E, comes in fact from the F; layer, and that its occurrence
leads to a depletion of the F, ionization in all cases. This
might occur by reason of some sort of “ subsidence ”’
or downward drift of ionization from the F, into the E.
The difficulty is to see, if this be so, how the sporadic E
would have the “thin layer” characteristics which it
does, in fact, usually display. Even so there appears to be’
the possibility that, above the thin sporadic E layer,
phenomena such as a downward drift may be occurring
but are not easily observable by ionospheric measurement
techniques. As was first reported by Appleton and others
in 1939t, a kind of downward drift is often observed dur-
ing the formation of sporadic E. The ionization in these
cases is first observed at the height of the F; layer and,
during the course of several hours, it decreases in height
and increases in critical frequency until the normal E
layer height is reached. What physical process could
occasion such a downward drift, and cause it to occur only
sporadically, is a subject for speculation. But the facts
mentioned here, and the evidence of the graphs, do
suggest that sporadic E may come from the F, layer.

A further possibiiity is that the coincident biannual
peaks in the sporadic E and troughs in the Fo-layer
ionization are both due to some common cause of extra-
ionospheric origin, though it is difficult to see how any
ionizing agency could produce such effects. A more
likely possibility would seem to be the presence of an
ionospheric current, capable of causing interaction be-
tween the two layers.

+Appleton, E. V., Naismith, R, and Ingram, L. J., “The Critical-
Frequency Method of Measuring Upper-Atmospheric Ionization”.
Proc. Phys. Soc., Vol. 51, pp. 90-91, January 1939.
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Simple Oscilloscope Camera

Using Printing Paper to Record Stationary Traces

By A. J. KEY, B.Sc. (Eng.), Grad. I.E.E.

ONE often requires a record of a steady oscillo-
scope trace. As students, I remember, we used to
trace the waveform on tissue paper obtained from
a local plentiful supply, but the only merit of this
method was cheapness. The alternative, an oscillo-
scope camera complete with shutter, film and driving
motor, is an expensive improvement. I had thought
of a contact printng process, which would involve
holding contact paper against the tube face, but of
course this would result in only a very blurred
image. Some sort of focusing device is necessary;
in fact a simple camera using printing paper as the
film.

The camera and method of mounting the lens
are shown in Fig. 1. The body of the camera is
made from aluminium sheet rolled into a 2}-inch
diameter tube, to suit, of course, a 24-inch screen

FRONT END
PLATE

I
s

/\'H.

o A8

ALUMINIUM
TUBE

SLoT
COVER
ALUMINIUM
* WASHERS”
RUBBER
RINGS

CLAMPING
SCREW

Fig. 1. Construction of the camera tube and lens mounting system.
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FOCUS ADJUSTMENT
SCREWS

ALOT

crt. The length of the tube depends upon the
focal length of an available lens and the required
image size. The minimum length of the tube would
be 4X focal length of the lens, giving a magnifica-
tion of unity. However, in the interests of image
brightness, it is as well to use a magnification of 1.
This requires a camera length of 41X focal length
of the lens, as is shown in the appendix.

The front end plate (also made from aluminium
sheet) has a circular window, slightly smaller in
diameter than the aluminium tube, but fixture to
the tube can be made easier if three tabs are cut
and bent away from the sheet before cutting the
window. These tabs then fit into the tube, which
fits flush with the end plate. The rear end plate
has a rectangular window slightly smaller than the
printing paper size. It can be fitted to the tube
with four aluminium
brackets, but the screw
heads on the rear face
of this end plats must
be  countersunk to
enable the paper to lie
flat upon the end plate.

BROM|DE i i
REAR END - PAPER The backing plate is a
COVER PLATE plain piece of alu-
BACKING  minium  sheet which
holds the printing

paper during exposure
against the window of
the rear end plate, by
being clamped to it
with a pair of bulldog
clips.

The lens is held by
two rubber rings
clamped betweer two
aluminium “washers.”
These washers fit the
inside of the tube, leav-
ing a small clearance,
and have apertures
slightly smaller than
the diameter of the
lens. The washers are
held together, sand-
wiching the lens be-
tween them, by three
clamping screws. One
of the washers has
three tabs cut and bent
from its edge to take
the three 6 B.A. screws
which project through
axial slots in the tube.
The lens cssembly can
then be moved nearer

CLAMPING
hew
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Fig. 2. Example of a 1,000-
¢/s sine wave recorded by
the camera.

Fig. 3.

to or away from the screen to enable focusing adjust-
nients to be made. Three sliding covers fit over
the slots to prevent light ingress into the tube and
the whole assembly is clamped by three 6 B.A.
terminals. Although this may seem a rather compli-
cated assembly, in practice it is very easy to make,
requiring no tools other than a drill, a file and a
pair of scissors. Finally, the inside of the tube is
coated with a black matt paint (made actually from
soot and nail varnish).

Requirements for the Lens

The choice of lens will depend largely upon those
available. In the interests of a bright image, the
diameter (aperture) of the lens should be as large
as possible, but if the lens s uncorrected for spheri-
cal aberration, a certain amount of blurring of the
image will eccur. The object lens from an old
telescope is ideal. It will have a rather large focal
length, making the camera rather long, but the
spherical aberration will ke reduced. If a simple
uncorrected lens is used it should have a long focal
length for this reason.

Contact paper does not appear to be sensitive
enough; bromide paper is far better, using a reason-
able brightness level. Two to three minutes’ expo-
sure, followed by two minutes’ development and
subsequen: fixing, gave the results shown in Fig. 2
for a 1,000-c/s sine wave. As long as the paper
is fitted into the camera in darkness, the exposure
can be made in reasonable light conditions in the
laboratory when the camera is fitted on to the
oscilloscope. If trouble is experienced with fogging
of the paper, draping a black cloth over the camera
during exposure should cure the trouble. Synchron-
ization must be used, of course, but the occasional
jump does not affect the image.

The image produced will be a black trace on a
white background, which is convenient when adding
comments and making measurements. One snag,
however, is that the image is a mirror-image (see
Fig. 3(a), the trace of a differentiated square wave).
This can be overcome by either reversing the X
plates (therebv reversing the timebase) or reversing
the Y plates (inverting the image) whichever is the
more convenient. Luckily, on my oscilloscope,
reversal of the X plates could easily be accomplished
by a modification to the X selector switch. Other-
wise. a double-pole double-throw switch could be
fitted for this purpose. Fig. 3(b) is a trace obtained
with a backward running tmebase.

These results were given by a green trace cathode
ray tube and bromide paper, WFL.2D. It may be
that other printing paper is more sensitive to green
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(@) Mirror image obtained of a differentiated square
wave with a forward-runming timebase, (b) the same wave
with a backward-running timebase.

Fig. 4. Superimposition of
two sine waves to show phase
difference.

light and that other colour traces require other
grades of paper.

The system is quite useful for measurement of
phase differences. Normally one needs a double
beam oscilloscope for this, but even then the thick-
ness of the tube face and lack of a zero line make
the measurement only approximate. Suppose one
wishes to measure the phase difference between two
voltages occurring at points A and B in a circuit.
The oscilloscope is synchronized from the voltage
at A and an exposure is made for two minutes to
the trace of this voltage. Another exposure, to the
waveform of the voltage at B, is now made, retaining
the synchronization from A. Finally, an exposure
is made to the undeflected trace to obtain a zero
line. The result for two sine waves is shown in
Fig. 4. Of course, any number of waveforms may
be superimposed in this manner.

The cost of each exposure is negligible. Cutting
sheets of 31inX 44in bromide paper into four makes
each print about 4d. The developer and fixer can
be made up from powder and stored for two or three
months.

APPENDIX

0BJECY TMAGE
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Putting « and v as positive distances, for a double convex
lens
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Thus if magnification is X 1, total length = 4f

It magnitication 18 X % , total length = 457
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WORLD OF WIRELESS

Medical Electronics Conference

OVER 120 papers on the application of electronic
techniques to medicine will be presented by experts
from 18 countries at the Second International Con-
ference on Medical Electronics to be held in the new
U.N.E.S.C.O. headquarters in Paris from 24th to
27th June. A commercial exhibition of electro-
medical equipment will be held in the building at the
same time. Subjects of the conference papers range
from the measurement and telemetering of physio-
logical data during space flight to the control of arti-
ficial limbs by muscle action potentials; from “radio
pills,” which are swallowed and transmit physio-
logical data from inside the body, to the use of elec-
tronic computers for statistical methods of diagnosis.
Registrations for the conference can still be arranged
through the treasurer, B. Shackel, E.M.I. Elec-
tronics, Ltd., Feltham, Middlesex.

MSF Standard Frequencies

IN calculating the frequencies of the 60-kc/s trans-
missions from the Rugby station MSF in terms of
the caesium resonant frequency a value of
9,192,631,770%20c/s will be assumed instead of the
former value of 9,192,631,830c/s. The change is the
result of the adoption of Ephemeris Time (ET)
instead of corrected Universal Time (UT2).

From March, 1959, corrections will be measured to
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I.T.A. IN N. IRELAND.—Estimated service area of the
new I.T.A. transmitter on Black Mountain, near Belfast.
The station will radiate in channel 9 using horizontal
polarization. The directional aerial atop the 700-ft
mast, giving a height of nearly 1,700-ft above sea level,
will have an e.r.p.’varying from 20kW to 100kW. Full-
power test transmissions are planned to begin in August.
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%1 part in 10 and the recsults will be published
monthly, as usual, in our sister journal Electronic
& Radio Engineer. For a detailed discussion of the
background to the changes readers are referred to
E. & R.E. for March, p. 117.

Receiver Production & Sales

THE total turnover of the domestic receiver side of
the radio industry during 1958 was just over £90M;
about £3M more than in 1957. Of this total £3.4M
worth of receivers was sold overseas. The export of
sound receivers dropped from £2.89M in 1956 to
£2.12M last year, while the overseas sales of tele-
vision receivers rose from £462,000 to £914,000
during the same period and radio-gramophones from
£271,000 to £399,000. The largest market for
domestic equipment was Sweden, who purchased
£329,809 worth, of which £293,983 was for television
receivers. Well over a fourth of the value of radio-
gramophone exports went to the U.S.A. These
figures are culled from the statistics section of the
annual report of the British Radio Equipment Manu-
facturers’ Association.

During 1958 the popularity of the 17-in television
screen continued to increase; accounting for approxi-
mately 83 per cent of all home sales—an increase of
11 per cent during the year. The percentage of
models with 21-in tubes fell from 8 to 5 and those
with 14-in tubes from 20 to 12 during the year.

Dip. Tech.

THE number of students taking advance courses
leading to the award of the Diploma in Technology
has increased more than two-and-a-half times during
the past eighteen months. The second report of the
National Council for Technological Awards pub-
lished on April 23rd records that 2,518 students,
including 52 women, are now following 66 diploma
courses at 20 colleges.

Lord Hives, chairman of the Council, in paying
his tribute to industry in a foreword to the report,
refers to the fact that 82% of the 2,323 students fol-
lowing sandwich courses leading to the Diploma in
Technology have their fees paid by their employers.

In addition to the 66 courses (53 of which are
sandwich type) referred to above, the Council has
recently approved a further 21 and all the 87 courses
are included in the latest list (No. 10) available from
the Council at 9, Cavendish Square, London, W.1.

“Trader Year Book’’

FIRST published in 1925 the “ Wireless and Elec-
trical Trader Year Book” has become the vade
mecum for the radio trade. A few of the features
of the 1959 edition are : —condensed specifications of
nearly 250 current television receivers and over 400
sound receivers; tables of television tuning frequen-
cies (giving i.f.s of superhet receivers and sideband
characteristics of both superhet and t.r.f. models) and
also the if.s of sound receivers issued since 1946,
It is also a valuable book of reference for trade names
and manufacturers’ addresses. The 416-page volume,
issued by the Trader Publishing Co., costs 12s 6d.
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Television Society Premiums have been awarded for
outstanding papers read before the London meetings in
1957/58. For his paper “ Transistors in Television
Receivers,” B. R. Overton, head of the television division
of Mullard Research Laboratories, receives the Wireless
World premium. The E.M.I. premium goes t0 Dr. R.
Theile (Institut fiir Rundfunktechnik) for ¢Recent
Investigations into the Operation of Image Orthicon
Camera Tubes”; the Electronic Engineering premium
o Dr. J. C. Parr (formerly Kelvin & Hughes) for “ Some
Aspects of Waveguide Technique”; the Pye premium
to L. J. Griffen (Kolster Brandes) for “Dressing Tele-
vision: Gabinet Design”; the Mervyn premium to
K. H. Smith (Siemens Edison Swan) for “ Performance
of Television Receiver Turret Tuners”; and the Mul-
lard premium to J. Polonsky (Comipagnie Générale de
T.S.F.) for “A French Portable Television Camera.”

Television Society Council—New members elected
at the annual general meeting on May 8th, to fill the
four vacancies on the council of the Television Society
are: Dr. A. ]. Biggs (G.E.C. Research); G. G. Gouriet
(Wayne Kerr); B. R, Overtcn (Mullard Research); and
Dr. J. D. McGee (Imperial College).

B.R.E.M.A.—The member firms of the British Radio
Equipment Manufacturers’ Association forming the new
Council of the Association (with the firms’ representa-
tives in parentheses) are: A. J. Balcombe (E. K. Bal-
combe); Bush Radio (G. Darnley-Smith); E. K. Cole
(G. W. Godfrey); Ferguson Radio Corp. (F. T. Holmes);
G.E.C. (M. M. Macqueen); Gramophone Co. (F. W.
Perks); Kolster-Brandes (L. R. Tyne); Philips Electrical
(A. L. Sutherland); Radio & Allied Industries (Bentley
Jones); Trix Electrical (D. A. Lyons); Ultra Electric
(E. E. Rosen); and Roberts Radio (H. Roberts). F. W.
Perks and A. L. Sutherland have been re-elected chair-
man and vice-chairman respectively.

Outward Form.—An international cabinet-styling
exhibition is again being arranged by BREMA. It
will be held from October 6th to 8th and will this year
occupy both the North and South Halls of the Victoria
Halls, Bloomsbury Square, London, W.C.l. Manufac-
turers of metal embellishments, plastics materials, glass-
ware, fabrics, ornamental controls and. aerials are being
invited to participate in this *stockroom” exhibition.

University Scholarships.—Over 500 applications were
received for the second series of 20 university scholar-
ships offered by the English Electric Co. The scholar-
ships, worth £450 a year, cover a three-year course at
a university to study for an honours degree. Commenting
on the applications, E. R. L. Lewis, Controller of Educa-
tion in the English Electric group of companies, stated
that the standard of entry was very high. About one-
third of the entrants were interviewed, from these 40
were invited to attend a two-day residential selection
board, and from these the 20 recipients were chosen.

Plastics materials are used so extensively in the radio
industry that we make no apology for drawing readers’
attention to the International Plastics Exhibition to be
held at Olympia, London, from June 17th to 27th. Over
300 U.K. and overseas manufacturers of plastics
materials and finished products and machinery are
exhibiting at the show which is organized by British
Plastics. A three-day convention (June 22nd to 24th) is
being held in conjunction with the exhibition. Admis-
sion tickets to both the exhibition and convention are
obtainable free from British Plastics, Dorset House,
Stamford Street, Lendon, S.E.1L

Institution of Electronics is offering four new pre-
miums for papers published in the proceedings of the
Institution, which is issued quarterly. They vary 1n
value from 15 to 25 guineas.

« Transipack ” Convertors.—The two semiconductor
h.t. units described on page 248 in the May issue
weigh 11b 20z and 11b 150z respectively and not
11 1b as stated.
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Manchester  Electronics  Exhibition.—The  14th
Annual Electronics Exhibition and Convention of the
Institution of Electronics will be held at the Manchester
College of Science and Technology from July 9th to
15th.  There will be two main sections in the exhibition;
one for manufacturers and the other covering scientific
and industrial research. Further particulars of the
exhibition and the associated convention are obtainable
from W. Birtwistle, 78, Shaw Road, Rochdale, Lancs.,
from whom complimentary tickets may also be obtained.

Industrial Electronics.—From May 26th to 29th at
the Rutherford College of Technology, Newcastle-upon-
Tyne, Farnell Instruments Lid., of Wetherby, Yorks,
are holding their third industrial electronics exhibition.
It will open daily at 10.0 and close at 5.30 on the first
and last days and 7.0 on the two intervening days.

Receiving Licences.—During March the number of
combined television and sound licences throughout the
UK. increased by 102,495, bringing the total to
9,255,422. Sound only licences totalled 5,480,991 in-
cluding 376,053 for sets fitted in cars.

LR.C.M.S.—The duplicated bulletin of the Inter-
national Radio Controlled Models Society is now avail-
able to non-members from N. R. Armstrong, 3 Lilburn
Gardens, Newcastle on Tyne 3 (price 2s 10d). The
bulletin includes not only reports on the groups operat-
ing in different parts of the country, but also useful
notes on radio control techniques.

Radio Control.—The annual contest of radio-con-
trolled model boats, cars, etc., organized by the
1R.C.M.S., will be held on August 2nid and 3rd in
East Park, Kingston-upon-Hull. Entry forms and copies
of rules are obtainable from B. E. Veal, 33 Steynburg
Street, Newbridge Road, Hull, Yorks.

Essay Competition.—To encourage and promote im-
proved and more effective reports of scientific and
technical work the Waverley Gold Medal Essay Com-
petition is again being sponsored by Research. Details
of the competition, entries for which must be received
by July 31st, are obtainable from the Editor of Research,
4 and 5 Bell Yard, London, W.C.2.

Personalities

A. H. W. Beck, B.Sc.(Eng.), AM.LE.E, who was for
some years in charge of the Vacuum Physics Division
of Standard Telecommunications Laboratories at En-
field before joining the staff of the Engineering Depart-
ment of Cambridge University last year, has been
elected a Fellow of the American Institute of Radio
Engineers “ for contributions to the development of the
thermionic valve.” After graduating at University
College, London, and undertaking a year’s post-
graduate work on secondary electron emission, he joined
the research staff of Henry Hughes & Sons in 1937.
He was at the Admiralty Signals Establishment exten-
sion at Bristol during the war, after which he returned
to Hughes, where he stayed until 1947, when he joined
Standard Telephones and Cables. He has twice received
?: technical writing premium from the Radio Industry

ouncil.

R. S. Medlock, B.Sc., ARIC, AMIEE, technical
and home sales director of George Kent Ltd., of Luton,
Beds., is the new president of the Society of Instrument
Technology. He joined the company in 1935 and was
chief research and development engineer for five years
before assuming his present position in 1956. He is a
past chairman of the control section of the Society. He
succeeds J. F. Coales, O.B.E, M.A.,, M.ILEE, reader
in control engineering at Cambridge University, whose
presidential address at the conclusion of his term of
office dealt with the education of instrument technolo-
gists and control engineers.
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Air Commodore W. C. Cooper, CB.E., MA,
M.ILEE.,, M Brit.LR.E., has had conferred on him by
the City and Guilds of London Institute the Insignia
Award in Technology (C.G.I.A.). Five of these awards
are made each year in various branches of industry
to “persons of distinction in recognition of their out-
standing achievements in technology.” He joined the
R.AF. In 1922 at the age of 16, was gazetted in 1926
and after taking a Specialist Officers’ Signals Course at
Cranwell he went to Cambridge University for the
engineering tripos course. When he retired from the
R.A.F. in 1946 he was Director of Communications,
Research and Development in the Ministry of Aircraft
Production. He then joined Ericsson Telephones as
factory manager at Beeston, Notts., and in 1957 became
chairman and managing director of Manlove, Alliott and
Co., of Nottingham, who are engaged in the develop-
ment of process control equipment.

Herman Baker, for the past six years Far East
Regional Manager for Marconi’s, has been appointed
managing director of Marconi (South Africa) Ltd. He
joined the company in 1930 as a student apprentice and
on completion of his technical training remained in the
Test Department until the outbreak of the war, during
which he served in the Royal Artillery, attaining the
rank of Major. Since 1951 he has been responsible for
the company’s activities in the Far East and took charge
of a large-scale survey for the establishment of the main
Malayan v.h.f. multi-channel telecommunications trunk
routes.

Donald G. Fink, formerly editor of Electronics, has
been appointed director of the research division of the
Philco Corporation, which he joined in 1952. He was
a member of the editorial staff of Electronics from 1933,
except for a period during the war when he was granted
leave of absence to join the Radiation Laboratory of
M.I.T. where he subsequently became head of the
Loran division. He was president of the I.R.E. for
1958.

H. de A. Donisthorpe has retired from the G.E.C,,
which he joined in 1926. He had been for some years
deputy manager of the company’s Valve and Electronics
Department. He was for 11 years chairman of the
Radio Industries Club prior to being elected president
for the year 1948/49.

G. E. Spark is joining the Garrard Engineering and
Manufacturing Company as sales manager of the divi-
sion being formed to market the tape deck to be intro-
duced by the company. Mr. Spark, who is chairman of
Audio Fairs Ltd., was previously with M.S.S. Record-
ing Co.

D. W. Rippin has resigned his position as export
manager of Belling & Lee to emigrate to Canada where
he is joining the Astral Electric Company, of Toronto,
who are Belling & Lee’s Canadian agents. J. E. Bailey,
B.Sc.(Elec. Eng.), who has been with Belling & ILee for
two years, succeeds him as export manager. After
graduating at Manchester University in 1948, Mr.
Bailey joined the Navy for two years and was com-
missioned in the electrical branch. He then joined
Marconi’s as a graduate apprentice and subsequently
worked on airborne and marine radar equipment. From
1954 to 1956 he was with Decca Radar.

M. T. Elvy, A M.Brit.I.R.E., has been appointed joint
manager and chief engineer of the R.F. Heating Division
of Pye, Ltd., Cambridge. He was formerly chief
engineer of the Industrial Electronics Laboratory of
Redifon, Ltd.

D. C. F. Bartlett, B.Sc.(Eng.), has been appointed a
director ot Alma Components Limited, manufacturers
of precision wirewound resistors. He was formerly on
the commercial manager’s staff in the Components
Group of Standard Telephones and Cables.
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E. R. Deighton, recently appointed Assistant Super-
intendent Engineer, Television (Regions and Outside
Broadcasts) by the B.B.C., has been assistant to the
Controller, Television Service Engineering, since 1953.
He joined the B.B.C. television service at the Alexandra
Palace station in 1936. He succeeds W. D. Richardson,
Assoc.LE.E., who is retiring after nearly 30 years’
service.

G. D. Cook, A.M.LE.E,, is appointed by the B.B.C.
Engineer-in-Charge (Television), Manchester, in
succession to V. G. Hawkeswood, who, as announced
in our February issue, has joined Southern Television.
Mr. Cook joined the Corporation in 1946 and has been
assistant to the Superintendent Engineer Television
(Regions and Outside Broadcasts) since 1955,

J. J. S. Smith, AM.1.E.E., works manager of British
Communications Corporation, Ltd,, was recently
appointed to the board of directors,

OUR AUTHORS

J. C. Burfoot, Ph.D., contributor of the article on
ferroelectrics in this issue, is a lecturer at Queen Mary
College, University of London. Educated at Christ’s
College, Cambridge, he obtained first-class honours in
his tripos in 1949 after an interval of three years as
a Signals Officer in the R.A.F. His doctoral thesis at
Cambridge and subsequent research ar Aberdeen
University were on aberrations in electron lenses. Since
1955 Dr. Burfoot has been investigating ferroelectricity
and computers.

R. G. Christian, A.M.Brit.L.R.E., Grad.I.LE.E., who
describes in this issue a circuit for displaying valve
anode curves and their axes on a c.r. tube, is a teacher
at the College of Technology, Liverpool. Before joining
the staff at the College in 1954 he was for three
years in industry. From 1946-48 Mr. Christian was
in the Royal Army Educational Corps following which
he was for three years a student at the Regent Street
Polytechnic. He operates amateur station G3GKS.

W. A. Cole, B.Sc., author of the article on magnetic
matrix stores, served with the R.A.F. as a Flight Lt.
on ground radar during the war. Subsequently he
attended London University, where he obtained a
special physics degree. In 1951 he joined Mullard
Research Laboratories, Salfords, eventually taking
charge of a group working on magnetic storage devices.
Recently, he transferred to the component division at
Mullard House.

Jean Walton, who recently contributed an article on
pickup design, discusses the design of a pickup arm in
this issue. Miss Walton, who has had twelve years’
experience in the development of audio equipment, has
been with Cosmocord for the past 18 months.

OBITUARY

Sir Stanley Angwin, K.C.M.G., K.B.E., D.S.0, M.C,,
who died on April 21st, aged 75, was for eight years
engineer-in-chief of the Post Office before being
appointed chairman of Cable and Wireless, Ltd., on the
Government’s acquisition of the company in 1947. He
resigned in 1951 to become chairman of the Common-
wealth Telecommunications Board, from which he
retired in 1956. Sir Stanley joined the Post Office
engineering department in 1906. “ln recognition of his
outstanding life’s work in the field of telecommunica-
tion, both national and international,” the I.E.E. granted
him honorary membership in 1956. Three years earlier
he had received the Institution’s Faraday Medal. He
was for some years a member of the Radio Research
Bo:7rd of the D.S.LR. and was appointed chairman in
1947,
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Pickup Arm Design

By 1. WALTON*

Requirements for Low Tracking Weight and Immunity from Vibration

THE following consideraticns arose in the course
of the design of the 1-gm pickup described recently
in Wireless World (April issue, p. 182). A general
reassessment of arm design was found necessary
since most arms now available were designed when
tracking weights were in the region of 5 to 10 gm,
and side thrusts (intentional and otherwise) of
about 1 gm seem to be quite common even after
careful levelling.

The requirements for a suitable arm are that
under operating conditions there should be:—

(1) Low side thrust. Side thrust may be produced
by (a) pivot system friction, (b) an unlevel base,
(c) the torque resulting from the head angular
offset and friction between the stylus and both
plain and modulated grooves, and (d) the * lateral ”
inertia of the arm acted upon by any eccentricities
in toth the disc and turntable. For 1-gm tracking,
the total side thrust should be under 0.1 gm.

(2) Constant and correct wvertical stylus force.
This force is affected by (a) the  vertical > inertia
of the arm acted upon by any warps in the disc
and turntable, (b) friction of the  vertical” pivot
system and (c) stability of vertical balance. This
stability is determined by the distribution of mass
atove and below the vertical pivot, and any spring
counterbalance which may be used.

(3) Immunity from wvibrations. Such vibrations
can be internal (rumble, etc.) or external. Excitation

Fig. | Basic principles of pickup arm construction:— (a)
single pivot, (b) offset pivots with axle and weight
counterbalance, and (c) offset pivots with axle and
spring counterbalance.
COUNTERBALANCE
WEIGHT HEAD

.

STYLUS

PIVOT

(a)

(b)

COUNTERBALANCE
SPRING

WEIGHT (‘ ) SPRING
TORQUE TORQUE

(c)
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in any direction at the stylus or pickup base or
both together should not produce undue vertical
or lateral pressures at the stylus tip. Internal
excitations are limited by disc and record player
standards, whereas external excitation varies with
the rigidity of the user’s floor!

(4) Facility of use. There should be no need for
weighing machines, spirit levels, etc.

There appears to be some scope for arm develop-
ment to fulfil these requirements, and to this end

«—2in-—>= 8in

T T

Igm

Fig. 2 Dimensions and weights in o typical single-prvor
system.

the various principles of construction were reduced
to the following:—
(a) Single pivot (including vertical pivots directly
over lateral) as in Fig. 1(a).
(b) Axle and pivot (vertical pivots offset from
lateral) as in Fig. 1(b), and
(c) Spring counterbalance as in Fig. 1(c).
Low Side Thrust.—As a result of measurements
made on existing arms, low side thrust became the
first consideration. It can be seen that friction
at the lateral pivot is an almost constant minimum
only in the case of the single-pivot system, since
extra thrust on the side of the essential axle part
in the other two principles of construction gives
extra friction according to the balance moment
required. An example will emphasize this point.
Consider a pickup to track at 1 gm with a head
mass of 6 gm at a distance of 8 in from the lateral
pivot. The three principles of construction then
give the following results:—
(1) Single pivor as in Fig. 2.
Taking moments about the pivot we have:—
(Wx2)+(0x 1)=(40 x 4)+ (B X 8
S W = 95 gm
.. Total weight on pivot
=05+ 10+ 40+ 5
= 150 gm
.. To a first approximation, frictional force at pivot
= 150X u gm
where u is the coefficient of friction.
If 4 = 0.2 and the pivot tip has a radius of 0.02 n
then, taking moments about the pivot,
Maximum side thrust at stylus
0.02

= 150 X 0.2 X ——8—
= 0.075 gm
(2) Offset pivots as in Fig. 3.
With a 2-in offset and 2-in axle we have, "aking

* Cosmocord Ltd.
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moments about the vertical pivot
W x2)4+@00x1)=3B0x 3)+ (5% 6)
S W =55gm
.. Moment about axle
=055+104+30+5) x2+
(10 x 1)
= 210 gm-in
To a first approximation, frictional force at
extreme lower end of an axle even as unusually long
as 2-in

_ 210 X p gm
2
If o = 0.2 as before, and the axle has a diameter
of % in then,
Side thrust at stylus = 105 X 0.2 X 0~0225

= (0.164 gm
To this must be added the side thrust due to friction
at the pivot at the top of the axle. If the pivot tip
has a radius of 0.02 in then, from a calculation
similar to that with a single pivot,
Extra side thrust at stylus

=(554+10+ 3045+ 10) X

0.02
02 X —
8

= 0-055 gm
- Total side thrust at stylus
= 022 gm

(3) Spring counterbalance.

This can be arranged to have the same friction
as the single pivot by countering the moment of
the weight about the axle by the spring torque,
using a rearward offset of the vertical pivot (see
Fig. 1(c)). This, of course, is for only one value
of the tracking weight.

The idea of using pivot friction to counter the
side thrust caused by pickup head angular offset and
friction between the stylus and groove was dismissed,
since this thrust not only varies with the tracking
weight required, but also with the recorded modula-
tion as well as with the tracking error. It was
thought that a considerable reduction in the side
thrust would occur when tracking within the elastic
limit of the record, because of reduced friction
between the stylus and groove.

If British Standard 1928:1955, giving the allowable
eccentricity of discs and turntables is taken as a basis,
it can be shown that a pickup arm tracking a micro-
groove disc may find itself at rest occasionally. Thus
it is clear that static as well as sliding friction must
be taken into account in the lateral pivot. A figure of
0.05 gm static frictional force was designed for, and
even lower values were attained in practice,

The worst feature of the two offset pivot systems
is the extra necessity for levelling the arm base. If
this is not done, the laterally unbalanced moment of
the whole weight of the whole arm may produce a side
thrust proportional to the sine of the angle of arm
base tilt. Again the spring system could be elabo-
rated to avoid this, but only conveniently for one
value of the tracking weight. In a true self-levelling,
single-pivot system (i.e., one in which the arm can
freely rotate about the pivot in any direction) the side
thrust is only equal to the actual stylus force multi-
plied by the sine of the angle of turntable tilt.
Considering 1-gm trackers, a 23° tilt produces a side
thrust of 0.044gm for a true single pivot, and
0.044 X 3 (6 x 8+ 40 x 4 + 10 x 1) = 1.2gm for
example for the offset pivot case of Fig. 3.

270

If the effective stylus force is momentarily reduced
by vibration or excessive modulation to less than the
side thrust, then the stylus will ride up out of the
groove. With an unlevelled offset system, due to the
out-of-balance side thrust, the stylus will then skate
with increasing momentum and destructive power
across the record. With a true single-pivot system,
owing to its * self-levelling * properties, the side
thrust due to an unlevel turntable is only proportional
to the contact force between the stylus and groove
and thus falls to zero if the stylus leaves the groove.
In fact the developed pickup, which incorporates a
true single pivot, will not skate across the record
under the most adverse conditions even at very low
tracking weights.

Again consulting British Standard 1928:1955, it can
be deduced that the combined allowable eccentricity
of disc (0.002 in) and transcription turntable (0.001 in)
will produce a lateral acceleration of (2= X 33}
= 60)® x 0.0015 x 2.54 = 0.045 cm/sec?,with a pro-
portionate side thrust at the stylus tip according to
the inertia of the arm about its lateral pivot. In this
respect the advantage is with an offset pivot, but the
reduction of side thrust with an offset rather than a
single pivot is only about 30% comparatively, and
absolutely the reduction is very small, being in this
case only of the order of a few tenths of a milligram.
For example, the equivalent effective head masses in
the cases of the offset pivot of Fig. 3 and single pivot
of Fig. 2 are 20 and 26 gm respectively, and at an

«—2in 6in

W Sn
1I09m l
«—2in—> 30gm Igm
2in 10gm

Fig. 3 Dimensions and weights in a typical offset-pivot
system with axle and counterweight. The distance of the
pickup head from the lateral pivot is the same as in Fig. 2.

acceleration of 0.045 cm/sec? these masses produce
side thrusts of 0.9 and 1.2 mgm respectively.
Constant Vertical Stylus Force.—It is when
considering the constancy of the vertical force on the
stylus as determined by the disc flatness and vertical
inertia of the arm that the only basic advantage of the
spring system arises. Again the gain is comparatively
small, being only a 509, change at most, for the inertia
can ideally only be halved by the elimination of the
counterweight.

A vertical offset between the disc and vertical pivot
centre can cause friction between rhe stylus and
groove to alter the stylus pressure, and an integration
of the extra frictional impulses due to groove modula-
tion can then cause temporary changes in the stylus
pressure.

The worst feature found on most arms is the
difficulty of adjusting the pressure on fixed vertical
pivots accurately enough to keep the pivot friction
within a reasonable limit. Self-adjusting spring-
loaded pivots should be used.

Where the centre of gravity of the arm is below
that of its vertical pivots, ‘ weighing” of the
stylus force may be quite inaccurate if the arm is not
in its usual playing position. Both this and the spring
system must be weighed at disc level.

(Conninued on page 271)
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Immunity from Vibrations.—Let
us consider the simplest example of
vibration transmitted to the pickup
base from the motor board when the
pickup base moves vertically or
laterally as one with the turntable
spindle. Then, in the case of
the spring-counterbalance system
for vertical movement and both
offset systems for lateral movement, due to the
unbalanced inertia of the arm, an enormously greater
variation in the force at the stylus tip is produced than
with a balanced single-pivot system. In a single-
pivot system with its centre of gravity below the
pivot as is required for stability, longitudinal move-
ment (along the arm length) can produce small
variations in the stylus pressure.

If the pickup base moves while the turntable
spindle remains fixed the advantage is with the
unbalanced inertia systermns, at least for small
accelerations, since in a balanced system the stylus
tends to move more with the pickup base. The
problem of small movements of the pickup base in
this way (for example internal vibrations) can be
better tackled with elastic washers between the base
and motor board. Large rotational movements of
the base while the turntable spindle remains fixed
hardly ever occur in practice.

The previously discussed advantages and dis-
advantages of the three principles of arm construction
when acted upon by disc and turntable eccentricities
and warps also apply to externally applied similar
lateral and vertical motions of the turntable spindle
relative to the pickup base.

Thus, considering all the requirements for a
suitable arm, the single-pivct system appears to offer
by far the most attractive prospects, and these were

" developed as follows.
Single-pivot System.—A true single-pivot system
with rotational freedom in any direction is used.
The fact that the angle of the stylus in relation to a
tilted turntable in such a self-levelling system might
minutely affect the separation and balance of a
stereophonic pickup was considered to be less
significant than the advantage gained of more equal
pressures on the groove walls due to the reduction of
side thrusts.

If the sideways balance is to be stable the arm
must have its centre of gravity below the pivot. A

CONNECTING WIRES
TO PlCKU{ HEAD

COUNTERWEIGHT STABILIZING

WEIGHT

TO PICKUP
HEAD
—_—

DAMPING MEDIUM—T]

LIFTING
MECHANISM

14

——— HEIGHT ADJUSTMENT
g‘/ GRUB SCREWS

Fig. 4 Side-view sectional sketch of part of prototype
arm showing stabilizing weight, damping medium, con-
necting wires and lifting mechanism.
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Prototype arm with cartridge.

stabilizing weight below the pivot was therefore
added (see Fig. 4). This weight was kept to the
minimum required to provide sufficient torsional
inertia for a maximum force of 5 gm at the stylus.
Keeping the stabilizing weight as small as possible
also ensures the minimum possible movement from
sideways vibration at the base.

To absorb any such resonant motion which could
occur at the single pivot, this was designed both to
retain a damping medium by capillary action and
also to alternately push out and ‘“suck in” the
medium if the stabilizing weight swings from side
to side (see Fig. 4).

To make accurate vertical balancing easy, and
to eliminate sensitivity to longitudinal vibrations,
the stabilizing weight was ‘ uncoupled ” by two
pivots for vertical movement on opposite sides of
the single pivot. The vertical pivots were spring-
loaded to ensure correct pressure.

Sideways balance of the head offset is obtained
in this design by adjustment of the lateral positions
of the vertical pivots about the single pivot. Alterna-
tively the pickup heads themselves could be made to
provide sideways balance by suitable distribution of
their mass in relation to stylus and arm, or an
asymmetrical counterweight could be used. These
alternative schemes were abandoned to ease the design
and adjustment problems respectively.

If the linear offset of the arm is kept large, then due
to the extra freedom of sideways balance, some
of the vertical motion of the arm due to disc warping,
etc., will be converted into rotational motion about the
single pivot. If the rotational inertia is kept as low
as possible, then this effect will play its maximum
part in reducing stylus pressure variations. In fact
the developed arm can be seen to rotate if the turn-
table is lifted suddenly whilst playing. An otherwise
completely balanced system with spring pressure to
provide the stylus force cannot conveniently make
use of this principle.

In the case of the counterweight a compromise
must be made between a long cylindrical shape
which gives the minimum possible rotational inertia
about the arm length as is required by the considera-
tions of the last paragraph, and a thin disc shape
which gives the maximum range of stylus pressures
for the restricted length of movement available in a
record player cabinet. Thus the optimum shape is
approximately a cylinder whose height is equal to its
diameter.

Calculation of both bending and torsion of a
tubular arm shows that extremely large diameters
are required to put all arm resonances above the audio
range. It would therefore be desirable to have
sufficient lateral and torsional inertia in the head
alone if arm resonances are to be minimized. If the
pickup is a one-gram tracker with a compliance of
15 x 10-¢ cm/dyne, and the bass resonance is re-
quired to be 15c/s, then, to inhibit the lateral
arm resonances, the total mass of the head should be
(15% X 4#% x 15 X 10-9-!' = 7.5gm. Likewise,
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considering that the compliance is usually inversely
proportional to the tracking weight, about 40 gm
would be required for a 5-gm tracker. Accurate
vertical pressures are ensured by balancing the
arm and then inserting a calibrated pellet into the
head.

The biggest problem was now that of the electrical
connections. Various schemes were considered and
rejected, and it was finally decided that a controllable
torsion was preferable to the possibility of unseen
foulings and erratic behaviour. Thus the connecting
leads are brought visibly over the top of the pivot to
an exit tube at the rear (see Fig. 4). By this arrange-
ment, as the arm moves, the wires flex at only one

point instead of two as in the more usual arrange-
ment with the flexing portion of the wire all on the
same side of the lateral pivot.

A raising and lowering mechanism was thought
desirable, and this is incorporated in the arm base
(see Fig. 4) to lower the arm gently on to the disc.
By altering the sideways balance, this lowering
mechanism can be used to move the stylus between 5
microgrooves ahead and 10 microgrooves behind its
previous position to an accuracy of -+3 microgrooves
or better.

The arm produced has a measured side thrust of
0.02 gm and vertical friction of 0.05 gm. It should
be eminently suitable for tracking down to 0.2 gm.

Displaying Valve Characteristics

Cathode-Ray Tube System for Presenting Anode Curves with Their Axes

By R. G. CHRISTIAN,* A.M.Brit.IR.E., Grad. I.E.E.

A METHOD of displaying valve characteristics on
a single-beam cathode-ray tube has been described
by Buckingham and Price’. The result is a trace
representing the anode-current/anode-voltage curve
of the valve for a given grid bias plotted on a screen
without axes. Since valve characteristics were
required to be demonstrated in a convincing manner
to engineering students it was felt that the addition

+ g4~
1

Fig. 1. Basic circuit for
generating the X and Y

(I\) axes for the display.

of axes was essential. A further disadvantage of the
method referred to above was the use of both d.c.
and a.c. to feed the valve. In the apparatus to be
described the valve characteristic is presented in
the same way as it would be shown on a blackboard
during lectures, and the circuit is simple and com-
pact.

One beam of a dual-beam c.r.t. is used to trace
the axes. The deflection voltage for the X axis
is obtained by means of a half-wave rectifier so
that the axis 1s only traced during one half-cycle.
On the other half-cycle a similar half-wave rectifier,
connected in the reverse direction, produces a half-
wave pulse which deflects the spot in the Y direc-
tion. The basic circuit to produce the axes is shown
in Fig. 1.

The valve. whose characteristics are to be dis-
played is fed by a.c. and conducts on one half-cycle
only. The anode current produces a half-wave pulse
across an anode resistor and this is fed to the second
Y plate. It was found that a large anode resistor
had to be used in practice in order to obtain suffi-

Unc

* Liverpool College of Technology. . .
*H. Buckingham and E. M. Price, *‘Principles of Electrical
Measurements  (English Universities Press, 1955), page 304.
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cient Y scan for the second beam, which traces the
valve characteristic. The X scan, which represents
anode voltage, is supplied by the same half-wave
rectifier which deflects the first beam to write the
X axis. The basic circuit for displaying the charac-
teristics is shown in Fig. 2, from which it will be
seen that the X plate section is the same as that in
Fig. 1.

It will be seen that the scan voltage used to repre-
sent the anode voltage is, in fact, the sum of the
voltages across both the valve and the anode resistor.
The error is small only if the anode resistor is small,
which is not so in this case. There would be no
error if the anode was used as a common earth refer-
ence but since the purpose of the circuit was to
demonstrate the approximate shape of the valve
characteristics it was not considered to be of im-
portance. If accurate characteristics are required
the X scan voltage must be that developed between
anode and cathode of the valve.

The circuits of Figs. 1 and 2 are combined in the

VALVE
UNDER TEST f F »

X

Y § @

>

Fig. 2. Basic circuit for obtaining the anode characteris-
tics of the valve.

practical circuit of Fig. 3 which also includes d.c.
supplies to the screen and control grids of the
pentode under test, the control-grid bias being vari-
able in the negative direction. The screen and con-
trol grid must be supplied by steady d.c., which
accounts for the inclusion of the two capacitance-
resistance smoothing circuits, This will be apparent
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if the effect of supplying the screen grid with half-
wave pulses is considered, since the resulting varia-
tion in screen-grid potential would follow that in
anode potential and a triode characteristic would
result.

All the supplies are obtained from a transformer
with two simple secondaries, one for the scan and
bias voltages, and one for the three valve heaters.
The component values are not critical and those
indicated happened to be available at the time. The
valve under test is an EF36, with which it was pos-
sible to demonstrate triode, tetrode and pentode
curves quite satisfactorily, the change-over being
carried out by switching. When the switches, which
are ganged, are set to position 1, the screen grid is
connected to anode, the suppressor grid to cathode,
and the valve behaves as a triode. On position 2,
both screen and suppressor grids are connected to
the screen supply and the valve operates as a tetrode;
while on position 3, the suppressor is connected to
cathode and the valve operates normally as a pentode.
The photographs show the results obtained with
various values of grid bias and for different connec-
tions.

The possibility of showing a family of curves is
interesting and is easily effected in the case of two
curves by feeding the output from a square-wave
generator into the control grid. The amplitude of
the generator output controls the spacing between
the curves, the bias control being kept operative so
that both curves may be shifted simultaneously.

Examples of characteristics
produced by the apparatus: (a)
triode, (b) pentode, (c) tetrode,
(d) set of triode curves (e) set
of pentode curves.

In attempting to demonstrate more than one pen-
tode or one tetrode curve it was found that the
return of the trace was along a different path from
the initial scan, producing an effect reminiscent of a
hysteresis loop. No satisfactory explanation has so
far been developed, neither has any attempt been
made to overcome the difficulty, since it was felt
that the circuit did all that was required of it, at
least for the present. It would probably be possible,
with suitable electronic switching, to produce more
than two curves. Two possible methods would seem
to be either the use of a stepped waveform appliec
to the grid or the use of an electronic switch to
select different fixed values of grid bias. In
the equipment described, however, no attempt
was made to do this, since it was desired that the
circuit should be as simple as possible.

The families of curves shown in the photographs
were obtained by means of multiple exposure, which,
while suitable for recording, is of no use from the
point of view of live demonstration, which is the
object of the apparatus. In this connection it is
emphasized that the only purpose of the demonstra-
tion is to show practically and rapidly the general
shape of the characteristics of triodes, tetrodes and
pentodes and the effect of variation of control grid
bias.

Thanks are due to V. Attwocd for carrying out
the practical work, for incorporating some of his
own ideas into the circuit, and for taking the photo-

y

graphs.

> 2k 22 2K
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=83 240V~
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T
’ T 63V
SCREEN AND G VALVE X AND Y AXES
D.C. SUPPLIES UNDER TEST RECTIFIERS

Fig. 3. Practical circuit for display of characteristics ana axes. Direct-current supplies are included for the grids of

the pentode test valve.
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Feedbuck Amplifiers as Filters

Application of Familiar Principles to Feedback-synthesized Filters

By THOMAS RODDAM

IN the course of a study of a rather simple feed-
back amplifier recently I found myself confronted
by some equations which looked familiar, though
not in this context. Generally, of course, one does
not do very much mathematics when designing
feedback amplifiers: at any rate, I don’t, because
the amplitude and phase response plots, together
with the filter u8 effect calculator, provide all the
information needed for the usual task of making it
flat, making it stable. As every schoolboy knows,
quite a lot has been written on the design of particular
feedback circuits with particular shapes of end
characteristic but all the articles I can remember
are of the kind which describe a circuit for a special
job. As some hardened readers may know, I like
to make one lot of analysis serve as many purposes
as possible, even though this reduces the amount I
can write on a given topic and thus gives more hope
to the wolf which hovers outside my door, my
door and everyman’s.

The general feedback amplifier is shown in its
old familiar form in Fig. 1. As that abominable

o I o

Fig. 1. The general
feedback amplifier.

B

schoolboy of Macaulay’s will point out, the gain
of the whole system is:—

w= p/(1+up) .. 00 .. .. ¢))
We know that in a practical configuration with
negative feedback both g and B will have the same
sign so we need not indulge ourselves in the academic
practice of writing (1—ug) and then making 8
negative. Sooner or later we shall be taking log-
arithms, to get ourselves into decibels, and as log
w, is the same as —log 1/x, we can rewrite Eqn. 1:—
Un = Q+uB)fu = 1u+p .. .. (@
This very simple equation is our starting point,
for the behaviour of 1/u, or —log (1/x,) if you like,
is the response of the feedback amplifier. ~As you
see, it depends on two factors, p, or 1/u, and B.
Usually we say cheerfully that §is much bigger than
1/u, so the response is dominated by 8, but of course
this is no longer true at the edges of the working
range when all kinds of things may happen. In
many applications we manage to keep this region
well away from the band which contains our signal
and then our only interest is in the stability condi-
tions which amount, more or less, to determining
the phase of u8 when pf = 1. Stability is a bit
more complex than that, but it is true that usually
we are so preoccupied with stability that we don’t
worry about the shape of the u, response in this
region.
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Suppose now that the amplifier—we might even
call it the wp-amplifier to show that we mean the
upper box in Fig. 1—has only one stage and it is
completely dominated by a single shunt capacitance.
The response will then be that of the simple network
shown in Fig. 2. We can easily see that we have:—

s = (1) (1 + juCR) ,
= ) (1 + jojawy) = () A +j2)  (3)
where «,CR = 1 and 2 = w/w,.
Suppose, too, that B is just a constant, that the §g-
network is made up of pure resistance elements.
Then we have:—

Vpe=1/p+ 8= 1/1) 1 +j2) + B=(1/p, + B)
+ 72/ Ho .
= /ue + B + 72/ + 1,B)
= Upo + B (1 +jofw[1 + D) .. @)
I have churned through the transformation in the
string of Eqn. 4 in order to arrive at that last ex-
pression: next time I shall leave out some of the
steps. The final form is the product of two factors
which we can call the gain factor (1/y, + B) and the
shape factor (which needs a line of its own). The
gain factor is just what we expect and I do not
propose to say anything more about it. The shape
factor is rather interesting because if we write
w,” = w, (1 + p1,B) and w/w,” = Q' the shape factor
becomes (1 + j27). :

This is exactly the same form as we had for the
basic p-amplifier in Eqn. 3, except that whereas
for the basic amplifier the response was 3dB down
at w = w, the new response is 3dB down at w =w,’
and mol = w, 1+ F‘oﬁ) =+ /‘oﬁ) (I/CR)

It is easy to see that this sort of result should
be expected. There is only one element, the C,
in the whole system which can do anything to the
frequency characteristic and the overall behaviour
must therefore contrive to be what I find is con-
venient to call a first-order response. This result
also contains the information that, for a first-order
system anyway, the use of negative feedback does
nothing to improve, or degrade, the gain-band-
width product. There is a straight trade of gain for
bandwidth which does not depend on a particular
definition of bandwidth, because the shape is un-
altered. What is more, if you can think of a suitable
circuit configuration, the feedback can be positive
without altering the terms of trade. From this we
can go on to say that if we use enough positive feed-
back to make the gain infinite the bandwidth must
be zero. Do you care? Well, if we replace the
capacitance by a series inductance-capacitance pair
and replace w by 2 = (w/w, — w,/w)w, we move
the frequency at which we have  infinite gain and
zero bandwidth up from w=0to 2 =00r v = w,
This is the basis of the simple oscillator and the
simple Q-enhancer.

Let us get back to the main line of our discussion
and now consider the possibilities of second-order
circuits. The term “ second-order circuits” is a
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rather formal way of saying circuits with two re-
actances in them. There are general possibilities
here. The second frequency-dependent term can
be added in the feedback network, as an isolated
term in the p-amplifier or as a coupled term in the
p-amplifier. One special form we can throw away
immediately, especially as it’s only an approximation,
is when 8 and 1/u have the same shape term (1 +-jkw),
although with different values of k. This rapidly
reduces to a single factor, so we are back in the first-
order class.

The most ordinary form we can take seriously
is the form we find with a two-stage p-amplifier
when each stage has a network of the kind shown in
Fig. 2. If one network has components C,R,,
and ; = 1/C,R,, the other giving w, = 1/C;R,,
we can see thati—

Up = (1) (1 + jolw) A + joloy .. (5)
and therefore
Ve = (1/po) (1 + jolw) (1 + jojw) + B .. (6)

We must, I am afraid, expand this and the most

convenient form is, at firsti—
Vpe= Afp, + B 1 + jho (Yo, + 1/wy) —
ka)z/wla)Z],
where
k= (e o + B) = 1/ + p,B).
We may now concern ourselves only with the shape
factor, the expression:—

1+ jko (1/w; + 1/wy) — o%kfw,a,

This is the simple second-order characteristic and

if we call it S we need only devote ourselves to:—
S| = 1 + { &% [(w; + wp)/wywp]® — 2k/wiwy |
w? + kot lw,? .. (D
The term in this which is of chief interest, as I
showed in “ Filters Without Fears ”*, is the term
in w2 If the coefficient of «? is zero we have the
Butterworth or maximal flatness response: if it is
negative the response is of the Tchebycheff, or
humped, type. Readers of ¢ Filters Without Fears *
will remember that it is not always possible to make
expressions of this form give the Tchebycheff type
of response because the coefficient of w? may be
obstinately positive. Here, however, we can do a
quick check by putting o, = w, = 1 so that the
coefficient of w? becomes just 4k% — 2k = 2k(2k — 1)
Thus if we make & = 0.5, or g, = 1, we shall get
the neat, square Butterworth response, while any
more feedback, making 2 < 0.5, will give us a bump
before the response falls away. This is exactly
what our experience with feedback amplifiers leads
us to expect. Our experience also tells us that if
w, # w, we need more feedback, or a smaller value of
k, before we reach this happy state. Sometimes
we know that we want k to have a particular value,

R
= AAAAA———1 i
Fig. 2. The simplest
frequency - response
IN @ 0T determining network

T for a forward path.

say 1/10, or 20dB of feedback. If we also want a
Butterworth response we can put the coefficient of
w® equal to zero and solve for w;/w, 1 have done

—

*Wireless World. Vol. 60 (1954), op. 367, 445. 361 and 603; (August.
September. November and December.)
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this on a separate piece of paper, to save filling th
page with algebra, and the result isi—

yfwy = (1/k) [(1 — B) £ V(1—2k)] .. (8)
We also know that the response is 3dB down at some
value of w = w, where k2w,'/w? w,® =1 so that

wywy, = 1/kw,? o 0a C))

The two equations, (8) and (9), enable us to fix
the values of w; and w,.

All this analysis, of course, applies equally well
if we perform the simple frequency transformations
on it, so that although this is the ordinary low-pass
filter case, the same pattern appears for the high-pass

G
- 11
Fig. 3. The simplest —uu . o
frequency - response H
determining network IN R ouT

for a feedback path.

and band-pass cases. I have been into all that before
and you can look it up.

A difficulty which occurs in using amplifiers as
filters is that p, may vary. Obviously the response
will vary too and there will be two effects. The
coefficient of w? will no longer be what you hoped,
which for the calculation we have just done is zero,
and the coefficient of w* will also change, moving the
asymptotic 12dB/octave cut-off. When k is small
it is also very close to 1/u,8 and a 6dB change of p,
will move the asymptotic line by a factor of /2,
which is a rather large variation. Feedback ampli-
fiers of this kind which are designed as filters must
therefore have the gain of the p-amplifier hald
constant by some means. One obvious solution is
a fair amount of feedback in each cathode or emitter
circuit. This is just another example of the fact
that you cannot get anything free: if the feedback is
used up in one function it cannot play its full part
in another.

The other important way of introducing a second
frequency dependent element is to put it into the
feedback network. Since the basic type of filter we
are considering is the low-pass filter the obvious
form of feedback network to use is that shown in
Fig. 3. For this the response will be:—
vout/vin = joCR/(1 + jwCR)

= (wlwp)/(1 + jolwy).
Then the feedback term B can be taken as:—
B, (Jew! wp)i(1 + jewl wy)
and the overall performance with a single Fig. 2
network in the p-amplifier becomes:—
Up = (1) (A + jorwo) + 8o/l +
] wy).

Without going into any details we can see that the
shape of the response is going to depend on an
expression of the form:—

(A + jaw — bo®/(1 + jcw).

This is a system having a first-order cut-off,
only 6dB/octave, but it is complicated in the region
of the transition from flatness to asymptote as you
can see. The easiest way of analysing it is to notice
that when we go over to decibeis we have the differ-
ence between the decibels corresponding to the
numerator and the decibels corresponding to the de-
nominator. The one is a second-order expression.
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Fig. 4. Another first-
order low-pass net-

1] R oyt
work.

— L.

of the form we discussed immediately above, while
the other is an ordinary first-order expression.

I do not want to go into any more detail on
designing these circuits because you can look up some
specific designs in the literature, or work out your
own problem for yourself. The really important
thing is to go back to Eqn. 2 again:—

V= 1/p + B

We can reasonably guess that this will be simplest
if all the frequency dependent factors are in the
p term, as we discovered in the examples. Suppose,
then, that we have:—

Yp = (U/r,) A + ffilw) + fylew)
and immediately
Vp=/p, + B) [1 4 jfi() /(1 + 1,8) +
fy(w)/(1 + n,H)]

When this is converted into the standard
(1/p)? form the coefficients of w?* will contain factors
which depend on (14-p,8). This is of the nature of
an interaction parameter, and, as we have seen, it
plays an important part in fixing the shape of the
response. If we consider a system in which the
network of Fig. 4 is in tandem with that of Fig. 2;
but in which a buffer amplifier is used between the
two, the shape of the overall response will be ex-
pressed by an expression of the form:—

(I+jw/w) (14w w,).

This has a very limited range of shapes and at the
best provides an extremely rounded cut-off. By
rearranging the network elements so that the L and
C are adjoining we know that we can get a more
general second-order filter characteristic. The reason
is that L. and C can interchange their stored energy
and it is this interaction between them which
provides us with the one extra generality. In just
the same way, in the feedback amplifier the (14 p,8)
term represents the return to the first reactance net-
work of energy which has passed through the
second reactance network. One network can, as it
were, sée the other. Another way of looking at
it is to regard it as a special form of coupling
between the two networks. In band-pass filters
this view gives us the possibility of three kinds of
coupling: inductive, which falls with frequency;
capacitive, which rises with frequency; and feed-
back, which in its basic form is independent of
frequency.

The use of feedback as an energy interchange
medium is of especial importance when the frequen-
cies involved are low. By using feedback we store
energy in a capacitor to return it to a capacitor;
whereas without feedback we could only get the
required interaction by using inductance—and
large inductances for low frequencies are not easy
to realise without excessive losses.

This short survey has, I hope, been enough to
show that the kind of response you can get from a
feedback amplifier is the same as that you can get
from a conventional filter and that the algebra is
consequently the same. It is always, to my mind,
agreeable to find that one only need do the basic
work once.

Elements of Electronic Circuits

3 — Amplitude Limiting

lN order to eliminate unwanted fluctuation in the
peaks of a waveform, or perhaps to discriminate
between wanted or unwanted pulses, it is often
necessary to limit the positive or negative excursions
of such a wave. A further possible use is the deri-
vation of rectangular pulses from a sinusoidal input.
A common method of achieving amplitude limiting
is by overloading a valve amplifier so that the
peaks of the input are cut off by the flat regions
of the dynamic characteristics. It is, therefore, pos-
sible to limit both the positive and the negative
excursions by suitably biasing the amplifier.

In grid limiting the grid-cathode portion of the
valve is operated as a diode. Grid current flows dur-
ing the positive half cycles of the input wave, and
if a resistor of the correct value is inserted in
series with the grid the major part of the positive
excursion of the input is developed across it instead
of between grid and cathode. The positive-going
anode current is thereby limited, as is also, of
course, the negative-going anode voltage. This
action is more fully explained later.

Simple Limiting.—As the diode provides the
commonest example of amplitude limiting we will
examine the simplest case first, i.e., with a sine-wave
* input. In the following circuits it is assumed that
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the series resistor R, is large compared with the
resistance of the valve Ru (not Ra but Vak/Is)
when the valve is conducting and small compared
with the impedance of the valve when it is not.
In Fig. 1, during the positive half cycles the voltage
across the diode is limited. During the negative half
cycles the voltage across R, is limited (shown dotted).
It follows, therefore, that if we wish to limit the
negative peaks we take our output from across
R,. In Fig. 2 R, is shown in the cathode circuit
of the diode as an alternative position. Fig. 3
shows an alternative way of limiting negative peaks,
by reversing the diode shown in Fig. 1. If we
choose to bias the diode it will then not conduct
until the input voltage exceeds the bias voltage; in
other words, we have shifted the level at which the
limiting action commences (Fig. 4). Similar reason-
ing will show that it is possible to extend this action
to positive peak limiting.

Parallel Diode with Applied Square Wave.—The
limiting action on a square wave (Fig. S) is similar
to that shown for the sine wave. The loss of voltage
during the non-conducting period of the diode is
determined by the load current and the value of R,.

It will be noted that the shape of the limited
waveform is similar to the shape of an identical
input after “clamping,” i.e., the occurrence of dc.
restoration. The difference lies in the action of the
CR coupling circuit immediately preceding the in-
put (which for clarity is not shown in Fig. 5). The
bias produced by choosing the correct time constant
for the associated CR circuit is a necessary part of
the action of a “clamping ” circuit device, whereas
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in limiting the CR coupling ‘circuit time constant
must be chosen so that no slide-back occurs.

‘Limiting Using Two Diodes.—If two diodes are
coupled as shown in Fig. 6 and provided with bias
voltages X and Y, it is possible to limit the applied
waveform at the same time as permitting it to con-
tinue to alternate about zero. - Limiting of the posi-
tive excursion by diode D, will not take place until
the positive-going input exceeds the positive bias X.
Similarly the limiting of the negative excursion by
diode D, will not take plac? until the negative-
going input exceeds the negative bias Y. The amount
of bias determines the limit of the positive and
negative excursions.
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Series Limiting.—Here the diode is used as a
“biased switch” in series with the applied wave.
As an example let us consider the action of a
sawtooth waveform applied to the circuit in Fig. 7.
The diode is biased to 150V while the amplitude
of the sawtooth wave is assumed to be 300V. All
the time the applied wave is less than 150V the diode
is non-conducting; the *switch” is, therefore,
“open.” When the anode voltage of the diode
exceeds 150V the diode conducts, the “switch” is
“closed ” and the output voltage follows the input.

Grid Limiting.—As has been stated earlier, both
positive and negative peak limiting can be achieved
by driving an amplifier into the flat regions of the
dynamic characteristic. So far as negative peak
limiting is concerned, the point at which it occurs
is determined by the cut-off bias and the amount
of bias applied to the amplifier (see Fig. 8).

To obtain positive pzak limiting a large amplifier
load resistance is necessary so that I, reaches the
upper bend condition at relatively low grid voltage
swings. Owing to this and to the undesirability
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of driving the valve far into the grid current region,
grid limiting is often resorted to for restricting the
positive voltage excursions.

Let us assume that a sine wave is applied to the
circuit shown in Fig. 9. During the positive half
cycle of input grid current I; flows and the grid-
cathode resistance Rgx drops to a low value. As R
is large compared with Ry when the valve is con-
ducting, most of the applied voltage is developed
across it (I,R) and a negligible amount across Rex.

During the negative half cycle of input no grid
current flows and the input is applied directly
between grid and cathode. However, the negative
swing drives the grid beyond cut-off. THe resultant
V. waveform is, therefore, approximately square on
both positive and negative excursions.
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Magnetic Matrix Stores

COMPUTER STORAGE SYSTEMS BASED.- ON FERRITES

WITH RECTANGULAR HYSTERESIS LOOPS

By W. A COLE,* BsSc.

ANY computer, whether human, mechanical,
electro-mechanical or electronic, requires a memory,
or storage system, in which to store the numbers
involved in the calculation, the operations to be per-
formed on the numbers, the intermediate answers
and the final answers. The storage system may be
simply a pencil and paper used by a person doing
arithmetic; or it may consist of some combination
of punched cards, punched tape, magnetic tape,
magnetic drums, delay lines, cathode-ray tubes,
valves, transistors, magnetic cores, €ic, with a
storage capacity of up to several million numerical
digits in the case of a large scale electronic com-
puter.

The speed at which an electronic computer can
complete a problem, once the required information
and instructions have been supplied to it, is
governed by two things: the speed at which it can
do individual arithmetical operations, and the speed
at which it can obtain the next piece of information
or instruction from the store. The time taken by
many machines to perform the addition or multi-
plication of two numbers, each consisting of many
digits, is measured in microseconds. It is obviously
desirable that a machine of this speed should also
be able to obtain information from its store in a
few microseconds. If the access time to the store
was even as long as a millisecond then the arith-
metic units of the machine would spend the greater
part of their lives waiting for something to do.

Wide Applications

Seven years ago the first magnetic ferrites to have
substantially rectangular hysteresis loops were pro-
duced in the U.S.A. Since then the application of
these materials to high-speed digital storage systems
has been so successful that there is hardly any large,
fast, electronic computer under development any-

* Mullard. Lt¢

)

—

STORING O

—

STORING 1™

(a) (b)s

Fig. 1. Method of storing information by remanent mag-
netism in ferrite rings. (@' clockwise magnet zation and
(b) anticlockwise magnetizarion.
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A stack of 20 matrix storage planes i practical form for

use in a computer. The capacity is 81920 digits.

where in the world which does not incorporate a
magnetic matrix store. The capacity of these stores
varies from a few thousand to a few million binary
digits, and the cycle time, that is, the time to select
an address,t read the information stored and rewrite
information into the address, is usually in the range
from five to fifteen microseconds,

In a magnetic store the individual memory cells
consist of tiny ferrite rings of less than one-tenth
of an inch diameter linked by an array of insulated
enamelled wires. Each ring is capable of storing one
digit or piece of information, but in common with
most devices used in computers, a magnetic memory
works with numbers expressed in the binary system.
In the decimal system, with which everyone is
familiar, there are ten digits, namely 0to9, and a
number 4275, reading from right to left, means
(5 x 1)+ (7 x10)+(2 x 10 x 10y +(4 x10x 10x 10). In
the binary system there are only two digits, 0 and 1,
and a number 1101, again reading from right tg left,
means (Ix1)+ (0x2) + (1 x2x2)+ Q x2x3x2).
This is much easier to represent, as nature provides
many devices with two stable states but it is diffi-
cult to find anything with ten discrete stable con-
ditions.

The ferrite rings store the information in the form
of the remanent magnetization, which simply means
that if the ring is left magnetized in a clockwise
sense, as in Fig. 1 (a), it is storing a digit “1,” say,
and if it is left magnetized in the opposite sense as
in Fig. 1 (b), it is storing a digit “ 0.”

Fig. 2 shows a typical hysteresis loop of Ferrox-
cube Type D ferrite. When a magnetizing field of
amplitude + Hy is applied to the ring-shaped core,
the resulting flux density will be Bm and when the

+ Addresse~ are places 1n the stare where items of information
are held. and are usually :denubed by numbers like houses in a
street.
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FIELD STRENGTH

FLUX | DENSITY

Fig. 2. Rectangular hysteresis loop, flux density against
field strength, of a ferrite material.

field is reduced to zero the flux density will decrease
to Br. If a field of —Hy is now applied there will
be a change of flux density of (Bu.+By) and the flux
density will be —B; when the field is removed. A
further application of a field of ~H,, will produce
a flux change of only (B,,—B,). Thus the polarity
of the remanent magnetization can be readily deter-
mined by measuring the change of flux density, or
the e.m.f. induced in an ourput winding on the core,
when the core is subjected to a magnetizing pulse
of amplitude —H,,. The output voltages induced
in the two cases are shown in Fig. 3.

Fig. 4 shows a single binary storage cell com-
prising a core with two windings. A digit “1” is
written into the cell by applying a positive current
pulse to the write/read winding. The information
Is read by applying a negative current pulse to the
write/read winding. Since the cell is always left
in the “0” state after a read pulse no pulse is
required to write a further “0” into the cell. The
reading process necessarily destroys the information
stored in the cell; therefore it is necessary to rewrite
the information if it is required to retain it.

A store with a capacity of 1024 digits would
require 1024 cores, and have 1024 inputs and 1024
outputs, although a single common output winding
could be used if the information were required one
digit at a time. The selection of 1 in 1024 inputs
is a difficult problem and the magnetic matrix store,
as first suggested by Forrester in 1951, greatly simp-
lifies this problem by making further use of the
rectangular form of the hysteresis loop.

TIHE{ - sec)

Above: Fig. 3. Output voltages obtained UL

from a core when the polarities of wRITE"{"

remanent magnetization gre different. .
WRITE 0 ———

READ —l—j——-

Right: Fig. 4. Binary storage cell con-
sisting of ferrite core with two windings.
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If a ring core in the “1” state with remanent flux
density + By, is subjected to a magnetizing pulse of
amplitude ~H,,/2 the flux density falls to B, and

-returns to B, when the pulse is removed. Repeated

applications of pulses of —~Hw/2 take the core
around a closed minor loop and there is no further
reduction in the remanent flux density. Thus the
ring core has the ability to discriminate between
puises of amplitude H,, and H,, /2. The larger pulse
is sufficient to change the direction of magnetization
of the core whilst the smaller produces only a negli-
gible change.

Fig. 5 shows 16 rings assembled in a 4 x 4 matrix.
Each core is threaded by one horizontal and one
vertical wire. To switch a given core from one state
1o the other, current pulses of amplitude I,,/2
corresponding to a magnetizing field of H./2 are
simultaneously applied to the horizontal and vertical
wires linking that core. The selected core is thus
subjected to a field of H,, and will be switched while
the other cores linked by the energized wires will
only experience a field of Hy, /2 and are not affected.
The addressing problem is then reduced to selecting
lin 4 and 1 in 4 wires to gain access to 1 in 16
cores. If 1024 cores are assembled in this way as a
32x 32 matrix, only 1 in 32 and 1 in 32 wires need
be selected to gain access to 1 in 1024 cores,

Output Winding

Since only one core can be switched at one time,
the output winding can be common to all cores. It
takes the form of a single conductor linking all cores
and is so arranged that the mutual inductance be-
tween it and any drive wire approaches zero. The
output wire is also arranged to link half the partially
energized cores in one sense and half in the other so
that the small signals from these cores tend to cancel
one another.

It is obviously much simpler to assemble such an
array of cores if the windings are restricted to single
conductors rather than multi-turn windings. This
is possible if the cores are made sufficiently small so
that the current pulses required are kept to ampli-
tudes which can readily be obtained from valve or
transistor circuits. The most commonly used memory
cores have an outside diameter of 0.08in and inside
diameter of 0.05in and are 0.025in thick, but during
the last two years cores of only 0.05in ourside dia-
meter, 0.03in inside diameter and only 0.015in thick
have become commercially available, and in many
cases these smaller cores are more suitable for use
with transistor drive circuits.

The switching time T of the ferrites, that is the
time for the reversal of the magnetic flux, is given by
T(Hm — Ho)=constant, where H,, is the applied field
and H, is the maximum field for which no switching
occurs. For a material with an ideally rectangular
hysteresis loop H, would be equivalent to the coer-
cive force of the material. Under the conditions of
use in a coincidenr current matrix system the value
of Hy, is limited to approximately 1.7H, so that the

oUTPUT
WRITE/READ OUTPUT

“1storep

“0'STORED
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Fig. 5. A matrix store formed by 16 cores with threaded
vertical and horizontal wires.

switching time is determined by the coercive force of
the material, and a material of high coercive force will
give a fast switching time and vice versa. For ex-
ample, 0.08in cores in Ferroxcube D2 material re-
quire a drive of 700mA-turns to give a switching time
of 1.5 microsecond and an output of 10ImV per turn.
while similar size cores in Ferroxcube D3 require
450mA-turns to give a switching time of 2.5 micro-
seconds and an output of 60mV.

In many computers it is necessary to have access
to all the digits of a number at the same time. This
can readily be achieved by taking as many planes as
there are digits in the numbers to be stored and con-
necting them electrically in series as shown in Fig. 6.
Each plane would contain as many cores as there are
words to be stored. When a particuiar pair of hori-
zontal and vertical wires is energized the core linked
by those wires in each plane is subjected to a pulse
sufficient to switch it. Thus to read the information
stored in a particular set of cores linked by the hori-
zontal wire number x, and the vertical wire number
y, positive current pulses are applied to these two
wires. Each matrix plane has its own output winding
and the information stcred in the selected core in
each plane appears as a voltage on the output wire of
the plane, a large voltage for 1 ” and a small voltage
for “0”. To rewrite the information back into the
cores the polarity of the current pulses is reversed.
But this alone is insuffictent since it would switch all
the cores selected to the “1” state. Each plane,
therefore, has an additicnal wire which links all the
cores in that plane in the same sense. If a pulse of
the same zmplitude but of opposite polarity to the
writing pulses is applied to this wire in a particular
plane for the duration of the writing pulses, the
selected core will remain in the zero stats since the
extra pulse inhibits the switching of the core. If no
pulse is applied to this wire during the writing pulses
then the selected core is switched to the “1” state.

As has been previously stated, in the coincident
current system so far described, the signal appear-
ing on the output wire is not only due to the flux
change in the selected core but to the flux changes
in the other cores on the selected row and column
drive wires. Although the output from any cne of
these cores is very small, the sum of these outputs

WIRELESS WORLD, JUNE 1959

can well be several times that of the selected core.
To overcome this, the output wire is arranged to
thread half the cores in each row and column in
one sense and half in the other so that the unwanted
outputs tend to cancel. As a result of this wiring
arrangement the polarity of the output of the
silected core depends upon its position in the matrix
plane.

Word Address Store

The wordt address matrix store used in the
EDSAC II computer constructed by the Mathe-
matical Laboratory of Cambridge University avoids
the problem of unwanted outputs from half-selected
cores by arranging the wiring so that there are no
half-selected cores. The matrix consists of a single
electrical plane with as many columns as there are
words and as many rows as there are digits per
word, as shown in Fig. 7. Thus one word is stored
in the cores in one column and during the reading
process the read drive pulse is applied to the selected
column wire and the outputs appear on the row
wires. In this way there is no output from any
core other than the selected cores and the output
circuit has only to discriminate between the largest
“0* output and the smallest “1” output from any
core. In addition the read pulse can be larger than
that permissible in a coincident current read system,
resulting in a larger and faster output from the
selected core. To write information a half-ampli-
tude write pulse is applied to the column wire,
which, by itself, is too small to switch any cores.
An additional half-amplitude write pulse is applied

1A “ word ” in computer terminology is a group of binary
digits which can be either a number or an instruction.

ORIVING
CIRCUITS

B _————

op T

Ist 2nd 3rd 4th
DIGIT DIGIT DIGIT DIGIT

b

Fig. 6. Arrangement of matrix storage planes to give
simultaneous access to all digits of a number.

SWITCH MATRIX

STORAGE MATRIX
ROWS

p b
DIGIT: 4/,31 CUTPUT
S
‘ i
Fig. 7. Word address system with switch matrix.
231

MMAALL S aricaneadiabictorn aa.



www.americanradiohistory.com

Typical 32 x 32 matrix storage plane.

to the row wires which thread those cores which are
required to store a digit “1.”

The read pulses and the half write pulses applied
to the store column wires are obtained via biased
switch cores arranged in the form of a matrix. Each
switch core has an output winding linking one
column of the store matrix. To read the informa-
tion from a given column of the store matrix the
bias is removed from the appropriate row and a
pulse is applied to the sclected column of the switch
matrix which switches the selected switch core and
induces a read pulse in its output winding. When
the bias is re-applied the switch core returns to its
biased state and a half write pulse is induced.

In 1956 Rajchman of R.C.A. produced a modifi-
cation of the core matrix store which uses ferrite
plates 0.8in square containing 256 holes of 0.02in
diameter. The areas of ferrite around the holes
behave in much the same way as the separate ring
cores of a conventional matrix store. The surface
of the ferrite is metal-plated in such a way as to
provide a conductor linking all the holes. This is
equivalent to the “row winding” in the Cambridge
University word address system. The plates are
stacked one above the other and the column wind-
ings consist of straight wires threaded vertically
through the equivalent holes in each plate as shown
in Fig. 8. Two holes are required for each digit
to be stored and a third hole is used as the switch
core. Thus a store with a capacity of 256 words,
each of 20 digits, would require 60 plates.

The two holes associated with one digit are
equivalent holes in adjacent plates. The reading
process leaves the material in the vicinity of both
holes magnetized in the clockwise state, say. A digit
“1” or a digit “0™ is written in by applying a half-
amplitude write pulse to the “column winding”
threading both the holes, plus a half-amplitude write
pulse to the plated conductor threading the upper
hole or the lower hole respectively. Thus when the
read pulse is applied the material around one or
other of the holes is switched back to the clockwise
state and the store presents an impedance which
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does not depend upon the information stored.
During the read process the plated conductors of
the two plates concerned are connected in series
opposition so that a “1” output appears as a posi-
tive pulse and a “0” output as a negative pulse.

High Speed System

Quartly of Mullard Research Laboratories has
recently produced a ferrite store with a cycle time
of less than one microsecond. This employs two
cores per bit, wired in a manner similar to the
Rajchman system. In this fast store, however, the
flux swing in the cores is limited to approximately
50% of the possible total by limiting the duration
of the drive pulses. The two cores used to store a
single digit are linked in the same direction by a
drive wire and in opposite directions by the digit
and output wires as shown in Fig. 9.

After a read process both cores are left in the
same state. The main writing pulse is of large
amplitude and fast rise time, but of short duration,
o that the cores begin to switch rapidly, but the
switching is incomplete. A digit pulse of the order
of 10% of the amplitude of the drive pulse is applied
at the same time as the writing pulse so that one
core will undergo a larger flux change than the other.
The reading pulse is of similar form but of opposite
polarity to the writing pulse and returns both cores
to their original states. The core which has experi-
enced the larger flux change will give the larger
output so that the polarity of the resultant signal
appearing on the output wire will depend upon the
polarity of the previously applied digit pulse.

Experiments have shown that a cycle time of less
than one microsecond is possible using 0.05in dia-
meter cores in a low coercive force ferrite, with
writing pulses of approximately 500mA-turns and
0.1 microsecond duration,

To sum up, magnetic matrix storage systems have

Fig. 8. Matrix store
made ub of perforated
ferrite plates.

PLATED
CONDUCTORS

DIGIT OUTPUT
Fig. 9. High sbeed i /A1) white frean
storage system based Q// (L/y DRIVE

on two cores per digit.
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the following advantages over most other forms of
storage devices:—

1. Very short access time.
. 2. Information stored in any position in the store
is available in the same short time.

3. Long life.

4. No moving parts.

5. Information stored indefinitely.

6. No regeneration of information required.
. 7. No energy required except to insert or extract
information.
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse the opinions expressed by his correspondents

Long Distance V.H.F. Reception

I AM not surprised that Mr. Terry (May issue) obtains
more frequent sporadic-E propagation in Tangier than
we do at Tatsfield. 1 would rather have expected this,
but the fact that his peak year was 1957 is more difficult
to explain. Also, over the shorter distance paths :n
the order of 1,500 km or less, there is difficulty in
deciding whether the mode of propagation is sporadic-E
or tropospheric. In v.h.f Band II, it is assumed that
reception must invariably be by the tropospheric mode
since the highest critical frequency for sporadic-E
seems too low for the refraction of signals as high as

90 Mc/s.
Tatsfield. H. V. GRIFFITHS.

Masers and Caesium Resonators

“CATHODE RAY” appears to be keen on rhymes.
How does he like the following?

In March, seven seven nought was taught,

It used to end in eight three nought.

And when a caesium beam is bent

It’s by magnetic gradient.
Harrow-on-the-Hill. F. G. CLIFFORD.

The author replies:

Not being in a poetic mood I will prosily thank Mr.
Clifford for pointing out the revised figure for the
frequency of the caesium clock. His specifying of it
by the last three figures reminds me of the similar
R.A.F. practice with regard to personal numbers. When,
in accordance with this customary method of identifi-
cation at pay parade, the N.C.O. demanded of the new
recruit: “ Last three?” He received the proud reply:
“Ted, Margie and Baby!”

Since my account of the magnetic deflection of the
cassium beam was not precise. it is as we!l to have Mr.
Clifford’s reminder that it is the non-uniformity of the

field that deflects the atoms.
«“ CATHODE RAY.”

Printed Circuits

LAYING aside for the moment all reference to the
difficulty of tracing circuits and identifying components,
it seems to me that most correspondents have missed
the most vital factor in connection with these gadgets.
Quality! We of the service profession ercounter all
makes and kinds of sets: after enough experience with
them, we can begin to separate the electror’c <heep from
the goats. There are certain sets on the American
market, using PC boards, which give very little trouble

WiRELESs WORLD, JUNE 1959

with the PC boards themselves: a shining example of
these is Westinghouse: so far, in three years, not a
single case of true PC defects. On the other hand,
two of our very largest manufacturers (who shall be
nameless because I don’t want to open any packages
which tick!) persist in utilizing PC assemblies which,
ta me, are entirely too cheaply built. The phenolic
board itself is quite thin, and the * printing” is very,
very thin. This leads to the inevitable thermal diffi-
culties; the semi-rigid mounung of the boards causes
breakage, and the hair is then firmly deposited in the
butter, as far as the serviceman is concerned.

So, insofar as the serviceman is concerned, one major
objection could be overcome by making the boards “just
a little bit better,” as one of our more obnoxious TV
commercials puts it. If the perspiring technician were
fairly certain that he had only “ normal ” part-failures to
cope with he would not view the apparatus with such a

jaundiced eye.
ena, JACK DARR.
Arkansas. U.S.A.

Inexpensive Photographic Timer

I SHOULD like to suggest one or two improvements to
Mr. J. H. Jowett’s photographic timer (p. 385, August
1958 issue). With the time setting controls on zero the
grid follows the cathode and the cathode load is shunted
by R,,. If now SWpg is closed for focusing, say, the
mains potential is applied to the valve anode via the
normally closed contact of relay RL,; and the latter
will buzz under self-interruption.

This fault is easily corrected by using a switch for

SW

LAMP

SWy)

L_
MAINS RLas

ANOOE

SWy having 4 changeover set connected as shown in
the diazram.

The use of a normallv closed contact to light a mains
voltage lamp of possi~Iv 170 wntts or more in such a
timing ci-cuit is bad because the current rise in the
winding causes the contact pressure to be progressively

%

wWWW_americanradiohistorv com



www.americanradiohistory.com

reduced to zero, at which point the relay operates. The
least vibration, under these low-pressure conditions can
result in serious burning of the contacts as well as
modifying the lamp output.

A better arrangement is to employ a make contact
of RL, to operate a relief relay on a local circuit, the
latter relay carrying a normally closed contact suited
to the load it serves, the contacts being preferably of
Elkonite or similar material.

Although the type of relay used for RL, is not speci-
fied in the description, its winding resistance leads me
to think that it is probably one of the Siemen’s high-
speed relays readily available on the surplus market.
This type of relay is admirable for use in this way if a
relief relay is added as described above, the high-speed
relay being easily adjustable to operate on 3.5mA as
its normal test operate figure is about 4.5mA. Its con-
tacts, however, though of platinum, are not insulated
for mains voltage and the relief relay should preferably
be chosen for a lower voltage.

If a small transformer is used to supply 12.6 volts for
the valve heater, this supply could be used for operating
the relief relay with a simple 4-plate selenjum bridge

rectifier.
New Barnet, Herts. H. &’ASSIS FONSECA.

The author replies:

Mr. H. d’Assis Fonseca’s suggestion for modification
of the “focus” switching arrangements is excellent and
there is no reason why this should not be used. In
practice, however, the conditions under which relay
buzzing can occur are seldom realized, as the controls
are set to a definite value during use.

The Siemens high-speed relay mentioned has in fact
been used with the contacts directly connected to the
mains and appears to withstand the ordeal satisfactorily;

| no deterioration of the contacts has occurred over a
period of two years’ use. A back-up relay (as men-
tioned in the original article) would obviously increase

‘contact life, but at the expense of the simplicity

‘ achieved in the original circuit. J. H. JOWETT.

TV Test Programmes

CANNOT the B.B.C. be prevailed upon to show “ Test
Card C” throughout their television test transmissions
instead of interspersing tantalizingly brief glimpses of
it between what appear to be someone’s holiday snap-

shots (which are useless for setting-up purposes)? Per-
haps things are better during the week: my experience
is confined to Saturday mornings.

One wonders whether there is any supervision of
what is transmitted during these periods, as recently a
caption announcing a stereophonic transmission was
kept on the screen for several minutes after the stereo-
phonic experiment had ceased.

Incidentally, the pernicious practice of showing
pictures instead of the test card has now spread to the
LT.A. Is this a further ramification of the plot (exposed
by L. W. Turner in your last issue) to drive service

technicians mad?
Surbiton, Surrey E. MANSFIELD

All-purpose Receivers?

IS it not neglectful of television manufacturers not to.
provide “pickup” and “extension loudspeaker”
sockets on the combined TV/v.h.f. receivers they now
produce? Such a set may well be the only source of
radio and a.f. amplification (e.g., for record turntables)
in some homes, and it is asking rather too much of
the customer to buy a costly television-cum-radio set,
only to find that he has also to buy another small
radio or af. amplifier in order to enjoy his records or
recording facilities. Lots of a.c./d.c. radio sets have
these facilities provided, so why not a.c./d.c. television/

radio raceivers as well.
Paisley. J. D. HAWORTH.

Mc/s and Mc/ms

I DO have objections to the unwieldv abbreviation
Mc/ms for 1000 Mc/s, proposed by “Free Grid” in
your February issue.

Isn’t there an internationally agreed abbreviation for
1000? That is “k”, so that the abbreviation would be
kMc/s, that is kilomegacycles per second instead of
megacycles per millisecond.

More than that, if the British would use the equally
internationally agreed (was it at Scheveningen in 1935?)
abbreviation Hz for c¢/s, 1000 Mc/s would simply be-
come kMHz.

Voice crying in the wilderness, however! The posi-
tion of the British in the matter of measure units is

quite hopeless! -
Rome, Italy. ALDO SUGLIA.

NATIONAL GRAMOPHONE CONFERENCE

MANY of those present at the 1959 Conference in April
at High Leigh, Hoddesdon, organized by the National
Federation of Gramophone Societies, took part in the
first gathering 21 years ago, as the chairman, Mr. W. W.
Johnson, reminded his audience at the opening session.

The visitors had little time to relax as, from the
Friday evening until the Sunday night, 11 sessions were
presented by some eminent names in the audio world,
in addition to excellent record recitals by the four com-
panies, EMI, Decca, Philips and DGG. Always sure of
a warm reception, the president, Sir Adrian Boult, who
had just celebrated his 70th birthday, answered musical
questions informally for two hours to the delight of his
audience.

A welcome innovation at this year’s Conference was
an exhibition illustrating the history of recorded music
from its beginnings to the advent of electrical recording
around 1925, presented by Frank Morgan and G. Frow
and other members of the Dulwich and Forest Hill
Gramophone Society. Altogether 25 veteran machines
were exhibited, and in most cases demonstrated. The
technical highlight of the week-end was the daring
experiment by F. H. Hugh Brittain, with colleagues of
the G.E.C. Research Laboratories, in which he juxta-
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posed “live” music with its reproduced counterpart.
A specially composed “Sonata” by Eric Hughes
(G.E.C.) for piano, drums, flute, clarinet and double-
bass, was performed in front of the large audience, faced
by two widely separated “Periphonic” loudspeaker
enclosures (fitted with metal-cone bass units and two
“Presence” units). The playback (from a Brenell
deck) was started in synchronism with the performing
musicians and then, one by one, in the manner of the
players in the famous Haydn “Farewell ” Symphony,
they dropped out, to be replaced Ly their previously
recorded tape facsimiles substantially without any
significant change in the quality or confinuity. From a
central listening position, at one point, the image of
the drums did seem to wander slightly, which Mr.
Brittain explained was caused by an inadvertent change
in the level of one of the recording microphones. The
original recording was made by Allen Stagg, of 1.B.C.
Studios, London.

The many problems encountered (from correcting
mains voltage to obtain correct pitch on playback and
locating the speakers in the room) can easily be appre-
ciated, and Mr. Brittain is to be congratulated on this
unusual demonstration—D. W, A.
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R.H.E.

LOOKING OVER OUR

i‘ E electronicians (have the Americans thought
of that one?) don’t usualiy admit being impressed by
the work of heavy old civil engineers, but we can
hardly fail to admire the precision with which their
steelwork leaps forth simultaneously from each side
of some savage African gorge and meets in the
middle without any embarrassing gap or misalign-
ment. Much more remarkable is the corresponding
feat performed in the bowels of the Alps, miles from
the sight of their colleagues tunnelling from the
other side. But it ought not to go unnoticed that radio
engineers, who have besn steadily working in one
direction towards higher frequencies, are now making
contact with physicists working in the opposite dir-
ection from visible towards longer wavelengths.
The familiar spectrum diagrams displaying all known
varieties of electromagnetic radiation (Fig. 1) have
for long shown a gradually shrinking gap between
“radio waves ” and “infra-red.” This gap may now
be said to have been closed.

Generating Signals

The meeting-point or boundary is a little vague.
For one thing, is there a natural distinction between
the two approaches? The difference between a radio
engineer and a physicist gets less and less every day.
But perhaps a distinction may be found in the ways
in which they generate their “signals.” Both of them,
of course, cause their currents or radiation by making
electrons vibrate at the frequencies concerned. The
tmaditional method of the radio engineer is to produce
continuous oscillation by some kind of positive feed-
back in a circuit. Before it is modulated it usually
works on a single definite frequency. The limit to
the frequency that can be generated is set by diffi-
culties connected with the wavelength being small
compared with any reascnable circuit structure. The
highest radio frequency I have come across so far is
390 Ge/s (=390 kMc/s), corresponding to a wave-
length of 0-77 mm, obtained as a harmonic from a
23 Gc/s klystron oscillator.  There are now klys-
trons available working at up to 75 Gc/s funda-
mental, and at least one firm offers waveguide
“ plumbing” for 140 Ge/s (A=2-15 mm). The prac-
tical limit would seem to be in the region of 1 mm

By « CATHODE RAY”

NEIGHBOURS’ FENCE

(300 Ge/s). Incidentally, the highest frequencies
officially classified by radio engineers are “ extremely
high frequencies ” (e.h.f.), from 30 Ge/s to 300 Ge/s,
corresponding to wavelengths of 10 mm to Ilmm.

The physicist, on the other hand, doesn’t bother
about circuits, but sets atoms and electrons vibrating
by direct application of energy, usually heat. So
generally the resulting oscillations are not executed
in step, with the military precision contrived by the
engineer (and termed by him “coherence”) but are
more like an undisciplined rabble. Sometimes they
do at least keep to a nearly equal rate—as for example
in a neon tube, where a particular energy transition
is stimulated in the gas atoms—but often even the
frequency is random, as in a hot filament, which
radiates energy over a very wide band of frequencies,
with only a blunt maximum somewhere, depending
on the temperature.

Here we come once again to the inevitable fact
that the sizes of the parcels in which energy is
handed out and taken in are fixed by the quantum
relationship, which says that they are directly pro-
portional to frequency:

E=hf

in which E signifies the size of energy parcel or
quantum (in electron-volts), f is the frequency in c/s,
and h (Planck’s constant) is 4-13X107'°. As we have
seen recently, at the frequencies of visible light this
works out at several electron-volts per quantum, and
even over the whole infra-red band known to photo-
graphers it is more than leV; but at the frequency of
1 mm wavelength (300 Gc/s) it is little more than 1
electron-millivolt, and at what we look on as the
very high frequency limit of 300Mc/s it is about 1
electron-microvolt. So the physicist’s problem in
moving towards this (to him) unfamiliar territory is
the difficulty in detecting such feeble lumps of
energy, and distinguishing them from the general
background generated by room temperature. At this
year’s Physical Society’s Exhibition the R.R.E. de-
monstrated apparatus working at wavelengths as long
as 0-11 mm, which was reckoned to be something
rather special.

The two traditions meet in the maser (see the April
issue) which is remarkable in taming molecular
energy transitions and bringing them under the dis-
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Outline of o universal spectrum diagram showing the frequencies and wavelengths of the main varieties of electro-
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cipline of the engineer, who trains them to amplify,
and even to maintain continuous oscillation by posi-
tive feedback.

It looks as if we practitioners in electronics (if you
prefer a more genteel British title) will have to be
seeing a lot more of the physicists’ point of view.
We have been seeing quite a lot of it already if we
have troubled to look into what goes on inside crystal
diodes and transistors. Even if we have no intention
of crossing over their boundary into the infra-red it
will do us no harm to take a look at that neighbour-
ing territory.

First, we shall have to consider nomenclature. The
physicists’ unit of wavelength, the micron, is denoted
by the symbol—oh dear, yes!—g, Being equal to
0.001mm, as regards magnitude it is quite convenient
for the infra-red band, which begins at about 0,754
and ends (if my arbitrary 1mm is accepted) at 1,000p.
But as we already use u for at least three things it is
not the happiest choice for us. Millimetres are too
large, and angstroms are t0o small. I doubt whether
frequencies in MMc/s will be popular with physi-
cists, but frequencies do at least have the merit of
being unambiguous (provided that one is not travel-
ling at high speed relative to the source of the waves),
whereas wavelength depends largely on what the
waves are travelling through.

And what will our authorities do who have, to date,
ordained the use of the terms v.hf. (very high fre-
quencies), u.h.f. (ultra high frequencies), s.h.f. (super
high frequencies) and e.h.f. (extremely high frequen.
cies)? Seeing that the next step breaks through into
the infra-red, and “infra-red” means “not quite
red” or “reddish,” and “ruddy ” is defined as “red-
dish,” there may perhaps be something to be said for
r.hf. (ruddy high frequencies).

The whole infra-red band stretches from our own
boundary, say Imm or 1,000# or 300 Ge/s or 0.3
MMc/s, to a frequency rather more than a thou-
sand times greater—{0.75ux or 400 MMc/s, where
visible light begins at the red end (Fig. 2).
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Fig. 2. Enlarged view of the part of Fig. | concerned with
the infra-red band and its neighbours.

Historically one must begin at that (to us) far end.
Sir William Herschel, the famous astronomer, in-
vestigated it 160 years ago and found that the
invisible rays from the sun, beyond the red end of the
light spectrum, were even mare effective in heating
than any of the visible ones. His detectors were
pretty crude by present standards—just ordinary
thermometers. Since then, the story has been very
largely a search for better detectors. The problem
of signal generators, which has always been so
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present with radio engineers, hardly arose at first,
since any hot body will do. However, we may be a
bit hazy about this part of it, so let us begin there.

Everything above the absolute zero of temperature
(—=273°C or 0°K) has its atoms and their component
parts in a state of vibration, the intensity of which
increases with the temperature. Any movement of
mass means mechanical energy. This is obvious if
the mass is something visibly large that hits us, but
if it is of only atomic size we don’t feel it in the same
way. If, however, the atomic vibration of something
we touch is enough to impart such strong vibrations
to our skin and underlying flesh that physical and
chemical changes (i.e., rearrangements of the atomic
structure) are caused therein, we rapidly withdraw
the affected part, remarking (possibly with embellish-
ments) that that thing is hot.

Not only does heat increase the intensity of vibra-
tion (temperature) of cooler things in contact; it
radiates heat energy to the surroundings, even across
empty space. If other things in the room are cooler,
it receives less radiation from them than it gives out,
so its temperature falls and theirs rises, until all are
at the same temperature—unless, of course, heat is
being generated somewhere by release of energy, say
by the atomic rearrangements we call burning.

Temperature Frequencies

A very important question is how the intensity of
heat radiation varies with frequency. In practical
situations it is nearly always complicated by some
degree of selectivity; for instance, a glass window
acts as a filter by passing the higher heat frequencies
but not the very low ones now being explored; and
the gases in the atmosphere absorb radiation at cer-
tain frequencies with quite sharp selectivity. So for
basic study one assumes complete absence of selec-
tivity, in what is called « black-body ” radiation
(because it would happen with a theoretically perfect
black surface).

Using statistical methods of calculation—the only
way possible with systems containing such unimagin-
able numbers of moving parts—the physicists calcu-
lated how radiation f:om a black body at a given
temperature would be distributed as regards fre-
quency. Unfortunately, the differences between the
calculation and the results of actual experiments were
too great to laugh off as “experimental error,” and
it was not until 60 years ago when Planck put for-
ward his revolutionary quantum theory that the two
could be reconciled. Fig. 3 shows a few calculated
frequency characteristics for different temperatures,
which are well supported by experiment.

One important feature of these curves is that
maximum energy is radiated at a frequency which is
directly proportional to the temperature*. Another
is that a higher temperature gives more radiation—
very much more!—at all frequencies.

So you can see the difficulty in generating a strong
signal at very low infra-red frequencies. If the tem.
perature is lowered to place the maximum there, the
intensity is too weak to be any good at all. For
example, for our 1-mm waves the temperature for
peak signal would be 3°K, or —270°C! The out-
put here is negligible and would be entirely buried
under interference from surroundings at higher
temperatures. Raising the temperature brings the

* The peak frequency in MMc/s is approximately one-tenth the
temperature in "K (=°C+273).
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peak farther away, but it does nevertheless increase

the low-frequency strength, though very slightly for

an enormous increase in total energy output. At

2,000°K (a bright white heat) the intensity at Imm

is eight thousand million times less than at the peak
" wavelength (0.00144 mm).

All this applies to the theoretical entirely aperiodic
black (?) body. In practical radiators the frequency
characteristic is modified. For low infra-red fre-
quencies (below 15 MMc/s) a favoured source is a
heated silicon carbide rod called a Glowbar. An-
other much used “signal generator ” is the formerly
famous Welsbach gas mantle, which emits strongly
in the low-frequency infra-red as well as in the
visible band.

That glass lenses are effective for infra-red radia-
tion from the sun was seen by us all at an early age
when we used them to set fire to pieces of paper or
to make our unsuspecting neighbour in school jump
and attract the unfavourable notice of the teacher.
But their transparency extends to less than four times
the longest visible wavelength. Beyond that, crystals
of such halogen compounds as common salt are effec-
tive; but below 10 MMc/s there is a band where
no materials are sufficiently transparent for (say)
spectroscopes, and mirrors and gratings have to be
substituted for lenses and prisms.

Coming to detectors, we realize that for serious
scientific work our jumping schoolmate lacked both
sensitivity and precision. Even Herschel’s thermo-
meters were limited to the near-visible infra-red, by
opacity of the glass and poor sensitivity. Both these
types of detector are examples of one of the two
fundamental classes—thermodetectors, as distinct
from photodetectors. That is to say, their indica-
tions depend on some indirect result of the heat,
such as muscular or vocal activity, or thermal expan-
sion. One has to wait until the detector material
has heated up for such indications to occur, so even
if the material to be heated is made very small it
can hardly be expected to respond within micro-
seconds—as is sometimes desirable.

On the other hand thermodetectors are not in-
herently frequency-selective, so can be used through-
out the band, provided they are sensitive enough to
respond to the weak low-frequency end, and are
not limited by features such as glass.

Thermodetector Principles

After thermometers came the first really effective
thermodetector—the thermocouple; still, in greatly
improved form, much used. The early thermo-
couples were just junctions between metals, which,
when heated, give rise to a smail e.mf. Modern
thermocouples are made from special semiconductor
alloys and can detect as little as 0.0001 microwatt
per square millimetre of absorbing surface.

An alternative is the bolometer, which responds
to heat by varying its resistance. Bolometers origin-
ally used very fine metal wire, but nowadays the
thermistor with its vastly greater temperature
coefficient is far more senmsitive, and faster in
response.

A more recent thermodetector (second world war)
is the Golay cell, in which the heat expands a small
volume of gas, causing movement which is chhani_c—
ally magnified. Rather surprisingly, this is quite
sensitive and quicker in response (a few milli-
seconds).

WIRELESS WORLD, JUNE 1939

An even more improbable thermodetector is the
evaporograph, in which the received radiation
causes a thin film of oil to evaporate, and the
changes in thickness arc shown up by an optical
device. Although not so sensitive, it has the advan-
tage that the distribution of heat over a surface can
be observed as a “ Picture,” rather analogously to
{hch action of a television camera screen as regards
ight.
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Fig. 3. Distribution of heat radiation as regards frequency,
from a perfectly aperiodic radiator (‘‘black body’’), at
three different temperatures.

Detectors of the other main class are called photo-
detectors. This is not to suggest that they respond
only to light, but because the packets or quanta of
radiation—which are called photons whatever their
wave frequency—produce an immediate effect by
their action on the electrons in the detector. Because
the energy of the photons is exactly proportional
to the frequency, and electrons usually need a certain
minimum injection of energy for any response at
all, photodetectors are more or less limited to the
high-frequency end. If the frequency is too low
for a quantum to reach this minimum, it doesn’t
make any difference how much radiation is available.
Billions of peashooters are no substitute for one
anti-tank gun, if one wants to make an impression
on an armoured vehicle.

The first kind of photodetector was photographic
plate or film, in which the photons make instant
chemical changes in the coating. The fact that the
ordinary kinds (non-pan) can be developed by red
light shows that they fail to respond to visible red
frequencies, let alone the infra-red. Panchromatic
film is specially sensitized to cover the whole visible
range, and in infra-red film the principle is extended
to still lower frequencies; but even now the exten-
sion is quite small. However, by using filters to cut
out the visible light—more subject to scattering by
haze—one can, among other things, take extensive
land photographs from high-flying aircraft when
ordinary photography would fail.

Another line of attack is to extend the range of
emissive photoelectric cells. (For a review of photo-
cells, sec August, 1958 issue.) Most surfaces need
to be hit by quanta of at least several electron volts
to give their electrons enough energy to kick some
of them right out. So their response is mainly to
ultra-violet or, at most, light near the violet end.
But special surfaces, such as ceesium on silver, yield
up to less violent photons, over the whole visible
range and even into the infra-red. )

Like photographic materials, photo-emission can
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be applied to picture-making. If an infra-red image
is shone on to an emissive surface, and the emitted
electrons are drawn forward by a positive-going
field, at the same time being kept in formation by
suitable focusing fields, they can be projected on to
a fluorescent screen with sufficient violence to make
it glow, thereby reproducing the picture visibly.
The difference between this image converter (as it
is called) and a television tube is that all the screen
is being bombarded all the time, instead of sequen-
tially by a fine beam of electrons, The technique
had obvious uses during the war for seeing in the
dark,” and there are also scientific applications.

Semiconductor Cells

The other kinds of photoelectric cells—photo-
voltaic and photoconductive—don’t lend themselves
to simultaneous picture formation, but only detec-
tion; on the other hand some of them work to con-
siderably lower frequencies, though nothing like as
far as the thermodetectors, which (with an excep-
tion to be noted later) are the only kinds available
for two our of the three infra-red frequency decades.
The interesting thing about them from our point of
view is that they make use of semiconductors.

Of the two kinds, the photovoltaic have not so far
proved themselves very useful, so I will mention
only photoconductive types.

Most of them use semiconductor compounds,
which are less familiar to students of transistors than
the semiconductor elements, germanium and silicon.
Here again the second war was a great stimulus to
development. The German * lightspeaker” used
thallium sulphide cells to receive a speech-modu-
lated infra-red beam for secret communications, In
another field of application, competition was keen to
increase the sensitivity of detectors, with the object
of locating the enemy’s aircraft (by the heat of its
engines) before he located yours.

Other compounds used are the sulphide, selenide
and telluride of lead. Some of them are extra-
ordinarily sensitive, and also quick acting—e.g., less

than 100 microseconds. A commercial lead sulphide
cell, without benefit of concentrating or focusing
devices, or cooling for the cell, is said to detect the
heat from an ordinary soldering iron at 100 yards.
For the highest sensitivity, however, cooling by
liquid air or even liquid helium is needed; the idea
being to reduce self-generated noise. With a suit-
able mirror the range from the same source can be
increased to about 10 miles.

And now we have indium antimonide, which is
less sensitive but far faster.

The low frequency limits of these are all higher
than 36 MMc/s. If, however, we can remember
our basic transistor physics we will know that the
usual intentional impurities in germanium and sili-
con provide very small energy gaps—about 0.01
electron-volt, corresponding to quanta with a radia-
tion frequency as low as 2.4 MMc/s or wavelength
0.125 mm. It is because the heat energy of the
surroundings at ordinary temperatures is sufficient
to excite nearly all the impurity electrons that tran-
sistor materials conduct. That state of affairs would
obviously be no use for detecting infra-red radiation,
any more than a coconut shy would be a fair test
of marksmanship if all the coconuts had already been
knocked off by swarms of small boys. So the detec-
tor material has to be cooled to a temperature at
which most of the imourity electrons are unexcited,
by keeping it in liquid helium—say 4°K,

Although r.h.f. can certainly be used for com-
munication (and radar), as we have seen, perhaps
the most important applications are in research
concerning molecular structure, by infra-red spec-
troscopy. That is far too big a subject to embark
on at this stage, and anyway rather off our beat, but
perhaps if the maser is still in mind (April issue) it
will give just a little clue to the sort of thing.

If anyone wants to know a lot more about all this,
I can recommend the script of the Kelvin lecture
on the subject by Dr. G. B. B. M. Sutherland (to
whom I am indebted for much of the foregoing in-
formation), published in Proc. 1.E.E., Part B, July
1958.

SHORT-WAVE CONDITIONS

Prediction for Fune

"4(:/s MONTREAL BUENOS AIRES HONGKONG "={;
| = E 5
30 ;‘%— : =30
2 é’r—;_,—_ 20
gSSS=S=02C ' ="
== ; E==
84— 4 F5 1 g —— 8
z E !
i+ S PR EaE e
3:[' 1 I'_|__ I R e | |5 | A i I 1 1 | || |' = 3
0 4 8 12 6 20 00 4 8 12 i6 20 0 4 8 12 6 20 0 4 8 12 6 20 0

GM.T. GM.T.

THE full-line curves indicate the highest frequencies
likely to be usable at any time of the day or night for
reliable communications over four long-distance paths
from this country during June.

Broken-lI'ne curves give the highest frequencies that
will sustain a partial service throughout the same penod.

238

G.MT. GM.T.

ssesssssss FREQUENCY BELOW WHICH COMMUNICATION SHOULD
BE POSSIBLE FOR 25% OF THE TOTAL TIME

= =— — PREDICTED AVERAGE MAXIMUM USABLE FREQUENCY

FREQUENCY BELOW WHICH COMMUNICATION SHOULD
BE POSSIBLE ON ALL UNDISTURBED DAYS

WIRELESS WORLD, JUNE 1959

Ay amaricanradichictanz cam



www.americanradiohistory.com

Electronics and

the Phonetician

Speech Analysis and Synthesis

By H. J. F. CRABBE

M ODERN experimental phonetics is rapidly be-
coming an all-embracing subject which endeavours to
comprehend the working of the human speech mech-
anism as a whole. Speech is an immensely com-
plex phenomenon, involving linguistics, mental pro-
cesses both conscious and unconscious, brain,
nervous system, vocal tract, sound waves, and the
hearing and understanding mechanism of the
listener. The attempt to understand the nature of
speech in this dynamic sense involves much re-
search and some controversy, and it is becoming
increasingly useful to construct electronic models
of parts of the speech mechanism. Also the in-
vestigation of the acoustical aspects of speech in-
volves a variety of electrical measuring instruments.

As a result, a stranger, coming by chance into a
modern phonetics laboratory, might be forgiven for
thinking himself in a department of physics or elec-
trical engineering. Gramophones and tape recorders,
still the everyday tools of the phonetician, are aug-
mented by a range of electronic apparatus of con-
siderable complexity. It is the purpose of this
article to describe some of the devices and tech-
niques used in this field, from the point of view of
the electronic technician,

Nature of the Vocal Mechanism.—One of the
more limited aims of the phonetician is to achieve
a more detailed understanding of the acoustics of
speech’, so it will be convenient to start with a
brief description of the basic vocal machinery.

Most readers of Wireless World will be acquainted
with the useful practice of producing electrical
analogues of simple acoustic devices, such as loud-
speaker enclosures, and it is a natural first step to
produce a similar model of the human vocal tract.
However, the resulting circuit would be rather com-
plex in its entirety, since
nearly every element 1s
continuously variable, so
we must content our-

Fig. |
. ok

PULSE

harmonics, and is equivalent to the larynx, which
contains the vocal chords. The larynx interrupts the
flow of air from the lungs, thereby producing a note
whose loudness and pitch can be controlled at will.
This signal first passes through the pharynx or
throat cavity resonator, and then via the mouth and
nasal passages into the radiation resistance of free
air. Continual unconscious adjustments of these
three cavities take place during speech, and the
various vowel sounds which we recognize are deter-
mined by the groups of harmonics or formants
which are passed as a result. The “white noise ?
simulates the various high-frequency hissing sounds,
or fricatives, which can be produced at the back
of the throat or between the teeth and lips. It is in-
teresting to note how the “white noise” becomes
“coloured” on passing through the throat and
mouth, in much the same manner as 78 r.p.m. record
surface noise is coarsened by a resonant loudspeaker
system. The sounds (sh), (s), (th) and (f) bring the
point of hiss injection progressively further for-
ward in our circuit, with a corresponding reduction
of dependence on the shape of the mouth cavity for
the final sound quality. The pulse generation
corresponds to the production of various transient
or plosive sounds such as (k), (t) and (p), which
are essentially short bursts of energy.

These processes, functioning in continuous and
rapid succession with frequent complex transitions
which almost defy analysis, constitute the raw
material of phonetics from the acoustic point of
view.

Speech Analysers.—Phoneticians spend much of
their time filling in the details of the above picture.
and to do this various analysing devices are neces-
sary. The most useful of these is the sound specto-

Electrical cnalogue o the human speaking mechanism.

selves with a simplified
version (Fig. 1). Here it
will be seen that the out-
put of a tone generatot
of variable frequency and

GENERATOR

amplitude is fed to a load
via a number of tuned
circuits of variable Q and
resonant frequency. Also
“ white noise > can be fed
to this same point, either

TONE
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RESONATOR 1 (THROAT)
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o
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RESONATOR 2 (MOUTH)
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directly or via the above
resonators. Finally, these
resonant circuits can be
excited by single tran-
sient pulses of various
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L1 1
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RESONATOR 3 (NOSE)

widths.
The tone generator has
a spiky waveform rich in

GENERATOR
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graph known in one commercial form as the Sona-
graph, which provides a tarse d'mensional visual
display of sound patterns on electro-sensitive pap-r.
A typical sonagram is reproduced in Fig. 2. The
time and frequency dimensions are plotted hori-
zontally and vertically respectively, and intensity is
indicated by the density of the trace. The sound
depicted is the word “master ” and the characteristic
formants of the two vowels are clearly displayed,
with the (s) and (t) as long and short bursts of
high frequency noise. Only the (m) remains obscure,
and many consonants are very difficult to define
acoustically, as they appear to depend for their in-
telligibility almost entirely on the subect've inter-
pretation of the listener and the linguistic context.

Machines which produce a disolay of this sort
(see Fig. 3) will usually only hardle a I'mited quan-
tity of material at one time. The words to be
analysed are recorded on a magnetic drum and then
replayed at a higher speed. Each revolution of the
recording causes the writing pen to traverse the
paper in the time dimension, while the signal from
the replay head passes through a tuned filter, whose
output amplitude is used to control the density of
the trace. A lead screw causes the pen to move
slowly up the paper on the frequency ordinate, at
the same time changing the resonant frequency of
the filter by moving the slider of the potentiometer.
So each time the recording is scanned the writing
pen draws a trace corresponding to the sound energy
at a particular frequency and slowly a complete
picture is built up. This means that it takes several
minutes to analyse a sound passage lasting only a
few seconds, and it is one of the aims of technicians
in this field to design an instantaneous sonagraph
which will produce a continuous analysis of material
fed straight in from a microphone or tape recorder.
To do this it is necessary either to scan the paper in
the frequency dimension with very great rapidity,
which is difficult both electrically and mechanically,
or to produce a large number of traces simul-
taneously in the time dimension. At the resolution
of Fig. 2 this latter would need fifty or more I'nes
to the inch, which is not achievable with actual writ-
ing pens. One solution is to produce the display

Fig. 2. Sonagram of the word ‘* master illustrating the differing ways
in which energy (indicated by the density of the trace) is distributed in the

three types of consonant and two vowels.

ELECTRO-SENSITIVE +
PAPER WRAPPED 3

AROUND CRUM /_\
o)

N A
L=
N

VOLTAGE
CONTROLLED
FILTER

WRITING |
PEN

ALyl L s | AMPLIFER

REPLAY

HEAD
Fig. 3. Essential features of a Sonagraph type of sound
analyser. The magnetic recording and the drum carrying
the paper rotate together with the lead screw, altering
the input to the voltage-controlled filter and causing the
writing pen to move slowly up the paper as the analysis
proceeds.

on g cr.t. and to photograph it continuously on
moving film. Recording papers sensitive to various
forms of excitation are now becoming available, but
so far there is some practical objection to each for
this application, so the matter remains one for con-
tinued research.

In addition to waveform analysis of the individual
sounds of speech, it is sometimes interesting to in-
vestigate the general distribution of energy against
frequency in various languages or dialects. By this
method it may be possible to establish some general
correlations between particular languages and their
acoustic spectra. It is easy to imagine for instance
that the excess of fricatives in German, or nasal
sounds in French, would produce corresponding
peaks in the response curves.
The results would be largely
statistical, however, since
many speakers would have

Bkeis]
ske/st
akels o

| akess

to be examined to swamp
the effects of individual
characteristics.

The problem here from
the electronic point of view
is to produce an integrator
which will indicate the
energy sum of a given length
of recorded material at a
large number of spot fre-
quencies. A normal narrow-
band filter of variable fre-
quency may be used for the
latter, but the integrator
itself has to meet somewhat
stringent requirements.
Periods of silence play an
important part in speech,
and it is essential to
achieve an extremely low
noise level and rate of drift
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during these. Also the device must be linear
over an input range of at least 40 dB. A Miller
type of circuit cannot be made to perform this
well, and one solution is to revert to the simplest of
all integrators: a plain R and C. In this arrange-
ment the a.c. input is amplified up to several
thousand volts peak and rectified by an e.h.t. diode.
The resulting d.c. is applied to the integrating con-
denser via a chain of high stability resistors, and
the voltage across the condenser is measured by a
long-tail pair in a starvation circuit to eliminate
grid current. This scheme reduces drift and leak-
age to a minimum, and linearity is maintained by
restricting the charge on the condenser to one per
cent of the maximum applied voltage. On the com-
pletion of each charging period a Schmitt trigger
circuit is used to register one digit on an electro-
mechanical clock and to discharge the condenser
ready for the next cycle. The instantaneous integral
at any moment during a cycle is also indicated on
a voltmeter, thus ensuring an accuracy of at least
two figures on even very short speech passages.

An interesting * extra-phonetic” application of
this type of analysis would be to discover the
spectra of various commercial disc recordings of the
same piece of music; also to study the high fre-
quency attenuation resulting from record wear,
which at the moment is a matter of subjective guess-
work on all but pure tone test records.

Speech Typewriter.—A type of analyser which
has a more dramatic and popular appeal than those
discussed so far is one that converts the spoken
word straight into a typewritten script; a sort of
ideal shorthand typist. Several attempts have been
made to produce such a machine and one of
particularly advanced desien z. 3. 4. 8. 6. " is in use at
the Department of Phonetics, .
University College, London.  “ipyr

Reference to the diagram
(Fig. 4) shows that the speech
input is fed to a bank of

AMPLIFIER

So, as the voltage maxima shift from one pair of
filters to another during the course of a werd, the
appropriate keys of the typewriter are depressed in
sequence. This method of phoneme detection is
not suitable for some fricative and plosive sounds,
which have similar spectra, so with these the
machine makes its decisions according to the
duration and/or amplitude of the signal. To
achieve this a number of flip-flop timing circuits
are triggered at the commencement of any hiss
energy, and their operating times made to corres-
pond to the length of the sound to be recognized.
When the sound ends, the circuit within whose
time band it comes causes the appropriate character
to be typed. Similarly, differences of amplitude can
be detected by Schmitt trigger circuits. The spaces
between words are detected by a separate circuit,
which exam'nes the speech input and records a
space when the signal disappears for more than
a specified minimum time.

This basic instrument as it stands is not very
efficient, and makes many mistakes, due largely to
the extreme inconsistency of speech, which seldom
lives up to the hypothetical acoustic pattern.
Humans are able to recognize words with com-
parative ease, despite extremes of dialect or fre-
quency distortion which would completely baffle
a purely physical analyser. This is made possible
by our knowledge of the language and of the prob-
able occurrence of particular combinations of
phonemes and words. We draw on this information
unconsciously when listening to speech and thus
extract a meaning from a jumble of sounds, as noted
by Cherry recently in Wireless World®.

The blocks marked MEMORY and LINGUISTIC
KNOWLEDGE in Fig. 4 represents circuits which

Fig. 4. Block diagram of a speech typewriter. showing the progression
of the signal from microphone to typewriter, and the feedback path
which modifies the machine’s performance by introducing elementary
linguistic knowledge.

filters, the outputs of which
are rectified. Thus a num- \

SPACE
DETECTOR o

ber of d.c. voltages are ob-
tained which vary continuous-

ly according to the sounds
uttered.  Ideally, for most

MULTIPLIER -

speech units, or phonemes,

l——d———

there are at least two fre-
quencies at which major con-

MULTIPLIER [T

centrations of energy appear,

e

corresponding to the formants
mentioned earlier, and at each
of these frequencies there will

MULTIPLIER Nt

TYPEWRITER

be an associated rectified
filter output. For each sound
in the machine’s vocabulary
the appropriate two voltages
are multiplied together in a
valve multiplier circuit, and
at any particular instant one
multiplication product will be
greater than all the others and
will represent the phoneme
being spoken. This instan-
taneous “winner” is selected
by a maximum detector Cir-
cuit and used to operate a
key on an electric typewriter.
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attempt to simulate this especially mental part of
the speech-recognizing process, though at a very
elementary level. The linguistic knowledge takes
the form of a matrix of potentiometers on which
are set voltages corresponding to the probabilities
of any sound following any other sound in the
machine’s vocabularly. As a particular character,
say (m), is typed, so the machine “remembers”
what the sound was by operating a self-holding
relay. At the same time a voltage is applied to a
column of potentiometers in the matrix appropriate
to sounds following (m). The circuits used to
multiply the pairs of rectified filter outputs are
actually three-stage devices, the third inputs to
which come from these potentiometers. This means
that the next character to be typed will depend on
three voltages, two derived from a frequency analysis
of the input waveform, and one indicating the prob-
ability of following the previous sound. Thus the
recognition of every succeeding sound is affected
by the machine’s knowledge of which phoneme is
most likely to follow the one already identified, and
of those which are impossible in that position.

This very simple one-stage memory arrangement
greatly improves the performance of the apparatus
and makes it noticeably less dependent on one par-
ticular speaking voice. The complete instrument,
which is shown in the photograph, will correctly
type 44% of words and 72% of individual sounds;
and though it is limited to a vocabulary of 13
phonemes for the present, this is a third of all
dnglish sounds and provides the material for several
hundred words. An extension of the principle of
built-in linguistic knowledge to enable the machine
to assess the sequential probabilities of sounds on
the basis of the previous two or three characters
would greatly improve the performance, but would
involve the use of a large computer.

It would be unrealistic to hope that such a

machine could ever work perfectly with an un-
restricted vocabulary, but it may be possible to
achieve a reliable response to an agreed and limited
range of words, such as telephone numbers or
similar messages where the spoken word needs to
be converted into a series of coded impulses. An
instrument which could break down a complex
speech wave to the forty phonemic units used in
English would achieve an immense reduction of the
bandwidths needed in communication channels, and
if made to drive a corresponding synthesizer at the
receiving end, it would provide a valuable advance
in analysis-synthesis telephony methods®.

Speech Synthesizers.—This brings us to synthe-
sizers, which in one form or another have been in
use now for some years'’. Certain general prin-
ciples of design have been established, though
detailed circuir arrangements vary widely. It is con-
venient to make such a system in two functionally
Separate parts; one being a control circuit which will
produce a succession of switching voltages of proper
duration and sequence, and the other a generating
circuit similar to Fig. 1, the output of which feeds
a loudspeaker. In many synthesizers the control
voltages are derived from a set of shaped patterns
which are scanned in various ways. A design using
a different methed of control is in use at University
College, and its basic layout is shown in Fig. 5.

The sequence timer consists of a series of ten
flip-flop circuits which trigger each other in succes-
sion. The operating time of each one can be
adjusted separately, and each on period corresponds
to the duration of one speech unit in a short sen-
tence. Associated with each time unit is a column
of potentiometers on a control panel (only one of
the ten columns is shown in Fig. 5) and when a
particular sound in the sequence has been reached,
the appropriate column is energized with a d.c.
voltage and a set of signals sent into the generating
half of the synthesizer. The form of these signals

istics of a termina’ analogue
f the human voice mechan-

If, for instance, one

CONTROL PANEL ! is preset according to the type of sound to be pro-
LARYN : duced, and the various parameters which can be
FREQUENCY | varied are marked on the control panel (see Fig. 5).
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wished to generate the sound (ee) as spoken by the
average male, then reference to published data'™ '’
shows that the larynx frequency will be 136 ¢/s and
the three formants will be at 270, 2300 and 3000 c/s
respectively. Also their relative amplitudes will be
0, —20 and —24 dB. Thus, by setting seven knobs,
the sound can be synthesized in a few moments. The
rate of change of the amplitude and frequency of
the sound can be set by a variable time constant cir-
cuit, but the requirements here depend on what pre-
cedes and follows the phoneme in question. If a
fricative sound is required, then here again the ampli-
tude and frequency content of the hiss signal can be
adjusted in a similar manner. For plosives, short
bursts of hiss will normally produce satisfactory
results.

Although for economic reasons the machine is
restricted to sequences of ten sounds, it can still

pronounce short meaningful sentences like “How -

are you, baby?” and “ Where are you, Sir?”. Asa
tool for research it is very valuable, both for testing
data derived from speech analysis and for determin-
ing the minimum information necessary to define

speech sounds'’.

Interfering with Speech.—In the course of their
investigations, phoneticians sometimes find it con-
venient to have independent control of the funda-
mental pitch, or larynx tone, in a continuous speech
pattern, while leaving the other parameters un-
altered. One way of achieving this is to adapt an
instrument sometimes used in telephone systems
and called a Vocoder'*. This consists essentially
of an analyser rather like the filter and rectifier part
of the speech typewriter described previously, feed-
ing a number of slowly varying control voltages
through a communication channel to a correspond-
ing synthesizer. The transmitted information relates
to the changing distribution of energy in the spec-
trum. This is a less fundamental process than is
involved in locating the actual phonemes, so the
consequent reduction in bandwidth is not so great.

At a suitable point in the Vocoder an electrical
signal corresponding to the instantaneous pitch can
be intercepted and replaced by an artificial one
under the control of the experimenter. Thus a
speaker can talk into the system and, regardless of
his own intonation, the output will vary in pitch
according to the turn of a knob or the depression
of key switches. The uninitiated might imagine
from this that one could recite “John Brown’s
Body ” into the microphone and produce an output
of the same voice singing the same words. Alas,
this easy conversion of soap-box orators into bud-
ding Carusos is not to be had! The characteristic
formants associated with vowel sounds are, in sing-
ing, accompanied and even masked by others which
are absent in ordinary speech'”; so the result of this
arrangement would be to produce a singing voice
of very unnatural tone quality.

However, there is a useful application of this pitch
control, as psychologists sometimés need to investi-
gate the influence of intonation on the emotive con-
tent of words or sentences. For this a recording is
made of a suitable sentence, and a number of painted
patterns are produced corresponding to changes of
pitch in various words or parts of words in the
sentence. Each pattern is then scanned by a
cathode-ray following device to produce an equiva-
lent pitch control voltage in synchronism with the
replayed recording. By this method the investigator

WIRELESS WORLD, JUNE 1959

View of the complete speech typewriter outlined in Fig. 4.
The control table carries the input material on recorded
tape and also the typewriter. The racks from left to right
contain the filters and rectifiers, multipliers and maximum
detector, and memory and linguistic knowledge circuits
respectively.

ensures that only the pitch is changed, which is
important if listeners who are asked to assess the
meaning or emotional content of an utterance are
not to be misled by other variables introduced by a
live speaker.

Another interesting way of interfering with speech
is to upset the feedback loops in the human nervous
system while the subject is speaking. This has
become a very popular joks, and no doubt many
Wireless World readers have submitted to it in the
B.B.C. studios at the Radio Show in previous years.
The voice is simply amplified, delayed by about
one-quarter of a second on a tape loop, and fed
back to the speaker’s ears at high level via a pair
of headphones. We normally unconsciously correct
our speech as we go, but by this method we correct
according to the wrong information and are reduced
to a stuttering gibberish. Only the deaf can survive
this experiment without loss of pride, as no amount
of concentration will enable one to speak normally.
Because of this it is a fairly reliable method of dis-
covering Whether a suspected malingerer is really
deaf.

This short survey, hased on the work of one
University Phonetics Department, does not claim
to be exhaustive. No doubt many gadgets and tech-
niques of importance have been omitted, and the
Americans particularly, with their vast laboratories,
can afford a tolerant smile. However, if Shaw’s
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Professor Higgins could see us he would certainly
find much to admire; the crude acoustic devices of
an earlier age have now been completely superseded
by the electronic approach, to the advantage of all.

The author would like to thank Professor D. B.
Fry for permission to publish many of the above
details. It should be noted that authorship of this
article does not imply responsibility for the design
of any of the items mentioned, which are the pro-
duct of a technical team. Particular credit should
go to Mr. P. Denes, M.Sc., AM.ILE.E, who is in
charge of the Phonetics Laboratory, and to the
writer’s colleague Mr. J. E. West. Some of the work
described in this article has been financed by the
U.S. Air Force under Contract No. AF61 (514)—1176.
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voltage varies the width of the de-
pletion layer, and thereby the
resistance of the device. Simple
capacitors can act as high-pass filters
to isolate the control voltage from the
signal if the trequency ratio is main-
tained at a high level. The sigral
voltage does not appear across the
junction and has no effect on the
depletion layer. Consequently it can
be magnitudes higher than the con-
trol voltage, without being distorted
by self-modulation. For the same
reason, it is not limited by junction
capacitance,

Aluminjum-Backed Polyester Mag-
netic Tape for high-speed video
recording or computer applications
has been produced by the M.S.S.
Recording Company. At high speeds
a considerable static charge can
build up on the normal polyester
backing. This has been avoided by
M.S.S. by spraying a very thin
(10~%in) coating of aluminium on the
back of the polyester to produce a
low resistance (& 50Q/ft for 2X-in
tape). At slower speeds it is
sufficient to treat the polyester with
an anti-static agent, as is normally
done with tape for audio recording.

Field Effect Tetrode is a new ex-
perimental  four-terminal  semi-
conductor device recently produced
at Bell Telephone Laboratories. It
is said to be capable of operating as
a transformer, a gyrator, an isolator,
or as a non-distorting modulator,
The tetrode consists of a disc of
semiconductor material with a
diffused junction. A circular trench
is cut and etched into each face of
the disc, to within abqut 1 mil of the
junction on either side. Two leads
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are then attached to each face, one
inside the trench and the other out-
side (see diagram). When a voltage
is applied across the junction, the
thickness of the depletion layer ad-
jacent to it is increased or decreased,
depending on the direction of the

biasing voltage. This in turn in-
creases or decreases the resistance of
each *‘channel” between the bot-
tom of the trench and the junction.
One of the most important applica-
tions, according to Bell Telephones,
may be as a distortionless modu-
lator, or clectronically controlled
resistor for large signals. In this use,
a relatively low frequency control

= CHANNEL

JUNCTION —-|

P—CHARNEL
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High-Speed Counting Tube, capable
of operating at pulse rates up to.
1Mc/s has just been introduced by
Mullard. Designated the ETS5I, it
is actually a trochotron decimal
stepping tube. As distinct from the
Dekatron glow-discharge type of
counter, the trochotron is a vacuumr
device depending on the deflection
of an electron beam. It makes use
of crossed electric and magnetic
fields to form the beam between a
thermionic cathode and any of ten
groups of three electrodes mounted
radially about the cathode. The
electric field is provided by the inter-
electrode potentials within the tube
and the magnetic field by a
cylindrical permanent magnet fitted
externally around the glass envelope.
Each group of electrodes consists of
a “spade,” which forms and locks
the beam in position, a target, which
makes the beam available as a con-
stant current output, and a grid, for
switching the beam from one spade
to the next. When power is first
applied, all spades will be equally
positive with respect to cathode and,
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due to the action of the magnetic
field in preventing electrons reaching
the electrode-groups, the tube will
be in a cut-off condition, with no
beam formed. If, however, the
potential of any spade is reduced, by
means of a high-speed pulse or a
d.c. voltage, the beam will form on
the electrode group associated with
that spade, and an output will appear
on the corresponding target. Once
formed, the beam is held in this
position by a combination of the
spade series resistance and spade
current until it is stepped to the next
position by lowering the voltage on

the associated switching
grid. Since only the grid
In its immediate vicinity
will affect the beam, the
grids are connected in-
ternally in two groups;
the odd-numbered grids
in one, the even-num-
bered in the other.
This makes it possible to use a d.c.
input for switching and still obtain
single position stepping, thus avoid-
ing the necessity for a pulse of
critical width. The output charac-
teristic of the trochotron is similar
to that of a pentode valve, and in
the ET51 over 80% of the beam
current appears in the output, the
remainder being used to form and
lock the beam.

Tape Cassette consisting simply of a
hollow cylindrical “ pill-box > several
inches in diameter but only slightly
taller than the tape width has been
devised for use in the Gate Elec-
tronics Continuous Tape Deck. Two
narrow corridors protruding from the
circular edge of the pill-box guide the
tape in and out and keep its width
parallel to the pill-box’s height. In-
side the pill-box the tape curls itself
randomly into S-shaped lengths as
may be seen from the photograph
taken through the perspex end. With
a 43-in diameter pill-box and a tape
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speed of 33in/sec, a loop 80ft long
has been successfully stored.

Fourier Transform Analogue
Generator, developed as a specialized
research tool by the B.B.C,, is shown
below. With this instrument any
function can be set up in graphical

-

form by adjustment of potentio-
meter sliders on a calibrated panel
and the resultant Fourier transform

displayed on an oscilloscope. Each
potentiometer is connected to one of
twenty harmonically-related sinu-
soidal voltages, and the voltages on
all the sliders are combined to form
the signal which represents the
Fourier transform. The equipment
was developed for a programme of
research work on lenses as a means
of avoiding the tedious calculations
which would otherwise be necessary
to obtain Fourier transforms,

Microwave  Infra-Red  Detector
recently developed by the GB Elec-
tronics Corporation in America
makes use of r.f. energy, propagated
in a waveguide system, to detect the
changes which occur in semicon-
ductor material when infra-red or
other radiation is directed on to it.
The resistance and dielectric con-
stant of the semiconductor (a ger-
manium crystal) are affected by the
incident radiation, and these pro-
duce changes in the phase and
amplitude of a wave reflected from
a tuned cavity. Indication of these
phase and amplitude changes is ob-
tained by combining the wave in
phase opposition with a correspond-
ing wave reflected from an identical
tuned cavity (also containing a ger-
manium crystal but not irradiated).
Normally cancellation occurs, but
when the semiconductor causes
phase and amplitude changes in the
first wave an unbalance signal is
produced. The system, described in
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Electronics for 30th January, 1959,
is said to be very sensitive and has
the advantage of eliminating con-
tacts to the semiconductor, which
are normally a source of noise in
conventional infra-red detectors.

Brazing Under Vacuum, at tempera-
tures up to 1100°C, was one of the
requirements which had to be pro-
vided for by Edwards High Vacuum
recently when designing a pumping
plant for ceramic disc valves. At
such high temperatures it was 1im-
possible to use normal sealing tech-
niques, and metal seals had to be
employed. At the same time the
vacuum had to be extremely high be-
cause getters cannot be used in
ceramic valves as they are in con-
ventional glass valves. The pumping
plant finally built by Edwards has a
water-cooled vacuum chamber made
of mild steel, inside which six cera-
mic valves can be moved round on
a rotary work table. Movement 1s
transmitted from outside the cham-
ber to the work table via flexible
metal bellows, to obviate the need for
organic sealing gaskets.  Similar
metal bellows are used for raising and
lowering the small brazing furnace,
inside the chamber, on to each valve
station in turn. Sealing between the
cylindrical vacuum chamber and its
baseplate is done by indium wire.

Mechanical Separation of Stereo
Pickup Movements in two directions
at 90° by a simple method was des-
cribed recently by S. Kelly. A flat
strip and a cantilever link carrying
the stylus at one end are joined to-
gether at right angles to form a

cross as in the illustration. The flat
Y
7 /

P4 FLAT STRIP

\ CANTILEVER

-~
ONE DIRECTION OF MOTION

strip is also fixed at both ends and
runs parallel to one of the two
directions of motion. Motion in this
direction at the stylus end of the
cantilever then causes this end of
the cantilever to hinge about its join
to the strip so that the motion is
not transferred to the other end of
the cantilever. Motion at the stylus
end of the cantilever in the other
direction (at right angles to the paper
in the illustration) causes the strip to
twist and the motion is transferred
to the other end of the cantilever.

STYLUS

New Units introduced by the Los
Alamos Laboratory of California
University, according to an adver-
tisement in the April issue of Astro-
nautics, include the Babe (20keV),
Shake (10~ %sec), Jerk (107'°ergs) and
Zerk (10%°ergs).

295



www.americanradiohistory.com

NEW ELECTRONIC

Hybrid Car Radio

A SET of parts for the construction of a “ hybrid ” 12V
car radio receiver is now available from Mayra Elec-
tronics Ltd., 551, Holloway Road, London, N.19,

The receiver (to a S.T.C. circuit) uses five Brimar
valves—two 12AC6, 12AD6, 12AE6, 12K5 and a Pye
V15/10P transistor for the af. output stage. It is a
superhet with an r.f. stage, which accounts for the excel-
lent sensitivity and a.g.c. characteristic. Permeability
tuning is employed, covering the medium and long
wavebands and a printed-wiring panel for the receiver
proper ensures consistent results. The output transistor
is mounted on a heat sink on the back of the loud-

Mayra Electronic hybrid car radio receiver (case removed).

speaker and the heat sink is insulated from the circuit.
Battery consumption is 1.5A at 12V.

The complete set of parts including the receiver case,
loudspeaker, knobs and dial trim costs £13 10s.

Tape Loop Cassette

FOR speeds of 15in/sec or less, up to 200 ft of tape can
be wound in an endless loop on the ‘ Brittape > cassette.
This cassette is bolted over one of the spool spindles of
the deck, and it can be used with most tape recorders
which can take 7-in or larger-diameter spools. In the
cassette the tape is wound on a central freely rotating
5-in diameter spindle and, when in motion, unwinds
from the inside and winds in from the outside. To allow
this motion, the tape must be wound on the cassette
clockwise or anticlockwise (from the inside out when
viewed from the top) according as the direction of tape

“ Brittape '’ endless loob tape cassette.
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travel is from left to right, or, as in the illustration with
the Regentone recorder, from right to left. The direction
of travel for the 200 ft of tape usually supplied with the
cassette must thus be specified when ordering. The
cassette costs £6 12s 9d with tape and £6 6s without. The
address of the manufacturer is Guy’s Calculating
%\éaﬁhines, Ltd., Truro Road, Wood Green, London,

Miniature Plug and Jack

THE new Bulgin P519 plug and J30 jack are designed
for use in modern miniaturized equipments and their
small size makes them particularly suitable for this
purpose. The plug is the familiar “concentric” type
with a shank measuring %in in diameter. It has a iin
diameter phenolic screw-on cap and with the plug seated
this projects about in from the panel,

Phenolic insulation is tsed for the jack which is fitted
with a %in diameter fixing bush which fits metal panels
up to jin thick. The fixing bush is also the contact for

Bulgin miniature P519 plug and }30 jack.

the shank of the plug and this will normally be “earthy.”
Two spring contacts are provided. one for the tip of the
plug and another which mates with this spring when
the plug is withdrawn, Maximum ratings are: current
1A, voltage 50, loading 10W. Test voltage is 250.

The makers are A. F. Bulgin and Co., Ltd., Bye Pass
Road, Barking, Essex, and the prices are 2s 6d for the
plug and 3s for the jack,

New Rack-mounting Principle

THE convenience afforded by the 19-in Post Office rack
has made it an almost-standard form of mounting for
electronic equipment; but it does suffer from several dis-
advantages—these being mainly cost, due to the number
of tapped holes necessary, and the difficulty of excluding
dust from the apparatus or providing forced-air cooling.

The new Widney-Dorlec rack-mounting system (also
see R.E.C.M.F. review, May issue, p. 216) represents an
effort to overcome the major disadvantages and, at the same
time, it increases considerably the scope of the prefabri-
cated cabinet system. The tapped-hole problem is over-
come by the use of a pressed metal strip which holds
against the front member of the cabinet at 12in spacing,
rectangular nuts providing two threaded holes on lin
centres: these are used only where they are required for
the mounting of units. Holes in the cabinet-frame strip
are drilled using the backing strip as a guide and any
desired thread may be fitted by using the appropriate
nut: the nut may be retained, if necessary, by a screw
passed into it from the rear, through the stamped strip.

This system can naturally be used with any suitable
Widney-Dorlec assembly; but the new * cubicle ” cabinet
for which it was designed offers some advantages. If
units are mounted with their front panels exposed, the
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cubicle doors give side access to the chassis; however,
by turning the cabinet through 90° and fitting ready-
drilled bearers running from front to back equipment
may be mounted so that the door closes on the front
panels, still using the rectangular nut mechanism for
securing the units. The makers are : —Hallam, Sleigh &
Cheston, Ltd., Oldfield Road, Maidenhead, Berks.

Sub-miniature Relays

A hermetically sealed, -miniature relay which measures
0.875in x 0.8in x 0.396in and weighs only 0.520z is now
obtainable from C. P. Clare Ltd., 70 Dudden Hill Lane,
London, N.W.10. This is the Clare Type “F?” relay,
and is made under licence from the C. P. Clare Co. of
Chicago, U.S.A.

Type “F” is a 2-pole 2-way relay with contacts rated
at 3A at 28 volts d.c. or 115 volts a.c., the nominal
operating power being 250mW. The “make” time is
3.5 msec and the “fall-out” time 1.5 msec. A balanced
armature form of construction is adopted and the relay
is claimed to withstand considerable shock and vibra-
tion.

The relay is designed especially for use in printed

Clare Type “F " relay with a 3d coin outline for compar-
ison of size. Cover cut away to show internal assembly.

circuits and the glass-to-metal seal contact tags are spaced
0.2in apart in two rows also 0.2in apart.

Two Stereo Pickups

IN both the Elac stereo pickups types STS200D and
STS300D there is a gap at each side of the square cross-
section magnet so that a balanced system with two pairs
of gaps is formed (see sketch). The compliance at the
0.7 x 10~%in radius diamond tip is stated to be 4.1 x
10-cm/dyne for both these pickups, and they each
produce about 4% intermodulation distortion for re-
corded lateral velocities less than about 22cm/sec
(using 400 and 4,000c/s with an amplitude ratio of 4 to 1,

WIRELESS WORLD, JUNE 1959

Left: View from inside of cabinet of new system.
Note that it is necessary to drill holes in the
front member only where they are required.

Hllustration and (right) sketch of principal
parts of Elac stereo pickup cartridge.

CANTILEVER -——7/

VA

#STreus

and a tracking weight ot 5gm). The crosstalk for the
STS200D is given as about —20dB at frequencies up to
Skc/s, rising to —10dB at 10ke/s: the crosstalk for the
STS300D is about 4dB less than these figures. The
effective mass at the stylus tip is stated to be 2.5mgm
for the STS200D and 2.16mgm for the STS300D. The
STS200D costs £17 17s 7d and the STS300D
£27 12s 10d, both these pickups being distributed in
this country by Thermionic Products (Electronics) Ltd.,
Hythe, Southampton.

Plastic Cable Clip

THE illustration shows a ncvel plastic cable clip of
German design made of tough polystyrene. It is admir-
ably suited for fixing television coaxial down leads and

“Roka"’ plastic cable clip.

extension-point cables, also the wiring to extension loud-
speakers, to walls or wood surrounds.

Known as “Roka” plastic clips, they embody a
captive hardened-steel nail, a feature which greatly facili-
tates fixing the clip in awkward places.

Clips are available for cables of from 3in to 3in dia-
meter, and prices vary with size. For example, clips
for a -in diameter cable cost 2s 5d a hundred, while
for i-in cable the price is 4s 3d a hundred.

Further details can be obtained from Perihel Ltd..
146 New Cavendish Street, London, W.1.

Ferrite Isolators

ABOUT 30dB isolation at any selected frequency in
three ranges (1.8 to 2.3, 3.3 t0 5.5 and 8.1 to 12.5kMc/s)
falling to about 20dB 5% away from the selected fre-
quency, is provided by a new range of_ isolators intro-
duced by Marconi’s. The power handling capacity is
80W for isolators in the 8.1 to 12.5kMc/s range and
20W for those in the other two ranges The cost of
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S e

Typical ferrite isolator (centre frequency 2kMc/s) in the
new Marconi range.

each isolator is £45 or £50 depending on the frequency
range, and they are manufactured by Marconi’s Wireless
Telegraph Co., Ltd., of Chelmsford, Essex.

Multi-range Meter

IN the new Taylor model 100A a sensitivity of
100,0002/V on the d.c. ranges has been achieved by
using an 8xA centre-pole movement. This movement
can withstand a momentary overload of 100 times and a
cut-out js incorporated, whose operating time and cur-
rent have been used to determine the rating of all the
meter resistors. Those resistors across which the voltage
drop is measured on the ohms ranges are protected
against the application of a.c. by a rectifier which pro-
duces a d.c. current to operate the meter cut-out, but

which does not conduct wher the internal battery is
connected on the ohms ranges. All the d.c. and a.c.
range scales are coincident except for the most sensitive
a.c. range (10V f.s.d.), thus avoiding most of the con-
fusion produced by offset a.c. calibrations. This has
been achieved by using a “ half-bridge * rectifier on the
a.c. ranges with selected loading resistors (the two resis-
tors which replace two of the rectifiers in the full bridge).
A double-section half-wave rectifier cannot be used, for
on application of d.c. of incorrect polarity to one of the
a.c. ranges, one section of the rectifier would short
circuit the meter and render the cut-out inoperative.
Another useful facility is a
push-button for inter-
changing the connections to
the meter so that inputs of
the incorrect polarity can
be measured without re-
versing the connecting
leads. The 8 internal d.c.
voltage ranges on this meter
extend from 0.5V to 2.5kV
fs.d. and an external
adaptor (available at extra
cost) containing a 2.25MQ
resistor enables measure-
ments to be extended up to
25kV f.s.d. The current
ranges extend from 10uxA
to 10A d.c. f.s.d.,, and the
ohms ranges from 20Q to
2MQ centre scale, Decibel
and output ranges are also
provided. This meter costs
£31 10s and is manufactured by Taylor Electrical
Instruments Ltd., of Montrose Avenue, Slough,

Taylor multi-range meter
model 100A with 100,000Q/V
sensitivity on d.c. ranges.

High-Speed Tube Production

Continuous Seam Welding with R.F. Current

A MACHINE recently imported from America by Elm
Engineering Ltd (one of the Antiference group of com-
panies) is capable of welding together the edges of rolled-
aluminium or rolled-aluminium-alloy tube at speeds up
to 400 ft/min.

Aluminium strip is formed into tube by passing it
through a series of rollers, each of which imparts an
increased degree of curvarure to the strip until it forms
a tube with a split in it corresponding to the edges of
the original flat strip. About 50kW of r.f. power at
450ke/s is applied to the edges of the split by two copper
shoes and then the tube passes through another pair
of rollers which force the edges together. As the r.f.
current is discouraged from taking the “long” path
round the circumference of the tube by a ferrous core,
an intense heating effect, resulting in the melting of
the edges is produced at the join. The squeezing
action of the rollers expels nearly all the molten material
giving a weld with only a small section of grain struc-
ture differing from that of the rest of the tube. After
the welding process the expelled material over the weld
is removed and the tube passes through a further set of
rollers to bring it finally to size. The machine accepts
strip of 14 to 22 s.w.g., can produce tubes of outside
diameter }in to l3in and can weld metals other than
aluminium and its alloys.

The welding process is known as the “ Thermatool ”
process and it was developed, and the machine made,
bySthe New Rochelle Tool Corporation, New York,
U.S.A.
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Tube

“Thermatool”’ tube-welding procass in operation.
moves from right to left; picking up r.f. from copper shoes.
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NEW MARINE RADAR

Details of the B.T.H. ““Escort” Motion-Stabilized

ONE of the problems asscciated with the use of radar
and similar complex electronic devices is that the large
number of controls provided usually either scares away
the non-technical user, or leads to inefficient operation
of the equipment. In an effort to overcome this pro-
blem B.T.H. in their new “Escort” 3-cm, motion-
stabilized marine radar, have reduced the number of
“user controls” to the absolute minimum—four relat-
ing to the motion-stabilized display, such as tide speed
and direction; four for actually using the display (bear-
ing graticule, range scale, etc.) which are mounted on
the front panel, and eight subsidiary controls, e.g.,
marker brightness, i.f. gain, anti-clutter, etc. These
last eight controls are mounted on the sides of the
indicator unit and each has a differently-shaped knob
for immediate and easy identification by touch.

The radar follows the general lines of any modern
marine radar with a stabilized display (called * Chart
Plan” by B.T.H.) but many small *convenience
features ” provide for ease of handling; for instance the
bearing marker is differentiated from the heading mar-
ker by starting it from the continuously-variable range
ring. ~This marker “paints” each time the radial scan

1

No parts other than
turning gear and echo box are mounted with the aerial,
so easing servicing problems.

Aerial system of “Escort’’ radar.

passes over its position: normally the resetting of the
marker occupies several revolutions of the aerial; but
in the “Escort” the whole procedure is much simpli-
fied by ganging the electronic bearing-marker angular
control to the parallel-ruled cr.t. graticule. Thus it
is necessary only to line up the graticule to line up the
bearing marker; also a control knob and a scale are
dispensed with, for the graticule has a scale calibrated
in degrees round its edge. Another feature which should
prove most useful is that, on switching from a ship’s-
head-up” display to the compass-stabilized *north-up »
display no manual realignment of heading and course
markers is necessary—this is done automatically.

Five malfunction indicator lamps are fitted just be-
low the c.r.t.—these automatically indicate an abnormal
condition of the equipment. Another feature is that
an echo box is joined permanently to the waveguide; but
it is “disconnected” normally by a ferrite isolator:
switching-in this provides a very quick check that the
equipment is operating, a fact which need not necessar-
ily be apparent in the absence of echoes.

The slotted-waveguide aerial, fairly high p.rf. (1200/
sec) and short minimum pulse-length (0.12usec) com-
bine to provide a high-definition picture on the 12-in
cr.t. and the 45kW transmitter, peak-power output en-
sures that the smallest scale of 48 nautical miles can
be used effectively ‘The power input required is 1.3kW
and, as a motor-generator with an electronic voltage
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Equipment

Display and ““Chart-
Plan” control unit
of B.T.H. “Escort’’
marine radar. Con-
trols (such as local
oscillator tuning)
which should not
need resetting dur-
ing operation are
concealed by drop-
flap below *Chart-
Plan’’ control knobs.

regulator is used to supply the equipment practically
any ship’s mains can be used. The “Escort” weighs
about 1,000 Ibs in all and the cost is in the region of
£3,000, excluding waveguide, cabling and installation.

Data-Handling at King's Cross

AT a main-line railway station information concerning
the running of trains has to be passed from its source
(the signal box) to several other people such as_the
enquiry-office staff, the station announcer and the arrival-
indicator operators. In the past this has been done by
telephone, which suffers from the disadvantages of
demanding the whole attention of the users and of pro-
viding a considerable risk of cumulative errors.

In an effort to improve efficiency British Railways have
arranged with Decca Radar Ltd. to install the Deccafax*
system at King’s Cross terminal station for a trial period.

The flying-spot transmitter unit is housed in the signal
box and information is written on a prepared trans-
parency. At the receiving units a change in the informa-
tion recorded is announced by the ringing of a bell.
Apart from reducing the work in the signal box to_the
writing-in of times as they are received from stations
down the line, the information is presented for as long
as it is required and in such a way that it is possible to
gain an overall picture of train movements into the
station. The system uses the 405-line, 50-frame, posi-
tive-modulation standard and the video signal is carried
on coaxial cable at a level of about 13V. ’

* Wireless World, October 1957, p. 470.

Cross reads details from

Station announcer at King’s
Deccafax screen.

299

waany americanradiaohistans com



www.americanradiohistory.com

News from the Indusiry

Relay  Exchanges Ltd.—The
annual report of Relay Exchanges for
1958 reveals that the group’s total
assets are now over £12M, com-
pared with £7.6M at the end of the
previous year. The value of tele-
vision and sound receivers installed
in subscribers’ homes accounts for
over £9M of the assets. During
last year the group, which includes
the Rentaset companies, acquired the
whole of the share capital of Good-
mans Industries. After providing
for taxation, the group’s profit for
1958 was £391,276 against £236,288
the previous year.

T.C.C—In his statement at the
annual general meeting of the Tele-
graph Condenser Company the
chairman, D. W. Aldridge, an-
nounced a net profit for 1958, after
providing for taxation, of £187,486
compared with £131,257 the previous
year. T.C.C.s wholly owned sub-
sidiary, the United Insulator Com-
pany, has since April last year
operated as a division of the parent
company.

Ferranti’s wholly owned Canadian
subsidiary, Ferranti-Packard Elec-
tric Ltd., has developed an electronic
seat reservation system which is
being installed for Trans-Canada
Airlines. The system uses a device
known as a Transactor which is in-
stalled at each TCA booking office
across Canada, and is used to send
information to, and receive answers
from, a central computer. The
equipment will be available in this
country and on the continent through
Ferranti Ltd.

LC.T.—Iaternational Computers
and Tabulators Ltd. has formed a
subsidiary, I.C.T. G.m.b.H., with
headquarters in Diisseldorf. It will
take over the existing business in
Western Germany conducted
through the Diisseldorf office of
Powers-Samas Accounting Machines
(Sales) Lid. It is planned to open
branch offices in Berlin, Hamburg,
Hanover, Munich, Niiremberg and
Stuttgart,

Plessey International Ltd. has
set up a German manufacturing
company to be known as Plessey
Maschinen Elemente G.m.b.H. It
will operate from Neuss, near Diissel-
dorf.

Elliott - Automation Ltd. has
established a new subsidiary, The
Swartwout Co. Ltd., to manufacture
and sell the electronic control
systems developed by the Swartwout
Company, of Cleveland, Ohio. Two
years ago, Elliotts entered into an
agreement with the American
Swartwout Company to handle their
products in this country.

S. N. Shure, president and
founder of Shure Brothers, Inc., of
Evanston, Ill., manufacturers of

microphones, pickups and recording
heads, is arriving in this country on
May 31st to investigate the possi-
bility of establishing a factory here.
Engineers and manufacturers in-
terested in discussing such a project
are invited to leave their names and
addresses at the office of the Com-
mercial Attaché at the American
Embassy, London.

FIFTEEN closed-circuit television channels in the new rolling mill of the Steel
Company of Wales at Port Talbot provide a composite view of about 700ft of

railway track.

This installation by Marconi’s is for the remote observation of

the conveyance of red-hot steel ingots from the soaking pits to the rolling mill.
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Audio Fidelity gramophone re-
cords, produced in the U.S.A. by
Audio Fidelity Inc., are now being
made available in this country
through its recently formed sub-
sidiary, Audio Fidelity (England)
Ltd., of 44 Crawford Street, London,
W.l. The distribution of these
records in London, East Anglia and
South-East England is being handled
by Scientific and Technical Develop-
ments, of Melbourne Works, Walling-
ton, Surrey.

Ketay Ltd., manufacturers of
synchros,  resolvers, tachometer
generators and other servo com-
ponents, are now a Design Approved
Manufacturer under the Ministry of
Supply Instrument and Electrical
Equipment Design Approval
Scheme. The company is owned
jointly by the Plessey Co., of Ilford,
and Norden-Ketay Corp., of New
York. Four Ketay synchros have
been granted Certificates of Tech-
nical Approval by the Royal Aircraft
Establishment.

Southern Instruments Ltd., of
Camberley, Surrey, has made an
arrangement with the Ampex Cor-
poration of America and its U.K.
subsidiary, Ampex Electronics
Limited, for the manufacture and
marketing of Ampex tape instru-

mentation equipment in Great
Britain.
Winston Electronics’ production

during the year ended in February
exceeded £500,000. F. W, Reynolds,
the managing director, recalls that
the first year’s output (1950/51) was
£15,000.

Pye closed-circuit television equip-
ment, including a new lightweight
cylindrical camera, has been installed
in the Conservative Party’s television
studio in London. The studio is
employed mainly for the training of
M.P.s and candidates in the use of
the medium,

Leland Instruments’ old address
was given in the note on the Leroux
measuring relays on p. 247 of our
last issue. They are now at Abbey
House, Victoria Street, London,
S.W.1. (Tel.: Abbey 3585.)

Tube rebuilding service operated
by C.R.T. Ltd., of Baldock, Herts,
is to be known as C.R.T.’s TV Tube
Exchange Service. The reduced prices
recently introduced by C.R.T. Ltd.
take into account the supply by
dealers of an old tube for re-gunning.

Mayra Electronics Ltd., manufac-
turers of Maykit car radio kits, have
moved from North London to 118,
Brighton Road, Purley, Surrey
(Tel.: Bywood 1263). The newly
appointed  general manager is
Maurice Reed.
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Mullard—Two new
blocks are being built on a site
adjacent to the existing buildings of
Mullard Research: Laboratories at
Salfords, Nr. Redhill, Surrey. An
extra 45,000 square feet of floor
space will be provided by the new
buildings. They will house the elec-
tronics, telecommunications, tran-
sistor applications and television
laboratories. The company is also
to build a new factory on a site
next to their existing cathode-ray
tube factory at Simonstone, Lancs.
It will produce glass for the produc-
tion of tubes, which is at present
purchased as pre-fabricated parts.

Marconi’s are to supply the Post
Office with the equipment for a
wide-band uw.h.f./shf. radio link
between Birmingham and Norwich.
The twin-path Dbi-directional link
will carry the B.B.C. television pro-
grammes between the two cities and
serve en route the transmitter being
built at Peterborough. The equip-
ment at these three centres and at
the three repeater stations will em-
ploy English Electric Valve Com-
pany’s travelling-wave tubes.

E.M.I. colour television equipment
was used to enable a large audience
at a recent Anatomical Society sym-
posium in University College, Lon-
don, to see, on a 4-ft by 3-ft screen,
experiments being carried out under
an electron microscope. The demon-
stration was arranged by Smith,
Kline and French Laboratories Ltd.

Ekco airborne search radar has
been ordered by British European
Airways for six de Havilland Comet
4Bs now being built. B.E.A.’s flight
of Comet 4s is already fitted with
Ekco radar.

Siemens Edison Swan supplied
the marine radio equipment for the
recently opened radio officers train-
ing school in the College of Tech-
nology, Belfast.

EXPORT NEWS

Iran.—The v.hf. multi-channel
radiotelephone/telegraph system in-
stalled by Marconi’s along the
National Iranian Oil Company’s
600-mile pipeline from Abadan to
Teheran is to be extended. The ex-
tension, which will link five new
booster pumping stations with the
main v.hf. installation, calls for the
supply of 20 multi-channel equip-
ments together with aerial towers.
The carrier equipment is being
supplied by the Telephone Manufac-
turing Co.

Radiotelephones.—Pye Telecom-
munications have been awarded a
contract by the Iranian Oil Operat-
ing Companies to install a 12-
channel radio communications
system between Kharg Island in the
Persian Gulf and the oilfields at
Gachsaran and Agha Jari, a distance
of 160 miles.
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Multi-ctiannel Radio LinK.—The
Posts and Telegraphs Administra-
tion of Finland has placed a contract
with Marconi’s for the supply of
s.h.f. radio terminals and repeaters
for a single-path 600-channel two-
way radiotelephone link between
Pori and Tampere, a distance of 65
miles.

Computer for Australia. —An
EMIAC II two-module analogue
computer has been ordered from
E.M.I. Electronics, Ltd., for installa-
tion in the Australian Government
Aircraft Factory at Melbourne.

Film scanning equipment for a
new commercial television station in
Brisbane, Australia, which s
scheduled to be opened later this
year, has been ordered from E.M.I.
Electronics.

Navigational Equipment. — Two
Decca Navigator chains are to be
erected in the Persian Gulf. It is
planned that these chains will be
brought into operation at the end of
this year.

Radar Simulator—The Royal
Swedish Air Board has purchased a
Solartron ten-target early-warning
and height-finding radar simulator
for the country’s Air Force.

I.L.S.—The government of the
Belgian Congo has ordered the Pye
Instrument Landing System for
Elizabethville and Leopoldville air-
ports.

Telecommunication measuring
equipment valued at $200,000 has
been ordered by the Canadian
Department of Defence Production
from Marconi Instruments through
the Canadian Marconi Co. In all,
nearly 200 instruments, including
signal generators, portable frequency
meters, oscilloscopes, wave analysers
and transmission test sets are to be
supplied.

Radar.—Seven double-ended ferry
boats operating between Brooklyn
and Staten Island, New York, arc
to be fitted with Decca Type D303

radar. Each boat will carry two
radar sets.
Airborne search radar with

Doppler drift measuring_equipment
is being supplied by Ekco Elec-
tronics for the Viscount fleet of
Kuwait Airways.

Valves and C.R. Tubes.—As part
of a drive to extend their sales of
valves and tubes in North America,
the M.O. Valve Co. has seconded
F. T. C. Dixon to their agents,
British Industries Corporation, of
New York. Mr. Dixon was pre-
viously in charge of cathode-ray tube
sales at the company’s Hammersmith
works.

Honduras.—Agencia René Sempé,
of Apartado 219, Tegucigalpa, wish

to represent a U.K. manufacturer of |

television receivers. A television
service operating on the American

525-line standard is starting shortly. | DiB.gs:4
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New Trix
Ribbon
Microphone

Now smaller, this much acknow-
ledged microphone gives un-
equalled performance and its
directional qualities minimise
feedback effects. The frequency
responsc and sensitivity have
also been improved.

This model—G7823—has its
head tilted for easy use. It’s
normally supplied with low
impedance output (30 ohms)
but is also available with high
if required. The microphone 1s
complete with screened connector,
with locking ring, which fits
directlv to stand or base. If
wanted, a switch adaptor can be
used.

Finish Satin Chrome
Dimensions  (without
connector)

Height 3kin. (9 oms).

Diameter 13in. (35
mm.)
Weight 7% oz. (215

grams)

THE TRIX ELECTRICAL CO. LTD.

1.5 MAPLE PLACE, LONDON, W.I
Tel: MUSeum 5817 (6 lines). Cables &
Grams: Trixadio. Wesdo. London.
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RANDOM RADIATIONS

By * DIALLIST"

Improving East Anglian TV

TO those who live in East Anglia it
is good news that a two-way radio
link between Tacolneston and Bir-
mingham is to be built. At present
the Norwich station receives its tele-
vision programmes by direct pick-up
of the Crystal Palace transmissions at
z receiving station near Bury St. Ed-
munds, whence it is routed by a radio
link to Norwich. Reception can be
very good over a wide part of the area
and it’s much improved since Tac-
olneston’s e.r.p. was raised. But one
big disadvantage of a long-distance
pick-up system is that it is apt to
gather in other things besides the
wanted signal. And once received
interference has willy-nilly to be re-
layed. The result has been that under
certain conditions pictures have been
no better than fair to moderate. I’ll
willingly admit that interference bad
enough to spoil the picture has been
but rarely in evidence lately. But
one is sometimes conscious that the
picture, though worth looking at,
ought to be better than it is. I under-
stand that even after the introduction
of the new link Tacolneston will still
have to rely for some time on the
direct pick-up of a main station but
this time it’s Sutton Coldfield. How-
ever, this will be dispensed with
when the radio links have been com-
pleted. When the I.T.A. station at
Mendlesham, with its huge mast and
high er.p. gets going, too, East
Anglia should find itself very well
served by television.

Peterborough, Too

In addition to linking Tacolneston
with Birmingham, the proposed link
will serve en route the B.B.C. station
being built at Morborne Hill, near
Peterborough. The project will be
carried out in two stages. At the end
of this year a uh.f. twin-path one-
way link will be installed between
Norwich and Peterborough where a
B.B.C. receiving point will pick up
the Sutton Coldfield programmes
which will then be sent along the link
to the Tacolneston station. The final
installation will consist of a twin-path
bi-directional link over the whole
distance with three intermediate
repeater stations. At Pcterborough
back-to-back terminals will be em-
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ployed which provide complete
modems (modulation/demodulation
facilities) making it possible to extract
a programme at that point to feed the
new transmitter or to feed in a broad-
cast originating in the Peterborough
area.

A New Use for Radar

READERS who were concerned with
p.p.i. radar receivers at the beginning
of the war may remember those
mysterious, large illuminated patches
which sometimes appeared on the
screen, usually at night-time. They
were specially in evidence during the
spring and autumn months and often
covered large areas of the screen. It
was established that they weren’t due
to high flights of aircraft and some
wag suggested that they must be
echoes from flocks of angels winging
their way over the sky. The name
“angels” stuck. It was eventually
established by using powerful tele-
scopes on clear, moonlit nights that
the fliers were not ’planes or angels,
but birds. In spring and autumn
birds migrate in vast numbers, and
so dense are the flocks that they give
rise to good radar echoes. For some
little time now both p.p.i. tube and
height-range radar have been in use
for studying bird migration and quite
remarkable results have been ob-
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tained. The big snag is that indi-
vidual species can’t be identified—
there’s no ornithological equivalent of
iff.—but it’s often possible to
deduce the identity from the height,
speed and size of the flocks, from the
direction they are taking and from
the fact that birds have previously
been seen massing for migration in
this place or that, or that tired in-
coming migrants are seen in certain
areas on the following day.

Transatlantic Television ?

ALMOST the whole continent of
Europe either is or can be linked up
for television purposes and we get
some very good and interesting pro-
grammes from distant parts via our
cross-Channel link. What so many
people would like to see realized is
transatlantic television. The Ameri-
cans already operate radio-links for
their forces in Europe; but these are
used for sound only, for so far it
hasn’t been possible to utilize chan-
nels wide enough for TV. There
seem to be two possible ways in
which it might be done. When the
whole of France was served with
views of the Fourteenth of July
Ceremonies taking place in Algiers,
the method successfully used to span
the Mediterranean was to employ a
circling aeroplane as a relay station.

“WIRELESS WORLD™ PUBLICATIONS

WIRELESS WORLD, JUNE 1959



www.americanradiohistory.com

A chain of aeroplanes circling over
the Atlantic seems a possibility-—
though only just, for weather condi-
tions might make station-keeping
very difficult and it would at times be
a risky business. But I don’t see
why, if the money were available,
ships shouldn’t be used with captive
balloons to extend their effective
horizon. They would remain in their
allotted positions, as the weather
ships now do, picking up transmis-
sions and relaying them on. I’m sure
that transatlantic television will be
a commonplace occurrence one day.
May that day come soon!

It All Helps

REDUCTIONS in taxation are
always welcome, and I'm sure that
all radio folk—manufacturers and
their customers alike—were delighted
by the lowering of the rates of pur-
chase tax. This has made it possible
to bring down the prices of sound
and TV sets quite a bit, and it should
make for increased business. Better
still, to my way of thinking, is the
removal altogether of purchase tax on
replacement c.r. tubes. Before the
budget announcement the position as
regards rebuilt tubes was rather a
queer one: if you got your own c.r.t.
back duly renovated, it wasn’t liable
to tax. But should you receive one
that had been someone else’s, then
the tax could be slapped on. Such a
weird state of affairs must have meant
a lot of extra work and expense in
the way of checks and inspections,
which couldn’t have done anybody
much good.

A Record to Fnd All
Records ?

WRITING from Worcester Park in
Surrey, a reader tells me that he has
a Marconiphone Type 702 television
receiver, which was made in 1938 or
39 and is still giving good reception
for about five hours every day on the
screen of its original tube. When
bought second-hand in 1949 it had
a number of faulty capacitors, the
e.h.t. transformer was out of action
and one valve was dud. Otherwise
it was, as my correspondent puts it,
in mint condition. It has given con-
sistantly good service since, and des-
pite its 20 or 21 years, it shows no
signs of deterioration. My corres-
pondent’s only ’plaint is that with its
}-in steel chassis and plywood
cabinet the set needs two strong men
to lift it! By the way, the serial
number of the cathode-ray tube is
D26019, in case makers care to
check its age.
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Every day brings
fresh demands

The giant strides which are being taken
today in the electronic fields of science
and industry have quadrupled the number
and variety of electrical components that
are needed.

The BULGIN research and manufacturing
division with its unrivalled skill and vast
experience is solving many problems
of today and tomorrow. Every day for
over 35 years it has been helping manu-
facturers with their difficulties in the
application of electrical devices. Let it
help you.

OVER 10,000 COMPONENTS
AVAILABLE

For complete technical and
illustrative details, send for
Catalogue No. 200 (add suffix
—/C for priority). (1/6 Post
Free, or Free to Trade Letter-
head or Order.)

FUR MODERN COMPONENTS I

A. F. BULGIN & CO. LTD.,
BARKING, ESSEX

Telephore: RIPpleway 5588
(12 lines)

PRECISION
ELECTRONIC
COMPONENTS

LIST No. F.19.

LIST Nos. P.491 (Socket)
P.490 (Plug).

LIST No. D.58.

LIST No. 5.530.

LIST No. D.250.

LIST No. 8.730.
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UNBIASED

Homostereo and All That

IN its early days, the B.B.C. had a
well-deserved reputation of being a
centre of learning and culture, and
those members of the staff—other
than engineers—who were not
alumni of Oxford or Cambridge were
apt to be looked at askance; in fact
it was rumoured that even the
“hewers of wood and drawers of
water ” were Cambridge poll men.

All thar is past history, however,
and today things are vastly different
as can readily be seen by the B.B.C.’s
patronage of a dreadful word like
“monophonic” to designate single-
channel reproduction as distinct
from its stereophonic counterpart.

The utmost that can be said in
favour of monophonic is that it is
somewhat  less offensive  than
monaural; this latter word implies
reproduction, which is, in some way,
specially adapted for those who have
the misfortune to be totally deaf in
one ear. The word monophonic is,
however, not very much better. To
my mind, monophonic reproduction
—which means one-sound reproduc-
tion—conveys the idea of a solo per-
formance on, say, a triangle or big
drum.

Many people who ought to know
better are woefully ignorant of the
precise meaning of words. I once
knew a Cambridge man who didn’t
{know the difference between an ex-
i hibitioner and an exhibitionist; now
rand again, of course, the former is
lalso the latter. At any rate, I do
Inot hesitate to suggest that the
correct word for single-channel repro-
'duction is “monodic **; it is surely
le mor juste for it does literally mean
single-channel. But I don’t want you
to think that I want to displace the
familiar word stereophonic in favour
of stereodic; obviously stereophonic
—solid sounding—is the correct
word.

The only possible objection that
could be raised is that the word
Imonodic with its meaning of single-
ichannel may be needed one day to
describe stereophonic broadcasting
on a single radio channel.

There is, however, a far better
word to describe such a system of
broadcasting, and to emphasize the
fact that the two “stereo” channels
are sharing the same radio channel;
obviously the word is “homodic *—
same channel. This would convey
an unmistakable meaning. In actual
practice I do not doubt that this
system will come to be known by
the name of “homostereo broad-
casting ” to distinguish it from ordin-
ary stereo broadcasting on two radio

* A contraction of monos (one or single)
and hodos (a way, path or channel). In
such combinations the “h” js usually
dropped, e.g., electrode.
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By- FREE GRID

channels which might be called
“heterostereo.” May we expect
that the Yanks, just to be different,
will fuse Latin and Greek and call
it “solo stereocasting ”’?

Better Audio Fare.

IT is said that a rolling stone gathers
no moss, but that is certainly not true
of the Audio Fair of two months ago
which again had a new home this
year—the third in its brief history—
and was as crowded as ever. Maybe,
however, its organizers moved it
away from the Strand area this year
so that it should no: gather so much
Moss, with a capital M, in the form
of waiter’s dress, a subterfuge

adopted in previous years by visitors
unable to obtain an invitation card.
Even this year I was surprised at
the extraordinary interest shown by
the large catering staff of the hotel
in which the Fair was held.
The highlight of the show was, as

Extraordinary interest

might be expected, stereophonic
reproduction which is still a nine
days’ wonder. I was glad to see
that the over-dramatized juggling
with railway trains and suchlike
things—which were a feature of the
Audio Hall at last year’s Radio Show
—had been, to a large extent, aban-
doned, but I did not find the audio
fare provided in the demonstration
rooms very convincing.

This was largely due to the limita-
tions of space in an hotel bedroom.
They may be roughly the size of an
average living room, but certainly do
not simulate the listening conditions
of the home. As I explained to one
exhibitor who tried to convince me
to the contrary, even if he usually
packs a dozen or more parspiring
people in one half of his living room,
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I certainly do not, and nor do most
ordinary people,

The arrangements in most of the
demonstration rooms seemed to me
to be such that only one or two of the
audience were in a suitable position
1o perceive a stereophonic effect.

I think it would be far better if
the exhibition authorities revised the
order of things, and gave a separate
bedroom to each manufacturer for his
stand, and turned the exhibition hall
into a properly fitted-up demonstra-
tion theatre. Each manufacturer
could be allotted a certain period of
the day for demonstrating his appara-
tus.

Why Psi?

LAST December I was talking
about ¥ (psi) waves, and I said that
this symbol was probably used be-
cause it was the first letter of the
word ““ psyche,” which, among other
things, means the basis of all things.
I was ignorant at that time that
“psi” was also used to describe
such things as telepathy and other
kinds of E.S.P. (extra-sensory per-
ception), as well as’ ghost-hunting.

According to a book re-
view I recently read under
the title of “The Pursuit
of Psi,” it seems as if ¥ is
the label applied to any-
thing we know little
about. I still think that
the symbol “psi” is short
for “psyche” but I am
certainly not sure. So if
any of you classical
“scolards ” can help to
i lighten my darkness I
' shall be very grateful. I
have a vague idea that ¥
may be the initial letter of
a word unknown to me or
even to our old friends
Liddell and Scott.

Talking of psi reminds
me of what may be an in-
stance of it. I recently
heard from somebody who
is well known in the
world of audio technology.
He was asked to help in
tracking down  strange  noises
heard by two aged ladies which were
inaudible to others.

On the face of it, one would say
that the two ladies were suffering
from aural hallucinations, but their
doctor gives them a clean bill of
health and says that all the usual
causes of ‘“hearing things” are
absent. The recording apparatus is
quite deaf to these sounds, and it
has been suggested that the ladies
may be able to hear frequencies
which are lower than those nor-
mally audible.

Personally I wonder if they
“hear ” the noises telepathically and
wrongly think they are coming in
through their ears. I am hard at
work to see if I can devise some-
thing to record telepathy.
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Using an AV O Multiminor to balance the D.C. component
across the outpur transformer of a High Fidelity Amplifier.

MULTIMINOR

TN

i z::::z: iy :: . - Whether you’re building your own High Fidelity Ampli- E

D.C. Current: O-1Ain 5 ranges. fier or servicing a complete installation—for fault finding g
EEOES s, T on anything frcn pre-amplifier to speaker—you’ll find =

= Seasltivity: the MULTIMINOR to be “ just right.” =
= 10,000 ohms per volt on D.C. voltage X . | X . =
R i er volt. of A i You’ll enjoy using this neat pocket instrument giving =
= i readings over nineteen ranges.on a clear open scale. =
S Acarao: A.C. and D.C. voltage, D.C. and Resistance measure- =
= On D.C. 3% of full scale value. =
E  OnAC 4% of full scale value, ments are made by means of only two sockets. The robust, =
= easy-to-read range selector has a smooth, clean, positive =
= Pocket size: 5§ x 3§ x l{in. i =
E Weight: |lb. approx. action. —g_-
= Uisc price: £9/10/  Can you afford it?” Let’s say rather—*‘ Can you really =
S ke afford to be without itd ” =
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Rt Sl 50 5 7 TH/S COUPON TODAY!

versatile instrument,

Cut out this coupon and attach to your
notepaper or card:—
To AVO LTD,,
Sales Department,
Avocet House,
92.96 Vauxhall Bridge Road,
London, S.W.I.

FANVOFX S .
Talephone: VICtoria 3404 (12 fines) Please send illustrated leaflet

AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON §.W.1 describing the MULTIMINOR
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If you do not want to cut this maga-
zine, then please write, quoting WW.
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BRITISH SERVICES PREFERRED TYPE
M8225/CV4080

The high performance of the Mullard stabiliser
75C1 has led to the recent adoption of its
Special Quality equivalent M8225/CV4080 by
the British Services as their Preferred 75-volt
stabiliser. The M8225/CV4080 is tested for
specialised applications in which conditions of
extreme shock and vibration are encountered.

@ Wide Current Range...
2 1o 60 milliamps.

@ Small Regulation Voltage...
Less than g volts.

@ High Stability... I
Typical variation in burning volt-
age less than 4 29% in any 10,000 ‘
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MULLARD LIMITED

MULLARD HOUSE N
TORRINGTON PLACE Mullard
LONDON - W.C.I GOVERNMENT AND A

INDUSTRIAL YALVE DIVISION

GENERAL PURPOSE TYPE

g

The 75C1 is the best 75-volt stabiliser avail-

Tl able in the world for general purpose use in

' industry and communications.-It has the same

0 Nm electrical characteristics as the M8225/CV 4080

1 "“ and like this British Services Preferred valve

"I" uml!lWlfllf provides an exceptional combination of long
l]“ ‘ life, stability and good regulation.

hours of operation.

|INL
'n ITI} |

11"‘ ‘ ‘ mt

I llil'Hﬂll

1

Full data is readily available
Jfrom the address below.

TEL: LANGHAM 6633 @) MVTIS5HL
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The world’s
Jinest-quality
connecitors

—IN SUB-MINIATURE, MINIATURE
AND PRINTED-CIRCUIT RANGES

manufactured under licence from
Winchester Electronics Inc., U.S.A.

¥*
GOLD-PLATED CONTACTS

made from spring-tempered phosphor-bronze
provide
low contact-resistance, prevent corrosion
and facilitate soldering

*

MINERAL-FILLED
MELAMINE MOULDINGS

provide
high arc-resistance, high dielectric
and mechanical strength

SERIES

NOW AVAILABLE

TYPE D2 TWO-POLE STACKABLE CONNECTOR T
% Alternative contact arrangements ¥ Self-polarising stacks

% 0-3° centres for 0-1° Grid applications

;ulctilvlq;,-"
LEE.E.E = 8 T

Catalogues on request:
ELECTRO METHODS LTD. Plug & Socket Division,
12-36 CAXTON WAY, STEVENAGE, HERTS.
Telephone: Stevenage 2110-7

SERIES *BK?, ‘BKM?, ‘K’ ‘KM’ ‘KKM’

o o e S A SO S — S WD ST D T S T e S S A AN G S G G S D S M D CEI S G S G P G — S — — D S S G R G S SIS D S G G G GWh &
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Printed
Circuit
Counter
Panels

A complete range of transistorized counter
panels of common size, fixing method

and electrical connexion, designed to provide
a flexible unlt system

whereby any special requirements

_in the counting or data processing fields

can be quickly built up.

A fully illustrated brochure giving
complete performance and
specification figures for

every panel in the range is

available on request.

WIRELESS WORLD

50kc/s Scaler

1Mc/s Scaler

Input Amplifier

Gate Unit

10kc/s Oscillator

1Mc/s Oscillator

Power Unit

60kc/s Read-out Scaler
1Mc/s Read-out Scaler
4 Channel Output Unit
Read-out Unit

Meter Display Unit
Lamp Display Unit
Numerical Indicator Tube
Shift Register Stage
Shift Reglster Driver

RANK CINTEL LIMITED
Worsley Bridge Road* London * SE 26
HITher Green 4600

Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrlat Estate, Thornllebank, Glasgow;
McKellen Automation Ltd., 122 Seymour Grove, Oid Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4.
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The heart of the matter...

The formation of
a single silicon
crystal ingot

!!
[
l
\

— b

FERRANTI LTD - GEM MILL - CHADDERTON : OLDHAM * LANCS * Telephone : MAIn 6661

London Office: KERN HOUSE * 36 KINGSWAY * W.C.2 Telephone: TEMple Bar 6666
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... the art of the matter

offer the widest range of

SILICON Semiconductor Devices

in the United Kingdom

Ferranti Ltd. were the first company in Britain
to introduce Silicon semiconductor devices as
used in magnetic amplifiers, in aircraft, guided
missiles, radar and computers. Until recently
they were the only firm in the United Kingdom
supplying silicon diodes in quantity. Comm-
encing their programme of research and
development in 1954, they have already made
outstanding contributions to technique, and
are now producing at Gem Mill, Oldham well
over half-a-million silicon diodes annually

in the widest range offered by any British
manufacturer.,

Among the 120 or more different devices
are rectifiers, fast diodes, zener diodes, tetra-
layer diodes and triodes, alloy junction
transistors, diffused junction transistors, photo-
voltaic cells, voltage variable capacitors and
many new ones.

Data Sheets, Application Reports etc., advice
and assistance in techniques of application
are freely available.

FERRANTI

SILIGON

SEMICONDUCTOR
DEVICES

FE 191
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from
all angles. . this is a fine loudspeaker

% Duplex design

Dust-excluding construction
Full range reproduction Low fundamental resonauce-
Purpose-built tweeter

*
*
% Heavy duty woofer
*
*

Smooth cross-over
Replaceable cone
Die-cast chassis
Instrument finish

Generous magnet design

% % % % o %

VITAVOX

DU120 DUPLEX coaxiaL FULL RANGE LOUDSPEAKER
Price £19. 10s, 0d.
Viravox Limitep ¢ Westmoreland Road, London, N.W.9 * Telephone: COLindale 8671

Plasticised cone surround
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Bellows
technology

The Drayton catalogue gives full
technical information on the physical and
mechanical properties of Hydroflex seamless Metal
Bellows. Separate sections are devoted to typical designs,
the soldering of assemblies and the prediction of

life under various operating conditions. Your copy

is available on application to Dept. WW,

HYDROFLEX

seamless Wletal Bellows

B26
DRAYTON REGULATOR & INSTRUMEN T CO. LTD., WEST DRAYTON, MIDDLESEX West Drayton 4012
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will not change the characteristics of the

GD 85 WR

C.V. (4516)

MINIATURE RUGGEDIZED REFERENGE TUBE

Specially constructed for military and commercial service where tubes
are to be subjected to severe shock and thermal extremes, this new
tube will continue to operate satisfactorily beyond the point which
is customarily associated with conventional tube structures.

BRIEF DATA
Nom. stabilized voltage 85V Shock: § g continuously
Striking voltage (total darkness or light) 125V max. 20 g short durations
Current range 5001A to S'OmA 750 g impact
Max. Incremental resistance <1000Q2 Temperature Range:-60°c to +90°c

For full information write to: Technical Services Dept.

ERICSSON

TUBE DIVISION

BEESTON, NOTTINGHAM.

ERICSSON TELEPHONES LTD., HEAD OFFICE, 22 LINCOLN'S INN FIELDS, LONDON, W.C.3.

Originators and Sole Manufacturers of the Dekatron Cold-Cathode Scaling Tube.
E82R—63R
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BRITISH PHYSICAL LABORATORIES

40 50

» E'—‘ﬁ’:i‘(% \ H.15 (14") to SRDE prov 230/1"

MICROAMPS . % 1
‘x\‘q e (components)—hermetically sealed.
g ?

20 3o
® iy, %o
H.25 (21") Dimensions conforming to S > S0
& microamps p.c.
bt

RCS231 31(1 hermetically sealed.

8AL.

RAOLEYT

MANUFACTURERS OF METERS OF ALL TYPES WITH SCALE LENGTHS VARYING FROM 11" to 18".

RADLETT - HERTFORDSHIRE - ENGLAND

TELEPHONE RADLETT 4844 (5 lines)
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the greatest international
display of plastics materials,
equipment and products

“ever presented under one roof

international

plastics exhibition
and convention

GRAND, NATIONAL AND EMPIRE HALLS
OLYMPIA 17-27 JUNE 1959

The INTERNATIONAL Prastics ExmiBITION at Olympia, London,
17-27 June will provide a complete up-to-the-minute picture

of plastics progress in the industries of the world.

Thousands of exhibits from some 15 countries will combine to
present the newest plastics materials, the most up-to-date
equipment and a comprehensive range of industrial

and domestic finished products. Here you can talk plastics
chemistry, mechanics and merchandising with experts

from many countries—see plastics machinery in action—

gather new product ideas and new manufacturing methods—
study new techniques. Do not miss this vitally important event.

Exhibition organized every second year by
BRITISH PLASTICS—an lliffe journal

THIS IS AN EXHIBITION YOU MUST SEE! POST THIS TODAY
0 THE EXHIBITION MANAGER, DORSET HOUSE, STAMFORD STREET, LONDON SEI
Please send me the 1959 Exhibition brochure, free season ticket, etc.
NAME..... - DATE

FIRM

ADDRESS v S
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Qutstanding characteristics of the Transistor Tester Model 1325 are

accuracy of measurement and ease of operation. The instrument
enables direct measurement to be made of the large signal current
Amplification Factor B, the Collector Turnover Voltage YVt and the
Collector-emitter leakage Current 1’c(0), of p-n-p and n-p-n transistors.
Two P ranges, combined with seven logarithmically stepped base
current settings, cover all types of crystal amplifying devices, including
high-gain and power transistors. The value of the collector current at

ACCURATE
EASY TO OPERATE

LIGHT
PORTABLE

Width: 5°. Depth: 5°. Height: 9%".
Weight: 6 lbs. Attractively finished in

grey hammer e":’""’-/—"i

WIRELESS WORLD 13
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a given base current can be obtained frcm the P readings; the small
signal current Amplification Factor &’ can be deduced from a few
readings of P. Crystal diode tests can be carried out using the
facilities provided for Collector Turnover Voltage measurements.
Advantage can be taken of the wide range of available base currents
to measure the 1'c(o) under the appropriate dynamic conditions. The
meter of the instrument is fully protected ; momentary shorting of any
pair of terminals wil} not damage the instrument.

Let us send you full details of Cossor Instruments or arrange
for a representative 1o discuss your special needs.

COSSOR srrvmenrs 1o

The Instrument Company of the Cossor Group

COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LON-DON, NS,

Telephone : CANonbury 1234 (33 lines)

Telegrams: Cossor, Norphne, London.

Cables: Cossor, London, Codes; Bentley's Sevond,

TAS/C1.20
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the magnetic recording
tape with the highest
technical standards

* High sensitivity

* Low noise level

* Low ‘print through’ factor
* Anti-static

* Freedom from curl
and stretch

GENERAL
PURPOSE
Type Length Price in P:cet
Title Size withou
No. approx., | EMICASE EMICASE ||
88/3 3 dia. | 175 = 7 6
93 ||, . lardia. | 2500 - 9 6
se/an | [ Message 3 dia. | 175 - 76
99/3N 3y dia. | 250° - 9 6
88/6 } . 5" dia. | 600" | £1 3 6 £ 1 0
Junior .
99f9 5 dia. | 850" | £110 6| £1 8 0
88/9 } . 5§ dia.| 850" | £110 6] £1 8 0
e -
99/12 ontinental™ | oo. ia. | 12000 | £117 6 | £115 o
88/12 } 7" dia. | 12000 | £117 6 | £115 0
.
ggjg | Standard 77 dia. | 1800" | £212 6 | £210 0
88/18 . 8y dia. | 1750’ — £217 6
S o
99/24 } roressionall g1v gia. | 2400’ - £312 6
-
Emicase

now available separately !

the polystyrene container that solves tape
storage problems, protects spools from dust
and allows easy identification

of leader tapes.

E-M:l SALES & SERVICE LTD
' (Recording Materials Division)

HAYES . MIDDLESEX
Tel: SOUthaltl 2468

1" <4s. 0d; 53" - 3s. 6d; 5" — 3s. 6d.

ESIRI46




Permanent .
Advisory

Magnets

Service

Permanent magnets are widely used to provide
the field required in eddy-current braking
systems.

Typical applications include integrating
meters, speedometers, balance damping pots and
timers, etc.

Braking effect is produced by the movement of
a conductor in a magnetic field generating eddy-
currents. Annealed copper of resistivity ap-
proximately 1.6uQ/cm? or aluminium of resisti—
vity approximately 2.8uQfcm3 are the metals
normally used. The braking effect on a disc
rotating in a magnetic field, as illustrated in the
diagram, can be calculated if the dimensions,
speed and resistivity of the disc, and the magnetic
field configuration are known.

Damping torque = B2. A .t. . r2 dyne. cm.

el 02
where B = flux density beingcut by the disc in gauss

A = area of magnetic fiees in cm. (d X w)

w = angular velocity-of the disc in radians
per sec.

t = thickness of the disc in cm.

r = effective radius of the disc in cm.

P = resistivity of the disc.

k = a constant related to the length of
eddy-current paths, and usually lies
in the region of 2-3.

(llf’ \\\
« TR d
N 2R

In an eddy current braking system as illustrated
above, the maximum braking occurs when the
broad edge of the magnet poles are presented to
the direction of movement of the disc.

Magnet systems of this type give an adjustable
braking effect by merely rotating the magnet
system as a whole and an infinite variation of
braking adjustment can be obtained without the
risk of mechanical or magnetic instability.

Kilowatt Hour Meters

The performance and accuracy of Kilowatt Hour
meters depends ﬁna11¥ on the stability of the per-
manent magnet used for braking. The importance
of this magnet gnd the fact that the accuracy of
the meter depends on the square of the flux den-

WIRELESS WORLD
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Eddy-Gurrent
Brake Effect

Advertisements in this series deal with general
design considerations. If you require more
specific information on the use of permanent
magnets, please send your enquiry to the address
below, mentioning the Design Advisory Service.

sity maintained by the magnet is not fully dis-
cussed here.

Probably the best type of design is one using
two Ticonal ‘G’ magnets arranged one on each
side of the rotating disc, or one magnet and a
specially designed
yoke leaving suffici-
ent clearance to
allow for all normal
contingencies of
movement and wear
during the life of
the meter.

This system has
the great advantage
that it will tend to
give uniform flux
distribution in the
gap, resulting in
congtant braking
effect, since if the
rotating disc moves
due to sudden ap-
plication of load, o
jewel wear, or any b (4
other cause, the .

braklng.eﬂeCt tends Illustration of Watt Hour Braking System
to remain constant. = Zby courtesy of Ferranti Limited.

Speedometers and Tachometers

The indication on most of these types of instru-
ments is ohtained by eddy-current praking or
drag effect. A typical design of this tyDe is where
a cylindrical magnet magnetised diametrically,
rotates in an aluminium or copper cup with a
pointer which is free to rotate against a return
spring.

Balances and Weighing Machines

In order to make fast and accurate measurements
of weight, weighing machines need a high degree
of frictionless damping.

In applications of this nature where a high and
adjustable degree of frictionless damping is
required, permanent magnet eddy-current damp-
ing gives the necessary control.

Timers

There is a wide variety of timing mechanisms
used in industry for purposes such as welding,
exposure measurement and other fairly short
duration process timing.

Considerable advantages can be gained in many
of these devices by using permanent magnet
eddy-current braking. The resultant assemblies
give uniform and reliable timing, avoid friction
and are comparatively unaffected by tempera-
ture. Magnetic damping devioces are replacing oil
or air-filled ‘dash pots’ in equipment where
accuracy and reliability is important.

If you wish to receive reprints of this advertisement and others in this series write to the address below:

Mullard

MULLARD LIMITED, COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.1. LANgham 6633
MC277A

‘TICONAL' PERMANENT MAGNET
‘MAGNADUR' CERAMIC MAGNETS
FERROXCUBE MAGNETIC CORES
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THAT ELUSIVE WORKS MANAGER...

in 10 seconds
N

NO LOUDSPEAKERS, BELLS or ~
FLASHING LIGHTS ~
only the man who's wanted knows and replies. ~

Selective Induction is saving time, money and worry in Offices,
Factories, Hospitals, Hotels, Departmental Stores etc., all over
the Country. All key personnel carry small transistorised receivers
bearing a number. When they are wanted their numbered key is
pressed on a small transmitter. Immediately they must respond to
the URGENT ‘PEEP PEEP’ in their pockets which summons
them and them alone to acTiON! A verbal message can be
transmitted if desired.

Covers areas indoors or out, up to 10,000,000 sq. ft.

Designed for the man who cannot afford to be tied to his office.
Equally suitable for large or small concerns.

Low purchase price—virtually no indoor wiring—low rental terms.

Werite or ’phone for further particulars — WE CAN BE FOUND IN TEN SECONDS

personal 62

(the ‘Peep Peep’ in the Pocket)

THE ONLY STAFF LOCATION SYSTEM WORTH INSTALLING

MULTITONE ELECTRIC COMPANY LIMITED
12/20 UNDERWOOD STREET LONDON N,1. TELEPHONE: CLERKENWELL 8022

JunE, 1959
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from|.C.1. AMMONIA—

Nitrogen and Hydrogen
for Industry

I.C.I. Ammonia provides industry with a cheap
and reliable source of pure nitrogen and hydro-
gen. And LC.l. gas generating plants are
available to convert ammonia into a wide range
of nitrogen/hydrogen gas mixtures.

Anhydrous Ammonia

with a guaranteed minimum purity of 99.98%,, to
meet more exacting requirements, is offered
In bulk and in a wide range of cylinder sizes.

EN

Liquefied Ammonia (ndustrial Quality),

a cheaper grade, is available In bulk and in
two-ton containers for the larger consumer,
and makes possible substantial economies
in gas costs.

A bulk delivery of 10 tons of ammonia
provides over 17 milllon cu. ft of nitrogen.

Full information on request
IMPERIAL CHEMICAL INDUSTRIES LIMITED,
LONDON, S.W.1.
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YOUR EYE

says ‘“That’s a gay new box.
Ah, ‘scorcH’ Brand Magnetic
Tape. Eye can tell there’s
quality inside, just as every-
body says.”

YOUR EAR

says ‘“This ‘scorcE’ Brand
Tape certainly lives up to its
reputation. It sounds perfect
to me, and I'm an ear for
musie.”

YOUR COMMON-SENSE

says “The quality suits the
sound engineer—the exclusive
silicone ‘dry lubrication’ mini-
mises wear on magnetic heads
—the price suits the pocket—
—well, it’s ‘scorcr’ Brand for
me every time!”

200 DOUBLE-PLAY

Tensilized Polyester is the won- |
derful new ‘scorcs’ Brand Mag-
netic Tape. It’s extra strong,
and gives you double the play-
ing time! Resists stretching. |
Keeps its high quality of repro- ¢
duction year after year! :

e

%
b

e,

%,
X

TENSILIZED POLYESTE
DOUBLE PLAY

0D
X

) ;‘
SR

®,

%5

al
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CALCULATOR—it’s free! Or write to our Head Office.

RODUET g

3

4

(3
escanct
PR

THE B.B.C. USE

$COTCH

BRAND
MAGNETIC TAPE

MINNESOTA MINING AND MANUFACTURING CO, LTD.

Tape and Electrical Products Division.
Head Office: 3M House, Wigmore Street, London, W.1.
And at Birmingham « Manchester - Glasgow
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Isolation
at
Microwaves

L324 X-band isolator

This isolator is a ferrite loaded waveguide
component with unidirectional characteristics
designed to 1solate an X-band microwave
source from reflections caused by mismatch.
It is a versatile component suitable for
incorporation in equipment or for use as a
laboratory aid. It is tunable

for peak performance over X-band.

TYPICAL GRAPH OF VARIABLE ISOLATOR .

ATTENUATION db
@

FORWARD ATTENUATION
- - s
Ll 1

S Eni

For information on other microwave

components including circulators,
co-axial mixers, switches, folded tees, etc.,
write to the address below.

@ ME638a

A PRODUCT OF

MULLARD EQUIPMENT LIMITED MULLARD HOUSE - TORRINGTON PLACE
ANCOMRRNY JOF RTHERMULEARORGR 00 LONDON : W.C.t - TELEPHONE: LANgham 6633
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The modern potting material

For the potting of capacitors, chokes, delay lines or

similar components where protection against mechanical shock,
vibration, moisture or corrosion is essential,

‘Epikote’ resins have proved exceptionally efficient.

They adhere strongly to most materials, with minimum shrinkage
on cure, are tough, withstand thermal cycling, and possess
excellent electrical properties over a wide temperature range.

Ask now for fuller details of how *Epikote’ resins

can solve your potting problems. (Please quote No. EE.6.)

EPIKOTE | cPOXY RESINS

@ SHELL CHEMICAL COMPANY LIMITED
S n asoctation with Petrochemicals Limited and Styrens Products Limited

Divisional Offices: LONDON 105-9, Strand, W.C.2. Tel: Temple Bar 4455,
MANCHESTER 144-6, Deansgate 3. Tel: Deansgate 2411.
BIRMINGHAM  14-20, Corporation Street, 2. Tel: Midland 6954.
GLASGOW 124, St. Vinoent Street, C.2. Tel: Central 9561.
BELFAST 16-20, Rosemary Street. Tel: Belfast 26094,
*SHELL" and “EPIKOTE” are Registered Trade Marks. DUBLIN 33-34, Westmoreland Street. Tel: Dublin 72114.
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A SERVICE
FOR DESIGNERS

CR AN

The possibility of a component change —due to shortage
of supplies, increased costs or failure to meet specific con-
ditions — is a problem facing every designer of electronic
equipment. However, one basic component can be
‘tailor-made’ from the start, for LAB will supply the
precise type of Resistor required, ex stock and at the
right price. Write for full technical data, prototype
samples and price schedules to:—

THE RADIO RESISTOR CO. LTD.,

50 ABBEY GARDENS, LONDON, N.w.8.
Telephone : Maida Vale 0888

CARBON WATTS OHMIC RANGE | TOLERANCES +
1. Solid }l1 &2 10—10M 5% & 10%
2. Cracked 1/30—20 $—500M 5% & 10%
3. * High Stability 1/10—3 1—50M 0.5% 1% 2% 5%
4. Variable P 5K-—2M -
5. V. High Resistance 3—3 50M—10!3 5% & 10%
6. V.H.F. (Rods & Discs) 1/10—1 10—IK 1% & 2%
WIREWOUND
4. Rheostats 4—500 10—80K -—
9. Sliders 3—15 10—16K —
8. Vitreous 3—-500 I—150K 1% 2% 5%
7. Cemented 1—15 1—25K 5% & 10%

® The ubiquitous blue (1%4) grey (2%) “ HISTABS *

Do you KNOW

THAT the Sub-miniature 1/30th watt unit (2) is probably the smallest
production Resistor made.

THAT almost non-inductive Resistors in cracked carbon are available up to

20 watts rating.
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These photocells give you
the simplest photo-electric
control possible

Photo-electric control with the Mullard ORP11 and
ORP90 cadmium sulphide cells is the simplest
possible because a photocell and relay form the
complete circuit.

The unusual combination of high current capacity
and extreme sensitivity of these Mullard cells enables
robust relays to be operated direct—amplifiers are
unnecessary.

Both cells can be operated from either a.c. or d.c.
supplies, they are inherently rugged and have a wide
range of applications in industry.

The usable response extends through the entire
visible spectrum to the near infra-red.

The ORP11 differs from the ORP90 chiefly in being
“‘end-viewing” and having a somewhat smaller
photocathode area. This type of photocell is made
avajlable to simplify mounting problems en-
countered in certain applications—particularly in
flame failure detectors in oil fired furnaces.

Data sheets giving further information are readily
available from the address below.

ABRIDGED DATA

ORP |11 ORP 90
100 ===
Required direction of incident light End-on Side-on / \

80
Area of photo-element 1.25 8q. cm. 2.9 8q. cm. / \

Average cell current at 10V d.e.,
5 foot candles and lamp colour 6mA 6mA
temperature 2.700°K.

]

RESPONSE (%)
Fy
=]

Maximum ultimate dark current
at 100V d.c. b uA <25 pA / \\
Maximum cell dissipation at 26°C. 200 mW 800 mW 20 /

Same for both cells—

Spectral response see curve. 0

4,000 5,000 6,000 7,000 8,000 A3 )

Mullard Limited
Mullard House, Torrington Place, London,W.C.|
Telephone: Langham 6633

GOVERNMENT AND <
INDUSTRIAL VALVE DIVISION §

@ MVT 360a
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Semiconductors
| HF /VHF
COMMUNICATIONS TRANSIS

The Semiconductors range of H.F./V.H.F. transistors allows complete transistorisation
of all communications receivers operating up to 200Mc/s, radar and navigational
equipment I.F. amplifiers, and low-level video stages. For mobile transmitters, special
techniques allow power outputs as high as 100mW to be obtained up to 70Mc/s.

Data sheets and Application notes are available for the wholé range together with
immediate assistance in your Application problems.

TYPE DESCRIPTION
TYPICAL POWER GAINS
5V10mA 20mW at 25°C IMc/s | 5Mcjs | 10Mcjs| 20Mc]s
Surface SB345 General purpose R.F., I.F., video
Barrier amplifier or oscillator to 15Mc/s. 32dB | 25dB 18dB
SB346 R.F. or LF. amplifier for use up
to 25Mc/s. | 32dB| 29dB | 23dB | 27dB
$B087 R.F. or LF. amplifier to 40Mc/s. 32dB | 32dB | 26dB | 20dB
Micro 6V 50mA 30mW at 25°C
Allo MA393 High-gain high frequehcy transistor particularly suited to video
y amplifier applications; gain x bandwidth (Mc/s) typically 100Mc/s.
15V50mA 50mW at 25°C
2N499 V.H.F. oscillator, min. R.F. power output 25mW at 100Mc/s.
Micro 2N500 V.H.F. oscillator, min. R.F. power output 20mW at 200Mc/s.
Alloy 2N502 V.H.F. amplifier, min. power gain 8dB at 200Mc/s.
Diffused 2N503 V.H.F. amplifier, min. power gain 11dB at |00Mc/s.
2N504 | Video Output Amplifier, 30Vrating, gain x bandwidth (Mc/s)
typically 60Mc/s.
25V50mA 150mW at 25°C., Tj max. 140°C,
Silicon . ; o -
All SA495 Low saturation resistance p-n-p silicon transistor for use as R.F., L.F,,
oy video amplifier or oscillator up to 5Mc/s. Alpha cut-off typically 15M¢/s.

..........................

CHENEY MANOR
SWINDON - WILTS
TELEPHOKNKE: SWINDON 6421/4
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More seals
than ever!

We are continually extending our range of
standard metal-to-glass seals as more and more
equipment designers realise their advantages. You
will find these Ediswan seals in such devices as:
indicating instruments, gyros, vibrators, transistors,
crystals, relays, transformers and vacuum systems.
Increasing use is being made of them in the
nuclear energy and guided weapon fields.

These metal-to-glass seals have excellent electrical
and mechanical properties with the added advantage
of being available in'a wide variety of standard
designs which can be supplied promptly and

fitted easily—usually by soft soldering.

Our present range of seals embodies the latest
techniques and will almost certainly include types
suitable for your needs. If your product calls

for something out of the ordinary, let us know;
we are always ready to develop new seals to

meet special requirements where necessary.
Publication R.1843 will give you full

information about our standard range;

you are welcome to a copy.

Heard
about our

TRANSISTOR
HEADERS ?

R

B ——

Thanks to recent big advances in our metal-to-glass
sealing techniques, increased production capacity
and highly developed systems of quality control, we
can now supply first quality transistor headers at
competitive prices. We are already supplying many
well-known transistor manufacturers. If you are
interested in cutting your transistor manufacturing
costs, ask us to quote for the type of headers you are
using and send you samples.

EDISWAN

SIEMENS EDISON SWAN LIMITED
An A E.I. Company.
155 Charing Cross Road, London, W.C 2. Tel: GERrard 8660,

CRC 16/8
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PRESENTING

HEWLETT -PACKARD

524D

ELECTRONIC

COUNTER

New 8 -decade numerical readout!
New 5/10° per week stability!

SPECIFICATIONS

{Basic 424D without plug-ins)

Frequency:
Range: {0 cps to 10.1 Mc.
Gate Time: 0.001, 0.0, 0.1, I, 10 secs or
manual :
Accuracy: + | count 4 0.000005%,
Reads in: KC. Automatic decimal

Period:
Range: 0 cps to 10 KC
Gate Time: | or 10 cycles of unknown
Accuracy: + O.B;A, (! period)
4 0.03% (10 period average)
Stan. Freq. Counted: 10 cps, | KC, 100 KC,
or 10 MC, or external
Reads in: Secs., msec, usec

General:
Registration: 8 places (99,999,999 max.)
Stability: 5/100,000,000. May be standard-
ized with WWY or external 100 KC or |
MC primary standard.

Input Voltage: | v min, 1.5 v peak. Rise
time 0.2 seconds, max.

input Impedance: Approx. | megohm; 40
ppf shunt.

Dispiay Time: Variable 0.1 to 10 secs; or
““Hold "

plus all these frequency and time measuring advantages!
Direct, instantaneous, automatic readings

‘Frequency coverage 10 cps to 220 MC

(with plug-in units)

Time interval | usec to 100 days

Resolution 0.1 usec.
High sensitivity, high impedance

No calculation or interpolation.

New convenience of uniform 8-decade numerical readout without meters—
new 5 parts in 108 stability simplifying standards and other microwave
measurements—this is the capsule story of the new -ip- 524D Electronic
Counter.

Electrically similar to the widely used -4p- 524B Counter, the new 524D
provides for full frequency measurements from 10 cps to 10 MC and period
measurements from 0 cps to 10 MC. Low cost plug-in units extend
frequency measuring range to 220 MC, permit period measurements of over
10,000 periods, and increase sensitivity for precise measurement of weak
signals. Still another, plug-in provides for time measurements from 1 usec
to 100 days with 0.1 usec resolution. When used with -hp- 540A Transfer
Oscillator, the 524D will measure accurately to 12 KMC. For complete
details, write or call your -/p- representative; or write direct.

Represented by

@ HEWLETT-PACKARD COMPANY

LIVINGSTON LABORATORIES LTD.
RETCAR STREET - LONDON - N, 19
Telephone: Archway 6251




An article in the May issue of Electronic & Radio Engineer

describes a digital decade voltmeter which, unlike the moving-

pointer types, provides a visual display of voltage measurements in

decimal form. Besides featuring high operating speed and very

high input impedance, the instrument is capable of measuring up

to 10 V with an accuracy of 4 0.029,.

Original articles by leading authorities are a
prominent feature of ELECTRONIC & RaDIO
ENGINEER. Regular readership will keep you
in constant touch with progress in the entire
field of electronics, radio and television.

POST THIS COUPON TODAY

TO: ILFFE & SONS LTD., DORSET HOUSE, STAMFORD STREET, LONDON, S.E.l.
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ISSUE INCLUDE

Square-Wave Generators

This article reviews the modern trend in design
of generators of square waves and pulses and is
illustrated by examples drawn from current
commercial practice.

Transistorized Pulse Amplifier

The design of a high-speed transistorized pulse
amplifier is described. The circuit employs
high-frequency drift transistors of a type
specially developed for switching applications.
ALSO

The unique monthly Abstracts and Refer-
ences feature compiled by the Radio Research
Organization of the Department of Scientific
and Industrial Research.

ELEGTRONIC &

RADIO ENGINEER

Please enter my name as a subscriber to:- ELECTRONIC & RADIO ENGINEER for 12 months commencing with the June issue,
I enclose remittance £2.9.0 (U.S.A. and Canada §7.50)
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ORDERS CAN ALSO BE PLACED THROUGH ANY NEWSAGENT
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SSU-I

VF-1U VARIABLE FREQUENCY OSCILLATOR—£10/12/-

For all Amateur Bands, 160-10 metres. !deal for Heathkit DX-40U and similar trans-  This low input Hi-Fi Stereo Head Booster supplies a long-
felt need for low-mass pick-ups such as Decca. Input
2 mV to 20 mV. Output adjustable from 20 mV to 2 V.
40-20,000 ¢fs. Negligible distortion.

mitters. Price less valves £8/19/6.

DEFERRED PAYMENT AVAILABLE.
PRICES INCLUDE FREE DELIVERY U.K. AND SAVE MONEY.

% FREE ON REQUEST!

WOULD YOU LIKE US TO
SEND YOU A COPY OF OUR
(BRITISH) HEATHKIT CATALOGUE?

DAYSYROM

S-88 HI-FI STEREO AMPLIFIER KIT—£25/5/6

This amplifier gives 16 watts output (8 per channel with 0.1 per cent. distortion at
6 watts per channel). It has ganged controls, STEREO/MONAURAL gram, radio and
tape recorder inputs and push-button selection as well as many other first class features
well above its price range. In two-tone grey metal cabinet with a golden surround and
fittings. Also ultra-linear push-pull output.

S-33, 6 WATTS STEREO AMPLIFIER KIT—£I11/8/-

Produced for those wanting a versatle high-quality self-contained STEREO/

MONAURAL Amplifier with adequate output for an average or large living room—or

with which to convert a favourite {(monaural) radiogram into a stereo-radiogram, for

the smallest possible outlay, this easy-to-build $-33 is unquestionably the ideal and

logical choice. 3 watts per channel; 0.3% distortion at 2.5 wjchnl.; 20 dB N.F.B.,

llnoputs\flor Radio {(or Tape) and Gram, Stereo or Monaural; Ganged controls, Sensitivity
0 mV.

UXR-I TRANSISTOR PORTABLE KIT—£16/18/6

This model is presented in elegant real hide case with tasteful gold relief. It can be
assembled in 4 to 6 hours and you have a set in the top flight of the 25-30 guinea class.
It has pre-aligned I.F. transformers, printed tircuit and a 7in. high-flux speaker.

DX-40U ‘* HAM” TRANSMITTER KIT—£29/10/-

This covers all amateur bands from 80 to 10 metres. Power input 75 watts C.W.,
60 watts peak controlled carrier phone. Output 40 watts to aerial. Provision for
V.F.O. Filters minimlse T.V. interference.

O-12U 5iN. OSCILLOSCOPE KIT—£34/15/-

Laboratory quality at utility oscilloscope price and ease of assembly make this kit of
outstanding value. Vertical frequency response 3 ¢/s to 5 Mc., +1.5 dB. —5 dB.,
sensitivity 10 mV. per cm. at | ke. Horizontal frequency | c/s. to over 400 ke. (&1 dB.
up to 200 ke.). .

The Heath patented sweep circuit functions from 10 ¢/s. to over 500 ke. in five steps
giving five times the usual sweep of other scopes.

In addition it has exceedingly short re-trace and rise times and electronicaily stabilised
power supply. Included is a 48-page Instruction Manual.

V-TA VALVE VOLTMETER KIT—£I3

The world’s most popular valve voltmeter, with printed circuit and | per cent. precision
resistors to ensure consistent laboratory performance. It has7 voltage ranges measuring
d.c. voits to 1,500 and a.c. to 1,500 r.m.s. and 4,000 peak to peak. Resistance
measurements from 0.1 chm to 1,000 M ohms with internal battery. Input impedance
is 1l megohms and dB measurement has a centre-zero scale. Complete with test
prods, leads and battery.

SSU-I HI-FI SPEAKER SYSTEM—£I0/5/6

Ducted-port bass reflex cabinet ‘'in the white®. Twin speakers. With legs £11.12.6.

AG-9U AUDIO SIGNAL GENERATOR—LI9/3/-

10 ¢/s to 100 Kcfs., switch selected. Distortion less chan 0.1%. 10 V. sine wave
output. Measures volts and dB’s.

c-3U RESISTANCE-CAPACITANCE BRIDG E—£7/19/6

Polarised 5-450 V. D.C. Measures power factor, capacity |0 pF. to 1,000 mfd., and
resistance 10002 to S Megohms. Safety switch provided.

UJR-I DUAL WAVE TRANSISTOR RADIO—£2/16/6

This sensitive selective set is a flne introduction to electronics for any youngster. A
fine present from Father!

USP-I STEREO-HEAD BOOSTER—£5/19/6

ENJOY BUILDING YOUR MODEL

VF-1U

DAYSTROM LTD.

DEPT. W.W.6 GLOUCESTER — ENGLAND
A member of the Day.trom Group

MANUFACTURERS OF THE WORLD’S
LARGEST-SELLING ELECTRONIC KIT-SETS
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Hermetic Sealing

STEATITE & PORCELAIN
NICKEL METALLISING

Quality Approved (Joint Service R.C.S.C.) METALLISED
WILL MEET THE MOST EXACTING REQUIREMENTS BUSHES

Perfect Terminations

—made readily without special precautions by
semi-skilled labour, employing simple hand
soldering methods, R.F. Heating,
Hot Plate, Tunnel Oven or similar
mass production methods.

STANDARD RANGE

Shouldered, Tubular, Conical, Disc
and multi seals are included, assembled

with stems if preferred.
SEND FOR CATALOGUE No. 47

TECHNICAL SERVICE

Always available, do not hesitate to
.consult us, Samples for test will be
supplied on request.

STEATITE & PORCELAIN PRODUCTS LTD.

STOURPORT ON SEVERN, WORCS. Telephone: Stourport 2271 Telegrams: Steatain, Stourport

SP1oc
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the name to remember for

INDUSTRIAL TYPE
TRANSISTORS

BIDIRECTIONAL GERMANIUM TRANSISTORS
(Effectively symmetrical in significant parameters)

TYPES TK20 8, TK25 8

For high frequency switching circults (8 Mc/s and
above with the TK 25 B), or smali signal amplifi-
cation.

TYPES TK218,TK24 B

For intermediate frequency, high voltage switching |
circuits, or small signal amplification.

ASYMMETRICAL' GERMANIUM TRANSISTORS

TYPE TK 23 A

For general purpose low and intermediate
frequency applications, and telephone and tele-
graph carrier systems.

TYPE TK 40 A

For audio and Intermediate frequency oscillators

and amplifiers requiring high gain and a power
output of several hundred milliwatts,

SILICON TRANSISTORS

TYPES TK 70 A, TK 71 A

For amplification, switching and control In
extremes of ambient temperature; and having
excellent saturation characteristics at high col-
lector currents, unusual in silicon transistors.

Srandard Telephornes and Cables Limired

Registered Office: Connaught House, Aldwych, London, W.C.2
TRANSISTOR DIVISION: FOOTSCRAY - SIDCUP - KENT
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CHOOSING YOUR SOUND

Selecting a loudspeaker by audition is the most difficult

problem confronting the purchaser of high quality equipment
as it Is necessary to differentiate the sound heard into two
components—that due to the programme and that due to the
speaker. The following procedure, whilst being by no means
exhaustive, will help to ensure that the choice is the correct
one to glve the maximum musical pleasure in the years to come.

Not more than four loudspeakers
should be tested at one time in
order to avoid confusion and the
listener should be symmetrically
seated in relatlon to the loud-
speakers.

Ask your dealer to feed a clean
programme to one of the loud-
speakers with all amplifier controls
level. A good local studio VHF
transmission is best for this test as
very few records can be played on
wide range speakers without some
degree of filtering.

Adjust the volume level to give the
correct perspective for the pro-
gramme. (i.e., so that the volume is
commensurate with the impression
of distance in the programme.)

Listen to each loudspeaker in turn.
In professional listening tests the
greatest care is taken to pre-set the
relative power fed to each loud-
speaker as it is very important that
they all operate at the same appa-
rent loudness. If your dealer is not
fitted up with this facility, then he
or you will have to adjust the
volume by hand—as accurately as
possible.

Try to decide which loudspeaker is
the most natural. Beware of sensa-
tionalism or “gimmick” balances.
If the sound is sensational, make
sure it 1s the music that is sensa-
tional and not the loudspeaker.

Next take a modern recording or
recordings of your choice (as sensa-
tional as you like this time). Using
the loudspeaker previously selected
as the most natural, play the
recording and adjust the filters to
regroduce the maximum quality
inherent in the recording. With
these same settings refer back to
the other loudspeakers to see that
the one selected in_ the first test
remains the best in the second test.

Should there still be doubt, try
changing the relative positions of
the loudspeakers in the room.

There are of course additional tests
which should be made—adequate
power output—adequate dispersion,
etc. Best of all—but unfortunately
seldom possible—is to borrow the
speaker of your choice from a friend
and try it at home.

The fact that the QUAD electrostatic shows up as first choice under these
conditions does not invalidate the test procedure. It may be recommended
for loudspeakers of all types, shapes and sizes.

@ @ @ for the closest approach to the original sound

ACOUSTICAL MANUFACTURING COMPANY LTD
HUNTINGDON, HUNTS. Telephone: HUNTINGDON 361
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RADIO
EXPORT

2000 types of both receiving and transmitting tubes in stock

In addition, a comprehensive range of crystals and some types of

transistors and trustworthy tubes are available.

PRICE AND STOCK LISTS ON APPLICATION

Your specific enquiries for special types to CV. JAN and MIL

specifications are invited.

Our organisation is A.R.B. approved.

HALL ELECTRIC LTD

HALTRON HOUSE, 4955 LISSON GROVE, @

LONDON NW.L

Tel: Ambassador 1041 ‘(5 lines) Cables: Hallectric, London
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HIGH TOP RESPONSE

The ability to capture and reproduce sounds of extremely high
register — even beyond the limits of human hearing, that is what is
meant by High Top Response. This the bat can do—and so can
MASTERTAPE, recording and playing back every sound with the
utmost clarity, in a way that must be heard to be believed. High
top response also means that MASTERTAPE can record efficiently
at lower speeds with maximum possible brilliance.

MASTERTAPE IN THE NEWS! Mastertape is now supplied for use
with the British Communications Corporation Limited Mars Recorder
in Service with the United States Air Force.

Attractive idea tape
Storage. Stoutly bound
book containers in red,
black and gold, with
transfer numerals, holding
i T MAGNETIC RECORDING TAPE BY

SRS ac kit MSS RECORDING CO. LTD. Colnbrook, Bucks.

hold six books, 17/6. )
Set of 6 books and rack Telephone: Colnbrook 2431.

62/6 Showroom and Studio
11, Bloomsbury Street, London, W.C.I.
Telephone: MUSeum 1600.
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4300 range of
High Stability Carbon
Film Resistors

The 4300 range of carbon film resistors is
available where a reliable high stability close
tolerance resistor is required for use in critical
circuits.

The range comprises five main groups—
1/10W., UW., %L,W., 3%4W., and 1W. Within the
limits listed below Tesistors are available in
all preferred values. Other values can be
supplied to Order.

Ko WATT-RESISTANCE 10 to 470K N

Srandard Telephones and Cables Limired

Registered Office: Connaught House, Aldwych, London, W.C.2
EDINBURGH WAY - HARLOW - ESSEX

COMPONENTS
GROUP
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joint responsibility...

To rely on Enthoven for all your soldering requirements is a policy
that will take a load off your shoulders ...

Superspeed and Superspeed ‘XX’ cored solders are un-
equalled for general assembly work on radio, television,
electronic and telecommunication equipment:

Enthoven preforms, such as cored solder washers,
rings and pellets, are available or can be designed to
meet the precision requirements of the most advanced
manufacturing techniques:

Enthoven aluminium cored solder is the perfect medium for
soldering aluminium to aluminium — or aluminium to copper,
tinned copper, tinned and silver-plated brass and most other
non-ferrous metals: :

ENTHOVENS

SOLDER PRODUCTS

The comprehensive Enthoven range of solder

products comprises cored solder wire, solid solders,

materials for soldering aluminium apd for the

processing of printed circuits, fluxes of all kinds,

standard and special preforms and many other ENTHOVEN SOLDERS LIMITED

2§°g§?1£%::§%iim%°g?:;:é 1;‘;’; ;zﬁfﬁgnﬁm%gg Sales Office & Works : Upper Ordnance Wharf, Rotherhithe Street,
of “Enthoven Solder Products” — or for more de- om0 8:E16. Telephone: BERmondsey 2014
tailed technical literature on any soldering material Head Office : Dominion Buildings, South Place, London, E.C.2.
in which you are specifically interested. Telephone : MONargh 0391
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Light alloy
seéondary
surface gas-to-
air heat ex- J
changer produced
by aluminium
flux bath brazing

We are speclalists in heat exchange, heat Insu-
lation, and all types of brazing and welding

WIRELESS WORLD

FINE GAUGE ALUMINTUM and its alloys can be satis-
factorily joined—in the flux bath. In fact, the flux bath
makes possible joints, and therefore components, that
cannot be produced by any other method. Consider
these points.
1. Heating in the liquid flux is
uniform. This eliminates all but
the barest minimum of distortion
and makes it possible to join
metal as fine as 0.006in.
2. Any number of inaccessible
joints can be designed with
complete confidence.

These two simple statements reveal a whole new
field of opportunity for designing in aluminium and
aluminium alloys—but, naturally, a certain ¢ know-
how ’ is required.

We have this ‘ know-how.” If you are interested
in using it, please consult us. We shall be equally

happy either to design for you or co-operate with
your own designers.

Delaney Gallay cro

35

VULCAN WORKS, EDGWARE ROAD, LONDON, N.W.2
Telephone GLAdstone 2201
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THE
BEST
VALVES
FOR RADAR

The English Electric Valve Company supply a complete

range of electronic valves for radar. Magnetrons, thyratrons,

klystrons and rectifiers are among the different types manu-

factured, and users and others interested are invited to write

to the company for further details. A few typical examples
are shown below.

HARD-VALVE MODULATOR

THYRATRON 5C22/HT415 CI133/4PR60A

This valve meets all the

A hydrogen-filled pulse mod-
ulator triode designed to
discharge pulse forming net-
works in high power, high
voltage pulse generators.
Short deionisation time and
low jitter provide for precise
triggering at high repetition
frequencies. A very full range
of types is available.

requirements of military and
commercial specifications
with theadditional advantage
of smaller bulk. Conditioning
at 30kV and rigorous:testing
ensure thoroughly reliable
operation right up to the
maximum peak anode vol-
tage and current ratings of
25kV, 18A.

MAGNETRON 2)42

KLYSTRONS

The full range
of klystrons
produced by
EEV contains
types which

operate into Standard X-Band

Full details of this magnetron
and others in the EEV range,
which is the widest in Europe,
will be sent on request.
Magnetrons can be supplied
packaged or unpackaged
with peak output powers
from SkW to SMW.

British Waveguide and others which use

Standard Waveguide 16. The frequency

coverage can be varied within certain

limits to meet the requirements of
equipment designers. All valves
are supplied with integral
resonant cavity.

Chelmsford, England
Telephone: Chelmsford 3491

ENGLISH ELECTRIC VALVE (0. LTD.
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CATHODE RAY TUBE PUMPING

The most modern Pumping Unit manufactured. Can be used singly, 3-position auto-
matic straight line, multi-stage rotary from 6é-positions upwards, as shown.

*
*

Sdfety Switch cuts out vapour pump and
Isolation Valve should the tube leak.

Thermal Switch cuts off Isolation Valve
and Pump Heater should the water

supply fail.
oW,

<&, Q'
%s, co.\

Our Engineers are available to help you, to lay out
and to install the required Machinery and our
Technical Dept. will assist you in any problems you
might encounter in this field.

For the Reconditioning of C.R.T.s we supply the
complete Outfit as an additional Service to our
customers. This equipment can only be purchased
with our Pumping Units and is not available for
sale on its own.

*

*

*
*

Vacuum Reading of tube before seal off,
and for checking the Pumping System
dfter refilling.

Indicating Lamps on all Switches for
visual notice should cut-outs occur.

Seal Off movement spring assisted. On
Multiple Units electric seal-off optional.

We can supply all Auxiliary Equipment
for the reconditioning of C.R.T.s.

Demonstrations of completed equipment.

Full Service facilities always available.

The Machines are designed to give the maximum protection to themselves and to the goods they produce.
We design, manufacture and supply Vacuum Machinery to Major Companies in Gt. Britain and Overseas.

VACWELL ENG.

WILLOW LANE. MITCHAM, SURREY e Phone MITcham 8211 (3 lines)

COo., LTD
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Capacitance List
WE

+ 25% Number
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JunEe, 1959

97 — a unique, vibration and acceleration
resistant capacitor

Joint Service
Cat. No.

Style
Patt. Size
Ref.

.1 B5000KZ
.25 BS010KZ
.5 B5020KZ
B5030KZ
BS040KZ

N=QO0O

200 volts

D.C. Working

5910-99-011-9827
5910-99-011-9830
5910-99-011-9833
5910-99-011-9836
5910-99-011-9839

CPM4-G
CPM4-H
CPM4-|

CPM4-K
CPM4-N

0.05 B5050KZ
0.1 B5060KZ
0.25 BS070KZ
0.5 B5080KZ
] B5090KZ
2 B5I100KZ

250 volts

D.C. Working

5910-99-01 [-9825
5910-99-011-9828
5910-99-01 }-9831
5910-99-011-9834
5910-99-011-9837
5910-99-011-9840

.05 B5[10KZ
1 B5120KZ
25 B5130KZ
5 B5140KZ
B5150KZ

400 volts

D.C. Working

5910-99-011-9826
5910-99-011-9829
5910-99-011-9832
5910-99-01 1-9835
5910-99-011-9838

A. H. HUNT (Capacitors) LTD.
Factories also in Essex, Surrey and North Wales

It’s the W197 capacitor, by Hunts —
the only High Capacitance Miniature
Metallised Paper Capacitor with
Joint Services approval to Humidity
Class H1 and Temperature Category
55/100.

The special construction of Type
W197 produces a solid mass, strongly
resistant to vibration and conditions
of high acceleration. Together with
Type W97, already well proven, it
provides a capacitance range from
50pf to 2uk.

Full details freely available on request.

WANDSWORTH:-LONDON-S.W.18
Tel: VANdyke 6454
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oAl d Nl READING

with this TRANSISTORIZED
TIME & FREQUENCY
MEASURING EQUIPMENT
Type TSA 63

@ Frequency measurement up to 100 ke/s. @ 0.1 second, 1 second and 10 seconds sampling

times.
@ Period measurement from 0.0001 ¢/s to 10 ke/s.

@ No relays employed.

Time measurement of any event from 1/10,000th

T to 113 .
of a second to 11} days ©® Automatic decimal point.

@ Random pulse counting up 0100 K.p.p.s.
@ Automatic unit selection.
@ Self-checking on the six output frequengies. RO eSS
@ Facility for printer operation. @ Power Supply : 200/250V A.C. 60 efs, or
12V D.C. as selected by switch at the back of
@ Variable display time, } to 6 seconds or infinite. the instrument.

VENNER

VENNER ELECTRONICS LIMITED Kingston By-Pass, New Maiden, 3>urrey.
Telephone: MALden 2442 A member of the Venner Group of Companlies.
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Distortion Display

A visual indication of any type of distortion on
a radio or line teleprinter circuit is given by
A.T.E. Telegraph Distortion Measuring Equip-
ment. The T.D.M.S. 5B, which is basically a test
signal generator with variable distortion, also
provides a display on a 2}” C.R.T. derived from
a circular time base which enables distortion of
synchronous signals to be measured to an
accuracy of 1%.

The speed of incoming and outgoing signals
can also be determined. The T.D.M.S. 6B is
fitted with a C.R.T. actuated by a spiral time

8 1 T.D.M.S. display Spiral Trace.

base with variable duration to cater for most
types of start-stop signals. Short start, long start
and random distortion can be read directly.
A circular time base, as in T.D.M.S. 5B, is also
available for use with synchronous signals.
Both SB and 6B models are equipped for the
testing of high speed relays. Neutrality, transit
time and contact bounce characteristics are all
interpreted by traces on the C.R.T. and can be
measured. Either T.D.M.S. may be used
independently. Together they cover a complete
range of tests.

T.D.M.S. 5B

Sends an automatic test message,

or characters, or reversals at any

speed between 40-80, 140-160 bauds
with or without distortion. The

C.R.T. has a circular time base for
distortion measurements on Synchronous
signals only. Weight 38 Ib. 17.1 Kg.

T.D.M.S. 6B

For distortion measurements on
working circuits without interrupting
service. Each element of a start-stop
signal appears separately on a spiral
time base display. Speed 40-80, 140-160
bauds. Weight 34 1b. 15.3 Kg.

You are invited to apply for a descriptive

Jung, 1959

brochure.
\Y Disiertion Disiorrion 7/

I'.D.M.S. Circular Trace.

AUTOMATIC TELEPHONE & ELECTRIC CO. LTD.

STROWGER HOUSE,

ARUNDEL

STREET, LONDON,

Telephone: TEMple Bar 9262 — STROWGER WORKS, LIVERPOOL 7.

AT 1479)

w.C.2
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The Long and the Short
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FLEXIBLE AND TWISTABLE WAVEGUIDES

GABRIEL MANUFACTURING CO. LTD.

Newton Road, Torquay, Devon. Telephone: Kingskerswell 3333
MEMBER OF THE TECALEMIT GROUP OF COMPANIES

41

and the 12-feet tall

For Microwaves

Yes—the newest recruit to the wAVEFLEX
range of flexible waveguides is a WG 16 guide
12 feet in length, specially produced to
meet a customer’s requirements.

These guides are produced under exacting
scrutiny and tested to rigorous Government
specifications. Losses due to attennation
and Standing Wave Ratio are well within
the limits set. They are entirely suitable for
use in pressurised systems, remain stable
when bent or twisted, and are unaffected by
extremes of temperature. Power handling
characteristics are excellent, and
performance covers a broad band. “Type
approval’’ has been given by the Royal Radar
Establishment and by the Admiralty.

Waveflex flexible waveguides
are of three types:

Non-twistable

Flerible in the E and B planes.

Twistable

Twistable about the longitudinal axis, as well
as being flexible in the E and H planes,

and the new

Premoulded Twisted

Flezxible in E and 8 planes with a built-in
longitudinal ‘twist’ which relieves strain

on end flanges.

Standard lengths range from 1£” to 36”.
All guides can be supplied with any
standard type of flange, or special flanges
made to your design. The many short
(under 6*) guides are particularly useful as
malalignment units and mechanical
decouplers.

Wherever wave transmission involves
directional change or vibration, and
movement will be encountered, WAVEFLEX
Flexible Waveguides offer the complete
solution. Present production embraces

WG 10, WG 10a, WG .15 and WG 16 but planned
extensions to other bands are already under
way. Enquiries are particularly invited for
the twistable, the premoulded twisted

and the new twistable WG 22 waveguides.
Write now for full technical details.
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HIGH POWER
OSCILLATOR/AMPLIFIER

TYPE 254

The High Power Oscillator/Amplifier is an instru-
ment which combines an L.F. oscillator operating
over the frequency range 30 c/s to 30 kc/s with a
power amplifier capable of delivering up to 150 watts
into a wide range of output impedances. The
amplifier output is monitored by means of a built-in
Voltmeter and an input socket is provided for use
with external signal sources (microphones, pick-ups,
signal generators, etc.).

v Power source for 40, 400, 1,600 and 2,400 c/s
equipments.

% Power Source for double voltage, double
frequency testing on transformers in
accordance with RCS.214,

% Drive amplifier for A.C. servomotors.

% Energising source for moving coil vib-
rators.

THERE’'S NO END TO ITS APPLICATIONS

The instrument has a wide variety of uses of which the following are representative:—

June, 1959

A SOURCE
OF POWER
AND DRIVE

SPECIFICATION
OSCILLATOR
Frequency range: 30 c/s to 30 kc/s in 3 ranges.
Calibration accuracy: 429% on all ranges.
AMPLIFIER

Sensitivity: 0.1 volt r.m.s. input for full output.
MAXIMUM CONTINUOUS

POWER OUTPUT (SINE WAVE):

150 watts from 50 ¢/s to 5 kc/s.
100 watts from 30 c/s to 10 kc/s.
50 watts from 30 c/s to 30 kc/s.

% . Modulation amplifier for Radio Trans-
mitters.

Y% High Power Amplifier for Public Address
systems.

% A power source for laboratory work on
variable frequency filter response tests,
variation of magnetic amplifier perfor-
mance with frequency, etc.

% Drive for synchronous clocks

rmec

HIGH POWER OSCILLATOR/AMPLIFIERS

AIRMEC LIMITED
Telephone: High Wycombe 2060

HIGH WYCOMBE BUCKS



JUNE, 1959 WIRELESS WORLD 44

Way Ahead!

NEW SIX CHANNEL MILITARY VERSION
H. F. PACKSET

.

MPLE TO OPERATE—NO SPECIAL SKILL REQUIRED

PACKSET H.F. 156 TECHNICAL SPECIFICATION
Channels 1-3:  2.5-4.5 Mc/s.
Channels 4-6:  4.5-7.5 Mc/s.
Transmitter: C.W. or R.T.
Power output 1.5 watts
Receiver: R.T. 3/uV for 12 db signal/noise ratio
C.W. 20 db signal/noise ratio
Power Supply: Vibratory. Two 2 volt accumulators.

BRITISH COMMUNICATIONS CORPORATION LIMITED

Second Way Exhibition Grounds Wembley, England
Telephone Wembley 1212 Cables BeeCeeCee
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Only EIMAC gives you ceramic ‘“extras”
in more than 40 tube types

SMALLER SIZE IMPACT SURVIVAL

FIQUINCY -CRs.

EXTREME HEAT SURVIVAL LOWER DIELECTRIC LOSS

Write for literature on these incomparable ceramic reflex and
amplifier klystrons, negative grid and travelling wave tubes.

Cable address
EIMAC
San Carlos

EITEL-McCULLOUGH, INC.

S AN CARLOS, CALIFORNI A,
Emac 7M with ceramic tubes that can take it
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Wg from 75 Mc's to 230 Mc/s

am

MODEL 63 FM/AM
SIGNAL GENERATOR

Here, within this one mod- *f;%
estly priced instrument, are the e
essential facilities and the essen-

tial accuracy demanded for ser-
vicing radio and television
receivers on bands I, IT and III.
But more than that, its excellent
specification and wide range make
the 63 FM/AM a valuable instrument
for the electronic development labora-
tory. net price in U.K,

£8 5 Full technical details in leaflet W/36, available on request.

—to be sure!

/4dvm COMPONENTS LIMITED - ROEBUCK ROAD . HAINAULT . ILFORD . ESSEX . TELEPHONE ;: HAINAULT 4444
GD23
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TRIPLE EXTRUSION
OF PTFE ROD

<)

<

ISSUED BY

THE PTFE ENGINEERING DIVISION OF

WiReELESS WORLD JunE, 1959

Every Company—and individual engineer—contemplating the
use of PTFE* should send for a copy of our booklet entitled
‘“ PTFE ENGINEERING ”’.

We were one of the first companies to process this unique
material, and equally we were one of the first companies to
develop methods of machining and otherwise fashioning it
into a multitude of component forms.

Today we produce it in its raw material forms in very large
quantities, and we have supplied many thousands of PTFE
components to the electrical and allied industries.

Whether you require to buy PTFE in order to transform
it into component forms in your own works, or whether
you wish to buy small or large numbers of PTFE com-
ponents, we should welcome your enquiries, and you
would find advantage in utilising our accumulated
resources of “know how” and experience in handling the
material.

%k PTFE (Polytetrafluoroethylene }—the basic polymer is
manufactured in this country by 1.C.1. Lid., under
the trade name **FLUON*’,

Crane
Packing

LY?
OF SLOUGH
ENGLAND

A @ COMPANY
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A COMPREHENSIVE RANGE OF
NMeinialire” Sslrwmernds

% DESIGNED TO HARMIONISE WITH
ALL MODERN ELECTRONIC EQUIPMENT

% FIXINGS CONFORM TO ACCEPTED PRACTICE

o 20 90 % PRICES ARE HIGHLY COMPETITIVE
(o3
\\\\\“\"”/ sy, For utmost reliability all ‘ENcLisH ELECTRIC’ miniature
W\ ‘s .
74 instruments have been designed with a higher-than-normal

torque/weight ratio in combination with lower power
consumption. All types have been successfully subjected
to the following tests:

RESISTANCE TO IMPACT SHOCK OF 200g in
any plane.

VIBRATION FATIGUE TEST—two million cycles at
peak resonant frequency.

OSCILLATORY TEST—up to one million operations.

Above: 2° square moving coil voltmeter

SPECIFICATIONS B.S: 89-1954 and other
International Specifications.

TYPES MILLIWATTS

Moving coil for D.C. applications.
Rectifier moving coil for

AF. applications. |
Thermo-couple operated moving
coil for R.F. applications.

SIZES
Ec(gil:rl : ;Z:}.l 21" and 31" nominal Above: 3"x 4" rectangular absorption
. wattmeter
T » ” 9
gzg};nl%ﬁg%. and 3)" nominal Left: 23° round moving coil microammeter

Rectangular: 5" x 6” or 3" x 4

&Biaial caso sife Over 50 standard ranges in any of the

seven case types.

L Ll Delivery ex stock for standard ranges.

Non-standard ranges to customer’s
specification within 21 days.

Literature available on request to The ENGLISH ELECTRIC Co. Ltd., Instrument Department, Stafford.

'ENGLISH ELECTRIC

Tae ENGLISH BL'ECTRLC CoMPANY LiMITED, MARcONI HoOUSE, STRAND, LoNDON, W.C.2
Meter, Relay and Instrument Division, Stafford
WORKS: STAFFORD - PRESTON > RUGBY - BRADFORD - LIVERPOOL - ACCRINGTON

NS.43A,
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L.O;UD-SPEAKER MANUFACTURERS

FOR THE RADIO INDUSTRY SINCE 1930

REPRODUCERS AND AMPLIFIERS LTD.
WOLVERHAMPTON - ENGLAND

TELEPHONE : 22241/2/3/4 CABLES: AUDIO
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The

simplest way
to stabilize

voltage. ..

VALVE VOLTAGE RANGE STANDARD VOLTAGE SiZe

sCl 350-2000V 400, 600, 800, 1000 87G

350,
1200, (400, 1600, 1800, 2000
sC2 2000-4500V 2500, 3000, 3500, 4000 BYA

§C4 . 4500-7000V 5000, 6000, 7000 BYA

sC3 350-400V 350, 400 (Low current)

' td
+Flyin‘| leads
C O l ao N A Minimum currents range from 5“A to' S0,A, :

maximum currents range from 50,A to 2mA, according to type.

STA B I L l ZE R S Please write for further information to—

The M-0 VYalve Co. Ltd., Brook Green, Hammersmith, London, W.6

350V to 7kV Makers of G.E.C. high grade radio valves and cathode ray tubes

A subsidiary of The General Electric Co. Ltd.
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The TF 801D is the latest addition to the Marconi family of
precision a.m. generators. With a frequency range of 10 to 470
Mcs, its salient features include superfine tuning with crystal
checking, and oscillator Lt. regulation for maximum stability.
Spurious f.m. is less than 00019, of carrier frequency, and its
high-quality 50-ohm output has a v.s.w.r. better than 12,

Carrier level is continuously variable from o-1 pV to 1 volt and is
stabilized by an automatic level control system. Sinewave a.m. up
to 90% may be applied both internally and externally; pulse
modulation may be applied externally in the p.r.f. range 50 c/s to
50 kefs.

Full details will be gladly sent on request—please ask for leaflet Gryz

AM & FM SIGNAL GENERATORS - AUDIO & VIDEO OSCILLATORS
FREQUENCY METERS + VOLTMETERS - POWER METERS
DISTORTION METERS . FIELD STRENGTH METERS
TRANSMISSION MONITORS . DEVIATION METERS
c OSCILLOSCOFES, SPECTRUM & RESPONSE  ANALYSERS
— Q METERS & BRIDGES

msmuneu'rs

Please address enquiries to MARCONI] INSTRUMENTS LTD. at your nearest dfficet

London and the South * Mrdlands North’;
Marconl House, Strand; London, W.C.2 Marconl. House, 24 The Parsde, Leamington Spa 23/25 Scation Square, Harrogate
Telephone : COVent Garden 1234 Telephone : 1408 Teleghone ¢ 67455

Export Department ; Marconl Instruments Ltd, St. Albans, Herts. Telephone : St. Albans 4361 N
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......and now
A 4 SPEAKER SYSTEM FROM WHARFEDALE

speakers.

A half section three way network is fitted crossing
over at 400 c/s to a pair of 5in. units in parallel.
A Super 3 is used for the extreme treble. The
treble units' are arranged for omni-directional
radiation, giving the effect of a broad sound
source in keeping with the large three-speaker
corner system. The similarity of treble radiation
ensures good balance when the latter is used in

THE W4

With independent mid-range and treble controls
to facilitate stereo operation with different

The W4 is a new 4-speaker system designed for
stereo use in conjunction with an existing 9 cu. ft.
corner 3-speaker system or in pairs where iden-
tical speakers are required. It also gives superb
results on single channel input.

Although primarily a corner design, it can be used
along a wall side if required, since it is completely
enclosed at the rear. The design is based on the
Wharfedale 12in. linear suspension unit type
WLS/12 which gives pure bass down to 30 cfs,
as shown by the waveform at 4 watts input.

Waveform of output at 30 ¢fs
with 4 watts input

the opposite channel on stereo.

Other compact speaker systems are the

w2
Cabinet 231" x 14" x 12"
Price £29 . 10 . 0 tax free
w3
Cabinet 28” x 14" x 12”7
Price £39 .10 , 0 tax free

Descriptive folder on all 3 models avallable free on request.

Telephone : Idle 1235/6.  Telegrams:: < Wharfdel,’ Idle, Bradford IDLE BRADFORD YORKS |

Specification of the W4

Size 35in. x 2din. x 12in. Weight 651b. complete.
Impedance I5 ohms.

Max. input 15 watts.

Price in whitewood 47 =5 =0,
Veneered and polished 49 =10 = 0.
Cholce of Walnut, Oak and Mahogany veneers.
Tropical model can be supplied at £2/10/- extra.

Wharfedale!

WIRELESS WORKS LTD
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The Pye Picture Monitor Type 2823 has been
specially designed for field or studio locations
where the use of a precision monitor is not
essential. The monitor is light, small and easily
carried. It can also be used with a Pye industrial
television chain or other closed circuit tele-
vision systems. Outstanding Features:

% The monitor will operate on either a complete
video waveform or by means of separate video
and synchronising waveforms.

% Chassis is isolated from the A.C. power supply.

* Available for operation on either 405, 525, or
625-line standards.

* Main controls are mounted at the front of the
unit.

% Provided with easily removable side panels and
hinged chassis for maintenance.

* Incorporates printed circuits for reliability.

* Small dimensions allow mounting in restricted
places. Measures only 93 x 10" x 163°. (24 x25x
42 cm.).

% Features an 83" (21 cm.) rectangular, aluminised
picture tube. ’

* May be used at microwave link repeater stations
for checking the quality of the received picture
signal.

% Light weight for easy portability. Weighs only
24 1bs. (11 kg.).

X Remote control of Brightness and Contrast.

D

For full technical details, please
write to:

PYE LIMITED, Sales Dept.,
Television Transmission
Division Cambridge

x> '
)

Jung, 1959
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MONITOR

TYPE 2823

LIGHT
¢ COMPACT
| RELIBLE

% ...at an exceptionally 2

.
| LOW PRICE |
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AMPLIFIER

e —_ -
g

The most brilliant disc or tape recording is wasted unless it can THESE FEATURES ARE UNIQUE

s T : Infinitely-variable cut-off constant-slope filter provides the
be brilliantly reproduced. The thousands of Hi-Fi enthusiasts best adjustment for individual records or radio programmes,

who visited the 1958 Radio Show were most impressed by the High sensitivity inputs available for direct connection to tape
results achieved with the new BTH equipment. Designed by headli ﬁor pxcéoup thlhout the need for ?ddxé;onal pre-

M 3 i 1 amp. €rs. eparate low sensitivity inputs for SC Or tape
Mr.. James Moir, M.LEE., the contr9l (i allld amphi}er give also provided. Printed circuits ensure reliability and neglig-
entirely new standards of 'stereophomc or single-channe] repro- ible background noise. Output is 20 watts with very low
duction. Behind this achievement is 30 years’ BTH experience harmonic and intermodularion distortion at full power.

in building the highest quality sound reproduction equipment for Built-in compensation for disc and tape recording charac-

. s ically selected by the i e,
cinemas and public buildings. At the Festival of Britain in 1951, tff;:t;ﬁpifﬁearuzgaa;s’c& - e;&::t:u dic yﬁ; qfl e;‘;g“r;nsgvé"; 4

it was BTH who first introduced the public to stereophonic sound. has separate bass and treble controls.

A range of matching loudspeakers is also available.
SEND FOR DESCRIPTIVE LITERATURE
Control Panel and Amplifier £42 AVAILABLE DIRECT FROM STOCK

HEAR IT—AND YOU’LL CHOOSE BTH

BTH SOUND EQUIPMENT LTD

CROWN HOUSE, ALDWYCH, W.C.2

AS5313
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Take an outstanding amplifier... double it...and you have

the finest instrument of its kind available today

MozZzart
DOUBLE

10 WATT
STEREO
AMPLIFIER

HIGH FIDELITY IS A
SPECIALIST BUSINESS

Meticulous attention is paid to every detail.
Ezacting performance tests are carried out at
every stage. Hand-finishing is by experts, The
result is a range of instruments which are
amongthe finestavailableintheir powerrating.

Tecnico I od., Deutsche Pye G.m.b.H.,

Sydney, Australia, IVBVcrhn-Zehlendorf- ‘
est,

Pye Limited, Auckland, Roonstrasse 2,

C.I. New Zealand. Germany,

PYE LIMITED, HIGH FIDELITY

MODEL HFS20 (CHASSIS
MODEL HFS20M (CASED,
TECHNICAL SPECIFICATION PER CHANNEL

PRE AMPLIFIER

Sensitivities P.U. 7 mV. Tape 100 mV. Radio 100 mV. Tape record output 300
mV at above specified input sensitivities.

Hum and Noise P.U. —55 db. Tape — 60 db. Radio —60 db.

Frequency Response Tape 20 to 20000 cycles + 13 db. Radio 20 to 20000 cycles +.
13 db. P.U. Within 1} db of published relay curves.

Channel Separation between — 40 db and —50 db overall.

Controls Volume: Continuously variable: Bass: + 10 db to — 15 db 4t 50 cycles.
Treble: + 10 db to — 156 db at 10000 cycles. Balance: Variation of 8 db per
channel. Iluminated Push/Push on/off switch.

Selector Switch 5 Position: Tape. Radio. 78 (all 78 records). L.P.0. (Pre 1956
recordings) L.P.N. (Recordings to R.I.A.A.).

Qutput 0.2 V into 100K for above stated input sensitivities.
Pick-up matching by “Dialomatic’ compensation.
Control panel is identical in size and finish to the Mozart FM Tuner.

MAIN AMPLIFIER

Sensitivity 0.2 V.

Qutput 10 watts per channel.

Distortion 0.3%; total harmonic at 9 watts.

L.F. Power Qutput 8 watts at 40 cps

Loudspeaker Impedance 4, 8, and 15 ohms (with phase reverse switch).
Damping Factor 30.

Hum and Hoise —70 DB with 100K input impedance.

Frequency Response 10-50,000 cycles + 2 db.

Negative Feedback 27 db (in 3 loops).

Total Power Consumption 110 vA.

Mains 200 V'to 250 V AC 60 cyeles. 110 V to 120 V AC 60 ¢.p.s. (Export model)

PYE HIGH FIDELITY SYSTEMS

Svenska Pye A.B. Pye Limited, ge Corporation
Landsvagen 4 g Mexico City, America,
Sundbyberg, weden, 1149 Raman Avenue,
Pye (Canada) Ltd., Highland Park,
Pye (Ireland) Lid., Northline Road, New Jersey, U.S.A;
Dublin, Toronto.

DIVISION, FAIRVIEW ROAD, LONDON, S.W.Ilé
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Now - PTFE
insulated

Instrument
Wire

Siemens Ediswan PTFE insulated instrument wire, developed for certain highly
specialised services, has a wide potential field of application in modern
electronic engineering. The physical and electrical properties of PTFE make it the
best material available wherever the emphasis is on performance
and complete stability. In brief, PTFE has these advantages :

m Stable at all temperatures from -75°C to 4-250°C

m High dielectric strength

m Low dielectric constant

Conforming to Sections B & C
of Specification EL1930, M.O.S: (Air)

m High resistance to corrosives and solvents

» Non-chafing and self-lubricating

m Availablein 11 colours

u Non-adhesive
PTFE is extremely difficult to form, but we have considerable pioneering
experience in its processing and fabrication. As a result we are able to produce
PTFE insulation by extrusion with concentricity guaranteed to close limits.
We are anxious to extend the uses of this wire and will gladly supply
interested manufacturers with samples for them to test. If we can help you with
information on the use of PTFE in any shape or form, please let us know.

Send your enquiry to:

SIEMENS EDISON SWAN LIMITED 4n AEJ Company
PTFE SECTION (PD17)

155 Charing Cross Road, London WC2

Telephone: GERrard 8660. Telegrams: Sieswan, Westcent, London

CRC £7/17
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TELCON METALS
AND THE DE HAVILLAND
FIRESTREAK

We are proud to be associated with DE HAVILLAND PROPELLERS LTD., in the manufacture of the FIRE-
STREAX guided missile. The majority of electronic assemblies used in this missile embrace compo-
nents which depend on our alloys — MUMETAL, RADIOMETAL and H.C.R.,— for their exacting operation,

Other Telcon alloys such as PERMENDUR, RHOMETAL and BERYLLIUM COPPER — Cu.Be.250 (DTD.%00)
are also widely used by the Aircraft Industry. We are manufacturers of super pure basic metals and
alloys for the instrument, electronic and aircraft industries. Our range includes:

SOFT MAGNETIC ALLOYS

Mumetal High permeability.

Supermumetal
Radiometal
Super Radiometal

Nickel Iron Alloys for cores
and laminations.

Rhometal

Supermendur High permeability.
Cobalt-Vanadium.

Permendur Iron Alloys with high saturation
for light-weight generators and
vibration test gear.

HCR Alioy Rectangular hysteresis Loop
Nickel-Iron Alloy for magnetic
amplifiers and reactors.

H.S. Alloy High-speed switching alloy for

computors and magnetic
amplifiers.

DUCTILE HARD MAGNETIC ALLOY

Permanent magnet alloy
(Cobalt-Iron-Vanadium) of ductile
and machinable quality.

BERYLLIUM COPPERS

CuBe 50, CuBe 100, CuBe 275,

CuBe 250 to Specification DTD 900,
High tensile strengt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>