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Science and/or Engineering

OUR front cover this month is symbolic of the complex physical structures which lie at
the foundation of modern solid-state electronics. It is intended to show the importance
of science, as exemplified in the report elsewhere in the issue on the Physics Exhibition,
in breaking new ground for development by the technologist and utilization by the
engineer.

Practising scientists and engineers respect each other as compeers exercising the same
intellectual powers to different ends, but aspirants to these professions, and in particular
young sixth formers deciding upon a career, seem to be attracted more by the glamour of
science and less by the prospects of engineering, which many regard as a dull pedestrian
pursuit. ) )

What are the essential differences between science and engineering? A quick answer
would be that science is easy and carefree whereas engineering'is difficult and loaded with
responsibility. No stigma attaches to the scientist whose hypothesis is proved false by
experiment; only the return of “don’t know” as the conclusion from his work can be
scored as a failure. Enginecring, on the other hand, can never contemplate so negative a
termination, though the possibility of failure must always be present as a spur. Success
is approached on a broader front. Engineering is a skill and, as R. Hadekel has pointed
out recently (The Chartered Mechanical Engineer, March 1965, p. 176) it has its roots in
craftsmanship. As such it pre-dates science not by centuries but by acons. The modern
scientific method (hypothesis tested by observation and experiment) has been establishd
as a discipline for less than 400 years.

To claim that engineering is applied science is to do it less than justice. Applied
science may produce a new technique, even a whole technology, but these wait upon the
needs of the engineer and are his tools.

What is the superior attraction of science over engineering for the school-leavers of
today? Could it be that science combines the freedom of dilettantism with the chance
of making a great discovery, whereas engineering calls for iron discipline and steady
application to a limited end? If so there are several ways of redressing the balance. One
which we rather like was suggested recently at the Annual Dinner of the LE.E. by its
president, Mr. O. W. Humphreys, namely, that young men should be allowed first to sow
their wild oats in pure research before moving on in maturity to engineering.

Engineering talent is born, but may remain dormant unless it is fostered by precept and
fired by enthusiasm. The difficulty is that there are not enough good engineers to supply
the needs of both industry and education. Suggestions that there should be part-time
exchanges between these professions have frequently been made, but have not proved
practicable. At a recent conference of headmasters in Cambri.dge, organized 'by the
Engineering Institutions Joint Council and the Royal Society to discuss means of increas-
ing the numbers of aspirants to an engineering career, it was ger_lerally ggreeq ‘ghat a firm
grounding in physics and mathematics must be given priority. Su" Willis Jackson
expressed himself as against the teaching of engineering in schools b‘ut in favour of t.he
use of imaginative experiments and films to show the rele-vance of physics and math@mat%cs
to engineering. There should then follow a year in industry .befoye entry to a university
where a first-year course common to both science and engineering students would be
undertaken. )

This seems the best way of settling the matter, for by the time the student has r»eache'd
his second year at university and the real work is about to begin, any earI.y romantic
fantasies will have given place to an appreciation of the deeper satisfaction which a career

in one or other of these disciplines will give.
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A SINGLE-CARRIER

By E. J. GARGINI*

COLOUR TELEVISION SYSTEM

STUDY .of the possibilities of h.f. wired television
distribution has led to the formulation of a new type

of colour transmission system! which could prove

to have considerable advantages if used for colour tele-
vision broadcasting. In this proposed compatible system,
called SEQUIN (Sequential Quadrature Inband System),
the colour information is transmitted sequentially by a
suppressed carrier signal at the same frequency as the
main carrier but in quadrature phase relationship with it.
Brightness information is transmitted in the ordinary
manner, the main carrier being modulated in the negative
sense. The complete signal provides the monochrome
picture for existing (625-line) black-and-white receivers.
The colour signal conveys two sets of colour information
in sequence. These two sets can be either two colour-
difference signals, of the form E,—~E, and E,—E,, or
two colour-ratio signals, of the form (Ex/E,)—1 and
(Ex/E,)—1, where E, is an equal-energy brightness
signal formed from equal proportions of the three camera
tube outputs. The first kind of signal, providing chromin-
ance information, permits simple matrixing techniques in
receivers but has the disadvantage, common to all chrom-
inance systems, that fine detail brightness information is
displayed as fine detail whiteness information? on both
colour and monochrome receivers. The second kind of
signal, conveying chromaticity information, overcomes this

SYNCHRONIZING
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Right:—Fig. 2. Modulating amplitudes and carrier phase angles
for a colour-bar transmission on SEQUIN (for R—Y, B-—Y version).
Maximum values correspond to condition: Ey .y = E,yuy on
yellow, and Epyp = 1.8E, .
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defect and permits approximate constant chromaticity
and exact constant-luminance operation of the colour
receiver?, with separate luminance signals. Normally the
two sets of colour information would be transmitted line
sequentially, but theoretically dot-sequential or frame-
sequential working would also be possible, i

The complete transmitted signal can be considered as a
carrier wave modulated both in amplitude and phase.
This is shown vectorially, for the chrominance system,
in Fig. 1, where the modulus (envelope amplitude) and
angle (carrier phase) of the rotating vector are determined
by the amplitudes of the luminance signal and of a colour-
difference signal in quadrature. Mathematically the
vector modulus is given by

‘E'lrixion;:: [(K1~E'1—)2+K2(ER%Y or K Ep-)?
where |E ; ;.| is the instantanéous carrier amplitude, E’,
is the amplitude of the luminance component, and K, K,
and K, are constants. The carrier wave phase angle is
given by:

L/-En:.qm,,?—'tan*l IS{(E{& or I?_@y;y)]
‘ k l“"E Y

where /E, ., . is the instantaneous phase angle of the
carrier in degrees, and K,, K, and K; are constants as

*Rediffusion Research Ltd,
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Right:—Fig.” 3. Receiver schematic,
assuming that chrominance informa-
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6dB : ~ ) detector, the output of which would be further
Eq ¢ Eg : processed in a non-linear ‘matrix to-obtain colour-
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above. Fig. 2 shows modulating amplitudes and carrier
wave phase angles for a colour-bar transmission.

Recovery of the two sets of sequential colour information
at the receiver requires a colour synchronizing signal.
This is, in fact, transmitted automatically by the system,
since, with negative modulation, the line and frame sync
pulses constitute large-amplitude, long-duration bursts of
carrier frequency in exact phase quadrature with the
wanted colour signal. (During these bursts the colour
signal is not transmitted and so does not affect the
carrier phase.)

In the receiver two types of colour-signal detection
are envisaged. The first of these, which assumes that
chrominance information is transmitted, line sequentially,
uses a single synchronous detector (see Fig. 3). The detec-
tion process includes an automatic frequency control
system in which the local oscillator frequency is continu-
ously adjusted to maintain the standard i.f. vision carrier
in a fixed frequency and phase relationship to a second
local oscillator, operating at this same frequency or at a
sub-multiple frequency. This second oscillator provides
the carrier re-insertion signal for synchronous detection
of the sequential E,—E, and E;—E; components of the
colour signal. Any departure from the correct phase
setting of the synchronous-detector oscillator introduces
positive or negative sync pulses into the colour channel
and these can be used to maintain the phase angle of the
re-inserted carrier at its optimum value. This carrier
locking technique used in this type of receiver introduces

WiIRELESS WORLD, May 1965

chromaticity or chrominanee information trans-
mission.

The delay line required in either type of receiver could
be a steel wire type, and in the second type of receiver
could be operated by the phase modulated signal available
at the output ‘of the phase limiter.

A SEQUIN transmission received on conventional black-
and-white receivers should not show any degradation of
picture quality from that obtainable with monochrome
transmissions. On colour receivers the brightness resolu-
tion should equal that obtainable on monochrome.

In conventional quadrature transmission systems the
two simultaneous signals are recovered by a carrier re-
insertion process along the wanted 'signal axis. When the
upper and lower sideband structure is substantially
uniform these signals may be recovered independently,
that is, free from transient crosstalk. In the SEQUIN
proposal medium-detail colour information and bright~
ness information is transmitted double sideband over the
normal double-sideband region of the transmission
standard, and over this region a colour signal may be
recovered which is free of brightness information. The
remaining fine-detail brightness components would be
transmitted as in normal monochrome practice over the
single-sideband region, and as this band of frequencies
conveys no colour information the brightness com-
ponents would be recovered free of colour information.

Because in SEQUIN the monochrome carrier is not
suppressed, no carrier re-insertion is necessary along the
brightness axis. This feature allows compatible operation
of conventional monochrome receivers and also permits a
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¥ DON’T usually have much to say in Wireless World

about the Government, and the Editor is probably

reaching for his blue pencil (or the electronic
destructor that has no doubt superseded it) at the mere
suggestion of such a thing, but he can relax. All I am
going to remark om, and that quite non-politically, is
the creation of Ministries of Education and Science and
of Technology; because this is a sign of how growingly
important these subjects are, and the need for more and
better instruction therein. Every year the distance that
students have to go through basic matters in order to
reach the working face of their subject is greater. So
anything that can help speed their effective progress is
worth utilizing.

Perceptive teachers would agree, I think, that things
are more easily remembered and more clearly understood
if a pattern of relationships is seen. One of the admittedly
most helpful methods of approaching a new subject is by
way of analogy. And so electric currents in wires are
likened to water flowing through pipes, difference of
potential to difference in height above sea level, and so on.
The danger of analogies such as this is that they are npt
perfect, so if they are followed too far they can mislead.
For instance, resistance to the flow of water in a pipe is
not inversely proportional to its cross-sectional area, as is
resistance to the flow of electric currents in wires.

Duality is a perfect analogy. So it deserves special
attention. Readers who have persisted with me for long—
I believe there are some—may have noticed my occasional
bursts of salesmanship for duality. But there are always
others for whom this is their first Wireless World, and
presumably still more whose ideas (if any) about electrical
duals and duality are vague. It is these I invite to gather
around.

The most elementary instruction on electric circuits
includes the two modes of connection—series and parallel.
When we come to a.c. we are told that inductance and
capacitance behave in some respects as opposites. Both
of these dual concepts occur together in resonant circuits,
which ‘contain inductance and capacitance and come in
two kinds—series and parallel. If we compare the
equations relating to them we should find certain
systematic resemblances. To come to the point, all true
statements Or equations connecting the things in either
of the columins below can be transformed into other true

(b)
(a)

Fig. 1. Although “Ohm’s law " is easy to apply to (a) it is slightly
jess convenient for (b), and its dudl is to be preferred. )
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JUALITY

By ‘‘CATHODE RAY”

statements or equations by substituting the corresponding

words or symbols in the other column.
Current, I Voltage, VV or E
Voltage, V or E Current, I
Resistance, R Conductance, G
Conductance, G Resistance, R
Inductance, L Capacitance, C
Capacitance, C Inductance, L -
Reactance, X Susceptance, B
Susceptance, B Reactance, X
Impedance, Z Admittance, Y

Admittance, Y Impedance, Z
Series Parallel

Parallel Series

Mesh Junction (or node)
Junction (or node) Mesh

Short-circuit Open-circuit
Open-circuit Short-circuit
Each item in these lists is the dual of the other on the
same line. We can take a general equation connecting
any of the listed quantities, and construct its dual by
substituting the dual quantities. Take the familiar
example usually called Ohm’s law:

E=IR .. .. .. .. (D
Substitute the symbols in the opposite column and we get
I=EG .. .. . @

which is also true and sometimes more useful, especially

with parallel circuits. Equation (1) is quite suitable for

attacking Fig. 1(a), because the total R is just the sum of

all the resistances, so the particularized version of (1) is

E=IR,+Ry+Ry) .. .. .. 3)

But the first time we are confronted with Fig. 1(b) we
have to think a bit and finally come up with

E —

1 n 1 n 1 - @)
R, R, R,
which lacks elegance. By applying duality to (3)—i.e., by
referring to our parallel columns—we are spared the need
for any thought and we arrive directly at the same thing
as (4) in the neater form
I = EG, + G, + Gy)

Conductance, G, is of course the reciprocal of resistance,
i.e. 1/R. It is also the dual of resistance, but not all dual
quantities are reciprocals; the dual of L is not 1 /L.

As well as dual quantities and dual equations there are
such things as dual circuits. You might think that
Fig. 1(b) was the dual of (a) because its equation is. But
we can see that this is not exactly so if we describe (a) in
words and then transform it by using the parallel lists:
thus, (a) comprises three resistors all in series with a
voltage source. So its dual must be three conductors all
in parallel with a current source.

A little difficulty arises when we come to draw the dual
circuit diagram. Voltage sources are quite familiar:
batteries and d.c. generators for d.c., and a.c. generators
for a.c. Ideally they should have no resistance or imped-
ance in themselves, and this condition can be approxi-
mated fairly closely in practice. Its dual must be a
current source with no conductance in itself, and such
things are not practical. The best we can do is use a very
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high voltage source in series with a very high resistance.
There isn’t even a reasonable symbol for a theoretical
current source. Most people use Fig. 2(a), but there are
two reasons why they should not: it is an international
standard symbol for a transformer, and it doesn’t suggest
either the dual of a voltage source or a non-conducting
path. So I use a dotted line to make clear the absence of
conductance, and either the non-committal sine-wave
symbol for a.c. or the letter 7, Fig. 2(b).

Duality can be applied directly to “ equivalent
generators.” A practical voltage generator has internal
impedance, and can be represented in circuit diagrams
for algebraical purposes by an ideal generator in series
with an appropriate impedance. Dualwise, an actual
current generator can be represented by an ideal current
generator in parallel with an appropriate admittance.
Fig. 3(a) shows the well-known equivalent generator
which, for signals only, can be substituted for a valve,

oA
o
@ 1
!
I
|
P

(a) (b)

Here u and r, are the voltage amplification factor and
anode a.c. resistance respectively, and v, is the signal
voltage at the grid with respect to cathode. (I prefer
to use vy, for this, or even just kg, but am making a
concession to common usage.)

If one were constructing a dual of the whole valve
one would have to replace it by a current-operated
device (e.g., a transistor). But when it is an actual valve
it is more helpful to retain its voltage-control element,
the grid, and just express the output side in its alternative
current generator form. The series anode resistance
is replaced by the parallel anode conductance, gq = 1/r,,
in Fig. 3(b).

To be really equivalent these two must appear the
same to any load connected to the terminals, so let us
connect a short circuit to (a) and so find that the current
therein is —uw,/r,. It must be the same in (b), and
as this is equal to the current put into it by the generator
it too is —uw,/r, Since K/Tq = £, this is equal to
—&u¥y a8 shown, g, being the mutual conductance of
the valve. :

I should like to emphasize that any valve can be
represented in either of these two ways, and both yield
the same answers; but (b) is more convenient than (a)
for valves of pentode type, especially if the load is made
up of items in parallel.

Returning now to the aside about notation for voltages,
I said I denoted the voltage at g with respect to that at k
by Vi, There are those who would call it Vo The
latter usage is quite workable within a restricted field,
but if one goes out for an integrated system embracing
such things as phasor (*‘ vector ) diagrams and such
well-established conventions (in graphs and other things
besides voltage notation) as that « up > is positive and
“down ” is negative, one is driven to the conclusion
that V,;, should mean the voltage change on passing from
g'to k* The usual custom in common-cathode circuits
is to take account of the change on passing from k to g;
hence V.

People who use a double-subscript notation for vol-

Fig. 2. The symbol (a), though often
used to denote an ideal current gener-
ator, is unsuitable; (b) shows two pos-
sible alternatives.

* The reasons are more fully given in Essays in Electronics, Chapter 12.
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tages—either of the two opposite varieties just mentioned
—presumably think it is a good idea, because it indicates
both the voltage and its direction (unlike the absurd
arrows pointing botk ways that are still often used) so
why not for currents t00? Up to that point the line of
thought is impeccable, but unfortunately it almost in-
variably goes astray from there on. The thinker says to
himself that if V., mzans the voltage between a and b
then I, should mean the current flowing from a to b.
He would get away with this in circuirs like Fig. 1(a),
where the junctions between the resistors might be
marked a, b, ¢, etc. But what about Fig. 1(b)? There
are four currents flowing between the only two circuit
junctions and they are probably all different. That will
never do, so he finishes up by distinguishing them as
Iy, Iy, ete., sacrificing the indication of direction in
the process. All very arbitrary and unsatisfactory.

If only he had remembered the table of duals he would
have realized that current is the dual of voltage, so if
the voltage subscripts refer to circuit junctions the
current subscripts should refer to circuit meshes. This
is perfectly specific and unambiguous; the current flowing
through, say R, in Fig. 1(b), is not specified by the
points between which it flows, for three other currents
do the same, but it is uniquely specified by the meshes
on each side of R;. This is not even a revolutionary new
idea; it was used for stresses in structures by Bow nearly
100 years ago.

If V,, means the change in voltage on passing from
point a to b, then I, (say) means the change in current
on passing from mesh J to K. Just as, according to this
notation, v,, is positive if b is at a higher (i.e., more
positive) potential than a, I, will be positive if the
current around mesh K is more positive than that around
J. There is a well-understood convention that b is more
positive than a if electrons show a tendency to desert
a in favour of b. (I would say that positive charges
tend to move from b to a if somebody wouldn’t be sure
to jump up and ask what a positive charge is and why.)
There is also a convention, probably less well under-
stood, about mesh currents. For easing multi-mesh
calculations, the great Maxwell suggested the concept
of mesh or circulating currents, according to which
each mesh is imagined to have a current circulating around

a - a
r E
T i 9a
-/UI’Q ‘9m"9@
k “- J——ok
(2) (b)

Fig. 3. Dual vaive “equivalent generators”’: (a) voitage; (b}

current.

it, the actual current in any conductor being the ditterence
between the currents in the meshes separated by it.
‘The difference, because all the mesh currents are supposed
to have the same direction of rotation, so in any conductor
they flow in opposite directions. This can be seen in
Fig. 4, where the current through R, is clearly I, — I,
which is the meaning we can appropriately give to I,
just as Vo, =V, — V.

Strictly speaking, V', and V; are meaningless, since the
potential at any point is indeterminate unless given an
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Fig. 4. Fig. 1(b) repeated with junction and mesh labels, to show
circulating currents.

arbitrary figure or related to some other potential. Thus
the potential of an earthed point is said to be zero. But

» — Vs of Vg is definite, because any constant that
may be added to both of them cancels out in the difference.
Similarly there arc an infinite number of sets of mesh
currents that could be equal to any set of actual currents,
but these are reduced to one set by assuming that the
current in the mesh formed by the circuit perimeter is
zero. So in Fig. 4 Iy, the actual current through the
generator = Ig — I,, = Ix because I, = 0.

The usual convention is for all the mesh currents
(except the peripheral mesh) to flow clockwise. So for
I, to be positive, I, must be greater than I; in other
words, a positive Iy, is one flowing from right to left
as one passes from K to L.

I use capital letters to distinguish currents from
voltages, because that renders the repeated symbols I,
V and E superfluous, so there is no need for the junction
and mesh designating letters to be subscripts. This
greatly eases the labours of the typist and no doubt those
of the compositor too. By using different letters for
currents and voltages, as in Fig. 4, one avoids any oral
confusion of AB with ab.

These notations and conventions lead to a simple and
clear system of phasor diagrams, perfectly integrated with
well-known electrical laws, principles, rules and con-

b c
RSN,

L M N
VYWY

K

ventions, including (as we have seen) Maxwell’s concept
of mesh currents. But there is not room to g0 into that
here.

There is yet another field for duality—laws. ~Kirch-
hoff’s voltage law in its original form fails to follow the
dual pattern of his current law and obliges one to dis-
tinguish between e.m.fs. and voltage drops. When the
law is extended to include a.c., this is sometimes difficult
to dot—and quite unnecessary. So only misplaced senti-
ment will hinder the bringing of the voltage law into line
with the current law and expressing it more neatly and
simply as: Around any mesh the sum of the voltages is
zero. This can be written in symbols

2V=0
or, in our notation,
ab-+bec+cd+t......+na=0
where a, b, etc. are consecutive points around a mesh.
The precise dual of this would read: Around any

junction the sum of the currents is zero. And corre-
spondingly
2I=0 .
or ]
AB+BC+CD+...... +NA=0

The above form of the current law, an abbreviated
version of one suggested by Mr. C. E. Newton, may need
a little explanation. Just as in Fig. 5 the voltages ab-+bct+
cd-+da around mesh M add up to zero, sO the currents
KL--LM+MK (say) around junction a add up to zero,
as do those around any of the other junctions. The
words ¢ mesh ” and “ junction » gre used in the above
statements of Kirchhoff’s laws because they are applied
to circuits, but the laws are equally true around any
enclosures, even in open space. The sum of the changes
in potential around any closed path is equal to zero, and
so is the sum of the currents into any enclosed space, if
Maxwell’s displacement currents are included.

Note how the notation provides an automatic check of
Kirchhoff’s equations, as used in circuit calculations. The
letters show completeness of path by forming a continuous
sequence ending at the start.

<E.M.F.”, Wireless World, July and August 1964.

Above :—Fig. 5. Part of a cir*

cuit network for illustrating ()

Kirchoff’s laws.

Right:—Fig. 6. (a) Example of a circuit; (b) how to derive
the dual configuration; (¢) complete dual of (a).
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A useful circuit theorem that has its dual is Thévenin’s
(or Helmholtz’s). The dual is known as Norton’s theorem.
But as I wrote about this as recently as the January, 1964
issue perhaps it can be taken as read.

A more timely exercise would be to note the pro-
cedure for obtaining the dual of a circuit (I nearly said
““any circuit,”’ but see later)., Because the dual of a mesh

is a junction, we begin by putting a dot in each mesh to-

form the junction of the dual circuit. Don’t forget the

L]
|
0-4A 124
i
04V .
2V SO sU  Fig. 7. Extremely simple exam-
ple of duals with particular
| values.
|
I
() (b)
— )

Fig. 8. Maxwell bridge cir-
cuit, which is its own dual.

external mesh. Then we join these dots by lines to form
meshes around each junction. Lastly we include in these
lines the symbols of circuit elements that are the duals of
the elements crossed by the lines. So if two junctions in
the original circuit were joined through an inductor, the
part of the new circuit passing between these junctions
would have to contain a capacitor.

Fig. 6 is an example, where the original circuit (a) has
4 meshes and 7 junctions, so its dual, found as shown at
(b) and redrawn separately at (c), must have 4 junctions
and 7 meshes. And of course the dual of (c) is (a). Note
how series tuned circuits become parallel ones, and induc-
tive coupling becomes capacitive. All equations relating
to (a) have their duals relating to (c), obtained by simply
changing over the symbols according to the list. But how
about the actual component values, currents and voltages
in (b), given those in (a)?

Fig. 7 (a) shows a very simple example, with all the
quantities marked. In its dual (b), if we assume the num-
erical values pass over unchanged we do find that it still
checks: a current of 2 amperes passing through a conduc-
tance of 5 mhos gives rise to-0.4 volt across it. But it
1s quite possible—and for some purposes convenient—to
have a dual circuit configuration with different values. In
such a simple circuir as Fig. 7 there would be no difficulty
in prescribing any values one pleased for two of the quan-
tities and calculating the third by equation (a). But in
more complicated circuits where use of duality would be
really worth while, much of its effort-saving would be
wasted if one had to calculate new values throughout.

So it is perhaps worth knowing that a conversion factor
can be used, having the dimensions of resistance (or
impedance), to change from a certain number of amps to a
different number of corresponding volts in the dual.
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Call this factor k. Then, if subscript 1 refers to the orig-
inal circuit and 2 to its derived dual,

Ve . _n
AR I AL
'Iz = R Vz :kI]_
1

Ve RL s
R, =t =0 ke,
o _ L _ Vi R

vV, kI, R

This means that if we want the dual voltage (V,) of a
current (I;) to be numerically equal to ky> every dual vol-
tage must also be % times its corresponding current,
every dual current must be 1/k times its corresponding
voltage, every resistance, impedance, reactance or induc-
tance must be %22 times its corresponding conductance,
admiittance, susceptance or capacitance, and every con-
ductance, admittance, susceptance or capacitance must be
1/k? times its corresponding resistance, impedance, re-
actance or inductance. So (using this sledge-hammer to
crack the nut of Fig. 7) if we want 1.2V in Fig. 7 (b) our %
is 1.2/0.4=3, so besides the voltage being 3% 0.4=1.2
the current must be 2/3=0.67 and the conductance must
be 5/9==0.56. Similarly, we can choose any other ratio
between one of the above four classes of duals, but the
ratios of all the others are thereby fixed.

Duality can be useful for discovering alternative circuits
that may be more convenient in practice; for example,
Fig. 6 (c) with its capacitive coupling might cost less to
manufacture than Fig. 6 (a), or vice versa. Then it is some -«
times helpful to realize that two types of circuit that
appeared to be quite different are duals of one another,
so they behave correspondingly and all the equations fce
one can be easily derived from those for the other. Usually
the dual is a different circuit, but not necessarily. Fig, 8
shows the Maxwell bridge circuit, the dual of which is the

a) ‘ ? f E
( (b)

Fig. 9. The simplest network for which no dual exists: (a) in sym-
metrical form; (b) redrawn to reduce cross-overs to the minimum
(one).

(a) (v

Fig. 10.  Another dualiess network, again (a) in symmetrical form
and (b) with minimum crossing.
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Fig. I1. (a) Three-phase star-connected system; (b) its dual, delta-
connected; (c) identical with the foregoing modes of connection
are the T and I1.

same except for the change from voltage to current gener-
ator. Obviously circuits of this kind must have the same
number of meshes as junctions, and the same number of
inductances as capacitances.

Finally, some circuits have no dual. It has been shown™
that duality exists only if the circuit diagram can be drawn
on a flat sheet of paper with no wires crossing. That might
seem to rule out rather a lot, but in fact most basic circuits
can be drawn without crossings. The simplest exception
is shown in Fig. 9 (a). Itis the basis of a celebrated puzzle,
in which three of its points are supposed to be houses and
the other three are sources respectively of gas, water and
electricity; and the problem is to supply all three houses
with all three services without any feeds crossing. It is
not difficult to reduce the number of crossings to one—
Fig. 9 (b)—but there one sticks.

Another relatively simple dual-less circuit is shown in
Fig. 10, (a) being its most symmetrical form and (b) as
redrawn with the irreducible minimum of one cross-
over. In Figs. 9 and 10 I have not bothered to draw
the components that are supposed to exist between every
pair of points.

Fig. 11 (a) is familiar to all electrical power engineers
as a three-phase star-connected system. Drawn in this
rather pictorial manner, two wires cross, but this can easily
be avoided by interchanging b, and ¢, without affecting
the circuit. The dual can then be drawn and turns out

*ByB.D. H. Tellegenin Philips Techiical Review, Vol. 5, No. 11 (Nov. 1940),
pp. 324-330.

'BOOKS RECEIVED

Nonlinear and Parametric Phenomena in Radio Engineering,
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on the function or its derivatives. This book, translated from
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Great Britain by Iliffe Books Ltd., Dorset House, Stamford
Street, London, S.E.1. Price 35s.

The Elements of Pulse Techniques, by O. H. Davie, M.LE.E.
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-application of electrical pulses, with emphasis on physical
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Headington Hill Hall, Oxford. Price £3.
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to be the equally familiar three-phase delta-connected
system—Fig. 11 (b). These might be considered irrele-
vant in Wireless World were the star and delta configura-
tions not identical with those well known tousall as the T
and I7 (c), for these are the basis of all filters and attenuators.
They can be regarded as duals of one another.

Basic Electric Circuits, by A. M. P. Brookes, M.A,
A.M.I.Mech.E., provides a grounding in the elements of cir-
cuit analysis for university and technical college students. It
examines basic resistance, capacitance and inductance cir-
cuits-and combined RCL circuits. A.C. theory, vectors and
transients,are dealt with briefly. Pp. 134. Pergamon Press
Ltd., Headington Hill Hall, Oxford. Price 10s.

Radio Receiver Design. Part 1: Radio-frequency Amplifica-
tion and Detection, by K. R. Sturley, Ph.D., M.ILEE. Com-
pletely revised third edition of this standard work in which
the application of transistors, where appropriate, has been
afforded the same thorough treatment as is given to valves.
Pp. 937. Chapman & Hall Ltd., 11, New Fetter Lane,
London, E.C.4. Price 105s.

Transistor Bandpass Amplifiers, by W. Th. H. Hetterscheid.
Mathematical treatment of the theory of design of single-
and multi-stage amplifiers, including neutralization. (A com-
plementary volume on the design and censtruction of if.

_ amplifiers for radio, television and radar is in course of

preparation). Pp. 314. Philips Technical Library, Clever-
Hume Press Ltd., 10-15, St. Martins Street, London, W.C.2.
Price 76s. )

Aerial Handbook, by G. A. Briggs with R. S. Roberts,
M.ILE.R.E,, as Technical Editor. Another entertaining bock
from Wharfedale. Instead of audio the author’s topic is this
time radio (including television) with the aerial as the central,
though by no means the only theme. The introduction says:
“The book is not for the expert but for the reader who
would like a little mystery taken out of that piece of wire.”
Pp. 144. Wharfedale Wireless Works Ltd., Idle, Bradferd,
Yorks. Price 8s 6d.
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Cathode and Emitter Decoupling

By J. F. YOUNG, c.a.i.A., A.M.1.E.E., A.M.1.E.R.E.

OST electronic engineers use a certain number
l of “rules of thumb” in their work. Such rules

of thumb are excellent in many ways since they
remove the necessity always to think out problems from
basic principles and so they can save a lot of the engineer’s
valuable timie. However, such rules require occasional
re-examination in order to bring them up to date as engi-
neering techniques change. In some cases rules which
have been perfectly adequate in the past become quite
useless and must be rejected completely.

One rule which the writer often hears quoted is that
the reactance of a cathode (or emitter) by-pass capacitor
should be about one tenth of the cathode (or emitter)
resistor value at the lowest operating frequency. Indeed,
this rule appears in at least one respectable handbook.
Now if it is a good rule, then it is sensible to use the
highest possible value of cathode (or emitter) resistor in
order to minimize either the lowest operating frequency
or the size of capacitor required. In turn this implies
the adoption of a high supply voltage so that at a given
current a higher value of resistor can be used. Is this
the true position? In order to find out we have to analyse
the circuits mathematically.

Considering firstly the valve case, in Fig. 1 we obtain
an expression for the gain:

I o
B

(It is worth noting in passing that this is the gain which
would be obtained with a valve having an anode slope
impedance of r,+(r+1)Z;,. We make use of this fact
if we want to increase the effective anode resistance of a
triode so that it can be used as a constant current source.?)
Now in the usual amplifier circuit of Fig. 2, Z, takes the
form of a cathode bias resistor R;, by-passed by a capacitor

SYMBOLS
p  valve amplification factor.
Z, load impedance.
r, valve anode slope resistance.
Z,, cathode circuit series impedance.
R, cathode circuit resistance.
C;, cathode by-pass capacitor.
o angular frequency 2xf, where f is the operating frequency.
R; load resistance.
g, valve mutual conductance.
I, transistor emitter current.
I, transistor base current.
I, transistor collector current.
@ transistor emitter to collector current gain.
Z, base circuit series impedance.
Z, emitter circuit series impedance.
R, transistor emitter resistance.
Ry, emitter circuit resistance.
C emitter by-pass capacitor.
R, base circuit resistance.

C;. Also the load Z;takes the form of a resistor R,.
Therefore in this case the cathode circuit impedance

can be written as:—
Ry

T e @)

+joCR;, "

Fig. 1. Valve amplifier stage with
cathode impedance Z.

Fig. 2. Valve stage with cathode by-
pass capacitor Cy.

Now if the values of Z, and Z; are substituted into
equation (1), the gain becomes:—

Yo uR(1+joCRy)

i T Ry AHWCRY T Gi DR, @
Equation (3) can be rewritten as:—
Yy ) :“RL
o R 41, + (DR,
1 + joCR,
. Cr (Ru+r) (utD Rpeuooonnnn (4
T T 1 R, T + D Ry )

Equation (4) is not really as complicated as it looks at
first sight. The first term on the right:—

Ry
RL +r, + (I‘+1) Rla

should be compared with equation (1). It is the gain
which would be obtained if the capacitor C, was not
there at all. Since in these circumstances Z, would
simply be equal to Ry, the first term is completely inde-
pendent of frequency. The second term on the right of
equation (4) depends on the frequency, however, and

WIRELESS WORLD, MAY 1965



this term determines the frequency response of the
amplifier. The second term takes the form :(—
LA jeCiR,
1 4 joCR
where
C;
- L 5
pt1 )
and
R = (R + 1) % (# & DRy (6)

RL + r, + (f"‘ + I)Rk
The imaginary resistor R can therefore be thought of ‘as
formed from (R, +r,) in parallel with (p + DR,
waile the imaginary capacitor C is (¢ + 1) times smaller
than C,,.

Because of the presence of this frequency response

term in the gain equation (4), we can see that the overall

gain of the circuit of Fig. 2 is not independent of fre-
quency. Instead, when the gain in decibels is plotted
against the logarithm of frequency, a curve such as that
of Fig. 3 is obtained. From equation (4) we can see that
at very low frequencies, whenw is very nearly zero, the
gain becomes:—
Yo fﬁg_@,,!, L )
v; RL + T, =+ ("" o I)RI«:
since the frequency response term equals one when
w = 0. On the other hand, at very high frequencies,
when o approaches infinity, equation (4) gives a gain of:—

v R Retr DR g
v, R, 41, + (uFDR, R, 41,
MRL
=k 9
R, r, ©)

As might be expected, at high frequencies capacitor C;
removes the negative feedback, gain-reducing, influence
of cathode resistor R;. This is of course the reason for
including C, in the circuit in the first place.

Thus we know the low frequency gain and the high
frequency gain. From equation (4) and Fig. 3 we also

Fig. 3. Variation with fre-

quency of valve stage gain.

RELATIVE GAIN (dB)

Fig. 4. Transistor amplifier stage.

WIRELESS WORLD, MAy 1965

know the frequencies at which occur the  cut-off”
points, where the characteristic curve departs by approxi-
mately 3 decibels from the low frequency and high
frequency gain values. Now since capacitor C; was
added to increase the gain at any but the lowest frequen-
cies, we are interested in the value f; of the lowest fre-
quenty at which the capacitor is very effective in holding
up the gain. From Fig. 3 it can be seen that this lowest
frequency is given byi— .
1 R, 1, + (p 4 DRy
wp = 2y e e T
CR C/.'R/; (RI + ra)
Simply in order to make more sense out of equation (10),
let us make the assumptions that (» + 1)R, is so much
greater than (r, -~ R,) that we can neglect the latter
and also that r, is so much greater than R, that we can
neglect R;. On the basis of these assumptions:—
u 1
R o R 11
' Ckru, Clc bt 1//gm ( )
Thus, insofar as the assumptions are acceptable, the
critical frequency below which the gain falls off fairly
steeply depends on the relationship between the cathode
by-pass capacitor value and the mutual conductance of
the valve. The value of the cathode resistor is not very
important in settling the required capacitor value. On the
other hand the gain stops falling below a frequency
f, given by :—

.. (10)

1
w, = 27f, CR, (12)
This frequency is clearly very dependent on the value
of R,. However, we are not normally very interested in
the value of w,, our main interest is in the lowest fre-
quency at which the capacitor is effective in maintaining
the gain high, and this is determined by ;.

The argument so far is wide open to criticism in that
some pretty wild assumptions have been made. In order
to clear this up it will be as well to put a few typical
values into our equations and to see what the numbers
look like. Suppose we take a typical triode and operate
it at —1 volt on the grid with an anode current of about
3.7 mA. Under these conditions r, is 13.5 kQ, g,, is
4 mA/V and p is 54. Now suppose R, is 39kQ. In
order to obtain —1 volt of grid bias at 3.7 mA, a 270Q
cathode resistor R, is required. With these values :—

R, 1, + (u+ DR, 1)
= C, x 2110
Now g, is 4 mA/V, so 1/g,, is 250Q and the approxima-
tion involved in equation (11) would give in this case a
reasonable answer. However, also in this case R is
270 Q so that the rule of thumb, which might be expressed
as CR = C,R;, is not toc bad an approximatiory either.
In fact, of course, the only reason that the rule of thumb
works at all is that in most of our circuits R; is not
terribly different from 1/g,,. However, suppose that we
keep all conditions the same except that we make R;
to a negative rail so that we can use a higher value of
resistor. Can we then reduce the value of capacitor
C,, without changing the cut-off frequency? Suppose
that we increase R;, by nearly 40 times to 10 kQ, can we
reduce the value of C, by 40 times and yet still obtain
the same cut-off frequency? To obtain the answer,
we examine the value of CR in this case. On substituting
the correct values, including the new value of R;, into
equation (13), we find that :—
CR = Ck X 873

Thus we can indeed reduce the value of C, without
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changing the cut-off frequency, but only by about four
times rather than forty times. If a rule of thumb is
required, the only safe one is that the reactance of
capacitor C; should be low (say less than ten times)
compared with 1/g,, rather than compared with R,
at the lowest operating frequency.

With valves at least the usual rule of thumb is satis-
factory for use with normal amplifier circuits, even if
this is just a lucky accident. What of transistor emitter
by-pass capacitors, what value should they have? Here
some people carry over the rule of thumb from valve
circuits and say hopefully that the emitter by-pass
capacitor should have a reactance of one tenth of the
emitter resistor value at the lowest operating frequency.
After our experience with the valve case, it will be as well
to defer comment until the circuit has been analysed.

In the transistor circuit of Fig. 4, we can say without
doubt that I, = I, + I,. If required, Kirchhof can be
invoked burt it would seem to be common sense that what
goes in must come out somewhere. In addition, let us
make the assumption that I, = «I,, where « is a constant.

This is an assumption which we can use safely at low

frequencies with small signals as we can see from examina-
tion of the characteristic curves of a transistor. Accepting
these two equations of operation, it is not too difficult
to derive for the circuit of Fig. 4 an expression for the
collector current I, :—

) SO
Z.(1 — o) + Z,

Now suppose that Z; is a resistor R;, Z; is a resistor
R, and Z, comprises a resistor R, in parallel with a
capacitor C, both in series with a resistor R, as shown in

I, = (18

Fig. 5. Thus:—
R,
Z,=R, + m 15)

By substituting the various component values into

equation (14), we can obtain an expression for the voltage

gain of Fig. 5. :—

2 _ IRy
Vi - T;
_ ocRL o«
Ri(1 —o)+ R, +R,
1 + joCR,
- (16)
|+ juc Re®e + (1 =Ry

. R, + R, + ({1 — )R,

Equation (1%) can be compared with equation (4). Once
again there is a fixed term and a frequency dependent
term, the latter having the form :—

1+ ijRg
1 + joCR
where
R — R, R, + (1 — o)Ry) an

TR, + R, + (1 — R,

The imaginary resistor R can be thought of as a resistor
R, shunted by the series combination of R, and (1 — «)R,.
The frequency response obtained with the arrangement

of Fig. 5 can be plotted as shown in Fig. 6. In this
case :—
: (18)
Wy = o .. .o .. .. ..
Y7 CR
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then R =

so that the critical frequency is determined by :—
R, R, + (1 — )Ry)

R, +R,+ (1 — )Ry ™~ ,

Usually R, + (1 — «)R; will be small compared with R,

and the former can therefore be ignored as a first approx-

imation in the denominator of (19). On this assumption :—
CR=CR,+ (1 — xRy .. .. .. (20)

CR =C (19)

Fig. 5. Transistor stage with
emitter by-pass capacitor C.

Fig. 6.
quency of transistor stage
gain.

Variation with fre-

RELATIVE GAIN (dB)

K

=1 = @ —»
WTC R T TR
Thus with the transistor circuit, the minimum frequency
at which the emitter capacitor C is effective depends
largely on R,, R; and o rather than on R,. The reactance
of capacitor C should therefore be small compared with
R, + (1 — )R, at the lowest operating frequency in
order to reduce the amount by which R, causes the gain
to be reduced, even though R, is not in the emitter
circuit.

Once again, the insertion of a few typical numerical
values will make the position clearer. Suppose that
R, = 200, R, = 1k0, R, = 10kQ and « = 0.99,

1000 x (20 -+ 10,000 x 0.01) 1070
1000 + 20 + 10,000 x 0.01

This value is much nearer to (R, + (1 — «)R,) = 1200~
than it is to R, = 1k, though if instead we happen to be
using a value of R, in the region of 100Q then the old
rule of thumb would give a reasonable answer. Un-
furtunately a value of R, as low as 100Q would be likely
to lead to thermal problems in many cases.

Thus the old rule of thumb should be used with
caution, if it is used at all, in either valve or transistor
circuits. However, it is always safe to say that the by-pass
capacitor reactance at the lowest operating frequency
should be low compared with 1/g,, in the valve case and
with (R, + (1 — «)R,) in the transistor case. It is
interesting to note that the base series resistance R,
has a large effect on the temperature stability of a tran-
sistor stage as well as on the frequency response.

REFERENCE

1. Young, J. F., A Transistor Characteristic Curve Tracer?
Electronic Engineering, Vol. 31, p.330, 1959.

WiIRELESS WORLD, May 1965






wide and alignment is to approximately
0.00002in. A surface finish of approxi-
mately 3 microns is obtainable with
this bench-mounted machine. Spark
rate is about 1 Mc/s.

Applications for this machine in the
electronics industry have so far been in
the manufacture of evaporation masks,
thin film resistor patterns and micro-
wave components such as millimeter
wavelength reflex klystrons.

5WW 304 for further details

‘““ Broadcast’’ Vidicons

THE range of separate mesh one-inch
vidicons manufactured by the English
Electric Valve Company has been ex-
tended with the introduction of two
new units having high peak response in
the “blue” region of the spectrum.
Entirely new photo-surfaces have been
incorporated in these tubes, the 8625
(P846) and 8626 (P847), which give
high resolution at high signal currents,
correct panchromatic response with
tungsten illumination, low lag and re-
duced long term sticking characteristics,
and a very high and uniform sensitivity.

The improved features have resulted in

new manufacturing techniques whereby
the photo-surfaces are “ prefabricated ”
to ensure an overall even deposition.
The extra blue sensitivity has also
been found to improve considerably the
signal to noise ratio in colour television
cameras. While the 8625 (P846) has the
standard 6.3V/0.6 A heater, the other
tube has a low consumption 6.3V/
0.095 A heater.

SWW 305 for further details

General-purpose Bridge
AN instrument containing a resistance-

capacitance  bridge, a  resistance-
capacitance-inductance comparator, a
capacitance  leakage/inductance-resist-

ance analyser, a d.c. valve voltmeter and
a d.c. valve ammeter has been intro-
duced by the EICO Electronic Instru-
ment Co. Inc., of 131-01 39th Avenue,
Flushing, New York 11352. Called the

EICO 965 FaradOhm Bridge Analyser,
this instrument is suitable for measuring
resistance from 0.5Q up to 500 MQ
(insulation resistance up to 100,000 MQ)
and capacitance from 5 pF to 5,000 »F.
The internal supply to the bridge is
only 0.45 V a.c. (at line frequency) which
allows the instrument to be used for
testing very low voltage components. An
cxternal voltage at a higher frequency
and/or voltage may also be used, and an
external polarizing voltage may be ap-
plied if required.

The six-range valve voltmeter and
eleven-range valve ammeter—required
for capacitance leakage/inductance-
resistance analysis—may be used ex-
ternally. The full scale voltage ranges
cover 1.5 to 500V d.c. with an input
impedance of 10 MQ on all ranges. Cur-
rent range, full scale, is from 150 nA
to 15 mA and the full scale voltage drop
on all ranges is 75 mV.

The price of this instrument in the
United States is $129.95.

5WW 306 for further details

Transistor Tester

AVAILABLE ecither as a kit of parts
or ready made is the new Heathkit
Model IM-30U transistor tester. It
provides facilities for testing most p-n-p
and n-p-n transistors and has a 15 xA
basic range for leakage measurements.
Tests up to 9 volts are effected from
internal batteries and provisions are
made for connection to external sup-
plies for higher voltage and current
tests.. The Model IM-30U costs
£24 18s 0d in kit form and £35 10s 0d
assembled and is available from Day-
strom, of Gloucester.

SWW 307 for further details

Small Closed-circuit Camera

ONLY 4% inches long and weighing
under two pounds is the new all-
transistor closed-circuit television
camera developed by EMI Electronics
Ltd., of Hayes, Middx. The camera

with specific products.

enter the number(s) on the card.

advertisement pages.

INFORMATION SERVICE FOR PROFESSIONAL READERS

To expedite requests for further information on products appearing in
the editorial and advertisement pages of Wireless World each month, a
sheet of reader service cards is included in this issue.
found between advertisement pages 16 and 19.

We invite readers to make use of these cards for all inquiries dealing
Many editorial items and all advertisements are
coded with a humber, prefixed by 5SWW, and it is then necessary only to

Readers will appreciate the advantage ofrbeing able to fold cut the sheet
of cards enabling them to make entries while studying the editorial and

Postage is free in the U.K. but cards must be stamped if posted overseas.
This service will enable professional readers to cbtain the additional
information they require quickly and easily.

The cards will be
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can operate on 405, 525 and 625 line
standards and changing from one to
another is achieved simply by pressing
a button. The camera head equipment
is contained in two sealed stainless-steel
cylinders, each 4%in long and of 1.7in
diameter. The lens head unit, which is
fitted with a half-inch vidicon tube, can
be up to 100 ft away from the amplifier
head unit and is joined to it by cable.
Camera control unit and other units
comprising the camera channel can be
up to 1,000 ft away.

5WW 308 for further details

Counter-timers

THE 3 Mc/s universal counter-timers
(Types TMSIB and TMS51C) intro-
duced last year by Levell Electronics
Ltd. are now being produced under a re-
vised specification which increases their
top counting frequency to 6 Mc/s. The
sensitivity figures are also revised and
are as follows: 35mV up to 300 kc/s,
100mV at 3Mc/s and 300mV at
6 Mc/s. The ageing rate of the crystals
has also been improved and now is 2
parts in 10°/week for the TM51B and
3 parts in 107 /month for the TMSI1C.

Both instruments are portable, have
five-digit displays and differ only in the
stability of the internal 1 Mc/s crystal
reference standard. No change is to be
made to the type numbers, or the price
of the instruments which is £275 for the
Type TM51B and £295 for the TM51C,
The company’s address is Park Road,
High Barnet, Herts.

5WW 309 for further details

Klystron Power Supply

A SOLID-STATE power supply has
been developed for medium-power Kkly-
strons by Microtest Ltd., of 9 Old Bridge
Street, Kingston-upon-Thames, Surrey.
It offers a fixed, regulated 300 volt out-
put to drive the cathode (resonator), a
continuously variable 0 to —300 volt
output for the reflector and a 6.3 volt
a.c. output for heaters. Current ratings
are from zero to 50 mA, zero to 500 uA
and 2 A respectively.

The reflector supply can be internally
square wave amplitude modulated at
frequencies between 900 and 4,000c/s

or externally frequency modulated by

means of sawtooth waveforms or sine-
waves. Amplitude of the internal modu-
lation is 200 volts and is provided by
a valve circuit.

SWW 310 for further details
Voltage Amplifier & Charge
Amplifier

TWO new signal conditioning devices
for piezoelectric accelerometers, a Type
1-302 voltage amplifier and a Type i-
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and “mercury-wetted” by the I T.T. range. These are
cheaper and have life expectances up to 10° operations.
High-speed polarized relays of the Carpenter type are
also less expensive than the transistorized equivalent
shown by T.M.C., but in unattended situations or where
skilled adjustment is expensive, the higher capital cost
of the transistor version may be justified.

Two new colour television display tubes, both with
rectangular screens, were shown, one by the firm “La
Radiotechnique ” which markets the Miniwatt and Dario
valve and transistor marques in France, and the other by
Sylvania. This latter tube has a new phosphor coating
for the red dots containing the rare earth europium which
enables the brightness to be brought up to the more
sensitive green and blue levels. An overall brightness in-
crease of 439 is claimed. ‘

Among measuring instruments a millichmmeter (Type
RO1) by Société Electronique et Nucleaire was noted.
It has a range of 10 #Q to 10 kS and uses long thin lzads

and crocodile clips for connection to the circuit to bz
measured. Actually the jaws of each clip are insulated
from each other one being used to establish a known
current through the circuit under test and the other to
measure the voltage developed across it. As the input
resistance of the voltmeter is about a megohm the lead
resistances can be neglected.

Oscilloscopes showed no striking advances in perform-
ance, but there was a trend among the high-grade makers
to produce models of smaller size and weight, typical
examples being the Hewlett Packard Model 132A double-
beam tube, using Nuvistors for low microphony in the
channel amplifiers, and the Tektronix 422 measuring only
16X 81 x 62 in, also with double-trace operation and a
wide selection of functions for all kinds of scientific work
in the field. The ultimate in portability was seen on the
Cosmocord stand where a new range of inexpensive
vibration measurement equipment included a l-in
oscilloscope measuring approximately 53 x 43X3 in.

COLLOQUIUM ON MEMORY TECHNIQUES

N attendance not far short of 600 served to indicate the
breadth of interest in this subject. While the com-
mercial rewards in a future dominated by computers

are likely to be high for anyone making a major break-
through in capacity and/or access time, this alone wouid
not account for the fascination of the problem for applied
physicists, technologists and engineers who have the planning
of computer systems. Work on thin magnetic films, opto-
electronics, cryogenic devices and ferroelectrics have pro-
duced a wealth of paper work and more questions than
answers, but the time will no doubt come when the domin-
ance of the ferrite ring core matrix in present-day computers
will be superseded. - i
Successive miniaturization giving better packing densities,
and multi-aperture cores permitting non-destructive read-out
have kept ceramic ferrite cores ahead of the pack so far.
Although a higher Curie point is possible with lithium, and
other minor improvements can be obtained with various
additives, H. P. Peloschek (Philips) thought that the original
manganese-magnesium square loop ferrite was likely 10
remain the most-faveured type for a long time on account
of its uniformity, reliability and fast switching time. He
saw no sensational improvement in these directions, but
thought that higher saturation magnetization and crystal
anisotropy were possible, and that better ceramic structure
might be found to improve the squareness of the hystersis
loop, degraded by the increased effect of disturbances (pores,
etc.) in miniature structures. Most speakers supported this
view and agreed that competitors using other methods were
aiming at a moving target. )
Much work has been done on thin magnetic films which
promisé faster and cleaner switching because the change
of magnetic state depends on 180° coherent rotation of the
molecular magnetization in what is virtually a single domain
and is independent of the wall motion between domains
which is dominant in bulk materials. J. I. Raffel described
work at M.L'T. on a high-capacity film store giving 3,200
word lines on 350 digit lines (1.1x10° bits) on a glass
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substrate only 10 inches long. The magnetic ‘material is
deposited by evaporation in a vacuum and special precautions
against blemishes (e.g. dust) in preparation are necessary,
as one open or shorted line could spoil the whole store.
Non-destructive read-out is possible with sandwich films
in which a “hard” (Ni Fe Co) film is separated from a
soft (Ni Fe) film by a thin non-magnetic layer. The coup-
ling between the magnetic films in these conditions is parallel
and identical in direction and this unexpected phenomenon
is as yet not satisfactorily explained, though work by Prof.
Néel and his colleagues at C.N.R.S. at Grenoble suggests that
three mechanisms may be involved: (1) contacts through
microholes in the non-magnetic layer, (2) diffusion into this
layer of ferromagnetic elements and (3) long-range inter-
action through the polarization of conduction electrons. The
dominant cause is dependent on the metal used for the
intermediate layer.

An unusual photoelectronic memory depending on per-
sistent internal polarization (p.i.p.) in a layer of powdered
photoconductive material in air, and also exposed to an
electric field was described by H. P. Kallmann (Univ. of
New York). The information is written-in by a light beam
and can be released by light in the absence of the electric
field, but with both field and light off it is calculated that
the latent image would last, under dry conditions, for 10
to 12 years.

Another unusual memory principle was described by J. T.
Chang et al (Bell Tel. Labs.) and depends on the rotation
of polarization of transmitted light through a mosaic of
gadolinium iron garnet crystals on the application of a
magnetic field. The magnetization of the iron sub-lattice
of the garnet produces a rotation in opposite senses for
magnetization along or against the direction of light, so
the elements can be interrogated non-destructively.

In the concluding session J. A. Rajchman (R.CA), a
pioneer of memory techniques, summarized the conclusions
of the conference and gave his views of future prospects.
Too much emphasis he thought should not be given to
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miniaturization and perfection of integrated memories them-
selves without at the same time considering the integration
of the access switching circuits which at present cost about
as much as the matrix itself. Junction transistors at present
capable of being packed at 20 or more to the “chip” were
too big, and one had to think in terms of thousands in the
same area. Meanwhile diodes which could be laid down at
60 to the inch must offer the best prospect for integration
during the next 2 or 3 years. Tunnel diode characteristics
were sensitive to manufacturing tolerances and he thought
that the future might lie with field effect complementary
pairs which were capable of nanosecond switching times with
negligible energy requirements. But we would still need
6 to 8 transistors per bit.

In spite of slow progress and pessimism in some quarters
he thought that superconducting memories had as much
chance as any of beating the ferrite core. They contained
only conductors and were simple to manufacture, energy
requirements were small and switching thresholds sharp.

The attraction of optics as providing the ultimate in speed
of operation was in Dr. Rajchman’s view illusory. Com-
pared with fibres, necessary for the conduction of light to
the appropriate part of the memory, the copper wire for the
conduction of electricity was a great invention; it was just
as fast and much more efficient. Lasers with their capability
of concentrating large energies in a small spot were not yet
sufficiently developed to judge whether a practical application
could be made.

The Editor does not necessarily endorse opinions expressed

Class D Audic Amplifiers

THE article in the April issue by Messrs. G. F. Turnbull and
J. M. Townsend concerning their * pulse width modulated,”
or ““class D,” audio amplifier circuit interests me very much.
They have produced a design essentially similar to the one I
described in this same journal over two years ago (Letter to
the Editor, March 1963), although I am assured that they
were unaware of my circuit until after their article was com-
plete. We both advocate arrangements in which overall
negative feedback is used to generate the basic switching, and
apparently we were led independently to this principle from
consideration of different kinds of automatic control system.

Since the publication of my letter I have several times
heard the comment that this type of switching must lead to
distortion, since it introduces a variation of the basic switching
frequency when a modulation waveform is applied and that
this variation must give rise to complex sidebands which will
spread 'down into the a.f. band more seriously than would
have been the case with the more usual fixed frequency of
switching. But is this variation of the frequency necessarily
a bad feature? Might not the feedback be cleverer than we are,
and “ know >’ that a judicious amount of frequency modulation
can actually reduce the troublesome low-frequency sidebands?
In fact I am sure that this is the case, and that the feedback
effectively modifies both the mark-to-space ratio and the
frequency of the switching square-wave in such a manner as
to give a very worthwhile reduction of the spurious sidebands
at the low frequencies.

Consider the basic arrangement as shown in Fig. 1, which is
almost a reproduction of Fig. 8(a) from the article in the April
issue. The amplifier A and the capacitor C form an integrator
using the well-known ‘ Miller ” principle, and the resistors
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AUDID A ——
INPYT R ouTPUT
Fig.1

EDITOR

by his correspondents

R, and R, form a feedback network also in a familiar way. If
the amplifier A has a high gain, so that voltage swings at its
input are negligible, and ahigh input impedance, so that no
current is wasted, then the feedback network delivers a current
proportional to the voltage error at the output point and this
current is integrated by the capacitor C. Thus the output
* voltage of the amplifier A is at every moment a measure of the
integral of the error of the overall amplifiers and the hysteresis
circuit H trips over whenever this accumulated (error x time)
integral threatens to get outside the range represented by the
voltages -+ d.
We can thus draw a diagram of the error waveform of the
overall amplifier by subtracting the ideal linear output voltage.

ERROR WAVEFORM

N +h

ﬂ\\ - w
\ N,

— |

/ -
y -h
IDEAL‘UNEAR OUTPUT y v 4
Vin —R%
. EDGE TIMES OF OUTPUT SQUARE-WAVE
Fig. 2

which is V inll% from the actual output square wave that the
1

system gives. The result will look like the waveform in Fig, 2.
where the vertical edges have the same height and timing as
the edges of the square-wave output, but are joined together
by portions of the ideal linear output as a result of the subtrac-
tion. Now clearly we require this error to be as free as possible
from components of frequency in the a.f. band. The modula-
tiocn system we are discussing, and only this system, has the
property that each single pulse in this error waveform has the
same voltage X time integral, indicated by the areas shaded on
the diagram, as all the other pulses. ’

Now this means that not only are the very low frequency
components of this error waveform always exceedingly small,
but that their increase of size along the frequency spectrum is
parabolic rather than linear. In contrast to this, conventional
fixed frequency p.w.m. generates sideband components of
constant amplitude even when their frequency is close to zero,
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such as when the signals at the input are roughly one-quarter
or one-sixth of the switching rate. Now the writer is forced to
admit that he has been unable to find a satisfactory method for
obtaining a proper Fourier analysis of this switching wave-
form, perhaps some reader may be able to help, but approxi-
mate methods suggest that the advantage gained with this
arrangement extends over a band of frequencies up to at least
a third or a half of the basic switching frequency, that is to
say throughout the range that is of practical importance.
1t wiil be realized, of course, that if very heavy modulation
of the mark-to-space ratio is used then the switching rate
falls drastically and severe distortion occurs, but it will be
found that the effects are not really so very much different
when a system of the constant frequency type is overloaded,
and the only honest course is to quote a figure for maximum
output power based on a maximum modulation depth of
perhaps 759%. :

Thus this basic system of modulation, involving both the
mark-to-space and the frequency of the switching wave,
obtained with the negative feedback kind of circuit appears
to be theoretically superior to the more usual fixed frequency
p.w.m. scheme. This means that such a circuit has the
practical advantage that a lower switching rate can be used
to obtain a given level of performance, and this in turn eases
the speed requirements on the final power transistors. The
selection of these is at present the most difficult part of any
Class D amplifier design, so that easing of the requirements
is of considerable value.

But this is not the only advantage of the negative feedback
system. Consider Fig. | again and think what is actually
involved in block H. This is not merely a switch with
hysteresis, but a power amplifier capable of driving some
watts into a loudspeaker. It will normally comprise four or
more transistors of which several are being pushed for
economic reasons to their limits of power and switching speed.

Thus it is naive to assume that the pulse edges will emerge:

at the loudspeaker circuit with accurately defined amplitudes
and uniform time-delays. But in a circuit without feedback
this assumption has effectively been made and if it is wrong
even by only a few per cent. then a corresponding distortion
will be found in the output. The negative feedback, how-
ever, corrects for errors of these types and it is a feature of
this kind of amplifier that feedback can be put over so many
stages that the correction is easily made almost perfect. The
only worry is that the circuit may possibly * squegg ™ if you
are exceedingly careless; it will, of course, “ hoot,” as it was
intended that it should!

This makes it clear that the only way in which the circuit
can misbehave is by a weakness of the feedback arrangement.
Thus the amplifier A in Fig. 1 must take only a negligible
input current and its input voltage must not vary appreciably.
If these conditions are not met then not merely does distortion
appear, but power line hum is able to creep in and bass
response can be lost. My circuit of March, 1963, can be
substantially improved in this respect by the use of cither a
transistor of exceptionally high current gain or a Darlington
pair in the first stage. The circuit of Turnbull and Townsend
in the April issue has a lower impedance feedback network
than mine, so that it will be likely to suffer less, but even so
the selection of a high gain transistor for Trl will probably
be worthwhile. The exact mechanism of this interference
can be rather subtle, but the essential effect is that any
variation of the collector current of this transistor due to any
cause such as variation of the voltage applied to the load
injects a current, reduced only by the current gain factor,
directly into the feedback bridge. This in turn causes a
corresponding change of the voltage at the loudspeaker and
hence an unwanted contribution to the output.

Tt seems rather unkind to criticize the details of the circuit
given in the April issue when I am so much in agreement
with its basic principles. Accordingly I will content myself
with asking that interested readers should compare the two
circuits before building either of them, and I would also
like to point out that far and away the most difficult problem
for many readers will be in obtaining transistors fast and
powerful enough to work adequately in the final stage. The
day when transistors become like vacuum tubes and are
always able to function far beyond the highest audio fre-
quencies whatever their current or power capabilities has
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not yet arrived. When it does we may well see the Class D
circuit as the only type of a.f. circuit used in any numbers.
Cheadle. K. C. JOHNSON

Pulse Width Modulated Audic Amplifier

IT has been my pleasure to read the valuable article by G. F.
Turnbull and J. M. Townsend on pulse modulated audio
amplifiers in the April issue. )

1 would like, if T may, to underline the muffled plea (con-
clusions, p.167) for the development of transistors or G.T.O.5
appropriate to power outputs of 20 to 100 watts r.m.s.

In the current range, there is a pronounced notch between
audio types having inadequate switching speeds, and h.f.
power devices which are too good, and correspondingly ex-
pensive for this application. It is to be hoped that the more
enterprising semiconductor manufacturers will force the
potential of class D systems in the industrial as well as domes-
tic markets. -

There is a good choice available for the lower-powered
stages with prices ranging from under one shilling to about
4s for planar epitaxial devices. I mention this to make the
point that other components, e.g., a decoupling capacitor, can
cost the manufacturer more than a transistor.

The editorial of the April issue makes appropriate com-
ment about “habits of thought induced by long experience
with valves. . . .” Historically stress has always been laid
upon the number of valves employed in a particular piece of
equipment. There is surely no longer any reason to regard
transistors differently from other circuit components, such
as resistors and capacitors, )

This argument is relevant when comparing open and closed
loop class D systems. It is perhaps worth mentioning that in
an open loop system employing double edge modulation the
h.f. energy is confined to blocks centred on the fixed p.r.f.
and its harmonics, and that filtering therefore tends to be
easier. Whilst filtering is frequently unnecessary in domestic
installations due to the large h.f. resistance of most loud-
speakers, it is important in high-power p.a. applications in
order to avoid radiation. )

On this topic and again referring to “habits of thought,”
we ought not to be prejudiced against an audio amplifier con-
taining a “local oscillator” any more than we are towards
super-het receivers. In both instances, however, adequate
design is called for.

Oxted, Surrey. D. R. BIRT

Klystron Action

i CANNOT agree with Mr. K. E. Hancock’s qualitative
description of the action of the klystron in the October, 1964,
issue. Contrary to his statement in the script on page 509,
the charge distribution in the resonator of Fig. 4 gives a field
distribution most favourably disposed towards accelerating the
beam electrons within it.

Furthermore, although a finite transit time in the gap
(G, to Gy) does affect the intensity of velocity modulation of

the beam (by a gap factor sin% (-275 where ¢ is the transit
ungle), the phenomenon of bunching can be explained
without reference to it. The main factor governing the
velocity of an electron leaving G, will be the potential to which

it has been raised at this point, and it can be easily shown that

. L 1\ %

the velocity of an emergent electron is given by po(l-i—\—]l)“
0

where v, is the instantaneous potential difference between
G, and G, V is the steady p.d. between resonator and cathode
and po is the electron velocity with no cavity resonance.
Bunching is thus obtained by electrons entering the retarding
field space near the repeller at different velocities as v; goes
through its sinusoidal cycle. The modifying gap factor will
have little effect upon this as the transit angle is normally
of the order of 1 radian.

if the bunch can be timed to return to the resonator when
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Satellite Communications Service Begins

GOONHILLY STATION MODIFIED FOR EARLY BIRD SYNCHRONOUS SATELLITE

AUNCHING of the Early Bird synchronous satellite

on 7th April effectively established the first satellite

radio communications system to be used in a com-
mercial telephone service. Previous satellite communica-
tions systems have been purely experimental. After an
initial test period, now nearing completion, the new
system will carry a proportion of the transatlantic tele-
phone traffic normally conveyed by cable between Europe
and North America. Nevertheless it is still only a trial
commercial system. The economics and technical advan-
tages of synchronous satellite working have still to be
assessed, relative to h.f. radio, under-
sea cables and the rival non-syn-
chronous satellite systems, before a
decision can be made on the best
type of satellite scheme for global
communications.

The Early Bird system will provide
up to 240 telephore circuits between
an American earth station, at
Andover, Maine, and any one of
three European earth stations, at
Goonhilly Downs in Great Britain, .
Pleumeur Bodou in France and . 2% ADARTABLE
Raisting in W. Germany. Continu-
ous operation is possible, but initially
the service will be restricted to peak
telephone traffic hours between noon
and midnight, Monday to Friday.
The system may also be used for
occasional experimental television
transmissions. The three European
stations will operate consecutively,
each carrying the whole of the satel-
lite-system traffic for one week in
every three -week period. The re-
maining two weeks of the period are
for standby operation and mainten-
ance respectively. Switching centres
at London, Paris and Frankfurt will
establish the required telecommuni-
cation circuits throughout Europe, to
and from whatever station is acting
as the satellite terminal.

Early Bird, otherwise known as
HS-303, has been placed at a height
of about 22,240 miles and moves in a
synchronous equatorial orbit which
causes it to be stationary with respect
to the earth at a point 27° 30'W above
mid-Atlantic. Built by Hughes Air-
craft Company, U.S.A., the HS-303
is constructed as a cylinder 3ft in
diameter and 4ft 6in high with pro-
jecting aerials. The cylinder carries
on its surface about 6,000 solar cells,
providing a 45-watt power generator,
and encloses two communications
transponders, a v.h.f. telemetry trans-
mitter, two microwave beacons and a

PRIMARY
FEEDS

OLD AERIAL
FEEDS POSITION
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CENTRAL SECTIO
25ft DIA.

LD AERIAL /

BOWL POSITION

battery of rechargeable cells. The two transponders
(one for each direction of signal transmission) receive
signals from a colinear aerial array and use a common
travelling-wave tube transmitter, which has an output
power of 4.3 watts and feeds a co-axial slot aerial. For
telemetry, four v.h.f. whip aerials are used.
Communications signals are transmitted from the Euro-
pean earth station on 6.30 Ge/s and received by one of
the satellite transponders, which re-transmits them on
410 Gc/s to the U.S.A. In the reverse direction, signals
are transmitted from Andover on 6.39 Ge¢/s and received

24 PANELS

GIRDER STRUCTURE
AND MACHINED TRAYS

T 85ft

iy 03

T.W. MASER CABI

PRSI

NS © TURNTABLE

Fig. I. Main features of the modified agerial, sh;)wing the new bow/! buift on top of the old one.
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ELECTRONIC LABORATORY INSTRUMENT

PRACTICE

By T. D. TOWERS,*m.B.E, A.M.LE.E,, A.M.L.LE.R.E.

5.—MEASUREMENT OF RESISTANCE

INE times out of ten in an ordinary electronics
- laboratory you will use a multimeter to measure
resistance. Next time you have occasion to do
such a measurement, halt that reflex reaching for the Avo,
and think “ What am I doing? What will the reading tell
me? What accuracy can I expect?” If you think you
could, without reference to a textbook, score more than
90% for an examination question like this, you need
not read on. If, however, your ideas on resistance measure-
ments are, like most people’s, a bit hazy, you may be in-
terested in the description given below of the variety of
methods (of which the multimeter is only one) which
can be used.

Multimeter Resistance Measurements

Most multimeters are provided with direct reading re-
sistance scales. When switched to an “ ohms” scale

the instrument uses the basic meter movement in com- °

bination with an internal battery and resistive network to
display a reading of the value of a resistance connected
across its terminals.

In most commercial multimeters, the ohmmeter section
is of the basic * series-type > shown in Fig. 28 (a) where
the current meter M is combined internally with a voltage
source, E, (usually a 13V battery) and a series resistance
RV. The component to be measured is connected across
the test terminals X-X and its resistance is read off on an
ohms scale on the meter.

In practice, the operation is self-calibrating. First you
leave the test terminals open, and verify that the meter
scale reads zero deflection (infinite resistance). You
may have to adjust the meter-preset screwdriver zero-
adjustment for this,
terminals and adjust the * zero-ohms  knob (controlling
RV) until the meter reads full deflection (zero ohms).
Next you connect the unknown R between the test points
X-X and read its resistance on the direct-reading re-
sistance scale. The scalé (which normally reads forward
from left to right for increasing current or voltage) reads
backward for increasing resistance, since the current
through M falls as the resistance across the test terminals
increases. ‘The resistance scale is non-linear, being crow-
ded up towards the left-hand (high resistance) end.

Good commercial multimeters, like the Salford
¢ Selectest,” or the Avo Model 8, described in previous
articles, have three switched resistance ranges. In these
the normal range (2 x 1) measures 0-200k{2, with
2k mid-scale; the high resistance (2 X 100) measures
0-20MS2, with 200k mid-scale; the low resistance
(2 = 100) measures 0-20008, with 20£ mid-scale.

How accurately does a multimeter read resistance?

* Newmarket Transistors Ltd,
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Then you short-circuit the test-

When it leaves the manufacturer, the accuracy specifica-
tion (for example, of the “ Selectest”) is typically +
39 from zero to mid-scale, +5% from mid-scale to
2/3rd full scale and +10% from 2/3rd up to full scale.
After a few ° adventures ” in the lab., you would be unwise
to assume that it is as good as this. If you are prudent
you should not rely on its being better than 59%, below
mid-scale, 109, from } to 2/3rd scale, and 20% to 2/3rd
to full scale.

These accuracies are sufficient for many requitements
in the laboratory but you may want to check more
closely on occasion. You can then turn to one of the more
specialized instruments described later. Alternatively
(and this is very often done) you may check the multi-
Imeter resistance range error by measuring a standard
cracked-carbon high-stability resistor of known value.
These can be obtained quite cheaply to a 19, tolerance
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Fig. 28. Basic circuits for resistance measurement: (a) series-type
ohmmeter range of multimeter; (b) alternative series-type ohmmeter
(c) shunt-type ohmmeter; (d) valve-voltmeter circuit for measuring
resistance.
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JUNE ISSUE

Publication date of the June issue of Wireless World,
which will include a preview of the London Radio and
Electronic Component Show, will be brought forward to
May 17th, the day before the exhibition opens at Olympia.
The Show, sponsored by the Radio and Electronic Com-
ponent Manufacturers’ Federation, will open daily from
10 a.m. to 6 p.m. from May 18th to 2Ist. The preview
will summarize briefly some of the newest products of the
250 exhibitors and will be in addition to the normal
quota of articles and regular features.

potential (but is not at present in common use), is the
“square wave”’, or what I call the “scope trace decrement”,
method. The basic circuit of this is illustrated in Fig.
36(a) where a square-wave generator with output im-
pedance negligible compared with the resistance . R,
to be measured is used to drive the differentiating network,
CR,. The wave shape across R, is inspected with an
oscilloscope (with input impedance high compared with
R,). The capacitor C is adjusted until the step “ AB ”
at switch-over on the scope trace is 4.3% of its negative
peak value] V,,. It can be shown then that R, =
1/2= f, C), where f, is the square wave repetition rate.
A common practical problem in a laboratory is to
measure accurately the internal resistance of a d.c.
milliammeter or microammeter, particularly when you
want to select a shunt or series resistor to attain a specific
full scale deflection. There are many ways of doing this,
but the commonest (and easiest) is probably the variable
resistor method shown in Fig. 36(b). This uses a cali-
rated variable resistance RV (which can be a decade
resistance box) and a sready d.c. voltage source E (for
example a fress 1.5V battery) to test the resistance of the

meter M. To make the measurement you close the
switch and adjust RV until the meter reads full scale.
Let RV, be the value of RV for this. Now increase RV
until the meter reads half-scale. Let RV value now be
RV;. The meter internal resistance can then be found
from Ry, = RV, — 2RV,. The accuracy of your result
depends on how precisely the mid-scale point on the
meter represents half current and on how accurately you
can measure RV, and RV,. At a pinch you can use 2
volume control potentiometer for RV, and measure the
values at the two settings with an Avo, or, better, a
resistance bridge.

Summary

When you have to make resistance measurements, always
try to use the best instrument available for the resistance
range and accuracy you are interested in. In broad
terms, ‘

(a) For accuracies of the order of 10% and not too
low or too high resistances, you can use a multimeter or
valve voltmeter (but take the precaution of checking it
with standard resistances occasionally). )

(b) For accuracies of the order of 1% you can usually
employ a good 1.f. a.c. bridge or a general-purpose d.c.
bridge.

(c) For accuracies of the order of 0.1% or better, you
must turn to” specialist instruments such as refined d.c,
bridges.

To return to my original question, you should now be
in a position to realize how and with what accuracy an
Avo measures resistance. As most run-of-the-mill
circuitry works with only 5%, or 10%, tolerance resistors,
and a good well-calibrated multimeter can measure to this
accuracy, you can also see why more than nine times out
of ten engineers in an electronics laboratory reach for the
multimeter, already on their bench, to check 'a resistor
value.

“This Month’s Conferences & Exhibitions

Further details are obrainable from the addresses in parentheses,

LONDON

May 17-21 “Savoy Place
Components & Materials used in Electronics Engineering
(LE.E., Savoy Place, W.C.2)

May 17-21

~ International Instrument Show
(B. & K. Laboratories, 4 Tilney St., W.1)

May 18-21 )
‘Radio & Electronic Component Show
(R.E.C.MF,, 6 Hanover St., W.1)

May 20-21 ) R.Ae.S., Hamilton Place, W.1
. Electrical Conduction at Low Temperatures

. (Inst, Phys. & Phys. Soc., 47 Belgrave Sq., S.W.1)

Grosvenor House, W.1

Olympia

DUNDEE
May 25-27. » .
Electronics in Action Exhibition

Holeburn Rd., Glasgow)
EASTBOURNE :
May 13 & 14 Grand Hotel

_New Materials & Processes in Instrument Manufacture

(Scientific Instrument Research Assoc., Chislehurst, Kent)

SCARBOROUGH

May 24-27
R.T.R.A. Annual Conference e
(Radio & Television Retailers’ Assoc., 19 Conway St., W.1)

Royal Hotel

256

Marryat Hotel

(LE.E." Scottish: Electronics & Measurentent Section, 50 .- ‘

OVERSEAS

May 5-7
Microwave Theory & Techniques
(J. E. Pippin, Sperry Microwave Electronics Corp., Box
1828, Clearway, Fla.) .

May 6-8
Human Factors in Electronics :
(ILE.E.E,, Box A, Lenox Hill Station, New York 21, N.Y.)

Clearway, Fla.

Boston

May 10-12 Dayton
Aerospace Electronics Conference
(NAECON, 1414E, 3rd St., Dayton 2, Ohio)

May 19-25 - Amsterdam

Electronic Exhibition e
(Elvabé, Molenallee 63A, Wilp, Gld., Nethe:i'lands) )

‘May 24-28 Montreux
- Television Symposium .-

" (R. Jaussi; Postfach 97, Montreux, Swi‘tze"rl'an'd)' )

May 24-29 . - " . New York

Information Processing Conference S
ggtis)h Computer Soc., Finsbury Pavement, London,

May 25-27 .
A.F.C.E.A. Annual Convention .
(Armed Forces Communications & FElectronics Assoc.,
1725, Eye St., N.W., Washington, D.C.)

Washington
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