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Colour Television Standards

THE forthcoming meeting of the C.C.LR. at the end of this month in Vienna to discuss,
and this time we hope define, colour TV standards serves as yet another reminder that
although we in this country have now had high-definition “penny plain” television on
and off for thirty years, “ twopence coloured ” is still just around the corner. It has been
there for the best part of ten years, ever since the Radio Corporation of America and the
National Broadcasting Company put forward the blue print which was subsequently
approved and endorsed by the Federal Communications Commission.

As an example of intellectual boldness and practical engineering achievement it ranks
with the pioneering work in Great Britain of Schoenberg and his colleagues at E.M.I.
and Marconi on the 405-line black-and-white system and will stand as a monument to
American technical enterprise in the middle of the 20th century. It has been adopted
in those countries which now boast regular colour television services.

With every incentive of commercial advantage and national pride as the spurs, no
serious competitor has yet been found for the original shadow mask display device,
though significant improvements have been evolved and proved in the coding and de-
coding circuitry which make the picture less vulnerable to transmission distortions. In
particular the SECAM and PAL modifications developed in France and Germany respec-
tively have earned the approval of the broadcasting authorities in many European
countries. There are other detailed refinements which, although not backed by com-
parable publicity, carry sufficient merit to be included in any system in which the sponsors
have a free hand to establish the service of their choice. :

Which brings us to the questions of whether they should have a free hand or whether"
they must conform to a standard and if so, why?

It is axiomatic that the characteristics of a television transmitter (plain or coloured)
should be known and not changed without notice, as these will impose standardization
of all the receivers within range.

Beyond this further standardization may be convenient, but is not essential. As we
extend our horizons for live (immediate) viewing the need for international standardization
becomes more pressing (for the broadcasting authorities) but we are bound to ask if the
fruits of such efforts as have been already made—immediacy in the occasional inter-
national song contest and some, but not all, of the broadcasts of Olympic games—are
enough to justify many authorities in accepting a standard they do not like. Although
tests under ideal conditions have shown that transmission of colour over long-distance
circuits is possible, we doubt whether the quality can be maintained in day-to-day
working with perhaps limited availability of the skilled personnel who conduct research
demonstrations. One shudders to think what the present average black-and-white long
distance hook-up with its frequent loss of sync, horizontal streaking, etc. will look like
“in glorious Technicolor.”

If only we would forego immediacy and allow time (a few hours at most?) for the
development and transport of colour transparencies, future colour standardization need
be only that imposed by the film makers. Given this common ground is there any point
in trying to impose a general European standard for retransmission at the terminal
centres? Does it matter how many standards there are provided that the original master
images in the medium used for exchanges are line-free?

While feelings run high as the leading contenders near the receding winning post (now
soon to be halted in Vienna?) may we suggest that in the event of a photo finish the
stewards at this meeting should not declare a winner, but content themselves with
recording the pedigree and form of the runners before returning them to their respective
countries of origin to perform for the delight of the local inhabitants.

If agreement on a common standard can be reached in Vienna, well and good; but if

MARCH 1965 it cannot, that by itself is no reason why any European country should not have a
technically first-class colour television service forthwith.
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Tunnel Diode Measurements

SIMPL'E METHODS FOR CHECKING CHARACTERISTICS OF LOWER SPEED DEVICES

By J. B. DANCE, m:sc.

LTHOUGH ‘one might think that a tunnel diode
characteristic could be plotted by employing the
simple - circuit of Fig. 1, the use of such a circuit

will almost always result in the tunnel diode either
oscillating or switching across a part of the characteristic.
In either case the important negative resistance region
(shown in Fig. 2) will be partly or entirely missed. This
difficulty arises because at some parts of the characteristic
there are three possible values of voltage for a particular
current applied through the diode. In order to obtain
the stability required for the plotting of the complete
characteristic, the impedances used in the measuring
circuit must be carefully chosen.

Simple Testing

Nevertheless the simiple circuit of Fig. 1 can be used to
obtain a general indication of a tunnel diode characteristic
and to check that the diode under test has not been
previously destroyed by heat or by excessive current.
As the variable resistor R, is rotated to increase the
potential across the diode, it will be found that the
current increases relatively rapidly at first for potentials
of the order of 0.05 volt. This is the region BC of the
Fig. 2 characteristic. Quite suddenly, as the applied
potential is further increased, switching will occur to the
region DE. At this instant the potential across the diode
rises to about 0.4 volt and at the same time the current
falls somewhat owing to the circuit resistance. An
approximate estimate of the diode peak current, I, can
be obtained by noting the value of the current passing
immediately before switching occurs and by multiplying
this current by a factor of about 1.05. This factor is
required, since it is not normally possible to reach the
peak of the characteristic with the simple circuit of Fig, 1.
As the peak is approached a stray noise pulse will cause
switching to the DE region of Fig. 2. The voltmeter,
V, should, of course, be a high-impedance instrument
if the peak current of the diode is relatively small; a
digital voltmeter is ideal.

While carrying out this test, care must be taken to
ensure that the current passing through the diode does

Ry
500
Ry [
V=
250 ]
L9
Fig. 1. Simpie circuit for plotting tunnel diode characteristics.
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not exceed the maximum value recommended by the
manufacturers. This is often of the order of 10 I,.
Thus some tunnel diodes with an I, valie of 1 mA
should not be allowed to pass more than 10 mA.

The reverse characteristic can also be plotted using the
circuit of Fig. 1. Even greater care is necessary to
prevent the maximum current rating being exceeded
than when the forward characteristic is being examined,
since in some cases the maximum current rating can be
exceeded at an applied potential of less than 0.1 volt.

Another simple circuit which may be used to estimate

NEGATIVE .
RESISTANCE
REGION

CURRENT
VALLEY

VOLTAGE =t

Fig. 2 Typical tunnel
diode characteristic.

the peak current of a tunnel diode is shown in Fig. 3.
A half-wave rectified voltage is applied to the diode.
As R, is reduced, the maximum current passing through
the diode in each alternate half cycle increases until the

. trace on the oscilloscope shows that the diode is switch-

ing. The voltage across R at which this first occurs can
be measured by means of the oscilloscope and hence the
maximum current passing through R can be found.
This is approximately equal to the tunnel diode peak
current,

Equivalent Circuit

The conditions under which a tunnel diode is stable in
the test circuit can be deduced from the small-signal
equivalent circuit of the device; if these conditions are
satisfied, the whole of the characteristic can be examined.
In the negative resistance region of the characteristic, a
tunnel diode may be represented by the smiall-signal .
equivalent circuit of Fig. 4. The negative resistance,
— 1, is the reciprocal of the slope of the negative resistance

'WIRELESS WORLD, MARCH 1965
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e

Fig. 4. Small-signal equivalent circuit in negative-resistance region
of diode characteristic.

region of the characteristic. The parameter C is the
capacitance across the p-n junction of the diode. Both
7 and C vary somewhat with the voltage applied to the
diode. The negative resistance quoted in data sheets is
the reciprocal of the maximum slope of the negative
resistance region of the diode characteristic. Junction
capacitance is normally measured in the valley region.
The components R, and L are the resistance and induct-
ance of the semiconductor material and of the leads which
connect the junction to the external circuit.

Stability Conditions
Two conditions must be satisfied if the tunnel diode is to
be stable through the negative resistance region of the
characteristic. The first condition to be discussed must
be satisfied if switching is to be avoided, while the second
condition is concerned with oscillation.

If the diode under test is connected to a circuit of
relatively high internal resistance, the load corresponding

to this resistance will cut the tunnel diode characteristic

CURRENT
o

VOLTAGE

Fig. 5. Load lines giving (I)
unstable conditions, (2) stable
conditions.

WIRELESS WORLD, MARCH 1965

in three places, A, Band Cin Fig. 5. Point B is unstable,

“since any increase in the potential across the diode will

result in a smaller current passing through it. A still
larger voltage will therefore appear across the diode owing
to the internal resistance of the supply. Thus the effect
of a small change is cumulative and the diode will quickly
switch from B to either A or C. In order to avoid this
switching instability, the effective resistance connected
across the diode must have a value such that the load line
representing the resistance cuts the diode characteristic at
only one point. The load line marked 2 in Fig. 5 satisfies
this condition.

Switching will therefore not occur if the resistance
connected across the tunnel diode junction is numerically
less than — r. Thus if the total series resistance of the
circuit is R, the condition for the absence of switching is

- R<|— 7] .. . . Condition (1)
R, is usually much smaller than |— r|; it is therefore
approximately true to say that switching will not take
place if the resistance connected across the diode terminals
is less than |— 7.

Oscillation Conditions

The maximum frequency at which a tunnel diode can
oscillate may be calculated from the equivalent circuit of
Fig. 4. The impedance, Z, across the diode terminals is
given by:—

. 1
Z = R, +july +———1—
. jwC — -
Separating the real and imaginary parts of this expres-
sion:—
i (R N <
Z:RS—T w?C? —12— e m2C2‘|‘l‘2
r r

Oscillation will be sustained only if the real part of this
expression is negative, that is, if
1

1 — -
Rs<7 »?C? + %
The maximum value of » which satisfies this condition,
w,, is thus given by:—

1 r
‘“c:r“c:J g, !

The maximum possible frequency of oscillation is

", = 2mw,and is known as the resistive cut-off frequency.
At higher frequencies the tunnel diode attenuates any
small changes in potential, since its effective resistance is
no longer negative. The resistive cut-off frequency
cannot be measured experimentally.

In practice the maximum frequency of oscillation may
be limited by the minimum series inductance connected
across the junction. The smallest value of series induct-
ance occurs when the diode leads are effectively shorted
and equals L, At this self-resonant frequency, the
reactive part of the expression for Z becomes zero.

Hence C
L, = i
w?C? + —
ot o — L JC 1
T C,L, r®

For some tunnel diodes the self-resonant frequency, f,»
is less than f,. If such a device is placed in a case with
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" TUNNEL DIODE B TEST CIRCUIT
EQUIVALENT CIRCUIT .
Fig. 6. Basic circuit of tunnel diode and its test equipment.

lower inductance, however, it may be possible to reduce
L, and hence to increase f, so that f, is greater than Se-
In this situation the device is short-circuit stable.

The basic circuit of a tunnel diode and its test equip-
ment is shown in Fig. 6. The tunnel diode equivalent

circuit is shown on the left of the diode terminals A and B

and the test circuit on the right of these points. R, and L,
represent the unavoidable resistance and inductance ot the
connecting leads and may be added to R, and L,. The
total series inductance and resistance in the circuit will
be given the symbols L and R respectively. C, is the
decoupling capacitor. If only alternating currents are
considered, the series resonant circuit of Fig. 6 may be
replaced by the equivalent parallel resonant circuit of
Fig. 7. C, of Fig. 6 is normally much greater than the
junction capacitance, C, and therefore the effective tuning
capacitance differs little from C. This capacitance is
therefore shown in Fig. 7.

Oscillation will occur if the dynamic load line cuts the
diode characteristic in three places, that is, if the dynamic

L Fig. 7. Parallel reson-
nant circuit equivalent
to series resonant cir-

R cuit in Fig. 6.

impedance of the tuned circuit of Fig. 6 exceeds |—rh,
Thus the dynamic load line must be similar to that
marked 1 in Fig. 5, but the static load line must be
similar te that marked 2 if oscillation is to occur. The
dynamic impedance of the tuned circuit of Fig. 7, Z,,, is

given by:— L
2qf 1 L
Ly QX = R 27C = RC
For stability Z,,<{| — r]
That is L<RC|— r].. . ... Condition (2)

If L is only slightly greater than RC|— rl, the oscilla-
tions are confined to the negative-resistance region and
are approximately sinusoidal. If L is large, however, the
instantaneous diode voltage and current show excursions
into the region where the diode resistance is positive and
relaxation oscillations occur.

If switching is to be avoided it is essential that the total
series resistance of the circuit, R, shall not exceed | — rl.
On the other hand R should not be very much smaller
than |— r| or the circuit will not be sufficiently damped
and the second condition will be more difficult to satisty.
The series inductance of the measuring circuit to which
the tunnel diode is connected must be kept as smiall as
possible. The circuit values .to be used for measuring

110

the characteristics of a tunnel diode will depend upon the

- parameters of the diode itself.

Practical Example

Let us assume that it is required to determine the
characteristics of an S.T.C. JK9B tunnel diode. The
nominal peak current of this type of diode is 1 mA,
the negative-resistance parameter has a minimum value
of about -— 110 ohms and the junction capacitance is
about 25 pF. The circuit of Fig. 8 has been found
suitable for plotting the characteristic (shown in Fig. 9)
of diodes of this type. The value of the effective resistance
connected in series with the tunnel diode terminals varies
somewhat with the setting of R,, but will normally be
between the limits of 50 and 80 ohms over the negative-

Ry
250
[ ]
Rz
=3y Rs%
250 68
® i
50

Fig. 8. Arrangement used for plotting characteristics of iype JK9B
tunnel diode, :

resistance region of the tunnel diode characteristic. 'This
satisfies Condition 1, but if oscillation is not to occur
L<CR|-7|

Assuming R is 50 ohms

L<25 x 10'* 32 50 x |— 120]

L.<0.15uH )
This condition that the total series inductance across the
tunnel diode junction shall be less than 0,15 microhenry
is not difficult to satisfy. The series inductance of the
JKOB is of the order of L, =6 X 10-° henry and is
negligible compared with 0.15 microhenry.

12
JK9B
1-0
08
—~
T 06
N
-
=
£ 04
3
024
-0 9 o 02 o3 os o5
VOLTAGE
F-0-2
=04
Fig. 9. Characteristic
of type JK9B tunnel
=06 diode.
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Fig. 10. Typical characteristic resulting from oscillation in
measuring circuit.

A relatively sensitive meter was used for measuring
the tunnel diode current, but it was shunted by a 50-ohm
carbon composition resistor in order to reduce the effective
inductance of the circuit. The meter and its shunt were
calibrated against an ammeter; a full-scale deflection of
about 1.3 mA is convenient for use with a2 1-mA tunnel
diode. The tunnel diode, R; and R, were joined directly
together with short leads in the form of a small triangle.
It is important that R and R, should have a low induc-
tance. A valve voltmeter was employed to measure the
potential across the diode. As an experiment a multirange
meter was substituted for A and its 50-ohm shunt, but
much of the negative-resistance region was then missed
owing to the meter inductance. Similarly if R, is omitted
it is not possible to plot the whole characteristic.

Sometimes a curve of the type shown in Fig. 10 is
obtained which appears to have two negative resistance
regions. In this case oscillation is taking place and an
additional rectified current is automatically superimposed
on the diode characteristic?. If care is taken to minimise
the circuit inductance, this trouble can usually be avoided
with tunnel diodes of relatively low speed.

High Speed Diodes

The type of circuit shown in Fig. 8 may be used for tunnel
diodes which have somewhat larger peak currents, The
values of the negative resistance of these diodes will
normally be smaller than that of 1-mA diodes, however,
and the resistor values employed in the circuit must
therefore be reduced. It may prove difficult to achieve
stability.

With some tunnel diodes it is not possible to achieve
stability in the negative-resistance region of the character-
istic when any type of circuit is used. Let us consider,
for example, a tunnel diode with a negative resistance of
1 ohm and a junction capacitance of 20 pF. If switching
is to be avoided, the maximum effective value of the
series resistance connected -across the diode termtinals
is 1 ohm.

To avoid oscillation L < CR|—r|

L <20 x 102 x1x1

L < 2 x 107! henry
The inductance, L,, of the diode itself will probably
exceed this value and stability is then impossible.

In most cases it will be possible to achieve stability, but

WIRELESS WORLD, MARCH 1965

the tunnel diode may have to be placed in a special low-
inductance holder which contains a resistor of extremely
low inductance connected across the diode. The holder
may be in the form of a small cylinder divided into two
sections which surround the diode. The two sections of
the cylinder are joined by the resistor, which is often
constructed as a thin slab but may take the form of an
annulus placed round the diode. Low-inductance
germanium resistors are sometimes used. In this way the
series inductance connected across the diode may be
reduced to a very small value. A capacitor may also be
connected across the diode.

The characteristic of a tunnel diode mounted in this
way may be plotted by use of the circuit in Fig. 11.
The ammeter indicates the total current passed by the
parallel combination of the diode and the stabilizing
resistor R, which is mounted inside the tunnel diode
holder. In order to derive the diode characteristic, it is
therefore necessary to subtract the current passing through
R, from the total current indicated by the ammeter.

The Fig. 11 circuit is also useful for finding the nega-
tive resistance parameter of a tunnel diode. If R, exceeds
| —r| the type of curve shown in Fig. 12(a) is obtained.
If R, is less than | —r| the current increases continuously
with the applied voltage as shown in Fig. 12(b). When
R, is made exactly equal to | —r| the positive resistance of
R, cancels the negative resistance of the diode over the
portion of the curve where the negative resistance is a
minimum. At this point the curve is horizontal as shown
in Fig. 12(c).

When the circuit of Fig. 11 is to be used to determine
the negative resistance of a tunnel diode by the method
described in the preceding paragraph, it is necessary to be
able to vary R,. A variable resistor cannot be employed,
since most variable resistors have a high inductance.
There is, however, no objection to the use of a low-

—\/\E\I/V"ﬁ
o — = — -_——7
i
| 1
1 |
ISRy | Q’
L < RZ : :
-
0 § 1 I
L e o — -—

Fig. 1. Plotting characteristics of diode with stabilizing resistor
within low-inductance holder. :

HORIZONTAL

@ O © "

Fig. 12. Curves obtained with different values of stabilizing resistor*
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inductance fixed resistor of a value somewhat greater than
|--r| in paralle]l with a variable resistor. With high-speed
diodes the fixed resistor should be mounted in the diode
holder, but for low-speed devices a carbon composition
resistor connected directly across the diode terminals
will be satisfactory. The value of the variable resistor is
adjusted until a point is found, on rotation of R, in Fig. 11,
at which the current remains constant with increasing
voltage; this is the horizontal portion of the curve in
Fig. 12(c). The resistance of the parallel combination of
the fixed and variable resistor is then found and is equal
to the negative resistance of the diode.

Curve Tracers

It is otten very convenient to be able to display the
characteristic of a tunnel diode on a cathode-ray tube.
Instability must be avoided if the whole of the negative-
resistance region is to be displayed. A simple type of
circuit for displaying the characteristics of low-speed
tunnel diodes is shown in Fig. 13. The voltage across R,
is proportional to the tunnel diode current and is dis-
played on the Y axis. (R, 1 R;) should be slightly less
than |—r|. The transformer secondary voltage should
be about 2 to 10 volts.

If a linear saw-tooth waveform is applied to a tunnel
diode in the Fig. 13 circuit instead of rectified a.c., the
voltage across R; may be differentiated with respect to
time and applied to the Y plates of the cathode ray tube.
Thz resulting curve will show how the conductance of
the diode (including that in the negative-resistance region)
varies with the applied voltage®.

The characteristics of fairly high speed tunnel diodes
may be displayed on a cathode-ray tube by means of the
bridge circuit Fig. 14. The tunnel diode may, if necessary
be mounted in a very low inductance holder which con-
tains the parallel stabilizing resistor, R,. Initially the tunnel
diode is disconnected and the 500-chm potentiometer is
adjusted so that no vertical deflection occurs as the trace
passes across the screen of the cathode-ray tube. The
bridge is now balanced. When the tunnel diode is
placed in the circuit its characteristic will be displayed,
since the current passing through R, will be effectively
cancelled out by the bridge circuit. Only the unbalanced
current passing through the tunnel diode will cause a
vertical deflection.

Series Resistance

The series resistance of a tunnel diode, R,, is usually
obtained from its reverse characteristic. Its value is taken
to be the reciprocal of the slope of the current/voltage
curve in the reverse region at an appreciable reverse
current where the characteristic is substantially linear.
A reverse current of ten times the peak current may

-

Ri X-AXIS

A.C.
MAINS

TO
Rz \\< EARTH [~ CATHODE
RAY TUBE

Y-axis J

Fig. 13. Scheme for displaying characteristics of low-speed diodes
on g cathode-ray tube. .
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[ 7
AC. lii
MAINS M!
TO
FCATHODE
RAY TUBE
Y-AXIS )
Fig. 14.  Characteristics of fairly high speed diodes can be displayed

on a c.r.t. with this circuit.

usually be used without causing damage to the narrow
p-n junction. :

It is not normally necessary to determine R, to a high
degree of accuracy. If an accurate value is required, the
slope of the reverse characteristic is measured at a fairly
high current by a pulse technique®. The duration of the
pulses are chosen so that they do not cause excessive
heating.

Other Measurements

The junction capacitance of a tunnel diode varies with the
applied voltage. It is normally measured by means of a
bridge with the tunnel diode biased in the valley region
where its a.c. resistance is infinite. If a measurement is
made at a point where the a.c. resistance is not infinite, an
analysis of the equivalent circuit shows that an allowance
must be made for the effect of the other diode parameters
on the measured capacitance value. The a.c. resistance is
also infinite at the current peak, but the bias voltage is
much too critical for capacitance measurements to be
carried out easily and reliably at this point. Even in the
valley region the a.c. voltage applied to the diode by the
bridge measuring circuit should be small, preferably not
more than about ten millivolts. Measuring frequencies of
ten to one hundred megacycles are often used.

The junction capacitance in the valley region is some- -
what different from that in the negative resistance region.
Capacitance measurements can be made in the negative-
resistance region, but are not so easily carried out®.

The measurement of the series inductance, L, of a
tunnel diode is difficult, since its value is very small.
Microwave techniques are employed*. Fortunately L,
is fairly constant for any one type of tunnel diode and the
manufacturer’s figure can usually be relied upon.
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Correcting Colour

AUTOMATIC DIFFERENTIAL GAIN AND PHASE
CORRECTION FOR LONG-DISTANCE COLOUR

TELEVISION LINKS

By |. F. MACDIARMID,* A.M.IL.E.E., and
I. J. SHELLEY,T A.M.LE.E., A.M.LE.R.E.

N an N.T.S.C. colour television system the luminance
linformation consists of a wideband video signal sim-

ilar to a conventional monochrome signal and the
chrominance information is conveyed as phase and
amplitude modulation of a subcarrier—4.43 Mc/s in
Europe. The modulation is arranged such that the colour
saturation determines the subcarrier amplitude and the
hue controls the subcarrier phase relative to a colour
synchronizing burst transmitted at the start of each
line.

It is well known that the composite colour signal is
particularly sensitive to the effects of non-linearity dis-
tortion; variations of the luminance signal cause un-
wanted changes in the amplitude and phase of the colour
subcarrier. These distortions are generally known as
« differential gain” and “ differential phase ” respectively
and at the present time the long-distance links which
form both national and international distribution net-
works are major contributors of these types of distortion.

The signal transmission path in a long-distance link
normally includes a number of a.c. couplings and con-
sequently the part of the non-linear transfer character-
istic occupied by a picture signal changes with the d.c.
component of the signal. When a picture signal, other
than a test pattern or still picture, is transmitted over a
chain of tandem-connected links, the differential gain
and differential phase distortions will vary with time in a
complicated manner depending on the changes in the
d.c. component of the picture, the non-linear transfer
characteristic of each link and the long-term’ transient
response of each link. Quite clearly it is not possible to
provide a fixed corrector to deal with these types of
distortion.

In a recent letter to Electronics and Power (June 1964,
p. 207) Dr. N. W. Lewis suggested the use of a sub-
cartier pilot signal which could be added to an N.T.S.C.
waveform in order to provide a means whereby the
values of differential phase and gain distortion occurring
on two discrete luminance levels could be determined.

* Post Office Research Station.
+ B.B.C. Designs Department.
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Signal Distortion

Since this article was prepared an automatic
corrector for both differential phase and gain
distortions has been produced and the authors
recently visited Moscow where the equipment was
demonstrated. N.T.S.C.pictures were transmitted
over a 4,500 km link between London and Moscow
and over numerous very long distance mono-
chrome links within the Soviet Union. Apart from
the inevitable reduction in overall signal-to-noise
ratio the corrected N.T.S.C. signals are reported to
have shown very little degradation in quality after
transmission over these long links.

This information, if extracted in suitable form could
be used to control a corrector such that the overall dis-
tortion on a chain of links could be held within accept-
able limits. :

A new corrector circuit which is particularly suited
to the automatic correction of differential phase and
gain has been developed at the Post Office Research
Station, and this corrector has been incorporated in an
experimental subcarrier pilot system which was recently
demonstrated by the B.B.C. during a meeting of the
European Broadcasting Union Ad Hoc Colour Television
Group and Sub-groups.

The subcarrier pilot signal used in the experimental
system is shown in Fig. 1. The pilot burst, consisting
of 5 cycles of subcarrier, is added to a pedestal the
amplitude of which alternates between peak white and
grey (50% peak white amplitude)—two lines at peak
white and two lines at grey. The pilot burst and the

Fig. I. Specification of experimental colour pilot signal. The
pilot burst alternates in position, two lines on a white pedestal and
two lines on a grey pedestal.

S CYCLES

WHITE PEDESTAL & PILOT BURST—>

GREY PEDESTAL & PILOT BURST—»

w
=)
=]
=
=
@
=
=
-
=
=
@
@

REFERENCE COLOUR _
BURST (BLACK LEVEL)

10 X1 CYCLES

i 2 5 4 5 6 7
TIME (MICROSECONDS)
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GAIN  ——j > ~——PHASE
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DETECTOR
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Fig. 2. Automatic corrector for differential phase and gain distortion.
g Ag are mean phase and amplitude of pilot burst on grey pedestal;

pedestal are suppressed during the field equalizing and
broad pulse periods.

This pilot signal can be added to the standard N.T.S.C.
waveform without any reduction of the active line period.
It does not interfere with the synchronising, colour burst
or black level reference signals in the waveform, and
“the information conveyed by the pilot signal is sufficient
to allow its satisfactory extraction under the conditions
of noise and waveform distortion which may exist at
the end of a long chain of links.

The basic principles of the automatic corrector using
the subcarrier pilot signal are shown in Figs. 2 and 3.
The received signal passes through a black level clamp
and the differential phase and gain corrector before
being applied to differential phase and gain detectors
and a pilot-signal blanking unit. The black level clamp
is necessary to enable the corrector to operate at lumin-
ance levels corresponding to the grey and white pedestal
amplitudes; the pilot signal blanking unit removes the
pedestals and pilot bursts from the signal, thereby restor-
ing it to its original standard N.T.S.C. form.

The corrector (Fig. 3) provides variable differential
phase and gain characteristics whose shapes may be
adjusted by means of four control currents. The input
video signal is applied to the centre point of the tapped
winding of a hybrid transformer and the signal splits
between a resistor network, X, which can initially be
assumed to be a resistor balancing the hybrid, and a
delay network. The last-mentioned part of the signal,
which will be called the main signal, after passing
through a level-adjusting pad, is applied to the centre
point of a second hybrid transformer where it splits
between a balancing resistor and the output terminals.
Because both hybrids are operating under balanced con-
ditions, the transformer cores are not magnetized and
the frequency response of the path just described extends
down to zero frequency.

If the value of the resistor at X is now changed by a
small amount, part of the input signal is reflected back
into hybrid No. 1 where it splits between the input cir-
cuit and a constant-resistance filter; none of this reflected
signal reaches the delay network. The filter selects the
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én, Ay, are mean phase and amplitude of colour burst (black level);
bw, Ay are mean phase and amplitude of pilot burst on white pedestal.

components of the reflected signal in the chrominance-
channel band and these form a correcting signal which
is added in hybrid No. 2 to the main signalf. Con-
sidering the subcarrier, if the correcting signal is in
phase or in anti-phase with the main signal it will cause
only an amplitude change. If the correcting signal is
in phase-quadrature with the main signal it will cause
a phase change (with little accompanying amplitude
change if the correcting signal is not too large). The
delay network is provided so ‘that the required phase
relationships can be established in the output circuit.

If X is a voltage-dependent resistor which gives a
reflection coefficient of zero when the video signal volt-
age is at blanking level, and a positive or negative
reflection coefficient (as required) at voltages above
blanking level, the circuit can be used as a corrector
for either differential gain or phase according to the

- delay value chosen for the delay network.

The magnitude and sign of the reflection coefficient at
grey and white luminance levels is controlled by means of
currents passed into the voltage-dependent resistor net-
work, which is an assembly of semiconductor diodes. The
control currents are derived by extracting the relevant in-
formation from the pilot signal by means of the four
detectors shown in Fig. 2. The upper two detectors
compare the phase of the colour burst (black level) with
the phase of the pilot burst on the grey and white pedes-
tals respectively while the lower two detectors compare
the respective amplitudes. The four currents are fed
into the control points in the corrector such that it intro-
duces the appropriate amount of differential phase and
gain distortion at grey and white level in the opposite
sense to the original distortion; the overall amount of
correction which can be achieved depends upon the loop
feedback characteristics of the detectors and the corrector.
It is assumed that the curves of differential phase and gain
distortion will be roughly parabolic in shape and that
correction at the grey and white levels will produce a

F This method of using bybrid transformer networks for video signals
is an extension of a metliod devised by Dr. J. M, Linke for use in a
_corrector for linear waveform distortion.
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satisfactory characteristic over the whole of the signal
amplitude. In practice this assumption appears to be
fully justified.

The experimental system, confined to the automatic
correction of differential phase distortion, was tested
both on simulated long-distance links in the laboratory
and on looped Eurovision links which are normally used
for monochrome transmissions between London and
Brussels (660 km) and London and Rome (4,300 km).

A colour-bar test signal, studio camera pictures and
pictures obtained from a high grade colour telecine
machine were transmitted round the various links and
observed on a colour monitor. A special effect was used
in the studio to produce rapid changes of the d.c. com-
ponent of the colour signal, causing the signal to be sub-
jected to the full range of differential phase and gain dis-
tortion present on the circuit.

The pictures as received were unacceptable, showing
clearly recognizable distortion of hue. After automatic
correction these defects were reduced to an acceptable
level and hue differences between the transmitted and
corrected pictures were only just perceptible. A change
in grey scale and some desaturation of the colour picture
was noticeable due to the line-time non-linearity and
differential gain distortion which were present on the
links and remained uncorrected.

The tests carried out with the experimental system
have demonstrated the practicability of adding a sub-
carrier pilot signal to an N.T.S.C. waveform and extract-
ing at a distant point information which can be used to
control an automatic corrector. The experimental pilot
signal can be inserted into and removed from the
standard N.T.S.C. waveform with little difficulty.

With the majority of differential phase distortions tried
(including the tests made on the looped London-Brussels
and London-Rome links) automatic correction has re-
sulted in a reduction of the magnitude of the distortion
of between two-and-a-half and seven times. The per-
formance of the experimental system under poor signal-

DELAY LEVEL
— ADJUSTING
NETWORK
PAD oUTPUT

CLAMPED

e

HYBRID CONSTANT= HYBRID

—>—(IRANSFORMER RESiSTANCE TRANSEORMER

VAN
RESISTOR BALANCING
NET\)’(IORK RESISTOR

+CONTROL

T curenTs _

Fig. 3. Simplified schematic of differential phase and gain
corrector.

to-noise conditions has been investigated and the tests
have shown that the system is only likely to fail when
the level of noise is such as to render the received colour
signal unusable.

Although these investigations have been concerned
mainly with the problems of the long-distance transmis-
sion of N.T.S.C. colour signals the automatic corrector
could also be applied to the correction of the differential
phase and gain distortion introduced in television trans-
mitters. The pilot signal could be inserted for a short
period at regular intervals and the error signals used
to control the corrector through a motor drive system.

Acknowledgement is made to the Engineer-in-Chief of
the Post Office and to the Director of Engineering of the
B.B.C. for permission to make use of the information
included in this article.

Further Notes on the

Wireless World Transistor F.M. Tuner

SINCE constructional details for this crystal-controlled,
pulse-discriminator unit were given in the July 1964 issue
we have received many useful comments from readers who
have successfully built this tuner. Where difficulty has been
experienced it has usually been concerned with the setting up
of the various pre-set controls, and for the benefit of others
who may be encountering some of the commoner problems
we append a few notes which may help.

(1) We would reiterate that the total current consumption
of the unit should lie between 13-15mA, not 7mA as
originally stated. .

(2) The supply voltage should not be allowed to fall
below 7V or distortion on high deviations will become
apparent.

(3) L6 and L7 inductances are 3 mH.

(4) To ensure that the tuner is working at its maximum
sensitivity, the following procedure should be carried out:—

WIRELESS WORLD, MARCH 1965

Connect to a good Band II aerial. Switch to the highest
frequency programme and unscrew the core of T1 completely.
Now screw in the core of T1 until the programme is re-
ceived and then screw the core in one more turn. The
approximate setting is about 3 turns out from the top of the
former. Now check that the oscillator still functions on
the other programmes.

Swirch to the middle frequency programme. Reduce the
aerial signal until noise becomes apparent om the output.
Tune L2 core until the noise ceases. Repeat these adjust-
ments until no further improvement is obtained. Still with
the aerial signal small enough to produce noise on the output,
adjust T1 coupling coil position as follows:—

Move the coupling coil up or down the former until the
noise ceases, then reduce the aerial signal still further and
again position the coil for minimum roise. Repeat this
operation until no further improvement is obtained.
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MATRIX ALGEBRA

1.—BASIC RULES AND SOME APPLICATIONS IN CIRCUIT ‘ANALYSIS

ONSIDERING how extremely useful this form of
algebra can be in certain fields of circuit analysis, it is
surprising how little attention seems to be paid to the

methods involved. The use of matrix algebra has
certainly not been without its ardent and expert advocates,
among them Deards®), * Computer”(®), Simmonds(®),
Brown and Bennett(*) and Head(®); however, in several
textbooks, including at least one well-known work on
circuit theory, now in its second edition, it is unfortunate
that authors have felt unable to include matrix methods
along with other standard techniques. Of course the
presentation of this technique in a textbook can give rise
to some difficulties especially for authors who wish to give
a comprehensive treatment. Mathematicians especially
will raise their hands in horror at any exposition that does
not include a rigorous groundwork; but one wonders how
many of those who handle with skill and confidence such
techniques as the j-notation, the D-operator, Laplace
transforms and the Heaviside operator could readily
explain (or understand?) the mathematical groundwork
and philosophy involved. If we have a tool that makes
life easier let us use it: those interested in how the tool
works will soon investigate the ‘matter further if they
wish to do so.

What is matrix algebra, and how can it be used in
circuit analysis? Before considering the answer to this
question let us first recall some other examples where
mathematics helps us to express ideas in a clear and
concise manner thus enabling us to manipulate concepts
more efficiently.

Perhaps the first occasion on which we come across
this sort of thing is at school when, after learning the
rules of a new game involving generalized arithmetic,
called algebra, we learn to express verbal problems in
the form of algebraic equations. Certain manipulative
processes are then used to solve the equations; and thus
a solution to the verbal problem is found. Later for those
who wish to solve problems involving alternating currents
and voltages in circuits containing resistance, capacitance
and inductance we find that our mathematical equipment
is inadequate. We have therefore to be taught or to
invent new techniques. If the alternations are sinusoidal
then, by accepting certain phase concepts, phasor
diagrams (still unfortunately referred to as vector dia~
grams) can be useful. But, as we all know, when the
circuit departs from the most elementary combinations
of R, L and C the phasor diagrams are tedious or
impossible to draw. The brilliant concept of Steinmetz
in seeing the relationship between phasor diagrams and
the mathematicians’ Argand diagrams leads us to the

j-notation in which the diagrams may be replaced by

algebraic processes. Fortunately the rules of this
algebra are very similar to those we had already learned
at school except that whenever j? appears we write —1.
The difficulties in conceiving 4/ —1 do not in any way
detract from the usefulness of the new mathematical
tool. The concept of impedance between the two

WIRELESS WORLD, MARCH 1965

By G. H. OLSEN,* B.sc., A.M.L.LE.R.E.

terminals of a two-terminal network has been of immense
importance in the theory of a.c. networks. No matter
what passive linear components combine to form the
two-terminal network, we can always find a single
expression for the impedance. Such an expression is
in fact a single general (or complex) number of the form
R --jX.

If the variations of voltage and current are not sinu-
soidal the j-notation fails us and we are forced to include
the solutions of differential equations in our mathematical
equipment. Differential equations can be solved in an
algebraic way by employing Laplace transforms: but
this is not the time to discuss this technique. However,
it illustrates how, when we wish to extend our know-
ledge of circuit theory, it may be necessary to increase
our mathematical equipment in order to cope with the
new situation.

Quadripole Networks

In electronics we are frequently confronted with problems
invelving four-terminal networks. The algebra asso-
ciated with two-terminal networks is not appropriate
since the number of parameters involved is increased.
It would obviously be of great value if we could find
an expression, involving the minimum number of para-
meters, that would adequately describe a four-terminal
network. Matrices are such expressions. Before such
expressions can be of use to us we will need to be quite
clear about what a matrix is, and to learn the rules of
the game of manipulating matrices.

A matrix is a set of coefficients arranged in an orderly
array of rows and columns. The number of coefficients
need not be limited in a mathematical sense, but for
the majority of four-terminal networks encountered in
zlectronics we need consider only the following simple
forms.

('Ul) ('311 a12)
(31 T3 CEP)

The first expression is known as a column matrix
whilst the second is a two-by-two square matrix (i.e.
having two rows and two columns). The coefficients vy, -
13,254, @), €tC., are known as the elements of the matrix,
When suitable expressions for the elements are found
it is possible to describe four-terminal networks that
contain linear circuit components. A suitable combina~
tion of matrices can then be found that enables us to
express a set of algebraic simultaneous equations in a
very concise form. Matrix algebra is the manipulation
of these matrices in an orderly manner so as to obtain
solutions of the equations and other useful results.

Like all unfamiliar techniques, this one will present
some mechanical difficulties to the uninitiated; but with
perseverance and practice it is remarkable how soon
one may become an expert in circuit analysis. For

\

* Rutherford College of Technology, Newcastle~upon-Tyne.
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those who have had to struggle in an examination with
analyses that involve heavy and tedious algebraic mani-
pulations it is hoped to demonstrate the power of the
matrix method and show how this streamlined technique
reduces considerably the amount of thought required.

Let us see now how we may express in matrix form
the simultaneous equations that arise in the description
of the following four-terminal network (see Fig. 1).

2, and 7, obviously depend upon v,, 7, and the contents
of the “black-box.” One way of expressing this
dependence is :

Uy == 8y; Vg — 8yg 0y .. . .. ¢))

i1 = Qp1 Uy — Qpplg . .. .. 2)
(In general the coeflicients of the ﬁrst line of any equation
expressed in this form are all a,’s, the first being a;;,
the second a;,, and so on. In the second line these
coefficients area ,’s with 1, 2 etc., to show position in
that line.)
In matrix form this pair of simultaneous equations is
expressed thus:

(vl) _ (au a12) ( 7)2)
11 T \agp A/ \ 1y

Knowing the rules for multiplying the right-hand
side the original equations can always be recovered.

OO OG0

+ +
v,T Tvz Fig. |

O———0 o —.Y

In certain cases however this is not necessary; and with
practice it is possible to think in the language of matrices
rather in the more familiar language of networks and
algebraic equations.

Rules of the Game

Before the techniques of matrix algebra can be applied
to circuit analyses it will be necessary to learn the rules
governing the various manipulations. This will involve
the beginner in some mental effort initially, but such
effort will be well rewarded at a later stage.

The rules are:—

(1) Two matrices are equal if, and only if, they are
both column or both square and the elements in
corresponding positions are equal. (In spite of their
appearance matrices are not determinants. The
former have no “ value ” as have the latter.)

A column matrix can be made into a square matrix
for multiplication purposes by adding noughts.

ie. (g) may be replaced by (% 8)

(2) Two matrices of the same kind can be added to
give a third matrix as follows:—

a11 A9 by, by
o) =
<321 322> bay by

We merely add the elements in corresponding positions.

(an +bi1s 312+b12>
\8g;+bg1; ags+boy

_1.2 1.3

~,
~.
~

O——1-0 o

< 10 Oot—a—0
VJT VZT 4 T"s
[ S . o o O—t——0
Fig. 2

7 S
e Z O
Fig. 3 V’T TVZ

o——————0

(3) The multiplication of a matrix by a number
merely multiples each element by that number, i.e,

m x (an 312) _ (m a;; m a12>
d21 Ape m ap; m ap,

. (4) The multiplication of two square two-by-two
matrices is defined in a rather complicated way; and it
is this important manipulation that must be mastered.
Only by sufficient practice will the user become pro-
ficient in matrix methods. Why the following system
is used need not concern us here, except to note that

a consistent mathematical system is defined that
produces useful results.

(an a1z> (bu bm)
X =
A1 g2 bay bss
<311 biy + 212 by, ay; byp -+ a5, by
2p1 byy + a5 bays apy byy - a9, by
The reader must practise this until he becomes quite
familiar with the sequence of operations.

By performing the necessary multiplications we see
that the commutative law does not hold in matrix algebra,

ie.
[A] x [B] # [B] X [A]
Although other rules exist these four will be sufficient
for the present.

Applications
The significance of the multiplication rule becomes
apparent when we consider the cascading of two four-
terminal networks (Fig. 2).

V1Y _ Uy — {311 12| -

(I.1 )——[Al] ( ) where A, (a21 ago) ie.
i.e., the matrix describing the first network,

However, (H‘zizz)___ [A,] (_?3)

Hence( ) [Al][A]( )

Therefore the combination of the two networks can be
regarded as a single quadripole network that can be
described by a matrix [C] such that

[C] = [A{] [A,].

Let us exploit this rule by first finding the matrix
elements for some common circuit arrangements and
then deducing the matrix for the combination of these
arrangements.

From Fig. 3:—
V) = 831 Uy — 813 Iy
iy = 8y Uy — Bpy Iy
When the output is open circuited, 7; = —i3 = 0 and
U, = Vs
vy = 847 Vs 1.€. a7 = 1,
and 0 =a, vy, .. since v, # 0, a5, =0,

When the output is short circuited,
U
vy, = 0,1, = —1y = —.
2 b 2 = Z

S A, = Z and a,, = 1.
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Hence (7:11) o (1) 21:)(?12_)

By similar reasoning we may build the following table
(Fig. 4): .

Note that from the equation v, == a;, v, — @, iy
when the output is open circuit v, = a,, v, i.e. the
transfer function v, v, == 1/a;,. This is a most useful
and important result, .

In combining networks let us take the example of the
Wien bridge circuit (Fig. 5).

1
Let R, + = Z and -

1
JoC, R, ‘
The matrix for the network [A] can be obtained by
considering the cascading of the Z and Y portions, i.c.

'{‘ J‘(UC?, = Y

= 7 -y 7
We see immediately upon inspection that

Uy 1

v, 1+ZY

In fact if we were wishing to obtain only the transfer
function it would not be necessary to proceed with the
whole of the multiplication—obtaining the a,, element
of [A] would suffice

1

.
Proceeding, -~ ~= ~ - - - .

ch : 1\(1 .\
(R, e

If Ry =R, =R, C, -+ C,:=Cthe transfer function becomes

Uz I S
P11t jwCR - R Tl
— - 17 N
3 1 jfcocr — 1
i ol —_—
J( «CR

! ie f= !
CR2" " 24CR°
v; and v, are in phase and the attenuation is . These
are just the results upon which to base the design of a
Wien-bridge oscillator,

Many readers will no doubt be thinking that this result
could have been obtained in an easier fashion using

It is clear that when w? =

NETWORK

MATRIX

Z IS THE IMPEDANCE
BETWEEN | AND 2

Y IS THE ADMITTANCE
OF THE SHUNT ARM

IDEAL TRANSFORMER WITH
TURNS RATIO n: i

n:t
i 2
::g € (n O>
|
[ il
[y 2’
Fig. 4
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familiar techniques; and they would, of course, be correct.
The example quoted is intended to be an easy introduc-
tion to the manipulations involved. Many, however,
would surely be much less confident with a three- or
four-section phase-shift network for a phase-shift
oscillator (Fig. 6).

In trying the ordinary Kirchhoff approach to the above
network, especially in an examination, a set of simultaneous

¢ R,
o—
Fig. 5

le ]

C

C C C
o—i
Fig. 6
VrT R R R R IVz .
O O
2 Zy Z;
Fig. 7 I Zc Zs
B < ] o 0

2quations is obtained that proves to be an algebraic
handful. It is in these circumstances that the power
of the matrix is revealed. The reduction in thought
required to obtain a solution to the equations is very
considerable.

The first CR section will have a matrix given by

((1) Zl) (IY (1]) where Z ~*~>].(;C Y :'Afl_{'
~ ((1 v ZY) 1Z) = [M] |

The transfer function of the whole network can thus
be found if the a,, element of the matrix of the whole
network is obtained. ' This matrix will be [M]%. Now
rules exist for raising a matrix to a power, but in this
case it is hardly worth while going into them. .

(M2 = <(1 + ZY)? - ZY, Z(1 + ZY)—|~Z)
TA\YWU 4+ ZY) 4+ Y, ZY +1
If the transfer function is the only thing that interests
us we require only the a,; element of [M]*, This element
is.

(rzvyrzy)e (za - zv) -z) (va 1ZY)Y),
which on simplification yields:—

1 + 10ZY - 15Z2Y? + 7Z3Y3 - Z'Y+4
10 15 7 1

= MHueR T woR e aioRe -

If we combine this network with a single-stage valve
amplifier having a load resistance a good deal smaller
than R a four-section phase-shift oscillator results, giving
an output whose frequency, f, is obtained by equating
the j-term of the a, element of [M]* to zero. We have
10?C*R?* = 7 and f = /7/(27CR\/10). The value

iZi
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COMMON CATHODE COMMON GRID
0 0 O
. < H
1
o’ e e} O O
-1 - 1 Tq
m Om i+u T+H
L ] re+ i (1+ 1)
uiq 9m Lg I (1 +p) 2 (1+p)

of a;; at this frequency is easily found by substitution
to be —18.39 i.e. the attenuation of the network is 18.39,
v, being 180° out of phase with v,.

For those keen readers who would like to try their
hand, c;)nside’r the I7 to T and star-delta transformations
(Fig. 7).

To be equivalent the corresponding elements of the
matrices describing each configuration must be equal.
It is then very easy to show that

Z, = ZA Zp/[(Z, + Zp + zc)
Z,= ZA ZC/(ZA + ZB —+ Zc)
Zy = ZB Zc/(ZA - ZB =+ ZC)

Since the I7 arrangement is actually the four-terminal
point of view of the delta configuration and the T is the
star arrangement, comparison of the same matrices give
~ the star to delta transformation.

ZA = (Zy Zy + 2y Zs + Zy Z;)/Za
ZB =2y 2, + 2, Z,+Z, Z)|Z,
Zc = (Zl Zz + Zz Za + Zs Zl)/zl

Valves and Transistors

Many of the networks we use are often associated with
valves and transistors, consequently the appropriate
matrices have been worked out for these devices. In
the case of the triode, for instance, we have the following
A-matrices(?) (Fig. 8). (The reason for calling them
A-matrices is explained later. All the matrices we have
been considering so far are A-matrices.)

It will be appreciated that the circuits shown represent
the a.c. equivalent, i.e. all bias and steady supply voltages
are omitted, since they do not come into the signal
analysis. :

Consider the gain of two well-known arrangements,
first the cathode-follower (Fig. 9) and then the cathode-
coupled amplifier (Figs 10 and 11).

To find the gain we require the a,; element of th
product of the two appropriate matrices. i B

e 1

— 1 0
I Em
14p 1 1
uZ a ng g RL

122

COMMON ANODE

Fig. 8

Lhu i

4 9m
I+u |
ulg gm Lg

.14 1 .
The a,,; element is + e and therefore the gain,
meS L

A, is obtained directly.

A ._ L — HRy
a5 - Iy + RL(I’*_I"')
By dividing the top and bottom by (1+-#) the configura-
tion behaves like a conventional amplifier but having an
amplification factor p* = p/(p+1) and anr,” = ry/(1+w).
We may deduce directly that the output impedance
of the cathode follower,

1
r,’, is therefore r /(1+p) ~ r,/p ie. o when p > 1.
m

—0

Ry %
-0

CATHODE-COUPLED AMPLIFIER
Fig. 10
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The gain of the cathode-coupled amplifier can readily
be obtained using matrix methods (Figs. 10 and 11).
Once again the gain may be obtained by taking the
reciprocal of the a;; element of the overall matrix.
Assuming identical valves we have:—

Lhe L\ [ Lt Lo
B gm 14p 144
lbp 1\ _ 1 rebReEmf |1
#Rg ng R}(O =+ H) RK<1 +V~) RL
From this it is shown in the appendix that the gain is
#RER (14-4) A

RK(I‘I‘I‘)(RL + Zra) + ra<ra+RL)

Reading the appendix may well deter the more timid
members of the fraternity; but there is no doubt that they
would be even more alarmed if confronted with a * con-
ventional > analysis. Many text-books very conveniently
rely on such statements that “ after substituting equation
(a) into equation (b) . . . etc.-it can be shown that . ..” The
instruction is justified on the grounds of saving paper,
but the poor reader may have quite a job with some of
the analyses.  Matrix methods may not necessarily

involve any great reduction in labour (though they

often do); the advantages lie in the organization and
clear procedure that is laid down.

In a short introductory account of matrix algebra
many interesting and valuable aspects must be omitted.
For example in obtaining transfer functions sinusoidal
variations need not be the only type of waveform involved.
We are quite at liberty to replace jw with the Laplace
operator p. Also it will be realized that equations (1)
and (2) are not the only ones capable of describing a
four-terminal network. By using other forms we may

é o S S - |
MATRIX EQUIVALENT OF CATHODE-COUPLED AMPLIFIER (Fig.10)

Fig. 11
PetT
TetTh Th¥Te eh,rb
Te—Tm Te™ Tm
{ Tc
e tm Tt
O -0
Fig. 12

obtain the impedance or Z matrices, the admittance or
Y matrices and the hybrid or h-matrices. Those dealt
with in this article are termed A-matrices and are useful
for obtaining certain transfer functions when dealing
with cascaded or chain arrangements. However, the full
usefulness of matrix algebra cannot be realized until

we obtain a table enabling conversion of one type of-
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matrix to another to be effected.* In transistor work
the conversions will be found most useful, for whilst
the A-matrix of the grounded emitter configuration is
as shown in Fig. 12, this may not be the most convenient
matrix to use. Indeed the h-matrix parameters are
often considered more useful since they can be directly
measured, and may be correlated with the physical action
inside the transistor.

(To be concluded)

* Thlstable will beincluded in the second part of this article, to be published
in the April issue,

APPENDIX
14 1 1 To 10
e B 1+ p 14
e LJ Y n RO WL
R, gnR, Ry(1 + p) Ry (1 + ) R,
ot L ntRAEmy /10
| or T ERA Y g ER )
e 1 I on bR [l 1

iR, S RRAED ER, | g KR Ew/) \Ry
The ay; element for the product is:—
1,1 1 b Re(l 4 g0
I3 ngI\(l + H) 1gm : ngm Ix(l + H)
= RgRy(1 + p) + 1Ry, + 1R (1§ p) - rofr, + Rl + 1))
PRRA ) B
Rp( + m(Ry, + 2r,) + 14(rs + RL)
ORR R
Hence the gain is given by:—
H‘RI\RL<1 F)
R (1 + )R, + 2r,) + rur, + Ryp)

1
i

It
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APRIL ISSUE

A preview of the London Audio Festival and Fair (April

22nd-25th) will be included in the April issue of Wireless

World which will be published on March 29th. 'In add-

ition to the preview, in which the equipment to be

shown by each of the 85 exhibitors will be summarized,

there will be articles of special interest to the audiophile
as well as the usual quota of regular features.
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Transistor Wide-band Cascade Amplifiers

By F. BUTLER, o.B.E., B.Sc., M.1.E.E., M.1.E.R.E.

HIS paper is concerned with the properties of three

types of amplifier in which the active elements,

valves or transistors, are connected in series with
respect to the amplified signal current. It does not
follow that these elements are necessarily in series with
respect to the d.c. power supplies though this circumstance
makes no difference to the basic theory. The best-
known example of a series-connected amplifier is
probably the cascode. Another is the White cathode
follower while a third is a special bootstrap arrangement
of two valves. All three have been in use for a long time
but people keep re-inventing at least two of them so that
they are evidently not as well known as they ought to be.
The linear theory of the valve versions has been com-
petently set out in a number of papers and it is known
that transistor counterparts have been used in several
items of equipment though only the cascode circuit
appears to have been fully written up! in a technical
journal. Even this account is not readily accessible to
the general reader.

Analysis of the valve circuits presents no particular
difficulty and it is easy to derive expressions for the
voltage gain and the output impedance. By contrast,
the transistor analysis is very tedious and, unless gross
simplifications are made, the final expressions are cum-~
bersome and do not easily lead to a successful design.
Although the procedure is repugnant to some people
it is much easier to optimize the choice of components
for a transistor amplifier by experimental methods,
using valve theory as a guide to the order of magnitude
of the quantities involved. In a multistage d.c. coupled
amplifier it is safe to say that some empirical checks
and modifications must be made, no matter how precise
the initial analysis may be.

Cascode Valve Amplifier

The basic cascode circuit, shorn of bias, coupling and
decoupling details, is given in Fig. 1, which also shows the
symbols used in the analysis.

On replacing the actual valves by their equivalent
generators it can be shown that the voltage gain is given

A_B__ R

The negative sign indicates a phase reversal. The limiting
gain in a number of special cases is of interest. If R< r;
or r, then, ignoring the sign, the gain is g,R. It is the
gain of the lower valve of the pair with a small load
resistance R and is independent of the characteristics
of the upper valve. If R > r, or r, the gain becomes
A ~ p, p, as for any other 2-stage amplifier with infinite
load resistances.
The output impedance R, is given by:

i 1 + o - .o N )
Ry, R (up+Dry+r,
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With normal valves and load resistances, R, is practically
equal to R. The output impedance of the cascode circuit
alone is obtained by setting R = ocoand is (us + 1)r;+47,.
Clearly this is very large indeed, approaching or exceeding
the impedance of a pentode or tetrode valve. This is the
virtue of the cascode. It has the gain of a pentode with
the low noise of a triode. It is a close approximation to a
constant-current source.

As a video amplifier, a useful combination employs a
cascode to drive a cathode follower. D.c. coupling may
be used between the stages so that the response extends
down to zero frequency. The overall voltage gain is the
product of the gain of the cascode and that of the cathode
follower. The output impedance is that of the cathode
follower alone. Because of the inherent feedback in both
stages, distortion is low and wide-band amplification is
easy to achieve.

The White Cathode Follower

The essentials of this circuit are shown in Fig. 2. The
voltage gain and output impedance are given by the
expressions:

A P R, .. (3

By + 1 R +(71+R)(72+RL)
v (o1 + D (ry + paR)
r
R, — 2 .o (4)
‘ 1+ (py + D (ry + p2R)
r, + R

With reasonable component values the gain is close
to unity and the output impedance is very low indeed.
If R is very large, R, is almost equal to 1/p,g,. If
u1 = 80 and g, = 10 mA/V; R, = 1.25 ohms.

The basic circuit is deceptively simple in appearance
but it becomes much more complex when bias, coupling
and decoupling components are added. It will be seen
later that the transistor version is more attractive in this
respect.

The Series Bootstrap Circuit

This arrangement is shown in Fig. 3. Its voltage gain is:
A— E - wmRy (g + ©2R) (5)
2 (ry +R)rg + {ry + 7y + (pa -+ DRIR,,
Regardless of the choice of component values, the

limiting gain is always less than pu,.
The output impedance is:
ry(ri + R)
R~ Tt GutR 0 ©
In the limit, as R;—>00 and with g, > 1, Ry = 1/g,.
This is the output impedance of the upper valve, regarded
as a cathode follower.

One feature of this circuit is the ease with which feed-
back may be applied to an earlier stage so as to cause a
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further reduction of output impedance and an increase
of the input impedance of the pre-amplifier stage. The
second point is perhaps of more importance in transistor
amplifiers than in valve versions in which the input
impedance is already high enough for most purposes.

Variants of the Cascode

As a tuned r.f. amplifier the cascode in its basic form is a
useful circuit. As a wide-band amplifier it is better still
if used, as already mentioned, to drive a cathode follower.
If u, and r, are respectively the amplification factor
and the anode slope resistance of the cathode follower
valve, the overall voltage gain is:

A= — MR’LL(J?:F DR, e ()
(1 =+ f»“{j‘__lf) [(ee + Dry + 7, +R]
3Ry, J
The output impedance is:

T3 1
R T e e A - «e .o o 8
0 wy 1 &3 ©

In equation (7), R is the anode load of the cascode pair
and R;, the load of the cathode follower. Equation (8)
gives the output’ impedance looking into the cathode
terminal of the output stage, ignoring R, itself. If R,
is the d.c. load resistance and if another load is capaci-

to be rather disappointing.

tively coupled to it, the effective output impedance, seen
from the terminals of the external load, is of course R,
in parallel with R;,.

Fig. 4 is another circuit which at first sight looks
promising but which, on closer investigation, turns out
It can be described as a
cascode driving a bootstrap follower.

Its voltage gain is:

(s %,DR (9)

Ty "Ii Rl,\

N LTI ARY
Xy,
This expression differs from equation (7) by the inclusion

of the term p,R in the denominator, causing reduced
gain. The output resistance is:

rs
R, =

papsR ° 10)

s+ 1+ ; ;
Ha S+ Dry+ry + R

If py, uy and pgyare all > 1 and if vy, 7, and r, are all of
the same order of magnitude as R, the output impedance
is given approximately by the expression

R, — 1 7y

N e n TR
Although R, is less than for a normal cathode
follower, it depends on the source resistance presented by

Fig. I. Basic cascode
circuit.

Fig. 3. Series boot-
strap amplifier.

Fig. 2. White cathode
follower.

Fig. 4. Cascode driv-
ing a bootstrap fol-
lower,
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Fig. 5. Cascode video amplifier (V. Zavrazhnov
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Fig. 8. Bootstrapped cascade pair.

the driver stage. Moreover, the reduced output impedance
is achieved at the expense of a disproportionate reduction
of gain,

Transistor Cascode and Derivatives

The valve circuits just described have characteristics
which are of value in a number of different applications
but these useful features are offset by some practical
disadvantages. The. direct series connection of ther-
mionic valves is inconvenient because of the high voltages
required and also because of difficulties with heater-
cathode insulation, hum pick-up and related problems.
Transistor circuits are much more attractive, especially
if one is prepared to make use of complementary types.
Direct coupling becomes feasible in multistage amplifiers,
saving components, extending the frequency range down
to d.c and improving the phase characteristics at high
frequencies while permitting the stabilization of the
operating points of the active elements by overall d.c.
feedback.
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A preferred method of preventing interaction between
cascaded transistor amplifiers is to design for a gross
mismatch of impedances in the interstage couplings.
For example, a stage with a high output impedance may
be used to drive one with a low input impedance. This
accounts for the fact that a transistor cascode tuned r.f.
amplifier may sometimes be used without neutralization
or unilateralization. For the same reason a cascode
pair makes a good video amplifier. Fig. 5 shows one
possible arrangement; (reference 1) .

With the component values shown the response is flat
from 0 to 6 Mc/s. Higher gain at the cost of reduced
bandwidth can be achieved by changing the 1.2kQ
collector load to 12kQ or 22 kQ, removing the 10 kQ
feedback resistor and reducing the base-bias elements
from 5.1kQ to 1.2kQ each. The lower transistor is
operated with a larger collector current than the upper
element.

Fig. 6 is a virtual-earth feedback amplifier giving a
voltage gain A ~ R,/R;. Its output impedance is
almost zero, the input impedance is practically R,
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Fig. 10. Ring-of-three valve amplifier.

(more accurately R, + 250Q). With R; = 0, the voltage
gain is around 300. Except for the input and output
capacitors, d.c. coupling and feedback are used, saving
components and giving an improved performance.

White Emitter Follower

Fig. 7 shows this circuit in a bootstrapped form, arranged
to give a very high input impedance. It can be con-
verted to the normal form by removing the capacitor
connected between the bias network and the junction
of the transistors. - With the component values shown
the input impedance is 0.5 MQ, the voltage gain is
almost unity and the output impedance is virtually zero.
The maximum undistorted output is 1.2V r.m.s, from a
6V supply or 3V r.m.s. from a 12V source.

The circuit is useful as it stands. It is still more
attractive if driven from a d.c. coupled common-emitter
stagz or from a cascode such as that shown in Fig. 6.
If the bootstrapping is removed the complete amplifier
is simple and economical in components.

“WIRELESS WORLD, MARCH 1965

Bootstrapped Cascade Pair

This arrangement is shown in Fig. 8, with representative
component values. The input impedance is 1200, the
output impedance around 50 and the voltage gain
between 100 and 200, depending on the choice of tran-
sistors. The amplifier gives a phase-reversed output.

Finally, Fig. 9 shows a feedback amplifier developed
from Fig. 8. The input impedance is about 30 kQ, the
voltage gain is 340 without feedback, reduced to 10 by
feedback. The frequency response, using cheap h.f.
alloy junction transistors, extends to 1200 kc/s and the
maximum output is 2.5V r.m.s.

Equalization

One factor which has to be taken into account in designing
a wideband amplifier is the question of equalization of the
gain and control of the phase shift. In a simple feedback
amplifier, top lift or cut can be tailored to the specification -
by shunt capacitance across one or other of the feedback
resistances. It may sometimes be necessary to make use
of bridged-T equalizers or R-C lag-lead networks to get
the required response with stability. Any of these
schemes may be applied to the simple amplifiers shown
in Figs. 6 and 9. In these and in the other transistor
circuits, using Ediswan-Mazda h.f. alloy junction tran-
sistors, Type XA102, it is easy to achieve a bandwidth in
excess of 1 Mc/s and up to 3.5 Mc/s is attainable by
sacrificing gain. The transistors described are available
cheaply on the surplus market. By using silicon planar
epitaxial transistors with a transition frequency around
300 Mc/s it is possible to get a response flat to 8 Mc/s or
up to 20 Mc/s with reduced gain.

Conclusion

It has been shown that series-connected pairs of tran-
sistors make useful and economical wide-band amplifiers.
The gain, bandwidth, input impedance and output
impedance of one or other of the various types can be
made to meet requirements. Direct coupling is feasible
and a large output voltage is available using relatively
low supply voltages. The technique of mismatching
impedances in the interstage couplings of a multistage
amplifier may be used to reduce interaction between
stages. Nevertheless, it is only fair to point out that
a similar, and in some cases an improved performance,
can be given by other amplifier configurations. As a
general rule, local feedback over one or two stages
of an amplifier is of questionable value and it is more
economical to use feedback over at least three stages,
even though extra care may be required to maintain
stability., :

When a video-type amplifier is required to have a
high input impedance, a low output impedance, low
distortion, moderate gain and large bandwidth it is
doubtful if one could do better than choose the well-
known ring-of-three circuit. The valve version is shown
in basic form in Fig. 10.

With no feedback (R; = 0), the voltage gain is:

ComRye Ry e T (11)
R, +r, Ro+ry (uu+ DRy A4r "7
The output impedance is:

r T,

Ry == — . or —~ .. oo (12)
py + 1 ay -1 ¥y
PR,

There are two alternative expressions for the output

impedance, depending on whether or not Ry is included,
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Fig. 1.

Ring-of-three transistor amplifier.

as would be necessary if the true external load were
capacitively coupled to the output stage.
With feedback, the voltage gain is given by:

m=--= ——Q—0— .o .o ..

(13)

If A is very large, the gain is:
R R
T USRI T .. YY)

£ 7 .
The output impedance, with feedback, is given approxi-
mately by:

m = -

R,
R—1+—R_f—m R ¢ £ )
’ 2:A g4

With heavy feedback, R, is obviously very small indeed.-

The transistor ring-of-three arrangement is shown
in Fig. 11. To allow d.c. coupling between the first and
second transistors a 3.3V Zener diode is connected in
the emitter lead of the second transistor. The amplifier
has an input impedance of about 50 kQ, a voltage gain of
15 and the output impedance is almost zero. Without
special equalization, the bandwidth is 3.5 Mc/s. Apart
from the input and output capacitors, the amplifier
lends itself to microminiaturization and it is surprising
that no manufacturer has seen fit to produce a range of
analogue circuits of this type to match the digital units
which are fairly readily available. Such circuits would
be extremely useful as building blocks in measuring
equipment, oscilloscope pre-amplifiers, television studio
equipment?, as video amplifiers and also in analogue
computers and data-processing equipment.
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The prediction curves show the median standard MUTF,
optimum traffic frequency and the lowest usable frequency
(LUF) for reception in this couatry. Unlike the standard
MUF, the LUF is closely dependent upon such factors as
transmitter power, aerials, and the type of modulation. The
LUF curves shown are those drawn by Cable and Wireless
Ltd. for commercial radiotelegraphy and assume the use of
transmitter power of several kilowatts and rhombic type
aerials.

As stated last month, it seems likely that the sunspot
minimum has passed, and steady increase in the value of
the sunspot number would be expected over the next few
years.
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Some details of the sunspot cycles, which has a period of
approximately 11 years, are known from the year 1610
onwards, although detailed monthly figures are only known
from 1750 onwards. The Ziirich sunspot number, also called
the Wolf sunspot number, is defined as: k(f+10g), where g is
the number of sunspot groups and f is the number of spots
within these groups. The factor k allows for the variations
between telescopes and observers.
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RECENT TECHNICAL DEVELOPMENTS

Hydrogen Maser Clock

Two of Varian Associates atomic
hydrogen maser clocks, claimed to be
the world’s most accurate, have been de-
livered to NASA for evaluation in space
experiments, which include satellite
tracking and tests on Einstein’s predic-
tions on the effect of gravity on time.

In the maser hydrogen atoms are
separated into two hyperfine states by a
magnetic field. and the higher energy
state is directed into a quartz bulb in a
cavity resonator. The bulb is coated
with a material (such as p.t.f.e.) to avoid
disturbance of the energy state of an
atom on impact, which results in the
relatively long time necessary to achieve
the sharp line. The radiation emitted
when the atoms fall to the lower energy
level maintains oscillations at the hydro-
gen frequency of 1,420, 405, 751.732 ¢/s.

The wall coating has been known to

produce perturbations in frequency of
1 part in 10" but Varian state that

monthly stability is better than 5 parts -

in 10%°,

Improving Recording Density

There are several methods of improv-
ing information recording density, or
high-frequency response, of magnetic
tape recorders but most are dependent
on the manufacturer. An obvious
means would seem to be to reduce the
recording head gap width. If this is to
be done without reduction of the mag-
netic layer thickness, the gap field must
be increased in order to bias the outer-
most region of the layer, and this results

BIAS
OSCILLATOR AMPLIFIER
INPUT
Fig. I. Cross-field head.
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in a critical (recording) zone of much
the same size as before. (The critical
zone, and therefore recording resolu-
tion, is directly proportioned to the
thickness of the recording layer.)

One method is to produce a sharper
field gradient and consequently shorter
critical zone. This may be dome by
adding a vertical field, the resultant
field being more intense on one side of
the gap and having a sharper gradient
on the other side. (This may be seen
by vector addition of the fields.) Such
a cross-field head was described in
Fourn. SMPTE Vol. 58, January, 1952,
by M. Camras. (See Fig. 1) This
head is somewhat inconvenient due to
the pole pieces on either side of the tape
and a head has been developed with the
pole pieces on the same side of the
tape.

A micro-gap head is briefly de-
scribed in IEEE Transactions on Audio
Vol. 12, No. 3, May-June, 1964, by the
same author. Critical zones are shown

ERASE GAPS
CROSS-FIELD GAP

/RECORDIPLAYBACK GAP

|

Fig. 3. Stereo cross-field head.

(Fig. 2) for a gap width of 1.25 microns
using a cross-field head (gap field 750
oersteds) and a standard head (gap field
4700 oersteds). A cross-field micro-gap
head is illustrated in Fig. 3, which con-

www americanradiohistorv com

tains two identical heads for quarter-
track stereo. A two-gap erase section
precedes the cross-field gap which is
energized by the erase winding.
Elimination of a separate erase head
compensates for the cost of the addi-
tional cross-field structure, making the
overall cost comparable to conventional
heads.

Miniature Electron Multiplier

A miniature electron multiplier has
been developed by Mullard Research
Laboratories for use in space research.
The device has a power consumption of
200 uW, and thus is ideally suited for
application in satellites.

The multiplier consists of a glass tube
1 mm in diameter open at one end and
coated inside with a high resistance
material, Unlike a conventional multi-
plier the coating acts as a continuous
dynode, so that with a single potential
of 1kV-5kV across the tube and ex-
posure to ionizing radiations, the coating
emits electrons at the mouth of the
tube, which then avalanche towards the
closed end of the tube, according to the
normal process of secondary emission
and electron multiplication. The gain of
the device is about 10° times the 5kV
across the tube, and may have a useful
gain at voltages much less than this.
(The gain at 2.5kV is 10°.).

The tube is sensitive to electrons and
gas ions with energies of up to 20keV
and possibly higher and electro-
magnetic radiation in the far ultra-
violet and soft X-ray region. With a
gold layer deposited at the tube mouth
the usable wavelength can be increased
to 2,5004. The gain of the device is de-
pendent on the ambient gas pressure
but if the tube is helical (say with a
diameter of 8 mm) the gain becomes
relatively independent of pressure within
certain limits.
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THE COLOUR SITUATION

THREE SYSTEMS LINE UP FOR BATTLE AT VIENNA

T the end of March, members of the International
Radio Consultative Committee (C.C.I.LR.) will be
meeting in Vienna to try to decide which colour

television system—N.T.S.C., SECAM or PAL*—should
be adopted as a standard for Europe. These members
- will be official representatives of the governments of the
countries concerned. If they cannot reach a unanimous
decision, which seems only too likely, the choice could be
- made by a majority vote. Ostensibly the decision will be
- made on a rational technical basis, but in fact it is more
* likely to be determined politically by the interests of the
. various member countries. The most powerful faction
“will no doubt win. Even then the decision made in
: Vienna may not be accepted by the individual countries
. concerned, who may all go ahead independently with the
systems of their own choice.

The Vienna debate will, in fact, be the culmination of

a long series of technical meetings on colour television
standards which have stretched over almost a decade.
They have been held not only by the C.C.LR. (in par-
ticular by its Study Group XI on television) but also
by the European Broadcasting Union and its opposite
number in Eastern Europe, the International Radio and
.Television Organization (O.I.R.T.). The E.B.U. formed
‘an ad hoc committee for colour television in 1962, and
the most recent meeting was one held in Paris in January
in which this E.B.U. committee, together with a group
from O.L.R.T., attempted to clarify the technical issues
for the benefit of the countries which would be attending
at Vienna. The discussion did not, however, produce
any definite conclusions.

National Attitudes

Principal supporters of the N.T.S.C. system are the
UK. and Holland. - SECAM is strongly backed by
France and PAL by West Germany—the countries in
which these respective systems originated. The atti-
.tudes of other countries taking part are as yet un-
certain although it is believed that Italy favours PAL.

The U.S.S.R. is considered to be a ‘major influence -
in the -political tug-of-war as she will probably bring

all the East ‘European countries with her—amount-
ing to about 50% of the voting power. It was reported
that the Russians were particularly impressed with
SECAM because the colour information appeared to be
less susceptible to distortion when transmitted over long-
distance links than in other systems—an important con-
sideration in a country as large as the U.S.S.R. The
arrival on the scene of the British corrector for differen-
tial phase and gain distortions in the N.T.S.C. signalf,
however, appears to have redressed this apparent advan-
tage of SECAM. It has been pointed out by the advocates
of PAL that the British corrector, excellent as is its
- performance, compensates .only for distortions in the
equipment and cannot. overcome distortions (e.g.- multi-
path) in the medium, It is claimed that PAL, which

*For brief technical descriptions and performance comparisons of the
three systems, see “Colour Television Systems,” Wireless World,
September, 1963 .

tSee “ Correcting Colour Signal Distortion,” this issue, p. 113.
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depends on the accommodation of the eye in averaging
distortions from all causes, is therefore a superior system.

The Russians’ present lively interest in colour television
systems arises largely from their wish to have a colour
broadcasting service in operation in time for the 50th
anniversary celebrations of the 1917 Bolshevik Revolution.

Apart from the official views of the respective coun-
tries, there are, of course, a number of commercial inter-
ests involved, and the principal companies concerned
with colour television have been issuing a good deal of
propaganda designed to influence the discussions at
Vienna in their own favour. The N.T:S.C. system is
backed by European subsidiary companies of the Radio
Corporation of America (R.C.A.) which played a major
part in devising the system. SECAM is promoted by its

- French originators, the Compagnie Francaise de Télé-

vision (formed by CSF and Saint Gobain, the glass
manufacturers), while PAL has behind it the resources
of the German company who developed it, Telefunken.

Moscow Broadcasts

Demonstrations have played an important part in this
commercial' propaganda: R.C.A. Great Britain, for
example, have been touring Northern Europe with a
mobile colour television unit. At the end of January
they gave N.T.S.C. colour demonstrations in Moscow.
Cameras were installed in Moscow’s television. centre,
and four 14-hour programmes were broadcast on the
city’s Channel 8. The programmes were viewed on
Rank-Bush-Murphy and R.C.A. receivers set up within
a 20-mile radius of the transmitter. During the pro-
grammes the N.T.S.C. signals were experimentally
switched from time to time through a 6,000-km tele-
vision distribution link before transmission so that the
effect of long-distance hook-ups on the signal could e seen
on the receivers. The B.B.C. correction equipment already
referred to was used to correct differential phase and
gain distortions introduced by the link. Earlier C.F.T.
had demonstrated SECAM in Moscow, and comparative
tests between N.T.S.C. and SECAM had been arranged
by engineers of the Russian State Committee on Radio-
electronics with help from Britain' and France. Pro-
gramme material in colour was provided by a Rank Cintel
slide scanner, and encoders to give N.T.S.C. and SECAM
signals were made available by the B.B.C. and C.F.T.
respectively,

Later the R.C.A. mobile unit moved on to Paris where

demonstrations were given in February at the laboratories

of the French national broadcasting authority, O.R.T.F.
After- Paris the mobile unit moves on to Frankfurt,
Niirembérg, Zagreb, Milan and Vienna. )
Also in February Telefunken demonstrated the PAL
system in Berlin to representatives of the international
technical press. As an indication of their wish that this
system should be judged solely on its technical merit,

' the company stated that any royalties (relating primarily

to the delay line in the -receiver) would not add more
than 0.5% to the factory cost of the receiver. Initially
the delay line itself would cost about 20 DM (£2), and
the total extra cost of a PAL receiver might be 4% but
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it was expected that in the third year of a regular colour
television service, production would be running at a level
high enough to bring the price of a PAL receiver down
to that of an N.T.S.C. receiver.

In Britain the Postmaster General has reaffirmed the
U.K.’s support of N.T.S.C,, in the light of earlier reports
suggesting that Britain could be swayed towards either
of the other two systems. Replying to a question in the
House of Commons, he said that a former criticism that
the N.T.S.C. system was unsuitable for transmitting over
Jong distances had been shown to be unfounded.

Further British support for N.T.S.C. has come from
the British set manufacturers in the shape of a report
from B.R.EM.A. setting out the reasons for their prefer-
ence for this system. Their approach to the subject has
been to ask themselves (1) whether the N.T.S.C. system
will give satisfactory pictures on easily manufactured
domestic receivers operated by unskilled people and (2)
whether any other system will give results sufficiently
better to justify a departure from N.T.S.C.

To help to answer the first question B.R.E.M.A. have
conducted a series of home-viewing tests on British made
colour receivers with the object of assessing the controlla-
bility and picture quality of these sets. Forty receivers
were used and results were obtained from 127 different
homes in which they were installed. The programmes
were varied material transmitted by the B.B.C. from
Crystal Paiace on Channel 33, and the viewing sessions
lasted for about one hour. One test provided informa-
tion on the frequency with which the tuning, saturation
and hue controls of the receiver had to be adjusted.
With the tuning control, 73% of the viewing sessions
required no adjustment at all, 219% resulted in one
adjustment and the remaining 6% needed two or three
adjustments. With the saturation control, 44% of the
sessions called for no adjustment, 29% needed one
adjustment, and 27% required two or three adjustments.
With the hue control, 45% of the sessions needed no
adjustment, 30% called for one adjustment and 25%
required two or more adjustments. Of all the adjust-
nrents made, 48% occurred at the start of the session
and 289 resulted from a change of programme material.

As for ease of adjustment, the subjective mean rating
for all three controls fell between “very easy” and
“easy ¥ on a six-grade scale extending from “ very easy”
to “very difficult.”

The subjective tests for colour picture quality, based
on 1,149 replies representing some 1,600 man-hours of
viewing, gave a mean rating which fell between “excel-
lent” and “good” on a six-grade scale ranging from
“excellent” to “very poor.” Compatibility was investi-
gated by assessing the impairment of the monochrome
picture resuiting from a colour transmission. Here the
mean rating of the dot-pattern interference came between
“imperceptible ” and “just perceptiblé ” on a six-grade
scale ranging from imperceptible” to ‘unusable.”

Evidently the viewer with a monochrome set will be

aware of the existence of this interference.

From the results of these tests, and other information
collected about the N.T.S.C. system, B.R.EM.A. con-
clude that the answer to their first question is “yes”—
the system will give satisfactory pictures on easily manu-
factured receivers in the hands of average viewers.

B.RE.M.A. answer their second question as follows:
“Neither the SECAM nor the PAL system gives results
superior to N.T.S.C.; both systems have inferior com-
patibility performance and the SECAM colour picture
is also inferior to N.T.S.C.” This, then, implies that
they consider there is no justification for departing from
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the N.T.S.C. system. Some readers of the report mizht
feel, however, that both the question and the answer are
somewhat rhetorical, for B.R.E.M.A. have not put forward
any evidence on this matter that would be accepted in all
quarters as conclusive. They have presented a number
of statements in favour of the N.T.S.C. system—on
picture quality, compatibility, stability, receiver cost and
other factors—designed to support the existing official
U.K. opinion that there is no justification for departing
from N.T.S.C. In this way the report has made itself
particularly vulnerable to attack from supporters of
SECAM and PAL. It might have been on firmer, if more
restricted, ground if it had confined itself to the home-
viewing tests, which are undoubtedly a valuable contribu-
tion to the debate in progress.

These, then, are some of the recent happenings leading
up to the C.CLR. meeting in Vienna. Whatever the
outcome it seems unlikely that there will be an immediate
start on establishing a colour broadcasting service in the
U.K. It remains for the Government to decide when the
country can afford this additional form of entertainment,
and this in turn will depend on their overall plans and
priorities for the deployment of the country’s resources.
Thus, in the light of the present economic situation,
colour television may still be a few years off.

Analogue-to-Digital Conversion

TWO unusual circuit approaches to analogue-to-digital con-
version were described at an LE.E. colloquium in London
on the attainment of high accuracy in a/d conversion. The
basic problem is to express the input voltage as a digital
fraction of a number representing full scale. Since excellent
voltage references are available, the problem reduces to one
of dividing the reference voltage with sufficient accuracy.
Resistors are commonly used, but as they are subject to
changes of value due to temperature and other ambient
fluctuations they can set a limit to the accuracy obtainable in
practice.

One of the techniques described attempted to overcome
this problem by replacing the resistance divider by an induc-
tive divider—the inductive ratio method having now been
developed to a state of exceptionally high precision. For a/d
conversion the instrumental difficulty was therefore one of
using an inductive divider to obtain a fraction of a_direct
voltage to balance the input voltage. Basically this was
done by chopping the d.v. to produce square waves. The
input signal and the reference were then compared by an
electronic error detector in order to derive the required
digital fraction. On this principle a digital voltmeter had
been constructed giving an accuracy of 10 parts per million.

The second method dispensed with physical devices for
voltage division by using the ratio of two electronically deter-
mined time intervals to represent a fraction of the reference
voltage. This ratio was in fact the pulse width ratio of a
train of square pulses, generated at an accurately determined
frequency by a crystal oscillator driving a bi-stable circuit.
These pulses operated a silicon transistor switching circuit
which switched the reference voltage V. on and off, and the
resulting pulses of V. were applied to an integrating circuit.
The mean direct voltage obtained from the integrating circuit
was the product of the reference voltage and the pulse width
ratio, so by determining the pulse width ratio accurately an
output voltage of known value and accuracy could be obtained
from the integrator. In practice a pulse duration accuracy of
10-° second was necessary in order to obtain an overall
measurement accuracy of 1 part in 10°.

An alternative method using this general approach was to
maintain a constant pulse width ratio and to vary the number
of pulses generated in order to obtain a required integrator
output voltage. A digital measurement was then obtained
by counting the number of pulses necessary to balance the
analogue input voltage.
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Dissemination of Information

THE National Electronics Research Council (N.E.R.C.),
which was set up last July as a “central co-ordinating body
which will indicate gaps. in research, show where additional
effort is required, suggest priorities, and how to prevent un-
necessary duplication of research,” has issued its first quarterly
review. The purpose of the N.E.R.C. Review is not only to
record the council’s work but to review research projects in
this country and elsewhere. : B i

One ‘of the main problems being tackled by the.Council is
the dissemination of information and a considerable amount
of space is devoted to this subject in the Review. As a result
of investigations by a working party the Council has pro-
posed to the Department of Scientific and Industrial Research
a three-year project to’ investigate a computer-based system
for the “selective dissemination of information,” (S.D.I.) in
the field of electronics. The project will be operated on a
weekly basis supplying references to English-language
periodical articles, reports and conference papers to a “user
group ” of 800 academic, industrial and Government research
workers in electronics. An invitation is extended to those
engaged in pure and applied electronics research who would
be willing to participate in the S.D.I. investigation to write
to the Technical Officer, N.E.R.C., 8-9 Bedford Square, Lon-
don, W.C.1. )

“Pirate > Radio Ban

BRITAIN and six other European countries signed an agree-
ment in Strasbourg on January 22nd to prevent the operation
of radio stations “on board ships, aircraft, or any other float-
ing or airborne object” outside national territorial waters,
Under the agreement signatories will treat as punishable
offences not only the setting up of these stations but also the
providing of supplies, equipment, transport or programme
matter to them, - ) :
The agreement must be ratified by the respective Govern-
ments and will presumably necessitate legislation being drawn
up to make it an offence in each country to provide -such
stations with the means of existence. - o ’

Radio Show Plan.é

PLANS are’ well advanced for this year’s London. Radio

and Television Show which is to be held at” Earls Court’

from August 25th to Séptember 4th, and will :take on a
“new look.” Tt will be international; will cover every form
of sound and vision entertainment for the home; will be a
“ spectacular ” public show; and the emphasis will be on
entertainment.  Its full” title is “The °’65 international
television radio recordplayer disc taperecorder: stereo hi-fi
and musical instrument show” which is shortened (over-
shortened?—Ed.) to The ’65 Show. . S
On the radio and television side the organizers (Industrial
& Trade Fairs) are providing three television “distribution
channels (two 405 ‘and one 625 lines), and both a.m. and
f.m. sound links for demonstration purposes on each stand.
There will be a preview for trade buyers on August 24th.
There will not be separate reception areas for dealers as in
the past. The whole show will be open to the public
although exhibitors will be permitted to use the central
-section of their stands in which to entertain guests."

The proposed International Radio Show which the Thomi-

son Organisation was planning to hold in Newcastle, also
in August, has been cancelled,
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Audio Fair

TICKETS for the International Audio Festival and Fair to be
held at the Hotel Russell, Russell Square, London; Ww.C.1,
from April 22nd to 25th, are now available. Requests to the
editorial office of Wireless World for tickets, which admit two,
should be accompanied by a stamped addressed envelope.
The tickets will not admit to the dealers’ se. jon (up till 4 p.m.
on the first day) but are valid from 4-9 p.m. on the 22nd,
from 11 a.m.-9 p.m. on the 23rd and 24th and from 11 a.m.-
8 p.m. on the 25th. S S

This year’s show will have an even stronger international
flavour among the 80 or so exhibitors, most of whom will have
demonstration rooms as well as booths in the main cxhibition
area.

s

Resale Price Maintenance.—When the general ban on the
maintenance of minimum resale prices comes .into. effect
many classes of goods will be excluded from the ban until
such time as the Restrictive Practices Court has decided
whether or not they are to be “exempted” goods for the
purposes of the Resale Prices Act 1964.” The first list of
excluded goods issued on February 12th by the Registrar of
Restrictive Trading Agreements, includes sound and tele-
vision receivers, radiogramophones, record players, - tape
recorders and reproducers, magnetic recording tape-and discs,
microphones, loudspeakers, a.f. amplifiers and accessories or
parts’ of gramophones, sound reproducers and recorders,

Technician Engineers.—Formation of the Institution of
Electrical and Electronics Technician Engineers, originally
proposed in May last year by the Association of Supervising
Electrical Engineers, has now been given formal approval
by the Board of Trade. There are now two such organiza-
tions, the other being the Society of Electronic and Radio
Technicians. Details of membership of the LLE.E.T.E. may
be obtained from the secretary-designate E. A. Bromfield,
who is also general secretary of A.S.E.E., at 26 Bloomsbury

-Square; London, W.C.1.

“ As. Minister .of Communications, which is what the
P.M.G. really-is, my department is concerned with providing
the most efficient communications service to the country as
a whole,” said the Rt.~Hon. Anthony Wedgwood. Benn when
speaking at the annual. dinner of the Telecommunications
Engineering and “Manufacturing ‘Association in London on
February Sth. - - = ;

Broadcast Receiving Licences.—The number of combined
television and sound licences in the U.K. increased during
1964 by 365,199, bringing the total to 13,154,682. Sound
only licences now total 2,859,833 (a decrease of 232,328 during
the year). Licences for sets fitted in cars rose by 47,496 to
616,300. o .

Two conferences are being organized by the Institute of
Physics & Physical Society for next September. One, on
non-metallic thin films, will be held at the Chelsea. College
of Science and Technology, London, on 23rd and 24th, and
the other, on optics in space, at the University of Southamp-

~ton from 27th to 30th. The main sessions of the latter

conference’ will ‘include ‘these "topics:—material and instru-
mentation, laser- techniques, tclevision techniques, environ-
mental testing and wavelength sampling. Further details and
registration forms will be available at a later ‘date from the
meetings officer, 47 Belgrave Square, London, S.W.1.
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The Secretary of State for Education and Science has
appointed 13 members to the Council for Scientific Policy
of which Sir Harry Massey was appointed chairman two
months earlier. Among the members are Dr. J. B. Adams,
director of the Culham Research Lab, of the Atomic Energy
Authority; Prof. P. M. S. Blackett, of Imperial College of
Science, who is deputy-chairman of the Advisory Council
on Technology set up by the Minister of Technology; Prof.
B. H. Flowers, Langworthy Professor of Physics, Manchester
University; and Dr. F. E. Jones, managing director of
Mullards, who was formerly deputy director of R.A.E. Farn-
borough. Sir Harry Massey is chairman of the British
National Committee on Space Research and also president
of the European Space Research Organization. .

Among the members of the twelve-man Science Research
Council, of which Sir Harry Melville is_chairman, are Earl
Halsbury, Prof. M. R. Gayvin, professor of electronic engineer-
ing at the University College of North Wales, and Sir
Bernard Lovell, professor of radio astronomy Manchester
University and director of the Jodrell Bank Experimental

Station.

Industrial Electronics.—A one-day symposium on “Elec-

tronics in industry—the next five years” is being organized
jointly by the Midlands Sections of the I.LE.E. and I.LE.R.E.
It will be held in the Dept. of Electronic and Electrical
Engineering, the University of Birmingham on April 6th.
Registration forms are obtainable from G. K. Steel, Electrical
Engineering’ Dept., College of Advanced Technology, Gosta
Green, Birmingham 4. ) ’

Confederation of British Industry.—If approved by meet-
ings of members of the National Association of British Manu-
facturers, the Federation of British Industries and the British
Employers™ - Confederation, the three organizations will be
amalgamated to form the Confederation of British Industry.

With the object of “promoting the widest use of audio
equipment . . . through collective action” the Federation of
British Audio has been formed. It has 32 founder member
companies. Not only British manufacturers of audio equip-
ment but also British companies representing UK. or over-
seas audio manufacturers may apply for membership. The
first chairman is D. M. Chave, of Lowther Manufacturing

Co.

Entry forms for the 1965 Geoffrey Parr Award of the Tele-
vision Society are now available from 166, Shaftesbury
Avenue, London, W.C.2. The award is made either to an
individual or a team in recognition of an outstanding contri-
bution to television engineering or an associated science. The
1964 award was made to P. Rainger, of the B.B.C,, for the
development of the electronic television standards converter.

Two new colour filmstrips— Introduction to colour tele-
vision ” and “The principal periodic elements ”—have been
introduced by the Mullard Educational Service. The first, of
27 frames, is meant mainly as an aid to technical colleges
running courses on colour television servicing. The other,
which covérs 43 of the elements, is for class use by chemistry
and physics teachers, Each filmstrip is available from Unicorn
Head Visual Aids Ltd., 42 Westminster Palace Gardens, Lon-
don, S.W.1, price 25s with teaching notes.

~ Mullard Film Award.—At the 9th International Exhibition
‘of Scientific Teaching Films, recently held in Padua, Italy, a
Mullard’ film won a bronze award.
“ Electromagnetic Waves,” was one of eleven submitted by
the British Council.

Speeding standards is the theme of this year’s conference
of the British Standards Institution which is being held in
London on May 6th and 7th.
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The film, Pt. II of

Radio-TV House, Paris,
which was brought into
service last year by the

b ) Office de Radiodiffusion-
¢ 4 Télévision  Francaise, is
s ;. featured on a recently issued
3 N French postage stamp.
b 3

Apprentice Awards.—The 1964 prizewinners in the
pational awards scheme of the Telecommunication Engineer-
ing and Manufacturing Association for apprentices are:i—
J. R. Baker, B.Sc., graduate-in-training with G.E.C., whose
essay was on congestion theory in telephone systems; P. R.
Eastwood, S.T.C. student apprentice, whose essay was on
the radio altimeter and its function in the automatic landing
system; and A. J. Lyons, S.T.C. technician apprentice, whose
paper dealt with the mechanized manufacture of the rocking
armature telephone receiver. They each received cheques
for £25 at the T.E.M.A. dinner on February 9th.

Research Fellowships to enable scientists from academic,
industrial or government laboratories (in_the U.K. or over-
seas) to work for a period with established teams at the Mul-
lard Research Laboratories, at Redhill, Surrey, have been
established. A research physicist (P. J: Flanders) from the
Franklin Institute of Philadelphia is at present spending a
year at the - Laboratories undertaking work on magneto-
striction. S

A series of twelve-month post-graduate courses (lectures,
tutorials and laboratory and project work) leading to the
degree of M.Sc. for students already holding a Bachelor’s
degree or the equivalent, are being offered by the Electronic
and Electrical Engineering Department of the University
of Birmingham. Courses, which begin in October (fee £88),
are available in information engineering, air traffic engineer-
ing, solid state electronic engineering, control engineering or
machine control systems.

With the launch from Cape Kennedy, Fla., on February 3rd
of OSO II—the second orbiting solar observatory—NASA had
placed 62 satellites in earth orbit. Of this number 47 are still in
orbit, the others having decayed. A further seven satellites
are in solar orbit. OSO II has an apogee of 393 miles, a
perigee of 343 miles and an inclination of 33 degrees to the
equator. It carries equipment for eight experiments to study
X-rays, gamma rays and ultraviolet radiation.

OSCAR IIL.—At the time of going to press the expected
launching date for OSCAR III, the satellite intended for
amateur use and referred to in the January issue of Wireless
World, is February 20th or 27th.

A closed-circuit television system has been installed in the
recently completed Royal Festival Hall, London, to enable
latecomers to see and hear the item they would otherwise
have missed because they would not be admitted to the audi-
torium during an item. EMI Electronics have installed a
« minicamera,” with a wide-angle lens, which feeds a picture
of the entire stage to four 23-in receivers in the foyer and two
bars. Additional receivers provide a service to several offices.

The Radio and Electx;onic Component Manufacturérs’
Federation have moved their offices from 21 Tothill Street,
London, S.W.1, to 6 Hanover Street, W.1. (Tel.: MAYfair
2472.) : :

Meeting Cancelled.—Since going to press with the list of
meetings on page 156 the joint meeting of the computer
groups of the LE.E. and L.E.R.E. arranged for March 12th in
London has been cancelled.
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Air Commodore B. H. Boon, O.BE,
B.A., AMIEE,, who has been deputy
chief signals officer at Supreme Head-
quarters Allied Powers Europe since
November, 1962, has ‘become senior
technical staff officer, Coastal Command
in succession to Air Commodore R. R.
Holder, who has been ' appointed
director of guided weapons (air) at the
Ministry of Aviation. ~Air Cdre. Boon,
who graduated at the R.A.F. College,
Cranwell, in 1936 and two years later
became a signals specialist, was for two
years from 1946 inspector of radio ser-
Vices at the Air Ministry. He then spent
three years as deputy director of opera-
tional requirements at the Ministry
before taking command -of the Radio
Engineering Unit at Henlow, Beds.
Later he became chief signals officer
at the headquarters of Allied Air Forces
Northern Europe, and from 1960 to
1962 was controller of R.AF. tele-
communications at Signals Command
HQ. He is 5. Air Cdre. Holder, who
is 52, commanded No. 8 School of
Technical Training at R.A.F. Weston,
Lancs.,” before -going to Coastal Com-
mand. i

James -~ Kendall, M.A, PhD,
M.LEE., F.Inst.P., has joined Ross-
Hatay International Ltd., consultants, of
Upper Brook Street, London, W.1, as
joint head of the electronics research
division. Dr. Kendall, who is a
graduate of both London and Cam-
bridge Universitics, was for 12 years
head of the physical chemistry labora-
tory of Metropolitan-Vickers (now part
of A.E.L) and nas since been with the
Plessey Company (where he was head of
semiconductor research), Texas Instru-
ments, Microwave Associates, SGS-
Fairchild and, since 1963, with Edwards
High Vacuum as managing director.
From 1949 to 1952 Dr. Kendall was
Leverhulme Research Fellow carrying
out fundamental research on semi-
conductors.

E. F. Newley, M.Sc., AM.ILE.E., has
been appointed director of the Weapons
Group of the UK. Atomic Energy
Authority in succession to Dr. N. Levin
who has become a full-time member of
the Authority. Mr. Newley, who is 51,
and has been deputy director of the
group since 1959 spent the early part
of his career at the Post Office Research
Station, Dollis. Hill. From 1949 until
he joined the Atomic Energy Authority
six years later he was with the
Admiralty Scientific Service.

Peter Dye, who has joined Wharfe-
dale Wireless Works Ltd. as managing
director, was marketing manager with
Racal Electronics and previously spent
several years with E.M.I. Ltd. as mana-
ger of the recording. and relay equip-
ment division. A. Briggs, who
founded the company thirty-two years
ago, continues as chairman of Wharfe-
dale Wireless Works which is now a
member of the Rank Organisation.
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John A, Clark, chairman of the Auto-

matic Telephone & Electric Company,
is the first president of the Telecom-
munication Engineering and Manufac-
turing Association. Mr. Clark is the
elder son of the late Sir Allen Clark,
founder of the Plessey Group of which

“he is now chairman. He is also chair-

man of Ericsson Telephones and .is a
director of the British Space Develop-
ment Company. Educated at Harrow
and Trinity College, Cambridge, he
received part of his training with P. R.
Mallory in Indianapolis, U.S.A. He
served during the war in the Royal Navy
as a sub-lieutenant.

B. R. Goddard, B.Sc, M.E., since

. 1962 on the staff of Sydney University,

has resigned and joined Racal (Austra-
lia) as technical director. After gradudt-
ing at Sydney University in 1952 Mr.
Goddard joined Standard Telephones as
a valve engineer and later became a
research officer in the Radiophysics
Division of the Commonwealth Scienti-
fic & Industrial Research Organization,
where he worked on radio-astronomy.
As a result of a thesis on this work he
received ‘his Master of Engineering
degree. From 1959 to 1962 Mr. God-
dard was lecturer in electrical engineer-
ing at the University of New South
Wales.

Rex B. Grey, managing director of
Standard Telephones & Cables and
vice-president of LT.T. Europe Inc.,
has been elected vice-president of the
American parent company International
Telephone and Telegraph Corporation.
Mr. Grey graduated from Texas Univer-
sity in 1941 and joined the G.E. Com-
pany in 1945 where he stayed for ten
years. He then spent several years with
the Texas Apparatus Company, of
which he was president, and Dresser
Industries, of which he was manager of
the controls and automation division,
before joining LT.T.

Alan F. Dixon, who before going to
the States in 1957 was for four years
with British Thompson-Houston Co.
working on semiconductor development,
has been appointed manager for engin-
eering for Raytheon Company’s semi-
conductor operations at Mountain View,
California. He was for a short time with
Transitron Corp. and in 1959 joined
Rheem Semiconducior Corporation’s
works at Mountain View which was
acquired by Raytheon in 1961. Mr.
Dixon graduated in electrical engineer-
ing at Durham University.

J. C. Prichatd, has been elected to
the board of A. P. Besson & Partner
Ltd., designers and manufacturers of
miniature microphones, earpieces and
industrial electronic equipment, of Hove,
Sussex. Mr. Prichard is also a direc-
tor of the parent company, Vactric Con-
trol Equipment Ltd,, manufacturers of
electro-mechanical servo components.
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1. F. Macdiarmid, AM.I.EE., one of
the authors of the article on correcting
colour signal distortion on page 113, has

‘been with the Post Office since 1935

when he joined as a youth-in-training.
Since 1948 he has been at the Research
Station, Dollis Hill, and, apart from
three years when he worked on micro-
wave and satellite communications, has
been engaged mainly on research on
problems of waveform - transmission,
particularly in television. He is at
present in charge of a group studying
these problems. His co-author, I. J.
Shelley, AM.LEE,, AMIERE, has
been with the B.B.C. since 1946. He
was for some years with the television
group of the Designs Dept. and is now
head of signal processing in that depart-
ment. He was a member of the team
responsible for the development of the
B.B.C. cablefilm system for transmitting
television and has more recently been
concerned with investigations into
various systems of automatic correction
of both monochrome and colour tele-
vision signal distortions.

J. B. Dance, M.Sc., contributor of
the article on tunnel diode measure-
ments in this issue, is lecturer in
physics and electronics at Bromsgrove
College of Further Education. He
started his career in the Zeta group at
the Atomic Energy Research Establish-
ment at Harwell and was later a physics
lecturer at Dudley Training College for
Teachers. Mr. Dance, who is 33,
gained his M.Sc. degree for work on
photochemical free —radical reactions
carried out at Birmingham University.

. H. Pearson, B.Sc.(Eng.),
AM.IE.E., who describes a simple
transistor power supply in this issue is
senior lecturer in electronics and tele-
communications at the South East Essex
Technical College, Dagenham, Essex.
Prior to star?ing teaching eight years ago
he was for five years with the Plessey
Company working on guided weapon
projects. o

OBITUARY

Charles R. Belling, M.IEE., joint
founder director with E. M. Lee of the
well-known company bearing their two
names, and also founder and governing
director of Belling & Co. the electrical
manufacturers, died on February 8th on
board Empress of England while return-
ing from the West Indies. Mr. Belling
was 80.

William H. Harrison, technical direc-
tor of Rank-Bush Murphy, died on
February Sth at the age of 58. He
joinéd Bush Radio on the formation of
the company in 1932, later becoming
chief engineer and in 1952, a director.
On the acquisition of Murphy Radio by
the Rank Organisation in 1962 Mr.
Harrison joined the Rank-Bush Murphy
board.
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NEWS FROM INDUSTRY

£113M  SEACOM  Orders.—Sub-
marine Cables Ltd. (owned jointly by
AEL
orders, valued at . approximately
£5,500,000, for about two-thirds of the
cable and one-quarter of the submers-
ible repeaters for the second stage of
SEACOM, the South East Asia Com-
monwealth Telephone Cable. The re-
mainder (£5,750,000 worth) is to be
supplied by Standard Telephones and
Cables Ltd. Stage 1 of the SEACOM

project which links Hong Kong with

Singapore, via Jesselton in Sabah, came
into service in January of this year.
Stage 2, for which these orders are
placed, is scheduled to be completed
by the end of next year and will involve
laying more than 4,500 nautical miles of
cable between Cairns in Queensland,
Australia, and- Hong Kong; via New
Guinea and Guam. The Australian end
of SEACOM will be linked to the
COMPAC (Commonwealth Pacific)
cable, and will provide the U.K. with a
high-quality telephone ‘service. with
South East Asia via :an all-Common-
wealth route. Provisions are also being
made for the connection of SEACOM
to the Japan-U.S.A. trans-Pacific cable
(at Guam). The capacity: of the link
between Cairns and Guam is to be
double that of the rest of SEACOM,
CANTAT and COMPAC, which are
80-channel” systems. SEACOM is a
Commonwealth partnership undertaking
of five countries—Britain, Australia,
Canada, New Zealand and Malaysia.
The British partner is Cable and Wire-
less Ltd. who meet 467, of the total
cost of £23,600,000.

NADGE Corsortia.—The. Univac
division of the Sperry Rand Corpora-
tion and J. L. Kier & Company
(British civil engineers) have joined the
consortium formed in  September
last by Litton Industries to bid for the
NATO Air Defence Ground Environ-
ment (NADGE) project. The consor-
tium now consists of Associated Elec-
trical Industries, Compagnie Générale
de Télégraphie sans Fil, Elliott Auto-
mation, I.T.T. Europe,-J. L. Kier and
Co., Litton Industries Inc., and Univac.
Another group of international elec-
tronics companies formed to compete
for the £110M NADGE contracts has
now been announced. This takes in
Decca Radar, Compagnie I.B.M. France,
IB.M. TItalia S.,p.A., and Westing-
house Electric International. Business
will be conducted through Westing-
house NADGE Associates, which has
been specially formed for this purpose
with offices at 1-3 Regent Street, Lon-
don, W.1,

The Thomson Orgznisation Ltd. have
purchased d-mac Itd. (formerly Dobbie
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and B.I.C.C.) have received.

Mclnnes (Electronics) Ltd.), of 55 Kel-
vin Way, Glasgow, S.W.2. This is thé
Thomson Organisation’s first venture in
the electronics manufacturing field. Dr.
A. R. Boyle will continue .as the com-
pany’s managing director.

* An instrument hiring service has been

established by Livingston Laboratories .

Lid.,, of 31 Camden Road, London,
N.W.1.
available, but other instruments .will be
offered as the scheme develops.
the project. is fully- established, a 100-
mile radius of London will be observed.
The service will operate quite separately
from the company’s normal sales depart-

-ments.

Hudson Electronics Ltd,, of Peall
Road, Croydon, have just completed a
radiotelephone system for Pressed Steel
Commercial Refrigeration Ltd. The
network is controlled from Prestcold’s
offices at Greenford, Middx., with three
transmitters—at Highgate Hill, Crystal
Palace and Richmond.

A.B. Metal Products Ltd. ceased to
be a subsidiary of the Gas Purification
and Chemical Company Ltd. on 1st
January and was converted into a public
company on 20th January. Shares are
quoted on the London Stock Exchange.
The board of directors remains un-
changed.

A.E.P. International Ltd. have moved
from Hounslow to Grove House, Lon-
don Road, Isleworth, Middx. (Tel.:
ISLeworth '7447.) = They represent a
number of overseas companies including
Allen Avionics, Central Dynamics Ltd.,
Cox Instruments, Defence Electronics
Inc.,, Knott - Elektronik, Philbrick

" Researches Inc., Probescope Co. Inc.,

and the Victoreen Instrument Co. A
summary of the companies represented
and their products is available - on
request.

The headquarters of the service divi-
sion of Decca Radar Ltd. has been
moved from London to new premises at
Purley Way, Croydon. This division
controls a service organization compris-
ing more than 1,000 engineers.

Brimar Industrial Tubes.—The Bri-
mar industrial cathode-ray tube (home)
sales . department ‘has moved from
Brimsdown, Enfield, Middx., to the head
office of the parent company—Thorn-
AEI Radio Valves and Tubes Ltd., 155
Charing Cross Road, London, W.C.2.
(Tel.: GERrard 9797.)

www americanradiohistorv com

Initially, oscilloscopes will be

Until*

Peto Scott Electrical Instruments Ltd.,
of Weybridge, have opened a new ser-
vice department at Croydon. All future
service communications should be sent
to Beddington Lane, Croydon, Surrey.
(Tel.: THOrnton Heath 9433.)

Photronic Controls Ltd., 'the manu-
facturers of industrial and domestic
photoelectric control equipment, have
changed their name to Photain Controls
Ltd. They remain at Randalls Road,
Leatherhead, Surrey. (Tel.: Leather-

head 2776. :

Cannon . Electric (Great Britain) Ltd.
have moved from 168. Old Street, Lon-
don, E.C.1, to 25-27 Bickerton Road,
Upper Holloway, London, N.19. (Tel.:

~'ARChway. 3088.)

Machtronics Incorporated (manufac-
turers of video tape recorders) of Palo
Alto, California, is in future to be
known as the MVR Corporation.

Agencies and agreements

Exchange of Satellite Information.—
Under the terms of a recent agreement,
technical information on satellites and
other spacecraft is to be exchanged be-
tween TRW Space Technology Labora-

-tories, of Los Angeles (part of Thomp-

son Ramo Wooldridge Inc.), and Hawker
Siddeley Dynamics. This agreement
includes electronics.

Clevite Semiconductor Takeover.—
The International Telephone and Tele-
graph Corporation have acquired the
American-based semiconductor division
of the Clevite Corporation. Also in-
volved in the transaction is the Clevite
Corporation’s  German-based . semi-
conductor subsidiary Intermetall
G.m.b.H. and the semiconductor in-
terests of Brush Clevite Ltd., of Hythe,
Southampton. Brush Clevite’s ‘ semi-
conductor interests are being transferred
to Standard Telephones and Cables Ltd.,
a British subsidiary of LT.T, To ensure

‘continuity during the transition period,

Brush Clevite will continue to manufac-
ture certain of their semiconductor de-
vices for the next few months on behalf
of ST.C. ) :

Honeywell-SAAB  Agreement.—The
electronic data processing divisions of
Honeywell (U.S.A.) and of Svenska
Aeroplan Aktiebolaget (SAAB) have
signed a reciprocal agreement covering
the distribution and selling rights. SAAB
will represent Honeywell in their own
country (Sweden), Norway, Denmark
and Finland and Honeywell will repre-
sent SAAB in the United States.

Roband Oscilloscopes.—Under a re-
cent agreement with Roband Electronics
Lid., of Charlwood, Surrey, Livingston
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which the transistors are represented by a simple equivalent
circuit (that of Fig. (b), enclosed in dotted lines).

—

APPENDIX (&)

Outpur Resistance In Fig. (b), a transistor is fed via a
base circuit resistance R, and its output resistance between
collector and emitter is being measured by applying a

E
test p.d. (E). The output resistance is, by definition T

E . PE
Sothatl =g R TR R,

X

R inwhich, R, ~ (1 + p,

P
and r, = -~
mETe = { mA. d.c)

R,
koo (B )

In the full circuit (Fig. (b)) the highest base circuit resistance
experienced by Tr2 is approximately a quarter of the potentio-

meter resistance; i.e., R, &~ - with. Ry set at the mid-wa
2 N 3

point. (R, is much less than R, or Ry)

Ry
Ry~ ot
0l. 4(1 - /32) + Teg
and R ; = (»—1-—7—‘3%—) 4 r,1.  (The shunting effect of R
T+ PL

will be negligible).

APPENDIX. (b)

For example, putting in typical figures:
L1 = 100mA, I = 5MA, §; = B, = 50, Ry = 5kQ

we find R, = 0.850. :
Stabilization Ratio.—The two transistors have a common-~
collector voltage gain of very nearly unity (except when the
load is excessively low in resistance) sc that the stabilis-
ation ratio is near to that of the Zener diode circuit alone;
- . put s — 9B (R 10000
e.g., at maximum output av. ™ R, 500 X
Unless the Zener diode circuit is designed to have much
better performance (as it could be), the error in neglecting the
R

extra contribution to putput voltage variation dE, R “Lo"l_i—
+ R,
is very small,
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ohms

. Mar. 17-18 o :

Performance The result of a load test at four different
output settings is plotted in Fig. (c). The short-circuit
current of 300 mA can be altered if required by changing R;

V, .
15 o max -
{
t
|
|
_______ —
i~ 10 '
< !
a |
~ !
(=]
< |
S s - 7
i
{
i ! |
Vo minﬁ(ws'\/) | t
T }
0 100 200 .. 300 400

LOAD CURRENT (mA)
APPENDIX (C)

this could be made a front panel facility. Sample measurc-
ments of R,, S and ripple p.d. are given in the table,

v, P, | R, s Ripple

! (oles) | (mA) | (@) (¥, pk-pk.)

| i5 | 100 Y 13 . 7.0 i

§ ' 20 P 18 45 :

‘ 5 100 06 44 5.0 i
20 L0 40 16 f

The output resistance figures exclude the meter shunt r_esistance.

THIS MONTH'S
CONFERENCES AND EXHIBITIONS

LONDON

Kings Head, Harrow
Public Address Exhibition
(A.P.AE., 394 Northolt Rd.. South Harrow, Middx.)

Mar. 25-26 1 Birdcage Walk, S.W.1
Vacuum Technology Conference
(I. Mech. Engrs., 1 Birdcage Walk, S.W.1)

Mar. 29-Apr. 2 Earls Court
LABEX—Laboratory Apparatus & Materials Exhibition
(Scientific Instrument Manfrs. Assoc., 20 Peel St., W.8)

CAMBRIDGE
Mar. 31-Apr. 2

Nen-Conventional Electron Microscopy
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S V.1)

MELTON MOWBRAY

Mar, 22-26
Progress in Automation (Conference and Show)
(Production Engineering Research Assoc., Melton Mowbrav)

OVERSEAS
Mar. 10-12

Particle Accelerator Conference
(I.E.E.E., Box A, Lenox Hill Starion, New York 21

Mar. 11-16 Paris
Festival of Sound
(F.N.I.E., 16 rue de Presles, Paris 15¢
Mar. 22-26 : . '
Australia and the Electronics World
(Institution of Radio and Electronics Engineers Australia, Box
3120, G.P.O., Sydney)
Mar. 22-25
International Convention
(LE.E.E., Box A, Lenox Hill Station, New York 21)
Mar. 23-26 Los Angeles
Audio Convention )
(Audio Engineering Soc., P.O. Box 383 Madison Sq. Station,
New York)

"The University

Washington

Canberra

New York
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LETTERS TO THE EDITOR

The Editor doesvnot necessarily endorse opinions expressed by his correspondents

The M.0.8.T.

I WAS very interested in the article on metal oxide silicon
transistors by Mr. F. Butler (Feb. 1965) as I have developed
circuits for using these intriguing new devices in place of
electrometer valves.

If a source follower circuit is-coupled to a complementary
feedback pair of silicon transistors as shown, the input re-
sistance can be as high as 100 kM.Q (1011 ohms)! The limit

+12V

-V

appears to be a resistance which is low enough compared
with the gate drain leakage resistance to prevent output drift.

The overall voltage gain of the circuit is 5 and the output
resistance is less than 100 ohms. This d.c. amplifier is ideal
for use with piezoelectric transducers over the frequency
range 0 to 1 Mc/s.

The low noise, low microphony and low sensitivity to
temperature of the m.o.s.t. offers interesting possibilities to
the circuit designer. One or two further applications of the
m.o.s.t. (there must be many more) not mentioned by Mr.
Butler are: as a modulator using the substrate as an extra
control electrode; as a chopper transistor with zero offset
voltage and other switching circuits using the bi-directional
properties of the device; and also as a (rather expensive)
voltage controlled resistor.

C. J. MILLS

Leigh-on-Sea.
MR. BUTLER’S interesting article brings to mind a two-
terminal oscillator circuit, first used as a valve-transistor
hybrid, which is apparently well suited for use with a
m.os.t. instead of the valve. (See accompanying figure.)
The tuned circuit “sees ” a negative resistance of approxi-

mately —o/g, where ;. is the mutual conductance of the

WiIRELESS WORLD, MARCH 1965

valve. The circuit could perhaps be used (at frequencies

well below f,) as 2 calibrated negative resistance control

being effected by varying the base potential of the transistor.
Croydon. G. W. SHORT

llniis

IN their frantdc efforts to prove each other irretrievably in-

- correct, Mr. D. E. Gibbs and «Cathode Ray” fling around

some rather remarkable assertions. Charging Mr. Gibbs
with unscientific  quantities ” of sugar, « Cathode Ray ” pro-
vides himself with the highly scientific “thing” electric
charge with which to do it, changing dimensions and defini-
tions mid-stream. Dimensions are different in the two C.g.s.
systems because of the absence of dimensional constants
in definitive equations. Having introduced a fourth unit
and dimensional constants, it is then possible to determine
experimental values of ¢ and p,. However, if we take precise
values of e, and o in order to simply relate old and new
systems (although rationalization makes this difficult) it
is the fourth unit, the ampere or coulomb, which must then
be found experimentally, which is normal practice. “ Cathode

_ Ray’s” dimensional sugar analogy bears no relation to the

argument, since his reference is only to one system of dimen-
sions, not two.

The reason for preference of an m.k.s.A, system to the older
unrationalized c.g.s. system is twofold. Primarily m.k.s.A.
units are conveniently practical being of the order of every-
day usage, and secondly that derivations in the c.g.s. system
are not very illuminating, involving half integral powers,
and different dimensions between the two systems. If Mr.
Gibbs has no wish to take advantage of the new system, he
must do so in the knowledge that his derivations. of electrical
quantities appear in apparently mechanical -dimensions only
because he has not originally used an electrical quantity in
his definitive equations. This is no contradiction to Maxwell’s
clectromagnetic theory since Maxwell’s equations involved
both electrical and magnetic units, whereas in the c.g.s.
system these equations are generally written in mixed or
Gaussian units.

Why “Cathode Ray” should find it surprising that physi-
cists and university departments should adopt mk.s.A. units
I really do not know. I do know of at least a couple of
university departments of natural philosophy where m.k.s.
units are employed in physics lectures and tutorials, yet where
the head of the department is still old fashioned enough
(and hopeful, with it) to put a copy of Wireless World in
the library reading room. :

Twickenham, FRANK SMITH

« CATHODE RAY” (p. 86 February issue) need not be
surprised that physicists are using m.k.s.A.; more conveniently
called SI (Systéme Internationale). And Mr. Gibbs might
broaden his reading to include the British Journal of Applied
Physics, especially a paper by P. H. Bigg, Oct. 1964, p. 1243.
This describes the system as recommended for universal use
by the international General Conference of Weights and
Measures. (The U.K. representative is a Fellow of the In-
stitute of Physics.)
~ SI has been adopted, as standard, for publication by the
National Physical Laboratory, The National Bureau of Stan-
dards (U.S.A.) and the corresponding laboratories of Canada,
South Africa, ‘Australia and New Zealand. Itis to be adopted
by Russia for all civil, military, scientific and technical use and
was made the legal system in France in 1961. The c.gs.
system has few supporters in the profession.

On the matter of representing electrical quantities in terms
of mechanical ones, The Handbook of - Physics (sic) by

Condon & Odishaw gives a good account of how the unit of
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Charge (or current) is defined in e.s.u., em.u. or mk.s. and
Shows as clearly as one ever could that although in e.s.u. one

1 . . . .
- may choose ¢, = o one cannot assign zero dimensions to it
T

any more than to the velocity of light for instance. Units and
dimensions may be arbitrary but they should not be incoherent.
If T may quote from Dr. Bigg’s paper—(The SI will be)—
“put into effect progressively, starting with those people
and bodies who are more forward looking.”
—*“it_will simplify calculations and teaching will be made
casier.” :
“ Eventually, when children of the present generation reach
maturity, SI will be used as a matter of course.”
Sutton. Coldfield. W. M. WRIGLEY

Miniature Selenium Rectifiers

I READ the article in the January issue by Mr. Storr-Best
on ‘““ Miniature Selenium Rectifiers for Television E.H.T.”
with much interest as I myself have experimented with, chains
of selenium and silicon diodes for the same purpose. However
the analysis given for the loss of e.h.t. produced by the forward
resistance of the diode is not valid for all values of diode re-
sistance. ' The analysis assumes that the shape of the diode
current is the top of a sine wave, whereas it varies from a
triangular shape for resistance-less diodes and small values of
diode resistance towards a shape resembling a sine wave for
large’diode resistances. , _
The usual analysis of a resistance-less diode considers the
effect of loading the parallel LC circuit, which should appear on
the left of the circuit in Fig. 1 of the original article, and
equating the loss of energy from the oscillating circuit to the
energy dissipated in the load resistance R. This gives the wéll
known equation . i .
- 3C (B2--V?) :-—-~—\—l;—-T = Iy@RT .. .. Lo (L
Where C is the value of the capacitor in the oscillating
circuit and not the C in parallel with R of Fig. 1, E is the voltage
Wwith no load and V the voltage with load R. T is the time of
one complete cycle and Iy is thé mean output current. ‘
. 2 )

)

From ¢quation (1)

T
_ 2T

‘where =R o _
"This gives the regulation as a function of the load R and the

constants C and T. . e L
The effective d.c. internal resistance is thus given by

" Ro o R @
which becomes using equation (2)
\ Rj = (v14+8 — DR .. ()
and for small values of 8
R;, ~ T/C ..

- The e.h.t. supply, assuming a perfectly resistance-lcss diode,
thus behaves voltage-wise as if it had an internal resistance T /C,
although of course no power is dissipated in this resistance. It
can also be shown that the shape of the diode conduction cur-
rent is also triangular for this case. -

If the effect of the diode resistance, Ry, is considered, the
energy equation becomes for the same mean output current

3CE2--V2) == (12 R - B Rp) T .. .. (6)
where R’ is the new load resistance adjusted to give the same
mean output current Iy, and I2rws Ry T is the power dissipated
in the diode resistance per cycle. .

Equating cquations (1) and (6) given that

) 1o\ 2
R—R’ + () Ry o
AL
Thus the diode behaves like an internal resistance of value

| RY . . .
(—Ii'ﬂs) Rp.  Unfortunately the evaluation of this expression
» . S

depends upon knowing the shape of the conduction current
and an analysis attempting to do thls'ls far too complicated
to be dealt with here. However, assuming that the conduction
current is triangular it can easily be shown that

(Irms)z - 1.33 l

Ty T . . (8)
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where T. is the conduction time of the diode and if the conduc-
tion current is half a sine wave then

Irmsy 2 72 T . T
( I ) 8 T. 1.23 T v ©)
Thus the value of the constant in front of T, T. does not vary
very much with the shape of conduction currents that occur
in practice.

The total internal resistance of the e.h.t. supply now becomes
equal to

T kT

R, - & - T, Rp .. .. (10)

where k lies between 1.2 and 1.3.
Example:
Taking T = 64pusec, C~12uuF, T, = 2.5usec.
&D A 11021(9, k = 1.25 for In = 200pxA
_ x 10-6 64 x 10-6 .
Rin = 135 10 7+ 125 5 g6 10° ohums
R, = (5.3 4 3.2) M .
. In this particular example the supply has an internal re-
sistance of 5.3 MQ and dissipates no power and the diode an
effective internal resistance of 3.2 M) and dissipates power.
Thus although the actual figures do not differ very much, from
those of Mr. Storr-Best, equation (10) does bring out clearly
that the internal resistance of the supply is made up of two
quite distinct resistances. Typical shapes of conduction cur-
rents for a U26 and 480 selenium diodes in series are shown
in the accompanying figure.

~n
=]

@r)

. TYPEU26
(MEaN CURRENT, 20044)

S © TYPE 480
: o (MEAN CURRENT, 200424)
s e P

L
CONDUCTION TIME (12SEC)

(=d

(=]

CONDUCTION CURRENT
=

Experiments with long chains of silicon diodes, which had

" low stored charge and large inverse voltages have shown that a

regulation at least as good as a valve may be obtained. These
diode chains have a very low forward resistance of only a few
ohms so that in theory, provided the stored charge is very low,
the regulation should be better than that of a valve, in fact,
if they operate so that reverse current flows the regulation is
better than that of a valve. If such chains could be made
economically, only about 20-30 diodes would be required
compared with 400-500 selenium diodes for the same voltage,
they would appear to be an ideal solution for solid state e.ht,

rectifiers. - . o
Enfield, Middlesex. F. D. BATE,
: Thorn-AEI Applications Laboratory

The author replies:— }

I am grateful to Mr. Bate for the interest he has expressed
in this article and for his comments. I agree with him that
the diode current is of triangular shape for a zero resistance
diode and that it would ‘be more accurate to treat it as such
when considering the effective source resistance of the trans-
former alone—or of a transformer plus a low resistance rec-
tifier such as a valve or a silicon rectifier chain. However,
as Mr. Bate shows, the error introduced by this assurnption
is small and, in my view, the sinusoidal approach is more
appropriate to the case of the relatively high resistance selenium
rectifier (where r.C, as explained in my article, is a relatively
long time constant), -

A much greater error is likely to be introduced by the concept
of r.m.s. current in a non-linear device. I agree with Mr. Bate’s
equation (8) provided that the diode can be regarded as a
constant resistance, Ry. It may be noted, however, that in my
own analysis of forward power dissipation, I took into account
the “ threshold ” voltage of the diode and my integration
was therefore based on a forward characteristic equivalent to a

WIRELESS WORLD, MARCH 1965

www americanradiohistorv com


www.americanradiohistory.com

PEAK DIODE CURRENT
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fixed voltage in series with a fixed resistance. Applying the
same process to Mr. Bate’s analysis my equation for his shape
factor, K, in the case of a triangular current becomes
K=1.33 (1.5 Re

" Rop
illustrated in the accompanying figure.

It will be seen that when Rp = Ry we have the conditions
assumed by Mr. Bate and K = 1.33, as in his equation (8).
This value would correctly apply when the rectifier voltage
drop was much larger than the threshold voltage. In the
practical cases that we have been considering, however, the
1;—3— can be of the order of 1.5, and this makes K just

D .
over 2.3. To summarize then, I think it pays to worry about
the shape of the.diode characteristic more than the shape of the
current saveform. )

Regarding Mr. Bate’s equation (10), whilst I agree with the
individual analyses leading to the expressions for the separate

0.5) where Rp and Rp have the meaning

ratio

T
Te Rp, I do not

think that they can be summed in this simple manner to get
the combined effective source resistance. I think that it is

. T -
components of source resistance, »c:—:and K

necessary to go back to equation (6), armed with the value of -
I,ms2 derived in terms of K, etc., and repeat the process of

calculating  the total effective input resistance, as before, in
terms of 8. When this is done, a much lower total resistance
is found than the sum of the two individual resistances. (Com-~
pare also with Fig. 3 of my article where it will be seen, for

example, that doubling.’ﬁ_ does not double the voltage loss.)

Finally, I heartily agree with Mr. Bate’s: remarks -regarding
the techinical superiority of silicon diode chains. The advent
of the controlled avalanche technique makes multiple series
connectioris simple, safe and reliable—and only the cost
prevents them from being offered for this applicatipn now.
We are, however, at present considering ways in which, 20 or
more silicon avalanche rectifiers could form a single e.h.t.
rectifier device of high efficiency. The commercial target
price is a tough one to meet, however.

. J. L. STORR-BEST

IN his article in the January issue Mr. Storr-Best is rather
optimistic in saying the p.i.v. across the e.h.t. rectifier is V-+-E,
(page 21).

If we consider the voltage waveform at the anode of the e.h.t.
rectifier with no third harmonic tuning as shown in the diagram,
we find that during the scanning period (To— T), the voltage
will be negative w.r.t. earth, thus increasing the p.i.v. across the
rectifier. So the p.iv. under nominal operating conditions
should be V+E;-+V;. The average potential at any point
across the line output transformer is the boested voltage
(Vs5), and the area of the shaded portions of the waveform
must be equal. If at zero or low picture tube beam current
when E ~ V, then ’ : :

Vit Vi = VeV where F = 1
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v
F - Vl)b
RN Vl = ——— e
: -1
F
For a typical case where V,, -~ 800V; :II:' = 0.18 and V=18kV

Vi = 1420 volts .

The p.i.v. given by V--E,-}-V is of course under nominal
operating conditions and to this must be added the effects of
spreads in components and operating conditions. :

Horley, Surrey. K. E. MARTIN

The author replies :— ) ‘ .

I agree that one can, on closer examination, dissect the
rectifier input waveform into the more detailed voltage com-
ponents shown in Mr. Martin’s diagram. The result, however,
1s the same since all I intended to convey by saying that the
p.i.v. approaches E--E, in my Fig. 2 is that the p.i.v. shouild be
measured from the crest of the positive voltage pulse to the
trough of the first negative overshoot pulse (i.e. the same as
E--V;-+-Ey in Mr. Martin’s diagram). Come to think of it,
I used just those words in my general conclusions on page 23!
(27 lines from the bottom of the first column). i

_Tolerances on associated components and operating con-
ditions must of course be taken into account; whereas the
nominal p.i.v. may be only 1.1 times the d.c. no load output
voltage, under the worst case conditions which may occur due
to the adverse combination of control misadjustments, high
mains input and component tolerances, this factor may rise to

‘about 1.4. These short-term high stress conditions have been

taken into account in rating the rectifiers.
. J. L. STORR-BEST

Logic - Without: Tears _

AFTER - the recent correspondence in Wireless World
on the subject of logic symbols it was gooed. to see the careful
use made of B.S. symbols by Mr. Henly in his article “ Logic
Without Tears > in the January issue. ' So often on tackling
a new book or article one is presented with yet another tangle
of squares, triangles, circles and semicircles, and I am sure
that a significant amcunt of time and energy is lost by the reader
in ¢ getting with it ~before he can start on the meat of the
work. Even worse, it has been known for a particular symbol
to represent one function by one author and quite a different
function by another. Since logic symbols are now being applied
to an increasingly wider field of engineering it i$ important
that standardization should be encouraged and I would suggest,
therefore, that Wireless World and its associated publications
make a contribution to this cause by refusing* to publish logic
diagrams not based on B.S.530.

Having established a suitable vocabulary of symbols there
arises the question of how these symbols are to be used.
I would say that, apart from preliminary diagrams made by
logic designers and illustrative examples of the kind used by
Mr. Henly in his article, logic circuit diagrams should follow
very closely the physical circuits they are supposed to represent

*TYZW. does not exclude any good symbols (for instance, for transistors)
which can be instantly recognized for what they are, or are clearly defined by
the author.—Ed.
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50 that one may be able to identify each logic symbol with an
®lement of hardware. Some may wish to take this principle
further by modifying the B.S. symbols to indicate a particular
sort of engineering, for example, to show that a gate has a
relatively high power handling capacity or that a binary
register is built up from ferrite core elements. But how far
can this sort of thing go without detracting from the value of
the basic set of symbols? i

A point about the algebraic characters used by Mr. Henly is
that the character - (standing for OR) is deprecated by the
B.S.I. (““ Glossary of Terms used in ADP ”: B.S.3527 : 1962)
and, presumably, so must be its companion X (standipg for
AND). Personally, I find the characters 4- and X unambiguous
and easy to use but the alternative pair V and & (or a dot, or
nothing at all in place of &) being top of the list in the B.S.
appears to be generally preferred. An advantage of & is that
this character can also be used inside the logic symbol for
AND in place of a numeral, as is done in the article.

If I have shed any digital tears at all during recent years they
have been lost in the handling of verbal descriptions given to
the operation of digital circuits, the problem being what to call
the two states of the binary signal. A few examples of the
difficulty can be seen in recent articles and correspondence in
Wireless World, but, Mr. Henly avoids the UP/DOWN,
ON/OFF, PRESENT/NOT PRESENT controversy by telling
us what the actual voltage levels are. I would suggest that if
we were always to talk in terms of POS/NEG the descriptions
would unambiguously apply to any circuit, n-p-n or p-n-p, d.c.
or pulse and drawn, positive up or negative up!

The difficulty of naming the circuits themselves can be
overcome by indicating polarity in the title; for example,
the circuit shown in Fig. 14 of the article can be called a
negative AND gate, indicating unambiguously that the circuit
will perform the AND operation on the relatively negative
value of the signal. The reader who knows his De Morgan’s
Theorem will then know that the circuit will perform the OR
operation on the relatively positive value of the signal and he
can rename the circuit a positive OR gate if he so wishes.
The snag with the circuits shown in Figs. 14-17 is that since
the captions chosen are only correct for a particular choice of
signal polarity the figures rely too much on the text for their
correct interpretation. The reader can, of course, try out the
circuit operation for himself to decide which signal polarity
was intended to fit the caption but this is perhaps an unreason~
able thing to ask of a student.}

The points of criticism I have raised are admittedly small in
relation to the usefulness of Mr. Henly’s article but I have
learnt that it’s the small things that count in this subject. ~

Lee-on-the-Solent, Hants. A. S. CHESTER"

1 The reader will not need to experiment if he has read paragraph 4, column
2, page 47 and paragraph’5, column 1, page 48 of Henly’s article.—Ed:

The author replies:—

I find myself in géneral agreement with most of the points
which: Mr. Cheéster ‘has raised. There are, however, one or
two comments which I should like to make.

.. .On the subject.of B.S.I. symbols, one of the ulterior
motives ‘of the article was to draw attention to this system
which .seems to be ignored by many (in particular the Elec-
tronics Industry). Although the system has its shortcomings,
these are generally in isolated symbols and not in the basic
system. Although I would like to see the general adoption
by W.W. of this system, I appreciate the Editor’s desire to
maintain complete impartiality on the subject. !

Looking at the list of organizations concerned in the prepa-
ration of this standard I am amazed at the lack of support
which, it receives (outside Government departments and the
professional institutions). .

There -has been much discussion recently of incorporating
with the logic diagram, information relating to the type of
hardware used. The recent I.LE.R.E. discussion on the subject
brought forth some interesting ideas, but the inherent failing
of most lies in the unavoidable ‘ cluttering” of the one
diagram with many different types of information. The value
of the logic diagram lies in its complete generality which is
lost when information is added which is not relevant to the
logical functioning of the circuit.

2. After saying so much in favour of B.S.I. symbols above,
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Audix BB
" C.T.H. Electronics

T now have to disagree with it on the subject of + and x (or.)
versus V and &. I feel the use of the former pair make the
algebra more explicit even when one is familiar with it. An
equation using these symbols seems more * approachable ”
than one using 4 and V (or n and U or the many other
symbols in common use). Certainly the symbol V can be used

in the OR gate symbol E—
but I feel it has little to commend it in favour of I)_

3. 1, too, depreciate the use of “up ”, “down ™, “on*,
“off ” ““Pos > and ““Neg ”, etc. ad nauseam, when refecring to
signal levels. Similarly, I see no need whatsoever (except that
B.S.1. recommends) for positive to be ““ up > and negative to
be “down” providing the diagram is suitably annotated
(I do not wish to start up an old controversy here!).

H. R. HENLY

” -

Thevenin and Norton

IN my letter appearing in the November 1964 issue (pp. 561-

562) under the above heading a wrong statement slipped in

which, although it has nothing to do with the actual proof

submitted, does invalidate most of what is said in the last

paragraph of page 561, since the theorem cannot be extended

to arbitrary instantaneous powers in networks containing

inductances and capacitances. However, it can be proved (the

proof is rather long) that the following relation holds for

an a.c. network with general impedances and voltage sources:
S = SO + ED/ Il*

where the asterisk (*) stands for complex conjugate and,

S =total phasor power ( ZEI*)supplied by the generator

" voltage sources under load conditions.

Sy =total phasor power supplied by the generator voltage
- sources under no load.

I, =current supplied to the load.

Ey’=output open-circuit voltage which would have been
supplied by the generator had all its internal impedances
been replaced by their complex conjugates.

It should be noted that the above formula yields, for the
purely resistive case, a relation which is equivalent to the

formerly obtained one.
J. ALTSHULER,
Cuba. University of Havana

Public Address Show

EQUIPMENT from many countries will be seen at the
exhibition being held for two days (March 17th and 18th) at
the King’s Head Hotel, Harrow-on-the-Hill, Middx. Organized
by the Association of Public Address Engineers, it will be open
from 10 a.m. to 6 p.m. each day and admission is by trade card
or invitation ticket available from the Association at
394 Northolt Road, South Harrow, Middx., or any of the
exhibitors listed below.

D. Lyons Associates
Magneta BYC -
Minnesota Mining & Mfg.
Pamphonic Reproducers
Philips {Peto Scott)
Politechna .

Pyé Telecommunications
Radio Retailing

Rendar instruments

B.B.C.

Clarke & Smith Mfg.

Decca Radio & Television

E.M.1. Electronics

E.M.l. Records

Elcom

Electrical & General Development
Electronics Weekly and Electrical & Reosound Engineering
Radio Trading Reslosound

Fi-Cord International Rola Celestian

Film Industries Shure Electronics

G.P.O. . Sound Coverage

Goodmans Industries Standard Telephones & Cables
Grampian Reproducers Ultra Electronics

Hird-Brown Vitavox

International Broadcast Engineer Yortexion

Jennings Musical Industries ‘Warren P.A. Equipment
Lockwood & Co. Whiteley Electrical Radio Co.
Lustraphone Wireless World & Wireless Trader
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MARCH MEETINGS

Tickets are required for some meetings : readers are advised, therefore, to

communicate with the secretary of the society concerned

LONDON

3rd. LE.R.E.—Discussion on * Teach-
ing of control engineering” at 6.0 at 9
Bedford Square, W.C.1. )

3rd. B.K.S.T.S.—“ Integrating the use
of film and tape in sound recording” by
N. Leevers at 7.30 at Central Office of In-
formation, Hercules Road, S.E.l. :

8th. ILE.E.— Screened surface waves
and some possible applications” by Prof,
H. E. M. Barlow at 5.30 at Savoy Place
W.C.2.

10th.
present and future” by G. King at 5.30 at
Savoy Place, W.C.2.

10th. ILE.R.E.—“Problems in listen-
ing ” by F. H. Brittain at 6.0 at the London
School of Hygiene & Tropical Medicine,
Keppel Street, W.C.1.

10th, B.K.S.T.S.—“ Telecine facilities
for broadcasting ” by D. P. Leggatt at 7.30
at Central Office of Information, Hercules
Road, S.E.1,

11th. Radar & Electronics Assoc.—
“Research technology applied to radar”
by Dr. Elizabeth Laverick at 7.0 at Royal
Society of Arts, John Adam Street, W.C.2.

12th, I.E.E. & ILE.R.E.—Discussion on
“The training of computer engineers” at
5.30 at Savoy Place, W.C.2. :

15th. LE.E.—Discussion on “Irrevers-
ible effects resulting from breakdown in
transistors and rectifiers ” at 5.30 at Savoy
Place, W.C.2,

16th. Soc. of Relay . Engrs.—* Colour
television signal transmission problems ” by
J. Stuart Sansom at 2.30 at the LE.E.
Savoy Place, W.C.2.

16th. I.E.E.—Discussion on  Periodic-
ally varying elements” opened by Prof.
D. G. Tucker at 5.30 at Savoy Place, W.C.2.

17th, ILE.E. & ILE.R.E.—*“ Implanted
stimulators for bladder and rectum” by
Dr. P. G. Lale at 6.0 at 9 Bedford Square,
Ww.C.1.

18th. Television Soc.—* Video storage
for standards converters” by E. Rout at
7.0 at I.T.A.,, 70 Brompton Road, S.W.3.

22nd. LE.E.—* Experimental instrumen-
tation in scientific satellites” by Dr. A. P.
Willmore at 5.30 at Savoy Place, W.C.2.

23rd. ILE.E. & R.Ae.S.—Discussion on
“The problem of aerial installation and
siting in modern aircraft” at 6.0 at Savoy
Place, W.C.2.

24th. IE.E., LMech.E. & I. Civil E—~—
Eleventh Graham Clark lecture on “ Incen-
tives to invention and innovation ” by J. C.
Duckworth at 6.0 at 1 Birdcage Walk, S.W.1.

29th. I.E.E.—*“ Vertical radiation pattern
of h.f. curtain arrays on plateau sites” by
P. Knight, R. .E. Davies and Dr. R. G
Manton at 5.30 at Savoy Place, W.C.2.

31st. Graduates of Instns. of Electrical,
Civil & Mechanical Engrs.—* Computers ”
by B. Z. de Ferranti at 6.30 at the LE.E.,
Savoy Place, W.C.2.

31st, B.K.S.T.S.—* Electronic contral of
reverberation ” by James Moir at 7.30 at
Central Office of Information, Hercules
Road, S.E.1,

BASINGSTOKE

18th. I.E.R.E.—Annual general meeting
of the Southern Section at 7.0 followed by
“Digital computer control of gas turbine
engines ” by D. Underwood and C. R. Kill
at Basingstoke Technical College.
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LE.E.—* Electronic circuits—past,

BELFAST .

9th. LE.E.—*“Radio astronomy and the
electrical engineer ” by Dr. F. G. Smith at
6.30 at Queen’s University, David Keir
Building.

18th. I.E.E.—Faraday lecture on
“Colour television” by F. C. McLean at
7.30 at Ulster Hall, Bedford Street,

BIRMINGHAM ’

Ist. LE.E.—*“ The radiophonic work-
shop of the B.B.C.” by F. C. Brooker at
6.15 at the College of Advanced Techno-
logy, Gosta Green,

17th, Television  Soc.—* Television
facilities—3: we film it” by D. Martin at
7.0 at the College of Advanced Technology,
Gosta Green.

29th. ILE.E.—“ Solid state electronics
by G. T. Wright at 6.0 at the James Watt
Memorial Institute.

BOURNEMOUTH

3rd.  LE.E—*Applications of com-
puters” by P, J, Titman at 6.30 at the
Municipal College, Lansdowne, |

BRISTOL ) .

9th, Television Soc.—** Loudspeakers *
by K. F. Russell at 7.30 at the Royal Hotel,
College Green.

10th. I.E.E.—“DPresent day trends in
microwave technique ” by Professor G. D.
Sims at 6.0 at The University.

24th. I.LE.R.E. & Brit. Computer Soc.—
“Electronics and process control® at 7.0
at The University Engineering Laboratories.

CAMBRIDGE :

11th. ILE.E.—Adaptive control sys-
tems ” by Dr. P. E. W. Grensted at 8.0 at
the University Engineering Dept.

CARDIFF :

10th. LE.R.E.—Electronic timing” by
A. McKenzie at 6.30 at the Welsh College
of Advanced Technology.

19th.  Television Soc—“A medium
screen colour television projector” by P.
Lowry at 7.30 at the Royal Hotel.

22nd. IL.E.E.—“Trends in semiconduc-
tor developments ** by D. D. Jones at 6.0 at
the South Wales Institute of Engineers,
Park Place.

29th., LE.E. & LE.R.E—Computers in
the control of precesses: the coming revolu-
tion in industry ” by Dr. D. N. Truscott at
6.0 at the Welsh C.A.T., Pharmacy Lecture
Theatre.

CHELMSFORD

1st. LE.E.—*“ Electronics—an integral
part of the modern aircraft” by B. J.
Infield at 6.30 at the Lion and Lamb Hotel.

CHESTER

1st. LE.E.—“Fuel cells—a branch of elec-
trochemical engineering ” by Dr. A. B, Hart
at 6.30 at the Town Hall. .

CHRISTCHURCH

24th, I.E.E.~—“Environmental testing” by
H. E. B. Hammersley at 6.30 at the King’s
Arms Hotel. .

COVENTRY . .

15th. LE.R.E.— Synchronous satellite
communication ” by F. J. D. Taylor at 7.15
at the Lanchester College of Technology.
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DUNDEE
10th. LE.E.—* The UKS3 satellite” by
H. J. Sketch at 7.0 at Queen’s College.

EDINBURGH
9th. LE.E.—“The UK3 satellite” by
H. J. Sketch at 6.0 at the Carlton Hotel.
17th. IE.R.E.—“ Hybrid and analogue
computers ” by A. J. Collins at 7.0 at the
Department of Natural Philosophy, The
University.

EVESHAM

15th. LE.E.—“The development of a
line-store standards converter” by E. R.
Rout at 7.30 at the B.B.C. Training Dept.,
Wood Norton. '

GLASGOW

8th. LE.E.—“The UK3 satellite” by H. J.
Sketch at 6.0 at the University of Strath-
clyde. ;

18th. ILE.R.E.—“Hybrid and analogue-
computers ” by A. J. Collins at 7.0 at the
Institution of Engineers and Shipbuilders,
39 Elmbank Crescent,

LEEDS

“'3rd. . LE.R.E.—“Teaching machines”
by Dr. Max Sime at 6.30 at the University
Electrical Engineering Department,

- LEICESTER

16th. Television Soc.—“Developments in

"Hi-Fi” by B. J. Webb at 7.15 at Vaughan

College, St, Nicholas St. .
25th. ILE.R.E—*Electronics in auto-
mobile research” by R. A. Evans at 6.30

~at The University.

LIVERPOOL

8th, LLE.E.—“Medical electronics” by Dr.
F. Hepburn at 6.30 at the Royal Institute,:
Colquitt Street.

LOUGHBOROUGH .

9th. LLE.E.—“ Computers in control of
processes ”” by Dr. D. N. Truscott at 6.30 at
the College of Technology.

MANCHESTER

11th. ILE.R.E.—“Recent techniques in
magnetic recording” by W. Silvie at 7.0
at the College of Science and Technology.

NEWCASTLE-UPON-TYNE :

1st. LE.E.—Discussion on “ Current
problems of electronic gear in power sta-
tions ” at 6.30 at the Rutherford College of
Technology.

10th. ILE.R.E.— Some applications for
microwave techniques ” by J. Bilbrough at
6.0 at the Institute of Mining and Mechan-
ical Engineers, Westgate Road.

NEWPORT ILo.W.

26th. LE.E.—Lecture and film on * His-
tory and development of radar ” by P. Brad-
sell at 6.30 at the Isle of Wight Technical
College.

PAISLEY

23rd. E.E.E.—Discussion on “ Educa-
tional television ” at 6.0 at Paisley College
of Technology.

PLYMOUTH

25th. LE.E. & LE.R.E.—“ Electronics -
and business management > by W. C. Hen-
shaw at 7.0 at Plymouth Technical College.

PORTSMOUTH

3rd. LE.R.E.—“Digital computers in
road traffic control” by H. A. Codd at 6.30
at Highbury Technical College, Cosham.
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“A Team of Little Atomies”

electronics industry, sits little old Mrs. Malaprop, whose
function in life is to provide christening names for her
masters’ brain-children.

The dear old soul has been at it for a very long time
now. One of her earliest triumphs was the word * wireless,”
which clearly derives from her younger days when she was
addicted to gallivanting around the countryside in'a “ horse-
less.” “Electronics > is another of her bright ideas, dreamed
up at a much later period, and patently on a day when the
old lady had had ofie of her turns and wasn’t feeling up to it.

But among her masterpieces are the comparatively modern
ones  “microelectronics,”  “microminiaturization”  and
“microcircuit.” Oh what jolly fun the industry is going to
have with these in the years to come! And what a Pandora’s
box of trials and tribulations was opened to us on the day
of their birth! The latter aspect must wait, however, for
another issue; for the moment, let us discourse upon the
words themselves, and particularly upon Mrs. Malaprop’s
monumental sabotage of scientific exactitude.

I once knew a man who eked out a living as a professional
Horrible Example at temperance meetings. The term
“microelectronics ” can serve us in the same stead, as
indicative of what is going on around us in the matter of the
invention of inconsequent new terminology.

Here then, we have sitting on our platform an expression
which specifically evokes an image of something which is
microscopically small. Nothing more than that. Just some-
thing fantastically tiny. Now this would be wonderful if
only small size happened to be the vital feature of the new
technology. But of course it is not. It is only incidental.
And in any case a mere description of size is always prone
to land us in awkward situations later on; there may, for
instance, come a day when we are faced with the necessity
of using “submicrominiaturization” or some other equally
dreadful word. Conversely, if integrated circuit techniques
should ever break through into the realm of power amplifiers
we might then want to go up the scale in size-description.
This would be rather like a circus billing of a normally
sized man as “ the world’s tallest dwarf.”

There is one vital technical feature which distinguishes
microclectronics from all else, and that is not small size. It
is Reliability with a capital R. This realization puts an
entirely new complexion on things, because whereas small
size is of interest in a few specialist fields of electronics,
reliability is everybody’s business. It is the lack of this
invisible component which makes engineers mutter restlessly
in their sleep and gives them premature ulcers.

This reliability feature is no empty advertising boast; it
is very real, being inherent in the technology. It is not there
because of any built-in magical property of silicon or any of
the other possible materials, but for very simple reasons.
One of these is that, compared with the number and variety
of the processes and controls involved in the making of con-
ventional circuits from discrete components, “micromin
has relatively few. :

Again, when one remembers that most conventional com-
ponents which fail in normal service do so because of inter-
connz-tion faults (particularly where dissimilar metals are
joined) or because of contamination in one form or another,
the moral is clear. Keep interconnections down to the
minimum and contamination away and—Abracadabra!—the
reliability factor shoots toward the top of the charts. Micro-
electronic techniques do just those very things; the solidity
and low mass of the circuits increase the factor still further.
What a series of selling points! i

And what has dear old Mrs Malaprop done about it? By
atta~hing that grossly misleading label “microelectronics
shc has implied to all and sundry that here we have a blood-

SOMEWHERE, in a small back room in the heart of the
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relation to miniature and subminiature techniques and that
it'is therefore of potential interest only to the minority who
want something even smaller than they have already got.

So far the damage done is slight although it might be
sobering to know how many engineers already swamped with
masses " of technical information have skipped papers on
microelectronics as. being right out of their field of interest.
But what of the customer’s reaction when the time comes to
sell him micromin equipment? The other industries have
always been chary of embodying electronic equipment into
their systems (“fragile and temperamental stuff ”) and only
in recent years have significant dents been made in this
armour of doubt. Now, Mrs. Malaprop has presented them
with something they can really chew upon—a label which
shrieks of ultra-tininess and, therefore, to the lay mind, of
delicate health.

Oh, yes—you can prove to the customer that the two are
not necessarily synonymous. You can get him to put a speck
of dust into a strong metal box and then drop it from three
miles up on to a concrete bed to demonstrate which emerges
undamaged from the situation—the dust, the box or the
concrete. But why bother, when the whole thing could be
avoided by a change of label?

I know there must be many who are burning to chip in to
say that the term microelectronics originated as a perfectly
valid expression; valid because in the first instance the
research objective was to produce the smallest possible
circuits for use in things like proximity fuses and, later, for
guided weapon and space ironimongery. That is true, but
the real drive came when the reliability aspect was appeciated.
And from that moment onward the terminology lost its
significance. )

The unpalatable fact is that we are all Mrs. Malaprops.
The terminology which is coined in the laboratories may be
perfectly adequate for internal use, but it isn’t always so
when it emerges into the world, and particularly the com-
mercial world. And if thar isn’t bad enough, along come the
technical committees and sit on our addled eggs, solemaly
trying to hatch a definition out of them. If you think this
is an exaggeration, consider our Horrible Example,  micro-
electronics ” which has been with us for quite a number of
years now. Committee after committee have brooded over
this one and still continue to do so; but try to find an
internationally—or even nationally—accepted definition and
you will seek in vain because there isn’t one.

The provisional one issued by a Technical Committee of
the International Electrotechnical Commission (TC47) is:—

“That entire body of technology which is associated with,
or applied to, the realization of electronic circuits with a
degree of miniaturization greater than that usually obtained
with conventional methods and/or parts.”

By this standard a sub-sub-miniature component qualifies as
micromin. You see how the fallacy is in danger of being
perpetuated? How often is “usually ”? How long is a piece
of string? :

And why hasn’t an accepted definition been produced?
To a simple mind (my nearest and dearest have cruder ex-
pressions for it) the answer is as plain as a pikestaff. The
terminology is wrong in the first place. But why should
the committee be hypnotized by our throw-away expressions?
Why on earth can’t they hold an inquest on the word itself
in the first place, and ruthlessly sling it out if it doesn’t add
up. substituting one which is capable of definition?

There are, after all, many possible ' approaches; the
“initials ” gambit, for instance (as in MASER). Or, if a
standard unit of reliability were devised both conventional
and micromin technigues could be categorized (and readily
recognized for what they were). But that is getting down
to detail. Our immediate slogan should be “ Mrs. Malaprop
must go! .
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